
TREATMENT OF CANCER The present invention relates to
novel medicaments and preparations comprising
effective pharmaceutical agents together with an
anti-Hsp 90 antibody which together provide an
enhanced efficacy in the treatment of cancers,
including colorectal cancer. Other aspects of the
invention are concerned with the treatment of
leukaemias. CANCER THERAPY AND TREATMENT OF LEUKAEMIA
A first aspect of the present invention relates to
novel medicaments and preparations comprising
effective anti-cancer agents together with an
anti-Hsp90 antibody which together provide an enhanced
efficacy in the treatment of cancer. Members of the
heat shock proteins (Hsp) family of proteins have
emerged in recent years as having an important role in
oncogenesis and cell death. Indeed, heat shock
proteins have been identified as being potential
targets for cancer therapy for many years (Whitesell L
et al., PNAS USA, 1994 Aug 30, 91(18): 8324-8; PMID:
8078881), and members of the ansamycin family
(formerly referred to as tyrosine kinase inhibitors)
have been suggested as useful in effecting cancer
therapy (Neckers L et al., Invest New Drugs, 1999,
17(4): 361-73; PMID: 10759403; Schulte TW et al.,
Cancer Chemother Pharmacol., 1998, 42(4): 273-9; PMID:
9744771 ) . One heat shock protein, Hsp90, has been
implicated as involved in carcinoma of the breast,
prostate, melanoma, leukaemias and lymphomas, colon
and lung (Banerji U et al., Curr Cancer Drug Targets,
2003 Oct; 3(5): 385-90; PMID: 14529390), as well as
thyroid carcinomas. The role of Hsp90 is to ensure the
correct folding of "client proteins" which are
involved in a wide variety of cellular processes, for
example signal transduction. Hsp90 client proteins
include transcription factors such as mutant p53 and
hypoxia-inducible factor 1a, and soluble kinases
including v-Src, Akt, Raf-1 , and Bcr-Abl. Hsp90 is
constitutively expressed at 2- to 10-fold higher
levels in tumour cells than in normal cells,
suggesting that it may be important for the
growth/survival of tumour cells (Schwartz, J., et al,.
2003, Semin. Hematol. 40:p87-96). Since the binding of
client proteins to Hsp90 can regulate their
conformation, stability and fate in the cell, Hsp90
can have a major impact on the pathways that regulate
cellular outcome, including cell growth, division,
differentiation, movement and death (Workman, P.,
Cancer Lett. 2004 Apr 8; 206(2):149-57; PMID:
15013520). The wide reachingrole for Hsp90 in cellular
processes means the protein is currently viewed as a
possible target for the development of therapeutic
drugs. Hsp 90 inhibitors, by specifically interacting
with a single molecular target, cause the
destabilization and eventual degradation of Hsp90
client proteins. A second aspect of the present
invention relates to novel medicaments and
preparations comprising effective anti-cancer agents
together with an anti-Hsp90 antibody which together
provide an enhanced efficacy in the treatment of
leukaemia. Leukaemia is a cancer that affects the bone
marrow. In people with leukaemia, the bone marrow
produces large numbers of abnormal white blood cells.
The abnormal white blood cells crowd into the bone
marrow, so the marrow can't make enough normal red
blood cells, white blood cells and platelets.
Different types of leukaemia can be categorised by
their speed of development (acute or chronic), and by
the type of white blood cell affected, (myeloid or
lymphoid cells). Myeloid white blood cells are the
immune system's first line of defence against
infection and are found mainly in the blood, where
they engulf and kill foreign organisms. Lymphoid white
blood cells are found in the lymph nodes and in the
blood.. The four most common types of leukaemia
include chronic lymphoid (lymphocytic) leukaemia
(CLL), acute myeloid (myeloblasts) leukaemia (AML),
acute lymphoid (lymphoblastic) leukaemia (ALL), and
chronic myeloid leukaemia (CML). CLL is also a cancer
of the lymphocyte cells but develops more slowly than
ALL. This disease is the most common type of leukaemia
affecting adults, and is very rare in children. AML is
a cancer mainly affecting the myeloid cells known as
granulocytes. It creates too many myeloblasts which
can block blood vessels, and not enough mature myeloid
cells. This disease occurs mainly in adults but can
also affect children. CML, (also called chronic
granulocytic leukemia) is typically a slowly
progressing cancer of the neutrophil cells, which is
rare in children and commonly affects male adults more
than females. CML is usually easily diagnosed because
the leukaemic cells of more than 95% of patients have
a distinctive cytogenetic abnormality, the
Philadelphia chromosome (Ph1)(Kurzrock, R. et al.
2003, Ann. Intern. Med. 138 (10): p819-30, PMID:
12755554; Goldman, J.M. and MeIo, J.V., 2003, N. Engl.
J. Med. 349 (15): p1451-64, PMID: 14534339). The Ph1
results from a reciprocal translocation between the
long arms of chromosomes 9 and 22 and is demonstrable
in all haematopoietic precursors (Deininger, M.W. et
al. 2000, Blood 96 (10): p3343-56, PMID: 11071626).
This translocation results in the transfer of the
Abelson (abl) oncogene on chromosome 9, to an area of
chromosome 22 termed the breakpoint cluster region
(BCR) (Deininger, M.W. et al. 2000, Blood 96 (10):
p3343-56, PMID: 11071626). This in turn results in a
fused BCR/ABL gene which encodes an 8.5kb chimeric
mRNA. The BCR/ABL gene is an oncogene which is
sufficient to produce CML-like disease in mice. The
transcript of the BCR/ABL oncogene is translated to
yield a 210 kDa or 190 kDa protein. The Bcr-Abl
protein is an abnormal tyrosine kinase protein that
causes the disordered myelopoiesis found in CML. CML
progresses through distinct clinical stages termed
chronic phase, accelerated phase, and blast crisis.
The BCR/ABL oncogene is expresses at all stages, but
blast crisis is characterised by multiple additional
genetic and molecular changes (Gorre, M.E., et al.
2002, Blood, 100(8): p3041-3044). Ph1 -negative CML is
a rare disease that is characterized by the clinical
characteristics of CML without cytogenetic or
molecular (RT-PCR) evidence of the t(9;22)(q34;q1 1)
translocation resulting in the Bcr-Abl fusion mRNA.
Ph1 -negative CML is a poorly defined entity that is
less clearly distinguished from other
myeloproliferative syndromes. Once thought to account
for 5-10% of all clinical CML, with the routine
accessibility of RT-PCR analysis for the Bcr-Abl
transcript, that number is now well below 5%.
Interestingly some patients with this entity may
result from an alternative fusion to AbI. The
TEL(ETV6)-ABL fusion, as a result of t(9;12), has been
demonstrated in two cases of Ph- CML. Patients with
Ph1-negative CML generally have a poorer response to
treatment and shorter survival than Ph1-positive
patients (Onida, F. et al. 2002: Cancer 95 (8):
p1673-84, PMID: 12365015). ALL is a cancer of immature
lymphocyte cells, known as lymphoblasts. This disease
is the most common type of leukaemia in young
children, usually between the ages of 1 and 7 and is
quite rare in adults. ALL causes many abnormal
lymphocytes to be made, which crowd out the normal red
blood cells and platelets. A 185 kDa Bcr-Abl protein
has been directly implicated in the development in of
ALL. Two drugs, geldanamycin (GA), and 17-allylamino,
17-desmethoxygeldanamycin (17-AAG) which act as Hsp90
inhibitors, have showed promising biological and
clinical activity in clinicaltrials. Indeed, the 210
kDa Bcr-Abl fusion protein (p210Bcr Abl) is dependent
on its association with Hsp90 for its stability, and
treatment of cells with GA or 17-AAG leads to rapid
destruction of p210Bcr Abl. An Hsp90 inhibitor such as
17AAG in combination with conventional cytotoxic
agents or other novel agents, would also be
therapeutically valuable in attacking multi step
oncogenesis (Workman P., Cancer Lett. 2004 Apr 8;
206(2):149-57; PMID: 15013520). In cancer cells, which
are characterised by genetic instability, it is
possible that 17AAG, by blocking Hsp90 activity,
releases a variety of mutations that together prove
"synthetically lethal" to the tumour. Normal cells,
which lack the tumour cells' genetic instability, are
relatively unaffected (Garber, K., 2002, Journal of
the National Cancer Institute, Vol. 94, No. 22,
p1666-1668). A significant problem with 17AAG is that
the drug is too toxic for prolonged therapy, and
consequently there is a need for a non-toxic
replacement (Banerji et a/., supra). lmatinib mesylate
(Gleevec (RTM)) is a small molecule tyrosine kinase
inhibitor that has had a major impact on a neoplastic
disease as a single agent. Originally designed as an
inhibitor of the Bcr-Abl tyrosine kinase
characteristic of malignancies carrying the pathogenic
9;22 translocation, lmatinib has proved to be
moderately specific, and has made a major impact on
the treatment of chronic myelogenous leukemia (CML)
and Philadelphia chromosome positive (Ph1+) ALL
(Krystal, GW, 2004, Leukemia Research 28S1 :pS53-S59).
One of the problems associated with imatinib treatment
of CML, is resistance to the drug as a result of
mutations in the Bcr-Abl tyrosine kinase. Importantly,
CML cells that have become resistant to imatinib in
vivo retain their Hsp90 dependence and thus remain
sensitive to 17AAG. Recent publications teach that
tumour Hsp90 is present entirely in multi-chaperone
complexes which facilitate malignant progression and
that they are attractive targets for cancer
therapeutics. In particular, Hsp 90 in multi-chaperone
complexes derived from tumour cells is taught as
having a 100-fold higher binding affinity for 17AAG
than does Hsp90 from normal cells (i.e. Hsp90 in its
latent uncomplexed state), indicating that in the
multi-chaperone complex it may display epitopes
(particularly quaternary epitopes) not displayed by
the latent uncomplexed Hsp90. Mycograb (RTM) antibody
can bind to Hsp 90 in its latent uncomplexed state,
and also in multi-chaperone complexes, without any
adverse effects on binding kinetics.WO 01/76627
teaches compositions for treatment of fungal
infections, the compositions comprising a combination
of (i) a polyene or beta glucan synthase inhibitor
antifungal agent; and (ii) antibodies specific against
fungal Hsp90, the compositions being effective against
the fungus causing the infection despite its being
resistant to the antifungal agent perse. According to
a first aspect of the present invention there is
provided the use of: (i) an antibody or an antigen
binding fragment thereof specific for at least one
epitope of Hsp90; and (ii) at least one anti-cancer
agent selected from the group consisting of:
Doxorubicin, Daunorubicin, Epirubicin, Herceptin,
Docetaxel, and Cisplatin, in a method of manufacture
of a medicament for the treatment of cancer.
Doxorubicin is an anthracycline antibiotic agent
previously recognised as being an antitumour agent.
Epirubicin is a less toxic synthetic anthracyclin
antibiotic, also previously recognised as being an
antitumour agent. Daunorubicin is an antineoplastic
drug used in a number of therapeutic fields, including
as an anti-cancer agent. Herceptin (Trastuzumab) is a
monoclonal antibody used for the treatment of HER2
protein overexpressing metastatic breast cancer.
Docetaxel is a recognised anti-cancer agent, and is a
mitotic inhibitor. Cisplatin is a recognised
anti-cancer agent, and comprises a platinum complex.
As is detailed in the experimental results below
("Experiments A"), Doxorubicin and Daunorubicin are
particularly preferred, and show particularly good
synergistic effects with anti-Hsp90 antibody.
Herceptin also shows good synergistic effects with
anti-Hsp90 antibody. Synergy is also observed with
Docetaxel and Cisplatin when combined with anti-Hsp90
antibody. The synergy between Daunorubicin and the
antibody is particularly evident with oestrogen
receptor positive cells, and so medicaments and
therapies using the antibody andDaunorubicin may in
particular be for (or administered to or for) cells
having oestrogen receptors. Experiments ("Experiments
A") also show that other anti-cancer agents when used
together with anti-Hsp90 antibody either show
indifferent results (Paclitaxel) or antagonism
(Imatinib). This confirms the surprising/unexpected
nature of the synergy achieved with the above anti
cancer agents when combined with anti-Hsp90 antibody.
Also provided is a combined preparation comprising:
(i) an antibody or an antigen binding fragment thereof
specific for at least one epitope of Hsp90; and (ii)
at least one anti-cancer agent selected from the group
consisting of: Doxorubicin, Daunorubicin, Epirubicin,
Herceptin, Docetaxel, and Cisplatin, for simultaneous,
separate or sequential use in the treatment of cancer.
Also provided is a method of treatment of cancer
comprising administering a therapeutically effective
quantity of: (i) an antibody or an antigen binding
fragment thereof specific for at least one epitope of
Hsp90; and (ii) at least one anti-cancer agent
selected from the group consisting of: Doxorubicin,
Daunorubicin, Epirubicin, Herceptin, Docetaxel, and
Cisplatin, to a patient in need of same. As used
herein, the term "treatment" is intended to have a
broad meaning unless explicitly stated otherwise. Thus
by "treatment" or "therapy" is meant any treatment
which is designed to cure, alleviate, remove or lessen
the symptoms of, or prevent or reduce the possibility
of contracting disorders or malfunctions of the human
or animal body. Thus by the term "treatment" is meant
both treatment of disease conditions, as well as their
prophylaxis. The antibody or antigen binding fragment
thereof may be specific for the epitope displayed by a
peptide comprising the sequence of SEQ ID NO: 1.As
discussed above, although quaternary epitopes
displayed by Hsp90 in multi-chaperone complexes have
been suggested as appropriate targets for therapy,
experiments (below) show that in fact a linear epitope
is a useful and effective target for therapy.
Antibodies, their manufacture and uses are well known
and disclosed in, for example, Harlow, E. and Lane,
D., Antibodies: A Laboratory Manual, Cold Spring
Harbor Laboratory Press, Cold Spring Harbor, New York,
1999. The antibodies may be generated using standard
methods known in the art. Examples of antibodies
include (but are not limited to) polyclonal,
monoclonal, chimeric, single chain, Fab fragments,
fragments produced by a Fab expression library, and
antigen binding fragments of antibodies. Antibodies
may be produced in a range of hosts, for example
goats, rabbits, rats, mice, humans, and others. They
may be immunized by injection with fungal stress
proteins, or any fragment or oligopeptide thereof
which has immunogenic properties. Depending on the
host species, various adjuvants may be used to
increase an immunological response. Such adjuvants
include, but are not limited to, Freund's, mineral
gels such as aluminium hydroxide, and surface active
substances such as lysolecithin, pluronic polyols,
polyanions, peptides, oil emulsions, keyhole limpet
hemocyanin, and dinitrophenol. Among adjuvants used in
humans, BCG (Bacille Calmette-Guerin) and
Corynebacterium parvum are particularly useful.
Monoclonal antibodies to fungal proteins, or any
fragment or oligopeptide thereof may be prepared using
any technique which provides for the production of
antibody molecules by continuous cell lines in
culture. These include, but are not limited to, the
hybridoma technique, the human B-cell hybridoma
technique, and the EBV-hybridoma technique (Koehler et
al., 1975, Nature, 256: 495-497; Kosbor et al., 1983,
Immunol. Today 4: 72; Cote et al., 1983, PNAS USA, 80:
2026-2030; Cole et al., 1985, Monoclonal Antibodies
and Cancer Therapy, Alan R. Liss Inc., New York, pp.
77-96). In addition, techniques developed for the
production of "chimeric antibodies", the splicing of
mouse antibody genes to human antibody genes to obtain
a molecule with appropriate antigen specificity and
biological activity can be used (Morrison et al.,
1984, PNAS USA, 8 1: 6851-6855; Neuberger et al.,
1984, Nature, 312: 604-608; Takeda et al., 1985,
Nature, 314: 452-454). Alternatively, techniques
described for the production of single chain
antibodiesmay be adapted, using methods known in the
art, to produce fungal stress protein-specific single
chain antibodies. Antibodies with related specificity,
but of distinct idiotypic composition, may be
generated by chain shuffling from random combinatorial
immunoglobin libraries (Burton, D.R., 1991, PNAS USA,
88: 11120-1 1123). Antibodies may also be produced by
inducing in vivo production in the lymphocyte
population or by screening recombinant immunoglobulin
libraries or panels of highly specific binding
reagents (Orlandi et al., 1989, PNAS USA, 86:
3833-3837; Winter, G. et al., 1991, Nature, 349:
293-299). Antigen binding fragments may also be
generated, for example the F(ab')2 fragments which can
be produced by pepsin digestion of the antibody
molecule and the Fab fragments which can be generated
by reducing the disulfide bridges of the F(ab')2
fragments. Alternatively, Fab expression libraries may
be constructed to allow rapid and easy identification
of monoclonal Fab fragments with the desired
specificity (Huse et al., 1989, Science, 256:
1275-1281 ). Various immunoassays may be used for
screening to identify antibodies having the desired
specificity. Numerous protocols for competitive
binding or immunoradiometric assays using either
polyclonal or monoclonal antibodies with established
specificities are well known in the art. Such
immunoassays typically involve the measurement of
complex formation between the fungal stress protein or
any fragment or oligopeptide thereof, and its specific
antibody. A two-site, monoclonal-based immunoassay
utilizing monoclonal antibodies specific to two
non-interfering fungal stress protein epitopes may be
used, but a competitive binding assay may also be
employed (Maddox et al., 1983, J. Exp. Med., 158: 121
1-1216). For example, the antibody used in the
composition or combined preparation may comprise the
sequence of SEQ ID NO: 2. The present inventor has
found that cancers which may be usefully treated
include fibrosarcomas and carcinomas selected from the
group consisting: breast, prostate, melanoma,
leukemia, lymphomas, leukemia, colon, testicular germ
cell, pancreatic, ovarian, endometrial, thyroid, and
lung. According to a second aspect of the present
invention there is provided the use of:(i) an antibody
or an antigen binding fragment thereof specific for at
least one epitope of Hsp90; in a method of manufacture
of a medicament for the treatment of leukaemia. Also
provided is the use of: (i) an antibody or an antigen
binding fragment thereof specific for at least one
epitope of Hsp90; and (ii) at least one anti-cancer
agent selected from the group consisting of: Imatinib,
Paclitaxel, Docetaxel, Daunorubicin, Doxorubicin, and
Hydroxyurea, in a method of manufacture of a
medicament for the treatment of leukaemia. Imatinib, a
derivative of 2-phenylaminopyrimidine, is a small
molecule antagonist with activity against protein
tyrosine kinases, and exhibits potent and specific
inhibition of Bcr-Abl. Imatinib is indicated for the
treatment of patients with CML in blast crisis,
accelerated phase, or in chronic phase after failure
of IFN- therapy. Paclitaxel is chemotherapeutic agent
that is given as a treatment for some types of cancer.
It is most commonly used to treat ovarian, breast and
non-small cell lung cancer. Docetaxel is a recognised
anti-cancer agent, and is a mitotic inhibitor.
Daunorubicin is an anti-neoplastic drug used in a
number of therapeutic fields, including as an
anti-cancer agent. Doxorubicin is an anthracycline
antibiotic agent previously recognised as being an
antitumour agent. Hydroxyurea is an anti-neoplastic,
ribonucleotide reductase inhibitor.As is detailed in
the experimental results below ("Experiments B"),
Doxetaxel and Paclitaxel are particularly preferred,
and show particularly good synergistic effects with
anti-Hsp90 antibody. Synergy is also observed with
Imatinib, Doxorubicin, Daunorubicin, and Hydroxyurea
when combined with anti-Hsp90 antibody. The
anti-cancer agent Cisplatin, when used together with
anti-Hsp90 antibody showed indifferent results. This
confirms the surprising/unexpected nature of the
synergy achieved with the above anti-cancer agents
when combined with anti-Hsp90 antibody. Also provided
is a combined preparation comprising: (i) an antibody
or an antigen binding fragment thereof specific for at
least one epitope of Hsp90; and (ii) at least one
anti-cancer agent selected from the group consisting
of: Imatinib, Paclitaxel, Docetaxel, Daunorubicin,
Doxorubicin, and Hydroxyurea, for simultaneous,
separate or sequential use in the treatment of
leukaemia. Examples of combined preparations include
pharmaceutical packs containing the antibody of (i)
and at least one anti-cancer agent of (ii) in separate
volumes (i.e. not mixed together in a single
preparation). 



Also provided is a method of treatment of leukaemia
comprising administering a therapeutically effective
quantity of: (i) an antibody or an antigen binding
fragment thereof specific for at least one epitope of
Hsp90; and (ii) at least one anti-cancer agent
selected from the group consisting of: Imatinib,
Paclitaxel, Docetaxel, Daunorubicin, Doxorubicin, and
Hydroxyurea, to a patient in need of same. The
leukaemia may be chronic myeloid leukaemia or acute
lymphoid leukaemia, and the at least one anti-cancer
agent may Imatinib. The antibody or antigen binding
fragment thereof may be specific for the epitope
displayed by a peptide comprising the sequence of SEQ
ID NO: 1.For example, the antibody used in the
composition or combined preparation may comprise the
sequence of SEQ ID NO: 2. The anti-cancer agent may be
Imatinib. The present inventor has found that
leukaemias which may be usefully treated include
leukaemias selected from the group consisting of:
acute myeloblasts leukaemia, acute lymphoblastic
leukaemia, chronic myeloid leukaemia, and chronic
lymphocytic leukaemia. The leukaemia may be chronic
myeloid leukaemia or acute lymphoid leukaemia. The
chronic myeloid leukaemia may be Ph1-positive or
Ph1-negative, i.e is characterized by leukaemic cells
which contain the Philadelphia chromosome
(Ph1-positive), or lack the Philadelphia chromosome
(Ph1-negative). The present inventor has found that
chronic myeloid leukaemias which may be usefully
treated with Imatinib may be either Ph1-positive or
Ph1-negative. The leukaemia may be chronic myeloid
leukaemia which is Ph1-positive, and the anti-cancer
agent may be Imatinib. In particular, the present
inventor has found that treatment of CML which is Ph1
-positive can be effected by a combination of Imatinib
and an antibody comprising the sequence of SEQ ID NO:
2. Without wishing to be bound by any theory, it is
possible that Hsp90 is sequestered by the antibody
comprising the sequence of SEQ ID NO: 2, which in turn
means that the abnormal Bcr-Abl tyrosine kinase (which
causes the disordered myelopoiesis found in CML) is
e.g. incorrectly folded, targeted for protein
degradation, and/or prevented from exerting it's
effects on myelopoietic pathways. This treatment is
further effective on Imatinib resistant CML Ph1
-positive cells. Without wishing to be bound by any
theory, the resistance toNmatinib is likely to be due
to collected mutations in the abnormal Bcr-Abl
tyrosine kinase which could e.g. prevent the drug from
binding to the protein and/or interfere with the mode
of action of the drug. In Imatinib resistant cells, it
is possible that the sequestration of Hsp90 by the
antibody comprising the sequence of SEQ ID NO: 2,
causes the mutated abnormal tyrosine kinase to be e.g.
incorrectly folded, targeted for protein degradation,
and/or prevented from exerting it's effects on
myelopoietic pathways. The sequestration of Hsp90,
which normally serves to "buffer" the geneticmutations
associated with cancerous cells by binding to abnormal
proteins and blocking their expression, may also cause
a variety of mutations to be released which together
prove synthetically lethal to the tumour cell. Normal
cells, which lack the tumour cells' genetic
instability, are relatively unaffected. Additionally,
and particularly surprisingly, the present inventor
has found that treatment of CML which is Ph1 -negative
can be effected by a combination of lmatinib and an
antibody comprising the sequence of SEQ ID NO: 2. The
leukaemia may be chronic myeloid leukaemia which is
Ph1-negative, and the anti-cancer agent may be
lmatinib. This finding is surprising because Ph1
-negative CML cells lack the abnormal tyrosine kinase
protein associated with Ph1-positive cells. However,
and without wishing to be bound by any theory, it is
possible there are low or basal levels of this kinase
(whether abnormal or otherwise) in Ph1-negative cells,
and as described above, the sequestration of Hsp90 is
by the antibody comprising the sequence of SEQ ID NO:
2, means that the tyrosine kinase protein is e.g
incorrectly folded, or targeted for protein
degradation, or in some way prevented from exerting
its effects on myelopoietic pathways. It may also be
the case that by sequestering Hsp90, a variety of
mutations are released by the tumour cell which
together prove synthetically lethal. The surprising
effect of lmatinib and the anti-Hsp90 antibody in Ph1
-negative cells may be due to the presence of the
TEL(ETV6)-ABL fusion, which has been demonstrated in
two cases of Ph1-negative CML (Krystal, GW, 2004,
Leukemia Research 28S1 :pS53-S59), and which is
sensitive to lmatinib. The leukaemia may be
characterised by cells which are lmatinib resistant.
The composition or preparation of the present
invention may additionally comprise a known Hsp 90
inhibitor, for example GA, or 17-AAG. A third aspect
of the present invention (Experiments C) relates to
novel medicaments and preparations comprising
effective anti-cancer agents together with anti-Hsp90
antibody which together provide an enhanced efficacy
in the treatment of colorectal cancer
oradenocarcinomas. Colorectal cancer is a malignant
tumour of the colon or rectum. Colorectal cancer is a
leading cause of cancer morbidity and mortality. It is
the third most common cancer in men and the second
most common cancer in women in the UK. Ninety five
percent of colorectal cancers are adenocarcinomas,
which are cancers of the glandular call that line the
inside of the colon and rectum. Standard treatment of
colorectal cancer is usually a combination of
5-fluorouracil and leucovorin (folinic acid).
5-fluorouracil (5-FU) is used to treat a number of
solid tumours, including gastro-intestinal cancers and
breast cancer. It is commonly used with folinic acid
in advanced colorectal cancer. 5-FU is converted to
FdUMP in the cell, which forms a complex with
Thymidylate synthase (TS) inhibiting DNA, protein and
RNA synthesis. Folinic acid (Leucovorin) is a vitamin
which is given in combination with 5-FU. Folinic acid
increases the response rate to 5-fluorouracil, with a
significant improvement in disease free and overall
survival. Folinic acid increases the intracellular
folate and stabilises the FdUMP/TS complex. Other
agents found to have an effect include irinotecan and
oxalipatin, which is licensed for first-line use in
patients with advanced colorectal cancer, in
combination with 5-fluorouracil and folinic acid.
Irinotecan or raltitrexed are licensed for use as a
second-line monotherapy when fluorouracil-based
therapy has failed or is inappropriate. Oxaliplatin is
a recognised anti-cancer agent and contains a novel
diaminocyclohexane platinum compound which forms
cross-links in DNA and so inhibits DNA replication.
'FOLFOX' is the commonly used combination chemotherapy
of 5-fluorouracil, folinic acid and Oxaliplatin.
Irinotecan (CPT-11, Campto) inhibits topoisomerase I,
a DNA-unwinding enzyme essential for cell division,
which results in replication arrest with breaks in
single-strand DNA. In the UK, irinotecan is licensed
for use in chemotherapy-nave patients with advanced
colorectal cancerin combination with 5FU/FA and as a
single agent for second-line chemotherapy in patients
who have failed an established 5FU-based regimen.
Raltitrexed (ZD 1694, Tomudex) inhibits the enzyme
thymidylate synthetase, which is involved in DNA
synthesis. This is the same enzyme that is targeted by
5FU. Raltitrexed is licensed in the UK for the
palliative treatment of advanced colorectal cancer
where 5FU/FAbased regimens are either not tolerated or
inappropriate. Tebbutt et al., 2002, European Journal
of Cancer, 38: 1000-1015; Cutsem et al., 2002, Best
Practice and Research Clinical Gastroenterology, 16:
319-330; Beretta et al., 2004, Surgical Oncology, 13:
63-73; NICE guidelines for Irinotecan, Oxaliplatin and
raltitrexed for advanced colorectal cancer, 2002.
According to this third aspect of the invention, there
is provided the use of: (i) an antibody or an antigen
binding fragment thereof specific for at least one
epitope of Hsp90; and (ii) at least one anti-cancer
agent selected from the group consisting of:
5-fluorouracil, oxaliplatin, irinotecan and
raltitrexed, in a method of manufacture of a
medicament for the treatment of cancer. Altenatively,
there is provided a combined preparation comprising:
(i) an antibody or an antigen binding fragment thereof
specific for at least one epitope of Hsp90; and (ii)
at least one anti-cancer agent selected from the group
consisting of:, 5-fluorouracil, oxaliplatin,
irinotecan and raltitrexed, for simultaneous, separate
or sequential use in the treatment of cancer.
According to yet a further aspect of this invention,
there is provided a method of treatment of cancer
comprising administering a therapeutically effective
quantity of: (i) an antibody or an antigen binding
fragment thereof specific for at least one epitope of
Hsp90; and (ii) at least one anti-cancer agent
selected from the group consisting of: 5-
fluorouracil, oxaliplatin, irinotecan and raltitrexed,
to a patient in need of same. Preferably, the cancer
is colorectal cancer or adenocarcinoma.Most
preferably, the anti-cancer agent 5-fluorouracil
further comprises or is administered with folonic acid
(leucovorin). Additionally or alternatively,
5-fluorouracil, folinic acid and oxaliplatin are
administered together. The composition or preparation
according to any aspect of this invention may
additionally comprise a pharmaceutically acceptable
carrier, diluent or excipient. Similarly, any method
of manufacture of the present invention or use in same
may also comprise the use of a pharmaceutically
acceptable carrier, diluent or excipient. Examples of
pharmaceutically acceptable carriers, diluents and
excipients are well known in the art, for example see:
Remington's Pharmaceutical Sciences and US
Pharmacopoeia, (1984, Mack Publishing Company, Easton,
PA, USA). The medicaments or combined preparation may,
for example, be administered orally although this does
not mean that other administration routes are to be
excluded. The antibody or antigen binding fragment
thereof according to the present invention may be
labelled with a detectable label or may be conjugated
with an effector molecule, for example a drug e.g. an
anti-cancer agent such as Doxorubicin, Daunorubicin,
Docetaxel, or Cisplatin, or 5-fluorouracil,
oxaliplatin, irinotecan and raltitrexed or a
pharmaceutical agent useful in treating leukaemia e.g.
Imatinib, Paclitaxel, Docetaxel, Daunorubicin,
Doxorubicin, and Hydroxyurea, or a toxin, such as
ricin, or an enzyme, using conventional procedures,
and the invention extends to such labelled antibodies
or antibody conjugates. If desired, mixtures of
antibodies may be used for diagnosis or treatment, for
example mixtures of two or more antibodies recognising
different epitopes of a stress protein according to
the invention, and/or mixtures of antibodies of a
different class, e.g. mixtures of IgG and IgM
antibodies recognising the same or different
epitope(s) of the invention. As discussed above,
although quaternary epitopes displayed by Hsp90 in
multi-chaperone complexes have been suggested as
appropriate targets for therapy, experiments (below)
show that in fact a linear epitope is a useful and
effective target for therapy.The contents of each of
the references discussed herein, including the
references cited therein, are herein incorporated by
reference in their entirety. Where "PMID:" reference
numbers are given for publications, these are the
PubMed identification numbers allocated to them by the
US National Library of Medicine, from which full
bibliographic information and abstract for each
publication is available at www.ncbi.nlm.nih.gov. This
can also provide direct access to electronic copies of
the complete publications, particularly in the case of
e.g. PNAS, JBC and MBC publications. The present
invention will be further apparent from the following
description, which shows, by way of example only,
specific embodiments of the composition and
experimentation therewith.EXPERIMENTS A first set of
experiments ("Experiments A") described below detail
the investigation of the anti-cancer effect of an
anti-Hsp90 antibody having the sequence of SEQ ID NO:
2 and specific for an epitope displayed by a peptide
having the sequence of SEQ ID NO: 1, used on its own
or in combination with the anti-cancer agents
Doxorubicin, Daunorubicin, Docetaxel, Herceptin,
Imatinib, Cisplatin, and Paclitaxel. A second set of
experiments ("Experiments B") described below detail
the investigation of the effect of an anti-Hsp90
antibody having the sequence of SEQ ID NO: 2 and
specific for an epitope displayed by a peptide having
the sequence of SEQ ID NO: 1, used on its own or in
combination with the anti-cancer agents Imatinib,
Paclitaxel, Docetaxel, Daunorubicin, Doxorubicin,
Paclitaxel, Cisplatin, and Hydroxyurea, on the human
Caucasian chronic myelogenous leukaemia cell line
K562, and human myelogenous leukaemia cell line
KU-812. A third set of experiments, ("Experiments C")
describe below in detail the investigation of the
effect of an anti-Hsp90 antibody having the sequence
of SEQ ID NO: 2 and specific for epitope displayed by
a peptide having the sequence of SEQ ID NO: 1, used on
its own or in combination with the anti-cancer agent's
5-Fluorouracil (5-FU) and Folinic acid (Leucovorin,
LV) and/or Oxaliplatin on the human colon
adenocarcinoma cell line HT29. GENERAL MATERIALS AND
METHODS Unless stated otherwise, all procedures were
performed using standard protocols and following
manufacturer's instructions where applicable. Standard
protocols for various techniques including PCR,
molecular cloning, manipulation and sequencing, the
manufacture of antibodies, epitope mapping and
mimotope design, cell culturing and phage display, are
described in texts such as McPherson, MJ et a/. (1991
, PCR: A practical approach, Oxford University Press,
Oxford), Sambrook, J. and Russell, D., "Molecular
Cloning: A Laboratory Manual", Third Edition, Cold
Spring Harbor Laboratory, Cold Spring Harbor Press,
New York, 2001 , Huynh and Davies (1985, "DNA Cloning
VoI I - A Practical Approach", IRL Press, Oxford, Ed.
DM Glover), Sanger, F. et al. (1977, PNAS USA 74(12):
5463-5467), Harlow, E. and Lane, D. ("Using
Antibodies: A Laboratory Manual", Cold Spring Harbor
Laboratory Press, New York, 1998), Jung, G. and
Beck-Sickinger, AG (1992, Angew. Chem. Int. Ed. Eng.,
31: 367-486), Harris, M.A. and Rae, LF. ("General
Techniques of Cell Culture", 1997,Cambridge University
Press, ISBN 0521 573645), "Phage Display of Peptides
and Proteins: A Laboratory Manual" (Eds. Kay, BK,
Winter, J., and McCafferty, J., Academic Press Inc.,
1996, ISBN 0-12-402380-0). Reagents and equipment
useful in, amongst others, the methods detailed herein
are available from the likes of Amersham
(www.amersham.co.uk), Boehringer Mannheim
(www.boehringer-ingeltheim.com), Clontech
(www.clontech.com), Genosys (www.genosys.com),
Millipore (www.millipore.com), Novagen
(www.novagen.com), Perkin Elmer (www.perkinelmer.com),
Pharmacia (www.pharmacia.com), Promega
(www.promega.com), Qiagen (www.qiagen.com), Sigma
(www.sigma-aldrich.com) and Stratagene
(www.stratagene.com). Antibody The antibody used in
Experiments A and B below is that disclosed in WO
01/76627, and is herein referred to as Mycograb (RTM),
having the sequence of SEQ ID NO: 2 and being specific
for an epitope displayed by the peptide having the
sequence of SEQ ID NO: 1. The basic antibody solution
was a 4 mg/ml stock solution in water. Further
dilutions were carried out in RPMI complete medium.
Briefly, the DNA sequence of a former antibody
specific for the Candida albicans Hsp90 epitope
disclosed in GB 2240979 and EP 0406029 was genetically
modified by codon optimisation for expression in
Escherichia coli (Operon Technologies Inc., Alameda,
CA, USA) and inserted into an E. coli expression
vector. The amino acid sequence of the anti- Hsp90
antibody comprises the sequence of SEQ ID NO: 2
(includes the heavy, light and spacer domains). The
antibody recognises the epitope comprising the
sequence of SEQ ID NO: 1. The anti-Hsp90 antibody was
expressed in an Escherichia coli host and then
purified by affinity chromatography and an imidazole
exchange column up to 95 % purity. Standard molecular
biology protocols were employed (see, for example,
Harlow & Lane, supra; Sambrook, J. et a/., 1989,
Molecular Cloning: A Laboratory Manual , 2nd Edition,
Cold Spring Harbor Laboratory Press, Cold Spring
Harbor, New York; Sambrook, J. & Russell, D., 2001 ,
Molecular Cloning: A Laboratory Manual, 3rd Edition,
Cold Spring Harbor Laboratory Press, Cold Spring
Harbor).Drugs Cisplatin was obtained from
Bristol-Myers Squibb, Mayne, supplied as 1 mg/ml.
Docetaxel was obtained from Sigma. 5 mg was diluted
initially to 16 mg/ml with Dimethyl sulfoxide (DMSO).
Doxorubicin was obtained from Pharmacia; 5 ml supplied
as Doxorubicin hydrochloride 2 mg/ml. lmatinib (Glivec
(RTM)), obtained from Novartis, was supplied as 100 mg
capsule lmatinib was initially diluted in water to
produce a 10 mg/ml stock solution. Pacilitaxel was
obtained from Sigma, reconstituted in 250 ml methanol
made up to 2.5 ml with water to give 2 mg/ml.
Daunorubicin was obtained from Sigma, 5 mg was diluted
in 2.5 ml water to give 2 mg/ml. Herceptin (RTM)
(Trastuzumab) was obtained from Roche and
reconstituted in 7.2 ml of water to give 2 1 mg/ml.
Hydroxyurea was obtained from Sigma, with 1g diluted
in 4 ml water to give 25 mg/ml. 5-Fluorouracil (5-FU)
was obtained from Sigma, 96mg was reconstituted in 1ml
DMSO diluted 1/10 in complete RPMI media to give
9.6mg/ml. Folinic acid (LV) was obtained from Sigma;
100mg was reconstituted in 25ml of water to give a
4mg/ml stock solution. Oxaliplatin was obtained from
Sigma; 12.5mg was reconstituted in 2.5ml of water to
give 5mg/ml. Each of the above drugs was further
diluted in RPMI complete medium. Cell concentration
and viability determination Cells were counted and
percentage viability determined using a standard
haemocytometer following staining with an equal volume
of 0.4% Trypan Blue solution (Sigma).Cell Viability
Assay Cell viabilities were assessed after each
experiment using the Cell Titer Blue Assay (Promega).
Media was removed from the cells and 100 ml of fresh
complete medium added followed by 20 ml of Cell Titer
Blue Reagent. This was incubated at 37 0C, 5% CO2 for
4 hours and absorbance read at 570 nm using 600 nm as
a reference. This assay uses the indicator dye
resazurin (blue) to measure the metabolic capacity of
the cells. Viable cells reduce resazurin to resorufin
(pink). Data Interpretation Cell growth was evaluated
as described above. The IC50 (the dose of drug needed
to cause cytotoxicity in 50% of the cells)
concentrations were determined singly for each drug
over 48 hour incubation periods. Median effect
analysis, a measure of synergism, additive effects, or
antagonism based upon the Hill equation, was
determined by the method of Chou and Talalay using the
Calcusyn product (BioSoft, Cambridge, UK -
www.biosoft.com). The Cl (combination index) which
reflects synergy when less than 1, additive effects
when equal to 1, and antagonism when greater than 1
was calculated for varying levels of drug effect. Ten
fixed drug ratios above and below the IC50 (the
concentration of drug required to exert a 50%
cytotoxic effect) with a range of 0.0156N-8N where N
is a value near the IC50 of an individual drug were
explored by incubating the drug combinations with
cells for 48 hours and then determining the degree of
cytotoxicity. Fa50 is defined at that point where 50%
of the cells are affected. Cl values are shown for
Fa50. EXPERIMENTS A The results show that the antibody
gave evidence of antagonism with lmatinib and
indifference with Paclitaxel. There was some synergy
with Cisplatin and with Docetaxel, but the latter is
probable at concentrations which cannot be achieved
clinically. Doxorubicin demonstrated synergy at
clinically achievable drug levels with both cell lines
and independently of whether there was an oestrogen
receptor. The results achieved with Doxorubicin rate
as a highly significant synergy. The results of
Daunorubicin were equally 



impressive with the cell line with an oestrogen
receptor but less with the oestrogen receptor negative
cell line with synergy restricted to 6 and 12.5 mg/l.
The results for Herceptin showedno synergy against an
oestrogen receptor positive cell line, but synergy was
observed with an oestrogen receptor negative cell
line. Materials and Methods Cell line and culture
information Human Caucasian breast adenocarcinoma cell
line MCF7, expressing both wild type and variant
oestrogen receptors as well a progesterone receptor,
was obtained from ECACC (ECACC number - 86012803).
Other cell lines used are as follows: HS578T - ECACC
number 86082104, Human breast carcinoma, Epithelial.
Tumorigenic in immunosuppressed mice and form colonies
in semisolid medium. Oestrogen receptor negative.
SK-BR-3 - (ATCC) Human breast adenocarcinoma.
Oestrogen receptor positive. Over expresses
HER2/C-erb-2 gene. UACC-812 - (ATCC) Ductal Carcinoma,
prior to surgery, patient had extensive chemotherapy.
Oestrogen receptor negative, progesterone receptor
negative, P-glycoprotein negative. Amplification of
HER-2/ neu oncogene sequence HCT1 16 - ATCC Colorectal
carcinoma. Positive for TGF Beta 1 and beta 2
expression Cells were split using 0.25% trypsin/EDTA
(Sigma) and maintained in RPMI medium without phenol
red, containing 10% Foetal Bovine Serum, 1% Non
Essential Amino Acids, 2 mM Glutamine, 100 U/ml
Penicillin, 0.1 mg/ml Streptomycin (Sigma) at 37 0C,
5% CO2. Experiments A Effect of Mycograb on MCF7 cells
The cell lines were split and cells counted. Cells
were added to 12- or 96- well flat-bottomed tissue
culture plates. In the case of the 12- well plates, 1
ml of 4x1 04 cells/ml were added plus 1 ml of medium.
In the case of the 96- well plate, 100 ml of 4x1 04
cells/ml were added followed by a further 100 ml of
complete medium was added to the plate. The plates
were incubated overnight at 37 0C, 5% CO2. The next
day, the cells were observed under phase contrast
microscopy to ensure they had adhered to the plates
and the supernatant medium removed by aspiration.
Fresh medium containing twofold increasing
concentrations ofMycograb ( 1.5 - 200 mg/ml) or
formulation buffer or medium alone was then added to
the wells. The plate was returned to the incubator for
48 hours following which the cell titre blue assay was
carried out or viable counts were carried out using a
haemocytometer. Effect of anti-cancer agents
Doxorubicin, Daunorubicin, Herceptin, Docetaxel,
Imatinib, Paclitaxel and Cisplatin on MCF7 cells The
cell lines were split and cells counted. 100 ml of 4x1
04 cells/ml were added to 96 well flat bottomed tissue
culture plates a further 100 ml of complete medium was
added to the plate. The plates were then incubated
overnight at 370C, 5% CO2. The next day, the cells
were observed under phase contrast microscopy to
ensure they had adhered to the plates and the
supernatant medium removed by aspiration. Fresh medium
containing increasing concentrations of study drug
(Doxorubicin 0.55-600 mg/ml, Daunorubicin 0.45-1000
mg/ml, Herceptin 0.2-200 mg/ml, Docetaxel 0.75-800
mg/ml, Imatinib 4.5-5000 mg/ml, Cisplatin 0.04- 50
mg/ml, Paclitaxel 1.8-1000 mg/ml) or medium alone was
added to the wells. The plates were returned to the
incubator for 48 hours following which cell titre blue
assays were carried out. Effect of Mycograb in
combination with anti-cancer agents Doxorubicin,
Daunorubicin, Herceptin, Docetaxel, Imatinib,
Paclitaxel and Cisplatin on MCF7 cells The cell lines
were split and cells counted. 100 ml of 4x1 04
cells/ml were added to 96 well flat bottomed tissue
culture plates a further 100 ml of complete medium was
added to the plate. The plates were then incubated
overnight at 37 0C, 5% CO2. The next day, the cells
were observed under phase contrast microscopy to
ensure they had adhered to the plates and the
supernatant medium removed by aspiration. 100 ml of
fresh medium was added to the plates and a
checkerboard of Mycograb versus other drug was set out
as outlined in Table 1 below (using Doxorubicin as an
example) to give a total volume of 200 ml per well.
The plates were returned to the incubator for 48 hours
following which cell titer blue assays were carried
out. Experiments were also performed with HS578T cells
using the above methodologies, and results are given
below.Results of Experiments A MCF7 cell line
Cisplatin The IC50 was 6 mg/l and there was no effect
on adding Mycograb with the exception of synergy at
higher concentrations - see Table 2. lmatinib The IC50
was 37.5 mg/l and there was evidence of antagonism
with CIs in the range of 3.3-10 with Mycograb at doses
of lmatinib below 37.5 mg/l. Above this dose the
lmatinib killed the cell line. Docetaxel The IC50 was
225 mg/l and there was evidence of some synergy with
Mycograb at high doses of Docetaxel - see Table 3.
Paclitaxel The IC50 was 225 mg/l and there was
indifference with low concentrations of the drug and
mild synergy at high levels such as 500 mg/l of
Paclitaxel. These levels are outside those that are
clinically relevant. Doxorubicin The IC50 was 1.75
mg/l. There was clear synergy with Mycograb over a
range of drug concentrations - see Table 4.
Daunorubicin The IC50 was 1 mg/l. There was evidence
of synergy with Mycograb over a range of drug
concentrations - see Table 5. Herceptin There was no
detectable activity due to Herceptin and no evidence
of synergy. HS578T cell line This cell line was
insensitive to Mycograb in increasing concentrations
up to 400 mg/l. This was not surprising in that these
tumours are not steroid sensitive and thus not
intrinsicallylikely to respond to an Hsp90 inhibitor
such as Mycograb. However in combination with the
anthracycline Doxorubicin, as well as Daunorubicin,
and Herceptin there was unexpected synergy.
Doxorubicin The IC50 was 1 mg/l. There was evidence of
synergy with Mycograb over a range of drug
concentrations - see Table 6. Daunorubicin The IC50
was 1 mg/l. There was some evidence of synergy but
mostly indifference with Mycograb - see Table 7.
Herceptin With HS578T, mono-herceptin failed to kill
50% of the cells in concentrations of up to 200 mg/l,
but in the presence of Mycograb synergy was observed -
see Table 8. Docetaxel This gave an IC50 of 50 mg/l
for the cell line HS578T and showed no evidence of
synergy with Mycograb. Cisplatin Cisplatin had an IC50
of 12.5 mg/l for the cell line HS578T and showed no
evidence of synergy with Mycograb Conclusion There was
evidence of antagonism with lmatinib and indifference
with Paclitaxel. There was some synergy with Cisplatin
and with Docetaxel, but the latter is probable at
concentrations which cannot be achieved clinically.
Doxorubicin demonstrated synergy at clinically
achievable drug levels with both cell lines and
independently of whether there was an oestrogen
receptor. The results achieved with Doxorubicin rate
as a highly significant synergy. The results of
Daunorubicin were equally impressive with the cell
line with an oestrogen receptor but less with the
oestrogen receptor negative cell line with synergy
restricted to 6 and 12.5 mg/l.This above surprising
synergistic effect is observed between the antibody
and certain anti cancer drugs, but not with other
anti-cancer agents such as Imatinib. EXPERIMENTS B A
second set of experiments (described below) detail the
investigation of the effect of an anti- Hsp90 antibody
having the sequence of SEQ ID NO: 2 and specific for
an epitope displayed by a peptide having the sequence
of SEQ ID NO: 1, used on its own or in combination
with the anti-cancer agents Imatinib, Paclitaxel,
Docetaxel, Daunorubicin, Doxorubicin, Paclitaxel,
Cisplatin, and Hydroxyurea, on the human Caucasian
chronic myelogenous leukaemia cell line K562, and
human myelogenous leukaemia cell line KU-812. The
results show that the antibody gave evidence of
synergy with Imatinib, Paclitaxel, Docetaxel,
Daunorubicin. The antibody gave evidence of some
synergy with Doxorubicin and Hydroxyurea. The results
show that the antibody gave evidence of indifference
with Cisplatin. The results achieved with Docetaxel
and Paclitaxel rate as a highly significant synergy.
Material and Methods Ce// line and culture information
Human myelogenous leukaemia cell line KU-812 was
obtained from ECACC (ECAAC number 90071807). A
Philadelphia chromosome (Ph1) has been detected in
this cell line. The cells are morphologically
characteristic of basophils. Human Caucasian chronic
myelogenous leukaemia cell line K562, was obtained
from ECACC (ECACC number 89121407). K562 was
established from pleural effusion of 53 year old
female with chronic myelogenous leukaemia in terminal
blast crisis. Karyological studies on various K-562
sublines have been classified into three groups (A, B,
C) (Dimery, I. W. et a/., 1983, Exp. Hematol.;1
1(7):p601-10). The line used in these experiments was
the K562B. Experiments have demonstrated that these
lines are generally similar in terms of: morphology,
growth kinetics in liquid suspension culture, cloning
efficiency in soft agar culture, binding of anti-K562
monoclonal antibodies, and cell surface proteins.
K562B has been compared to K562A and K562 C, with
respect to growth kinetics, cell surface protein
markers, surface antigens, cytogenetics and hemoglobin
production. Differences were observed between the cell
lines, the most important difference being that
whereas more than90% of K562A or C cells appeared to
be Ph1-positive, less than 15% of K562B cells
contained a Ph1 (Dimery, IW, et al., 1983, Exp.
Hematol.;1 1(7):p601-10). Although cytogenetic tests
do not reveal the presence of a true Ph1 chromosome
K562 appears to contain part of a Ph1 chromosome,
which is at least fourfold amplified. This part of a
Ph1 chromosome encodes a chimeric bcr/c-abl
transcript, which when translated yields a bcr/c-abl
fusion protein (Grosveld, G., et al., 1986, MoI. Cell.
Biol. 6, No. 2: p607-616). The bcr/c-abl fusion
protein possesses activated tyrosine kinase activity
which is responsible for the pathogenesis of CML.
Cells were maintained between 2 x 106 and 9 x 106
cell/ml in RPMI medium 1640 without phenol red,
containing 10% Foetal Bovine Serum, 2 mM Glutamine,
100 U/ml Penicillin, 0.1 mg/ml Streptomycin (Sigma) at
37 0C, 5% CO2. Experiments Effect ofMycograb on K562
Cells The cell lines were counted. Cells were added to
96 well flat-bottomed tissue culture plates using
aliquots of 100 ml containing 4 x 105 cells/ml. Fresh
medium containing either two-fold increasing
concentrations of Mycograb (RTM) ( 1 .5 - 200 mg/ml),
or medium alone was then added to the wells. The plate
was returned to the incubator for 48 hours following
which the cell titre blue assay was carried out, or
viable counts were determined using a haemocytometer.
Effect of anti-cancer agents Doxorubicin,
Daunorubicin, Docetaxel, Paclitaxel, Imatinib,
Cisplatin and Hydroxyurea on K562 cells The cell lines
were counted. 100 ml of 2 x 105 or 4 x 105 cells/ml
were added to 96 well flat bottomed tissue culture
plates. The plates were then incubated overnight at 37
0C, 5% CO . Fresh medium containing increasing
concentrations of study drug (Doxorubicin 0.55-600
mg/ml, Daunorubicin 0.07-100 mg/ml, Docetaxel 0.75-800
mg/ml, Paclitaxel 0.5-500 mg/ml, Imatinib 4.5-5000
mg/ml, Cisplatin 0.04-50 mg/ml) or medium alone was
added to the wells. The plates were returned to the
incubator for 48 hours following which cell titre blue
assays were carried out. Effect of Mycograb in
combination with anti-cancer agents Doxorubicin,
Daunorubicin, Docetaxel, Paclitaxel, Imatinib,
Cisplatin and Hydroxyurea on K562 cellsThe cell lines
were counted. 100 ml of 2 x 105, or 4 x 105 cells/ml
were added to 96 well flat bottomed tissue culture
plates. The plates were then incubated overnight at 37
0C, 5% CO2. 100 ml of fresh medium was added to the
plates and a checkerboard of Mycograb versus other
drug was set out as outlined in Table 9 below (using
Doxorubicin as an example) to give a total volume of
200 ml per well. Experiments were also performed with
KU-812 cells using the above methodologies, and
results given below. Results Effect of Mycograb (RTM)
on K562 Cells With cell line K562 Mycograb on its own
at 12.5mg/ml demonstrated a 40% reduction in cell
viability. Effect of Mycograb (RTM) and anti-cancer
agents on K562 Cells lmatinib The IC5O was 16 mg/ml.
There was some evidence of synergy between lmatinib
and Mycograb (RTM) at a range of drug concentrations
(see Table 10). Doxorubicin The IC50 was 1 mg/ml.
There was some evidence of synergy between Doxorubicin
and Mycograb (RTM) at some drug concentrations but
mostly indifference with Mycograb (RTM). Daunorubicin
The IC50 was 0.75 mg/ml. There was some evidence of
synergy between Daunorubicin and Mycograb (RTM) at low
of drug concentrations (see Table 11). Docetaxel The
IC50 was 70 mg/ml. There was clear evidence of synergy
between Docetaxel and Mycograb (RTM) at a range of
drug concentrations (see Table 12).Paclitaxel The IC50
was 32 mg/ml. There was clear evidence of synergy
between Paclitaxel and Mycograb (RTM) at a range of
drug concentrations (see Table 13). Cisplatin The IC5O
was 12.5 mg/ml. There was no evidence of synergy
between Cisplatin and Mycograb (RTM). Hydroxyurea The
IC50 was never reached with Hydroxyurea as the sole
agent. However, there was some evidence of synergy
between Hydroxyurea and Mycograb (RTM) at low of drug
concentrations (see Table 14). KU-812 Cell line Effect
of Mycograb (RTM) on KU-812 Cells With cell line
KU-812 Mycograb on its own at 50mg/ml demonstrated a
40% reduction in cell viability. Effect of Mycograb
(RTM) and anti-cancer agents on KU-812 Cells lmatinib
The IC50 was 0.12 mg/ml. There was some evidence of
synergy between lmatinib and Mycograb (RTM) at low of
drug concentrations (see Table 15). Summary Using a
K562 cell line, there was evidence of synergy with
lmatinib, Paclitaxel, and Docetaxel. There was
evidence of some synergy with Daunorubicin,
Doxorubicin and Hydroxyurea. Indifference was seen
with Cisplatin. Using a KU-812 cell line, there was
evidence of some synergy with lmatinib. Conclusions
The data presented here clearly demonstrates that
Mycograb (RTM) antibody on it's own can decrease the
viability of both Ph1 -positive and Ph1 -negative CML
cell lines. Furthermore, there is a surprising
synergism between anti-cancers agents, including
lmatinib and the anti- Hsp90 antibody, in Ph1
-positive CML cell lines. The data also demonstrate
that there issynergism between Paclitaxel, Docetaxel,
Daunorubicin, Doxorubicin, Hydroxyurea, and the
anti-Hsp90 antibody, in Ph1 -positive leukaemia cell
lines. These results allows for the use of
compositions comprising anti-cancer agents such as
Imatinib, together with the anti-Hsp90 antibody
(Mycograb, RTM) for the treatment of CIVIL The
synergism exhibited by the combination of anti-cancer
agent and Mycograb (RTM) antibody potentially allows
for either lower treatment dosages, which would be
hugely significant given the problematic toxicity of
many of the anti-cancer agents, and in particular
Imatinib, or more effective and longer treatments at
the same dosages, thereby reducing unwanted
side-effects. Clinical implications of the present
invention include: (i) the production of a synergistic
combination of anti-cancer agents e.g. Imatinib, and
anti-Hsp90 antibody in the treatment of CML should
become the treatment of choice. This would possibly
lead to a reduction in mortality for CML; (ii)
Imatinib is toxic, and the synergy provided by the
present invention means that a lower dose of Imatinib
could be used while maintaining efficacy and
concomitantly reducing toxicity; and (iii) the
toxicity sparing effect of the anti-hsp90 antibody
would allow the clinical efficacy of higher doses of
Imatinib to be explored and further contribute to an
improved clinical outcome. EXPERIMENTS C A third set
of experiments (described below) detail the
investigation of the effect of an anti- Hsp90 antibody
having the sequence SEQ ID NO: 2 and specific for the
epitope displayed by a peptide having the sequence SEQ
ID NO: 1, used on its own or in combination with the
anti-cancer agents 5-FU and Folinic acid and/or
Oxaliplatin on the human colon adenocarcinoma cell
line HT29. The results show that the antibody gave
evidence of synergy with 5-FU and Folinic acid and
with Oxaliplatin. There was also evidence of synergy
with the four drug combination of Mycograb/anti-Hsp90
antibody with 5-FU, Folinic acid and Oxaliplatin.
Concentrations of greater then 75mg/ml of 5-FU and
10.5mg/ml of Oxaliplatin were found to be particularly
useful. Material and Methods Ce// line and culture
informationHuman Caucasian colon adenocarcinoma grade
Il cell line HT29, was obtained from ECACC (ECACC
number 91072201). Cells were split using 0.25%
trypsin/EDTA (Sigma) and maintained in McCoy's 5a
medium containing 10% Foetal Bovine Serum, 2mM
Glutamine, 100U Penicillin, 0.1 mg Streptomycin
(Sigma) at 370C, 5% CO2. Other cell lines include HCT1
16 Experiments Effect ofMycograb (RTM) on HT29 cells
The cell lines were split and cells the counted. Cells
were added to 12- or 96- well flatbottomed tissue
culture plates. In the case of the 12- well plates,
1ml of 4X1 04 cells/ml or 4X1 05 cells/ml were added
to each well plus 1ml of complete McCoy's 5a medium.
In the case of the 96- well plate, 100ml of 4X1 04
cells/ml or 4X1 05 cells/ml were added followed by a
further 100ml of complete McCoy's 5a medium was added
to each well. The plates were then incubated overnight
at 370C, 5% CO2. The next day, the cells were observed
under a phase contrast microscopy to ensure they had
adhered to the plates and the supernatant medium
removed by aspiration. Fresh complete RPMI medium
containing two-fold increasing concentrations of
Mycograb (RTM) (1.5 - 200mg/ml) or medium alone was
then added to the wells. The plate was returned to the
incubator for 48 hours following which the cell titre
blue assay was carried out or viable counts were
completed. Effect of anti-cancer agents 5FU and
folinic acid and Oxaliplatin on HT29 cells The cell
lines were split and the cells counted. 100ml of 4X1
04 cells/ml or 4X1 05 cells/ml were 



added to 96 well flat bottomed tissue culture plates a
further 100mI of complete McCoy's 5a medium was added
to the plate. The plates were then incubated overnight
at 370C, 5% CO2. The next day, the cells were observed
under phase contrast microscopy to ensure they had
adhered to the plates and the supernatant medium
removed by aspiration. 100ml of fresh complete RPMI
medium containing increasing two fold concentrations
of study drug (5-FU 4.5-2400 mg/ml plus 1mg/ml Folinic
acid or Oxaliplatin 1-500mg/ml) or medium alone (Media
+ 2.5% DMSO for 5-FU control) was then added to the
wells. The plates were returned to theincubator for 48
hours following which cell titre blue assays were
carried out. Effect of Mycograb (RTM) in combination
with anti-cancer agents 5FU and folinic acid or
Oxaliplatin on HT29 cells The cell lines were split
and the cells counted. 100ml of 4X1 04 cells/ml or 4X1
05 cells/ml were added to 96 well flat bottomed tissue
culture plates a further 100ml of complete McCoy's 5a
medium was added to the plate. The plates were then
incubated overnight at 370C, 5% CO2. The next day, the
cells were observed under phase contrast microscopy to
ensure they had adhered to the plates and the
supernatant medium removed by aspiration. 100mI of
fresh complete RPMI medium was added to the plates and
a checkerboard of Mycograb (RTM) versus study drug
((5-FU 4.5-2400mg/ml plus 1mg/ml Folinic acid or
Oxaliplatin 1-500mg/ml) or medium alone (Medium + 2.5%
DMSO for 5-FU control)) was set out as outlined in
Table 16 to give a total volume of 200ml per well.
Effect of Mycograb (RTM) in combination with
anti-cancer agents 5FU and folinic acid and
Oxaliplatin on HT29 cells The cell lines were split
and the cells counted. 100ml of 4X1 04 cells/ml or 4X1
05 cells/ml were added to 96 well flat bottomed tissue
culture plates a further 10Oml of complete McCoy's 5a
medium was added to the plate. The plates were then
incubated overnight at 370C, 5% CO2. The next day, the
cells were observed under phase contrast microscopy to
ensure they had adhered to the plates and the
supernatant medium removed by aspiration. 100ml of
fresh complete RPMI medium was added to the plates and
a checkerboard of Mycograb (RTM) versus study drug
((5-FU:Folinic acid:Oxaliplatin at a ratio of 3:1
:0.42) or medium alone (Medium + 2.5% DMSO for 5-FU
control)) was set out as for the 5-FU checkerboard
outlined in Table 16 to give a total volume of 200ml
per well. Results Effect of Mycograb (RTM) on HT29
cells With cell line HT29 Mycograb (RTM) on its own at
125mg/ml demonstrated a 50% reduction in cell
viability.Effect of anti-cancer agents 5FU or
Oxaliplatin alone and Mycograb (RTM) in combination
with anti-cancer agents 5FU or Oxaliplatin on HT29
cells 5-FU: The IC50 for 5-Fluorouracil was 150mg/ml.
There was clear evidence of synergy between 5- FU and
Mycograb (RTM) at a range of drug concentrations see
Tables 17-20. Oxaliplatin: The IC50 for Oxaliplatin
was 16mg/ml. There was some evidence of synergy
between Oxaliplatin and Mycograb (RTM) at a range of
drug concentrations, Table 18. Effect of Mycograb
(RTM) in combination with anti-cancer agents 5FU and
Oxaliplatin on HT29 cells The IC50 of LV/5FU/Ox was
25/75/1 0.5mg/ml. There was some evidence of synergy
between 5-FU and Oxaliplatin and Mycograb (RTM) at a
range of drug concentrations see Tables 22- 24.
Summary The results show that the antibody gave
evidence of synergy with 5-FU and Folinic acid or
Oxaliplatin and some evidence of synergy with the four
drug combination of with 5-FU and Folinic acid and
Oxaliplatin with concentrations of greater then
75mg/ml 5-FU and greater than 10.5mg/ml Oxaliplatin.
There was evidence of synergy with 5-FU and
Oxaliplatin, Table 25 summarises the Cl values at
ED50, ED75 and EDg0. Conclusions The data presented
here demonstrates that Mycograb (RTM) antibody on its
own can decrease the viability of a colon
adenocarcinoma cell line. There was synergy between
anti cancer agents, including 5-Fluorouracil and
Oxaliplatin and the anti-HSP 90 antibody in a colon
adenocarcinoma cell line. The data also demonstrates
synergy between 5-Fluorouraciland Oxaliplatin with the
anti-HSP 90 antibody in a colon adenocarcinoma cell
line.COMPOSITIONS AND METHODS FOR TREATING
INFLAMMATORY DISORDERS The present invention relates
to methods of treatment of diseases, including
rheumatoid arthritis using antibody polypeptide
constructs including single domain antibody Iigands
and dual specific ligands, compositions of such
ligands, and methods of making and using such ligands.
In particular, the invention provides methods for the
preparation of single domain antibodies that bind
inflammatory cytokines including TNF- a and VEGF. Also
disclosed are dual- specific ligands comprising a
first single immunoglobulin variable domain which
binds to a first antigen or epitope, and a second
single immunoglobulin variable domain which binds to a
second antigen or epitope. More particularly, the
invention relates to dual-specific ligands wherein
binding to at least one of the first and second
antigens or epitopes acts to increases the half-life
of the ligand in vivo. Open and closed conformation
ligands comprising more than one binding specificity
are described. Methods for treating rheumatoid
arthritis are disclosed that use single domain
antibody constructs and dual specific ligands that
bind first and second antigens that can comprise any
combination of, for example, TNF-a, VEGF and HSA. TNF
Oc: As the name implies, Tumor Necrosis Factor-a
(TNF-a) was originally described as a molecule having
anti-tumor properties, but the molecule was
subsequently found to play key roles in other
processes, including a prominent role in mediating
inflammation and autoimmune disorders. TNF-a is a key
proinflammatory cytokine in inflammatory conditions
including, for example, rheumatoid arthritis (RA),
Crohn's disease, ulcerative colitis and other bowel
disorders, psoriasis, toxic shock, graft versus host
disease and multiple sclerosis. The pro-inflammatory
actions of TNF-a result in tissue injury, such as
inducing procoagulant activity on vascular endothelial
cells (Pober, et al., J. Immunol. 136:1680 (1986)),
increasing the adherence of neutrophils and
lymphocytes (Pober, et al., J. Immunol. 138:3319
(1987)), and stimulating the release of platelet
activating factor from macrophages, neutrophils and
vascular endothelial cells (Camussi, et al., J. Exp.
Med. 166:1390 (1987)).TNF-a is synthesized as a 26 kD
transmembrane precursor protein with an intracellular
tail that is cleaved by a TNF-a-converting
metalloproteinase enzyme and then secreted as a 17 kD
soluble protein. The active form consists of a
homotrimer of the 17 kD monomers which interacts with
two different cell surface receptors, p55 TNFRl and
p75 TNFR2. There is also evidence that the cell
surface bound precursor form of TNF-a can mediate some
biological effects of the factor. Most cells express
both p55 and p75 receptors which mediate different
biological functions of the ligand. The p75 receptor
is implicated in triggering lymphocyte proliferation,
and the p55 receptor is implicated in TNF-mediated
cytotoxicity, apoptosis, antiviral activity,
fibroblast proliferation andNF- kB activation (see
Locksley et al., 2001, Cell 104: 487-501). The TNF
receptors are members of a family of membrane proteins
including the NGF receptor, Fas antigen, CD27, CD30,
CD40, Ox40 and the receptor for the lymphotoxin a/b
heterodimer. Binding of receptor by the homotrimer
induces aggregation of receptors into small clusters
of two or three molecules of either p55 or p75. TNF-a
is produced primarily by activated macrophages and T
lymphocytes, but also by neutrophils, endothelial
cells, keratinocytes and fibroblasts during acute
inflammatory reactions. TNF-a is at the apex of the
cascade of pro-inflammatory cytokines (Reviewed in
Feldmann & Maini, 2001, Ann. Rev. Immunol. 19: 163).
This cytokine induces the expression or release of
additional proinflammatory cytokines, particularly
IL-I and IL-6 (see, for example, Rutgeerts et al.,
2004, Gastroenterology 126: 1593-1610). Inhibition of
TNF-a inhibits the production of inflammatory
cytokines including IL-I, IL-6, IL-8 and GM-CSF
(Brennan et al., 1989, Lancet 2: 244). Because of its
role in inflammation, TNF-a has emerged as an
important inhibition target in efforts to reduce the
symptoms of inflammatory disorders. Various approaches
to inhibition of TNF-a for the clinical treatment of
disease have been pursued, including particularly the
use of soluble TNF-a receptors and antibodies specific
for TNF-a. Commercial products approved for clinical
use include, for example, the antibody products
Remicade(tm) (Infliximab; Centocor, Malvern, PA; a
chimeric monoclonal IgG antibody bearing human IgG4
constant and mouse variable regions), Humira(tm)
(adalimumab or D2E7; Abbott Laboratories, described in
U.S. patent No.6,090,382) and the soluble receptor
product Enbrel(tm) (etanercept, a soluble p75 TNFR2 Fc
fusion protein; Immunex). The role of TNF-a in
inflammatory arthritis is reviewed in, for example, Li
& Schwartz, 2003, Sringer Semin. Immunopathol. 25:
19-33. In RA, TNF-a is highly expressed in inflamed
synovium, particularly at the cartilage-pannus
junction (DiGiovine e tal., 1988, Ann. Rheum. Dis. 47:
768; Firestein et al., 1990, J. Immunol. 144: 3347;
and Saxne et al., 1988, Atrhritis Rheum. 31: 1041). In
addition to evidence that TNF-a increases the levels
of inflammatory cytokines IL-I, IL-6, IL-8 and GM-CSF,
TNF-a can alone trigger joint inflammation and
proliferation of fbroblast-like synoviocytes (Gitter
et al., 1989, Immunology 66: 196), induce collagenase,
thereby triggering cartilage destruction (Dayer et
al., 1985, J. Exp. Med. 162: 2163; Dayer et al., 1986,
J. Clin. Invest. 77: 645), inhibit proteoglycan
synthesis by articular chondrocytes (Saklatvala, 1986,
Nature 322: 547; Saklatvala et al., 1985, J. Exp. Med.
162: 1208) and can stimulate osteoclastogenesis and
bone resorption (Abu-Amer et al., 2000, J. Biol. Chem.
275: 27307; Bertolini et al., 1986, Nature 319: 516).
TNF-a induces increased release of CD14+ monocytes by
the bone marrow. Such monocytes can infiltrate joints
and amplify the inflammatory response via the RANK
(Receptor Activator or NF-kB)-RANKL signaling pathway,
giving rise to osteoclast formation during arthritic
inflammation (reviewed in Anandarajah & Richlin, 2004,
Curr. Opin. Rheumatol. 16: 338-343). TNF-a is an acute
phase protein which increases vascular permeability
through its induction of IL-8, thereby recruiting
macrophage and neutrophils to a site of infection.
Once present, activated macrophages continue to
produce TNF-a, thereby maintaining and amplifying the
inflammatory response. Titration of TNF-a by the
soluble receptor construct etanercept is effective for
the treatment of RA, but not for treatment of Crohn's
disease. In contrast, the antibody TNF- a antagonist
infliximab is effective to treat both RA and Crohn's
disease. Thus, the mere neutralization of soluble
TNF-a is not the only mechanism involved in
anti-TNF-based therapeutic efficacy. Rather, the
blockade of other pro-inflammatory signals or
molecules that are induced by TNF-a also plays a role
(Rutgeerts et al., supra). For example, the
administration of infliximab apparently decreases the
expression of adhesion molecules, resulting in a
decreased infiltration of neutrophils to sites of
inflammation. Also,infliximab therapy results in the
disappearance of inflammatory cells from previously
inflamed bowel mucosa in Crohn's disease. This
disappearance of activated T cells in the lamina
propria is mediated by apoptosis of cells carrying
membrane-bound TNF-a following activation of caspases
8, 9 and then 3 in a Fas dependent manner (see
Lugering et al., 2001, Gastroenterology 121: 1145-1
157). Thus, membrane- or receptor-bound TNF-a is an
important target for anti-TNF-a therapeutic
approaches. Others have shown that infliximab binds to
activated peripheral blood cells and lamina propria
cells and induces apoptosis through activation of
caspase 3 (see Van den Brande et al., 2003,
Gastroenterology 124: 1774-1785). Intracellularly, the
binding of trimeric TNF-a to its receptor triggers a
cascade of signaling events, including displacement of
inhibitory molecules such as SODD (silencer of death
domains) and binding of the adaptor factors FADD,
TRADD, TRAF2, c-IAP, RAIDD and TRIP plus the kinase
RIPl and certain caspases (reviewed by Chen & Goeddel,
2002, Science 296: 1634-1635, and by Muzio & Saccani
in :Methods in Molecular Medicine: Tumor Necrosis
Factor, Methods and Protocols," Corti and Ghezzi, eds.
(Humana Press, New Jersey), pp. 81-99. The assembled
signaling complex can activate either a cell survival
pathway, through NF-kB activation and subsequent
downstream gene activation, or an apoptotic pathway
through caspase activation. Similar extracellular
downstream cytokine cascades and intracellular signal
transduction pathways can be induced by TNF-a in other
diseases. Thus, for other diseases or disorders in
which the TNF-a molecule contributes to the pathology,
inhibition of TNF-a presents an approach to treatment.
VEGF: Angiogenesis plays an important role in the
active proliferation of inflammatory synovial tissue.
RA synovial tissue, which is highly vascularized,
invades the periarticular cartilage and bone tissue
and leads to joint destruction. Vascular endothelial
growth factor (VEGF) is the most potent angiogenic
cytokine known. VEGF is a secreted, heparin-binding,
homodimeric glycoprotein existing in several alternate
forms due to alternative splicing of its primary
transcript (Leung et al., 1989, Science 246: 1306).
VEGF is also known as vascular permeability factor
(VPF) due to its ability to induce vascular leakage, a
process important in inflammation. Theidentification
of VEGF in synovial tissues of RA patients highlighted
the potential role of VEGF in the pathology of RA
(Fava et al., 1994, J. Exp. Med. 180: 341 : 346;
Nagashima et al., 1995, J. Rheumatol. 22: 1624-1630).
A role for VEGF in the pathology of RA was solidified
following studies in which anti-VEGF antibodies were
administered in the murine collagen-induced arthritis
(CIA) model. In these studies, VEGF expression in the
joints increased upon induction of the disease, and
the administration of anti-VEGF antisera blocked the
development of arthritic disease and ameliorated
established disease (Sone et al., 2001, Biochem.
Biophys. Res. Comm. 281: 562-568; Lu et al., 2000, J.
Immunol. 164: 5922-5927). Antibody Polypeptides :
Antibodies are highly specific for their binding
targets and although they are derived from nature's
own defense mechanisms, antibodies face several
challenges when applied to the treatment of disease in
human patients. Conventional antibodies are large
multi-subunit protein molecules comprising at least
four polypeptide chains. For example, human IgG has
two heavy chains and two light chains that are
disulfide bonded to form the functional antibody. The
size of a conventional IgG is about 150 kD. Because of
their relatively large size, complete antibodies
(e.g., IgG, IgA, IgM, etc.) are limited in their
therapeutic usefulness due to problems in, for
example, tissue penetration. Considerable efforts have
focused on identifying and producing smaller antibody
fragments that retain antigen binding function and
solubility. The heavy and light polypeptide chains of
antibodies comprise variable (V) regions that directly
participate in antigen interactions, and constant (C)
regions that provide structural support and function
in non-antigen-specific interactions with immune
effectors. The antigen binding domain of a
conventional antibody is comprised of two separate
domains: a heavy chain variable domain (VH) and a
light chain variable domain (VL: which can be either
VK or Vx). The antigen binding site itself is formed
by six polypeptide loops: three from the VH domain
(Hl, H2 and H3) and three from the VL domain (Ll, L2
and L3). In vivo, a diverse primary repertoire of V
genes that encode the VH and VL domains is produced by
the combinatorial rearrangement of gene segments. C
regions include the light chain C regions (referred to
as CL regions) and the heavy chain C regions (referred
to as CH I , Q 2 and CH3 regions).A number of smaller
antigen binding fragments of naturally occurring
antibodies have been identified following protease
digestion. These include, for example, the "Fab
fragment" (VL-CL-CHI-V H) , "Fab' fragment" (a Fab
with the heavy chain hinge region) and "F(ab') 2
fragment" (a dimer of Fab' fragments joined by the
heavy chain hinge region). Recombinant methods have
been used to generate even smaller antigen-binding
fragments, referred to as "single chain Fv" (variable
fragment) or "scFv," consisting of VL and VHjoined by
a synthetic peptide linker. Single Domain Antibodies :
While the antigen binding unit of a
naturally-occurring antibody (e.g., in humans and most
other mammals) is generally known to be comprised of a
pair of V regions (VI/ VH), camelid species express a
large proportion of fully functional, highly specific
antibodies that are devoid of light chain sequences.
The camelid heavy chain antibodies are found as
homodimers of a single heavy chain, dimerized via
their constant regions. The variable domains of these
camelid heavy chain antibodies are referred to as VHH
domains and retain the ability, when isolated as
fragments of the VH chain, to bind antigen with high
specificity ((Hamers-Casterman et al., 1993, Nature
363: 446-448; Gahroudi et al., 1997, FEBS Lett. 414:
521-526). Antigen binding single VH domains have also
been identified from, for example, a library of murine
VH genes amplified from genomic DNA from the spleens
of immunized mice and expressed in E. coli (Ward et
al., 1989, Nature 341 : 544-546). Ward et al. named
the isolated single VH domains "dAbs," for "domain
antibodies." The term "dAb" will refer herein to a
single immunoglobulin variable domain (VH, VHH or VL)
polypeptide that specifically binds antigen. A "dAb"
binds antigen independently of other V domains;
however, as the term is used herein, a "dAb" can be
present in a homo- or heteromultimer with other VH or
VL domains where the other domains are not required
for antigen binding by the dAb, i.e., where the dAb
binds antigen independently of the additional VH, VHH
or VL domains. Single immunoglobulin variable domains,
for example, VHH, are the smallest antigen-binding
antibody unit known. For use in therapy, human
antibodies are preferred, primarily because they are
not as likely to provoke an immune response when
administered to a patient. As noted above, isolated
non-camelid VHdomains tend to be relatively insoluble
and are often poorly expressed. Comparisons of camelid
V H withthe VH domains of human antibodies reveals
several key differences in the framework regions of
the camelid VHH domain corresponding to the V /VL
interface of the human VH domains. Mutation of these
residues of human VH3 to more closely resemble the VHH
sequence (specifically GIy 44 GIu, Leu 45 Arg and Trp
47 GIy) has been performed to produce "camelized"
human VH domains that retain antigen binding activity
(Davies & Riechmann, 1994, FEBS Lett. 339: 285-290)
yet have improved expression and solubility. (Variable
domain amino acid numbering used herein is consistent
with the Kabat numbering convention (Kabat et al.,
1991, Sequences of Immunological Interest, 5th ed.
U.S. Dept. Health & Human Services, Washington, D.C.))
WO 03/035694 (Muyldermans) reports that the Tip 103
Arg mutation improves the solubility of noncamelid VH
domains. Davies & Riechmann (1995, Biotechnology N.Y.
13: 475-479) also report production of a
phage-displayed repertoire of camelized human VH
domains and selection of clones that bind hapten with
affinities in the range of 100-400 nM, but clones
selected for binding to protein antigen had weaker
affinities. The antigen binding domain of an antibody
comprises two separate regions: a heavy chain variable
domain (VH) and a light chain variable domain (VL:
which can be either Vk or Yx). The antigen binding
site itself is formed by six polypeptide loops: three
from VH domain (Hl, H2 and H3) and three from VL
domain (Ll, L2 and L3). A diverse primary repertoire
of V genes that encode the VH and VL domains is
produced by the combinatorial rearrangement of gene
segments. The VH gene is produced by the recombination
of three gene segments, VH, D and JH. In humans, there
are approximately 5 1 functional VH segments (Cook and
Tomlinson (1995) Immunol Today, 16: 237), 25
functional D segments (Corbett et al. (1997) J. MoI.
Biol., 268: 69) and 6 functional JH segments (Ravetch
et al. (1981) Cell, 27: 583), depending on the
haplotype. The VH segment encodes the region of the
polypeptide chain which forms the first and second
antigen binding loops of the VH domain (Hl and H2),
whilst the VH, D and JH segments combine to form the
third antigen binding loop of the VH domain (H3). The
VL gene is produced by the recombination of only two
gene segments, VL and JL. In humans, there are
approximately 40 functional Vk segments (Schable and
Zachau (1993) Biol. Chem. Hoppe- Seyler, 374: 1001), 3
1 functional Vl segments (Williams et al. (1996) J .
MoI. so 



Biol., 264: 220; Kawasaki et al. (1997) Genome Res.,
7: 250), 5 functional J segments (Hieter et al. (1982)
J. Biol. Chef,., 257: 1516) and 4 functional Jl
segments (Vasicek andLeder (1990) J. Exp. Med., 172:
609), depending on the haplotype. The VL segment
encodes the region of the polypeptide chain which
forms the first and second antigen binding loops of
the VL domain (Ll and L2), whilst the VL and JL
segments combine to form the third antigen binding
loop of the VL domain (L3). Antibodies selected from
this primary repertoire are believed to be
sufficiently diverse to bind almost all antigens with
at least moderate affinity. High affinity antibodies
are produced by "affinity maturation" of the
rearranged genes, in which point mutations are
generated and selected by the immune system on the
basis of improved binding. Analysis of the structures
and sequences of antibodies has shown that five of the
six antigen binding loops (Hl, H2, Ll, L2, L3) possess
a limited number of main-chain conformations or
canonical structures (Chothia and Lesk (1987) d: MoI.
Biol., 196: 901; Chothia et al. (1989) Nature, 342:
877). The main-chain conformations are determined by
(i) the length of the antigen binding loop, and (ii)
particular residues, or types of residue, at certain
key position in the antigen binding loop and the
antibody framework. Analysis of the loop lengths and
key residues has enabled us to the predict the
main-chain conformations of Hl, H2, Ll, L2 and L3
encoded by the majority of human antibody sequences
(Chothia et al. (1992) J. MoI. Biol., 227: 799;
Tomlinson et al. (1995) EMBO J., 14: 4628; Williams et
al. (1996) J. MoI. Biol., 264: 220). Although the H3
region is much more diverse in terms of sequence,
length and structure (due to the use of D segments),
it also forms a limited number of main- chain
conformations for short loop lengths which depend on
the length and the presence of particular residues, or
types of residue, at key positions in the loop and the
antibody framework (Martin et al. (1996) J. MoI. Biol,
263: 800; Shirai et al. (1996) FEBS Letters, 399:
1.Bispecific Antibodies : Bispecific antibodies
comprising complementary pairs of VH and VL regions
are known in the art. These bispecific antibodies must
comprise two pairs of VHand VLS, each VH/V L pair
binding to a single antigen or epitope. Methods
described involve hybrid hybridomas (Milstein &
Cuello, Nature 305:537-40), minibodies (Hu et al.,
(1996) Cancer Res 30 56:3055- 3061;), diabodies
(Holliger et al., (1993) Proc. Natl. Acad. Sci. USA
90, 6444 6448; WO 94/13804), chelating recombinant
antibodies (CRAbs; (Neri et al., (1995) J. MoI. Biol.
246, 367-373), biscFv (e.g. Atwell et al., (1996) MoI.
Immunol. 33, 1301 1312), "knobs in holes" stabilized
antibodies (Carter et al., (1997) Protein Sci. 6, 781
788). In each case, each antibody species comprises
two antigen-binding sites, each fashioned by a
complementary pair of VH and VL domains. Each antibody
is thereby able to bind to two different antigens or
epitopes at the same time, with the binding to EACH
antigen or epitope mediated by a VH and its
complementary VL domain. Each of these techniques
presents its particular disadvantages; for instance in
the case of hybrid hybridomas, inactive VH/VL pairs
can greatly reduce the fraction of bispecific IgG.
Furthermore, most bispecific approaches rely on the
association of the different VH/V L pairs or the
association of VH and VL chains to recreate the two
different VH/VL binding sites. It is therefore
impossible to control the ratio of binding sites to
each antigen or epitope in the assembled molecule and
thus many of the assembled molecules will bind to one
antigen or epitope but not the other. In some cases it
has been possible to engineer the heavy or light
chains at the sub-unit interfaces (Carter et al.,
1997) in order to improve the number of molecules
which have binding sites to both antigens or epitopes,
but this never results in all molecules having binding
to both antigens or epitopes. There is some evidence
that two different antibody binding specificities
might be incorporated into the same binding site, but
these generally represent two or more specificities
that correspond to structurally related antigens or
epitopes or to antibodies that are broadly cross-
reactive. For example, cross-reactive antibodies have
been so described, usually where the two antigens are
related in sequence and structure, such as hen egg
white lysozyme and turkey lysozyme (McCafferty et al.,
WO 92/01047) or to free hapten and to hapten
conjugated to carrier (Griffiths AD et al. EMBO J 1994
13:14 3245- 60). In a further example, WO 02/02773
(Abbott Laboratories) describes antibodymolecules with
"dual specificity". The antibody molecules referred to
are antibodies raised or selected against multiple
antigens, such that their specificity spans more than
a single antigen. Each complementary VH/VL pair in the
antibodies ofWO 02/02773 specifies a single binding
specificity for two or more structurally related
antigens; the VH and VL domains in such complementary
pairs do not each possess a separate specificity. The
antibodies thus have a broad single specificity which
encompasses two antigens, which are structurally
related. Furthermore natural autoantibodies have been
described that are polyreactive (Casali & Notkins,
Ann. Rev. Immunol. 7, 515-53 1), reacting with at
least two (usually more) different antigens or
epitopes that are not structurally related. It has
also been shown that selections of random peptide
repertoires using phage display technology on a
monoclonal antibody will identify a range of peptide
sequences that fit the antigen binding site. Some of
the sequences are highly related, fitting a consensus
sequence, whereas others are very different and have
been termed mimotopes (Lane & Stephen, Current Opinion
in Immunology, 1993, 5, 268-271). It is therefore
clear that a natural four-chain antibody, comprising
associated and complementary VH and VL domains, has
the potential to bind to many different antigens from
a large universe of known antigens. It is less clear
how to create a binding site to two given antigens in
the same antibody, particularly those which are not
necessarily structurally related. Protein engineering
methods have been suggested that may have a bearing on
this. For example, it has also been proposed that a
catalytic antibody could be created with a binding
activity to a metal ion through one variable domain,
and to a hapten (substrate) through contacts with the
metal ion and a complementary variable domain (Barbae
et al., 5 1993 Proc. Natl. Acad. Sci USA 90,
6385-6389). However in this case, the binding and
catalysis of the substrate (first antigen) is proposed
to require the binding of the metal ion (second
antigen). Thus the binding to the VH/VL pairing
relates to a single but multi component antigen.
Methods have been described for the creation of
bispecific antibodies from camel antibody heavy chain
single domains in which binding contacts for one
antigen are created in one variable domain, and for a
second antigen in a second variable domain. However
the variable domains were not complementary. Thus a
first heavy chain variable domain is selected against
a first antigen, and a second heavy chain variable
domainagainst a second antigen, and then both domains
are linked together on the same chain to give a
bispecific antibody fragment (Conrath et al., J. Biol.
Chem. 270, 27589-27594). However the camel heavy chain
single domains are unusual in that they are derived
from natural camel antibodies which have no light
chains, and indeed the heavy chain single domains are
unable to associate with camel light chains to form
complementary VH and VL pairs. Single heavy chain
variable domains have also been described, derived
from natural antibodies which are normally associated
with light chains (from monoclonal antibodies or from
repertoires of domains; see EP-A-0368684). These heavy
chain variable domains have been shown to interact
specifically with one or more related antigens but
have not been combined with other heavy or light chain
variable domains to create a ligand with a specificity
for two or more different antigens. Furthermore, these
single domains have been shown to have a very short in
vivo half-life. Therefore, such domains are of limited
therapeutic value. It has been suggested to make
bispecific antibody fragments by linking heavy chain
variable domains of different specificity together (as
described above). The disadvantage with this approach
is that isolated antibody variable domains may have a
hydrophobic interface that normally makes interactions
with the light chain and is exposed to solvent and may
be "sticky" allowing the single domain to bind to
hydrophobic surfaces. Furthermore, in the absence of a
partner light chain, the combination of two or more
different heavy chain variable domains and their
association, possibly via their hydrophobic
interfaces, may prevent them from binding to one or
both of the ligands they are able to bind in
isolation. Moreover, in this case the heavy chain
variable domains would not be associated with
complementary light chain variable domains and thus
may be less stable and readily unfold (Worn &
Pluckthun, 1998 Biochemistry 37, 13120-7). SUMMARY OF
THE INVENTION The inventors have described, in their
copending international patent application WO
03/002609 as well as in copending unpublished UK
patent application 0230203.2, dual specific
immunoglobulin ligands which comprise immunoglobulin
single variable domains where each variable domain may
have a different specificity. The domains mayact in
competition with each other or independently to bind
antigens or epitopes on target molecules. The present
invention describes methods of treating a
TNF-a-related inflammatory disorder in an individual
suffering from such a disorder. The method comprises
administering a therapeutically effective amount of a
single domain antibody polypeptide construct,
preferably a human single domain antibody construct,
to such an individual, wherein the single domain
antibody polypeptide construct binds human TNF- a, and
whereby the TNF-a-related disorder is treated. In one
aspect, the inflammatory disorder is rheumatoid
arthritis, and the method comprises the use of one or
more single domain antibody polypeptide constructs,
wherein one or more of the constructs antagonizes
human TNFa' s binding to a receptor. The present
invention describes compositions comprising one or
more single domain antibody polypeptide constructs
that antagonize human TNFa' s binding to a receptor,
and dual specific ligands in which one specificity of
the ligand is directed toward TNFa and a second
specificity is directed to VEGF or HSA. The present
invention further describes dual specific ligands in
which one specificity of the ligand is directed toward
VEGF and a second specificty is directed to HSA. Also
encompassed herein is the use of a polypeptide
construct as described herein in the preparation of a
medicament for the treatment of disease, particularly
in the preparation of a medicament for the treatment
of rheumatoid arthritis. In one aspect, the invention
encompasses a method of treating rheumatoid arthritis,
the method comprising administering to an individual
in need thereof a therapeutically effective amount of
a composition comprising a single domain antibody
polypeptide construct that antagonizes human TNFa' s
binding to a receptor, whereby the rheumatoid
arthritis is treated. In one embodiment, the
composition prevents an increase in arthritic score
when administered to a mouse of the Tgl97 transgenic
mouse model of arthritis. In another embodiment, the
administration of the composition to a TgI 97
transgenic mouse comprises the following steps: a)
administer weekly intraperitoneal injections of the
composition to a heterozygous TgI 97 transgenic mouse,
b) weigh the mouse of step a) weekly, and c) score the
mouse weekly for macrophenotypic signs ofarthritis
according to the following system: 0 = no arthritis
(normal appearance and flexion), 1 = mild arthritis
(joint distortion), 2 = moderate arthritis (swelling,
joint deformation), 3 = heavy arthritis (severely
impaired movement). In another embodiment, the
composition is administered to the mouse before the
onset of arthritic symptoms is manifested. In another
embodiment, the composition is first administered when
the mouse is three weeks of age. In another
embodiment, the composition is first administered when
the mouse is six weeks of age. In another embodiment,
the composition has an efficacy in the TgI 97
transgenic mouse arthritis assay that is greater or
equal, within the realm of statistical significance,
to that of an equivalent dose (on a mg/kg basis) of an
agent selected from the group consisting of
Etanercept, Infliximab and D2E7. In another
embodiment, the composition has an efficacy in the
Tg197 transgenic mouse arthritis assay , such that the
treatment results in an arthritic score of 0 to 0.5.
In another embodiment, the composition has an efficacy
in the Tg197 transgenic mouse arthritis assay , such
that the treatment results in an arthritic score of 0
to 1.0. In another embodiment, the composition has an
efficacy in the Tgl97 transgenic mouse arthritis assay
, such that the treatment results in an arthritic
score of 0 to 1.5. In another embodiment, the
composition has an efficacy in the Tg197 transgenic
mouse arthritis assay , such that the treatment
results in an arthritic score of 0 to 2.0. In another
embodiment, the treating comprises inhibiting the
progression of the rheumatoid arthritis. In another
embodiment, the treating comprises preventing or
delaying the onset of rheumatoid arthritis. In another
embodiment, the administering results in a
statistically significant change in one or more
indicia of RA. In another embodiment, the one or more
indicia of RA comprise one or more of erythrocyte
sedimentation rate (ESR), Ritchie articular index and
duration of morning stiffness, joint mobility, joint
swelling, x ray imaging of one or more joints, and
histopathological analysis of fixed sections of one or
more joints. In another embodiment, the one or more
indicia of RA comprises a decrease in the
macrophenotypic signs of arthritis in a Tg197
transgenic mouse, wherein the composition is
administered to a Tg197 transgenic mouse, wherein the
TgI 97 transgenic mouse is scored for the
macrophenotypic signs of arthritis, and wherein the
macrophenotypic signs of arthritis are scored
according to the following system: 0 = no arthritis
(normalappearance and flexion), 1 = mild arthritis
(joint distortion), 2 = moderate arthritis (swelling,
joint deformation), 3 = heavy arthritis (severely
impaired movement). In another embodiment, the one or
more indicia of RA comprises a decrease in the
histopathological signs of arthritis in a TgI 97
transgenic mouse, wherein the composition is
administered to a TgI 97 transgenic mouse, wherein the
TgI 97 transgenic mouse is scored for the
histopathological signs of arthritis, and wherein the
histopathological signs of arthritis are performed on
a joint and scored using the following system: 0= no
detectable pathology, 1= hyperplasia of the synovial
membrane and presence of polymorphonuclear
infiltrates, 2= pannus and fibrous tissue formation
and focal subchondral bone erosion, 3= articular
cartilage destruction and bone erosion, 4= extensive
articular cartilage destruction and bone erosion. In
another embodiment, the single domain antibody
polypeptide construct comprises a human single domain
antibody polypeptide. In another embodiment, the human
single domain antibody polypeptide binds TNFa. In
another embodiment, the single domain antibody
polypeptide construct binds human TNFa with a Kd of <
100 nM. In another embodiment, the single domain
antibody polypeptide construct binds human TNFa with a
Kd in the range of 100 nM to 50 pM. In another
embodiment, the single domain antibody polypeptide
construct binds human TNFa with a Kd of 30 nM to 50
pM. In another embodiment, the single domain antibody
polypeptide construct binds human TNFa with a Kd of 10
nM to 50 pM. In another embodiment, the single domain
antibody polypeptide construct binds human TNFa with a
Kd in the range of 1 nM to 50 pM. In another
embodiment, the single domain antibody polypeptide
construct antagonizes human TNFa as measured in a
standard L929 cytotoxicity cell assay. The invention
further encompasses a method of treating rheumatoid
arthritis, the method comprising administering to an
individual in need thereof a therapeutically effective
amount of a composition comprising a single domain
antibody polypeptide construct that antagonizes human
TNFa's binding to a receptor, wherein the single
domain antibody polypeptide construct inhibits the
binding of human TNFa to a TNFa receptor, and whereby
the rheumatoid arthritis is treated.In one embodiment,
the single domain antibody polypeptide construct
specifically binds to human TNF-a which is bound to a
cell surface receptor. In another embodiment, the
single domain antibody polypeptide construct has an in
vivo ta-half life in the range of 15 minutes to 12
hours. In another embodiment, the single domain
antibody polypeptide construct has an in vivo tb-half
life in the range of 1 to 6 hours. In another
embodiment, the single domain antibody polypeptide
construct has an in vivo tb-half life in the range of
2 to 5 hours. In another embodiment, the single domain
antibody polypeptide construct has an in vivo tb-half
life in the range of 3 to 4 hours. In another
embodiment, the single domain antibody polypeptide
construct has an in vivo tb-half life in the range of
12 to 60 hours. In another embodiment, the single
domain antibody polypeptide construct has an in vivo
tb-half life in the range of 12 to 48 hours. In
another embodiment, the single domain antibody
polypeptide construct has an in vivo tb-half life in
the range of 12 to 26 hours. In another embodiment,
the single domain antibody polypeptide construct has
an in vivo AUC half-life value of 15 mg.min/ml to 150
mg.min/ml. In another embodiment, the single domain
antibody polypeptide construct has an in vivo AUC
half-life value of 15 mg.min/ml to 100 mg.min/ml. In
another embodiment, the single domain antibody
polypeptide construct has an in vivo AUC half-life
value of 15 mg.min/ml to 75 mg.min/ml. In another
embodiment, the single domain antibody polypeptide
construct has an in vivo AUC half-life value of 15
mg.min/ml to 50 mg.min/ml. In another embodiment, the
single domain antibody polypeptide construct is linked
to a PEG molecule. In another embodiment, the
PEG-linked single domain antibody polypeptide
construct has a hydrodynamic size of at least 24 kDa,
and wherein the total PEG size is from 20 to 60 kDa.
In another embodiment, the PEG-linked single domain
antibody polypeptide construct has a hydrodynamic size
of at least 200 kDa and a total PEG size of from 20 to
60 kDa. In another embodiment, the PEGylated proteins
of the invention may be linked, on average, to 1, 2,
3, 4, 5, 6, 7, 8, 9, 10, 12, 15, 17, 20, or more
polyethylene glycol molecules. In another embodiment,
the antibody construct comprises two or more single
immunoglobulin variable domain polypeptides that bind
human TNFa. In another embodiment, the antibody
construct comprises a homodimer of a single
immunoglobulinvariable domain polypeptide that binds
human TNFa. In another embodiment, the antibody
construct comprises a homotrimer of a single
immunoglobulin variable domain polypeptide that binds
human TNFa. In another embodiment, the antibody
construct comprises a homotetramer of a single
immunoglobulin variable domain polypeptide that binds
human TNFa. hi another embodiment, the construct
further comprises an antibody polypeptide specific for
an antigen other than TNFa. In another embodiment, the
antibody polypeptide specific for an antigen other
than TNFa comprises a single domain antibody
polypeptide hi another embodiment, the binding of the
antigen other than TNFa by the antibody polypeptide
specific for an antigen other than TNFa increases the
in vivo halflife of the antibody polypeptide
construct, hi another embodiment, the antigen other
than TNFa comprises a serum protein. In another
embodiment, the serum protein is selected from the
group consisting of fibrin, a-2 macroglobulin, serum
albumin, fibrinogen A, fibrinogen, serum amyloid
protein A, heptaglobin, protein, ubiquitin,
uteroglobulin and b- 2- microglobulin hi another
embodiment, the antigen other than TNFa comprises HSA.
In another embodiment, the treating further comprises
administration of at least one additional therapeutic
agent. In another embodiment, the single domain
antibody polypeptide construct comprises the amino
acid sequence of CDR3 of an antibody polypeptide
selected from the group consisting of clones
TARl-2m-9, TARl -2m-30,TARl -2m- 1,TARl -2m-2, TAR1-5,
TAR1-27, TAR1-261, TAR1-398, TAR1-701JAR1-5-2,
TAR1-5-3, TAR1-5-4, TARl- 5-7, TAR1-5-8, TAR1-5-10,
TAR1-5-11, TAR1-5-12, TARl-5-13, TAR1-5-19, TAR1-5-
20, TAR1-5-21, TAR1-5-22, TAR1-5-23, TAR1-5-24,
TAR1-5-25, TAR1-5-26, TAR1-5- 27, TAR1-5-28,
TAR1-5-29, TAR1-5-34, TAR1-5-35, TAR1-5-36,
TARl-5-464, TARl- 5-463, TAR1-5-460, TAR1-5-461,
TAR1-5-479, TAR1-5-477, TARl-5-478, TAR1-5- 476,
TAR1-5-490, TARlh-1, TARlh-2, TARlh-3, TARl-100-29,
TARl-100-35, TARl- 100-43, TARl-100-47, TARl-100-52,
TAR1-109, TARl-100, TARl-100-34, TARl-100- 36,
TARl-100-38, TARl-100-39, TARl-100-40, TARl-100-41,
TARl-100-45, TARl- 100-60, TARl-100-62, TARl-100-64,
TARl-100-65, TARl-100-75, TARl-100-76, TARl-100-77,
TARl-100-78, TARl-100-80, TARl-100-82, TARl-100-83,
TARl-100- 



84, TARl-100-89, TARl-100-90, TARl-100-91,
TARl-100-92, TARl-100-93, TARl100-94, TARl-100-95,
TARl-100-96, TARl-100-97, TARl-100-98, TARl-100-99,
TARl-100-100, TARl-100-101, TARl-100-102,
TARl-100-103, TARl-100-105, TARl- 100-106,
TARl-100-107, TARl-100-108, TARl-100-109,
TARl-100-110, TARl-100- 111, TARl-100-112, TARl-100-1
13 and TARl-5-19. In another embodiment, the single
domain antibody polypeptide construct comprises the
amino acid sequence of an antibody polypeptide
selected from the group consisting of clones
TARl-2m-9, TARl -2m-30,TARl -2m- 1,TARl -2m-2, TAR1-5,
TAR1-27, TAR1-261, TAR1-398, TARl -701,TARl -5-2,
TAR1-5-3, TAR1-5-4, TARl- 5-7, TAR1-5-8, TAR1-5-10,
TAR1-5-11, TAR1-5-12, TAR1-5-13, TAR1-5-19, TAR1-5-
20, TAR1-5-21, TAR1-5-22, TAR1-5-23, TAR1-5-24,
TAR1-5-25, TAR1-5-26, TAR1-5- 27, TAR1-5-28,
TAR1-5-29, TAR1-5-34, TAR1-5-35, TAR1-5-36,
TAR1-5-464, TARl- 5-463, TAR1-5-460, TAR1-5-461,
TAR1-5-479, TAR1-5-477, TAR1-5-478, TAR1-5- 476,
TAR1-5-490, TARlh-1, TARlh-2, TARlh-3, TARl-100-29,
TARl-100-35, TARl- 100-43, TARl-100-47, TARl-100-52,
TAR1-109, TARl-100, TARl-100-34, TARl-100- 36,
TARl-100-38, TARl-100-39, TARl-100-40, TARl-100-41,
TARl-100-45, TARl- 100-60, TARl-100-62, TARl-100-64,
TARl-100-65, TARl-100-75, TARl-100-76, TARl-100-77,
TARl-100-78, TARl-100-80, TARl-100-82, TARl-100-83,
TARl-100- 84, TARl-100-89, TARl-100-90, TARl-100-91,
TARl-100-92, TARl-100-93, TARl- 100-94, TARl-100-95,
TARl-100-96, TARl-100-97, TARl-100-98, TARl-100-99,
TARl-100-100, TARl-100-101, TARl-100-102,
TARl-100-103, TARl-100-105, TARl- 100-106,
TARl-100-107, TARl-100-108, TARl-100-109,
TARl-100-110, TARl-100- 111, TARl-100-1 12, TARl-100-1
13 and TARl-5-19 or an amino acid sequence at least
85% identical thereto. In another embodiment, the
single domain antibody polypeptide construct comprises
the amino acid sequence of an antibody polypeptide
selected from the group consisting of clones
TARl-2m-9, TARl-2m-30,TARl-2m-l,TARl-2m-2, TAR1-5,
TAR1-27, TAR1-261, TAR1-398, TARl-701,TARl-5-2,
TAR1-5-3, TAR1-5-4, TARl- 5-7, TAR1-5-8, TARl-5-10,
TAR1-5-11, TARl-5-12, TAR1-5-13, TARl-5-19, TAR1-5-
20, TAR1-5-21, TAR1-5-22, TAR1-5-23, TAR1-5-24,
TAR1-5-25, TAR1-5-26, TAR1-5- 27, TAR1-5-28,
TAR1-5-29, TAR1-5-34, TAR1-5-35, TAR1-5-36,
TAR1-5-464, TARl- 5-463, TAR1-5-460, TAR1-5-461,
TARl-5-479, TAR1-5-477, TARl -5-478, TAR1-5- 476,
TAR1-5-490, TARlh-1, TARlh-2, TARlh-3, TARl-100-29,
TARl-100-35, TARl100-43, TARl-100-47, TARl-100-52,
TARl-109, TARl-100, TARl-100-34, TARl-100- 36,
TARl-100-38, TARl-100-39, TARl-100-40, TARl-1 00-41,
TARl-100-45, TARl- 100-60, TARl-100-62, TARl-100-64,
TARl-100-65, TARl-100-75, TARl-100-76, TARl-100-77,
TARl-100-78, TARl-100-80, TARl-100-82, TARl-100-83,
TARl-100- 84, TARl-100-89, TARl-100-90, TARl-100-91,
TARl-100-92, TARl-100-93, TARl- 100-94, TARl-100-95,
TARl-100-96, TARl-100-97, TARl-100-98, TARl-100-99,
TARl-100-100, TARl-100-101, TARl-100-102,
TARl-100-103, TARl-100-105, TARl- 100-106,
TARl-100-107, TARl-100-108, TARl-100-109,
TARl-100-110, TARl-100- 111, TARl-100-1 12, TARl-100-1
13 and TARl-5-19 or an amino acid sequence at least
90% identical thereto. In another embodiment, the
single domain antibody polypeptide construct comprises
the amino acid sequence of an antibody polypeptide
selected from the group consisting of clones
TARl-2m-9, TARl-2m-30,TARl-2m-l,TARl-2m-2, TAR1-5,
TAR1-27, TAR1-261, TAR1-398, TARl-701,TARl-5-2,
TAR1-5-3, TAR1-5-4, TARl- 5-7, TAR1-5-8, TAR1-5-10,
TAR1-5-11, TAR1-5-12, TAR1-5-13, TARl-5-19, TAR1-5-
20, TAR1-5-21, TAR1-5-22, TAR1-5-23, TAR1-5-24,
TAR1-5-25, TAR1-5-26, TAR1-5- 27, TARl-5-28,
TAR1-5-29, TAR1-5-34, TAR1-5-35, TAR1-5-36,
TAR1-5-464, TARl- 5-463, TAR1-5-460, TAR1-5-461,
TAR1-5-479, TAR1-5-477, TAR1-5-478, TAR1-5- 476,
TAR1-5-490, TARlh-1, TARlh-2, TARlh-3, TARl-100-29,
TARl-100-35, TARl- 100-43, TARl-100-47, TARl-100-52,
TARl-109, TARl-100, TARl-100-34, TARl-100- 36,
TARl-100-38, TARl-100-39, TARl-100-40, TARl-100-41,
TARl-100-45, TARl- 100-60, TARl-100-62, TARl-100-64,
TARl-100-65, TARl-100-75, TARl-100-76, TARl-100-77,
TARl-100-78, TARl-100-80, TARl-100-82, TARl-100-83,
TARl-100- 84, TARl-100-89, TARl-100-90, TARl-100-91,
TARl-100-92, TARl-100-93, TARl- 100-94, TARl-100-95,
TARl-100-96, TARl-100-97, TARl-100-98, TARl-100-99,
TARl-100-100, TARl-100-101, TARl-100-102,
TARl-100-103, TARl-100-105, TARl- 100-106,
TARl-100-107, TARl-100-108, TARl-100-109,
TARl-100-110, TARl-100- 111, TARl-100-1 12, TARl-100-1
13 and TARl-5-19 or an amino acid sequence at least
92% identical thereto. In another embodiment, the
single domain antibody polypeptide construct comprises
the amino acid sequence of an antibody polypeptide
selected from the group consisting of clones
TARl-2m-9, TARl-2m-30,TARl-2m-l,TARl-2m-2,
TARl-5,TAR1-27, TAR1-261, TAR1-398, TARl-701,TARl-5-2,
TAR1-5-3, TAR1-5-4, TARl- 5-7, TAR1-5-8, TAR1-5-10,
TAR1-5-11, TAR1-5-12, TAR1-5-13, TAR1-5-19, TAR1-5-
20, TAR1-5-21, TAR1-5-22, TAR1-5-23, TAR1-5-24,
TAR1-5-25, TAR1-5-26, TAR1-5- 27, TAR1-5-28,
TAR1-5-29, TAR1-5-34, TAR1-5-35, TAR1-5-36,
TAR1-5-464, TARl- 5-463, TAR1-5-460, TAR1-5-461,
TAR1-5-479, TAR1-5-477, TAR1-5-478, TAR1-5- 476,
TARl-5-490, TARlh-1, TARlh-2, TARlh-3, TARl-100-29,
TARl-100-35, TARl- 100-43, TARl-100-47, TARl-100-52,
TAR1-109, TARl-100, TARl-100-34, TARl-100- 36,
TARl-100-38, TARl-100-39, TARl-100-40, TARl-100-41,
TARl-100-45, TARl- 100-60, TARl-100-62, TARl-100-64,
TARl-100-65, TARl-100-75, TARl-100-76, TARl-100-77,
TARl-100-78, TARl-100-80, TARl-100-82, TARl-100-83,
TARl-100- 84, TARl-100-89, TARl-100-90, TARl-100-91,
TARl-100-92, TARl-100-93, TARl- 100-94, TARl-100-95,
TARl-100-96, TARl-100-97, TARl-100-98, TARl-100-99,
TARl-100-100, TARl-100-101, TARl-100-102,
TARl-100-103, TARl-100-105, TARl- 100-106,
TARl-100-107, TARl-100-108, TARl-100-109,
TARl-100-110, TARl-100- 111, TARl-100-1 12, TARl-100-1
13 and TARl-5-19 or an amino acid sequence at least
94% identical thereto. In another embodiment, the
single domain antibody polypeptide construct comprises
the amino acid sequence of an antibody polypeptide
selected from the group consisting of clones
TARl-2m-9, TARl -2m-30,TARl -2m- 1,TARl -2m-2, TAR1-5,
TAR1-27, TAR1-261, TARl-398, TARl -701,TARl -5-2,
TAR1-5-3, TAR1-5-4, TARl- 5-7, TAR1-5-8, TAR1-5-10,
TAR1-5-11, TAR1-5-12, TAR1-5-13, TARl-5-19, TARl-5-
20, TAR1-5-21, TAR1-5-22, TAR1-5-23, TAR1-5-24,
TAR1-5-25, TAR1-5-26, TAR1-5- 27, TAR1-5-28,
TAR1-5-29, TAR1-5-34, TAR1-5-35, TAR1-5-36,
TAR1-5-464, TARl- 5-463, TAR1-5-460, TAR1-5-461,
TAR1-5-479, TAR1-5-477, TAR1-5-478, TAR1-5- 476,
TARl-5-490, TARlh-1, TARlh-2, TARlh-3, TARl-100-29,
TARl-100-35, TARl- 100-43, TARl-100-47, TARl-100-52,
TAR1-109, TARl-100, TARl-100-34, TARl-100- 36,
TARl-100-38, TARl-100-39, TARl-100-40, TARl-100-41,
TARl-100-45, TARl- 100-60, TARl-100-62, TARl-100-64,
TARl-100-65, TARl-100-75, TARl-100-76, TARl-100-77,
TARl-100-78, TARl-100-80, TARl-100-82, TARl-100-83,
TARl-100- 84, TARl-100-89, TARl-100-90, TARl-100-91,
TARl-100-92, TARl-100-93, TARl- 100-94, TARl-100-95,
TARl-100-96, TARl-100-97, TARl-100-98, TARl-100-99,
TARl-100-100, TARl-100-101, TARl-100-102,
TARl-100-103, TARl-100-105, TARl100-106, TARl-100-107,
TARl-100-108, TARl-100-109, TARl-100-110, TARl-100-
111, TARl-100-1 12, TARl-100-1 13 and TARl-5-19 or an
amino acid sequence at least 96% identical thereto. In
another embodiment, the single domain antibody
polypeptide construct comprises the amino acid
sequence of an antibody polypeptide selected from the
group consisting of clones TARl-2m-9,
TARl-2m-30,TARl-2m-l,TARl-2m-2, TAR1-5, TAR1-27,
TAR1-261, TAR1-398, TARl-701,TARl-5-2, TAR1-5-3,
TAR1-5-4, TARl- 5-7, TAR1-5-8, TAR1-5-10, TAR1-5-11,
TAR1-5-12, TAR1-5-13, TARl-5-19, TAR1-5- 20,
TAR1-5-21, TAR1-5-22, TAR1-5-23, TAR1-5-24, TAR1-5-25,
TAR1-5-26, TAR1-5- 27, TAR1-5-28, TAR1-5-29,
TAR1-5-34, TAR1-5-35, TAR1-5-36, TAR1-5-464, TARl-
5-463, TARl -5-460, TARl -5-461, TARl -5-479, TARl
-5-477, TARl -5-478, TARl -5- 476, TAR1-5-490,
TARlh-1, TARlh-2, TARlh-3, TARl-100-29, TARl-100-35,
TARl- 100-43, TARl-100-47, TARl-100-52, TAR1-109,
TARl-100, TARl-100-34, TARl-100- 36, TARl-100-38,
TARl-100-39, TARl-100-40, TARl-100-41, TARl-100-45,
TARl- 100-60, TARl-100-62, TARl-100-64, TARl-100-65,
TARl-100-75, TARl-100-76, TARl-100-77, TARl-100-78,
TARl-100-80, TARl-100-82, TARl-100-83, TARl-100- 84,
TARl-100-89, TARl-100-90, TARl-100-91, TARl-100-92,
TARl-100-93, TARl- 100-94, TARl-100-95, TARl-100-96,
TARl-100-97, TARl-100-98, TARl-100-99, TARl-100-100,
TARl-100-101, TARl-100-102, TARl-100-103,
TARl-100-105, TARl- 100-106, TARl-100-107,
TARl-100-108, TARl-100-109, TARl-100-110, TARl-100-
111, TARl-100-1 12, TARl-100-1 13 and TARl-5-19 or an
amino acid sequence at least 98% identical thereto. In
another embodiment, the single domain antibody
polypeptide construct comprises the amino acid
sequence of an antibody polypeptide selected from the
group consisting of clones TARl-2m-9,
TARl-2m-30,TARl-2m-l,TARl-2m-2, TAR1-5, TAR1-27,
TAR1-261, TAR1-398, TAR1-701/TAR1-5-2, TAR1-5-3,
TAR1-5-4, TARl- 5-7, TAR1-5-8, TAR1-5-10, TAR1-5-11,
TAR1-5-12, TAR1-5-13, TARl-5-19, TAR1-5- 20,
TAR1-5-21, TAR1-5-22, TAR1-5-23, TAR1-5-24, TAR1-5-25,
TAR1-5-26, TAR1-5- 27, TAR1-5-28, TAR1-5-29,
TAR1-5-34, TAR1-5-35, TAR1-5-36, TAR1-5-464, TARl-
5-463, TAR1-5-460, TAR1-5-461, TAR1-5-479, TAR1-5-477,
TAR1-5-478, TAR1-5- 476, TARl-5-490, TARlh-1, TARlh-2,
TARlh-3, TARl-100-29, TARl-100-35, TARl- 100-43,
TARl-100-47, TARl-100-52, TAR1-109, TARl-100,
TARl-100-34, TARl-100-36, TARl-100-38, TARl-100-39,
TARl-100-40, TARl-100-41, TARl-100-45, TARl- 100-60,
TARl-100-62, TARl-100-64, TARl-100-65, TARl-100-75,
TARl-100-76, TARl-100-77, TARl-100-78, TARl-100-80,
TARl-100-82, TARl-100-83, TARl-100- 84, TARl-100-89,
TARl-100-90, TARl-100-91, TARl-100-92, TARl-100-93,
TARl- 100-94, TARl-100-95, TARl-100-96, TARl-100-97,
TARl-100-98, TARl-100-99, TARl-100-100, TARl-100-101,
TARl-100-102, TARl-100-103, TARl-100-105, TARl-
100-106, TARl-100-107, TARl-100-108, TARl-100-109,
TARl-100-110, TARl-100- 111, TARl-100-1 12, TARl-100-1
13 and TAR1-5-19 or an amino acid sequence at least
99% identical thereto. The invention further
encompasses a method of treating rheumatoid arthritis,
the method comprising administering to an individual
in need thereof, a therapeutically effective amount of
a composition comprising a single domain antibody
polypeptide construct that antagonizes human TNFa' s
binding to a receptor, wherein the composition
prevents an increase in arthritic score when
administered to a mouse of the TgI 97 transgenic mouse
model of arthritis, wherein the single domain antibody
polypeptide construct binds human TNFa with a Kd of <
100 nM, wherein the single domain antibody polypeptide
construct neutralizes human TNFa as measured in a
standard L929 cell assay, and wherein the rheumatoid
arthritis is treated. The invention further
encompasses a composition comprising a single domain
antibody polypeptide construct that antagonizes human
TNFa's binding to a receptor, and that prevents an
increase in arthritic score when administered to a
mouse of the Tgl97 transgenic mouse model of
arthritis, wherein the single domain antibody
polypeptide construct neutralizes human TNFa as
measured in a standard L929 cell assay. The invention
further encompasses a composition comprising a single
domain antibody polypeptide construct that antagonizes
human TNFa's binding to a receptor, that prevents an
increase in arthritic score when administered to a
mouse of the TgI 97 transgenic mouse model of
arthritis, wherein the single domain antibody
polypeptide construct inhibits the progression of the
rheumatoid arthritis. The invention further
encompasses a composition comprising a single domain
antibody polypeptide construct that antagonizes human
TNFa' s binding to a receptor, that prevents an
increase in arthritic score when administered to a
mouse of the Tgl97transgenic mouse model of arthritis,
wherein the single domain antibody polypeptide
construct binds human TNFa with a Kd of < 100 nM. The
invention further encompasses a composition comprising
a single domain antibody polypeptide construct that
antagonizes human TNFa's binding to a receptor, that
prevents an increase in arthritic score when
administered to a mouse of the Tgl97 transgenic mouse
model of arthritis, wherein the single domain antibody
polypeptide construct neutralizes human TNFa as
measured in a standard L929 cell assay, wherein the
single domain antibody polypeptide construct inhibits
the progression of the rheumatoid arthritis, wherein
the single domain antibody polypeptide construct binds
human TNFa with a Kd of < 100 nM. In a further
embodiment of the preceding 3 embodiments, the single
domain antibody polypeptide construct comprises the
amino acid sequence of CDR3 of an antibody polypeptide
selected from the group consisting of clones TARl
-2m-9, TARl- 2m-30,TARl-2m-l,TARl-2m-2, TARl-5,
TAR1-27, TAR1-261, TAR1-398, TARl- 701.TAR1-5-2,
TAR1-5-3, TAR1-5-4, TAR1-5-7, TAR1-5-8, TAR1-5-10,
TAR1-5-11, TAR1-5-12, TAR1-5-13, TAR1-5-19, TAR1-5-20,
TAR1-5-21, TAR1-5-22, TAR1-5-23, TAR1-5-24, TAR1-5-25,
TARl-5-26, TAR1-5-27, TAR1-5-28, TAR1-5-29, TAR1-5-34,
TAR1-5-35, TAR1-5-36, TAR1-5-464, TAR1-5-463,
TAR1-5-460, TAR1-5-461, TARl- 5-479, TAR1-5-477,
TAR1-5-478, TAR1-5-476, TAR1-5-490, TARlh-1, TARlh-2,
TARlh-3, TARl-100-29, TARl-100-35, TARl-100-43,
TARl-100-47, TARl-100-52, TAR1-109, TARl-100,
TARl-100-34, TARl-100-36, TARl-100-38, TARl-100-39,
TARl-100-40, TARl-100-41, TARl-100-45, TARl-100-60,
TARl-100-62, TARl-100- 64, TARl-100-65, TARl-100-75,
TARl-100-76, TARl-100-77, TARl-100-78, TARl- 100-80,
TARl-100-82, TARl-100-83, TARl-100-84, TARl-100-89,
TARl-100-90, TARl-100-91, TARl-100-92, TARl-100-93,
TARl-100-94, TARl-100-95, TARl-100- 96, TARl-100-97,
TARl-100-98, TARl-100-99, TARl-100-100, TARl-100-101,
TARl- 100-102, TARl-100-103, TARl-100-105,
TARl-100-106, TARl-100-107, TARl-100- 108,
TARI-IOO-IOg TARI-IOO-IIO5TARI-IOO-III TARI-IOO-In
TARl-IOO-IlS and TARl-5-19. In a further embodiment
the single domain antibody polypeptide construct
comprises the amino acid sequence of an antibody
polypeptide selected from the group consisting of
clones TARl-2m-9, TARl -2m-3O5TARl -2m-1,TARl -2m-2,
TARl-5,TAR1-27, TAR1-261, TAR1-398, TAR1-701/TAR1-5-2,
TAR1-5-3, TAR1-5-4, TARl- 5-7, TAR1-5-8, TAR1-5-10,
TAR1-5-11, TAR1-5-12, TAR1-5-13, TAR1-5-19, TAR1-5-
20, TAR1-5-21, TAR1-5-22, TAR1-5-23, TAR1-5-24,
TARl-5-25, TAR1-5-26, TAR1-5- 27, TAR1-5-28,
TAR1-5-29, TAR1-5-34, TAR1-5-35, TAR1-5-36,
TAR1-5-464, TARl- 5-463, TAR1-5-460, TAR1-5-461,
TAR1-5-479, TAR1-5-477, TAR1-5-478, TAR1-5- 476,
TAR1-5-490, TARlh-1, TARlh-2, TARlh-3, TARl-100-29,
TARl-100-35, TARl- 100-43, TARl-100-47, TARl-100-52,
TAR1-109, TARl-100, TARl-100-34, TARl-100- 36,
TARl-100-38, TARl-100-39, TARl-100-40, TARl-100-41,
TARl-100-45, TARl- 100-60, TARl-100-62, TARl-100-64,
TARl-100-65, TARl-100-75, TARl-100-76, TARl-100-77,
TARl-100-78, TARl-100-80, TARl-100-82, TARl-100-83,
TARl-100- 84, TARl-100-89, TARl-100-90, TARl-100-91,
TARl-100-92, TARl-100-93, TARl- 100-94, TARl-100-95,
TARl-100-96, TARl-100-97, TARl-100-98, TARl-100-99,
TARl-100-100, TARl-100-101, TARl-100-102,
TARl-100-103, TARl-100-105, TARl- 100-106,
TARl-100-107, TARl-100-108, TARl-100-109,
TARl-100-110, TARl-100- 111, TARl-100-1 12, TARl-100-1
13 and TAR1-5-19 or an amino acid sequence at least
85% identical thereto. In a further embodiment the
single domain antibody polypeptide construct comprises
the amino acid sequence of an antibody polypeptide
selected from the group consisting of clones
TARl-2m-9, TARl-2m-30,TARl-2m-l,TARl-2m-2, TAR1-5,
TAR1-27, TAR1-261, TAR1-398, TARl -701,TARl -5-2,
TAR1-5-3, TAR1-5-4, TARl- 5-7, TAR1-5-8, TAR1-5-10,
TAR1-5-11, TARl -5-12, TAR1-5-13, TAR1-5-19, TAR1-5-
20, TAR1-5-21, TAR1-5-22, TAR1-5-23, TAR1-5-24,
TARl-5-25, TAR1-5-26, TARl -5- 27, TAR1-5-28,
TAR1-5-29, TAR1-5-34, TAR1-5-35, TARl-5-36,
TAR1-5-464, TARl- 5-463, TAR1-5-460, TAR1-5-461,
TAR1-5-479, TARl -5-477, TAR1-5-478, TAR1-5- 476,
TAR1-5-490, TARlh-1, TARlh-2, TARlh-3, TARl-100-29,
TARl-100-35, TARl- 100-43, TARl-100-47, TARl-100-52,
TAR1-109, TARl-100, TARl-100-34, TARl-100- 36,
TARl-100-38, TARl-100-39, TARl-100-40, TARl-100-41,
TARl-100-45, TARl- 100-60, TARl-100-62, TARl-100-64,
TARl-100-65, TARl-100-75, TARl-100-76, TARl-100-77,
TARl-100-78, TARl-100-80, TARl-100-82, TARl-100-83,
TARMOO- 84, TARl-100-89, TARl-100-90, TARl-100-91,
TARl-100-92, TARl-100-93, TARl- 100-94, TARl-100-95,
TARl-100-96, TARl-100-97, TARl-100-98, TARl-100-99,
TARl-100-100, TARl-100-101, TARl-100-102,
TARl-100-103, TARl-100-105, TARl100-106, TARl-100-107,
TARl-100-108, TARl-100-109, TARl-100-1 10, TARl-100-
111, TARl-100-1 12, TARl-100-1 13 and TAR1-5-19 or an
amino acid sequence at least 90% identical thereto. In
a further embodiment the single domain antibody
polypeptide construct comprises the amino acid
sequence of an antibody polypeptide selected from the
group consisting of clones TARl-2m-9,
TARl-2m-30,TARl-2m-l,TARl-2m-2, TAR1-5, TAR1-27,
TAR1-261, TAR1-398, TAR1-701/TAR1-5-2, TAR1-5-3,
TARl-5-4, TARl- 5-7, TAR1-5-8, TAR1-5-10, TAR1-5-11,
TAR1-5-12, TAR1-5-13, TAR1-5-19, TAR1-5- 20,
TAR1-5-21, TAR1-5-22, TARl-5-23, TAR1-5-24, TAR1-5-25,
TAR1-5-26, TAR1-5- 27, TAR1-5-28, TAR1-5-29,
TAR1-5-34, TAR1-5-35, TAR1-5-36, TAR1-5-464, TARl-
5-463, TAR1-5-460, TAR1-5-461, TAR1-5-479, TAR1-5-477,
TAR1-5-478, TAR1-5- 476, TAR1-5-490, TARlh-1, TARlh-2,
TARlh-3, TARl-100-29, TARl-100-35, TARl- 100-43,
TARl-100-47, TARl-100-52, TAR1-109, TARl-100,
TARl-100-34, TARl-100- 36, TARl-100-38, TARl-100-39,
TARl-100-40, TARl-100-41, TARl-100-45, TARl- 100-60,
TARl-100-62, TARl-100-64, TARl-100-65, TARl-100-75,
TARl-100-76, TARl-100-77, TARl-100-78, TARl-100-80,
TARl-100-82, TARl-100-83, TARl-100- 84, TARl-100-89,
TARl-100-90, TARl-100-91, TARl-100-92, TARl-100-93,
TARl- 100-94, TARl-100-95, TARl-100-96, TARl-100-97,
TARl-100-98, TARl-100-99, TARl-100-100, TARl-100-101,
TARl-100-102, TARl-100-103, TARl-100-105, TARl-
100-106, TARl-100-107, TARl-100-108, TARl-100-109,
TARl-100-1 10, TARl-100- 111, TARl-100-1 12,
TARl-100-1 13 and TAR1-5-19 or an amino acid sequence
at least 92% identical thereto. In a further
embodiment the single domain antibody polypeptide
construct comprises the amino acid sequence of an
antibody polypeptide selected from the group
consisting of clones TARl-2m-9, TARl -2m-30,TARl -2m-
1,TARl -2m-2, TAR1-5, TAR1-27, TAR1-261, TAR1-398,
TAR1-701/TAR1-5-2, TAR1-5-3, TARl-5-4, TARl- 5-7,
TAR1-5-8, TAR1-5-10, TAR1-5-11, TAR1-5-12, TAR1-5-13,
TAR1-5-19, TAR1-5- 20, TAR1-5-21, TAR1-5-22,
TARl-5-23, TAR1-5-24, TAR1-5-25, TAR1-5-26, TAR1-5-
27, TAR1-5-28, TAR1-5-29, TAR1-5-34, TAR1-5-35,
TAR1-5-36, TAR1-5-464, TARl- 5-463, TAR1-5-460,
TAR1-5-461, TAR1-5-479, TAR1-5-477, TAR1-5-478,
TAR1-5- 476, TAR1-5-490, TARlh-1, TARlh-2, TARlh-3,
TARl-100-29, TARl-100-35, TARl- 100-43, TARl-100-47,
TARl-100-52, TAR1-109, TARl-100, TARl-100-34,
TARl-100-36, TARl-100-38, TARl-100-39, TARl-100-40,
TARl-100-41, TARl-100-45, TARl- 100-60, TARl-100-62,
TARl-100-64, TARl-100-65, TARl-100-75, TARl-100-76,
TARl-100-77, TARl-100-78, TARl-100-80, TARl-100-82,
TARl-100-83, TARl-100- 84, TARl-100-89, TARl-100-90,
TARl-100-91, TARl-100-92, TARl-100-93, TARl- 100-94,
TARl-100-95, TARl-100-96, TARl-100-97, TARl-100-98,
TARl-100-99, TARl-100-100, TARl-100-101, TARl-100-102,
TARl-100-103, TARl-100-105, TARl- 100-106,
TARl-100-107, TARl-100-108, TARl-100-109,
TARl-100-110, TARl-100- 111, TARl-100-1 12, TARl-100-1
13 and TARl-5-19 or an amino acid sequence at least
94% identical thereto. In a further embodiment the
single domain antibody polypeptide construct comprises
the amino acid sequence of an antibody polypeptide
selected from the group consisting of clones TARl
-2m-9, TARl -2m-30,TARl -2m-1,TARl -2m-2, TARl -5,
TAR1-27, TAR1-261, TAR1-398, TARl-701,TARl-5-2,
TAR1-5-3, TAR1-5-4, TARl- 5-7, TAR1-5-8, TAR1-5-10,
TAR1-5-11, TARl -5-12, TARl -5-13, TARl -5-19, TAR1-5-
20, TAR1-5-21, TAR1-5-22, TAR1-5-23, TAR1-5-24,
TAR1-5-25, TAR1-5-26, TAR1-5- 27, TAR1-5-28,
TAR1-5-29, TAR1-5-34, TAR1-5-35, TAR1-5-36,
TAR1-5-464, TARl- 5-463, TAR1-5-460, TAR1-5-461,
TAR1-5-479, TAR1-5-477, TAR1-5-478, TAR1-5- 



476, TAR1-5-490, TARlh-1, TARlh-2, TARlh-3,
TARl-100-29, TARl-100-35, TARl- 100-43, TARl-100-47,
TARl-100-52, TARl-109, TARl-100, TARl-100-34,
TARl-100- 36, TARl-100-38, TARl-100-39, TARl-100-40,
TARl-100-41, TARl-100-45, TARl- 100-60, TARl-100-62,
TARl-100-64, TARl-100-65, TARl-100-75, TARl-100-76,
TARl-100-77, TARl-100-78, TARl-100-80, TARl-100-82,
TARl-100-83, TARl-100- 84, TARl-100-89, TARl-100-90,
TARl-100-91, TARl-100-92, TARl-100-93, TARl- 100-94,
TARl-100-95, TARl-100-96, TARl-100-97, TARl-100-98,
TARl-100-99, TARl-100-100, TARl-100-101, TARl-100-102,
TARl-100-103, TARl-100-105, TARl- 100-106,
TARl-100-107, TARl-100-108, TARl-100-109,
TARl-100-110, TARl-100- 111, TARl-100-1 12, TARl-100-1
13 and TARl-5-19 or an amino acid sequence at least
96% identical thereto. In a further embodiment the
single domain antibody polypeptide construct comprises
the amino acid sequence of an antibody polypeptide
selected from the group consisting of clones
TARl-2m-9, TARl -2m-30,TARl -2m-1,TARl -2m-2, TAR1-5,
TAR1-27, TAR1-261, TAR1-398, TARl -701,TARl -5-2,
TAR1-5-3, TAR1-5-4, TARl5-7, TAR1-5-8, TAR1-5-10,
TAR1-5-11, TAR1-5-12, TAR1-5-13, TAR1-5-19, TAR1-5-
20, TAR1-5-21, TAR1-5-22, TAR1-5-23, TAR1-5-24, TARl
-5-25, TAR1-5-26, TAR1-5- 27, TAR1-5-28, TAR1-5-29,
TAR1-5-34, TAR1-5-35, TAR1-5-36, TAR1-5-464, TARl-
5-463, TAR1-5-460, TAR1-5-461, TAR1-5-479, TAR1-5-477,
TAR1-5-478, TAR1-5- 476, TAR1-5-490, TARlh-1, TARlh-2,
TARlh-3, TARl-100-29, TARl-100-35, TARl- 100-43,
TARl-100-47, TARl-100-52, TAR1-109, TARl-100,
TARl-100-34, TARl-100- 36, TARl-100-38, TARl-100-39,
TARl-100-40, TARl-100-41, TARl-100-45, TARl- 100-60,
TARl-100-62, TARl-100-64, TARl-100-65, TARl-100-75,
TARl-100-76, TARl-100-77, TARl-100-78, TARl-100-80,
TARl-100-82, TARl-100-83, TARl-100- 84, TARl-100-89,
TARl-100-90, TARl-100-91, TARl-100-92, TARl-100-93,
TARl- 100-94, TARl-100-95, TARl-100-96, TARl-100-97,
TARl-100-98, TARl-100-99, TARl-100-100, TARl-100-101,
TARl-100-102, TARl-100-103, TARl-100-105, TARl-
100-106, TARl-100-107, TARl-100-108, TARl-100-109,
TARl-100-110, TARl-100- 111, TARl-100-1 12, TARl-100-1
13 and TARl-5-19 or an amino acid sequence at least
98% identical thereto. In a further embodiment the
single domain antibody polypeptide construct comprises
the amino acid sequence of an antibody polypeptide
selected from the group consisting of clones TARl
-2m-9, TARl-2m-30,TARl-2m-l,TARl-2m-2, TAR1-5,
TAR1-27, TAR1-261, TAR1-398, TARl-701,TARl-5-2,
TAR1-5-3, TAR1-5-4, TARl- 5-7, TAR1-5-8, TAR1-5-10,
TARl-S-Il, TARl-5-12, TAR1-5-13, TARl-5-19, TAR1-5-
20, TAR1-5-21, TAR1-5-22, TAR1-5-23, TAR1-5-24,
TAR1-5-25, TAR1-5-26, TAR1-5- 27, TAR1-5-28,
TAR1-5-29, TAR1-5-34, TAR1-5-35, TAR1-5-36,
TAR1-5-464, TARl- 5-463, TAR1-5-460, TAR1-5-461,
TAR1-5-479, TAR1-5-477, TAR1-5-478, TAR1-5- 476,
TARl-5-490, TARlh-1, TARlh-2, TARlh-3, TARl-100-29,
TARl-100-35, TARl- 100-43, TARl-100-47, TARl-100-52,
TAR1-109, TARl-100, TARl-100-34, TARl-100- 36,
TARl-100-38, TARl-100-39, TARl-100-40, TARl-100-41,
TARl-100-45, TARl- 100-60, TARl-100-62, TARl-100-64,
TARl-100-65, TARl-100-75, TARl-100-76, TARl-100-77,
TARl-100-78, TARl-100-80, TARl-100-82, TARl-100-83,
TARl-100- 84, TARl-100-89, TARl-100-90, TARl-100-91,
TARl-100-92, TARl-100-93, TARl- 100-94, TARl-100-95,
TARl-100-96, TARl-100-97, TARl-100-98, TARl-100-99,
TARl-100-100, TARl-100-101, TARl-100-102,
TARl-100-103, TARl-100-105, TARl- 100-106,
TARl-100-107, TARl-100-108, TARl-100-109, TARl -100.-
110, TARl-100-111, TARl-100-1 12, TARl-100-1 13 and
TAR1-5-19 or an amino acid sequence at least 98%
identical thereto. In a further embodiment the single
domain antibody polypeptide construct comprises the
amino acid sequence of an antibody polypeptide
selected from the group consisting of clones
TARl-2m-9, TARl-2m-30,TARl-2m-l,TARl-2m-2, TAR1-5,
TAR1-27, TAR1-261, TAR1-398, TARl-701,TARl-5-2,
TAR1-5-3, TAR1-5-4, TARl- 5-7, TAR1-5-8, TAR1-5-10,
TAR1-5-11, TAR1-5-12, TAR1-5-13, TAR1-5-19, TAR1-5-
20, TAR1-5-21, TAR1-5-22, TAR1-5-23, TAR1-5-24,
TAR1-5-25, TAR1-5-26, TAR1-5- 27, TAR1-5-28,
TAR1-5-29, TAR1-5-34, TAR1-5-35, TAR1-5-36,
TAR1-5-464, TARl- 5-463, TAR1-5-460, TAR1-5-461,
TAR1-5-479, TAR1-5-477, TAR1-5-478, TAR1-5- 476,
TAR1-5-490, TARlh-1, TARlh-2, TARlh-3, TARl-100-29,
TARl-100-35, TARl- 100-43, TARl-100-47, TARl-100-52,
TAR1-109, TARl-100, TARl-100-34, TARl-100- 36,
TARl-100-38, TARl-100-39, TARl-100-40, TARl-100-41,
TARl-100-45, TARl- 100-60, TARl-100-62, TARl-100-64,
TARl-100-65, TARl-100-75, TARl-100-76, TARl-100-77,
TARl-100-78, TARl-100-80, TARl-100-82, TARl-100-83,
TARl-100- 84, TARl-100-89, TARl-100-90, TARl-100-91,
TARl-100-92, TARl-100-93, TARl- 100-94, TARl-100-95,
TARl-100-96, TARl-100-97, TARl-100-98, TARl-100-99,
TARl-100-100, TARl-100-101, TARl-100-102,
TARl-100-103, TARl-100-105, TARl- 100-106,
TARl-100-107, TARl-100-108, TARl-100-109, TARl-100-1
10, TARl-100- 111, TARl-100-1 12, TARl-100-1 13 and
TARl-5-19 or an amino acid sequence at least 99%
identical thereto. The invention further encompasses a
method of treating rheumatoid arthritis, the method
comprising administering to an individual in need
thereof a therapeutically effective amount of a
composition comprising a single domain antibody
polypeptide construct that antagonizes human VEGF's
binding to a receptor, whereby the rheumatoid
arthritis is treated. In one embodiment the
composition prevents an increase in arthritic score
when administered to a mouse from a collagen induced
arthritis (CIA) mouse model. Immunization of DBA/1
mice with murine type II collagen induces a chronic
relapsing polyarthritis that provides a strong model
for human autoimmune arthritis. The model is
described, for example, by Courtenay et al., 1980,
Nature 282 .-666-668, Kato et al., 1996,Ann. Rheum.
Dis. 55 :535-539 and Myers et al., 1997, Life Sci. 6 1
:1861-1878, each of which is incorporated herein by
reference. In one embodiment the administration of the
composition to the mouse comprises the following
steps: a) administer weekly intraperitoneal injections
of the composition to the CIA mouse, b) weigh the
mouse of step a) weekly, and c) score the mouse weekly
for macrophenotypic signs of arthritis according to
the following system: 0 - no arthritis (normal
appearance and flexion), 1 = mild arthritis (joint
distortion), 2 = moderate arthritis (swelling, joint
deformation), 3 = heavy arthritis (severely impaired
movement). In one embodiment the treating comprises
inhibiting the progression of the rheumatoid
arthritis. In one embodiment the treating comprises
preventing or delaying the onset of rheumatoid
arthritis. In one embodiment the administering results
in a statistically significant change in one or more
indicia of RA. The change is preferably by at least
10% or more. hi one embodiment the one or more indicia
of RA comprise one or more of erythrocyte
sedimentation rate (ESR), Ritchie articular index
(described in Ritchie et al., 1968, Q. J. Med. 37:
393-406) and duration of morning stiffness, joint
mobility, joint swelling, analysis by x ray imaging of
one or more joints, and histopathological indications
by analysis of fixed sections of one or more joints.
Disease activity and change effected with treatment
can also be evaluated using the disease activity score
(DAS) and/or the chronic arthritis systemic index
(CASI), see Carotti et al., 2002, Ann. Rheum. Dis.
61:877-882, and Salaff et al., 2000, Rheumatology 39:
90-96. In one embodiment the one or more indicia of RA
comprises a decrease in the macrophenotypic signs of
arthritis in a mouse from a collagen induced arthritis
mouse model, wherein the composition is administered
to the mouse, wherein the mouse is scored for the
macrophenotypic signs of arthritis, and wherein the
macrophenotypic signs of arthritis are scored
according to the following system: 0 = no arthritis
(normal appearance and flexion), 1 = mild arthritis
(joint distortion), 2 = moderate arthritis (swelling,
joint deformation), 3 = heavy arthritis (severely
impaired movement). In one embodiment the one or more
indicia of RA comprises a decrease in the
histopathological signs of arthritis in a mouse from a
collagen induced arthritis mouse model, wherein the
composition is administered to the mouse, wherein the
mouse isscored for the histopathological signs of
arthritis, and wherein the histopathological signs of
arthritis are performed on a joint and scored using
the following system: 0= no detectable pathology, 1=
hyperplasia of the synovial membrane and presence of
polymorphonuclear infiltrates, 2= pannus and fibrous
tissue formation and focal subchondral bone erosion,
3= articular cartilage destruction and bone erosion,
4= extensive articular cartilage destruction and bone
erosion. In one embodiment the single domain antibody
polypeptide construct comprises a human single domain
antibody polypeptide. In one embodiment the human
single domain antibody polypeptide binds VEGF. In one
embodiment the single domain antibody polypeptide
construct binds human VEGF with a Kd of < 100 nM. In
one embodiment the single domain antibody polypeptide
construct binds human VEGF with a Kd in the range of
100 nM to 50 pM. In one embodiment the single domain
antibody polypeptide construct binds human VEGF with a
Kd of 30 nM to 50 pM. In one embodiment the single
domain antibody polypeptide construct binds human VEGF
with a Kd of 10 nM to 50 pM. In one embodiment the
single domain antibody polypeptide construct binds
human VEGF with a Kd in the range of 1nm to 50 pM. In
one embodiment the single domain antibody polypeptide
construct neutralizes human VEGF as measured in a VEGF
receptor 1 assay or a VEGF receptor 2 assay. The
invention further encompasses a method of treating
rheumatoid arthritis, the method comprising
administering to an individual in need thereof a
therapeutically effective amount of a composition
comprising a single domain antibody polypeptide
construct that antagonizes human VEGF's's binding to a
receptor, wherein the single domain antibody
polypeptide construct inhibits the binding of human
VEGF to a VEGF receptor, and whereby the rheumatoid
arthritis is treated. In one embodiment the single
domain antibody polypeptide construct specifically
binds to human VEGF which is bound to a cell surface
receptor. In one embodiment the single domain antibody
polypeptide construct is linked to a PEG molecule.In
one embodiment the PEG-lmked single domain antibody
polypeptide construct has a hydrodynamic size of at
least 24 kDa, and wherein the total PEG size is from
20 to 6OkDa. In one embodiment the PEG-linked single
domain antibody polypeptide construct has a
hydrodynamic size of at least 200 kDa and a total PEG
size of from 20 to 60 kDa. hi one embodiment the
PEGylated proteins of the invention may be linked, on
average, to 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 12, 15, 17,
20, or more polyethylene glycol molecules. In one
embodiment the antibody construct comprises two or
more single immunoglobulin variable domain
polypeptides that bind human VEGF. In one embodiment
the antibody construct comprises a homodimer of a
single immunoglobulin variable domain polypeptide that
binds human VEGF . In one embodiment the antibody
construct comprises a hornotrimer of a single
immunoglobulin variable domain polypeptide that binds
human VEGF . In one embodiment the antibody construct
comprises a homotetramer of a single immunoglobulin
variable domain polypeptide that binds human VEGF . In
one embodiment the construct further comprises an
antibody polypeptide specific for an antigen other
than VEGF. In one embodiment the antibody polypeptide
specific for an antigen other than VEGF comprises a
single domain antibody polypeptide. Li one embodiment
the binding of the antigen other than VEGF by the
antibody polypeptide specific for an antigen other
than VEGF increases the in vivo half-life of the
antibody polypeptide construct. In one embodiment the
antigen other than VEGF comprises a serum protein. In
one embodiment the serum protein is selected from the
group consisting of fibrin, a-2 microglobulin, serum
albumin, fibrinogen A, fibrinogen, serum amyloid
protein A, heptaglobin, protein, ubiquitin,
uteroglobulin and b-2- microglobulin. In one
embodiment the antigen other than VEGF comprises HSA.
In one embodiment, the single domain antibody
polypeptide construct has an in vivo ta-half life in
the range of 15 minutes to 12 hours. In another
embodiment, thesingle domain antibody polypeptide
construct has an in vivo tb-half life in the range of
1 to 6 hours. In another embodiment, the single domain
antibody polypeptide construct has an in vivo tb-half
life in the range of 2 to 5 hours hi another
embodiment, the single domain antibody polypeptide
construct has an in vivo tb-half life in the range of
3 to 4 hours. hi another embodiment, the single domain
antibody polypeptide construct has an in vivo tb-half
life in the range of 12 to 60 hours hi another
embodiment, the single domain antibody polypeptide
construct has an in vivo tb-half life in the range of
12 to 48 hours. In another embodiment, the single
domain antibody polypeptide construct has an in vivo
tb-half life in the range of 12 to 26 hours hi another
embodiment, single domain antibody polypeptide
construct has an in vivo AUC half-life value of 15
mg.min/ml to 150 mg.min/ml. hi another embodiment, the
single domain antibody polypeptide construct has an in
vivo AUC half-life value of 15 mg.min/ml to 100
mg.min/ml. In another embodiment, the single domain
antibody polypeptide construct has an in vivo AUC
half-life value of 15 mg.min/ml to 75 mg.min/ml. In
another embodiment, the single domain antibody
polypeptide construct has an in vivo AUC half-life
value of 15 mg.min/ml to 50 mg.min/ml. In one
embodiment the treating further comprises
administration of at least one additional therapeutic
agent. In one embodiment the therapeutic agent is
selected from the group consisting of Etanercept,
inflixmab and D2E7. hi one embodiment the therapeutic
agent is selected from the group consisting of
Corticosteroids, Proteolytic enzymes, non-steroidal
anti-inflammatory drugs (NTHES), Acetylsalicylic acid,
pyrazolones, fenamate, diflunisal, acetic acid
derivatives, propionic acid derivatives, oxicams,
mefenamic acid, Ponstel, meclofenamate, Meclomen,
phenylbutazone, Butazolidin, diflunisal, Dolobid,
diclofenac, Voltaren, indomethacin, Indocin, sulindac,
Clinoril, etodolac, Lodine, ketorolac, Toradol,
nabumetone, Relafen, tolmetin, Tolectin, ibuprofen,
Motrin, fenoprofen, Nalfon, flurbiprofen, Anthe,
carprofen, Rimadyl, ketoprofen, Orudis, naproxen,
Anaprox, Naprosyn, piroxicam and Feldene.In one
embodiment the single domain antibody polypeptide
construct comprises the amino acid sequence of CDR3 of
an antibody polypeptide selected from the group
consisting of clones TARl 5-1, TAR15-3, TAR15-4,
TAR15-9, TAR15-10, TAR15-1 1, TAR15-12, TAR15-13,
TAR15-14, TAR15-15, TAR15-16, TAR15-17, TAR15-18,
TAR15-19, TAR15-20, TAR 15-22, TAR15-5, TAR15-6,
TAR15-7, TAR15-8, TAR15- 23, TAR15-24, TAR15-25,
TAR15-26, TAR15-27, TAR15-29, and TAR15-30. In one
embodiment the single domain antibody polypeptide
construct comprises the amino acid sequence of an
antibody polypeptide selected from the group
consisting of clones TAR15-1, TAR15-3, TAR15-4,
TAR15-9, TAR15-10, TAR15-11, TAR15-12, TAR15-13,
TAR15-14, TAR15-15, TAR15-16, TAR15-17, TAR15-18,
TAR15-19, TAR15-20, TAR 15-22, TAR15-5, TAR15-6,
TAR15-7, TAR15-8, TAR15-23, TAR15- 24, TAR15-25,
TAR15-26, TAR15-27, TAR15-29, and TAR15-30 or an amino
acid sequence at least 85% identical thereto. In one
embodiment the single domain antibody polypeptide
construct comprises the amino acid sequence of an
antibody polypeptide selected from the group
consisting of clones TAR15-1, TAR15-3, TAR15-4,
TAR15-9, TAR15-10, TAR15-1 1, TAR15-12, TAR15-13,
TAR15-14, TAR15-15, TAR15-16, TAR15-17, TAR15-18,
TAR15-19, TAR15-20, TAR 15-22, TAR15-5, TAR15-6,
TAR15-7, TAR15-8, TAR15-23, TAR15- 24, TAR15-25,
TAR15-26, TAR15-27, TAR15-29, and TAR15-30 or an amino
acid sequence at least 90% identical thereto. hi one
embodiment the single domain antibody polypeptide
construct comprises the amino acid sequence of an
antibody polypeptide selected from the group
consisting of clones TARl 5-1, TARl 5-3, TARl 5-4,
TARl 5-9, TARl 5- 10, TARl 5-11, TARl 5- 12, TAR15-13,
TAR15-14, TAR15-15, TAR15-16, TAR15-17, TAR15-18,
TAR15-19, TAR15-20, TAR 15-22, TAR15-5, TAR15-6,
TAR15-7, TAR15-8, TAR15-23, TAR15- 24, TAR15-25,
TAR15-26, TAR15-27, TAR15-29, and TAR15-30 or an amino
acid sequence at least 92% identical thereto. hi one
embodiment the single domain antibody polypeptide
construct comprises the amino acid sequence of an
antibody polypeptide selected from the group
consisting of clones TAR15-1, TAR15-3, TAR15-4,
TAR15-9, TAR15-10, TAR15-11, TAR15-12, TAR15-13,
TAR15-14, TAR15-15, TAR15-16, TAR15-17, TAR15-18,
TAR15-19, TAR15-20, TAR 15-22, TAR15-5, TAR15-6,
TAR15-7, TAR15-8, TAR15-23, TAR15-24, TARl 5-25, TARl
5-26, TARl 5-27, TARl 5-29, and TARl 5-30 or an amino
acid sequence at least 94% identical thereto. In one
embodiment the single domain antibody polypeptide
construct comprises the amino acid sequence of an
antibody polypeptide selected from the group
consisting of clones TAR15-1, TAR15-3, TAR15-4,
TAR15-9, TARl 5-10, TAR15-11, TARl 5-12, TAR15-13,
TAR15-14, TARl 5-1 5, TARl 5-1 6, TAR15-17, TARl 5-1
8, TARl 5-19, TARl 5-20, TAR 15-22, TARl 5-5, TARl
5-6, TARl 5-7, TARl 5-8, TARl 5-23, TARl 5- 24,
TAR15-25, TAR15-26, TAR15-27, TAR15-29, and TAR15-30
or an amino acid sequence at least 96% identical
thereto. In one embodiment the single domain antibody
polypeptide construct comprises the amino acid
sequence of an antibody polypeptide selected from the
group consisting of clones TARl 5-1, TAR15-3, TAR15-4,
TAR15-9, TARl 5-10, TAR15-11, TARl 5-12, TAR15-13,
TAR15-14, TAR15-15, TAR15-16, TAR15-17, TARl 5-1 8,
TAR15-19, TAR15-20, TAR 15-22, TAR15-5, TAR15-6,
TAR15-7, TAR15-8, TAR15-23, TAR15- 24, TAR15-25,
TAR15-26, TAR15-27, TAR15-29, andTAR15-30 or an amino
acid sequence at least 98% identical thereto. In one
embodiment the single domain antibody polypeptide
construct comprises the amino acid sequence of an
antibody polypeptide selected from the group
consisting of clones TARl 5-1, TAR15-3, TAR15-4,
TAR15-9, TAR15-10, TARl 5-11, TAR15-12, TAR15-13,
TAR15-14, TAR15-15, TARl 5-16, TAR15-17, TAR15-18,
TARl 5-19, TAR15-20, TAR 15-22, TAR15-5, TAR15-6,
TAR15-7, TAR15-8, TAR15-23, TAR15- 24, TAR15-25,
TAR15-26, TAR15-27, TAR15-29, and TAR15-30 or an amino
acid sequence at least 99% identical thereto. The
invention further encompasses a composition comprising
a single domain antibody polypeptide construct that
antagonizes human VEGF binding to a receptor, wherein
the single domain antibody polypeptide construct
comprises a CDR3 sequence selected from the group
consisting of TAR15-1, TAR15-3, TAR15-4, TAR15-9,
TAR15- 10, TAR15-11, TAR15-12, TAR15-13, TARl 5-14,
TARl 5-15, TAR15-16, TAR15-17, TARl 5- 18, TARl 5- 19,
TARl 5-20, TAR 15-22, TARl 5-5, TARl 5-6, TARl 5-7,
TARl 5- 8, TARl 5-23, TARl 5-24, TARl 5-25, TARl 5-26,
TARl 5-27, TARl 5-29, and TARl 5- 30.The invention
further encompasses a composition comprising a single
domain antibody polypeptide construct that antagonizes
human VEGF binding to a receptor, wherein the single
domain antibody polypeptide construct comprises an
amino acid sequence selected from the group consisting
of TAR15-1, TAR15-3, TAR15-4, TAR15-9, TAR15-10,
TAR15-11, TAR15-12, TAR15-13, TAR15-14, TAR15-15,
TAR15-16, TAR15-17, TAR15-18, TAR15-19, TAR15-20, TAR
15-22, TAR15-5, TAR15-6, TAR15-7, TAR15-8, TAR15-23,
TAR15-24, TAR15-25, TAR15-26, TAR15-27, TAR15- 29, and
TARl 5-30 or a sequence at least 85% identical
thereto. The invention further encompasses a
composition comprising a single domain 



antibody polypeptide construct that antagonizes human
VEGF binding to a receptor, wherein the single domain
antibody polypeptide construct comprises an amino acid
sequence selected from the group consisting of
TAR15-1, TAR15-3, TAR15-4, TAR15-9, TAR15-10,
TAR15-11, TAR15-12, TAR15-13, TAR15-14, TAR15-15,
TAR15-16, TAR15-17, TAR15-18, TAR15-19, TAR15-20, TAR
15-22, TAR15-5, TAR15-6, TAR15-7, TAR15-8, TAR15-23,
TAR15-24, TAR15-25, TAR15-26, TAR15-27, TAR15- 29, and
TARl 5-30 or a sequence at least 90% identical
thereto. The invention further encompasses a
composition comprising a single domain antibody
polypeptide construct that antagonizes human VEGF
binding to a receptor, wherein the single domain
antibody polypeptide construct comprises an amino acid
sequence selected from the group consisting of
TAR15-1, TAR15-3, TAR15-4, TAR15-9, TAR15-10,
TAR15-11, TAR15-12, TAR15-13, TAR15-14, TAR15-15,
TAR15-16, TAR15-17, TAR15-18, TAR15-19, TAR15-20, TAR
15-22, TAR15-5, TAR15-6, TARl 5-7, TARl 5-8, TARl
5-23, TARl 5-24, TARl 5-25, TARl 5-26, TARl 5-27, TARl
5- 29, and TARl 5-30 or a sequence at least 92%
identical thereto. The invention further encompasses a
composition comprising a single domain antibody
polypeptide construct that antagonizes human VEGF
binding to a receptor, wherein the single domain
antibody polypeptide construct comprises an amino acid
sequence selected from the group consisting of
TAR15-1, TAR15-3, TAR15-4, TAR15-9, TAR15-10,
TAR15-11, TAR15-12, TAR15-13, TAR15-14, TAR15-15,
TAR15-16, TAR15-17, TAR15-18, TAR15-19, TAR15-20, TAR
15-22, TAR15-5, TAR15-6, TARl 5-7, TARl 5-8, TARl
5-23, TARl 5-24, TARl 5-25, TARl 5-26, TARl 5-27, TARl
5- 29, and TAR15-30 or a sequence at least 94%
identical thereto.The invention further encompasses a
composition comprising a single domain antibody
polypeptide construct that antagonizes human VEGF
binding to a receptor, wherein the single domain
antibody polypeptide construct comprises an amino acid
sequence selected from the group consisting of
TAR15-1, TAR15-3, TAR15-4, TAR15-9, TAR15-10,
TAR15-11, TAR15-12, TAR15-13, TAR15-14, TAR15-15,
TAR15-16, TAR15-17, TAR15-18, TAR15-19, TAR15-20, TAR
15-22, TAR15-5, TAR15-6, TARl 5-7, TARl 5-8, TARl
5-23, TARl 5-24, TARl 5-25, TARl 5-26, TARl 5-27, TARl
5- 29, and TARl 5-30 or a sequence at least 96%
identical thereto. The invention further encompasses a
composition comprising a single domain antibody
polypeptide construct that antagonizes human VEGF
binding to a receptor, wherein the single domain
antibody polypeptide construct comprises an amino acid
sequence selected from the group consisting of
TAR15-1, TAR15-3, TAR15-4, TAR15-9, TAR15-10,
TAR15-11, TAR15-12, TAR15-13, TAR15-14, TAR15-15,
TAR15-16, TAR15-17, TAR15-18, TAR15-19, TAR15-20, TAR
15-22, TAR15-5, TAR15-6, TAR15-7, TAR15-8, TAR15-23,
TAR15-24, TAR15-25, TAR15-26, TAR15-27, TAR15- 29, and
TARl 5-30 or a sequence at least 98% identical
thereto. The invention further encompasses a
composition comprising a single domain antibody
polypeptide construct that antagonizes human VEGF
binding to a receptor, wherein the single domain
antibody polypeptide construct comprises an amino acid
sequence selected from the group consisting of
TAR15-1, TAR15-3, TAR15-4, TAR15-9, TAR15-10,
TAR15-11, TAR15-12, TAR15-13, TAR15-14, TAR15-15,
TAR15-16, TAR15-17, TAR15-18, TAR15-19, TAR15-20, TAR
15-22, TAR15-5, TAR15-6, TARl 5-7, TARl 5-8, TARl
5-23, TARl 5-24, TARl 5-25, TARl 5-26, TARl 5-27, TARl
5- 29, and TARl 5-30 or a sequence at least 99%
identical thereto. The invention further encompasses a
method of treating rheumatoid arthritis, the method
comprising administering to an individual in need
thereof a therapeutically effective amount of a
composition, wherein the composition comprises a
single domain antibody polypeptide construct that
antagonizes human TNFa' s binding to a receptor and
antagonizes human VEGF' s binding to a receptor,
whereby the rheumatoid arthritis is treated. In one
embodiment, the composition prevents an increase in
arthritic score when administered to a mouse of the
Tg197 transgenic mouse model of arthritis.In another
embodiment, the administration of the composition to a
TgI 97 transgenic mouse comprises the following steps:
a) administer weekly intraperitoneal injections of the
composition to a heterozygous Tg197 transgenic mouse,
b) weigh the mouse of step a) weekly, and c) score the
mouse weekly for macrophenotypic signs of arthritis
according to the following system: 0 = no arthritis
(normal appearance and flexion), 1 = mild arthritis
(joint distortion), 2 = moderate arthritis (swelling,
joint deformation), 3 = heavy arthritis (severely
impaired movement). hi another embodiment, the
composition has an efficacy in the TgI 97 transgenic
mouse arthritis assay that is greater than or equal,
within the realm of statistical significance, to that
of an agent selected from the group consisting of
Etanercept, Infliximab and D2E7. hi another
embodiment, the treating comprises inhibiting the
progression of the rheumatoid arthritis. In another
embodiment, the treating comprises preventing or
delaying the onset of rheumatoid arthritis. In another
embodiment, the administering results in a
statistically significant change in one or more
indicia of RA. In another embodiment, the one or more
indicia of RA comprise one or more of erythrocyte
sedimentation rate (ESR), Ritchie articular index and
duration of morning stiffness, joint mobility, joint
swelling, x ray imaging of one or more joints, and
histopathological analysis of fixed sections of one or
more joints. In another embodiment, the one or more
indicia of RA comprises a decrease in the
macrophenotypic signs of arthritis in a TgI 97
transgenic mouse, wherein the composition is
administered to a Tgl97 transgenic mouse, wherein the
Tgl97 transgenic mouse is scored for the
macrophenotypic signs of arthritis, and wherein the
macrophenotypic signs of arthritis are scored
according to the following system: 0 = no arthritis
(normal appearance and flexion), 1 = mild arthritis
(joint distortion), 2 = moderate arthritis (swelling,
joint deformation), 3 = heavy arthritis (severely
impaired movement). In another embodiment, the one or
more indicia of RA comprises a decrease in the
histopathological signs of arthritis in a TgI 97
transgenic mouse, wherein the composition is
administered to a TgI 97 transgenic mouse, wherein the
Tg197 transgenic mouse is scored for the
histopathological signs of arthritis, and wherein the
histopathological signsof arthritis are performed on a
joint and scored using the following system: 0= no
detectable pathology, 1= hyperplasia of the synovial
membrane and presence of polymorphonuclear
infiltrates, 2= pannus and fibrous tissue formation
and focal subchondral bone erosion, 3= articular
cartilage destruction and bone erosion, 4= extensive
articular cartilage destruction and bone erosion. In
another embodiment, the single domain antibody
polypeptide construct comprises a human single domain
antibody polypeptide. hi another embodiment, the human
single domain antibody polypeptide binds TNFa and
VEGF. In another embodiment, the single domain
antibody polypeptide construct neutralizes human TNFa
as measured in a standard L929 cell assay. In another
embodiment, the single domain antibody polypeptide
construct is linked to a PEG molecule. In another
embodiment, the PEG-linked single domain antibody
polypeptide construct has a hydrodynamic size of at
least 24 kDa, and wherein the total PEG size is hi
another embodiment, the PEG-linked single domain
antibody polypeptide construct has a hydrodynamic size
of at least 200 kDa and a total PEG size of from 20 to
6OkDa. In another embodiment, the antibody polypeptide
construct is linked, on average, to 1, 2, 3, 4, 5, 6,
7, 8, 9, 10, 12, 15, 17, 20, or more polyethylene
glycol molecules. hi another embodiment, the antibody
construct comprises two or more single immunoglobulin
variable domain polypeptides that bind human TNFa
and/or two or more single immunoglobulin variable
domain polypeptides that bind human VEGF. hi another
embodiment, the antibody construct comprises a
homodimer of a single immunoglobulin variable domain
polypeptide that binds human TNFa and/or a homodimer
of a single immunoglobulin variable domain polypeptide
that binds human VEGF. hi another embodiment, the
antibody construct comprises a homotrimer of a single
immunoglobulin variable domain polypeptide that binds
human TNFa and/or ahomotrimer of a single
immunoglobulin variable domain polypeptide that binds
human VEGF. hi another embodiment, the antibody
construct comprises a homotetramer of a single
immunoglobulin variable domain polypeptide that binds
human TNFa and/or a homotetramer of a single
immunoglobulin variable domain polypeptide that binds
human VEGF. In another embodiment, the construct
further comprises an antibody polypeptide specific for
an antigen other than TNFa or VEGF. In another
embodiment, the antibody polypeptide specific for an
antigen other than TNFa or VEGF comprises a single
domain antibody polypeptide. In another embodiment,
the binding of the antigen other than TNFa or VEGF by
the antibody polypeptide specific for an antigen other
than TNFa or VEGF increases the in vivo half-life of
the antibody polypeptide construct. hi another
embodiment, the antigen other than TNFa or VEGF
comprises a serum protein. In another embodiment, the
serum protein is selected from the group consisting of
fibrin, a-2 microglobulin, serum albumin, fibrinogen
A, fibrinogen, serum amyloid protein A, heptaglobin,
protein, ubiquitin, uteroglobulin and b-2-
microglobulin. In another embodiment, the antigen
other than TNFa comprises HSA. In another embodiment,
the treating further comprises administration of at
least one additional therapeutic agent. The invention
further encompasses a composition comprising a single
domain antibody polypeptide construct that antagonizes
human TNFa' s binding to a receptor and that
antagonizes human's VEGF' s binding to a receptor,
that prevents an increase in arthritic score when
administered to a mouse of the TgI 97 transgenic mouse
model of arthritis, wherein the single domain antibody
polypeptide construct inhibits the progression of the
rheumatoid arthritis. The invention further
encompasses a composition comprising a single domain
antibody polypeptide construct that antagonizes human
TNFa' s binding to a receptor and that antagonizes
human's VEGF' s binding to a receptor, that prevents
an increase in arthritic score when administered to a
mouse of the Tgl97 transgenic mouse model ofarthritis,
wherein the single domain antibody polypeptide
construct binds human TNFa with a Kd of < 10O nM. The
invention further encompasses a composition comprising
a single domain antibody polypeptide construct that
antagonizes human TNFa's binding to a receptor and
that antagonizes human's VEGF' s binding to a
receptor, that prevents an increase in arthritic score
when administered to a mouse of the Tg197 transgenic
mouse model of arthritis, wherein the single domain
antibody polypeptide construct neutralizes human TNFa
as measured in a standard L929 cell assay, wherein the
single domain antibody polypeptide construct inhibits
the progression of the rheumatoid arthritis, wherein
the single domain antibody polypeptide construct binds
human TNFa with a Kd of < 100 nM. Another aspect is a
method for selecting a single domain antibody
polypeptide construct that antagonizes human TNFa's
binding to a receptor, that prevents an increase in
arthritic score when administered to a mouse of the
TgI 97 transgenic mouse model of arthritis, wherein
said single domain antibody polypeptide construct
neutralizes human TNFa as measured in a standard L929
cell assay, wherein said single domain antibody
polypeptide construct inhibits the progression of said
rheumatoid arthritis, and wherein said single domain
antibody polypeptide construct binds human TNFa with a
Kd of < 100 nM, comprising the following steps: (1)
mutating nucleic acid encoding several hypervariable
region sites of said single domain antibody
polypeptide construct, so that all possible amino
substitutions are generated at each site, (2)
introducing nucleic acid encoding the mutated
hypervariable region sites generated in step (1) into
a phagemid display vector, to form a large population
of display vectors each capable of expressing one of
said mutated hypervariable region sites displayed on a
phagemid surface display protein; (3) expressing the
mutated hypervariable region sites on the surface of a
filamentous phage particle so that the mutated
hypervariable region sites thus generated are
displayed in a monovalent fashion from filamentous
phage particles as fusions to the gene III product of
M13 packaged within each particle, (4) screening the
surfaceexpressed phage particle for the ability to
bind TNFa, (5) isolating those surfaceexpressed phage
particle able to bind TNFa, (6) selecting a
surface-expressed phage particle from step (5) that is
able to bind TNFa, that also prevents an increase in
arthritic score when administered to a mouse of the
Tg197 transgenic mouse model of arthritis,and
neutralizes human TNFa as measured in a standard L929
cell assay, and inhibits the progression of said
rheumatoid arthritis, and binds human TNFa with a Kd
of < 100 nM, thereby selecting one or more species of
phagemid containing a display protein containing a
single domain antibody polypeptide construct that
antagonizes human TNFa's binding to a receptor.
Another aspect is a method of treating rheumatoid
arthritis, the method comprising administering to an
individual in need thereof a therapeutically effective
amount of a composition comprising a single domain
antibody polypeptide construct that antagonizes human
VEGF's binding to a receptor, whereby said rheumatoid
arthritis is treated, wherein said single domain
antibody polypeptide construct has an in vivo ta-half
life in the range of 15 minutes to 12 hours, 1 to 6
hours, 2 to 5 hours, or 3 to 4 hours. Another
embodiment is a method of treating rheumatoid
arthritis, the method comprising administering to an
individual in need thereof a therapeutically effective
amount of a composition comprising a single domain
antibody polypeptide construct that antagonizes human
VEGF's binding to a receptor, whereby said single
domain antibody polypeptide construct has an in vivo
tb-half life in the range of 12 to 60 hours, 12 to 48
hours, or 12 to 26 hours. Another embodiment is method
of treating rheumatoid arthritis, the method
comprising administering to an individual in need
thereof a therapeutically effective amount of a
composition comprising a single domain antibody
polypeptide construct that antagonizes human VEGF's
binding to a receptor, whereby said single domain
antibody polypeptide construct has an in vivo AUC
half-life value of 15 mg.min/ml to 150 mg.min/ml, 15
mg.min/ml to 100 mg.min/ml, 15 mg.min/ml to 75
mg.min/ml, or 15 mg.min/ml to 50 mg.min/ml. Another
embodiment is a method of treating rheumatoid
arthritis, the method comprising administering to an
individual in need thereof a therapeutically effective
amount of a composition, wherein said composition
comprises a single domain antibody polypeptide
construct that antagonizes human TNFa' s binding to a
receptor and antagonizes human VEGF's binding to a
receptor, whereby said rheumatoid arthritis is
treated, and wherein said composition prevents an
increase in arthritic score when administered to a
mouse of the TgI 97 transgenic mouse model of
arthritis, and whereinsaid single domain antibody
polypeptide construct binds human TNFa and VEGF each
with a Kd of < 100 nM, wherein said single domain
antibody polypeptide construct binds human TNFa and
VEGF each with a Kd in the range of 100 nM to 50 pM,
wherein said single domain antibody polypeptide
construct binds human TNFa and VEGF each with a Kd of
30 nM to 50 pM, wherein said single domain antibody
polypeptide construct binds human TNFa and VEGF each
with a Kd of 10 nM to 50 pM, or wherein said single
domain antibody polypeptide construct binds human TNFa
and VEGF each with a Kd in the range of 1nm to 50 pM.
Another embodiment is a method of treating rheumatoid
arthritis, the method comprising administering to an
individual in need thereof a therapeutically effective
amount of a composition comprising a single domain
antibody polypeptide construct that antagonizes human
TNFa's binding to a receptor and antagonizes VEGF's
binding to a receptor, wherein said single domain
antibody polypeptide construct inhibits the binding of
human TNFa to a TNFa receptor and of hyman VEGF to a
VEGF receptor, and whereby said rheumatoid arthritis
is treated. Another embodiment is a method of treating
rheumatoid arthritis, the method comprising
administering to an individual in need thereof a
therapeutically effective amount of a composition
comprising a single domain antibody polypeptide
construct that antagonizes human TNFa' s binding to a
receptor and antagonizes VEGF's binding to a receptor,
wherein said single domain antibody polypeptide
construct inhibits the binding of human TNFa to a TNFa
receptor and of hyman VEGF to a VEGF receptor, and
whereby said rheumatoid arthritis is treated, wherein
said single domain antibody polypeptide construct
specifically binds to human TNFa which is bound to a
cell surface receptor. Another embodiment is a method
of treating rheumatoid arthritis, the method
comprising administering to an individual in need
thereof a therapeutically effective amount of a
composition, wherein said composition comprises a
single domain antibody polypeptide construct that
antagonizes human TNFa' s binding to a receptor and
antagonizes human VEGF's binding to a receptor,
whereby said rheumatoid arthritis is treated, and
wherein said single domain antibody polypeptide
construct specifically binds to human TNFa which is
bound to a cell surface receptor.Another embodiment of
the invention is a method of treating rheumatoid
arthritis comprising the administration of an antibody
construct specific for TNFa, wherein the sequence of
the antibody construct comprises, or consists of, a
sequence with a percentage identity which is greater
than or equal to 85, 90, 95, 96, 97, 98, 99 or 100% to
the sequence of any one of the anti-TNF-a clones
recited herein. Another embodiment of the invention is
a composition comprising an antibody construct
specific for TNFa, wherein the sequence of the
antibody construct comprises, or consists of, a
sequence with a percentage identity which is greater
than or equal to 85, 90, 95, 96, 97, 98, 99 or 100% to
the sequence of any one of the anti-TNF-a clones
recited herein. Another embodiment of the invention is
a method of treating rheumatoid arthritis comprising
the administration of an antibody construct specific
for VEGF, wherein the sequence of the antibody
construct comprises, or consists of a sequence with a
percentage identity which is greater than or equal to
85, 90, 95, 96, 97, 98, 99 or 100% to the sequence of
any one of the anti-VEGF clones recited herein.
Another embodiment of the invention is a composition
comprising an antibody construct specific for VEGF,
wherein the sequence of the antibody construct
comprises, or consists of, a sequence with a
percentage identity which is greater than or equal to
85, 90, 95, 96, 97, 98, 99 or 100% to the sequence of
any one of the anti-VEGF clones recited herein. In
another embodiment, there are provided tetravalent,
dual-specific antigenbinding polypeptide constructs
comprising two copies of a VH or VL single domain
antibody that binds a first antigen or epitope; and
two copies of a VH or VL single domain antibody that
binds a second antigen or epitope. The first and
second epitopes can be present on the same antigen or,
alternatively, on different antigens. Each of the two
copies of the single domain antibody that binds the
first antigen or epitope is fused to a respective IgG
heavy chain constant domain, and each of the two
copies of the single domain antibody that binds the
second antigen or epitope is fused to a respective
light chain constant domain. These tetravalent,
dual-specific polypeptide constructs are IgGlike in
that they have two antigen-binding arms joined by
heavy and light chain constant domains. They are
different from naturally-occurring IgG in that, by
virtue of thepresence of two different
antigen-specific single domain antibody polypeptides
on each arm, each arm can bind two different antigens
or epitopes, making the construct 



tetravalent and dual-specific. In one embodiment, the
first and second epitopes are the same, such that
there are four specific binding sites for that epitope
present on the polypeptide construct. In another
embodiment, the first and second epitopes are
different, being present on the same or different
antigens. Dual-specific, tetravalent polypeptide
constructs as described herein can include single
domain antibody sequences specific for any two
antigens or epitopes, but particularly those specific
for human TNF-a and VEGF, and more particularly, any
of those single domain antibody sequences described
herein. In other embodiments, Ck or Cx light chain
constant domains can be used, and IgG heavy chain
constant domains other than IgGl can also be used.
Also encompassed are constructs of this sort
comprising single domain anti-TNF- a antibody clones
that prevent an increase in arthritic score when
administered as a monomer to a mouse of the TgI 97
transgenic mouse model of arthritis, and single domain
anti-VEGF antibody clones that prevent an increase in
arthritic score when administered as a monomer to a
mouse of a collagen-induced arthritis mouse model. In
a further embodiment, the single domain anti-TNF-a
antibody clone used neutralizes human TNF- a in the
L929 cell cytotoxicity assay described herein when
used as a monomer, and the single domain anti-VEGF
antibody clone used antagonizes VEGF receptor binding
in an assay of VEGF Receptor 2 binding as described
herein when used a monomer. In a further embodiment,
the single domain antibody clones used bind their
respective antigens or epitopes with a ICd of <100 nM.
In a further embodiment, the dual-specific, bi-valent
constructs bind the respective antigens or epitopes
with a Kd of <100 nM and prevent an increase in
arthritic score in either or both of the Tg197 and CIA
models of arthritis described herein. Such
tetravalent, dual specific constructs can be used for
the treatment of rheumatoid arthritis in a manner
similar to the other constructs described herein, in
terms of administration, dosage and monitoring of
efficacy. The half-life of the construct can be
modified as described herein above, e.g., by addition
of a PEG moiety, or by furtherfusion of a binding
moiety (e.g., a further single domain antibody)
specific for a protein that increases circulating
half-life, e.g., a serum protein such as HSA. In one
aspect, then, there is described a dual-specific
antigen-binding polypeptide comprising a first
antibody single domain polypeptide that binds TNF-a
and a second antibody single domain polypeptide that
binds VEGF. Such polypeptides can be used, for
example, for the treatment of rheumatoid arthritis. In
another aspect, then, there is described a
tetravalent, dual-specific antigen binding polypeptide
construct comprising: a) a first copy of a first
fusion protein comprising a single domain antibody
polypeptide that binds a first epitope, fused to an
IgG heavy chain constant domain; b) a second copy of
said first fusion protein; c) a first copy of a second
fusion protein comprising a single domain antibody
polypeptide that binds a second epitope, fused to a
light chain constant domain; d) a second copy of said
second fusion protein; wherein said first and said
second copies of said first fusion protein are
disulfide bonded to each other via their respective
IgG heavy chain constant domains, and wherein said
light chain constant domain of said first copy of said
second fusion protein is disulfide bonded to the IgG
heavy chain constant domain of said first copy of said
first fusion protein, and wherein said light chain
constant domain of said second copy of second fusion
protein is disulfide bonded to the IgG heavy chain
constant domain of said second copy of said first
fusion protein, and wherein said polypeptide construct
binds said first and said second epitopes. In one
embodiment of such tetravalent, dual-specific antigen
binding polypeptide construct, the single domain
antibody that binds a first epitope is a V domain
selected from VH and VL. In another embodiment, the
single domain antibody that binds a second epitope is
a V domain selected from VH and VL. In another
embodiment, the IgG heavy chain constant domain is an
IgGl heavy chain constant domain. In another
embodiment, the light chain constant domain is a Ck or
Cx light chain constant domain. In another embodiment,
the light chain constant domain is a Ck light chain
constant domain. In another embodiment, the first and
second epitopes are present on the same antigen.In
another embodiment, the first and second epitopes are
present on different first and second antigens. In
another embodiment, one or both of said single domain
antibody that binds a first epitope and said single
domain antibody that binds a second epitope are human
single domain antibodies. In another embodiment, the
single domain antibody polypeptide that binds said
first epitope and/or the single domain antibody
polypeptide that binds said second epitope comprises
one or more of a FWl encoded by a human germline VH
gene sequence, a FW2 encoded by a human germline VH
gene sequence, a FW3 encoded by a human germline VH
gene sequence and a FW4 encoded by a human germline VH
gene sequence. In another embodiment, both the single
domain antibody polypeptide that binds a first epitope
and the single domain antibody that binds a second
epitope are human single domain antibodies. hi another
embodiment, the IgG heavy chain constant domain is a
human IgG heavy chain constant domain. hi another
embodiment, the IgG heavy chain constant domain
comprises a CH I domain. hi another embodiment, the
light chain constant domain is a human Ck light chain
constant domain. In another embodiment, the construct
binds TNF-a and VEGF. In another embodiment, a single
domain antibody that binds VEGF is fused to an IgGl
heavy chain constant domain and a single domain
antibody that binds TNF-a is fused to a Ck light chain
constant domain. In another embodiment, the single
domain antibody that binds VEGF prevents an increase
in arthritic score when administered to a mouse of a
collagen-induced arthritis mouse model. In another
embodiment, the single domain antibody polypeptide
moiety that antagonizes an activity of human VEGF
binds human VEGF with a Kd of <100 nM. In another
embodiment, the single domain antibody polypeptide
moiety that antagonizes an activity of human VEGF
neutralizes human VEGF as measured in a VEGF receptor
1 assay or a VEGF receptor 2 assay.In another
embodiment, the single domain antibody polypeptide
moiety that antagonizes an activity of human VEGF
specifically binds to human VEGF which is bound to a
cell surface receptor. In another embodiment of this
aspect, the single domain antibody that binds TNF- a
or antagonizes an activity of human TNF-a prevents an
increase in arthritic score when administered to a
mouse of the TgI 97 transgenic mouse model of
arthritis. In another embodiment, the single domain
antibody antagonizes the activity of human TNF-a as
measured in a standard L929 cell cytotoxicity assay.
In another embodiment, the single domain antibody
binds human TNF-a with a K of <100 nM. In any
embodiment of this aspect, the single domain antibody
polypeptide moiety that antagonizes an activity of
human TNF-a can comprise, for example, the amino acid
sequence of CDR3 of an antibody polypeptide selected
from the group consisting of clones TARl-2m-9,
TARl-2m-30,TARl-2m-l,TARl-2m-2, TAR1-5, TAR1-27, TARl-
261, TAR1-398, TARl-701,TARl-5-2, TAR1-5-3, TARl-5-4,
TARl-5-7, TAR1-5-8, TAR1-5-10, TAR1-5-11, TAR1-5-12,
TAR1-5-13, TAR1-5-19, TAR1-5-20, TAR1-5-21, TAR1-5-22,
TAR1-5-23, TAR1-5-24, TAR1-5-25, TAR1-5-26, TAR1-5-27,
TAR1-5-28, TAR1-5-29, TAR1-5-34, TAR1-5-35, TAR1-5-36,
TAR1-5-464, TAR1-5-463, TAR1-5- 460, TAR1-5-461,
TAR1-5-479, TAR1-5-477, TAR1-5-478, TAR1-5-476,
TAR1-5-490, TARlh-1, TARlh-2, TARlh-3, TARl-100-29,
TARl-100-35, TARl-100-43, TARl-100- 47, TARl-100-52,
TAR1-109, TARl-100, TARl-100-34, TARl-100-36,
TARl-100-38, TARl-100-39, TARl-100-40, TARl-100-41,
TARl-100-45, TARl-100-60, TARl-100- 62, TARl-100-64,
TARl-100-65, TARl-100-75, TARl-100-76, TARl-100-77,
TARl- 100-78, TARl-100-80, TARl-100-82, TARl-100-83,
TARl-100-84, TARl-100-89, TARl-100-90, TARl-100-91,
TARl-100-92, TARl-100-93, TARl-100-94, TARl-100- 95,
TARl-100-96, TARl-100-97, TARl-100-98, TARl-100-99,
TARl-100-100, TARl- 100-101, TARl-100-102,
TARl-100-103, TARl-100-105, TARl-100-106, TARl-100-
107, TARl-100-108, TARl-100-109, TARl-100-1 10,
TARl-100-1 11, TARl-100-1 12, TARl-100-1 13 and
TAR1-5-19, or an amino acid sequence that is, for
example, at least 85%, but alternatively at least 90%,
92%, 94%, 96%, 98%, 99% or 100% identical to a said
sequence. In another embodiment of this aspect, a
single domain antibody polypeptide moiety that
antagonizes an activity of human TNF-a can comprise,
for example, theamino acid sequence of an antibody
polypeptide selected from the group consisting of
clones TARl-2m-9, TARl-2m-30,TARl-2m-l,TARl-2m-2, TARl
-5, TAR1-27, TARl- 261, TAR1-398, TAR1-701.TAR1-5-2,
TAR1-5-3, TAR1-5-4, TAR1-5-7, TARl -5-8, TAR1-5-10,
TAR1-5-11, TAR1-5-12, TAR1-5-13, TARl-5-19, TARl-5-20,
TAR1-5-21, TAR1-5-22, TAR1-5-23, TAR1-5-24, TAR1-5-25,
TAR1-5-26, TAR1-5-27, TAR1-5-28, TAR1-5-29, TAR1-5-34,
TAR1-5-35, TAR1-5-36, TAR1-5-464, TAR1-5-463, TAR1-5-
460, TAR1-5-461, TAR1-5-479, TAR1-5-477, TAR1-5-478,
TAR1-5-476, TAR1-5-490, TARlh-1, TARlh-2, TARlh-3,
TARl-100-29, TARl-100-35, TARl-100-43, TARl-100- 47,
TARl-100-52, TAR1-109, TARl-100, TARl-100-34,
TARl-100-36, TARl-100-38, TARl-100-39, TARl-100-40,
TARl-100-41, TARl-100-45, TARl-100-60, TARl-100- 62,
TARl-100-64, TARl-100-65, TARl-100-75, TARl-100-76,
TARl-100-77, TARl- 100-78, TARl-100-80, TARl-100-82,
TARl-100-83, TARl-100-84, TARl-100-89, TARl-100-90,
TARl-100-91, TARl-100-92, TARl-100-93, TARl-100-94,
TARl-100- 95, TARl-100-96, TARl-100-97, TARl-100-98,
TARl-100-99, TARl-100-100, TARl- 100-101,
TARl-100-102, TARl-100-103, TARl-100-105,
TARl-100-106, TARl-100- 107, TARl-100-108,
TARl-100-109, TARl-100-1 10, TARl-100-1 11, TARl-100-1
12, TARl-100-1 13 and TARl-5-19, or an amino acid
sequence that is, for example, at least 85%, but
alternatively at least 90%, 92%, 94%, 96%, 98%, 99% or
100% identical to a said sequence. In any embodiment
of this aspect, the single domain antibody polypeptide
moiety that antagonizes the binding of human VEGF to a
VEGF receptor can comprise, for example, the amino
acid sequence of CDR3 of an antibody polypeptide
selected from the group consisting of clones TAR15-1,
TAR15-3, TAR15-4, TAR15-9, TAR15-10, TAR15-11,
TAR15-12, TAR15-13, TAR15-14, TAR15-15, TAR15-16,
TAR15-17, TAR15-18, TAR15-19, TAR15-20, TAR 15-22,
TAR15-5, TAR15-6, TAR15-7, TAR15- 8, TARl 5-23, TARl
5-24, TARl 5-25, TARl 5-26, TARl 5-27, TARl 5-29, and
TARl 5- 30, or an amino acid sequence that is, for
example, at least 85%, but alternatively at least 90%,
92%, 94%, 96%, 98%, 99% or 100% identical to a said
sequence. In another embodiment of this aspect, a
single domain antibody polypeptide moiety that
antagonizes the binding of human VEGF to a VEGF
receptor can comprise the amino acid sequence of an
antibody polypeptide selected from the group
consisting of clones TAR15-1, TAR15-3, TAR15-4,
TAR15-9, TAR15-10, TAR15-11, TAR15-12,TAR15-13,
TAR15-14, TAR15-15, TAR15-16, TAR15-17, TAR15-18,
TAR15-19, TAR15-20, TAR 15-22, TAR15-5, TAR15-6,
TAR15-7, TAR15-8, TAR15-23, TAR15- 24, TARl 5-25, TARl
5-26, TARl 5-27, TARl 5-29, and TARl 5-30 or an amino
acid sequence that is, for example, at least 85%, but
alternatively at least 90%, 92%, 94%, 96%, 98%, 99% or
100% identical to a said sequence. Definitions Unless
defined otherwise, all technical and scientific terms
used herein have the same meaning as commonly
understood by one of ordinary skill in the art (e.g.,
in cell culture, molecular genetics, nucleic acid
chemistry, hybridization techniques and biochemistry).
Standard techniques are used for molecular, genetic
and biochemical methods (see generally, Sambrook et
al., Molecular Cloning: A Laboratory Manual, 2d ed.
(1989) Cold Spring Harbor Laboratory Press, Cold
Spring Harbor, N.Y. and Ausubel et al., Short
Protocols in Molecular Biology (1999) 4th Ed, John
Wiley & Sons, Inc. which are incorporated herein by
reference) and chemical methods. As used herein, the
term "domain" refers to a folded protein structure
which retains its tertiary structure independently of
the rest of the protein. Generally, domains are
responsible for discrete functional properties of
proteins, and in many cases may be added, removed or
transferred to other proteins without loss of function
of the remainder of the protein and/or of the domain.
By "single immunoglobulin variable domain" or "single
domain antibody polypeptide" is meant a folded
polypeptide domain which comprises sequences
characteristic of immunoglobulin variable domains and
which specifically binds an antigen (i.e.,
dissociation constant of 500 nM or less). A "single
domain antibody polypeptide" therefore includes
complete antibody variable domains as well as modified
variable domains, for example in which one or more
loops have been replaced by sequences which are not
characteristic of antibody variable domains or
antibody variable domains which have been truncated or
comprise N- or C-terminal extensions, as well as
folded fragments of variable domains which retain a
dissociation constant of 500 nM or less (e.g., 450 nM
or less, 400 nM or less, 350 nM or less, 300 nM or
less, 250 nM or less, 200 nM or less, 150 nM or less,
100 nM or less) and the target antigen specificity of
the full-lengthdomain. Preferably an antibody single
variable domain is selected from the group of V H and
VL, including Vkappa and Viambda- The phrase "single
domain antibody polypeptide construct" encompasses not
only an isolated single domain antibody polypeptide,
but also larger polypeptide constructs that comprise
one or more monomers of a single immunoglobulin
variable domain polypeptide sequence. It is stressed,
that a single domain antibody polypeptide that is part
of a larger construct is capable, on its own, of
specifically binding a target antigen. Thus, a single
domain antibody polypeptide construct that comprises
more than one single domain antibody polypeptide does
not encompass, for example, a construct in which a V H
and a V L domain are cooperatively required to form
the binding site necessary to specifically bind a
single antigen molecule. The linkage between single
domain antibody polypeptides in a single domain
antibody polypeptide construct can b e peptide or
polypeptide linkers, or, alternatively, can b e other
chemical linkages, such as through linkage of
polypeptide monomers to a multivalent PEG. The linked
single domain antibody polypeptides can b e identical
or different, and the target specificities of the
constituent polypeptides can likewise b e the same or
different. Complementary: Two immunoglobulin domains
are "complementary" where they belong to families of
structures which form cognate pairs or groups or are
derived from such families and retain this feature.
For example, a VH domain and a VL domain of an
antibody are complementary; two VH domains are not
complementary, and two V domains are not
complementary. Complementary domains may b e found in
other members of the immunoglobulin superfamily, such
as the Va and Vb (or g and d) domains of the T-cell
receptor. In the context of the second configuration
of the invention, noncomplementary domains do not bind
a target molecule cooperatively, but act independently
on different target epitopes which may b e on the same
or different molecules. Domains which are artificial,
such as domains based on protein scaffolds which do
not bind epitopes unless engineered to do so, are non-
complementary. Likewise, two domains based on (for
example) an immunoglobulin domain and a fibronectin
domain are not complementary.Immunoglobulin: This
refers to a family of polypeptides which retain the
immunoglobulin fold characteristic of antibody
molecules, which contains two b sheets and, usually, a
conserved disulphide bond. Members of the
immunoglobulin superfamily are involved in many
aspects of cellular and non-cellular interactions in
vivo, including widespread roles in the immune system
(for example, antibodies, T-cell receptor molecules
and the like), involvement in cell adhesion (for
example the ICAM molecules) and intracellular
signalling (for example, receptor molecules, such as
the PDGF receptor). The present invention is
applicable to all immunoglobulin superfamily molecules
which possess binding domains. Preferably, the present
invention relates to antibodies. Combining: Variable
domains according to the invention are combined to
form a group of domains; for example, complementary
domains maybe combined, such as VL domains being
combined with VH domains. Non- complementary domains
may also be combined. Domains may be combined in a
number of ways, involving linkage of the domains by
covalent or non-covalent means. Closed conformation
multi-specific ligand: The phrase describes a
multi-specific ligand as herein defined comprising at
least two epitope binding domains as herein deemed.
The term 'closed conformation' (multi-specific ligand)
means that the epitope binding domains of the ligand
are arranged such that epitope binding by one epitope
binding domain competes with epitope binding by
another epitope binding domain. That is, cognate
epitopes may be bound by each epitope binding domain
individually but not simultaneously. The closed
conformation of the ligand can be achieved using
methods herein described. Antibody: An antibody (for
example IgG, IgM, IgA, IgD or IgE) or fragment (such
as a Fab, F(ab')2, Fv, disulphide linked Fv, scFv,
closed conformation multispecific antibody,
disulphide-linked scFv, diabody) whether derived from
any species naturally producing an antibody, or
created by recombinant DNA technology; whether
isolated from serum, B- cells, hybridomas,
transfectomas, yeast or bacteria). Dual-specific
ligand: A ligand comprising a first immunoglobulin
single variable domain and a second immunoglobulin
single variable domain as herein defined, wherein
thevariable regions are capable of binding to two
different antigens or two epitopes on the same antigen
which are not normally bound by a monospecific
immunoglobulin. For example, the two epitopes may be
on the same hapten, but are not the same epitope or
sufficiently adjacent to be bound by a monospecific
ligand. The dual specific ligands according to the
invention are composed of variable domains which have
different specificities, and do not contain mutually
complementary variable domain pairs which have the
same specificity. Antigen: A molecule that is bound by
a ligand according to the present invention.
Typically, antigens are bound by antibody ligands and
are capable of raising an antibody response in vivo.
It may be a polypeptide, protein, nucleic acid or
other molecule. Generally, the dual specific ligands
according to the invention are selected for target
specificity against a particular antigen. In the case
of conventional antibodies and fragments thereof, the
antibody binding site defined by the variable loops
(Ll, L2, L3 and Hl, H2, H3) is capable of binding to
the antigen. Epitope: A unit of structure
conventionally bound by an immunoglobulin VH/VL pair.
Epitopes define the minimum binding site for an
antibody, and thus represent the target of specifcity
of an antibody. In the case of a single domain
antibody, an epitope represents the unit of structure
bound by a variable domain in isolation. Generic
ligand: A ligand that binds to all members of a
repertoire. Generally, not bound through the antigen
binding site as defined above. Non-limiting examples
include protein A, protein L and protein G. Selecting:
Derived by screening, or derived by a Darwinian
selection process, in which binding interactions are
made between a domain and the antigen or epitope or
between an antibody and an antigen or epitope. Thus a
first variable domain may be selected for binding to
an antigen or epitope in the presence or in the
absence of a complementary variable domain. Universal
framework: A single antibody framework sequence
corresponding to the regions of an antibody conserved
in sequence as defined by Kabat ("Sequences of 



Proteins of Immunological Interest", US Department of
Health and Human Services) orcorresponding to the
human germline immunoglobulin repertoire or structure
as defined by Chothia and Lesk, (1987) J . MoI. Biol.
196:910-917. The invention provides for the use of a
single framework, or a set of such frameworks, which
has been found to permit the derivation of virtually
any binding specificity though variation in the
hypervariable regions alone. Homogeneous immunoassay:
An immunoassay in which analyte is detected without
need for a step of separating bound and un-bound
reagents. Substantially identical (or "substantially
homologous"): A first amino acid or nucleotide
sequence that contains a sufficient number of
identical or equivalent (e.g., with a similar side
chain, e.g., conserved amino acid substitutions) amino
acid residues or nucleotides to a second amino acid or
nucleotide sequence such that the first and second
amino acid or nucleotide sequences have similar
activities. In the case of antibodies, the second
antibody has the same binding specificity and has at
least 50% of the affinity of the same. A "domain
antibody" or "dAb" is equivalent to a "single
immunoglobulin variable domain polypeptide" or a
"single domain antibody polypeptide" as the term is
used herein. As used herein, the phrase "specifically
binds" refers to the binding of an antigen by an
immunoglobulin variable domain with a dissociation
constant (Kd) of 1 mM or lower as measured by surface
plasmon resonance analysis using, for example, a
BIAcore(tm) surface plasmon resonance system and
BIAcore(tm) kinetic evaluation software (e.g., version
2.1). The affinity or K for a specific binding
interaction is preferably about 500 nM or lower, more
preferably about 300 nM or lower. As used herein, the
term "high affinity binding" refers to binding with a
K of less than or equal to 10O nM. As used herein, the
phrase "human single domain antibody polypeptide"
refers to a polypeptide having a sequence derived from
a human germline immunoglobulin V region. A sequence
is "derived from a human germline V region" when the
sequence is either isolated from a human individual,
isolated from a library of cloned human antibody
genesequences (or a library of human antibody V region
gene sequences), or when a cloned human germline V
region sequence was used to generate one or more
diversified sequences (by random or targeted
mutagenesis) that were then selected for binding to a
desired target antigen. At a minimum, a human
immunoglobulin variable domain has at least 85% amino
acid similarity (including, for example, 87%, 90%,
93%, 95%, 97%, 99% or higher similarity) to a
naturally-occurring human immunoglobulin variable
domain sequence. Alternatively, or in addition, "a
human immunoglobulin variable domain" is a variable
domain that comprises four human immunoglobulin
variable domain framework regions (W1-FW4), as
framework regions are set forth by Kabat et al. (1991,
supra). The "human immunoglobulin variable domain
framework regions" encompass a) an amino acid sequence
of a human framework region, and b) a framework region
that comprises at least 8 contiguous amino acids of
the amino acid sequence of a human framework region. A
human immunoglobulin variable domain can comprise
amino acid sequences of FWl- FW4 that are the same as
the amino acid sequences of corresponding framework
regions encoded by a human germline antibody gene
segment, or it can also comprise a variable domain in
which FW1-FW4 sequences collectively contain up to 10
amino acid sequence differences, up to 9 amino acid
sequence differences, up to 8 amino acid sequence
differences, up to 7 amino acid sequence differences,
up to 6 amino acid sequence differences, up to 5 amino
acid sequence differences, up to 4 amino acid sequence
differences, up to 3 amino acid sequence differences,
up to 2 amino acid sequence differences, or up to 1
amino acid sequence differences, relative to the amino
acid sequences of corresponding framework regions
encoded by a human germline antibody gene segment. A
"human immunoglobulin variable domain" as defined
herein has the capacity to specifically bind an
antigen on its own, whether the variable domain is
present as a single immunoglobulin variable domain
alone, or as a single immunoglobulin variable domain
in association with one or more additional polypeptide
sequences. A "human immunoglobulin variable domain" as
the term is used herein does not encompass a
"humanized" immunoglobulin polypeptide, i.e., a
non-human (e.g., mouse, camel, etc.)immunoglobulin
that has been modified in the constant regions to
render it less immunogenic in humans. As used herein,
the phrase "sequence characteristic of immunoglobulin
variable domains" refers to an amino acid sequence
that is homologous, over 20 or more, 25 or more, 30 or
more, 35 or more, 40 or more, 45 or more, or even 50
or more contiguous amino acids, to a sequence
comprised by an immunoglobulin variable domain
sequence. As used herein, the term "bi-valent" means
that an antigen-binding antibody polypeptide has two
antigen-specific binding sites. The epitopes
recognized by the antigen-binding sites can be the
same or different. When the antibody polypeptide binds
two different epitopes (present on different antigens,
or, alternatively, on the same antigen) via the
respective two antigen-specific binding sites, the
antibody polypeptide is termed "dualspecific." As used
herein the term "tetravalent" means that an
antigen-binding polypeptide has four antigen-specific
binding sites. The epitopes recognized by the
antigen-binding sites can be the same or different. A
"dual-specific" tetravalent antibody polypeptide has
two binding sites for one epitope or antigen and two
binding sites for a different epitope or antigen. As
used herein, a "tetravalent, dual-specific
antigen-binding polypeptide construct" has a structure
analogous to a naturally occurring IgG, in that it has
two antigen-binding arms joined by heavy and light
chain constant domains. However, unlike
naturally-occurring IgG, each arm has two
antigen-binding domains, one specific for a first
antigen and one specific for a second antigen. In the
tetravalent, dual-specific antigen-binding polypeptide
constructs described herein, each of the
antigen-binding domains is a single domain antibody,
i.e., the antigen-binding domains do not pair together
to form a single binding site, e.g., as in scFvs. As
used herein, the term "IgG format" refers to an
artificial antigen-binding polypeptide with a
structure analogous to a naturally-occurring IgG in
that the construct has two antigen-binding arms joined
by heavy and light chain constant domains that
associate with each other. As described herein, an
antigen-binding polypeptide in the IgG format
iscomprised of four polypeptide chains: two copies of
a first fusion protein comprising a single-domain
antibody polypeptide that binds a first antigen or
epitope, fused to an IgG heavy chain constant domain
(e.g., one comprising CH 1-CH2-C H3); and two copies
of a second fusion protein comprising a single domain
antibody polypeptide that binds a second antigen,
fused to a light chain constant domain (e.g., Ccor Ck)
. hi this format, when co-expressed in a cell, the
heavy chain constant domains disulfide bond to each
other, and each of these heavy chain constant domains
also disulfide bonds to a light chain constant domain.
Antigen-binding polypeptides in the IgG format are
tetravalent as the term is used herein; the single
domain antibodies fused to the constant domains can be
selected to bind different antigens (e.g., dAbl, fused
to heavy chain constant domain, binds one antigen,
dAb2, fused to light chain constant domain binds
another antigen), different epitopes on the same
antigen (e.g., dAbl, fused to heavy chain constant
domain, binds one epitope on an antigen, dAb2, fused
to light chain constant domain binds another epitpoe
on the same antigen), or, alternatively, all four can
bind the same epitope on the same antigen (dAbl and
dAb2 bind the same epitope on the same antigen). As
used herein, the term "Fab format" refers to a
bi-valent antibody polypeptide construct in which one
single-domain antibody is fused to a light chain
constant domain CL (e.g., Cx or Ck), another single
domain antibody is fused to a heavy chain CHI constant
domain, and the respective C I and CL constant domains
are disulfide bonded to each other. The single domain
antibodies can be selected to bind different antigens
(generating a dualspecific Fab format), different
epitopes on the same antigen (also dual-specific) or
the same epitope on the same antigen. An example of a
Fab format dual-specific antibody polypeptide
comprises, e.g., an anti-TNF-a single domain antibody
described herein, fused, for example, to a C light
chain, and an anti-VEGF single domain antibody as
described herein, fused to human heavy chain CHI
constant domain, wherein the two fusion proteins are
disulfide bonded to each other via their respective
constant domains. In antibody polypeptide constructs
of this format, the antigen-binding domains do not
pair together to form a single binding site, e.g., as
in scFvs; rather, each single domain antibody can bind
antigen on its own, making the construct bi-valent.By
"rheumatoid arthritis" (RA) is meant a disease which
involves inflammation in the lining of the joints
and/or other internal organs. RA typically affects
many different joints. It is typically chronic, and
can be a disease of flare-ups. RA is a systemic
disease that affects the entire body and is one of the
most common forms of arthritis. It is characterized by
the inflammation of the membrane lining the joint,
which causes pain, stiffness, warmth, redness and
swelling. The inflamed joint lining, the synovium, can
invade and damage bone and cartilage. Inflammatory
cells release enzymes that may digest bone and
cartilage. The involved joint can lose its shape and
alignment, resulting in pain and loss of movement.
Symptoms include inflammation of joints, swelling,
difficulty moving and pain. Other symptoms include
loss of appetite, fever, loss of energy, anemia. Other
features include lumps (rheumatoid nodules) under the
skin in areas subject to pressure (e.g., back of
elbows). Rheumatoid arthritis is clinically scored on
the basis of several clinically accepted scales, such
as those described in U.S. 5,698,195, which is
incorporated herein by reference. Briefly, clinical
response studies can assess the following parameters:
1. Number of tender joints and assessment of
pain/tenderness The following scoring is used: O=No
pain/tenderness I=MiId pain. The patient says it is
tender upon questioning. 2=Moderate pain. The patient
says it is tender and winces. 3=Severe pain. The
patient says it is tender and winces and withdraws. 2.
Number of swollen joints Both tenderness and swelling
are evaluated for each joint separately. 3. Duration
of morning stiffness (in minutes) 4. Grip strength 5.
Visual analog pain scale (0-10 cm) 6. Patients and
blinded evaluators are asked to assess the clinical
response to the drug. Clinical response is assessed
using a subjective scoring system as
follows:5=Excellent response (best possible
anticipated response) 4=Good response (less than best
possible anticipated response) 3=Fair response
(definite improvement but could be better) 2=No
response (no effect) l=Worsening (disease worse) The
cause of rheumatoid arthritis is not yet known.
However, it is known that RA is an autoimmune disease,
resulting in the immune system attacking healthy joint
tissue and causing inflammation and subsequent joint
damage. Many people with RA have a certain genetic
marker called HLA-DR4. As used herein, the phrase
"TNF-a related disorder" refers to a disease or
disorder in which the administration of an agent that
neutralizes or antagonizes the function of TNF- a is
effective, alone or in conjunction with one or more
additional agents or treatments, to treat such
disorder as the term "treatment" is defined herein. As
used herein, the terms "treating" or "treatment" refer
to a prevention of the onset of disease or a symptom
of disease, inhibition of the progression of a disease
or a symptom of a disease, or the reversal of disease
or a disease symptom. As used herein, the phrase
"prevention of the onset of disease" means that one or
more symptoms or measurable parameters of a given
disease, e.g., rheumatoid arthritis, does not occur in
an individual predisposed to such disease. As used
herein, the phrase "inhibition of the progression of
disease" means that treatment with an agent either
halts or slows the increase in severity of symptoms of
a disease which has already manifested itself in the
individual being treated, relative to progression in
the absence of such treatment. As used herein, the
phrase "reversal of disease" means that one or more
symptoms or measurable parameters of disease improves
following administration of an agent, relative to that
symptom or parameter prior to such administration. An
"improvement" in a symptom or measurable parameter is
evidenced by a statistically significant, but
preferably at least a 10%, favorable difference in
such a measurable parameter.Measurable parameters can
include, for example, both those that are directly
measurable as well as those that are indirectly
measurable. Non-limiting examples of directly
measurable parameters include joint size, joint
mobility, arthritic and histopathological scores or
indicia and serum levels of an indicator, such as a
cytokine. Indirectly measurable parameters include,
for example, patient perception of discomfort or lack
of mobility or a clinically accepted scale for rating
disease severity. As used herein, an "increase" in a
parameter, e.g., an arthritic score or other
measurable parameter, refers to a statistically
significant increase in that parameter. Alternatively,
an "increase" refers to at least a 10% increase.
Similarly, a "decrease" in such a parameter refers to
a statistically significant decrease in the parameter,
or alternatively, to at least a 10% reduction. As used
herein, the term "antagonizes" means that an agent
interferes with an activity. Where the activity is
that of, for example, TNF-a, VEGF or another
biologically active molecule or cytokine, the term
encompasses inhibition (by at least 10%) of an
activity of that molecule or cytokine, including as
non-limiting examples, binding to or interaction with
a receptor (in vitro or on a cell surface in culture
or in vivo), intracellular signaling, cytotoxicity,
mitogenesis, or other downstream effect or process
(e.g., gene activation) mediated by that molecule or
cytokine. Antagonism encompasses interference with
receptor binding by the factor, e.g., TNF, VEGF5 etc.,
as well as interference with the activity of the
factor when the factor is bound to a cell-surface
receptor. As used herein, the term "greater than or
equal to" means that a value is either equal to
another or is greater than that value in a
statistically significant manner (p <0.1, preferably
p<0.05, more preferably p<0.01). Where efficacy of a
composition is compared to that of another composition
in, for example, disease treatment or antagonism of
receptor binding, the comparison should be made on an
equimolar basis. As used herein, "linked" refers to
the attachment of a polymer moiety, such as PEG to an
amino acid residue of an antibody polypeptide, e.g., a
single domain antibody as described herein. Attachment
of a PEG polymer to an amino acid residue of an
antibody polypeptide, such as a single domain
antibody, is referred to as "PEGylation" and may
beachieved using several PEG attachment moieties
including, but not limited to Nhydroxylsuccinimide
(NHS) active ester, succinimidyl propionate (SPA),
maleimide (MAL), vinyl sulfone (VS), or thiol. A PEG
polymer, or other polymer, can be linked to an
antibody polypeptide at either a predetermined
position, or may be randomly linked to the antibody
molecule. It is preferred, however, that the PEG
polymer be linked to an antibody polypeptide at a
predetermined position. A PEG polymer may be linked to
any residue in an antibody polypeptide, however, it is
preferable that the polymer is linked to either a
lysine or cyseine, which is either naturally occurring
in an antibody polypeptide, or which has been
engineered into an antibody polypeptide, for example,
by mutagenesis of a naturally occurring residue in an
antibody polypeptide to either a cysteine or lysine.
As used herein, "linked" can also refer to the
association of two or more antibody single variable
domain monomers to form a dimer, trimer, tetramer, or
other multimer. dAb monomers can be linked to form a
multimer by several methods known in the art
including, but not limited to expression of the dAb
monomers as a fusion protein, linkage of two or more
monomers via a peptide linker between monomers, or by
chemically joining monomers after translation either
to each other directly or through a linker by
disulfide bonds, or by linkage to a di-, tri- or
multivalent linking moiety (e.g., a multi-arm PEG). As
used herein, the phrase "directly linked" with respect
to a polymer "directly linked" to an antibody
polypeptide, e.g., a single variable domain
polypeptide, refers to a situation in which the
polymer is attached to a residue which naturally part
of the variable domain, e.g., not contained within a
constant region, hinge region, or linker peptide.
Conversely, as used herein, the phrase "indirectly
linked" to an antibody polypeptide refers to a linkage
of a polymer molecule to an antibody single variable
domain wherein the polymer is not attached to an amino
acid residue which is part of the naturally occurring
variable region (e.g., can be attached to a hinge
region). A polymer is "indirectly linked" if it is
linked to the antibody polypeptide via a linking
peptide, that is the polymer is not attached to an
amino acid residue which is a part of the antibody
itself. Alternatively a polymer is "indirectly linked"
to an antibody polypeptide if it is linked to a
C-terminal hinge region of the polypeptide, or
attached to any residues of a constant region which
may be present as part of the antibody polypeptide.As
used herein, the terms "homology" or "similarity"
refer to the degree with which two nucleotide or amino
acid sequences structurally resemble each other. As
used herein, sequence "similarity" is a measure of the
degree to which amino acid sequences share similar
amino acid residues at corresponding positions in an
alignment of the sequences. Amino acids are similar to
each other where their side chains are similar.
Specifically, "similarity" encompasses amino acids
that are conservative substitutes for each other. A
"conservative" substitution is any substitution that
has a positive score in the blosum62 substitution
matrix (Hentikoff and Hentikoff, 1992, Proc. Natl.
Acad. Sci. USA 89: 10915-10919). By the statement
"sequence A is n% similar to sequence B" is meant that
n% of the positions of an optimal global alignment
between sequences A and B consists of identical amino
acids or conservative substitutions. Optimal global
alignments can be performed using the following
parameters in the Needleman-Wunsch alignment
algorithm: For polypeptides: Substitution matrix:
blosum62. Gap scoring function: -A -B*LG, where A=I 1
(the gap penalty), B=I (the gap length penalty) and LG
is the length of the gap. For nucleotide sequences:
Substitution matrix: 10 for matches, 0 for mismatches.
Gap scoring function: -A -B*LG where A=50 (the gap
penalty), B=3 (the gap length penalty) and LG is the
length of the gap. Typical conservative substitutions
are among Met, VaI, Leu and lie; among Ser and Thr;
among the residues Asp, GIu and Asn; among the
residues GIn, Lys and Arg; or aromatic residues Phe
and Tyr. As used herein, two sequences are
"homologous" or "similar" to each other where they
have at least 85% sequence similarity to each other
when aligned using either the Needleman-Wunsch
algorithm or the "BLAST 2 sequences" algorithm
described byTatusova & Madden, 1999, FEMS Microbiol
Lett. 174:247-250. Where amino acid sequences are
aligned using the "BLAST 2 sequences algorithm," the
Blosum 62 matrix is the default matrix. "Identity," as
known in the art, is a relationship between two or
more polypeptide sequences or two or more
polynucleotide sequences, as determined by comparing
the sequences. In the art, "identity" also means the
degree of sequence relatedness between polypeptide or
polynucleotide sequences, as the case may be, as
determined by the match between strings of such
sequences. Percentage identity can be readily
calculated by known methods, including but not limited
to those described in (Computational Molecular
Biology, Lesk, A. M., ed., Oxford University Press,
New York, 1988; Biocomputing: Informatics and Genome
Projects, Smith, D. W., ed., Academic Press, New York,
1993; Computer Analysis of Sequence Data, Part I,
Griffin, A. M., and Griffin, H. G., eds., Humana
Press, New Jersey, 1994; Sequence Analysis in
Molecular Biology, von Heinje, G., Academic Press,
1987; and Sequence Analysis Primer, Gribskov, M. and
Devereux, J., eds., M Stockton Press, New York, 1991;
and Carillo, H., and Lipman, D., SIAM J. 



Applied Math., 48: 1073 (1988). Preferred methods to
determine identity are designed to give the largest
match between the sequences tested. Methods to
determine identity are codified in publicly available
computer programs. Preferred computer program methods
to determine percentage identity between two sequences
include, but are not limited to, the GCG program
package (Devereux, J., et al., Nucleic Acids Research
12(1): 387 (1984)), BLASTP, BLASTN, and FASTA
(Atschul, S. F. et al., J. Molec. Biol. 215: 403- 410
(1990). The BLAST X program is publicly available from
NCBI and other sources (BLAST Manual, Altschul, S., et
al., NCBI NLM NIH Bethesda, Md. 20894; Altschul, S.,
et al., J. MoI. Biol. 215: 403-410 (1990). As an
illustration, by a polynucleotide having a nucleotide
sequence having at least, for example, 95% "identity"
to a reference nucleotide sequence of "SEQ ID NO: A"
it is intended that the nucleotide sequence of the
polynucleotide is identical to the reference sequence
except that the polynucleotide sequence may include up
to five point mutations per each 100 nucleotides of
the reference nucleotide sequence of "SEQ ID NO: A."
In other words, to obtain a polynucleotide having a
nucleotide sequence at least 95% identical to a
reference nucleotide sequence, up to 5% of the
nucleotides in the reference sequence may be deleted
or substituted withanother nucleotide, or a number of
nucleotides up to 5% of the total nucleotides in the
reference sequence may be inserted into the reference
sequence. These mutations of the reference sequence
may occur at the 5 or 3 terminal positions of the
reference nucleotide sequence or anywhere between
those terminal positions, interspersed either
individually among nucleotides in the reference
sequence or in one or more contiguous groups within
the reference sequence. Analogously, by a polypeptide
having an amino acid sequence having at least, for
example, 95% identity to a reference amino acid
sequence of "SEQ ID NO:B" is intended that the amino
acid sequence of the polypeptide is identical to the
reference sequence except that the polypeptide
sequence may include up to five amino acid alterations
per each 100 amino acids of the reference amino acid
of "SEQ ID NO: B." In other words, to obtain a
polypeptide having an amino acid sequence at least 95%
identical to a reference amino acid sequence, up to 5%
of the amino acid residues in the reference sequence
may be deleted or substituted with another amino acid,
or a number of amino acids up to 5% of the total amino
acid residues in the reference sequence may be
inserted into the reference sequence. These
alterations of the reference sequence may occur at the
amino or carboxy terminal positions of the reference
amino acid sequence or anywhere between those terminal
positions, interspersed either individually among
residues in the reference sequence or in one or more
contiguous groups within the reference sequence. As
used herein, the terms "low stringency," "medium
stringency," "high stringency," or "very high
stringency conditions" describe conditions for nucleic
acid hybridization and washing. Guidance for
performing hybridization reactions can be found in
Current Protocols in Molecular Biology, John Wiley &
Sons, N.Y. (1989), 6.3.1-6.3.6, which is incorporated
herein by reference in its entirety. Aqueous and
nonaqueous methods are described in that reference and
either can be used. Specific hybridization conditions
referred to herein are as follows: (1) low stringency
hybridization conditions in 6X sodium chloride/sodium
citrate (SSC) at about 450C, followed by two washes in
0.2X SSC, 0.1% SDS at least at 500C (thejemperature of
the washes can be increased to 550C for low stringency
conditions); (2) medium stringency hybridization
conditions in 6X SSC at about 45C, followed by one or
more washes in 0.2X SSC, 0.1% SDS at 600C; (3) high
stringency hybridization conditions in 6X SSC at about
450C, followed by one ormore washes in 0.2X SSC, 0.1%
SDS at 650C; and preferably (4) very high stringency
hybridization conditions are 0.5M sodium phosphate, 7%
SDS at 65C, followed by one or more washes at 0.2X
SSC, 1% SDS at 65C. As used herein, the phrase "at a
concentration of means that a given polypeptide is
dissolved in solution (preferably aqueous solution) at
the recited mass or molar amount per unit volume. A
polypeptide that is present "at a concentration of X"
or "at a concentration of at least X" is therefore
exclusive of both dried and crystallized preparations
of a polypeptide. As used herein, the term
"repertoire" refers to a collection of diverse
variants, for example polypeptide variants which
differ in their primary sequence. A library used in
the present invention will encompass a repertoire of
polypeptides comprising at least 1000 members. As used
herein, the term "library" refers to a mixture of
heterogeneous polypeptides or nucleic acids. The
library is composed of members, each of which have a
single polypeptide or nucleic acid sequence. To this
extent, library is synonymous with repertoire.
Sequence differences between library members are
responsible for the diversity present in the library.
The library may take the form of a simple mixture of
polypeptides or nucleic acids, or may be in the form
of organisms or cells, for example bacteria, viruses,
animal or plant cells and the like, transformed with a
library of nucleic acids. Preferably, each individual
organism or cell contains only one or a limited number
of library members. Advantageously, the nucleic acids
are incorporated into expression vectors, in order to
allow expression of the polypeptides encoded by the
nucleic acids. In a preferred aspect, therefore, a
library may take the form of a population of host
organisms, each organism containing one or more copies
of an expression vector containing a single member of
the library in nucleic acid form which can be
expressed to produce its corresponding polypeptide
member. Thus, the population of host organisms has the
potential to encode a large repertoire of genetically
diverse polypeptide variants. As used herein,
"polymer" refers to a macromolecule made up of
repeating monomeric units, and can refers to
asynthetic or naturally occurring polymer such as an
optionally substituted straight or branched chain
polyalkylene, polyalkenylene, or
polyoxyalkylenepolymer or a branched or unbranched
polysaccharide. A "polymer" as used herein,
specifcally refers to an optionally substituted or
branched chain poly(ethylene glycol), poly(propylene
glycol), or polyvinyl alcohol) and derivatives
thereof. As used herein, "PEG" or "PEG polymer" refers
to polyethylene glycol, and more specifically can
refer to a derivitized form of PEG, including, but not
limited toNhydroxylsuccinimide (NHS) active esters of
PEG such as succinimidyl propionate, benzotriazole
active esters, PEG derivatized with maleimide, vinyl
sulfones, or thiol groups. Particular PEG formulations
can include PEG-O-CH 2CH2CH2-CO 2-NHS; PEG- 0-CH
2-NHS; PEG-O-CH 2CH2-CO 2-NHS; PEG-S-CH 2CH2-CO-NHS;
PEG-O2CNHCH( R)-CO2-NHS; PEG-NHCO-CH 2CH2-CO-NHS; and
PEG-O-CH2-CO2-NHS; where R is (CH2)4)NHCO2(mPEG). PEG
polymers useful in the invention may be linear
molecules, or may be branched wherein multiple PEG
moieties are present in a single polymer. Some
particularly preferred PEG conformations that are
useful in the invention include, but are not limited
to the following: mPEG-MAL mPEG2-MAL ;As used herein,
a "sulfhydryl-selective reagent" is a reagent which is
useful for the attachment of a PEG polymer to a
thiol-containing amino acid. Thiol groups on the amino
acid residue cysteine are particularly useful for
interaction with a sulfhydrylselective reagent.
Sulfhydryl-selective reagents which are useful in the
invention include, but are not limited to maleimide,
vinyl sulfone, and thiol. The use of
sulfhydryl-selective reagents for coupling to cysteine
residues is known in the art and may be adapted as
needed according to the present invention (See Eg.,
Zalipsky, 1995, Bioconjug. Chem.6:150; Greenwald et
al., 2000, Crit. Rev. Ther. Drug Carrier Syst. 17:101;
Herman et al., 1994, Macromol Chem. Phys. 195:203). As
used herein, the term "antigen" refers to a molecule
that is bound by an antibody or a binding region
(e.g., a variable domain) of an antibody. Typically,
antigens are capable of raising an antibody response
in vivo. An antigen can be a peptide, polypeptide,
protein, nucleic acid, lipid, carbohydrate, or other
molecule. Generally, an immunoglobulin variable domain
is selected for target specificity against a
particular antigen. As used herein, the term "epitope"
refers to a unit of structure conventionally bound by
an immunoglobulin VH/VL pair. Epitopes define the
minimum binding site for an antibody, and thus
represent the target of specificity of an antibody. In
the case of a single domain antibody, an epitope
represents the unit of structure bound by a variable
domain in isolation. As used herein, the term
"neutralizing," when used in reference to a single
immunoglobulin variable domain polypeptide as
described herein, means that the polypeptide
interferes with a measurable activity or function of
the target antigen. A polypeptide is a "neutralizing"
polypeptide if it reduces a measurable activity or
function of the target antigen by at least 50%, and
preferably at least 60%, 70%, 80%, 90%, 95% or more,
up to and including 100% inhibition (i.e., no
detectable effect or function of the target antigen).
This reduction of a measurable activity or function of
the target antigen can be assessed by one of skill in
the art using standard methods of measuring one or
more indicators of such activity or function. As an
example, where the target is TNF-a, neutralizing
activity can be assessed using a standard L929 cell
killing assay or by measuring the ability of a single
immunoglobulin variable domain to inhibit TNF-a-
induced expression of ELAM-I on HUVEC, which measures
TNF-a-induced cellular activation. Analogous to
"neutralizing" as used herein, "inhibit cell
cytotoxicity" as used herein refers to a decrease in
cell death as measured, for example, using a standard
L929 cell killing assay, wherein cell cytotoxicity is
inhibited were cell death is reduced by at least 10%
or more.As used herein, a "measurable activity or
function of a target antigen" includes, but is not
limited to, for example, cell signaling, enzymatic
activity, binding activity, liganddependent
internalization, cell killing, cell activation,
promotion of cell survival, and gene expression. One
of skill in the art can perform assays that measure
such activities for a given target antigen.
Preferably, "activity", as used herein, is defined by
(1) ND50 in a cell-based assay; (2) affinity for a
target ligand, (3) ELISA binding, or (4) a receptor
binding assay. Methods for performing these tests are
known to those of skill in the art and are described
in further detail herein below. As used herein,
"retains activity" refers to a level of activity of
the PEG-linked antibody polypeptide, e.g., a single
variable domain, which is at least 10% of the level of
activity of a non-PEG-linked antibody polypeptide,
preferably at least 20%, 30%, 40%, 50%, 60%, 70%, 80%
and up to 90%, preferably up to 95%, 98%, and up to
100% of the activity of a non-PEG-linked antibody
polypeptide of the same sequence, wherein activity is
determined as described herein. More specifically, the
activity of a PEG-linked antibody polypeptide compared
to a non-PEG linked antibody polypeptide should be
determined on an antibody molar basis; that is
equivalent numbers of moles of each of the PEGlinked
and non-PEG-linked antibody polypeptides should be
used in each trial. In determining whether a
particular PEG-linked antibody polypeptide "retains
activity", it is preferred that the activity of a
PEG-linked antibody polypeptide be compared with the
activity of the same antibody polypeptide in the
absence of PEG. As used herein, the terms "homodimer,"
"homotrimer", "homotetramer", and "homomultimer" refer
to molecules comprising two, three or more (e.g.,
four, five, etc.) monomers of a given single
immunoglobulin variable domain polypeptide sequence,
respectively. For example, a homodimer would include
two, copies of the same VH sequence. A "monomer" of a
single immunoglobulin variable domain polypeptide is a
single VH or VL sequence that specifically binds
antigen. The monomers in a homodimer, homotrimer,
homotetramer, or homomultimer can be linked either by
expression as a fusion polypeptide, e.g., with a
peptide linker between monomers, or, by chemically
joining monomers after translation either to each
other directly or through a linker by disulfide bonds,
or by linkage to a di-, tri- or multivalent linking
moiety. In one embodiment, the monomers in a
homodimer, trimer, tetramer, or multimer can be
linkedby a multi-arm PEG polymer, wherein each monomer
of the dimer, trimer, tetramer, or multimer is linked
as described above to a PEG moiety of the multi-arm
PEG. As used herein, the terms "heterodimer,"
"heterotrimer", "heterotetramer", and "heteromultimer"
refer to molecules comprising two, three or more
(e.g., four, five, six, seven and up to eight or more)
monomers of two or more different single
immunoglobulin variable domain polypeptide sequence,
respectively. For example, a heterodimer would include
two VH sequences, such as Vm and VH2, or may
alternatively include a combination of VH and VL.
Similar to a homodimer, trimer, or tetramer, the
monomers in a heterodimer, heterotrimer,
heterotetramer, or heteromultimer can be linked either
by expression as a fusion polypeptide, e.g., with a
peptide linker between monomers, or, by chemically
joining monomers after translation either to each
other directly or through a linker by disulfide bonds,
or by linkage to a di-, tri- or multivalent linking
moiety. In one embodiment, the monomers in a
heterodimer, trimer, tetramer, or multimer can be
linked by a multi-arm PEG polymer, wherein each
monomer of the dimer, trimer, tetramer, or multimer is
linked as described above to a PEG moiety of the
multi-arm PEG. As used herein, the term "half-life"
refers to the time taken for the serum concentration
of a ligand (e.g., an antibody polypeptide, such as a
single immunoglobulin variable domain) to reduce by
50%, in vivo, for example due to degradation of the
ligand and/or clearance or sequestration of the ligand
by natural mechanisms. The antibody polypeptides are
stabilised in vivo and their half-life increased by
binding to molecules which resist degradation and/or
clearance or sequestration, such as PEG. The half-life
of an antibody polypeptide, e.g., a dAb) is increased
if its functional activity persists, in vivo, for a
longer period than a similar dAb which is not linked
to a PEG polymer. Typically, the half life of a
PEGylated dAb is increased by 10%, 20%, 30%, 40%, 50%
or more relative to a non-PEGylated dAb. Increases in
the range of 2x, 3x, 4x, 5x, 10x, 2Ox, 30x, 4Ox, 50x
or more of the half life are possible. Alternatively,
or in addition, increases in the range of up to 30x,
4Ox, 5Ox, 6Ox, 7Ox, 80x, 9Ox, 10Ox, 150x of the half
life are possible. According to the invention, a
PEG-linked antibody single variable domain has a
half-life of between 0.25 and 170 hours, preferably
between 1 and 100 hours, more preferably between 30
and 100 hours, and still more preferably between 50
and 100 hours, and up to 170, 180, 190, and 200 hours
or more.As used herein, "resistant to degradation" or
"resists degradation" when used with respect to a PEG
or other polymer linked dAb monomer or multimer means
that the PEG- or other polymer-linked dAb monomer or
multimer is degraded by no more than 10% when exposed
to pepsin at pH 2.0 for 30 minutes and preferably not
degraded at all. With specific reference to a PEG- or
other polymer-linked dAb multimer (e.g., hetero- or
homodimer, trinier, tetramer, etc) a molecule that is
resistant to degradation is degraded by less than 5%,
and is preferably not degraded at all in the presence
of pepsin at pH 2.0 for 30 minutes. As used herein,
"hydrodynamic size" refers to the apparent size of a
molecule (e.g., a protein molecule) based on the
diffusion of the molecule through an aqueous solution.
The diffusion, or motion of a protein through solution
can be processed to derive an apparent size of the
protein, where the size is given by the "Stokes
radius" or "hydrodynamic radius" of the protein
particle. The "hydrodynamic size" of a protein depends
on both mass and shape (conformation), such that two
proteins having the same molecular mass may have
differing hydrodynamic sizes based on the overall
conformation of the protein. The hydrodynamic size of
a PEG-linked antibody polypeptide, e.g., a single
variable domain (including antibody variable domain
multimers as described herein), can be in the range of
24 kDa to 500 kDa; 30 to 500 kDa; 40 to 500 kDa; 50 to
500 kDa; 100 to 500 kDa; 150 to 500 kDa; 200 to 500
kDa; 250 to 500 kDa; 300 to 500 kDa; 350 to 500 kDa;
400 to 500 kDa and 450 to 500 kDa. Preferably the
hydrodynamic size of a PEGylated dAb of the invention
is 30 to 40 kDa; 70 to 80 kDa or 200 to 300 kDa. Where
an antibody variable domain multimer is desired for
use in imaging applications, the multimer should have
a hydrodynamic size of between 50 and 100 kDa.
Alternatively, where an antibody single domain
multimer is desired for therapeutic applications, the
multimer should have a hydrodynamic size of greater
than 200 kDa.BRIEF DESCRIPTION OF THE FIGURES Figure 1
shows the diversification of VH/HSA at positions H50,
H52, H52a, H53, H55, H56, H58, H95, H96, H97, H98 (DVT
or NNK encoded respectively) which are in the antigen
binding site of VH HSA. The sequence of VK is
diversified at positions L50, L53. Amino acid
sequence, SEQ ID NO: 219; nucleotide sequence, top
strand, SEQ ID NO: 220. Figure 2 shows Library 1:
Germline VK/DVT VH; Library 2: Germline VK/NNK VH;
Library 3: Germline VH/DVT VK; Library 4: Germline
VH/NNK VK. In phage display/ScFv format. These
libraries were pre-selected for binding to generic
ligands protein A and protein L so that the majority
of the clones and selected libraries are functional.
Libraries were selected on HSA (first round) and b-gal
(second round) or HSA b-gal selection or on b-gal
(first round) and HSA (second round) b-gal HSA
selection. Soluble scFv from these clones of PCR are
amplified in the sequence. One clone encoding a dual
specific antibody K8 was chosen for further work.
Nucleotide sequence: SEQ IDNO: 221; Amino acid
sequence: SEQ ID NO: 222. Figure 3 shows an alignment
of VH chains and VK chains. VH dummy, SEQ ID NO: 1;
K8, SEQ ID Nos 223 (VH) and 232 (VK); VH2, SEQ ID NO:
224; VH4, SEQ ID NO: 225; VHCl 1, SEQ ID NO: 226;
VHAlOsd, SEQ ID NO: 227; VHAlsd, SEQ ID NO: 228;
VHA5sd, SEQ ID NO: 229; VHC5sd, SEQ ID NO: 230; VHCl
lsd, SEQ ID NO: 231; Vk dummy, SEQ ID NO: 3; E5sd, SEQ
ID NO: 233; C3, SEQ ID NO: 234. Figure 4 shows the
characterization of the binding properties of the K8
antibody, the binding properties of the K8 antibody
characterized by monoclonal phage ELISA, the dual
specific K8 antibody was found to bind HSA and b-gal
and displayed on the surface of the phage with
absorbent signals greater than 1.0. No cross
reactivity with other proteins was detected. Figure 5
shows soluble scFv ELISA performed using known
concentrations of the K8 antibody fragment. A 96-well
plate was coated with lOOmg of HSA, BSA and b-gal at l
Omg/ml and lOOmg/ml of Protein A at lmg/ml
concentration. 50mg of the serial dilutionsof the K8
scFv was applied and the bound antibody fragments were
detected with Protein L-HRP. ELISA results confirm the
dual specific nature of the K8 antibody. Figure 6
shows the binding characteristics of the clone
K8VK/dummy VH analysed using soluble scFv ELISA.
Production of the soluble scFv fragments was induced
by IPTG as described by Harrison et al, Methods
Enzymol. 1996;267:83-109 and the supernatant
containing scFv assayed directly. Soluble scFv ELISA
is performed as described in example 1 and the bound
scFvs were detected with Protein L-HRP. The ELISA
results revealed that this clone was still able to
bind b-gal, whereas binding BSA was abolished. Figure
7 shows the sequence of variable domain vectors 1 and
2. Nucleotide sequence: SEQ ID NO: 221; Amino acid
sequence: SEQ ID NO: 222. Figure 8 is a map of the CH
vector used to construct a VH1/VH2 multipsecific
ligand. Figure 9 is a map of the VK vector used to
construct a VK1/VK2 multispecific ligand. Figure 10
TNF receptor assay comparing TAR1-5 dimer 4, TAR1-5-19
dimer 4 and TARl -5- 19 monomer. Figure 11 TNF
receptor assay comparing TARl -5 dimers 1-6. All
dimers have been FPLC purified and the results for the
optimal dimeric species are shown. Figure 12 TNF
receptor assay of TAR1-5 19 homodimers in different
formats: dAb linker-dAb format with 3U, 5U or 7U
linker, Fab format and cysteine hinge linker format.
Figure 13 Dummy VH sequence for library 1. The
sequence of the VH framework based on germline
sequence DP47 - JH4b. Positions where NNK
randomisation (N=A or T or C or G nucleotides; K = G
or T nucleotides) has been incorporated into library 1
are indicated in bold underlined text. Amino acid
sequence, SEQ ID NO: 1; nucleotide sequence, top
strand, SEQ ID NO: 2. Figure 14 Dummy VH sequence for
library 2. The sequence of the VH framework based on
germline sequence DP47 - JH4b. Positions where NNK
randomization (N=A or T or Cor G nucleotides; K = G or
T nucleotides) has been incorporated into library 2
are indicated in bold underlined text. Amino acid
sequence, SEQ ID NO: 235; nucleotide sequence, top
strand, SEQ ID NO: 236. Figure 15 Dummy VK sequence
for library 3. The sequence of the VK framework 5
based on germline sequence DPK9 - J Kl. Positions
where NNK randomization (N=A or T or C or G
nucleotides; K - G or T nucleotides) has been
incorporated into library 3 are indicated in bold
underlined text. Amino acid sequence, SEQ ID NO: 3;
nucleotide 



sequence, SEQ ID NO: 4. Figure 16 Nucleotide and amino
acid sequence of anti MSA dAbs MSA 16 and MSA 26. MSA
16: Amino acid sequence, SEQ ID NO: 237; nucleotide
sequence, SEQ ID NO: 238. MSA 26: Amino acid sequence,
SEQ ID NO: 239; nucleotide sequence, SEQ ID NO: 240.
Figure 17 Inhibition Biacore of MSA 16 and 26.
Purified dAbs MSAl 6 and MSA26 were analysed by
inhibition biacore to determine Kd. Briefly, the dAbs
were tested to determine the concentration of dAb
required to achieve 200RUs of response on a biacore
CM5 chip coated with a high density of MSA. Once the
required concentrations of dAb had been determined,
MSA antigen at a range of concentrations around the
expected J was premixed with the dAb and incubated
overnight. Binding to the MSA coated biacore chip of
dAb in each of the premixes was then measured at a
high flow-rate of 30ml/minute. Figure 18 Serum levels
of MSA16 following injection. Serum half life of the
dAb MSAl 6 was determined in mouse. MSAl 6 was dosed
as single i.v. injections at approx 1.5mg/kg into CDl
mice. Modelling with a 2 compartment model showed
MSA16 had a tl/2 b of 0.98hr, a tl/2 b of 36. 5hr and
an AUC of 913hr.mg/ml. MSA16 had a considerably
lengthened half life compared with HEL4 (an anti-hen
egg white lysozyme dAb) which had a tl/2 b of 0.06hr
and a tl/2 b of 0.34hr. Figure 19 ELISA (a) and TNF
receptor assay (c) showing inhibition of TNF binding
with a Fab-like fragment comprising MSA26Ck and
TAR1-5-19CH. Addition of MSA with the Fab-like
fragment reduces the level of inhibition. An ELISA
plate coated with lug/ml TNF-a was probed with dual
specific VK CH and VK CK Fab like fragment and
also02553 73 with a control TNF-abinding dAb at a
concentration calculated to give a similar signal on
the ELISA. Both the dual specific and control dAb were
used to probe the ELISA plate in the presence and in
the absence of 2mg/ml MSA. The signal in the dual
specific well was reduced by more than 50% but the
signal in the dAb well was not reduced at all (see
Figure 19a). The same dual specific protein was also
put into the receptor assay with and without MSA and
competition by MSA was also shown (see Figure 19c).
This demonstrates that binding of MSA to the dual
specific is competitive with binding to TNF-a. Figure
20 TNF receptor assay showing inhibitor of TNF binding
with a disulphide bonded heterodimer of TARl-5-19 dAb
and MSAl 6 dAb. Addition of MSA with the dimer reduces
the level of inhibitor in a dose dependent manner. The
TNF receptor assay was conducted in the presence of a
constant concentration of heterodimer (18 nM) and a
dilution series of MSA and HSA. The presence of HSA at
a range of concentrations (up to 2 mg/ml) did not
cause a reduction in the ability of the dimer to
inhibit TNF-a. However, the addition of MSA caused a
dose dependent reduction in the ability of the dimer
to inhibit TNF-a.This demonstrates that MSA and TNF-a
compete for binding to the cys bonded TARl-5-19, MSA16
dimer. MSA and HSA alone did not have an effect on the
TNF binding level in the assay. Figure 21 Shows the
polynucleotide and amino acid sequences of human
germline framework segment DP47 (see also Figure 1).
Amino acid sequence is SEQ ID NO: 1; polynucleotide
sequence of top strand is SEQ ID NO: 2. Figure 22
Shows the polynucleotide and amino acid sequences of
human germline framework segment DPK9. Amino acid
sequence is SEQ ID NO: 3; polynucleotide sequence of
top strand is SEQ ID NO: 4. Figure 23 Shows amino acid
sequences for the TARl clones described herein (see,
e.g., Example 13). TAR1-5, SEQ ID NO: 241; TAR1-27,
SEQ ID NO: 242; TARl -261, SEQ ID NO: 243; TAR1-398,
SEQ ID NO: 244; TAR1-701, SEQ ID NO: 245; TAR1-5-2,
SEQ ID NO: 246; TAR1-5-3, SEQ ID NO: 247; TAR1-5-4,
SEQ ID NO: 248; TAR1-5-7, SEQ ID NO: 249; TARl-5-8,
SEQ ID NO: 250; TARl -5-10, SEQ ID NO: 251; TAR1-5-11,
SEQ ID NO: 252; TAR1-5-12, SEQ ID NO: 253; TAR1-5-13,
SEQ ID NO: 254; TAR1-5-19, SEQ ID NO: 191; TAR1-5-20,
SEQ ID NO: 255; TAR1-5-21, SEQ ID NO: 256; TAR1-5-22,
SEQ ID NO: 257; TARl-5-23, SEQ ID NO: 258; TAR1-5-24,
SEQ ID NO: 259; TAR1-5-25, SEQ ID NO: 260; TAR1-5-26,
SEQ ID NO: 261; TAR1-5-27, SEQ ID NO: 262; TARl -5-28,
SEQ ID NO: 263; TAR1-5-29, SEQ ID NO: 264; TARl- 5-34,
SEQ ID NO: 265; TAR1-5-35, SEQ ID NO: 266; TARl-5-36,
SEQ IDNO: 267; TAR1-5-464, SEQ ID NO: 268; TAR1-5-463,
SEQ ID NO: 269; TAR1-5-460, SEQ ID NO: 270;
TAR1-5-461, SEQ ID NO: 271; TAR1-5-479, SEQ ID NO:
272; TAR1-5-477, SEQ ID NO: 273; TAR1-5-478, SEQ ID
NO: 274; TAR1-5-476, SEQ ID NO: 275; TAR1-5-490, SEQ
ID NO: 276; TARlh-1, SEQ ID NO: 277; TARlh-2, SEQ ID
NO: 278; TARlh-3, SEQ ID NO: 279. Figure 24 Shows a
comparison of serum half lives of TARl-5-19 in either
dAb monomer format or Fc fusion format following a
single intravenous injection. Figure 25 Summarizes the
dosages and timing of dAb constructs administered in a
series of Tgl97 model trials using TARl-5-19. Figure
26 Summarizes the weekly dosages of differing formats
of the TARl-5-19 dAb (Fc fusion, PEGylated,
Anti-TNF/Anti-SA dual specific) used in studies in the
TgI 97 mouse RA model. Figure 27 Summarizes the format
(Fc fusion, PEG dimer, PEG tetramer, Anti-TNF/Anti- SA
dual specific), delivery mode and dosage of anti-TNF
dAb construct administered in a Tg197 mouse RA model
study comparing the efficacy of the anti-TNF dAb
constructs to the efficacy of the current anti-TNF
products. Figure 28 Shows the dosing and scoring
regimen for a study examining the efficacy of anti-TNF
dAbs against established disease symptoms in the Tgl97
mouse RA model. Figure 29 Shows an SDS PAGE gel
analysis for an IgG-like dual specific antibody
comprising a Vk variable domain specific for human
VEGF fused to human IgGl constant domain and a Vk
variable domain specific for human TNF-a fused to
human Ck constant domain. Lane 1: InVitrogen Multimark
MW markers. Lane 2: anti-TNF x anti-VEGFdual specific
antibody in IX non-reducing loading buffer. Lane 3:
anti-TNF x anti-VEGF dual specific antibody in IX
loading buffer with 10 mM b-mercaptoethanol. Figure
30, A and B. Shows the results of assays examining the
inhibitory effects of anti- TNF x anti-VEGF dual
specific antibody in assays of TNF-a activity and VEGF
receptor binding. A. Results of L929 TNF-a
cytotoxicity neutralization assays. Curve showing data
points as squares, control anti-TNF-a antibody. Curve
showing data points as upward-pointing triangles,
anti-TNF x anti-VEGF dual specific antibody. Curve
showing data points as downward-pointing triangles,
anti-TNF-a monomer. B. Results of human VEGF Receptor
2 binding assays. Curve showing data points as
squares, anti-TNF x anti- VEGF dual specific antibody.
Curve showing data points as upward-pointing
triangles, anti-VEGF control. Curve showing data
points as downward-pointing triangles, negative
control.DETAILEDDESCRIPTION Dual-Specific Antibody
Polypeptides: The inventors have described, in their
international patent application WO 2004/003019 a
further improvement in dual specific ligands in which
one specificity of the ligand is directed towards a
protein or polypeptide present in vivo in an organism
which can act to increase the half-life of the ligand
by binding to it. WO 2004/003019 describes a
dualspecific ligand comprising a first immunoglobulin
single variable domain having a binding specificity to
a first antigen or epitope and a second complementary
immunoglobulin single variable domain having a binding
activity to a second antigen or epitope, wherein one
or both of said antigens or epitopes acts to increase
the half-life of the ligand in vivo and wherein said
first and second domains lack mutually complementary
domains which share the same specificity, provided
that said dual specific ligand does not consist of an
anti-HSA VH domain and an anti-p galactosidase VK
domain. Antigens or epitopes which increase the
half-life of a ligand as described herein are
advantageously present on proteins or polypeptides
found in an organism in vivo. Examples include
extracellular matrix proteins, blood proteins, and
proteins present in various tissues in the organism.
The proteins act to reduce the rate of ligand
clearance from the blood, for example by acting as
bulking agents, or by anchoring the ligand to a
desired site of action. Examples of antigens/epitopes
which increase half-life in vivo are given in Annex
1below. Increased half-life is useful in in vivo
applications of immunoglobulins, especially antibodies
and most especially antibody fragments of small size.
Such fragments (Fvs, disulphide bonded Fvs, Fabs,
scFvs, dAbs) suffer from rapid clearance from the
body; thus, whilst they are able to reach most parts
of the body rapidly, and are quick to produce and
easier to handle, their in vivo applications have been
limited by their only brief persistence in vivo. The
invention solves this problem by providing increased
half-life of the ligands in vivo and consequently
longer persistence times in the body of the functional
activity of the ligand.Methods for pharmacokinetic
analysis and determination of ligand half- life will
be familiar to those skilled in the art. Details may
be found in Kenneth, A et al: Chemical Stability of
Pharmaceuticals: A Handbook for Pharmacists and in
Peters et al, Pharmacokinetc analysis: A Practical
Approach (1996). Reference is also made to
"Pharmacokinetics", M Gibaldi & D Perron, published by
Marcel Dekker, 2nd Rev. Edition (1982), which
describes pharmacokinetic parameters such as t alpha
and t beta half lives and area under the curve (AUC).
Half lives (Tl/2 alpha and Tl/2 beta) and AUC can be
determined from a curve of serum concentration of
ligand against time. The WinNonlin analysis package
(available from Pharsight Corp., Mountain View, CA,
USA) can be used, for example, to model the curve. In
a first phase (the alpha phase) the ligand is
undergoing mainly distribution in the patient, with
some elimination. A second phase (beta phase) is the
terminal phase when the ligand has been distributed
and the serum concentration is decreasing as the
ligand is cleared from the patient. The t alpha half
life is the half life of the first phase and the t
beta half life is the half life of the second phase.
Thus, advantageously, the present invention provides a
ligand or a composition comprising a ligand according
to the invention having a tahalf-life in the range of
15 minutes or more. In one embodiment, the lower end
of the range is 30 minutes, 45 minutes, 1 hour, 2
hours, 3 hours, 4 hours, 5 5 hours, 6 hours, 7 hours,
10 hours, 11 hours or 12 hours. In addition, or
alternatively,a ligand or composition according to the
invention will have a ta half life in the range of up
to and including 12 hours. In one embodiment, the
upper end of the range is 11, 10, 9, 8, 7, 6 or 5
hours. An example of a suitable range is 1 to 6 hours,
2 to 5 hours or 3 to 4 hours. Advantageously, the
present invention provides a ligand or a composition
comprising a ligand according to the invention having
a tb half-life in the range of 2.5 hours or more. In
one embodiment, the lower end of the range is 3 hours,
4 hours, 5 hours, 6 hours, 7 hours, 10 hours, 11
hours, or 12 hours. In addition, or alternatively, a
ligand or composition according to the invention has a
tb half-life in the range of up to and including 2 1
days. In one embodiment, the upper end of the range is
12 hours, 24 hours, 2days, 3 days, 5 days, 10 days, 15
days or 20 days. Advantageously a ligand or
composition according to the invention will have a tb
half life in the range 12 to 60 hours. In a further
embodiment, it will be in the range 12 to 48 hours. In
a further embodiment still, it will be in the range 12
to 26 hours. In addition, or alternatively to the
above criteria, the present invention provides a
ligand or a composition comprising a ligand according
to the invention having an AUC value (area under the
curve) in the range of 1 mg.min/ml or more. In one
embodiment, the lower end of the range is 5, 10, 15,
20, 30, 100, 200 or 300mg.min/ml. In addition, or
alternatively, a ligand or composition according to
the invention has an AUC in the range of up to 600
mg.min/ml. m one embodiment, the upper end of the
range is 500, 400, 300, 200, 150, 100, 75 or 50
mg.min/ml. Advantageously a ligand according to the
invention will have a AUC in the range selected from
the group consisting of the following: 15 to 150
mg.min/ml, 15 to 100 mg.min/ml, 15 to 75 mg. min/ml,
and 15 to 50mg.min/ml. In a first embodiment, the dual
specific ligand comprises two complementary variable
domains, i.e. two variable domains that, in their
natural environment, are capable of operating together
as a cognate pair or group even if in the context of
the present invention they bind separately to their
cognate epitopes. For example, the complementary
variable domains may be immunoglobulin heavy chain and
light chain variable domains (VH and VL). VH and VL
domains are advantageously provided by scFv or Fab
antibody fragments. Variable domains may be linked
together to form multivalent ligands by, for example:
provision of a hinge region at the C-terminus of each
V domain and disulphide bonding between cysteines in
the hinge regions; or provision of dAbs each with a
cysteine at the C-terminus of the domain, the
cysteines being disulphide bonded together; or
production of V-CH & V-CL to produce a Fab format; or
use of peptide linkers (for example Gly4Ser linkers
discussed hereinbelow) to produce dimers, trimers and
further multimers. The inventors have found that the
use of complementary variable domains allows the two
domain surfaces to pack together and be sequestered
from the solvent. Furthermore the complementary
domains are able to stabilise each other. In addition,
itallows the creation of dual- specific IgG antibodies
without the disadvantages of hybrid hybridomas as used
in the prior art, or the need to engineer heavy or
light chains at the sub-unit interfaces. The
dual-specific ligands of the first aspect of the
invention have at least one VH/VL pair. A bispecific
IgG according to this invention will therefore
comprise two such pairs, one pair on each arm of the
Y-shaped molecule. Unlike conventional bispecific
antibodies or diabodies, therefore, where the ratio of
chains used is determinative in the success of the
preparation thereof and leads to practical
difficulties, the dual specific ligands of the
invention are free from issues of chain balance. Chain
imbalance in conventional bi specific antibodies
results from the association of two different VL
chains with two different VH chains, where VL chain 1
together with VH chain 1 is able to bind to antigen or
epitope 1 and VH chain 2 together with VH chain 2 is
able to bind to antigen or epitope 2 and the two
correct pairings are in some way linked to one
another. Thus, only when VL chain 1 is paired with VH
chain 1 and VL chain 2 is paired with VH chain 2 in a
single molecule is bi- specificity created. Such
bi-specific molecules can be created in two different
ways. Firstly, they can be created by association of
two existing VH/VL pairings that each bind to a
different antigen or epitope (for example, in a
bi-specific IgG). In this case the VH/VL pairings must
come all together in a 1:1 ratio in order to create a
population of molecules all of which are bi-specific.
This never occurs (even when complementary CH domain
is enhanced by "knobs into holes" engineering) leading
to a mixture of bi-specific molecules and molecules
that are only able to bind to one antigen or epitope
but not the other. The second way of creating a
bi-specific antibody is by the simultaneous
association of two different VH chain with two
different VL chains (for example in a bi-specific
diabody). In this case, although there tends to be a
preference for VL chain 1 to pair with VH chain 1 and
VL chain 2 to pair with VH chain 2 (which can be
enhanced by "knobs into holes" engineering of the VL
and VH domains), this paring is never achieved in all
molecules, leading to a mixed formulation whereby
incorrect pairings occur that are unable to bind to
either antigen or epitope. Bi-specific antibodies
constructed according to the dual-specific ligand
approach according to the first aspect of the present
invention overcome all of these problems because the
binding to antigen or epitope 1 resides within the VH
or VL domain and thending to antigen or epitope 2
resides with the complementary VL or VH domain,
espectively. Since VH and VL domains pair on a 1:1
basis all VH/VL pairings will be biipeciflc and thus
all formats constructed using these VHTVL pairings
(Fv, scFvs, Fabs, ninibodies, IgGs etc) will have 100%
bi-specif c activity. [n the context of the present
invention, first and second "epitopes" are understood
to be epitopes which are not the same and are not
bound by a single monospecific ligand. In the first
configuration of the invention, they are
advantageously on different antigens, one of which
acts to increase the half-life of the ligand in vivo.
Likewise, the first and second antigens are
advantageously not the same. The dual specific ligands
of the invention do not include ligands as described
in WO 02/02773. Thus, the ligands of the present
invention do not comprise complementary VHTVL pairs
which bind any one or more antigens or epitopes
co-operatively. Instead, the ligands according to the
first aspect of the invention comprise a VH/VL
complementary pair, wherein the V domains have
different specificities. Moreover, the ligands
according to the first aspect of the invention
comprise VH/VL complementary pairs having different
specificities for non-structurally related epitopes or
antigens. Structurally related epitopes or antigens
are epitopes or antigens which possess sufficient
structural similarity to be bound by a conventional
VH/VL complementary pair which acts in a co-operative
manner to bind an antigen or epitope, in the case of
structurally related epitopes, the epitopes are
sufficiently similar in structure that they "fit" into
the same binding pocket formed at the antigen binding
site of the VH/VL dimer. In a second aspect, the
present invention provides a ligand comprising a first
immunoglobulin variable domain having a first antigen
or epitope binding specificity and a second
immunoglobulin variable domain having a second antigen
or epitope binding specificity wherein one or both of
said first and second variable domains bind to an
antigen which increases the half-life of the ligand in
vivo, and the variable domains are not complementary
to one another. In one embodiment, binding to one
variable domain modulates the binding of the ligand to
the second variable domain.In this embodiment, the
variable domains may be, for example, pairs of VH
domains or pairs of VL domains. Binding of antigen at
the first site may modulate, such as enhance or
inhibit, binding of an antigen at the second site. For
example, binding at the first site at least partially
inhibits binding of an antigen at a second site. Such
an embodiment, the ligand may for example be
maintained in the body of a subject organism in vivo
through binding to a protein which increases the
half-life of the ligand until such a time as it
becomes bound to the second target antigen and
dissociates from the half-life increasing protein.
Modulation of binding in the above context is achieved
as a consequence of the structural proximity of the
antigen binding sites relative to one another. Such
structural proximity can be achieved by the nature of
the structural components linking the two or more
antigen binding sites, eg by the provision of a ligand
with a relatively rigid structure that holds the
antigen binding sites in close proximity.
Advantageously, the two or more antigen binding sites
are in physically close proximity to one another such
that one site modulates the binding of antigen at
another site by a process which involves steric
hindrance and/or confirmational changes within the
immunoglobulin molecule. The first and the second
antigen binding domains may be associated either
covalently or non-covalently. In the case that the
domains are covalently associated, then the
association may be mediated for example by disulphide
bonds or by a polypeptide linker such as (Gly4Ser)n,
where n = from 1 to 8, eg, 2, 3, 4, 5 or 7. Ligands
according to this aspect of the invention may be
combined into nonimmunoglobulin multi ligand
structures to form multivalent complexes, which bind
target molecules with the same antigen, thereby
providing superior avidity, while at least one
variable domain binds an antigen to increase the half
life of the multimer. For example natural bacterial
receptors such as SpA have been used as scaffolds for
the grafting of CDRs to generate ligands which bind
specifically to one or more epitopes. Details of this
procedure are described in US 5,S3 1,012. Other
suitable scaffolds include those based on fbronectin
and affibodies. Details of suitable procedures are
described in WO 98/58965. Other suitable scaffolds
include lipocallin and CTLA4, as described in van den
Beuken et al, J. MoI. Biol. (2001) 310, 591-601, and
scaffolds such as those described inW00069907 (Medical
Research Council), which are based for example on the
ring structure of bacterial GroEL or other chaperone
polypeptides. Protein scaffolds may be combined, for
example, CDRs may be grafted on to a CTLA4 scaffold
and used together with immunoglobulin VH or VL domains
to form a ligand. 



Likewise, fibronectin, lipocallin and other scaffolds
may be combined. In the case that the variable domains
are selected from V-gene repertoires selected for
instance using phage display technology as herein
described, then these variable domains can comprise a
universal framework region, such that they may be
recognised by a specific generic ligand as herein
defined. The use of universal frameworks, generic
ligands and the like is described in WO99/20749. In
the present invention, reference to phage display
includes the use of both phage and/or phagemids. Where
V-gene repertoires are used variation in polypeptide
sequence is preferably located within the structural
loops of the variable domains. The polypeptide
sequences of either variable domain may be altered by
DNA shuffling or by mutation in order to enhance the
interaction of each variable domain with its
complementary pair. In a preferred embodiment of the
invention the 'dual-specific ligand' is a single chain
Fv fragment. In an alternative embodiment of the
invention, the 'dual-specific ligand' consists of a
Fab region of an antibody. The term "Fab region"
includes a Fab-like region where two VH or two VL
domains are used. The variable regions may be derived
from antibodies directed against target antigens or
epitopes. Alternatively they maybe derived from a
repertoire of single antibody domains such as those
expressed on the surface of filamentous bacteriophage.
Selection may be performed as described herein below
and in the Examples. Preparation of dAbs: An aspect of
the invention relates not only to dual-specific
ligands in general, but also to various constructs of
ligands that bind TNF-a alone, TNF-a and HSA or other
half-life-extending polypeptide in the dual-specific
format, and ligands that bind TNF-aand VEGF in the
dual specific format. Ligands that bind VEGF and HSA
or other halflife- extending polypeptide can also be
prepared. The dual-specific TNF-a/VEGF construct can
additionally comprise a binder for HSA or another
half-life-extending molecule. In each of these
embodiments, the individual ligands, i.e., those that
bind TNF- a, HSA or VEGF, can be and are preferably,
dAbs. The generation of such dAbs is discussed below
and in the Examples. In various aspects, the dAbs
disclosed herein can be present in monomeric form,
dimeric form, trimeric form, tetrameric form, or even
in higher multimeric forms. In addition to the
heterodimeric forms such as the dual specific
constructs, multimeric constructs can be
homomultimeric, i.e., homodimer, homotrimer,
homotetramer, etc. Heterotrimers, heterotetramers and
higher order heteromultimers are also specifically
contemplated. Each of the various dAb conformations
can additionally be complexed with additional
moieties, such as polyethylene glycol (PEG) in order
to further prolong the serum half-life of the
polypeptide construct. PEGylation is known in the art
and described herein. Single immunoglobulin variable
domains or dAbs are prepared in a number of ways. In a
preferred aspect, the dAbs are human single
immunoglobulin variable domains. For each of these
approaches, well-known methods of preparing (e.g.,
amplifying, mutating, etc.) and manipulating nucleic
acid sequences are applicable. One means of preparing
dAbs is to amplify and express the VH or VL region of
a heavy chain or light chain gene for a cloned
antibody known to bind the desired antigen. The
boundaries of VH and VL domains are set out by Kabat
et al. (1991, supra). The information regarding the
boundaries of the VHand VL domains of heavy and light
chain genes is used to design PCR primers that amplify
the V domain from a cloned heavy or light chain coding
sequence encoding an antibody known to bind a given
antigen. The amplified V domain is inserted into a
suitable expression vector, e.g., pHEN-1 (Hoogenboom
et al., 1991, Nucleic Acids Res. 19: 4133-4137) and
expressed, either alone or as a fusion with another
polypeptide sequence. The expressed VH or VL domain is
then screened for high affinity binding to the desired
antigen in isolation from the remainder of the heavy
or light chain polypeptide. For all aspects of the
presentinvention, screening for binding is performed
as known in the art or as described herein below. A
repertoire of VH or VL domains is screened by, for
example, phage display, panning against the desired
antigen. Methods for the construction of bacteriophage
display libraries and lambda phage expression
libraries are well known in the art, and taught, for
example, by: McCafferty et al., 1990, Nature 348: 552;
Kang et al., 1991, Proc. Natl. Acad. Sci. U.S.A., 88:
4363; Clackson et al., 1991, Nature 352: 624; Lowman
et al., 1991, Biochemistry 30: 10832; Burton et al.,
1991, Proc. Natl. Acad. Sci U.S.A. 88: 10134;
Hoogenboom et al., 1991, Nucleic Acids Res. 19: 4133;
Chang et al.,1991, J. Immunol. 147: 3610; Breitling et
al., 1991, Gene 104: 147; Marks et al., 1991, J. MoI.
Biol. 222; 581; Barbas et al., 1992, Proc. Natl. Acad.
Sci. U.S.A. 89: 4457; Hawkins and Winter (1992) J.
Immunol., 22: 867; Marks et al. (1992) J. Biol. Chem,
267: 16007; and Lerner et al. (1992) Science, 258:
1313. scFv phage libraries are taught, for example, by
Huston et al., 1988, Proc. Natl. Acad. Sci U.S.A. 85:
5879-5883; Chaudhary et al., 1990, Proc. Natl. Acad.
Sci U.S.A. 87: 1066-1070; McCafferty et al., 1990,
supra; Clackson et al., 1991, supra; Marks et al.,
1991, supra; Chiswell et al., 1992, Trends Biotech.
10: 80; and Marks et al., 1992, supra. Various
embodiments of scFv libraries displayed on
bacteriophage coat proteins have been described.
Refinements of phage display approaches are also
known, for example as described in WO96/06213 and
WO92/01047 (Medical Research Council et al.) and
WO97/08320 (Morphosys, supra). The repertoire of VH or
VL domains can be a naturally-occurring repertoire of
immunoglobulin sequences or a synthetic repertoire. A
naturally-occurring repertoire is one prepared, for
example, from immunoglobulin-expressing cells
harvested from one or more individuals. Such
repertoires can be "nave," i.e., prepared, for
example, from human fetal or newborn
immunoglobulin-expressing cells, or rearranged, i.e.,
prepared from, for example, adult human B cells.
Natural repertoires are described, for example, by
Marks et al., 1991, J. MoI. Biol. 222: 581 and Vaughan
et al., 1996, Nature Biotech. 14: 309. If desired,
clones identified from a natural repertoire, or any
repertoire, for that matter, that bind the target
antigen are then subjected to mutagenesis and further
screening in order to produce and select variants with
improved binding characteristics.Synthetic repertoires
of single immunoglobulin variable domains are prepared
by artificially introducing diversity into a cloned V
domain. Synthetic repertoires are described, for
example, by Hoogenboom & Winter, 1992, J. MoI. Biol.
227: 381; Barbas et al., 1992, Proc. Natl. Acad. Sci.
U.S.A. 89: 4457; Nissim et al., 1994, EMBO J. 13: 692;
Griffiths et al., 1994, EMBO J. 13: 3245; DeKriuf et
al., 1995, J. MoI. Biol. 248: 97; and WO 99/20749. The
antigen binding domain of a conventional antibody
comprises two separate regions: a heavy chain variable
domain (VH) and a light chain variable domain (g L:
which can be either VK or V\). The antigen binding
site of such an antibody is formed by six polypeptide
loops: three from the VH domain (Hl, H2 and H3) and
three from the VL domain (Ll, L2 and L3). The
boundaries of these loops are described, for example,
in Kabat et al. (1991, supra). A diverse primary
repertoire of V genes that encode the VH and VL
domains is produced in vivo by the combinatorial
rearrangement of gene segments. The VH gene is
produced by the recombination of three gene segments,
VH, D and JJ - I humans, there are approximately 5 1
functional VH segments (Cook and Tomlinson (1995)
Immunol Today 16: 237), 25 functional D segments
(Corbett et al. (1997) J. MoI. Biol. 268: 69) and 6
functional JH segments (Ravetch et al. (1981) Cell 27:
583), depending on the haplotype. The VH segment
encodes the region of the polypeptide chain which
forms the first and second antigen binding loops of
the VH domain (Hl and H2), while the VH, D and JH
segments combine to form the third antigen binding
loop of the VH domain (H3). The VL ene s produced by
the recombination of only two gene segments, VL and
JL. In humans, there are approximately 40 functional
VK segments (Schable and Zachau (1993) Biol. Chem.
Hoppe-Seyler 374: 1001), 3 1 functional Vl segments
(Williams et al. (1996) J. MoI. Biol. 264: 220;
Kawasaki et al. (1997) Genome Res. 7: 250), 5
functional Jk segments (Hieter et al. (1982) J. Biol.
Chem. 257: 1516) and 4 functional J segments (Vasicek
and Leder (1990) J. Exp. Med. 172: 609), depending on
the haplotype. The VL segment encodes the region of
the polypeptide chain which forms the first and second
antigen binding loops of the VL domain (Ll and L2),
while the VL and JL segments combine to form the third
antigen binding loop of the VL domain (L3).
Antibodiesselected from this primary repertoire are
believed to be sufficiently diverse to bind almost all
antigens with at least moderate affinity. High
affinity antibodies are produced in vivo by "affinity
maturation" of the rearranged genes, in which point
mutations are generated and selected by the immune
system on the basis of improved binding. Analysis of
the structures and sequences of antibodies has shown
that five of the six antigen binding loops (Hl, H2,
Ll, L2, L3) possess a limited number of main-chain
conformations or canonical structures (Chothia and
Lesk (1987) J. MoI. Biol. 196: 901; Chothia et al.
(1989) Nature 342: 877). The main-chain conformations
are determined by (i) the length of the antigen
binding loop, and (ii) particular residues, or types
of residue, at certain key position in the antigen
binding loop and the antibody framework. Analysis of
the loop lengths and key residues has enabled us to
the predict the main-chain conformations of Hl, H2,
Ll, L2 and L3 encoded by the majority of human
antibody sequences (Chothia et al. (1992) J. MoI.
Biol. 227: 799; Tomlinson et al. (1995) EMBO J. 14:
4628; Williams et al. (1996) J. MoI. Biol. 264: 220).
Although the H3 region is much more diverse in terms
of sequence, length and structure (due to the use of D
segments), it also forms a limited number of
main-chain conformations for short loop lengths which
depend on the length and the presence of particular
residues, or types of residue, at key positions in the
loop and the antibody framework (Martin et al. (1996)
J. MoI. Biol. 263: 800; Shirai et al. (1996) FEBS
Letters 399: 1. While, according to one embodiment of
the invention, diversity can be added to synthetic
repertoires at any site in the CDRs of the various
antigen-binding loops, this approach results in a
greater proportion of V domains that do not properly
fold and therefore contribute to a lower proportion of
molecules with the potential to bind antigen. An
understanding of the residues contributing to the main
chain conformation of the antigen-binding loops
permits the identification of specific residues to
diversify in a synthetic repertoire of VH or VL
domains. That is, diversity is best introduced in
residues that are not essential to maintaining the
main chain conformation. As an example, for the
diversification of loop L2, the conventional approach
would be to diversify all the residues in the
corresponding CDR (CDR2) as defined by Kabat et al.
(1991, supra), some seven residues. However, for L2,
it is known that positions 50 and 53 are diverse in
naturally occurring antibodies and are observed to
make contact with the antigen. Thepreferred approach
would be to diversify only those two residues in this
loop. This represents a significant improvement in
terms of the functional diversity required to create a
range of antigen binding specificities. In one aspect,
synthetic variable domain repertoires are prepared in
VH or VK backgrounds, based on artificially
diversified germline VH or VK sequences. For example,
the VH domain repertoire is based on cloned germline
VH gene segments V3- 23/DP47 (Tomlinson et al., 1992,
J. MoI. Biol. 227: 7768) and JH4b (see Figures 1 and
2). The Vk domain repertoire is based, for example, on
germline Vk gene segments O2/O12/DPK9 (Cox et al.,
1994, Eur. J. Immunol. 24: 827) and Jkl (see Figure
3). Diversity is introduced into these or other gene
segments by, for example, PCR mutagenesis. Diversity
can be randomly introduced, for example, by error
prone PCR (Hawkins, et al., 1992, J. MoI. Biol. 226:
889) or chemical mutagenesis. As discussed above,
however it is preferred that the introduction of
diversity is targeted to particular residues. It is
further preferred that the desired residues are
targeted by introduction of the codon NNK using
mutagenic primers (using the IUPAC nomenclature, where
N = G, A, T or C, and K = G or T), which encodes all
amino acids and the TAG stop codon. Other codons which
achieve similar ends are also of use, including the
NNN codon (which leads to the production of the
additional stop codons TGA and TAA), DVT codon
((A/G/T) (A/G/C)T ), DVC codon ((A/G/T)(A/G/C)C), and
DVY codon ((A/G/T)(A/G/C)(C/T). The DVT codon encodes
22% serine and 11% tyrosine, asgpargine, glycine,
alanine, aspartate, threonine and cysteine, which most
closely mimics the distribution of amino acid residues
for the antigen binding sites of natural human
antibodies. Repertoires are made using PCR primers
having the selected degenerate codon or codons at each
site to be diversified. PCR mutagenesis is well known
in the art; however, considerations for primer design
and PCR mutagenesis useful in the methods of the
invention are discussed below in the section titled
"PCR Mutagenesis." In one aspect, diversity is
introduced into the sequence of human germline VH gene
segments V3-23/DP47 (Tomlinson et al., 1992, J. MoI.
Biol. 227: 7768) and JH4b using the NNK codon at sites
H30, H31, H33, H35, H50, H52, H52a, H53, H55, H56,H58,
H95, H97 and H98, corresponding to diversity in CDRs
1, 2 and 3, as shown in Figure 1. In another aspect,
diversity is also introduced into the sequence of
human germline VH gene segments V3-23/DP47 and JH4b,
for example, using the NNK codon at sites H30, H31,
H33, H35, H50, H52, H52a, H53, H55, H56, H58, H95,
H97, H98, H99, HlOO, HlOOa and HlOOb, corresponding to
diversity in CDRs 1, 2 and 3, as shown in Figure 2. In
another aspect, diversity is introduced into the
sequence of human germline Vk gene segments
O2/O12/DPK9 and Jkl , for example, using the NNK codon
at sites L30, L31, L32, L34, L50, L53, L91, L92, L93,
L94 and L96, corresponding to diversity in CDRs 1, 2
and 3, as shown in Figure 3. Diversified repertoires
are cloned into phage display vectors as known in the
art and as described, for example, in WO 99/20749. In
general, the nucleic acid molecules and vector
constructs required for the performance of the present
invention are available in the art and are constructed
and manipulated as set forth in standard laboratory
manuals, such as Sambrook et al. (1989). Molecular
Cloning: A Laboratory Manual, Cold Spring Harbor, USA.
The manipulation of nucleic acids in the present
invention is typically carried out in recombinant
vectors. As used herein, "vector" refers to a discrete
element that is used to introduce heterologous DNA
into cells for the expression and/or replication
thereof. Methods by which to select or construct and,
subsequently, use such vectors are well known to one
of skill in the art. Numerous vectors are publicly
available, including bacterial plasmids,
bacteriophage, artificial chromosomes and episomal
vectors. Such vectors may be used for simple cloning
and mutagenesis; alternatively, as is typical of
vectors in which repertoire (or pre-repertoire)
members of the invention are carried, a gene
expression vector is employed. A vector of use
according to the invention is selected to accommodate
a polypeptide coding sequence of a desired size,
typically from 0.25 kilobase (kb) to 40 kb in length.
A suitable host cell is transformed with the vector
after in vitro cloning manipulations. Each vector
contains various functional components,which generally
include a cloning (or "polylinker") site, an origin of
replication and at least one selectable marker gene.
If a given vector is an expression vector, it
additionally possesses one or more of the following:
enhancer element, promoter, transcription termination
and signal sequences, each positioned in the vicinity
of the cloning site, such that they are operatively
linked to the gene encoding a polypeptide repertoire
member according to the invention. Both cloning and
expression vectors generally contain nucleic acid
sequences that enable the vector to replicate in one
or more selected host cells. Typically in cloning
vectors, this sequence is one that enables the vector
to replicate independently of the host chromosomal DNA
and includes origins of replication or autonomously
replicating sequences. Such sequences are well known
for a variety of bacteria, yeast and viruses. The
origin of replication from the plasmid pBR322 is
suitable for most Gram-negative bacteria, the 2 micron
plasmid origin is suitable for yeast, and various
viral origins (e.g. SV 40, adenovirus) are useful for
cloning vectors in mammalian cells. Generally, the
origin of replication is not needed for mammalian
expression vectors unless these are used in mammalian
cells able to replicate high levels of DNA, such as
COS cells. Advantageously, a cloning or expression
vector also contains a selection gene also referred to
as selectable marker. This gene encodes a protein
necessary for the survival or growth of transformed
host cells grown in a selective culture medium. Host
cells not transformed with the vector containing the
selection gene will therefore not survive in the
culture medium. Typical selection genes encode
proteins that confer resistance to antibiotics and
other toxins, e.g. ampicillin, neomycin, methotrexate
or tetracycline, complement auxotrophic deficiencies,
or supply critical nutrients not available in the
growth media. Because the replication of vectors
according to the present invention is most
conveniently performed in E. coli, an E.
co/z-selectable marker, for example, the b- lactamase
gene that confers resistance to the antibiotic
ampicillin, is of use. These can be obtained from E.
coli plasmids, such as pBR322 or a pUC plasmid such as
pUC18 or pUC19.Expression vectors usually contain a
promoter that is recognized by the host organism and
is operably linked to the coding sequence of interest.
Such a promoter may be inducible or constitutive. The
term "operably linked" refers to a juxtaposition
wherein the components described are in a relationship
permitting them to function in their intended manner.
A control sequence "operably linked" to a coding
sequence is ligated in such a way that expression of
the coding sequence is achieved under conditions
compatible with the control sequences. Promoters
suitable for use with prokaryotic hosts include, for
example, the b- lactamase and lactose promoter
systems, alkaline phosphatase, the tryptophan (trp)
promoter system and hybrid promoters such as the tac
promoter. Promoters for use in bacterial systems will
also generally contain a Shine-Dalgarno sequence
operably linked to the coding sequence. In libraries
or repertoires as described herein, the preferred
vectors are expression vectors that enable the
expression of a nucleotide sequence corresponding to a
polypeptide library member. Thus, selection is
performed by separate propagation and expression of a
single clone expressing the polypeptide library member
or by use of any selection display system. As
described above, a preferred selection display system
uses bacteriophage display. Thus, phage or phagemid
vectors can be used. Preferred vectors are phagemid
vectors, which have an E. coli origin of replication
(for double stranded replication) and also a phage
origin of replication (for production of
single-stranded DNA). The manipulation and expression
of such vectors is well known in the art (Hoogenboom
and Winter (1992) supra; Nissim et al. (1994) supra).
Briefly, the vector contains a b-lactamase or other
selectable marker gene to confer selectivity on the
phagemid, and a lac promoter upstream of a expression
cassette that consists (N to C terminal) of a pelB
leader sequence (which directs the expressed
polypeptide to the periplasmic space), a multiple
cloning site (for cloning the nucleotide version of
the library member), optionally, one or more peptide
tags (for detection), optionally, one or more TAG stop
codons and the phage protein pill. Using various
suppressor and nonsuppressor strains of E. coli and
with the addition of glucose, iso-propyl
thio-b-Dgalactoside (IPTG) or a helper phage, such as
VCS M13, the vector is able to replicate as a plasmid
with no expression, produce large quantities of the
polypeptide library memberonly, or produce phage, some
of which contain at least one copy of the
polypeptide-pIII fusion on their surface. An example
of a preferred vector is the pHENl phagemid vector
(Hoogenboom et al., 1991, Nucl. Acids Res. 19:
4133-4137; sequence is available, e.g., as SEQ ID NO:
7 in WO 03/03 161 1), in which the production of pill
fusion protein is under the control of the LacZ
promoter, which is inhibited in the presence of
glucose and induced with IPTG. When grown in
suppressor strains of E. coli, e.g., TGl, the gene III
fusion protein is produced and packaged into phage,
while growth in non-suppressor strains, e.g., HB2151,
permits the secretion of soluble fusion protein into
the bacterial periplasm and into the culture medium.
Because the expression of gene III prevents later
infection with helper phage, the bacteria harboring
the phagemid vectors are propagated in the presence of



glucose before infection with VCSM13 helper phage for
phage rescue. Construction of vectors according to the
invention employs conventional ligation techniques.
Isolated vectors or DNA fragments are cleaved,
tailored, and re-ligated in the form desired to
generate the required vector. If desired, sequence
analysis to confirm that the correct sequences are
present in the constructed vector is performed using
standard methods. Suitable methods for constructing
expression vectors, preparing in vitro transcripts,
introducing DNA into host cells, and performing
analyses for assessing expression and function are
known to those skilled in the art. The presence of a
gene sequence in a sample is detected, or its
amplification and/or expression quantified by
conventional methods, such as Southern or Northern
analysis, Western blotting, dot blotting of DNA, RNA
or protein, in situ hybridization, immunocytochemistry
or sequence analysis of nucleic acid or protein
molecules. Those skilled in the art will readily
envisage how these methods may be modified, if
desired. PCR Mutagenesis : The primer is complementary
to a portion of a target molecule present in a pool of
nucleic acid molecules used in the preparation of sets
of nucleic acid repertoire members encoding
polypeptide repertoire members. Most often, primers
are prepared by synthetic methods, either chemical or
enzymatic. Mutagenic oligonucleotide primers are
generally15 to 100 nucleotides in length, ideally from
20 to 40 nucleotides, although oligonucleotides of
different length are of use. Typically, selective
hybridization occurs when two nucleic acid sequences
are substantially complementary (at least about 65%
complementary over a stretch of at least 14 to 25
nucleotides, preferably at least about 75%, more
preferably at least about 85% or 90% complementary).
See Kanehisa, 1984, Nucleic Acids Res. 12: 203,
incorporated herein by reference. As a result, it is
expected that a certain degree of mismatch at the
priming site is tolerated. Such mismatch may be small,
such as a mono-, di- or tri nucleotide. Alternatively,
it may comprise nucleotide loops, which are defined
herein as regions in which mismatch encompasses an
uninterrupted series of four or more nucleotides.
Overall, five factors influence the efficiency and
selectivity of hybridization of the primer to a second
nucleic acid molecule. These factors, which are (i)
primer length, (ii) the nucleotide sequence and/or
composition, (iii) hybridization temperature, (iv)
buffer chemistry and (v) the potential for steric
hindrance in the region to which the primer is
required to hybridize, are important considerations
when non-random priming sequences are designed. There
is a positive correlation between primer length and
both the efficiency and accuracy with which a primer
will anneal to a target sequence; longer sequences
have a higher melting temperature (TM) than do shorter
ones, and are less likely to be repeated within a
given target sequence, thereby minimizing promiscuous
hybridization. Primer sequences with a high G-C
content or that comprise palindromic sequences tend to
selfhybridize, as do their intended target sites,
since unimolecular, rather than bimolecular,
hybridization kinetics are generally favored in
solution; at the same time, it is important to design
a primer containing sufficient numbers of G-C
nucleotide pairings to bind the target sequence
tightly, since each such pair is bound by three
hydrogen bonds, rather than the two that are found
when A and T bases pair. Hybridization temperature
varies inversely with primer annealing efficiency, as
does the concentration of organic solvents, e.g.
formamide, that might be included in a hybridization
mixture, while increases in salt concentration
facilitate binding. Under stringent hybridization
conditions, longer probeshybridize more efficiently
than do shorter ones, which are sufficient under more
permissive conditions. Stringent hybridization
conditions for primers typically include salt
concentrations of less than about IM, more usually
less than about 500 mM and preferably less than about
200 mM. Hybridization temperatures range from as low
as 0C to greater than 220C, greater than about 30C,
and (most often) in excess of about 370C. Longer
fragments may require higher hybridization
temperatures for specific hybridization. As several
factors affect the stringency of hybridization, the
combination of parameters is more important than the
absolute measure of any one alone. Primers are
designed with these considerations in mind. While
estimates of the relative merits of numerous sequences
may be made mentally by one of skill in the art,
computer programs have been designed to assist in the
evaluation of these several parameters and the
optimization of primer sequences. Examples of such
programs are "PrimerSelect" of the DNAStar(tm)
software package (DNAStar, Inc.; Madison, WI) and
OLIGO 4.0 (National Biosciences, Inc.). Once designed,
suitable oligonucleotides are prepared by a suitable
method, e.g. the phosphoramidite method described by
Beaucage and Carruthers, 1981, Tetrahedron Lett. 22:
1859) or the triester method according to Matteucci
and Caruthers, 1981, J. Am. Chem. Soc. 103: 3185, both
incorporated herein by reference, or by other chemical
methods using either a commercial automated
oligonucleotide synthesizer or, for example,
VLSIPS(tm) technology. PCR is performed using template
DNA (at least lfg; more usefully, 1-1000 ng) and at
least 25 pmol of oligonucleotide primers; it may be
advantageous to use a larger amount of primer when the
primer pool is heavily heterogeneous, as each sequence
is represented by only a small fraction of the
molecules of the pool, and amounts become limiting in
the later amplification cycles. A typical reaction
mixture includes: 2 ml of DNA, 25 pmol of
oligonucleotide primer, 2.5 ml of 1OX PCR buffer 1
(Perkin-Elmer), 0.4 ml of 1.25 mM dNTP, 0.15 ml (or
2.5 units) of Taq DNA polymerase (Perkin Elmer) and
deionized water to a total volume of 25 ml. Mineral
oil is overlaid and the PCR is performed using a
programmable thermal cycler. The length and
temperature of each step of a PCR cycle, as well as
the number of cycles, is adjusted in accordance to the
stringency requirements in effect.
Annealingtemperature and timing are determined both by
the efficiency with which a primer is expected to
anneal to a template and the degree of mismatch that
is to be tolerated; obviously, when nucleic acid
molecules are simultaneously amplified and
mutagenized, mismatch is required, at least in the
first round of synthesis. In attempting to amplify a
population of molecules using a mixed pool of
mutagenic primers, the loss, under stringent
(high-temperature) annealing conditions, of potential
mutant products that would only result from low
melting temperatures is weighed against the
promiscuous annealing of primers to sequences other
than the target site. The ability to optimize the
stringency of primer annealing conditions is well
within the knowledge of one of skill in the art. An
annealing temperature of between 30C and 72C is used.
Initial denaturation of the template molecules
normally occurs at between 920C and 99C for 4 minutes,
followed by 20-40 cycles consisting of denaturation
(94-99C for 15 seconds to 1 minute), annealing
(temperature determined as discussed above; 1-2
minutes), and extension (72C for 1-5 minutes,
depending on the length of the amplified product).
Final extension is generally for 4 minutes at 72C, and
may be followed by an indefinite (0-24 hour) step at
4C. Screening dAbs for Antifien Binding : Following
expression of a repertoire of dAbs on the surface of
phage, selection is performed by contacting the phage
repertoire with immobilized target antigen, washing to
remove unbound phage, and propagation of the bound
phage, the whole process frequently referred to as
"panning." Alternatively, phage are pre-selected for
the expression of properly folded member variants by
panning against an immobilized generic ligand (e.g.,
protein A or protein L) that is only bound by folded
members. This has the advantage of reducing the
proportion of non-functional members, thereby
increasing the proportion of members likely to bind a
target antigen. Pre-selection with generic ligands is
taught in WO 99/20749. The screening of phage antibody
libraries is generally described, for example, by
Harrison et al., 1996, Meth. Enzymol. 267: 83-109.
Screening is commonly performed using purified antigen
immobilized on a solid support, for example, plastic
tubes or wells, or on a chromatography matrix, for
example Sepharose(tm) (Pharmacia). Screening or
selection can also be performed on complexantigens,
such as the surface of cells (Marks et al., 1993,
BioTechnology 11: 1145; de Kruif et al., 1995, Proc.
Natl. Acad. Sci. U.S.A. 92: 3938). Another alternative
involves selection by binding biotinylated antigen in
solution, followed by capture on streptavidincoated
beads. In a preferred aspect, panning is performed by
immobilizing antigen (generic or specific) on tubes or
wells in a plate, e.g., Nunc MAXISORP(tm) immunotube 8
well strips. Wells are coated with 150 ml of antigen
(100 mg/ml in PBS) and incubated overnight. The wells
are then washed 3 times with PBS and blocked with 400
ml PBS-2% skim milk (2%MPBS) at 370C for 2 hr. The
wells are rinsed 3 times with PBS and phage are added
in 2%MPBS. The mixture is incubated at room
temperature for 90 minutes and the liquid, containing
unbound phage, is removed. Wells are rinsed 10 times
with PBS-0. 1% tween 20, and then 10 times with PBS to
remove detergent. Bound phage are eluted by adding 200
ml of freshly prepared 100 mM triethylamine, mixing
well and incubating for 10 min at room temperature.
Eluted phage are transferred to a tube containing 100
ml of IM Tris-HCl, pH 7.4 and vortexed to neutralize
the triethylamine. Exponentiallygrowing E. coli host
cells (e.g., TGl) are infected with, for example, 150
ml of the eluted phage by incubating for 30 min at
370C. Infected cells are spun down, resuspended in
fresh medium and plated in top agarose. Phage plaques
are eluted or picked into fresh cultures of host cells
to propagate for analysis or for further rounds of
selection. One or more rounds of plaque purification
are performed if necessary to ensure pure populations
of selected phage. Other screening approaches are
described by Harrison et al., 1996, supra. Following
identification of phage expressing a single
immunoglobulin variable domain that binds a desired
target, if a phagemid vector such as pHENl has been
used, the variable domain fusion protein are easily
produced in soluble form by infecting nonsuppressor
strains of bacteria, e.g., HB2151 that permit the
secretion of soluble gene III fusion protein.
Alternatively, the V domain sequence can be sub-cloned
into an appropriate expression vector to produce
soluble protein according to methods known in the art.
Purification and Concentration ofdAbs:dAb polypeptides
secreted into the periplasmic space or into the medium
of bacteria are harvested and purified according to
known methods (Harrison et al., 1996, supra). Skerra &
Pluckthun (1988, Science 240: 1038) and Breitling et
al. (1991, Gene 104: 147) describe the harvest of
antibody polypeptides from the periplasm, and Better
et al. (1988, Science 240: 1041) describes harvest
from the culture supernatant. Purification can also be
achieved by binding to generic ligands, such as
protein A or Protein L. Alternatively, the variable
domains can be expressed with a peptide tag, e.g., the
Myc, HA or 6X-His tags, which facilitates purification
by affinity chromatography. Polypeptides are
concentrated by several methods well known in the art,
including, for example, ultrafiltration, diafltration
and tangential flow filtration. The process of
ultrafiltration uses semi-permeable membranes and
pressure to separate molecular species on the basis of
size and shape. The pressure is provided by gas
pressure or by centrifugation. Commercial
ultrafiltration products are widely available, e.g.,
from Millipore (Bedford, MA; examples include the
Centricon and Microcon concentrators) and Vivascience
(Hannover, Germany; examples include the Vivaspin(tm)
concentrators). By selection of a molecular weight
cutoff smaller than the target polypeptide (usually
1/3 to 1/6 the molecular weight of the target
polypeptide, although differences of as little as 10
kD can be used successfully), the polypeptide is
retained when solvent and smaller solutes pass through
the membrane. Thus, a molecular weight cutoff of about
5 kD is useful for concentration of dAb polypeptides
described herein. Diafltration, which uses
ultrafiltration membranes with a "washing" process, is
used where it is desired to remove or exchange the
salt or buffer in a polypeptide preparation. The
polypeptide is concentrated by the passage of solvent
and small solutes through the membrane, and remaining
salts or buffer are removed by dilution of the
retained polypeptide with a new buffer or salt
solution or water, as desired, accompanied by
continued ultrafiltration. In continuous
diafiltration, new buffer is added at the same rate
that filtrate passes through the membrane. A
diafiltration volume is the volume of polypeptide
solution prior to the start of diafiltration - using
continuous diafiltration, greater than 99.5% of a
fully permeable solute can be removed by washing
through six diafiltration volumes with the new buffer.
Alternatively, the process can be performed in a
discontinuous manner, wherein the sample is repeatedly
diluted and then filtered back toits original volume
to remove or exchange salt or buffer and ultimately
concentrate the polypeptide. Equipment for
diafltration and detailed methodologies for its use
are available, for example, from Pall Life Sciences
(Ann Arbor, MI) and Sartorius AG/Vivascience
(Hannover, Germany). Tangential flow filtration (TFF),
also known as "cross-flow filtration," also uses
ultrafiltration membrane. Fluid containing the target
polypeptide is pumped tangentially along the surface
of the membrane. The pressure causes a portion of the
fluid to pass through the membrane while the target
polypeptide is retained above the filter. In contrast
to standard ultrafiltration, however, the retained
molecules do not accumulate on the surface of the
membrane, but are carried along by the tangential
flow. The solution that does not pass through the
filter (containing the target polypeptide) can be
repeatedly circulated across the membrane to achieve
the desired degree of concentration. Equipment for TFF
and detailed methodologies for its use are available,
for example, from Millipore (e.g., the ProFlux M12(tm)
Benchtop TFF system and the Pellicon(tm) systems),
Pall Life Sciences (e.g., the Minim(tm) Tangential
Flow Filtration system). Protein concentration is
measured in a number of ways that are well known in
the art. These include, for example, amino acid
analysis, absorbance at 280 nm, the "Bradford" and
"Lowry" methods, and SDS-PAGE. The most accurate
method is total hydrolysis followed by amino acid
analysis by HPLC, concentration is then determined
through comparison with the known sequence of the dAb
polypeptide. While this method is the most accurate,
it is expensive and time-consuming. Protein
determination by measurement of UV absorbance at 280
nm is faster and much less expensive, yet relatively
accurate and is preferred as a compromise over amino
acid analysis. Absorbance at 280 nm was used to
determine protein concentrations reported in the
Examples described herein. "Bradford" and "Lowry"
protein assays (Bradford, 1976, Anal. Biochem. 72:
248- 254; Lowry et al.,1951, J. Biol. Chem. 193:
265-275) compare sample protein concentration to a
standard curve most often based on bovine serum
albumin (BSA). These methods are less accurate,
tending to undersetimate the concentration of
singleimmunoglobulin variable domains. Their accuracy
could be improved, however, by using a VH or Vk single
domain polypeptide as a standard. An additional
protein assay method is the bicinchoninic acid assay
described in U.S. Patent No. 4,839,295 (incorporated
herein by reference) and marketed by Pierce
Biotechnology (Rockford, IL) as the "BCA Protein
Assay" (e.g., Pierce Catalog No. 23227). The SDS-PAGE
method uses gel electrophoresis and Coomassie Blue
staining in comparison to known concentration
standards, e.g., known amounts of a single
immunoglobulin variable domain polypeptide.
Quantitation can be done by eye or by densitometry. In
a third aspect, the invention provides a method for
producing a ligand comprising a first immunoglobulin
single variable domain having a first binding
specificity and a second single immunoglobulin single
variable domain having a second (different) binding
specificity, one or both of the binding specificities
being specific for an antigen which increases the
half-life of the ligand in vivo, the method comprising
the steps of: (a) selecting a first variable domain by
its ability to bind to a first epitope, (b) selecting
a second variable region by its ability to bind to a
second epitope, (c) combining the variable domains;
and (d) selecting the ligand by its ability to bind to
said first epitope and to said second epitope. The
ligand can bind to the first and second epitopes
either simultaneously or, where there is competition
between the binding domains for epitope binding, the
binding of one domain may preclude the binding of
another domain to its cognate epitope. In one
embodiment, therefore, step (d) above requires
simultaneous binding to both first and second (and
possibly further) epitopes; in another embodiment, the
binding to the first and second epitoes is not
simultaneous. The epitopes are preferably on separate
antigens.Ligands advantageously comprise VH/VL
combinations, or VHTVH or VL/VL combinations of
immunoglobulin variable domains, as described above.
The ligands may moreover comprise camelid VHH domains,
provided that the VHH domain which is specific for an
antigen which increases the half-life of the ligand in
vivo does not bind Hen egg white lysozyme (HEL),
porcine pancreatic alpha-amylase or NmC-A; hog,
BSAlinked RR6 ado 5 dye or S. mutates HG982 cells, as
described in Conrath et al., (2001) JBC 276:7346- 7350
and WO99/23221, neither of which describe the use of a
specificity for an antigen which increases half-life
to increase the half life of the ligand in vivo. In
one embodiment, said first variable domain is selected
for binding to said first epitope in absence of a
complementary variable domain (i.e., it is selected as
a dAb as described herein above). In a further
embodiment, said first variable domain is selected for
binding to said first epitope/antigen in the presence
of a third variable domain in which said third
variable domain is different from said second variable
domain and is complementary to the first domain.
Similarly, the second domain may be selected in the
absence or presence of a complementary variable
domain. The antigens or epitopes targeted by the
ligands of the invention, in addition to the half life
enhancing protein, may be any antigen or epitope but
advantageously is an antigen or epitope that is
targeted with therapeutic benefit. The invention
provides ligands, including open conformation, closed
conformation and isolated dAb monomer ligands,
specific for any such target, particularly those
targets further identified herein. Such targets may
be, or be part of, polypeptides, proteins or nucleic
acids, which may be naturally occurring or synthetic.
In this respect, the ligand of the invention may bind
the epiotpe or antigen and act as an antagonist or
agonist (eg, EPO receptor agonist). One skilled in the
art will appreciate that the choice is large and
varied. They may be for instance human or animal
proteins, cytokines, cytokine receptors, enzymes
co-factors for enzymes or DNA binding proteins.
Suitable cytokines and growth factors that can be
targeted by mono- or dual-specific binding
polypeptides as described herein include but are not
limited to: ApoE, Apo-SAA, BDNF, BLyS,
Cardiotrophin-1, EGF, EGF receptor, ENA-78, Eotaxin,
Eotaxin-2, Exodus-2, EpoR, FGF-acidic, FGFbasic,
fibroblast growth factor- 10, FLT3 ligand, Fractalkine
(CX3C), GDNF, G-CSF,GM-CSF, GF-Ol, insulin, IFN-y,
IGF-I, IGF-II, IL-, IL-Ip, 20 IL-2, IL-3, IL-4, IL-5,
IL- 6, IL-7, IL-8 (72 a.a.), IL-8 (77 a.a.), IL-9,
IL-IO, IL-Il, IL-12, IL-13, IL-15, IL-16, IL-17, IL-
18 (IGIF), Inhibin a, Inhibin B IP-IO, keratinocyte
growth factor-2 (KGF-2), KGF, Leptin, LIF,
Lymphotactin, Mullerian inhibitory substance, monocyte
colony inhibitory factor, monocyte attractant protein,
M-CSF, MDC (67 a.a.), MDC (69 a.a.), MCP-I (MCAF),
MCP-2, MCP-3, MCP-4, MIG, MIPIa, MlPl b, MIP3a, MEP3b,
MIP-4, myeloid progenitor inhibitor factor- 1
(MPIF-I), NAP-2, Neurturin, Nerve growth factor,
b-NGF, NT-3, NT-4, Oncostatin M, PDGF-AA, PDGF-AB,
PDGF-BB, PF-4, RANTES, SDF12, SDFl b, SCF, SCGF, stem
cell factor (SCF), TARC, TGF-a, TGF- b, TGF-b2,
TGF-b3, tumour necrosis factor (TNF), TNF-a, TNF-b,
TNF receptor I, TNF receptor II, TNIL-I, TPO, VEGF,
VEGF receptor 1, VEGF receptor 2, VEGF receptor 3,
GCP-2, GRO/MGSA, GRO- b, GRO-8, HCCl, 1-309, HER 1,
HER 2, HER 3, HER 4, TACE recognition site, TNF BP-I
and TNF BP-II, as well as any target disclosed in
Annex 2 or Annex 3 hereto, whether in combination as
set forth in the Annexes, in a different combination,
or individually. As noted, preferred ligands include
TNF-a and VEGF, alone, together, and/or with anti- HSA
binding activity. Cytokine receptors include receptors
for the foregoing cytokines. It will be appreciated
that this list is by no means exhaustive. 



In one embodiment of the invention, the variable
domains are derived from a respective antibody
directed against the antigen or epitope. In a
preferred embodiment the variable domains are derived
from a repertoire of single variable antibody domains.
In a further aspect, the present invention provides
one or more nucleic acid molecules encoding at least a
dual-specific ligand as herein defined. The dual
specific ligand may be encoded on a single nucleic
acid molecule; alternatively, each domain may be
encoded by a separate nucleic acid molecule. Where the
ligand is encoded by a single nucleic acid molecule,
the domains may be expressed as a fusion polypeptide,
in the manner of a scFv molecule, or may be separately
expressed andsubsequently linked together, for example
using chemical linking agents. Ligands expressed from
separate nucleic acids will be linked together by
appropriate means. The nucleic acid may further encode
a signal sequence for export of the polypeptides from
a host cell upon expression and may be fused with a
surface component of a filamentous bacteriophage
particle (or other component of a selection display
system) upon expression. In a further aspect the
present invention provides a vector comprising nucleic
acid encoding a dual specific ligand according to the
present invention. In a yet further aspect, the
present invention provides a host cell transfected
with a vector encoding a dual specific ligand
according to the present invention. Expression from
such a vector may be configured to produce, for
example on the surface of a bacteriophage particle,
variable domains for selection. This allows selection
of displayed variable regions and thus selection of
'dual-specific ligands' using the method of the
present invention. The present invention further
provides a kit comprising at least a dual- specific
ligand according to the present invention.
Dual-Specific ligands according to the present
invention preferably comprise combinations of heavy
and light chain domains. For example, the dual
specific ligand may comprise a VH domain and a VL
domain, which may be linked together in the form of an
scFv. In addition, the ligands may comprise one or
more CH or CL domains. For example, the ligands may
comprise a CHl domain, CH2 or CH3 domain, and/or a CL
domain, Cm, Cm2, Cm3 or Cm4 domains, or any
combination thereof. A hinge region domain may also be
included. Such combinations of domains may, for
example, mimic natural antibodies, such as IgG or IgM,
or fragments thereof, such as Fv, scFv, Fab or F(ab')2
molecules. Other structures, such as a single arm of
an IgG molecule comprising VH, VL, CHl and CL domains,
are envisaged. In a preferred embodiment of the
invention, the variable regions are selected from
single domain V gene repertoires. Generally the
repertoire of single antibody domains isdisplayed on
the surface of filamentous bacteriophage. In a
preferred embodiment each single antibody domain is
selected by binding of a phage repertoire to antigen.
In a preferred embodiment of the invention each single
variable domain may be selected for binding to its
target antigen or epitope in the absence of a
complementary variable region. In an alternative
embodiment, the single variable domains may be
selected for binding to its target antigen or epitope
in the presence of a complementary variable region.
Thus the first single variable domain may be selected
in the presence of a third complementary variable
domain, and the second variable domain may be selected
in the presence of a fourth complementary variable
domain. The complementary third or fourth variable
domain may be the natural cognate variable domain
having the same specificity as the single domain being
tested, or a non-cognate complementary domain - such
as a "dummy" variable domain. Preferably, the dual
specific ligand of the invention comprises only two
variable domains although several such ligands may be
incorporated together into the same protein, for
example two such ligands can be incorporated into an
IgG or a multimeric immunoglobulin, such as IgM.
Alternatively, in another embodiment a plurality of
dual specific ligands are combined to form a multimer.
For example, two different dual specific ligands are
combined to create a terra-specific molecule. It will
be appreciated by one skilled in the art that the
light and heavy variable regions of a dual-specific
ligand produced according to the method of the present
invention may be on the same polypeptide chain, or
alternatively, on different polypeptide chains. In the
case that the variable regions are on different
polypeptide chains, then they may be linked via a
linker, generally a flexible linker (such as a
polypeptide chain), a chemical linking group, or any
other method known in the art. In a further aspect,
the present invention provides a composition
comprising a dual specific ligand, obtainable by a
method of the present invention, and a
pharmaceutically acceptable carrier, diluent or
excipient. Moreover, the present invention provides a
method for the treatment and/or prevention of disease
using a 'dual-specific ligand' or a composition
according to the present invention.In a second
configuration, the present invention provides
multispecific ligands which comprise at least two
non-complementary variable domains. For example, the
ligands may comprise a pair of VH domains or a pair of
VL domains. Advantageously, the domains are of
non-camelid origin; preferably they are human domains
or comprise human framework regions (FWs) and one or
more heterologous CDRs. CDRs and framework regions are
those regions of an immunoglobulin variable domain as
deemed in the Kabat database of Sequences of Proteins
of Immunological Interest. Preferred human framework
regions are those encoded by germline gene segments
DP47 and DPK9. Advantageously, FWl, FW2 and FW3 of a
VH or VL domain have the sequence of FWl, FW2 or FW3
from DP47 or DPK9. The human frameworks may optionally
contain mutations, for example up to about 5 amino
acid changes or up to about 10 amino acid changes
collectively in the human frameworks used in the
ligands of the invention. The variable domains in the
multispecific ligands according to the second
configuration of the invention may be arranged in an
open or a closed conformation; that is, they may be
arranged such that the variable domains can bind their
cognate ligands independently and simultaneously, or
such that only one of the variable domains may bind
its cognate ligand at any one time. The inventors have
realised that under certain structural conditions,
non-complementary variable domains (for example two
light chain variable domains or two heavy chain
variable domains) may be present in a ligand such that
binding of a frst epitope to a first variable domain
inhibits the binding of a second epitope to a second
variable domain, even though such non-complementary
domains do not operate together as a cognate pair.
Advantageously, the ligand comprises two or more pairs
of variable domains; that is, it comprises at least
four variable domains. Advantageously, the four
variable domains comprise frameworks of human origin.
hi a preferred embodiment, the human frameworks are
identical to those of human germline sequences.The
present inventors consider that such antibodies will
be of particular use in ligand binding assays for
therapeutic and other uses. Thus, in a first aspect of
the second configuration, the present invention
provides a method for producing a multispecific ligand
comprising the steps of: a) selecting a first epitope
binding domain by its ability to bind to a first
epitope, b) selecting a second epitope binding domain
by its ability to bind to a second epitope, c)
combining the epitope binding domains; and d)
selecting the closed conformation multispecific ligand
by its ability to bind to said first second epitope
and said second epitope. In a further aspect of the
second configuration, the invention provides method
for preparing a closed conformation multi-specific
ligand comprising a first epitope binding domain
having a first epitope binding specificity and a
non-complementary second epitope binding domain having
a second epitope binding specificity, wherein the
first and second binding specificities compete for
epitope binding such that the closed conformation
multi-specific ligand may not bind both epitopes
simultaneously, said method comprising the steps of:
a) selecting a first epitope binding domain by its
ability to bind to a first epitope, b) selecting a
second epitope binding domain by its ability to bind
to a second epitope, c) combining the epitope binding
domains such that the domains are in a closed
conformation; and d) selecting the closed conformation
multispecific ligand by its ability to bind to said
first second epitope and said second epitope, but not
to both said first and second epitopes simultaneously.
Moreover, the invention provides a closed conformation
multi-specific ligand comprising a first epitope
binding domain having a first epitope binding
specificity and a noncomplementary second epitope
binding domain having a second epitope binding
specificity, wherein the first and second binding
specificities compete for epitope binding such that
the closed conformation multi- specific ligand may not
bind both epitopes simultaneously. An alternative
embodiment of the above aspect of the of the second
configuration of the invention optionally comprises a
further step (bl) comprising selecting a third or
furtherepitope binding domain. In this way the
multi-specific ligand produced, whether of open or
closed conformation, comprises more than two epitope
binding specificities. In a preferred aspect of the
second configuration of the invention, where the
multi-specific ligand comprises more than two epitope
binding domains, at least two of said domains are in a
closed conformation and compete for binding; other
domains may compete for binding or may be free to
associate independently with their cognate epitope(s).
According to the present invention the term
'multi-specific ligand' refers to a ligand which
possesses more than one epitope binding specificity as
herein defined. As herein defined the term 'closed
conformation' (multi-specific ligand) means that the
epitope binding domains of the ligand are attached to
or associated with each other, optionally by means of
a protein skeleton, such that epitope binding by one
epitope binding domain competes with epitope binding
by another epitope binding domain. That is, cognate
epitopes may be bound by each epitope binding domain
individually but not simultaneosuly. The closed
conformation of the ligand can be achieved using
methods herein described. "Open conformation" means
that the epitope binding domains of the ligand are
attached to or associated with each other, optionally
by means of a protein skeleton, such that epitope
binding by one epitope binding domain does not compete
with epitope binding by another epitope binding
domain. As referred to herein, the term 'competes'
means that the binding of a first epitope to its
cognate epitope binding domain is inhibited when a
second epitope is bound to its cognate epitope binding
domain. For example, binding may be inhibited
sterically, for example by physical blocking of a
binding domain or by alteration of the structure or
environment of a binding domain such that its affinity
or avidity for an epitope is reduced. In a further
embodiment of the second configuration of the
invention, the epitopes may displace each other on
binding. For example, a first epitope may be present
on an antigen which, on binding to its cognate first
binding domain, causes steric hindrance of a second
binding domain, or a coformational change therein,
which displaces the epitope bound to the second
binding domain.Advantageously, binding is reduced by
25% or more, advantageously 40%, 50%, 60%, 70%, 80%,
90% or more, and preferably up to 100% or nearly so,
such that binding is completely inhibited. Binding of
epitopes can be measured by conventional antigen
binding assays, such as ELISA, by fluorescence based
techniques, including FRET, or by techniques such as
suface plasmon resonance which measure the mass of
molecules. According to the method of the present
invention, advantageously, each epitope binding domain
is of a different epitope binding specificity. In the
context of the present invention, first and second
"epitopes" are understood to be epitopes which are not
the same and are not bound by a single monospecific
ligand. They may be on different antigens or on the
same antigen, but separated by a sufficient distance
that they do not form a single entity that could be
bound by a single mono specific VH/VL binding pair of
a conventional antibody. Experimentally, if both of
the individual variable domains in single chain
antibody form (domain antibodies or dAbs) are
separately competed by a monospecific VHTVL ligand
against two epitopes then those two epitopes are not
sufficiently far apart to be considered separate
epitopes according to the present invention. The
closed conformation multispecific ligands of the
invention do not include ligands as described in WO
02/02773. Thus, the ligands of the present invention
do not comprise complementary VHTVL pairs which bind
any one or more antigens or epitopes co-operatively.
Instead, the ligands according to the invention
preferably comprise noncomplementary VH or VL pairs.
Advantageously, each VH or VL domain in each VH or VL
pair has a different epitope binding specificity, and
the epitope binding sites are so arranged that the
binding of an epitope at one site competes with the
binding of an epitope at another site. According to
the present invention, advantageously, each epitope
binding domain comprises an immunoglobulin variable
domain. More advantageously, each immunoglobulin
variable domain will be either a variable light chain
domain (VL) or a variable heavy chain domain VH. In
the second configuration of the present invention, the
immunoglobulin domains when present on a ligand
according to the present invention are non-
complementary, that is they do not associate to form a
VHTVL antigen binding site.Thus, multi-specific
ligands as deemed in the second configuration of the
invention comprise immunoglobulin domains of the same
sub-type, that is either variable light chain domains
(VL) or variable heavy chain domains (VH). Moreover,
where the ligand according to the invention is in the
closed conformation, the immunoglobulin domains may be
of the camelid VHH type. In an alternative embodiment,
the ligand(s) according to the invention do not
comprise a camelid VHH domain. More particularly, the
ligand(s) of the invention do not comprise one or more
amino acid residues that are specifc to camelid VHH
domains as compared to human VH domains.
Advantageously, the single variable domains are
derived from antibodies selected for binding activity
against different antigens or epitopes. For example,
the variable domains may be isolated at least in part
by human immunisation. Alternative methods are known
in the art, including isolation from human antibody
libraries and synthesis of artificial antibody genes.
The variable domains advantageously bind
superantigens, such as protein A or protein L. Binding
to superantigens is a property of correctly folded
antibody variable domains, and allows such domains to
be isolated from, for example, libraries of
recombinant or mutant domains. Epitope binding domains
according to the present invention comprise a protein
scaffold and epitope interaction sites (which are
advantageously on the surface of the protein
scaffold). Epitope binding domains may also be based
on protein scaffolds or skeletons other than
immunoglobulin domains. For example natural bacterial
receptors such as SpA have been used as scaffolds for
the grafting of CDRs to generate ligands which bind
specifically to one or more epitopes. Details of this
procedure are described in US 5,831,012. Other
suitable scaffolds include those based on fibronectin
and affibodies. Details of suitable procedures are
described in WO 98/58965. Other suitable scaffolds
include lipocallin and CTLA4, as described in van den
Beuken et al., J. MoI. Biol. (2001) 310, 591-601, and
scaffolds such as those described in W00069907
(Medical Research Council), which are based for
example on the ring structure of bacterial GroEL or
other chaperone polypeptides. Protein scaffolds may be
combined; for example, CDRs may be grafted on to a
CTLA4 scaffold and used together with immunoglobulin
VH or VLdomains to form a multivalent ligand.
Likewise, fibronectin, lipocallin and other scaffolds
may be combined. It will be appreciated by one skilled
in the art that the epitope binding domains of a
closed conformation multispecific ligand produced
according to the method of the present invention may
be on the same polypeptide chain, or alternatively, on
different polypeptide chains. In the case that the
vaiable regions are on different polypeptide chains,
then they may be linked via a linker, advantageously a
flexible linker (such as a polypeptide chain), a
chemical linking group, or any other method known in
the art. The first and the second epitope binding
domains may be associated either covalently or
non-covalently. In the case that the domains are
covalently associated, then the association may be
mediated for example by disulphide bonds. In the
second configuration of the invention, the first and
the second epitopes are preferably different. They may
be, or be part of, polypeptides, proteins or nucleic
acids, which may be naturally occurring or synthetic.
In this respect, the ligand of the invention may bind
an epitope or antigen and act as an antagonist or
agonist (eg, EPO receptor agonist). The epitope
binding domains of the ligand in one embodiment have
the same epitope specificity, and may for example
simultaneously bind their epitope when multiple copies
of the epitope are present on the same antigen. In
another embodiment, these epitopes are provided on
different antigens such that the ligand can bind the
epitopes and bridge the antigens. One skilled in the
art will appreciate that the choice of epitopes and
antigens is large and varied. They may be for instance
human or animal proteins, cytokines, cytokine
receptors, enzymes co-factors for enzymes or DNA
binding proteins. Suitable cytokines and growth
factors that can be targeted by mono- or dualspecific
binding polypeptides as described herein include but
are not limited to: ApoE, Apo-SAA, BDNF, BLyS,
Cardiotrophin-1, EGF, EGF receptor, ENA-78, Eotaxin,
Eotaxin-2, Exodus-2, EpoR, FGF-acidic, FGF-basic,
fibroblast growth factor- 10, FLT3 ligand, Fractalkine
(CX3C), GDNF, G-CSF, GM-CSF, GF-Ol, insulin, IFN-y,
IGF-I, IGF-II, IL-, IL-Ip, 20 IL-2, IL-3, IL-4, IL-5,
IL-6, IL-7, IL-8 (72 a.a.), IL-8 (77 a.a.), IL- 9,
IL-IO, IL-Il, IL-12, IL-13, IL-15, IL-16, IL-17, IL-18
(IGIF), Inhibin a, Inhibin B IP10, keratinocyte growth
factor-2 (KGF-2), KGF, Leptin, LIF, Lymphotactin,
Mullerian inhibitory substance, monocyte colony
inhibitory factor, monocyte attractant protein, MCSF,
MDC (67 a.a.), MDC (69 a.a.), MCP-I (MCAF), MCP-2,
MCP-3, MCP-4, MIG, MIPIa, MlPl b, MIP3a, MIP3b, MIP-4,
myeloid progenitor inhibitor factor-1 (MPIF-I), NAP-2,
Neurturin, Nerve growth factor, b-NGF, NT-3, NT-4,
Oncostatin M, PDGF-AA, PDGF-AB, PDGF-BB, PF-4, RANTES,
SDF12, SDFl b, SCF, SCGF, stem cell factor (SCF),
TARC, TGF-a, TGF-b, TGF-b2, TGF-b3, tumour necrosis
factor (TNF), TNF-a, TNF-b, TNF receptor I, TNF
receptor II, TNIL-I, TPO, VEGF, VEGF receptor 1, VEGF
receptor 2, VEGF receptor 3, GCP-2, GRO/MGSA, GRO-b,
GRO-8, HCCl, 1-309, HER 1, HER 2, HER 3, HER 4, TACE
recognition site, TNF BP-I and TNF BP-II, as well as
any target disclosed in Annex 2 OR Annex 3 hereto,
whether in combination as set forth in the Annexes, in
a different combination, or individually. Cytokine
receptors include receptors for the foregoing
cytokines, e.g. IL- 1 Rl; IL-GR; IL-10R; IL- 18R, as
well as receptors for cytokines set forth in Annex 2
or Annex 3 and also receptors disclosed in Annex 2 and
3. It will be appreciated that this list is by no
means exhaustive. Where the multispecifc ligand binds
to two epitopes (on the same or different antigens),
the antigen(s) may be selected from this list.
Advantageously, dual specific ligands may be used to
target cytokines and other molecules which cooperate
synergistically in therapeutic situations in the body
of an organism. The invention therefore provides a
method for synergising the activity of two or more
cytokines, comprising administering a dual specific
ligand capable of binding to said two or more
cytokines. In this aspect of the invention, the dual
specific ligand may be any dual specific ligand,
including a ligand composed of complementary and/or
noncomplementary domains, a ligand in an open
conformation, and a ligand in a closed conformation.
For example, this aspect of the invention relates to
combinations of VH domains and VL domains, VH domains
only and VL domains only. Synergy in a therapeutic
context may be achieved in a number of ways. For
example, target combinations may be therapeutically
active only if both targets are targeted by theligand,
whereas targeting one target alone is not
therapeutically effective. In another embodiment, one
target alone may provide some low or minimal
therapeutic effect, but together with a second target
the combination provides a synergistic increase in
therapeutic effect. 



Preferably, the cytokines bound by the dual specific
ligands of this aspect of the invention are selected
from the list shown in Annex 2. Moreover, dual
specific ligands may be used in oncology applications,
where one specificity targets CD89, which is expressed
by cytotoxic cells, and the other is tumor specific.
Examples of tumor antigens which may be targetted are
given in Annex 3. In one embodiment of the second
configuration of the invention, the variable domains
are derived from an antibody directed against the
first and/or second antigen or epitope. In a preferred
embodiment the variable domains are derived from a
repertoire of single variable antibody domains. In one
example, the repertoire is a repertoire that is not
created in an animal or a synthetic repertoire. In
another example, the single variable domains are not
isolated (at least in part) by animal immunization.
Thus, the single domains can be isolated from a nerve
library. The second configuration of the invention, in
another aspect, provides a multi-specific ligand
comprising a first epitope binding domain having a
first epitope binding specificity and a
non-complementary second epitope binding domain having
a second epitope binding specificity. The first and
second binding specificities may be the same or
different. hi a further aspect, the present invention
provides a closed conformation multi-specific ligand
comprising a first epitope binding domain having a
first epitope binding specificity and a
non-complementary second epitope binding domain having
a second epitope binding specificity wherein the first
and second binding specificities are capable of
competing for epitope binding such that the closed
conformation multi-specific ligand cannot bind both
epitopes simultaneously.In a still further aspect, the
invention provides open conformation ligands
comprising non-complementary binding domains, wherein
the deomains are specific for a different epitope on
the same target. Such ligands bind to targets with
increased avidity. Similarly, the invention provides
multivalent ligands comprising non- complementary
binding domains specific for the same epitope and
directed to targets which comprise multiple copies of
said epitope, such as IL-5, PDGF-AA, PDGF-BB, TGF b,
TGF b2, TGF b3 and TNFa, for example human TNF
Receptor 1 and human TNFa. In a similar aspect,
ligands according to the invention can be configured
to bind individual epitopes with low affinity, such
that binding to individual epitopes is not
therapeutically significant; but the increased avidity
resulting from binding to two epitopes provides a
theapeutic benefit. In a particular example, epitopes
may be targetted which are present individually on
normal cell types, but present together only on
abnormal or diseased cells, such as tumor cells. In
such a situaton, only the abnormal or tumor diseased
cells are effectively targetted by the bispecifc
ligands according to the invention. Ligand specific
for multiple copies of the same epitope, or adjacent
epitopes, on the same target (known as chelating dAbs)
may also be trimeric or polymeric (tertrameric or
more) ligands comprising three, four or more
non-complementary binding domains. For example,
ligands may be constructed comprising three or four VH
domains or VL domains. Moreover, ligands are provided
which bind to multisubunit targets, wherein each
binding domain is specific for a subunit of said
target. The ligand may be dimeric, trimeric or
polymeric. Preferably, the multi-specific ligands
according to the above aspects of the invention are
obtainable by the method of the first aspect of the
invention. According to the above aspect of the second
configuration of the invention, advantageously the
first epitope binding domain and the second epitope
binding domains are non-complementary immunoglobulin
variable domains, as herein defined. That is either
VH-VH or VL-VL variable domains. Chelating dAbs in
particular may be prepared according to a preferred
aspect of the invention, namely the use of anchor
dAbs, in which a library of dimeric, trimeric
ormultimeric dAbs is constructed using a vector which
comprises a constant dAb upstream or downstream of a
linker sequence, with a repertoire of second, third
and further dAbs being inserted on the other side of
the linker. For example, the anchor or guiding dAb may
be TAR1-5 (VK), TAR1-27(V), TAR2h-5(VH) or
TAR2h-6(VK). In alternative methodologies, the use of
linkers may be avoided, for example by the use of
non-covalent bonding or natural affinity between
binding domains such as VH and VL. The invention
accordingly provides a method for preparing a
chelating multimeric ligand comprising the steps of:
(a) providing a vector comprising a nucleic acid
sequence encoding a single binding domain specific for
a first epitope on a target; (b) providing a vector
encoding a repertoire comprising second binding
domains specific for a second epitope on said target,
which epitope can be the same or different to the
first epitope, said second epitope being adjacent to
said first epitope; and (c) expressing said first and
second binding domains; and (d) isolating those
combinations of first and second binding domains which
combine together to produce a target-binding dimer.
The first and second epitopes are adjacent such that a
multimeric ligand is capable of binding to both
epitopes simultaneously. This provides the ligand with
the advantages of increased avidity of binding. Where
the epitopes are the same, the increased avidity is
obtained by the presence of multiple copies of the
epitope on the target, allowing at least two copies to
be simultaneously bound in order to obtain the
increased avidity effect. The binding domains may be
associated by several methods, as well as the use of
linkers. For example, the binding domains may comprise
cys residues, avidin and streptavidin groups or other
means for non-covalent attachment post- synthesis;
those combinations which bind to the target
efficiently will be isolated. Alternatively, a linker
may be present between the first and second binding
domains, which are expressed as a singlepolypeptide
from a single vector, which comprises the first
binding domain, the linker and a repertoire of second
binding domains, for instance as described above. In a
preferred aspect, the first and second binding domains
associate naturally when bound to antigen; for
example, VH and VK domains, when bound to adjacent
epitopes, will naturally associate in a three-way
interaction to form a stable dimer. Such associated
proteins can be isolated in a target binding assay. An
advantage of this procedure is that only binding
domains which bind to closely adjacent epitopes, in
the correct conformation, will associate and thus be
isolated as a result of their increased avidity for
the target. In an alternative embodiment of the above
aspect of the second configuration of the invention,
at least one epitope binding domain comprises a
non-immunoglobulin 'protein scaffold' or 'protein
skeleton' as herein defined. Suitable non-
immunoglobulin protein scaffolds include but are not
limited to any of those selected from the group
consisting of: SpA, fbronectin, GroEL and other
chaperones, lipocallin, CCTLA4 and affbodies, as set
forth above. According to the above aspect of the
second configuration of the invention, advantageously,
the epitope binding domains are attached to a 'protein
skeleton'. Advantageously, a protein skeleton
according to the invention is an immunoglobulin
skeleton. According to the present invention, the term
'immunoglobulin skeleton1refers to a protein which
comprises at least one immunoglobulin fold and which
acts as a nucleus for one or more epitope binding
domains, as defined herein. Preferred "immunoglobulin
skeletons" as herein defined includes any one or more
of those selected from the following: an
immunoglobulin molecule comprising at least (i) the CL
(kappa or lambda subclass) domain of an antibody; or
(ii) the CHl domain of an antibody heavy chain; an
immunoglobulin molecule comprising the CHl and CH2
domains of an antibody heavy chain; an immunoglobulin
molecule comprising the CHl, CH2 and CH3 domains of an
antibody heavy chain; or any of the subset (ii) in
conjunction with the CL (kappa or lambda subclass)
domain of an antibody. A hinge region domain may also
be included. Such combinations of domains may, for
example,mimic natural antibodies, such as IgG or IgM,
or fragments thereof, such as Fv, scFv, Fab or F(ab')2
molecules. Those skilled in the art will be aware that
this list is not intended to be exhaustive. Linking of
the skeleton to the epitope binding domains, as herein
defined may be achieved at the polypeptide level, that
is after expression of the nucleic acid encoding the
skeleton and/or the epitope binding domains.
Alternatively, the linking step may be performed at
the nucleic acid level. Methods of linking a protein
skeleton according to the present invention, to the
one or more epitope binding domains include the use of
protein chemistry and/or molecular biology techniques
which will be familiar to those skilled in the art and
are described herein. Advantageously, the closed
conformation multispecific ligand may comprise a first
domain capable of binding a target molecule, and a
second domain capable of binding a molecule or group
which extends the half-life of the ligand. For
example, the molecule or group may be a bulky agent,
such as HSA or a cell matrix protein. As used herein,
the phrase "molecule or group which extends the
half-life of a ligand" refers to a molecule or
chemical group which, when bound by a dual-specific
ligand as described herein increases the in vivo
half-life of such dual specific ligand when
administered to an animal, relative to a ligand that
does not bind that molecule or group. Examples of
molecules or groups that extend the half- life of a
ligand are described hereinbelow. In a preferred
embodiment, the closed conformation multispecific
ligand may be capable of binding the target molecule
only on displacement of the half-life enhancing
molecule or group. Thus, for example, a closed
conformation multispecific ligand is maintained in
circulation in the bloodstream of a subject by a bulky
molecule such as HSA. When a target molecule is
encountered, competition between the binding domains
of the closed conformation multispecific ligand
results in displacement of the HSA and binding of the
target. Ligands according to any aspect of the present
invention, as well as dAb monomers useful in
constructing such ligands, may advantageously
dissociate from their cognate 20 target(s) with a Kd
of 30OnM to 5pM (ie, 3 x 10 7 to 5 x 10 12M),
preferably 5OnM to20pM, or 5nM to 20OpM or InM to
10OpM, 1 x 10 7 M or less, 1 x 10 8 M or less, 1 x10 9
M or less, 1 x 10 10 M or less, 1 x 10 11 M or less;
and/or a Koff rate constant of 5 x 10 1 to 1 x 10 7 S
1, preferably 1 x 10 2 to 1 x 10 6 S 1, or 5 x 10 3 to
1 x 10 5 S 1, or 5 x 10 1 S 1 or less, or 1 x 10 2 S 1
or less, or 1 x 10 3 S 1 or less, or 1 x 10 4 S 1 or
less, or 1 x 10~5 S 1 or less, or 1 x 10~6 S 1 or less
as determined by surface plasmon resonance. The Kd
rate constant is defined as K0SZKon. In particular the
invention provides an anti-TNF- a dAb monomer (or dual
specific ligand comprising such a dAb), homodimer,
heterodimer or homotrimer ligand, wherein each dAb
binds TNF- a. The ligand binds to TNF- a with a Kd of
30OnM to 5pM (ie, 3 x 10 7 to 5 x 10 12M), preferably
5OnM to 2OpM, more preferably 5nM to 20OpM and most
preferably InM to 10OpM; expressed in an alternative
manner, the Kd is 1 x 10 7 M or less, preferably 1 x
10 8 M or less, more preferably 1 x 10 9 M or less,
advantageously 1 x 10 10 M or less and most preferably
1 x 10 11 M or less; and/or a K0Jf rate constant of 5
x 10 1 to 1 x 10 7 S 1, preferably 1 x 10 2 to 1 x 10
6 S 1, more preferably 5 x 10 3 to 1 x 10 5 S 1, for
example 5 x 10 1S 1 or less, preferably 1 x 10 2 S or
less, more preferably 1 x 10 3 S or less,
advantageously 1 x 10"4 S 1 or less, further
advantageously 1 x 10 5 S 1 or less, and most
preferably 1 x 10 6 S 1 or less, as determined by
surface plasmon resonance. Preferably, the ligand
neutralises TNF- a in a standard L929 assay with an
ND50 of 50OnM to 5OpM, preferably or 10OnM to 5OpM,
advantageously 1OnM to 10OpM, more preferably InM to
10OpM; for example 5OnM or less, preferably 5nM or
less, advantageously 50OpM or less, more preferably
20OpM or less and most preferably lOOpM or less.
Preferably, the ligand inhibits binding of TNF- a to
TNF- a Receptor I (p55 receptor) with an IC50 of 50OnM
to 5OpM, preferably 10OnM to 5OpM, more preferably 5
1OnM to 10OpM, advantageously InM to 10OpM; for
example 5OnM or less, preferably 5nM or less, more
preferably 50OpM or less, advantageously 20OpM or
less, and most preferably lOOpM or less. Preferably,
the TNF- a is Human TNF- a. Furthermore, the invention
provides an anti-TNF Receptor I dAb monomer, or dual
specific ligand comprising such a dAb, that binds to
TNF Receptor I with a Kd of 30OnM to 5pM (ie, 3 x 10 7
to 5 x 10 12M), preferably 5OnM to20pM, more
preferably 5nM to20OpM and most preferably InM to
10OpM, for example 1 x 10 7 M or less, preferably 1 x
10 8 M or less, more preferably 1 x 10 9 M or less,
advantageously 1 x 10~10 M or less and most preferably
1 x 10 11 M or less; and/or a Koff rate constant of 5
x 10 1 to 1 x 10 7 S 1, preferably 1 x 10 2 to 1 x 10
6 S 1, more preferably 5 x 10 3 to 1 x 10 5 S 1, for
example 5 x 10 1S 1 or less, preferably 1 x 10 2 S 1
or less, more preferably 1 x 10 3 S 1 or less,
advantageously 1 x 10 4 S 1 or less, further
advantageously 1 x 10 5 S 1 or less, and most
preferably 1 x 10 6 S 1 or less, as determined by
surface plasmon resonance. Preferably, the dAb monomer
or ligand neutralises TNF- a in a standard assay (eg,
the L929 or HeLa assays described herein) with an ND50
of 50OnM to 5OpM, preferably 10OnM to 5OpM, more
preferably 1OnM to 10OpM, advantageously InM to 10OpM;
for example 5OnM or less, preferably 5nM or less, more
preferably 50OpM or less, advantageously 20OpM or
less, and most preferably lOOpM or less. Preferably,
the dAb monomer or ligand inhibits binding of TNF- a
to TNF- a 5 Receptor I (p55 receptor) with an IC50 of
50OnM to 5OpM, preferably 10OnM to 5OpM, more
preferably 1OnM to 10OpM, advantageously InM to 10OpM;
for example 5OnM or less, preferably 5nM or less, more
preferably 50OpM or less, advantageously 20OpM or
less, and most preferably lOOpM or less. Preferably,
the TNF Receptor I target is Human TNF- a.
Furthermore, the invention provides a dAb monomer(or
dual specific ligand comprising such a dAb) that binds
to serum albumin (SA) with a Kd of InM to 500 mM (ie,
1 x 10 9 to 5 x 10 4), preferably 10OnM to 10,uM.
Preferably, for a dual specific ligand comprising a
first anti-SA dAb and a second dAb to another target,
the affinity (eg Kd and/or Koff as measured by surface
plasmon resonance, eg using BiaCore) of the second dAb
for its target is from 1 to 100000 times (preferably
100 to 100000, more preferably 1000 to 100000, or
10000 to 100000 times) the affinity of the first dAb
for SA. For example, the first dAb binds SA with an
affinity of approximately 10 mM, while the second dAb
binds its target with an affinity of 10OpM.
Preferably, the serum albumin is human serum albumin
(HSA).In one embodiment, the first dAb (or a dAb
monomer) binds SA (eg, HSA) with a K<i of
approximately 50, preferably 70, and more preferably
100, 150 or 200 nM. The invention moreover provides
dimers, trimers and polymers of the aforementioned dAb
monomers, in accordance with the foregoing aspect of
the present invention. Ligands according to the
invention, including dAb monomers, dimers and trimers,
can be linked to an antibody Fc region, comprising one
or both of CH2 and CH3 domains, and optionally a hinge
region. For example, vectors encoding ligands linked
as a single nucleotide sequence to an Fc region may be
used to prepare such polypeptides. In a further aspect
of the second configuration of the invention, the
present invention provides one or more nucleic acid
molecules encoding at least a multispecific ligand as
herein defined. In one embodiment, the ligand is a
closed conformation ligand. In another embodiment, it
is an open conformation ligand. The multispecific
ligand may be s encoded on a single nucleic acid
molecule; alternatively, each epitope binding domain
may be encoded by a separate nucleic acid molecule.
Where the ligand is encoded by a single nucleic acid
molecule, the domains may be expressed as a fusion
polypeptide, or may be separately expressed and
subsequently linked together, for example using
chemical linking agents. Ligands expressed from
separate nucleic acids will be linked together by
appropriate means. The nucleic acid may further encode
a signal sequence for export of the polypeptides from
a host cell upon expression and may be fused with a
surface component of a filamentous bacteriophage
particle (or other component of a selection display
system) upon expression. Leader sequences, which may
be used in bacterial expresion and/or phage or
phagemid display, include pelB, stll, ompA, phoA, bla
and pelA. In a further aspect of the second
configuration of the invention the present invention
provides a vector comprising nucleic acid according to
the present invention. In a yet further aspect, the
present invention provides a host cell transfected
with a vector according to the present
invention.Expression from such a vector may be
configured to produce, for example on the surface of a
bacteriophage particle, epitope binding domains for
selection. This allows selection of displayed domains
and thus selection of 'multispecific ligands' using
the method of the present invention. In a preferred
embodiment of the second configuration of the
invention, the epitope binding domains are
immunoglobulin variable regions and are selected from
single domain V gene repertoires. Generally the
repertoire of single antibody domains is displayed on
the surface of filamentous bacteriophage. In a
preferred embodiment each single antibody domain is
selected by binding of a phage repertoire to antigen.
The present invention further provides a kit
comprising at least a multispecific ligand according
to the present invention, which may be an open
conformation or closed conformation ligand. Kits
according to the invention may be, for example,
diagnostic kits, therapeutic kits, kits for the
detection of chemical or biological species, and the
like. In further aspect still of the second
configuration of the invention, the present invention
provides a homogeneous immunoassay using a ligand
according to the present invention. In a further
aspect still of the second configuration of the
invention, the present invention provides a
composition comprising a closed conformation
multispecific ligand, obtainable by a method of the
present invention, and a pharmaceutically acceptable
carrier, diluent or excipient. Moreover, the present
invention provides a method for the treatment of
disease using a closed conformation multispecific
ligand1or a composition according to the present
invention. In a preferred embodiment of the invention
the disease is cancer or an inflammatory disease, e.g.
rheumatoid arthritis, asthma or Crohn's disease. In a
further aspect of the second configuration of the
invention, the present invention provides a method for
the diagnosis, including diagnosis of disease using a
closed conformation multispecific ligand, or a
composition according to the present invention. Thus
in general the binding of an analyte to a closed
conformation multispecific ligand maybe exploited to
displace an agent, which leads to the generation of a
signal on displacement. For example, binding of
analyte (second antigen) could displace an
enzyme(first antigen) bound to the antibody providing
the basis for an immunoassay, especially if the enzyme
were held to the antibody through its active site.
Thus in a final aspect of the second configuration,
the present invention provides a method for detecting
the presence of a target molecule, comprising: (a)
providing a closed conformation multispecifc ligand
bound to an agent, said ligand being specific for the
target molecule and the agent, wherein the agent which
is bound by the ligand leads to the generation of a
detectable signal on displacement from the ligand; (b)
exposing the closed conformation multispecific ligand
to the target molecule; and (c) detecting the signal
generated as a result of the displacement of the
agent. According to the above aspect of the second
configuration of the invention, advantageously, the
agent is an enzyme, which is inactive when bound by
the closed conformation multi-specific ligand.
Alternatively, the agent may be any one or more
selected from the group consisting of the following:
the substrate for an enzyme, and a fluorescent,
luminescent or chromogenic molecule which is inactive
or quenched when bound by the ligand. Sequences
similar or homologous (e.g., at least about 70%
sequence identity) to the sequences disclosed herein
are also part of the invention. In some embodiments,
the sequence identity at the amino acid level can be
about 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
97%, 98%, 99% or higher. At the nucleic acid level,
the sequence identity can be about 70%, 75%, 80%, 85%,
90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or
higher. Alternatively, substantial identity exists
when the nucleic acid segments will hybridize under
selective hybridization conditions (e.g., very high
stringency hybridization conditions), to the
complement of the strand. The nucleic acids 



may be present in whole cells, in a cell lysate, or in
a partially purified or substantially pure form.
Calculations of "homology" or "sequence identity" or
"similarity" between two sequences (the terms are used
interchangeably herein) are performed as follows. The
sequences arealigned for optimal comparison purposes
(e.g., gaps can be introduced in one or both of a
first and a second amino acid or nucleic acid sequence
for optimal alignment and non homologous sequences can
be disregarded for comparison purposes). In a
preferred embodiment, the length of a reference
sequence aligned for comparison purposes is at least
30%, preferably at least 40%, more preferably at least
50%, even more preferably at least 60%, and even more
preferably at least 70%, 80%, 90%, 100% of the length
of the reference sequence. The amino acid residues or
nucleotides at corresponding amino acid positions or
nucleotide positions are then compared. When a
position in the first sequence is occupied by the same
amino acid residue or nucleotide as the corresponding
position in the second sequence, then the molecules
are identical at that position (as used herein amino
acid or nucleic acid "homology" is equivalent to amino
acid or nucleic acid "identity"). The percent identity
between the two sequences is a function of the number
of identical positions shared by the sequences, taking
into account the number of gaps, and the length of
each gap, which need to be introduced for optimal
alignment of the two sequences. Advantageously, the
BLAST algorithm (version 2.0) is employed for sequence
alignment, with parameters set to default values. The
BLAST algorithm is described in detail at the world
wide web site ("www") of the National Center for
Biotechnology Information (".ncbi") of the National
Institutes of Health ("nib") of the U.S. government
(".gov"), in the "/Blast!" directory, in the
"blast_help.html" file. The search parameters are
defined as follows, and are advantageously set to the
defined default parameters. BLAST (Basic Local
Alignment Search Tool) is the heuristic search
algorithm employed by the programs blastp, blastn,
blastx, tblastn, and tblastx; these programs ascribe
significance to their findings using the statistical
methods of Karlin and Altschul, 1990, 20 Proc. Natl.
Acad. Sci. USA 87(6):2264-8 (see the "blast_help.html"
file, as described above) with a few enhancements. The
BLAST programs were tailored for sequence similarity
searching, for example to identify homologues to a
query sequence. The programs are not generally useful
for motif-style searching. For a discussion of basic
issues in similarity searching of sequence databases,
see Altschul et al. (1994).The five BLAST programs
available at the National Center for Biotechnology
Information web site perform the following tasks:
"blastp" compares an amino acid query sequence against
a protein sequence database; "blastn" compares a
nucleotide query sequence against a nucleotide
sequence database; "blastx" compares the six-frame
conceptual translation products of a nucleotide query
sequence (both strands) against a protein sequence
database; "tblastn" compares a protein query sequence
against a nucleotide sequence database dynamically
translated in all six reading frames (both strands),
"tblastx" compares the six-frame translations of a
nucleotide query sequence against the six-frame
translations of a nucleotide sequence database. BLAST
uses the following search parameters: HISTOGRAM
Display a histogram of scores for each search; default
is yes. (See s parameter H in the BLAST Manual).
DESCRIPTIONS Restricts the number of short
descriptions of matching sequences reported to the
number specified; default limit is 100 descriptions.
(See parameter V in the manual page). See also EXPECT
and CUTOFF. ALIGNMENTS Restricts database sequences to
the number specified for which high scoring segment
pairs (HSPs) are reported; the default limit is 50. If
more database sequences than this happen to satisfy
the statistical significance threshold for reporting
(see EXPECT and CUTOFF below), only the matches
ascribed the greatest statistical significance are
reported. (See parameter B in the BLAST Manual).
EXPECT The statistical significance threshold for
reporting matches against database sequences; the
default value is 10 , such that 10 matches are
expected to be found merely by chance, according to
the stochastic model of Karlin and Altschul (1990). If
the statistical significance ascribed to a match is
greater than the EXPECT threshold, the match will not
be reported. Lower EXPECT thresholds are more
stringent, leading to fewer chance matches being
reported. Fractional values are acceptable. (See
parameter E in the BLAST Manual).CUTOFF Cutoff score
for reporting high-scoring segment pairs. The default
value is calculated from the EXPECT value (see above).
HSPs are reported for a database sequence only if the
statistical significance ascribed to them is at least
as high as would be ascribed to a lone HSP having a
score equal to the CUTOFF value. Higher CUTOFF values
are more stringent, leading to fewer chance matches
being reported. (See parameter S in the BLAST Manual).
Typically, significance thresholds can be more
intuitively managed using EXPECT. MATRIX Specify an
alternate scoring matrix for BLASTP, BLASTX, TBLASTN
and TBLASTX. The default matrix is BLOSUM62 (Henikoff
& Henikoff, 1992, Proc. Natl. 30 Acad. Sci. USA
89(22): 10915-9). The valid alternative choices
include: PAM40, PAM120, PAM:250 and IDENTITY. No
alternate scoring matrices are available for BLASTN;
specifying the MATRIX directive in BLASTN requests
returns an error response. STRAND Restrict a TBLASTN
search to just the top or bottom strand of the
database sequences; or restrict a BLASTN, BLASTX or
TBLASTX search to just reading frames on the top or
bottom strand of the query sequence. FILTER Mask off
segments of the query sequence that have low
compositional complexity, as determined by the SEG
program of Wootton & Federhen (1993) Computers and
Chemistry 17:149-163, or segments consisting of
short-periodicity internal repeats, as determined by
the XNU program of Claverie & States, 1993, Computers
and Chemistry 17:191-201, or, for BLASTN, by the DUST
program of Tatusov and Lipman (see the world wide web
site of the NCBI). Filtering can eliminate
statistically significant but biologically
uninteresting reports from the blast output (e.g.,
hits against common acidic-, basic- or proline-rich
regions), leaving the more biologically interesting
regions of the query sequence available for specific
matching against database sequences. Low complexity
sequence found by a filter program is substituted
using the letter "N" in nucleotide sequence (e.g., "N"
repeated 13 times) and the letter "X" in protein
sequences (e.g., "X" repeated 9 times). Filtering is
only applied to the query sequence (or its translation
products), not to database sequences. Default
filtering is DUST for BLASTN, SEG for other programs.
It is notunusual for nothing at all to be masked by
SEG, XNU, or both, when applied to sequences in
SWISS-PROT, so filtering should not be expected to
always yield an effect. Furthermore, in some cases,
sequences are masked in their entirety, indicating
that the statistical significance of any matches
reported against the unfiltered query sequence should
be suspect. NCBI-gi Causes NCBI gi identifiers to be
shown in the output, in addition to the accession
and/or locus name. Most preferably, sequence
comparisons are conducted using the simple BLAST
search algorithm provided at the NCBI world wide web
site described above, in the "/BLAST" directory.
Preparation of immunoglobulin based multi-specific
ligands . Dual specific ligands according to the
invention, whether open or closed in conformation
according to the desired configuration of the
invention, may be prepared according to previously
established techniques, used in the field of antibody
engineering, for the preparation of scFv, "phage"
antibodies and other engineered antibody molecules.
Techniques for the preparation of antibodies, and in
particular bispecific antibodies, are for example
described in the following reviews and the references
cited therein: Winter & Milstein, (1991) Nature
349:293-299; Pluckthun (1992) Immunological Reviews 5
130:151-188; Wright et al., (1992) Crit. Rev. Immunol.
12: 125- 168; Holliger, P. & Winter, G. (1993) Curr.
Op. Biotechn. 4, 446-449; Carter, et al. (1995) J.
Hematother. 4, 463-470; Chester, K.A. & Hawkins, R.E.
(1995) Trends Biotechn. 13, 294-300; Hoogenboom, H.R.
(1997) Nature Biotechnol. 15, 125-126, Fearon, D.
(1997) Nature Biotechnol. 15, 618-619; Pluckthun, A. &
Pack, P. (1997) Irnmunotechnology 3, 83-105; Carter,
P. & Merchant, A.M. (1997) Curr. Opin. Biotechnol. 8,
449- 454; Holliger, P. & Winter, G. (1997) Cancer
Immunol. Immunother. 45, 128-130. The invention
provides for the selection of variable domains against
two different antigens or epitopes, and subsequent
combination of the variable domains. The techniques
employed for selection of the variable domains employ
libraries and selection procedures which are known in
the art. Natural libraries (Marks et al. (1991) J.
MoI. Biol.,222: 581; Vaughan et al. (1996) Nature
Biotech., 14: 309) which use rearranged V genes
harvested from human B cells are well known to those
skilled in the art. Synthetic libraries (Hoogenboom &
Winter (1992) J. MoI. Biol., 227: 381; Barbas et al.
(1992) Proc. Natl. Acad. Sci. USA, 89: 4457; Nissim et
al. (1994) EMBO J., 13: 692; Griffiths et al. (1994)
EMBO], 13: 3245; De Kruif et al. (1995) J .MoL Biol.,
248: 97) are prepared by cloning immunoglobulin V
genes, usually using PCR. Errors in the PCR process
can lead to a high degree of randomization. VH and/or
VL libraries may be selected against target antigens
or epitopes separately, in which case single domain
binding is directly selected for, or together. A
preferred method for making a dual specific ligand
according to the present invention comprises using a
selection system in which a repertoire of variable
domains is selected for binding to a first antigen or
epitope and a repertoire of variable domains is
selected for binding to a second antigen or epitope.
The selected variable first and second variable
domains are then combined and the dual-specific ligand
selected for binding to both first and second antigen
or epitope. Closed conformation ligands are selected
for binding both first and second antigen or epitope
in isolation but not simultaneously. A. Library vector
systems. A variety of selection systems are known in
the art which are suitable for use in the present
invention. Examples of such systems are described
below. Bacteriophage lambda expression systems may be
screened directly as bacteriophage plaques or as
colonies of lysogens, both as previously described
(Muse et al. (1989) 20 Science, 246: 1275; Caton and
Koprowski (1990) Proc. Natl. Acad. Sci. U.S.A., 87;
Mullinax et al. (1990) Proc. Natl. Acad. Sci. U.S.A.,
87: 8095; Persson et al. (1991) Proc. Natl. Acad. Sci.
U.S.A., 88: 2432) and are of use in the invention.
Whilst such expression systems can be used to screen
up to 106 different members of a library, they are not
really suited to screening of larger numbers (greater
than 106 members). Of particular use in the
construction of libraries are selection display
systems, which enable a nucleic acid to be linked to
the polypeptide it expresses. As used herein,
aselection display system is a system that permits the
selection, by suitable display means, of the
individual members of the library by binding the
generic and/or target ligands. Selection protocols for
isolating desired members of large libraries are known
in the art, as typified by phage display techniques.
Such systems, in which diverse peptide sequences are
displayed on the surface of filamentous bacteriophage
(Scott and Smith (1990) Science, 249: 386), have
proven useful for creating libraries of antibody
fragments (and the nucleotide sequences that encoding
them) for the in vitro selection and amplification of
specific antibody fragments that bind a target antigen
(McCafferty et al., WO 92/01047). The nucleotide
sequences encoding the VH and VL regions are linked to
s gene fragments which encode leader signals that
direct them to the periplasmic space of E. col; and as
a result the resultant antibody fragments are
displayed on the surface of the bactenophage,
typically as fusions to bacteriophage coat proteins
(e.g., pill or pVIII). Alternatively, antibody
fragments are displayed externally on lambda phage
capsids (phagebodies). An advantage of phage-based
display systems is that, because they are biological
systems, selected library members can be amplified
simply by growing the phage containing the selected
library member in bacterial cells. Furthermore, since
the nucleotide sequence that encode the polypeptide
library member is contained on a phage or phagemid
vector, sequencing, expression and subsequent genetic
manipulation is relatively straightforward. Methods
for the construction of bacteriophage antibody display
libraries and lambda phage expression libraries are
well known in the art (McCafferty et al. (1990)
Nature, 348: 552; Kang et al. (1991) Proc. Natl. Acad.
Sci. U.S.A., 88: 4363; Clackson et al. (1991) Nature,
352: 624; Lowman et al. (1991) Biochemistry, 30:
10832; Burton et al. 20 (1991) Proc. Natl. Acad. Sci
U.S.A., 88: 10134; Hoogenboom et al. (1991) Nucleic
Acids Res., 19: 4133; Chang et al. (1991) J. Immunol.,
147: 3610; Breitling et al. (1991) Gene, 104: 147;
Marks et al. (1991) supra; Barbas et al. (1992) supra;
Hawkins and Winter (1992) J. Immunol., 22: 867; Marks
et al., 1992, J. Biol. Chem., 267: 16007; Lerner et
al. (1992) Science, 258: 1313, incorporated herein by
reference). One particularly advantageous approach has
been the use of scFv phage- libraries (Huston et al.,
1988, Proc. Natl. Acad. Sci U.S.A., 85: 5879- 5883;
Chaudhary et al. (1990) Proc.Natl. Acad. Sci U.S.A.,
87: 1066-1070; McCafferty et al. (1990) supra;
Clackson et al. (1991) Nature, 352: 624; Marks et al.
(1991) J. MoI. Biol., 222: 581; Chiswell et al. 30
(1992) Trends Biotech., 10: 80; Marks et al. (1992) J.
Biol. Chem., 267). Various embodiments of scFv
libraries displayed on bacteriophage coat proteins
have been described. Refinements of phage display
approaches are also known, for example as described in
W096/06213 and WO92/01047 (Medical Research Council et
al.) and W097/08320 (Morphosys), which are
incorporated herein by reference. Other systems for
generating libraries of polypeptides involve the use
of cell-free enzymatic machinery for the in vitro
synthesis of the library members. In one method, RNA
molecules are selected by alternate rounds of
selection against a target ligand and PCR
amplification (Tuerk and Gold (1990) Science, 249:
505; Ellington and Szostak (1990) Nature, 346:818). A
similar technique may be used to identify DNA
sequences which bind a predetermined human
transcription factor (Thiesen and Bach (1990) Nucleic
Acids Res., 18: 3203; Beaudry and Joyce (1992)
Science, 257: 635;W092/05258 and WO92/14843). hi a
similar way, in vitro translation can be used to
synthesise polypeptides as a method for generating
large libraries. These methods which generally
comprise stabilised polysome complexes, are described
further in W088/08453, WO90/05785,WO90/07003,
WO91/02076,WO91/05058, and W092/02536. Alternative
display systems which are not phage-based, such as
those disclosed in WO95/22625 and WO95/1 1922
(Affymax) use the polysomes to display polypeptides
for selection. A still further category of techniques
involves the selection of repertoires in artificial
compartments, which allow the linkage of a gene with
its gene product. For example, a selection system in
which nucleic acids encoding desirable gene products
may be selected in microcapsules formed by
water-in-oil emulsions is described in WO99/02671,
WO00/40712 and Tawfik & Griffiths (1998) Nature
Biotechnol 16(7), 652-6. Genetic elements encoding a
gene product having a desired activity are
compartmentalised into microcapsules and then
transcribed and/or translated to produce their
respective gene products (RNA or protein) within the
microcapsules. Genetic elements which produce gene
product having desired activity are subsequently
sorted. This approach selects gene products of
interest by detecting the desired activity by a
variety of means.B. Library Construction. Libraries
intended for selection, may be constructed using
techniques known in the art, for example as set forth
above, or may be purchased from commercial sources.
Libraries which are useful in the present invention
are described, for example, in WO99/20749. Once a
vector system is chosen and one or more nucleic acid
sequences encoding polypeptides of interest are cloned
into the library vector, one may generate diversity
within the cloned molecules by undertaking mutagenesis
prior to expression; alternatively, the encoded
proteins may be expressed and selected, as described
above, before mutagenesis and additional rounds of
selection are performed. Mutagenesis of nucleic acid
sequences encoding structurally optimised polypeptides
is carried out by standard molecular methods. Of
particular use is the polymerase chain reaction, or
PCR, (Mullis and Faloona (1987) Methods E'nzymol.,
155: 335, herein incorporated by reference). PCR,
which uses multiple cycles of DNA replication
catalysed by a thermostable, DNA-dependent DNA
polymerase to amplify the target sequence of interest,
is well known in the art. The construction of various
antibody libraries has been discussed in Winter et al.
(1994) Ann. Rev. Immunology 12, 433-55, and references
cited therein. PCR is performed using template DNA (at
least lfg; more usefully, 1-1000 ng) and at least 25
pmol of oligonucleotide primers; it may be
advantageous to use a larger amount of primer when the
primer pool is heavily heterogeneous, as each sequence
is represented by only a small fraction of the
molecules of the pool, and amounts become limiting in
the later amplification cycles. A typical reaction
mixture includes: 2ml of DNA, 25 pmol of
oligonucleotide primer, 2.5 ml of 1OX PCR buffer 1
(Perkin-Elmer, Foster City, CA), 0.4 ml of 1.25 mM
dNTP, 0.15 ml (or 2.5 units) of Taq DNA polymerase
(Perkin Elmer, Foster City, CA) and deionized water to
a total volume of 25 ml . Mineral oil is overlaid and
the PCR is performed using a programmable thermal
cycler. The length and temperature of each step of a
PCR cycle, as well as the number of cycles, is
adjusted in accordance to the stringency requirements
in effect. Annealing temperature and timing are
determined both by the efficiency with which a primer
is expected to anneal to a template and the degree of
mismatch that is to be tolerated; obviously, when
nucleic acid molecules aresimultaneously amplified and
mutagenised, mismatch is required, at least in the
first round of synthesis. The ability to optimise the
stringency of primer annealing conditions is well
within the knowledge of one of moderate skill in the
art. An annealing temperature of between 30 0C and 72
C is used. Initial denaturation of the template
molecules normally occurs at between 920C and 99C for
4 minutes, followed by 20-40 cycles consisting of
denaturation (94-99C for 15 seconds to 1 minute),
annealing (temperature determined as discussed above;
1-2 minutes), and extension (720C for 1-5 minutes,
depending on the length of the amplified product).
Final extension is generally for 4 minutes at 72C, and
may be followed by an indefinite (0-24 hour) step at
40C. C. Combining single variable domains. Domains
useful in the invention, once selected, may be
combined by a variety of methods known in the art,
including covalent and non-covalent methods. Preferred
methods include the use of polypeptide linkers, as
described, for example, in connection with scFv
molecules (Bird et al., (1988) Science 242:423-426).
Discussion of suitable linkers is provided in Bird et
al. Science 242, 423-426; Hudson et al, Journal
Immunol. Methods 231 (1999) 177-189; Hudson et al,
Proc Nat Acad Sci USA 85, 5879 5883. Linkers are
preferably flexible, allowing the two single domains
to interact. One linker example is a (Gly4 Ser)n
linker, where n=l to 8, eg, 2, 3, 4, 5 or 7. The
linkers used in diabodies, which are less flexible,
may also be employed (Holliger et al., (1993) PNAS
(USA) 90:6444-6448). In one embodiment, the linker
employed is not an immunoglobulin hinge region.
Variable domains may be combined using methods other
than linkers. For example, the use of disulphide
bridges, provided through naturally- occurring or
engineered cysteine residues, may be exploited to
stabilise VH-VH, VL-VL, or V -VL dimers (Reiter et
al., (1994) Protein Eng. 7:697- 704) or by remodelling
the interface between the variable domains to improve
the "fit" and thus the stability of interaction
(Ridgeway et al., (1996) Protein Eng. 7:617-621; Zhu
et al., (1997) Protein Science 6:781- 788).Other
techniques for joining or stabilising variable domains
of immunoglobulins, and in particular antibody VH
domains, may be employed as appropriate. In accordance
with the present invention, dual specific ligands can
be in "closed" conformations in solution. A "closed"
configuration is that in which the two domains (for
example VH and VL) are present in associated form,
such as that of an associated VL pair which forms an
antibody binding site. For example, scFv may be in a
closed conformation, depending on the arrangement of
the linker used to link the VH and VL domains. If this
is sufficiently flexible to allow the domains to
associate, or rigidly holds them in the associated
position, it is likely that the domains will adopt a
closed conformation. 



Similarly, VH domain pairs and VL domain pairs may
exist in a closed conformation. Generally, this will
be a function of close association of the domains,
such as by a rigid linker, in the ligand molecule.
Ligands in a closed conformation will be unable to
bind both the molecule which increases the half-life
of the ligand and a second target molecule. Thus, the
ligand will typically only bind the second target
molecule on dissociation from the molecule which
increases the half-life of the ligand. Moreover, the
construction of VH/VH, VL/VL or VH/VL dimers without
linkers provides for competition between the domains.
Ligands according to the invention may moreover be in
an open conformation. In such a conformation, the
ligands will be able to simultaneously bind both the
molecule which increases the half-life of the ligand
and the second target molecule. Typically, variable
domains in an open configuration are (in the case of
VH VL pairs) held far enough apart for the domains not
to interact and form an antibody binding site and not
to compete for binding to their respective epitopes.
In the case of VH/VH or VI/VL dimers, the domains are
not forced together by rigid linkers. Naturally, such
domain pairings will not compete for antigen binding
or form an antibody binding site. Fab fragments and
whole antibodies will exist primarily in the closed
conformation, although it will be appreciated that
open and closed dual specific ligands are likely to
exist in a variety of equilibria under different
circumstances. Binding of the ligand to atarget is
likely to shift the balance of the equilibrium towards
the open configuration. Thus, certain ligands
according to the invention can exist in two
conformations in solution, one of which (the open
form) can bind two antigens or epitopes independently,
whilst the alternative conformation (the closed form)
can only bind one antigen or epitope; antigens or
epitopes thus compete for binding to the ligand in
this conformation. Although the open form of the dual
specific ligand may thus exist in equilibrium with the
closed form in solution, it is envisaged that the
equilibrium will favour the closed form; moreover, the
open form can be sequestered by target binding into a
closed conformation. Preferably, therefore, certain
dual specific ligands of the invention are present in
an equilibrium between two (open and closed)
conformations. Dual specific ligands according to the
invention may be modified in order to favour an open
or closed conformation. For example, stabilisation of
VH-VL interactions with disulphide bonds stabilises
the closed conformation. Moreover, linkers used to
join the domains, including VH domain and VL domain
pairs, may be constructed such that the open from is
favoured; for example, the linkers may sterically
hinder the association of the domains, such as by
incorporation of large amino acid residues in
opportune locations, or the designing of a suitable
rigid structure which will keep the domains physically
spaced apart. D. Characterisation of the dual-specific
ligand. The binding of the dual-specific ligand to its
specific antigens or epitopes can be tested by methods
which will be familiar to those skilled in the art and
include ELISA. In a preferred embodiment of the
invention binding is tested using monoclonal phage
ELISA. Phage ELISA may be performed according to any
suitable procedure: an exemplary protocol is set forth
below. Populations of phage produced at each round of
selection can be screened for binding by ELISA to the
selected antigen or epitope, to identify "polyclonal"
phage antibodies. Phage from single infected bacterial
colonies from these populations can then be screened
by ELISA to identify "monoclonal" phage antibodies. It
is also desirable to screen solubleantibody fragments
for binding to antigen or epitope, and this can also
be undertaken by ELISA using reagents, for example,
against a C- or N-terminal tag (see for example Winter
et al. (1994) Ann. Rev. Immunology 12, 433-55 and
references cited therein). The diversity of the
selected phage monoclonal antibodies may also be
assessed by gel 5 electrophoresis of PCR products
(Marks et al. 1991, supra; Nissim et al. 1994 supra),
probing (Tomlinson et al., 1992) J. MoI. Biol. 227,
776) or by sequencing of the vector DNA. E. Structure
of 'Dual-specific ligands'. As described above, an
antibody is herein defined as an antibody (for example
IgG, IgM, IgA, IgA, IgE) or fragment (Fab, Fv,
disulphide linked Fv, scFv, diabody) which comprises
at least one heavy and a light chain variable domain,
at least two heavy chain variable domains or at least
two light chain variable domains. (The term antibody
also encompasses a dAb). It may be at least partly
derived from any species naturally producing an
antibody, or created by recombinant DNA technology;
whether isolated from serum, B-cells, hybridomas,
transfectomas, yeast or bacteria). hi a preferred
embodiment of the invention the dual-specific ligand
comprises at least one 20 single heavy chain variable
domain of an antibody and one single light chain
variable domain of an antibody, or two single heavy or
light chain variable domains. For example, the ligand
may comprise a VH/VL pair, a pair of VH domains or a
pair of VL domains. The first and the second variable
domains of such a ligand may be on the same
polypeptide chain. Alternatively they may be on
separate polypeptide chains. In the case that they are
on the same polypeptide chain they may be linked by a
linker, which is preferentially a peptide sequence, as
described above. The first and second variable domains
may be covalently or non-covalently associated. In the
case that they are covalently associated, the covalent
bonds may be disulphide bonds. In the case that the
variable domains are selected from V-gene repertoires
selected for instance using phage display technology
as herein described, then these variable domains
comprise a universal framework region, such that is
they may be recognised by a specificgeneric ligand as
herein defined. The use of universal frameworks,
generic ligands and the like is described in
WO99/20749. Where V-gene repertoires are used
variation in polypeptide sequence is preferably
located within the structural loops of the variable
domains. The polypeptide sequences of either variable
domain may be altered by DNA shuffling or by mutation
in order to enhance the interaction of each variable
domain with its complementary pair. DNA shuffling is
known in the art and taught, for example, by Stemmer,
1994, Nature 370: 389-391 and U.S. Patent No.
6,297,053, both of which are incorporated herein by
reference. Other methods of mutagenesis are well known
to those of skill in the art. In a preferred
embodiment of the invention the 'dual-specific ligand'
is a single chain Fv fragment. In an alternative
embodiment of the invention, the 'dual-specific
ligand' consists of a Fab format. In a further aspect,
the present invention provides nucleic acid encoding
at least a 'dual specific ligand' as herein defined.
One skilled in the art will appreciate that, depending
on the aspect of the invention, both antigens or
epitopes may bind simultaneously to the same antibody
molecule. Alternatively, they may compete for binding
to the same antibody molecule. For example, where both
epitopes are bound simultaneously, both variable
domains of a dual specific ligand are able to
independently bind their target epitopes. Where the
domains compete, the one variable domain is capable of
binding its target, but not at the same time as the
other variable domain binds its cognate target; or the
first variable domain is capable of binding its
target, but not at the same time as the second
variable domain binds its cognate target. The variable
regions may be derived from antibodies directed
against target antigens or epitopes. Alternatively
they may be derived from a repertoire of single
antibody domains such as those expressed on the
surface of filamentous bacteriophage. Selection may be
performed as described below.[n general, the nucleic
acid molecules and vector constructs required for the
performance of the present invention may be
constructed and manipulated as set forth in standard
laboratory manuals, such as Sambrook et al. (1989J
Molecular Cloning: A Laboratory Manual, Cold Spring
Harbor, USA. The manipulation of nucleic acids useful
in the present invention is typically carried out in
recombinant vectors. Thus in a further aspect, the
present invention provides a vector comprising nucleic
acid encoding at least a 'dual-specific ligand' as
herein defined. As used herein, vector refers to a
discrete element that is used to introduce
heterologous DNA into cells for the expression and/or
replication thereof. Methods by which to select or
construct and, subsequently, use such vectors are well
known to one of ordinary skill in the art. Numerous
vectors are publicly available, including bacterial
plasmids, bacteriophage, artificial chromosomes and
episomal vectors. Such vectors may be used for simple
cloning and mutagenesis; alternatively gene expression
vector is employed. A vector of use according to the
invention may be selected to accommodate a polypeptide
coding sequence of a desired size, typically from 0.25
kilobase (kb) to 40 kb or more in length A suitable
host cell is transformed with the vector after in
vitro cloning manipulations. Each vector contains
various functional components, which generally include
a cloning (or 'polylinker") site, an origin of
replication and at least one selectable marker gene.
If given vector is an expression vector, it
additionally possesses one or more of the following:
enhancer element, promoter, transcription termination
and signal sequences, each positioned in the vicinity
of the cloning site, such that they are operatively
linked to the gene encoding a ligand according to the
invention. Both cloning and expression vectors
generally contain nucleic acid sequences that enable
30 the vector to replicate in one or more selected
host cells. Typically in cloning vectors, this
sequence is one that enables the vector to replicate
independently of the host chromosomal DNA and includes
origins of replication or autonomously replicating
sequences. Such sequences are well known for a variety
of bacteria, yeast and viruses.The origin of
replication from the plasmid pBR322 is suitable for
most Gram-negative bacteria, the 2 micron plasmid
origin is suitable for yeast, and various viral
origins (e.g. SV 40, adenovirus) are useful for
cloning vectors in mammalian cells. Generally, the
origin of replication is not needed for mammalian
expression vectors unless these are s used in
mammalian cells able to replicate high levels of DNA,
such as COS cells. Advantageously, a cloning or
expression vector may contain a selection gene also
referred to as selectable marker. This gene encodes a
protein necessary for the survival or growth of
transformed host cells grown in a selective culture
medium. Host cells not transformed with the vector
containing the selection gene will therefore not
survive in the culture medium. Typical selection genes
encode proteins that confer resistance to antibiotics
and other toxins, e.g. ampicillin, neomycin,
methotrexate or tetracycline, complement auxotrophic
deficiencies, or supply critical nutrients not
available in the growth media. Since the replication
of vectors encoding a ligand according to the present
invention is most conveniently performed in E. coli,
an E. coli- selectable marker, for example, the
b-lactamase gene that confers resistance to the
antibiotic ampicillin, is of use. These can be
obtained from E. coli plasmids, such as pBR322 or a
pUC plasmid such as pUC18 or pUC19. Expression vectors
usually contain a promoter that is recognised by the
host organism and is operably linked to the coding
sequence of interest. Such a promoter may be inducible
or constitutive. The tenn "operably linked" refers to
a juxtaposition wherein the components described are
in a relationship permitting them to function in their
intended manner. A control sequence "operably linked"
to a coding sequence is ligated in such a way that
expression of the coding sequence is achieved under
conditions compatible with the control sequences.
Promoters suitable for use with prokaryotic hosts
include, for example, the p-lactamase and lactose
promoter systems, alkaline phosphatase, the tryptophan
(trp) promoter system and hybrid promoters such as the
tac promoter. Promoters for use in bacterial systems
will also generally contain a Shine-Delgarno sequence
operably linked to the coding sequence. The preferred
vectors are expression vectors that enables the
expression of a nucleotide sequence corresponding to a
polypeptide library member. Thus, selection with the
firstand/or second antigen or epitope can be performed
by separate propagation and expression of a single
clone expressing the polypeptide library member or by
use of any selection display system. As described
above, the preferred selection display system is
bacteriophage display. Thus, phage or phagemid vectors
may be used, eg pITl or pIT2. Leader sequences useful
in the invention include pelB, stll, ompA, phoA, bla
and pelA. One example are phagemid vectors which have
an E. coli origin of replication (for double stranded
replication) and also a phage origin of replication
(for production of singlestranded DNA). The
manipulation and expression of such vectors is well
known in the art (Hoogenboom and Winter (1992) supra;
Nissim et al. (1994) supra). Briefly, the vector
contains a b-lactamase gene to confer selectivity on
the phagemid and a lac promoter upstream of a
expression cassette that consists (N to C terminal) of
a pelB leader sequence (which directs the expressed
polypeptide to the periplasmic space), a multiple
cloning site (for cloning the nucleotide version of
the library member), optionally, one or more peptide
tag (for detection), optionally, one or more TAG stop
codon and the phage protein pill. Thus, using various
suppressor and non- suppressor strains of E. cold and
with the addition of glucose, iso- propyl
thio-,b-D-galactoside (IPTG) or a helper phage, such
as VCS Ml 3, the vector is able to replicate as a
plasmid with no expression, produce large quantities
of the polypeptide library member only or produce
phage, some of which contain at least one copy of the
polypeptide-pIII fusion on their surface. Construction
of vectors encoding ligands according to the invention
employs conventional ligation techniques. Isolated
vectors or DNA fragments are cleaved, tailored, and
religated in the form desired to generate the required
vector. If desired, analysis to confirm that the
correct sequences are present in the constructed
vector can be performed in a known fashion. Suitable
methods for constructing expression vectors, preparing
in vitro transcripts, introducing DNA into host cells,
and performing analyses for assessing expression and
function are known to those skilled in the art. The
presence of a gene sequence in a sample is detected,
or its amplification and/or expression quantified by
conventional methods, such as Southern or Northern
analysis, Western blotting, dot blotting of DNA, RNA
or protein, in situ hybridisation,
irnmunocytochemistry or sequence analysis of nucleic
acid or protein molecules. Those skilled in the art
will readily envisage how these methods may be
modified, if desired.Structure of closed conformation
multispecific ligands According to one aspect of the
second configuration of the invention present
invention, to the two or more non-complementary
epitope binding domains are linked so that they are in
a closed conformation as herein defined.
Advantageously, they may be further attached to a
skeleton which may, as a alternative, or on addition
to a linker described herein, facilitate the formation
and/or maintenance of the closed conformation of the
epitope binding sites with respect to one another. (I)
Skeletons Skeletons may be based on immunoglobulin
molecules or may be non-immunoglobulin in origin as
set forth above. Preferred immunoglobulin skeletons as
herein defined includes any one or more of those
selected from the following: an immunoglobulin
molecule comprising at least (i) the CL (kappa or
lambda subclass) domain of an antibody; or (ii) the
CHl domain of an antibody heavy chain; an
immunoglobulin molecule comprising the CHl and CH2
domains of an antibody heavy chain; an immunoglobulin
molecule comprising the CHl, CH2 and CH3 domains of an
antibody heavy chain; or any of the subset (ii) in
conjunction with the CL (kappa or lambda subclass)
domain of an antibody. A hinge region domain may also
be included.. Such combinations of domains may, for
example, mimic natural antibodies, such as IgG or IgM,
or fragments thereof, such as Fv, scFv, Fab or F(ab')2
molecules. Those skilled in the art will be aware that
this list is not intended to be exhaustive. (II)
Protein scaffolds Each epitope binding domain
comprises a protein scaffold and one or more CDRs
which are involved in the specific interaction of the
domain with one or more epitopes. Advantageously, an
epitope binding domain according to the present
invention comprises three CDRs. Suitable protein
scaffolds include any of those selected from the group
consisting of the following: those based on
immunoglobulin domains, those based on fibronectin,
those based on affibodies, those based on CTLA4, those
based on chaperones such as GroEL, those based on
lipocallin and those based on the bacterial Fc
receptorsSpA and SpD. Those skilled in the art will
appreciate that this list is not intended to be
exhaustive. F: Scaffolds for use in Constructing Dual
Specific Ligands Selection of the main-chain
conformation The members of the immunoglobulin
superfamily all share a similar fold for their
polypeptide chain. For example, although antibodies
are highly diverse in terms of their primary sequence,
comparison of sequences and crystallographic
structures has revealed that, contrary to expectation,
five of the six antigen binding loops of antibodies
(Hl, H2, Ll, L2, L3) adopt a limited number of
main-chain conformations, or canonical structures
(Chothia and Lesk (1987) J. MoI. Biol., 196: 901;
Chothia et al. (1989) Nature, 342: 877). Analysis of
loop lengths and key residues has therefore enabled
prediction of the main chain conformations of Hl, H2,
Ll, L2 and L3 found in the majority of human
antibodies (Chothia et al. (1992) J. MoI. Biol, 227:
799; Tomlinson et al. (1995) EMBO J., 14: 20 4628;
Williams et al. (1996) J. MoI. Biol., 264: 220).
Although the H3 region is much more diverse in terms
of sequence, length and structure (due to the use of D
segments), it also forms a limited number of
main-chain conformations for short loop lengths which
depend on the length and the presence of particular
residues, or types of residue, at key positions in the
loop and the antibody framework (Martin et al. (1996)
J; MoI. Biol., 263: 800; Shirai et al. (1996) FEDS
Letters, 399: 1). The dual specific ligands of the
present invention are advantageously assembled from
libraries of domains, such as libraries of VH domains
and/or libraries of VL domains. Moreover, the dual
specific ligands of the invention may themselves be
provided in the form of libraries. In one aspect of
the present invention, libraries of dual specific
ligands and/or domains are designed in which certain
loop lengths and key residues have been chosen to
ensure that the main-chain conformation of the members
is known. Advantageously, these are real conformations
of immunoglobulin superfamily molecules found in
nature, to minimise the chances that they are
non-functional, as discussed above. Germline V gene
segments serve as one suitable basic framework for
constructing antibody or T-cell receptor libraries;
other sequences are also of use. Variations mayoccur
at a low frequency, such that a small number of
functional members may possess an altered main- chain
conformation, which does not affect its function.
Canonical structure theory is also of use to assess
the number of different main-chain conformations
encoded by ligands, to predict the main-chain
conformation based on ligand sequences and to chose
residues for diversification which do not affect the
canonical structure. It is known that, in the human VK
domain, the Ll loop can adopt one of four canonical
structures, the L2 loop has a single canonical
structure and that 90% of human VK domains adopt one
of four or live canonical structures for the L3 loop
(Tomlinson et al. (1995) supra); thus, in the VK
domain alone, different canonical structures can
combine to create a range of different main-chain
conformations. Given that the Va domain encodes a
different range of canonical structures for the Ll, L2
and L3 loops and that VK and Va domains can pair with
any VH domain which can encode several canonical
structures for the Hl and H2 loops, the number of
canonical structure combinations observed for these
five loops is very large. This implies that the
generation of diversity in the main-chain conformation
may be essential for the production of a wide range of
binding specificities. However, by constructing an
antibody library based on a single known main-chain
conformation it has been found, contrary to
expectation, that diversity in the main-chain
conformation is not required to generate sufficient
diversity to target substantially all antigens. Even
more surprisingly, the single main-chain conformation
need not be a consensus structure - a single naturally
occurring conformation can be used as the basis for an
entire library. Thus, in a preferred aspect, the
dual-specific ligands of the invention possess a
single known main-chain conformation. The single
main-chain conformation that is chosen is preferably
commonplace among molecules of the immunoglobulin
superfamily type in question. A conformation is
commonplace when a significant number of naturally
occurring molecules are observed to 



adopt it. Accordingly, in a preferred aspect of the
invention, the natural occurrence of the different
main-chain conformations for each binding loop of an
immunoglobulin domain are considered separately and
then a naturally occurring variable domain is chosen
which possesses the desired combination of main-chain
conformations for the different loops. If none is
available, the nearest equivalent may be chosen. It is
preferable that the desired combination of main-chain
conformations for the different loops is created by
selectinggercnline gene segments which encode the
desired main-chain conformations. It is more
preferable, that the selected germline gene segments
are frequently expressed in nature, and most
preferable that they are the most frequently expressed
of all natural germline gene segments. In designing
dual specific ligands or libraries thereof the
incidence of the different main chain conformations
for each of the six antigen binding loops may be
considered separately. For Hl, H2, Ll, L2 and L3, a
given conformation that is adopted by between 20% and
100% of the antigen binding loops of naturally
occurring molecules is chosen. Typically, its observed
incidence is above 35% (i.e. between 35% and 100%)
and, ideally, above 50% or even above 65%. Since the
vast majority of H3 loops do not have canonical
structures, it is preferable to select a main-chain
conformation which is commonplace among those loops
which do display canonical structures. For each of the
loops, the conformation which is observed most often
in the natural repertoire is therefore selected. In
human antibodies, the most popular canonical
structures (CS) for each loop are as follows: Hl - CS
1 (79% of the expressed repertoire), H2 - CS 3 (46%),
Ll - CS 2 of VK (39%), L2 - CS 1 (100%), L3 - CS 1 of
VK (36%) (calculation assumes a k:l ratio of 70:30,
Hood et al. (1967) Cold Spring Harbor Symp. Quant.
Biol, 48: 133). For H3 loops that have canonical
structures, a CDR3 length (Kabat et al. (1991)
Sequences of proteins of immunological interest, U.S.
Department of Health and Human Services) of seven
residues with a salt-bridge from residue 94 to residue
101 appears to be the most common. There are at least
16 human antibody sequences in the EMBL data library
with the required H3 length and key residues to form
this conformation and at least two srystallographic
structures in the protein data bank which can be used
as a basis for antibody modelling (2cgr and ltet). The
most frequently expressed germline gene segments that
this combination of canonical structures are the VH
segment 3-23 (DP-47), he JH segment JH4b, the VK
segment 02/012 (DPK9) and the JK segment JKl . VH
segments DP45 and DP38 are also suitable. These
segments can therefore be used in ;ombination as a
basis to construct a library with the desired single
main-chain lonformation.yternatively, instead of
choosing the single main-chain conformation based on
the iatural occurrence of the different main-chain
conformations for each of the binding oops in
isolation, the natural occurrence of combinations of
main-chain conformations is 5used as the basis for
choosing the single main-chain conformation. In the
case of antibodies, for example, the natural
occurrence of canonical structure combinations for any
two, three, four, five or for all six of the antigen
binding loops can be determined. Here, it is
preferable that the chosen conformation is commonplace
in naturally occurring antibodies and most preferable
that it observed most frequently in the natural
repertoire. Thus, in human antibodies, for example,
when natural combinations of the five antigen binding
loops, Hl, H2, Ll, L2 and L3, are considered, the most
frequent combination of canonical structures is
determined and then combined with the most popular
conformation for the H3 loop, as a basis for choosing
the single main-chain conformation. ii.
Diversification of the canonical sequence. Having
selected several known main-chain conformations or,
preferably a single known main-chain conformation,
dual specific ligands according to the invention or
libraries for use in the invention can be constructed
by varying the binding site of the molecule in order
to generate a repertoire with structural and/or
functional diversity. This means that variants are
generated such that they possess sufficient diversity
in their structure and/or in their function so that
they are capable of providing a range of activities.
The desired diversity is typically generated by
varying the selected molecule at one or more
positions. The positions to be changed can be chosen
at random or are preferably selected. The variation
can then be achieved either by randomisation, during
which the resident amino acid is .replaced by any
amino acid or analogue thereof, natural or synthetic,
producing a very large number of variants or by
replacing the resident amino acid with one or more of
a defined subset of amino acids, producing a more
limited number of variants. Various methods have been
reported for introducing such diversity. Error- prone
PCR (Hawkins et al. (1992) J. MoI. Biol., 226: 889),
chemical mutagenesis (Deng et al. (1994) J. Biol.
Chem., 269: 9533) or bacterial mutator strains (Low et
al. (1996) J. MoI. Biol, 260: 359) can be used to
introduce random mutations into the genes that encode
themolecule. Methods for mutating selected positions
are also well known in the art and include the use of
mismatched oligonucleotides or degenerate
oligonucleotides, with or without the use of PCR. For
example, several synthetic antibody libraries have
been created by targeting mutations to the antigen
binding loops. The H3 region of a human tetanus
toxoid-binding Fab has been randomised to create a
range of new binding specificities (Barbas et al.
(1992) Proc. Natl. Acad. Sci. USA, 89: 4457). Random
or semi-random H3 and L3 regions have been appended to
germline V gene segments to produce large libraries
with unmutated framework regions (Hoogenboom & Winter
(1992) J: MoI. Biol, 227: 381; Barbas et al. (1992)
Proc. Natl. Acad. Sci. USA, 89: 4457; Nissim et al.
(1994) EMBO J., 13: 692; Griffiths et al. (1994) EMBO
J., 13: 3245; De Kruif et al. (1995) J. MoI. Biol.,
248: 97). Such diversification has been extended to
include some or all of the other antigen binding loops
(Crameri) et al. (1996) Nature Med., 5 2 : 100;
Riechmann et al. (1995) Bio/Techrology, 13: 475;
Morphosys, W097/08320, supra). Since loop
randomisation has the potential to create
approximately more than 10 15 structures for H3 alone
and a similarly large number of variants for the other
five loops, it is not feasible using current
transformation technology or even by using cell free
systems to produce a library representing all possible
combinations. For example, in one of the largest
libraries constructed to date, 6 x 1010 different
antibodies, which is only a fraction of the potential
diversity for a library of this design, were generated
(Griffiths et al. (1994) supra). In a preferred
embodiment, only those residues which are directly
involved in creating or modifying the desired function
of the molecule are diversified. For many molecules,
the function will be to bind a target and therefore
diversity should be concentrated in the target binding
site, while avoiding changing residues which are
crucial to the overall packing of the molecule or to
maintaining the chosen main- chain conformation.
Diversification of the canonical sequence as it
applies to antibody domains In the case of antibody
dual-specific ligands, the binding site for the target
is most often the antigen binding site. Thus, in a
highly preferred aspect, the invention provides
libraries of or for the assembly of antibody
dual-specific ligands in which only those residues in
the antigen binding site are varied. These residues
are extremely diverse in thehuman antibody repertoire
and are known to make contacts in high- resolution
antibody/antigen complexes. For example, in L2 it is
known that positions 50 and 53 are diverse in
naturally occurring antibodies and are observed to
make contact with the antigen. In contrast, the
conventional approach would have been to diversify all
the residues in the corresponding Complementarity
Determining Region (CDRl) as defined by Kabat et al.
(1991, supra), some seven residues compared to the two
diversified in the library for use according to the
invention. This represents a significant improvement
in terms of the functional diversity required to
create a range of antigen binding specificities. hi
nature, antibody diversity is the result of two
processes: somatic recombination of germline V, D and
J gene segments to create a naive primary repertoire
(so called germline and junctional diversity) and
somatic hypermutation of the resulting rearranged V
genes. Analysis of human antibody sequences has shown
that diversity in the primary repertoire is focused at
the centre of the antigen binding site whereas somatic
hypermutation spreads diversity to regions at the
periphery of the antigen binding site that are highly
conserved in the primary repertoire (see Tomlinson et
al. (1996) J. MoI. Biol., 256: 813). This
complementarily has probably evolved as an efficient
strategy for searching sequence space and, although
apparently unique to antibodies, it can easily be
applied to other polypeptide repertoires. The residues
which are varied are a subset of those that form the
binding site for the target. Different (including
overlapping) subsets of residues in the target binding
site are diversified at different stages during
selection, if desired. In the case of an antibody
repertoire, an initial 'naive' repertoire is created
where some, but not all, of the residues in the
antigen binding site are diversified. As used herein
in this context, the term "naive" refers to antibody
molecules that have no pre-determined target. These
molecules resemble those which are encoded by the
immunoglobulin genes of an individual who has not
undergone immune diversification, as is the case with
fetal and newborn individuals, whose immune systems
have not yet been challenged by a wide variety of
antigenic stimuli. This repertoire is then selected
against a range of antigens or epitopes. If required,
further diversity can then be introduced outside the
region diversified in the initial repertoire. This
matured repertoire can be selected for modified
function, specificity or affinity.he invention
provides two different naive repertoires of binding
domains for the onstruction of dual specific ligands,
or a naive library of dual specific ligands, in which
ome or all of the residues in the antigen binding site
are varied. The "primary" library iimics the natural
primary repertoire, with diversity restricted to
residues at the centre of ae antigen binding site that
are diverse in the germline V gene segments (germline
liversity) or diversified during the recombination
process (junctional diversity). Those esidues which
are diversified include, but are not limited to, H50,
H52, H52a, H53, H55, 156, HS8, H95, H96, H97, H98,
L50, L53, L91, L92, L93, L94 and L96. In the "somatic"
ibrary, diversity is restricted to residues that are
diversified during the recombination ocess (junctional
diversity) or are highly somatically mutated). Those
residues which ire diversified include, but are not
limited to: H31, H33, H35, H95, H96, H97, H98, L30, L3
1, L32, L34 and L96. All the residues listed above as
suitable for diversification in these libraries are
known to make contacts in one or more antibody-
antigen complexes. Since in both libraries, not all of
the residues in the antigen binding site are varied,
additional diversity is incorporated during selection
by varying the remaining residues, if it is desired to
do so. It shall be apparent to one skilled in the art
that any subset of any of these residues (or
additional residues which comprise the antigen binding
site) can be used for the initial andlor subsequent
diversification of the antigen binding site. In the
construction of libraries for use in the invention,
diversification of chosen positions is typically
achieved at the nucleic acid level, by altering the
coding sequence which specifies the sequence of the
polypeptide such that a number of possible amino acids
(all 20 or a subset thereof) can be incorporated at
that position. Using the IUPAC nomenclature, the most
versatile codon is NNK, which encodes all amino acids
as well as the TAG stop codon. The NNK codon is
preferably used in order to introduce the required
diversity. Other codons which achieve the same ends
are also of use, including the NNN codon, which leads
to the production of the additional stop codons TGA
and TAA. A feature of side-chain diversity in the
antigen binding site of human antibodies is a
pronounced bias which favours certain amino acid
residues. If the amino acid composition of the ten
most diverse positions in each of the VH, Vk and Vl;
regions are summed, more than 76% of the side-chain
diversity comes from only seven different residues,
these being, serine (24%), tyrosine (14%), asparagine
( 11%), glycine (9%),alanine (7%), aspartate (6%) and
threonine (6%). This bias towards hydrophilic residues
and small residues which can provide main- chain
flexibility probably reflects the evolution of
surfaces which are predisposed to binding a wide range
of antigens or epitopes and may help to explain the
required promiscuity of antibodies in the primary
repertoire. Since it is preferable to mimic this
distribution of amino acids, the distribution of amino
acids at the positions to be varied preferably mimics
that seen in the antigen binding site of antibodies.
Such bias in the substitution of amino acids that
permits selection of certain polypeptides (not just
antibody polypeptides) against a range of target
antigens is easily applied to any polypeptide
repertoire. There are various methods for biasing the
amino acid distribution at the position to be varied
(including the use of tri-nucleotide mutagenesis, see
W097/08320), of which the preferred method, due to
ease of synthesis, is the use of conventional
degenerate codons. By comparing the amino acid profile
encoded by all combinations of degenerate codons (with
single, double, triple and quadruple degeneracy in
equal ratios at each position) with the natural amino
acid use it is possible to calculate the most
representative codon. The codons (AGT)(AGC)T,
(AGT)(AGC)C and (AGT)(AGC) (CT) - that is, DVT, DVC
and DVY, respectively using IUPAC nomenclature - are
those closest to the desired amino acid profle: they
encode 22% serine and 11% tyrosine, asparagine,
glycine, alanine, aspartate, threonine and cysteine.
Preferably, therefore, libraries are constructed using
either the DVT, DVC or 30 DVY codon at each of the
diversifed positions. G: Antigens capable of
increasing ligand half-life. The dual specific ligands
according to the invention, in one configuration
thereof, are capable of binding to one or more
molecules which can increase the half- life of the
ligand in vivo. Typically, such molecules are
polypeptides which occur naturally in vivo and which
resist degradation or removal by endogenous mechanisms
which remove unwanted material from the organism. For
example, the molecule which increases the half-life of
the organism may be selected from the following:
Proteins from the extracellular matrix; for example
collagen, laminins, integrins and fibronectin.
Collagens are the major proteins of the exkacellular
matrix. About 15 types ofcollagen molecules are
currently known, found in different parts of the body,
eg type I collagen (accounting for 90% of body
collagen) found in bone, skin, tendon, ligaments,
cornea, internal organs or type II collagen found in
cartilage, invertebral disc, notochord, vitreous
humour of the eye. Proteins found in blood, including:
Plasma proteins such as fibrin, a-2 macroglobulin,
serum albumin, fibrinogen A, fibrinogen B. serum
amyloid protein A, heptaglobin, protein, ubiquitin,
uteroglobulin and b-2-microglobulin; Enzymes and
inhibitors such as plasminogen, lysozyme, cystatin C,
alpha-1-antitrypsin and pancreatic kypsin inhibitor.
Plasminogen is the inactive precursor of the
trypsin-like serine protease plasmin. It is normally
found circulating through the blood stream. When
plasminogen becomes activated and is converted to
plasmin, it unfolds a potent enzymatic domain that
dissolves the fibrinogen fibers that entgangle the
blood cells in a blood clot. This is called
fibrinolysis. Immune system proteins, such as IgE,
IgG, IgM. Transport proteins such as retinol binding
protein, a- 1 microglobulin. Defensins such as
beta-defensin 1, Neutrophil defensins 1, 2 and 3.
Proteins found at the blood brain barrier or in neural
tissues, such as melanocortin receptor, myelin,
ascorbate transporter. Transferrin receptor specific
ligand-neuropharmaceutical agent fusion proteins (see
US5977307); brain capillary endothelial cell receptor,
transferrin, transferrin receptor, insulin, insulin-
like growth factor 1 (IGF 1) receptor, insulin-like
growth factor 2 (IGF 2) receptor, insulin receptor.
Proteins localised to the kidney, such as polycystin,
type IV collagen, organic anion transporter Kl,
Heymann's antigen. Proteins localised to the liver,
for example alcohol dehydrogenase, G250. Blood
coagulation factor Xa- 1 antitrypsin HNF la Proteins
localised to the lung, such as secretory component
(binds IgA). Proteins localised to the Heart, for
example HSP 27. This is associated with dilated
cardiomyopathy. Proteins localised to the skin, for
example keratin. Bone specifc proteins, such as bone
morphogenic proteins (BMPs), which are a subset of the
transforming growth factor b superfamily that
demonstrate osteogenic activity. Examples include
BMP-2, -4, -5, -6, -7 (also referred to as osteogenic
protein (OP-I) and -8 (OP-2) Tumour specific proteins,
including human trophoblast antigen, herceptin
receptor, oestrogen receptor, cathepsins eg cathepsin
B (found in liver and spleen). Disease-specific
proteins, such as antigens expressed only on activated
T- cells: including LAG-3 (lymphocyte activation
gene); osteoprotegerin ligand (OPGL) see Nature 402,
304-309, 1999; OX40 (a member of the TNF receptor
family, expressed on activated T cells and the only
costimulatory T cell molecule known to be specifically
up-regulated in human T cell leukaemia virus type-I
(HTLV-I)-producing cells - see J. Immunol. 2000 JuI l;
16561):263-70; Metalloproteases (associated with
arthritis/cancers), including CG6512 Drosophila, human
paraplegin, human FtsH, human AFG3L2, murine ftsH;
angiogenic growth factors, including acidic fibroblast
growth factor (FGF-I), basic fibroblast growth factor
(FGF-2), Vascular endothelial growth factor/vascular
permeability factor (VEGF/VPF), transforming growth
factor-a (TGF-a), tumor necrosis factor-alpha (TNF-
a), angiogenin, interleukin-3 (IL-3), interleukin-8
(IL-8), platelet derived endothelial growth factor
(PD- ECGF), placental growth factor (PlGF), midkine
platelet-derived growth factor-BB (PDGF), fractalkine.
Stress proteins (heat shock proteins)HSPs are normally
found intracellularly. When they are found
extracellularly, it is an indicator that a cell has
died and spilled out its contents. This unprogrammed
cell death (necrosis) only occurs when as a result of
trauma, disease or injury and therefore in vivo,
extracellular HSPs trigger a response from the immune
system that will fight infection and disease. A dual
specific which binds to extracellular HSP can be
localised to a disease site. Proteins involved in Fc
transport Brambell receptor (also known as FcRB) This
Fc receptor has two functions, both of which are
potentially useful for delivery The functions are (1)
The transport of IgG from mother to child across the
placenta (2) the protection of IgG from degradation
thereby prolonging its serum half life of IgG. It is
thought that the receptor recycles IgG from endosome.
See Holliger et al, Nat Biotechnol 1997 Jul;
15(7):632-6. Ligands according to the invention may
designed to be specific for the above targets without
requiring any increase in or increasing half life in
vivo. For example, ligands according to the invention
can be specific for targets selected from the
foregoing which are tissue-specifc, thereby enabling
tissue-specific targeting of the dual specific ligand,
or a dAb monomer that binds a tissue-specific
therapeutically relevant target, irrespective of any
increase in half-life, although this may result.
Moreover, where the ligand or dAb monomer targets
kidney or liver, this may redirect the ligand or dAb
monomer to an alternative clearance pathway in vivo
(for example, the ligand may be directed away from
liver clearance to kidney clearance). Other Approaches
to Increasing In Vivo Half-Life: In addition to the
design of dual-specific ligands in which one of the
specificities is for a target protein that increases
the serum half-life of the antibody polypeptide
construct, antibody polypeptides as described herein
can be further stabilized by linkage to a chemical
moiety that increases serum half-life. In order to
provide improvement in the pharmacokinetics of
antibody molecules, the present invention provides
single domainvariable region polypeptides that are
linked to polymers which provide increased stability
and half-life. The attachment of polymer molecules
(e.g., polyethylene glycol; PEG) to proteins is well
established and has been shown to modulate the
pharmacokinetic properties of the modified proteins.
For example, PEG modification of proteins has been
shown to alter the in vivo circulating half-life,
antigenicity, solubility, and resistance to
proteolysis of the protein (Abuchowski et al., J.
Biol. Chem. 1977, 252:3578; Nucci et al., Adv. Drug
Delivery Reviews 1991, 6:133; Francis et al.,
Pharmaceutical Biotechnology 



Vol. 3 (Borchardt, R. T. ed.); and Stability of
Protein Pharmaceuticals: in vivo Pathways of
Degradation and Strategies for Ptotein Stabilization
1991 pp235-263, Plenum, NY). Both site-specific and
random PEGylation of protein molecules is known in the
art (See, for example, Zalipsky and Lee, Polyfethylene
glycol) Chemistry: Biotechnical and Biomedical
Applications 1992, pp 347-370, Plenum, NY; Goodson and
Katre, 1990, Bio/Technology, 8:343; Hershfield et al.,
1991, PNAS 88:7185). More specifically, random
PEGylation of antibody molecules has been described at
lysine residues and thiolated derivatives (Ling and
Mattiasson, 1983, Immunol. Methods 59: 327; Wilkinson
et al., 1987, Immunol. Letters, 15: 17; Kitamura et
al., 1991, Cancer Res. 51:4310; Delgado et al., 1996
Br. J. Cancer, 73: 175; Pedley et al., 1994, Br. J.
Cancer, 70:1126). Methods of PEGylatioon are described
herein below. Specific examples of PEGylation of
antibody polypeptides, and dAbs in particular, are
also provided in copending applications
PCT/GB2004/002829, filed June 30, 2004, which
designated the U.S, and of U.S. provisional
application No. 60/535,076, filed January 8, 2004, the
entirety of each of which is incorporated herein by
reference. Affinity/Activity Determination : Isolated
single domain antibody (e.g., dAb) polypeptides as
described herein have affinities (dissociation
constant, K , = Ko o,,) of at least 300 nM or less,
and preferably at least 300 nM-50 pM, 200 nM - 50 pM,
and more preferably at least 100 nM - 50 pM, 75 nM- 50
pM, 50 nM - 50 pM, 25 nM - 50 pM, 10 nM- 50 pM, 5 nM-
50 pM, 1 nM - 50 pM, 950 pM - 50 pM, 900 pM - 50 pM,
850 pM - 50 pM, 800 pM - 50 pM, 750 pM - 50 pM, 700 pM
- 50 pM, 650 pM - 50 pM, 600 pM - 50 pM, 550 pM - 50
pM, 500 pM - 50 pM, 450 pM - 50 pM, 400 pM - 50 pM,
350 pM - 50 pM, 300 pM - 50 pM, 250 pM- 50 pM, 200 pM
- 50 pM, 150 pM - 50 pM, 100 pM - 50 pM, 90 pM - 50
pM, 80 pM - 50 pM, 70 pM - 50 pM, 60 pM - 50 pM, or
even as low as 50 pM. The antigen-binding affinity of
a variable domain polypeptide can be conveniently
measured by surface plasmon resonance (SPR) using the
BIAcore system (Pharmacia Biosensor, Piscataway, NJ.).
In this method, antigen is coupled to the BIAcore chip
at known concentrations, and variable domain
polypeptides are introduced. Specific binding between
the variable domain polypeptide and the immobilized
antigen results in increased protein concentration on
the chip matrix and a change in the SPR signal.
Changes in SPR signal are recorded as resonance units
(RU) and displayed with respect to time along the Y
axis of a sensorgram. Baseline signal is taken with
solvent alone (e.g., PBS) passing over the chip. The
net difference between baseline signal and signal
after completion of variable domain polypeptide
injection represents the binding value of a given
sample. To determine the off rate (Kqff), on rate
(K0n) and dissociation rate (Kd) constants, BIAcore
kinetic evaluation software (e.g., version 2.1) is
used. High affinity is dependent upon the
complementarity between a surface of the antigen and
the CDRs of the antibody or antibody fragment.
Complementarity is determined by the type and strength
of the molecular interactions possible between
portions of the target and the CDR, for example, the
potential ionic interactions, van der Waals
attractions, hydrogen bonding or other interactions
that can occur. CDR3 tends to contribute more to
antigen binding interactions than CDRs 1 and 2,
probably due to its generally larger size, which
provides more opportunity for favorable surface
interactions. (See, e.g., Padlan et al., 1994, MoI.
Immunol. 31: 169-217; Chothia & Lesk, 1987, J. MoI.
Biol. 196: 904-917; and Chothia et al., 1985, J. MoI.
Biol. 186: 651-663.) High affinity indicates single
immunoglobulin variable domain/antigen pairings that
have a high degree of complementarity, which is
directly related to the structures of the variable
domain and the target. The structures conferring high
affinity of a single immunoglobulin variable domain
polypeptide for a given antigen can be highlighted
using molecular modeling software that permits the
docking of an antigen with the polypeptide structure.
Generally, a computer model of the structure of a
single immunoglobulin variable domain of knownaffinity
can be docked with a computer model of a polypeptide
or other target antigen of known structure to
determine the interaction surfaces. Given the
structure of the interaction surfaces for such a known
interaction, one can then predict the impact, positive
or negative, of conservative or less-conservative
substitutions in the variable domain sequence on the
strength of the interaction, thereby permitting the
rational design of improved binding molecules.
Multimeric Forms of Antibody Single Variable Domains :
In one aspect, an antibody polypeptide construct
(e.g., a dAb) as described herein is multimerized, as
for example, hetero- or homodimers, hetero- or
honiotrimers, heteroor homotetramers, or higher order
hetero- or homomultimers (e.g., hetero- or
homopentamer and up to octomers). Multimerization can
increase the strength of antigen binding through the
avidity effect, wherein the strength of binding is
related to the sum of the binding affinities of the
multiple binding sites. Hetero- and Homomultimers are
prepared through expression of single domain
antibodies fused, for example, through a peptide
linker, leading to the configuration dAblinker- dAb or
a higher multiple of that arrangement. The multimers
can also be linked to additional moieties, e.g., a
polypeptide sequence that increases serum half-life or
another effector moiety, e.g., a toxin or targeting
moiety; e.g., PEG. Any linker peptide sequence can be
used to generate hetero- or homomultimers, e.g., a
linker sequence as would be used in the art to
generate an scFv. One commonly useful linker comprises
repeats of the peptide sequence (Gly4Ser)n (SEQ ID NO:
7), wherein n= 1 to about 10 (e.g., n=l, 2, 3, 4, 5,
6, 7, 8, 9, or 10). For example, the linker can be
(Gly4Ser)3 (SEQ ID NO: 8), (Gly4Ser)5 (SEQ ID NO: 9),
(Gly4Ser)7 (SEQ ID NO: 10) or another multiple of the
(Gly4Ser) (SEQ ID NO: 7) sequence. An alternative to
the expression of multimers as monomers linked by
peptide sequences is linkage of the monomeric
immunoglobulin variable domains posttranslationally
through, for example, disulfide bonding or other
chemical linkage. For example, a free cysteine is
engineered, e.g., at the C-terminus of the monomeric
polypeptide, permits disulfide bonding between
monomers. In this aspect or others requiring a free
cysteine, the cysteine is introduced by including a
cysteine codon (TGT,TGC) into a PCR primer adjacent to
the last codon of the dAb sequence (for a C-terminal
cysteine, the sequence in the primer will actually be
the reverse complement, i.e., ACA or GCA, because it
will be incorporated into the downstream PCR primer)
and immediately before one or more stop codons. If
desired, a linker peptide sequence, e.g., (Gly4Ser)n
(SEQ ID NO: 7) is placed between the dAb sequence and
the free cysteine. Expression of the monomers having a
free cysteine residue results in a mixture of
monomeric and dimeric forms in approximately a 1:1
mixture. Dimers are separated from monomers using gel
chromatography, e.g., ion-exchange chromatography with
salt gradient elution. Alternatively, an engineered
free cysteine is used to couple monomers through thiol
linkages to a multivalent chemical linker, such as a
trimeric maleimide molecule (e.g.,
Tris[2-maleimidoethyl]amine, TMEA) or a bi-maleimide
PEG molecule (available from, for example, Nektar
(Shearwater). In one embodiment, a homodimer or
heterodimer of the invention includes VH or VL domains
which are covalently attached at a C-terminal amino
acid to an immunoglobulin CHI domain or CK domain,
respectively. Thus the hetero- or homodimer may be a
Fab-like molecule wherein the antigen binding domain
contains associated VH and/or VL domains covalently
linked at their C-termini to a CHI and CK domain
respectively. In addition, or alternatively, a dAb
multimer of the invention may be modeled on the
camelid species which express a large proportion of
fully functional, highly specific antibodies that are
devoid of light chain sequences. The camelid heavy
chain antibodies are found as homodimers of a single
heavy chain, dimerized via their constant regions. The
variable domains of these camelid heavy chain
antibodies are referred to as VHH domains and retain
the ability, when isolated as fragments of the VH
chain, to bind antigen with high specificity
((Hamers-Casterman et al., 1993, Nature 363: 446-448;
Gahroudi et al., 1997, FEBS Lett. 414: 521-526). Thus,
an antibody single variable domain multimer of the
invention may be constructed, using methods known in
the art, and described above, to possess the VHH
conformation of the camelid species heavy chain
antibodies. PEGylation of Antibody PolypeptidesThe
present invention provides PEGylated antibody
polypeptide (e.g., dAb) monomers and multimers which
provide increased half-life and resistance to
degredation without a loss in activity (e.g., binding
affinity) relative to non-PEGylated antibody
polypeptides. Antibody polypeptide molecules as
described herein can be coupled, using methods known
in the art, to polymer molecules (preferably PEG)
useful for achieving the increased half-life and
degradation resistance properties. Polymer moieties
which can be utilized in the invention can be
synthetic or naturally occurring and include, but are
not limited to straight or branched chain
polyalkylene, polyalkenylene or polyoxyalkylene
polymers, or a branched or unbranched polysaccharide
such as a homo- or heteropolysaccharide. Preferred
examples of synthetic polymers which can be used in
the invention include straight or branched chain
poly(ethylene glycol) (PEG), poly(propylene glycol),
or polyvinyl alcohol) and derivatives or substituted
forms thereof. Particularly preferred substituted
polymers for linkage to antibody polypeptides as
described herein include substituted PEG, including
methoxy(polyethylene glycol). Naturally occurring
polymer moieties which can be used in addition to or
in place of PEG include lactose, amylose, dextran, or
glycogen, as well as derivatives thereof which would
be recognized by one of skill in the art. Derivatized
forms of polymer molecules include, for example,
derivatives which have additional moieties or reactive
groups present therein to permit interaction with
amino acid residues of the antibody polypeptides
described herein. Such derivatives include
N-hydroxylsuccinimide (NHS) active esters,
succinimidyl propionate polymers, and
sulfhydryl-selective reactive agents such as
maleimide, vinyl sulfone, and thiol. Particularly
preferred derivatized polymers include, but are not
limited to PEG polymers having the formulae: PEG-O-CH
2CH2CH2-CO 2-NHS; PEG-O-CH2-NHS; PEG- 0-CH
2CH2-CO2-NHS; PEG-S-CH 2CH2-CO-NHS; PEG-O
2CNH-CH(R)-CO 2-NHS; PEGNHCO- CH 2CH2-CO-NHS; and
PEG-O-CH2-CO2-NHS; where R is (CH2)4)NHCO2(mPEG). PEG
polymers can be linear molecules, or can be branched
wherein multiple PEG moieties are present in a single
polymer. Some particularly preferred PEG derivatives
which are useful in the invention include, but are not
limited to the followin :multi-arm PEGThe reactive
group (e.g., MAL, NHS, SPA, VS, or Thiol) may be
attached directly to the PEG polymer or may be
attached to PEG via a linker molecule. The size of
polymers useful in the invention can be in the range
of between 500 Da to 60 kDa, for example, between 1000
Da and 60 kDa, 10 kDa and 60 kDa, 20 kDa and 60 kDa,
30 kDa and 60 kDa, 40 kDa and 60 kDa, and up to
between 50 kDa and 60 kDa. The polymers used in the
invention, particularly PEG, can be straight chain
polymers or may possess a branched conformation.
Depending on the combination of molecular weight and
conformation, the polymer molecules, when attached to
an antibody construct (e.g., dAb) monomer or multimer,
will yield a molecule having an average hydrodynamic
size of between 24 and 500 kDa. The hydrodynamic size
of a polymer molecule used herein refers to the
apparent size of a molecule (e.g., a protein molecule)
based on the diffusion of the molecule through an
aqueous solution. The diffusion, or motion of a
protein through solution can be processed to derive an
apparent size of the protein, where the size is given
by the Stokes radius or hydrodynamic radius of the
protein particle. The "hydrodynamic size" of a protein
depends on both mass and shape (conformation), such
that two proteins having the same molecular mass may
have differing hydrodynamic sizes based on the overall
conformation of the protein. The hydrodynamic size of
a PEG-linked antibody single variable domain
(including single domain antibody multimers as
described herein) can be in the range of 24 kDa to 500
kDa; 30 to 500 kDa; 40 to 500 kDa; 50 to 500 kDa; 100
to 500 kDa; 150 to 500 kDa; 200 to 500 kDa; 250 to 500
kDa; 300 to 500 kDa; 350 to 500 kDa; 400 to 500 kDa
and 450 to 500 kDa. Preferably the hydrodynamic size
of a PEGylated dAb is 30 to 40 kDa; 70 to 80 kDa or
200 to 300 kDa. The size of a polymer molecule
attached to an antibody polypeptide, such as a dAb or
dAb multimer, can be thus varied depending on the
desired application. For example, where the PEGylated
dAb is intended to leave the circulation and enter
into peripheral tissues, it is desirable to keep the
size of the attached polymer low to facilitate
extravazation from the blood stream. Alternatively,
where it is desired to have the PEGylated dAb remain
in the circulation for a longer period of time, a
higher molecular weight polymer can be used (e.g., a
30 to 60 kDa polymer). The polymer (PEG) molecules
useful in the invention can be attached to antibody
polypeptide constructs using methods which are well
known in the art. The first step inthe attachment of
PEG or other polymer moieties to an antibody
polypeptide monomer or multimer of the invention is
the substitution of the hydroxyl end-groups of the PEG
polymer by electrophile-containing functional groups.
Particularly, PEG polymers are attached to either
cysteine or lysine residues present in the antibody
polypeptide monomers or multimers. The cysteine and
lysine residues can be naturally occurring, or can be
engineered into the antibody polypeptide molecule. For
example, cysteine residues can be recombinantly
engineered at the C-terminus of a dAb polypeptide, or
residues at specific solvent accessible locations in a
dAb or other antibody polypeptide can be substituted
with cysteine or lysine. In a preferred embodiment, a
PEG moiety is attached to a cysteine residue which is
present in the hinge region at the C-terminus of a dAb
monomer or multimer as described herein. In one
embodiment, the PEG polymer(s) is attached to one or
more cysteine or lysine residues present in a
framework region (FWs) and one or more heterologous
CDRs of a dAb. CDRs and framework regions are those
regions of an immunoglobulin variable domain as
defined in the Kabat database of Sequences of Proteins
of Immunological Interest (Kabat et al. (1991)
Sequences of proteins of immunological interest, U.S.
Department of Health and Human Services). In a
preferred embodiment, a PEG polymer is linked to a
cystine or lysine residue in the VH framework segment
DP47, or the Vk framework segment DPK9. Cysteine
and/or lysine residues of DP47 which can be linked to
PEG include the cysteine at positions 22, or 96 and
the lysine at positions 43, 65, 76, or 98 of SEQ ID
NO: 1 (Figure 21). Cysteine and/or lysine residues of
DPK9 which can be linked to PEG according to the
invention include the cysteine residues at positions
23, or 88 and the lysine residues at positions 39, 42,
45, 103, or 107 of SEQ ID NO: 2 (Figure 22). In
addition, specific cysteine or lysine residues can be
linked to PEG in the VH canonical framework region
DP38, or DP45. In addition, specific solvent
accessible sites in a dAb molecule which are not
naturally occuring cysteine or lysine residues can be
mutated to a cysteine or lysine for attachment of a
PEG polymer. Solvent accessible residues in any given
dAb monomer or multimer can be determined using
methods known in the art such as analysis of the
crystal structure of a given dAb. For example, using
the solved crystal structure of the VH dAb HEL4 (which
binds hen egg lysozyme; see below),Primary amino acid
sequence of HEL4 (SEQ ID NO: 5). 1 EVQLLESGGG
LVQPGGSLRL SCAASGFRIS DEDMGWVRQA PGKGLEWVSS 51
IYGPSGSTYY ADSVKGRFTI SRDNSKNTLY LQMNSLRAED TAVYYCASAL
101 EPLSEPLGFW GQGTLVTVSS Primary amino acid sequence
of Vk dummy (SEQ ID NO: 6). 1 DIQMTQSPSS LSASVGDRVT
ITCRASQSIS SYLNWYQQKP GKAPKLLIYA 51 ASSLQSGVPS
RFSGSGSGTD FTLTISSLQP EDFATYYCQQ SYSTPNTFGQ 101
GTKVEIKR the residues GIn- 12, Pro-41, Asp-62, Glu-89,
GIn-1 12, Leu-1 15, Thr-1 17, Ser-1 19, and Ser-120
have been identified as being solvent accessible, and
would be attractive candidates for mutation to
cysteine or lysine residues for the attachment of a
PEG polymer. In addition, using the solved crystal
structure of the Vk dummy dAb (see above), the
residues Val-15, Pro-40, Gly-41, Ser-56, Gly-57,
Ser-60, Pro-80, Gly-71, GIn- 100, Lys-107, and Arg-108
have been identified as being solvent accessible, and
would be attractive candidates for mutation to
cysteine or lysine residues for the attachment of a
PEG polymer. In one embodiment, a PEG polymer is
linked to multiple solvent accessible cysteine or
lysine residues, or to solvent accessible residues
which have been mutated to a cysteine or lysine
residue. Alternatively, only one solvent accessible
residue is linked to PEG, either where the particular
antibody polypeptide construct only possesses one
solvent accessible cysteine or lysine (or residue
modified to a cysteine or lysine) or where a
particular solvent accessible residue is selected from
among several such residues for PEGylation. Several
attachment schemes which are useful in the invention
are provided by the company Nektar (SanCarlos, CA).
For example, where attachment of PEG or other polymer
to a lysine residue is desired, active esters of PEG
polymers which have been derivatized with
N-hydroxylsuccinimide, such as succinimidyl propionate
may be used. Where attachment to a cysteine residue is
intended, PEG polymers which have been derivatized
with sulfhydryl-selective reagents such as maleimide,
vinyl sulfone, or thiols may be used. Other examples
of specific embodiments of PEG derivatives which may
beused according to the invention to generate
PEGylated dAbs may be found in the Nektar Catalog
(available on the world wide web at nektar.com). In
addition, several derivitized forms of PEG may be used
according to the invention to facilitate attachment of
the PEG polymer to a dAb monomer or multimer of the
invention. PEG derivatives useful in the invention
include, but are not limited to PEG-succinimidyl
succinate, urethane linked PEG, PEG phenylcarbonate,
PEG succinimidyl carbonate, PEG-carboxymethyl azide,
dimethylmaleic anhydride PEG, PEG dithiocarbonate
derivatives, PEG-tresylates (2,2,2-
trifluoroethanesolfonates), mPEG imidoesters, and
other as described in Zalipsky and Lee, (1992) ("Use
of functionalized poly(ethylene glycol)s for
modification of peptides" in PolvfEthylene Glycol)
Chemistry: Biotechnical and Biomedical Applications ,
J . Milton Harris, Ed., Plenum Press, NY). In each of
the above embodiments, the PEG polymers can be
attached to any amenable residue present in the
antibody polypeptide construct peptides, or,
preferably, one or more residues of the construct can
be modified or mutated to a cysteine or lysine residue
which may then be used as an attachment point for a
PEG polymer. Preferably, a residue to be modified in
this manner is a solvent accessible residue; that is,
a residue, which when the antibody polypeptide
construct is in its natural folded configuration is
accessible to an aqueous environment and to a
derivatized PEG polymer. Once one or more of these
residues is mutated to a cysteine residue according to
the invention, it is available for PEG attachment
using a linear or branched MAL derivatized PEG
(MALPEG). In one embodiment, there is provided an
antibody construct comprising an antibody single
variable domain and PEG polymer wherein the ratio of
PEG polymer to antibody single variable domain is a
molar ratio of at least 0.25: 1. In a further
embodiment, the molar ratio of PEG polymer to antibody
single variable domain is 0.33:1 or greater. In a
still further embodiment the molar ratio of PEG
polymer to antibody single variable domain is 0.5: 1
or greater. H: Use of ligands as described herein. 1)
Use of multispecific ligands according to the second
configuration of the invention.Multispecif c ligands
according to the method of the second configuration of
the present invention may be employed in in vivo
therapeutic and prophylactic applications, in vitro
and in vivo diagnostic applications, in vitro assay
and reagent applications, and the like. For example
antibody molecules may be used in antibody based assay
techniques, such as m ELISA techniques, according to
methods known to those skilled in the art. As alluded
to above, the multispecifc ligands according to the
invention are of use in diagnostic, prophylactic and
therapeutic procedures. Multispecifc antibodies
according to the invention are of use diagnostically
in Western analysis and in situ protein detection by
standard immunohistochemical procedures; for use in
these applications, the ligands may be labelled in
accordance with techniques known to the art. In
addition, such antibody polypeptides may be used
preparatively in affinity chromatography procedures,
when 



complexed to a chromatographic support, such as a
resin. All such techniques are well known to one of
skill in the art. Diagnostic uses of the closed
conformation multispecif c ligands according to the
invention include homogenous assays for analyses which
exploit the ability of closed conformation
multispecific ligands to bind two targets in
competition, such that two targets cannot bind
simultaneously (a closed conformation), or
alternatively their ability to bind two targets
simultaneously (an open conformation). A true
homogenous immunoassay format has been avidly sought
by manufacturers of diagnostics and research assay
systems used in drug discovery and development. The
main diagnostics markets include human testing in
hospitals, doctor's offices and clinics, commercial
reference laboratories, blood banks, and the home,
non-human diagnostics (for example food testing, water
testing, environmental testing, bio-defence, and
veterinary testing), and finally research (including
drug development; basic research and academic
research). At present all these markets utilise
immunoassay systems that are built around
chemiluminescent, ELISA, fluorescence or in rare cases
radio- immunoassay technologies. Each of these assay
formats requires a separation step (separating bound
from un-bound reagents). In some cases, several
separation steps are required. Addingthese additional
steps adds reagents and automation, takes time, and
affects the ultimate outcome of the assays. In human
diagnostics, the separation step may be automated,
which masks the problem, but does not remove it. The
robotics, additional reagents, additional incubation
times, and the like add considerable cost and
complexity. In drug development, such as high
throughput screening, where literally millions of
samples are tested at once, with very low levels of
test molecule, adding additional separation steps can
eliminate the ability to perform a screen. However,
avoiding the separation creates too much noise in the
read out. Thus, there is a need for a true homogenous
format that provides sensitivities at the range
obtainable from present assay formats. Advantageously,
an assay possesses fully quantitative read-outs with
high sensitivity and a large dynamic range.
Sensitivity is an important requirement, as is
reducing the amount of sample required. Both of these
features are features that a homogenous system offers.
This is very important in point of care testing, and
in drug development where samples are precious.
Heterogenous systems, as currently available in the
art, require large quantities of sample and expensive
reagents. Applications for homogenous assays include
cancer testing, where the biggest assay is that for
Prostate Specific Antigen, used in screening men for
prostate cancer. Other applications include fertility
testing, which provides a series of tests for women
attempting to conceive including beta-hcg for
pregnancy. Tests for infectious diseases, including
hepatitis, HIV, rubella, and other viruses and
microorganisms and sexually transmitted diseases.
Tests are used by blood banks, especially tests for
HIV, hepatitis A, B, C, non A non B. Therapeutic drug
monitoring tests include monitoring levels of
prescribed drugs in patients for efficacy and to avoid
toxicity, for example digoxin for arrhythmia, and
phenobarbital levels in psychotic cases; theophylline
for asthma. Diagnostic tests are moreover useful in
abused drug testing, such as testing for cocaine,
marijuana and the like. Metabolic tests are used for
measuring thyroid function, anaemia and other
physiological disorders and functions. The homogenous
immunoassay format is moreover useful in the
manufacture of standard clinical chemistry assays. The
inclusion of immunoassays and chemistry assays on the
same instrument is highly advantageous in diagnostic
testing. Suitable chemical assays include tests for
glucose, cholesterol, potassium, and the like.A
further major application for homogenous immunoassays
is drug discovery and development: high throughput
screening includes testing combinatorial chemistry
libraries versus targets in ultra high volume. Signal
is detected, and positive groups then split into
smaller groups, and eventually tested in cells and
then animals. Homogenous assays may be used in all
these types of test. In drug development, especially
animal studies and clinical trials heavy use of
immunoassays is made. Homogenous assays greatly
accelerate and simplify these procedures. Other
Applications include food and beverage testing:
testing meat and other foods for E. colt, salmonella,
etc; water testing, including testing at water plants
for all types of contaminants including E. coli; and
veterinary testing. In a broad embodiment, the
invention provides a binding assay comprising a
detectable agent which is bound to a closed
conformation multispecifc ligand according to the
invention, and whose detectable properties are altered
by the binding of an analyte to said closed
conformation multispecific ligand. Such an assay may
be configured in several different ways, each
exploiting the above properties of closed conformation
multispecific ligands. The assay relies on the direct
or indirect displacement of an agent by the analyte,
resulting in a change in the detectable properties of
the agent. For example, where the agent is an enzyme
which is capable of catalysing a reaction which has a
detectable end-point, said enzyme can be bound by the
ligand such as to obstruct its active site, thereby
inactivating the enzyme. The analyte, which is also
bound by the closed conformation multispecific ligand,
displaces the enzyme, rendering it active through
freeing of the active site. The enzyme is then able to
react with a substrate, to give rise to a detectable
event. In an alternative embodiment, the ligand may
bind the enzyme outside of the active site,
influencing the conformation of the enzyme and thus
altering its activity. For example, the structure of
the active site may be constrained by the binding of
the ligand, or the binding of cofactors necessary for
activity may be prevented. The physical implementation
of the assay may take any form known in the art. For
example, the closed conformation multispecific
ligandlenzyme complex may be provided on a test strip;
the substrate may be provided in a different region of
the test strip, and asolvent containing the analyte
allowed to migrate through the ligand/enzyme complex,
displacing the enzyme, and carrying it to the
substrate region to produce a signal. Alternatively,
the ligandlenzyme complex may be provided on a test
stick or other solid phase, and dipped into an
analyte/substrate solution, releasing enzyme into the
solution in response to the presence of analyte. Since
each molecule of analyte potentially releases one
enzyme molecule, the assay is quantitative, with the
strength of the signal generated in a given time being
dependent on the concentration of analyte in the
solution. Further configurations using the analyte in
a closed conformation are possible. For example, the
closed conformation multispecific ligand may be
configured to bind an enzyme in an allosteric site,
thereby activating the enzyme. In such an embodiment,
the enzyme is active in the absence of analyte.
Addition of the analyte displaces the enzyme and
removes allosteric activation, thus inactivating the
enzyme. In the context of the above embodiments which
employ enzyme activity as a measure of the analyte
concentration, activation or inactivation of the
enzyme refers to an increase or decrease in the
activity of the enzyme, measured as the ability of the
enzyme to catalyse a signal-generating reaction. For
example, the enzyme may catalyse the conversion of an
undetectable substrate to a detectable form thereof.
For example, horseradish peroxidase is widely used in
the art together with chromogenic or chemiluminescent
substrates, which are available commercially. The
level of increase or decrease of the activity of the
enzyme may between 10% and 100%, such as 20%, 30%,
40%, 50%, 60%, 70%, 80% or 90%; in the case of an
increase in activity, the increase may be more than
100%, i.e. 200%, 300%, 500% or more, or may not be
measurable as a percentage if the baseline activity of
the inhibited enzyme is undetectable. In a further
configuration, the closed conformation multispecific
ligand may bind the substrate of an enzyme/substrate
pair, rather than the enzyme. The substrate is
therefore unavailable to the enzyme until released
from the closed conformation multispecific ligand
through binding of the analyte. The implementations
for this configuration are as for the configurations
which bind enzyme.Moreover, the assay may be
configured to bind a fluorescent molecule, such as a
fluorescein or another fluorophore, in a conformation
such that the fluorescence is quenched on binding to
the ligand. In this case, binding of the analyte to
the ligand will displace the fluorescent molecule,
thus producing a signal. Alternatives to fluorescent
molecules which are useful in the present invention
include luminescent agents, such as
luciferin/luciferase, and chromogenic agents,
including agents commonly used in immunoassays such as
HRP. Therapeutic and prophylactic uses of
multispecific ligands prepared according to the
invention involve the administration of ligands
according to the invention to a recipient mammal, such
as a human. Multi- specificity can allow antibodies to
bind to multimeric antigen with great avidity.
Multispecific ligands can allow thecross- linking of
two antigens, for example in recruiting cytotoxic
T-cells to mediate the killing of tumour cell lines.
Substantially pure ligands or binding proteins
thereof, for example dAb monomers, of at least 90 to
95% homogeneity are preferred for administration to a
mammal, and 98 to 99% or more homogeneity is most
preferred for pharmaceutical uses, especially when the
mammal is a human. Once purified, partially or to
homogeneity as desired, the ligands may be used
diagnostically or therapeutically (including
extracorporeally) or in developing and performing
assay procedures, immunofluorescent stainings and the
like (Lefkovite and Pernis, (1979 and 1981)
Immunological Methods, Volumes I and II, Academic
Press, NY). The ligands or binding proteins thereof,
for example dAb monomers, of the present invention
will typically find use in preventing, suppressing or
treating inflammatory states, allergic
hypersensitivity, cancer, bacterial or viral
infection, and autoimmune disorders (which include,
but are not limited to, Type I diabetes, asthma,
multiple sclerosis, rheumatoid arthritis, systemic
lupus erythematosus, Crohn's disease and myasthenia
gravis). In addition to rheumatoid arthritis,
anti-TNF-alpha polypeptides as described herein are
applicable to the treatment of autoimmune diseases,
such as (parentheticals indicate affected organ), but
not limited to: Addison's disease (adrenal);
autoimmune diseases ofthe ear (ear); autoimmune
diseases of the eye (eye); autoimmune hepatitis
(liver); autoimmune parotitis (parotid glands);
Crohn's disease and inflammatory bowel disease
(intestine); Diabetes Type I (pancreas); epididymitis
(epididymis), glomerulonephritis (kidneys); Graves'
disease (thyroid); Guillain-Barre syndrome (nerve
cells); Hashimoto's disease (thyroid); hemolytic
anemia (red blood cells); systemic lupus erythematosus
(multiple tissues); male infertility (sperm); multiple
sclerosis (nerve cells); myasthenia gravis
(neuromuscular junction); pemphigus (primarily skin);
psoriasis (skin); rheumatic fever (heart and joints);
sarcoidosis (multiple tissues and organs); scleroderma
(skin and connective tissues); Sjogren's syndrome
(exocrine glands, and other tissues);
spondyloarthropathies (axial skeleton, and other
tissues); thyroiditis (thyroid); ulcerative colitis
(intestine); and vasculitis (blood vessels). In
addition to rheumatoid arthritis and other chronic
inflammatory disorders (e.g., Crohn's disease,
psoriasis, etc.), anti-VEGF polypeptides as described
herein can be used to treat diabetes, acute myeloid
leukemia, leukemia and ophthalmic disorders, including
macular degeneration and diabetic retinopathy. In the
instant application, the term 'prevention" involves
administration of the protective composition prior to
the induction of the disease. "Suppression" refers to
administration of the composition after an inductive
event, but prior to the clinical appearance of the
disease. Animal model systems which can be used to
screen the effectiveness of the antibodies or binding
proteins thereof in protecting against or treating the
disease are available. Methods for the testing of
systemic lupus erythematosus (SLE) in susceptible mice
are known in the art (Knight et al. (1978) J. Exp.
Med., 147: 1653; Reinersten et al. (1978) New Eng. J.
Med., 299: 515). Myasthenia Gravis (MG) is tested in
SJL/J female mice by inducing the disease with soluble
AchR protein from another species (Lindstrom et al.
(1988) Adv. Immurzol., 42: 233). Arthritis is induced
in a susceptible strain of mice by 30 injection of
Type II collagen (Stuart et al. (1984) Ann. Rev.
Immunol., 42: 233). A model by which adjuvant
arthritis is induced in susceptible rats by injection
of mycobacterial heat shock protein has been described
(Van Eden et al. (1988) Nature, 331: 171). Thyroiditis
is induced in mice by administration of thyroglobulin
as described (Maron et al. (1980) J. Exp. Med., 152:
1115). Insulin dependent diabetes mellitus (IDDM)
occursnaturally or can be induced in certain strains
of mice such as those described by Kanasawa et al.
(1984) Diabetologia, 27: 113. EAE in mouse and rat
serves as a model for MS in human. In this model, the
demyelinating disease is induced by administration of
myelin basic protein (see Paterson (1986) Textbook of
Immuopathology, Mischer et al., eds., Grune and
Stratton, New York, pp. 179-213; McFarlin et al.
(1973) Science, 179: 478: and Satoh et al. (1987) J .
Immunol., 138: 179). Generally, the present ligands
will be utilised in purified form together with
pharmacologically appropriate carriers. Typically,
these carriers include aqueous or alcoholic/aqueous
solutions, emulsions or suspensions, any including
saline and/or buffered media. Parenteral vehicles
include sodium chloride solution, Ringer's dextrose,
dextrose and sodium chloride and lactated Ringer's.
Suitable physiologically-acceptable adjuvants, if
necessary to keep a polypeptide complex in suspension,
may be chosen from thickeners such as
carboxymethylcellulose, polyvinylpyrrolidone, gelatin
and alginates. Intravenous vehicles include fluid and
nutrient replenishers and electrolyte replenishers,
such as those based on Ringer's dextrose.
Preservatives and other additives, such as
antimicrobials, antioxidants, chelating agents and
inert gases, may also be present (Mack (1982)
Remington 's Pharmaceutical Sciences, 16th Edition).
The ligands of the present invention may be used as
separately administered compositions or in conjunction
with other agents. These can include various
irnmunotherapeutic drugs, such as cylcosporine,
methotrexate, adriamycin or cisplatinum, and
immunotoxins. Pharmaceutical compositions can include
"cocktails" of various cytotoxic or other agents in
conjunction with the ligands of the present invention,
or even combinations of lignds according to the
present invention having different specificities, such
as ligands selected using different target antigens or
epitopes, whether or not they are pooled prior to
administration. The route of administration of
pharmaceutical compositions according to the invention
may be any of those commonly known to those of
ordinary skill in the art. For therapy, including
without limitation immunotherapy, the selected ligands
thereof of the invention can be administered to any
patient in accordance with standard techniques. The
administration can be by any appropriate mode,
including parenterally, intravenously,intramuscularly,
intraperitoneally, transdermally, via the pulmonary
route, or also, appropriately, by direct infusion with
a catheter. The dosage and frequency of administration
will depend on the age, sex and condition of the
patient, concurrent administration of other drugs,
counterindications and other parameters to be taken
into account by the clinician. As will be appreciated
by the skilled artisan, the route and/or mode of
administration will vary depending upon the desired
results. In certain embodiments, the active compound
can be prepared with a carrier that will protect the
compound against rapid release, such as a controlled
release formulation, including implants, transdermal
patches, and microencapsulated delivery systems.
Single domain antibody constructs are well suited for
formulation as extended release preparations due, in
part, to their small size - the number of moles per
dose can be significantly higher than the dosage of,
for example, full sized antibodies. BiodegradAble,
biocompatible polymers can be used, such as ethylene
vinyl acetate, polyanhydrides, polyglycolic acid,
collagen, polyorthoesters, and polylactic acid.
Prolonged absorption of injectable compositions can be
brought about by including in the composition an agent
that delays absorption, for example, monostearate
salts and gelatin. Many methods for the preparation of
such formulations are patented or generally known to
those skilled in the art. See, e.g., Sustained and
Controlled Release Drug Delivery Systems, J. R.
Robinson, ed., Marcel Dekker, Inc., New York, 1978.
Additional methods applicable to the controlled or
extended release of polypeptide agents such as the
single immunoglobulin variable domain polypeptides
disclosed herein are described, for example, in U.S.
Patent Nos. 6,306,406 and 6,346,274, as well as, for
example, in U.S. Patent Application Nos. US20020
182254 and US2002005 1808, all of which are
incorporated herein by reference. The ligands as
described herein can be lyophilised for storage and
reconstituted in a suitable carrier prior to use. This
technique has been shown to be effective with
conventional immunoglobulins and art- known
lyophilisation and reconstitution techniques can be
employed. It will be appreciated by those skilled in
the art that lyophilisation and reconstitution can
lead to varying degrees of antibody activity loss
(e.g. with conventional immunoglobulins, IgM
antibodies tend to have greater activity loss than IgG
antibodies) and that use levels may have to be
adjusted upward to compensate.The compositions
containing the present ligands or a cocktail thereof
can be administered for prophylactic andlor
therapeutic treatments. In certain therapeutic
applications, an adequate amount to accomplish at
least partial inhibition, suppression, modulation,
killing, or some other measurable parameter, of a
population of selected cells is defined as a
"therapeutically-effective dose". Amounts needed to
achieve this dosage will depend upon the severity of
the disease and the general state of the patient's own
immune system, but generally range from 0.005 to 5.0
mg of ligand, e.g. antibody, receptor (e.g. a T-cell
receptor) or binding protein thereof per kilogram of
body weight, with doses of 0.05 to 2.0 mg/kg/dose
being more commonly used. For prophylactic
applications, compositions containing the present
ligands or cocktails thereof may also be administered
in similar or slightly lower dosages. Treatment
performed using the compositions described herein is
considered "effective" if one or more symptoms is
reduced (e.g., by at least 10% or at least one point
on a clinical assessment scale), relative to such
symptoms present before treatment, or relative to such
symptoms in an individual (human or model animal) not
treated with such composition. Symptoms will obviously
vary depending upon the disease or disorder targeted,
but can be measured by an ordinarily skilled clinician
or technician. Such symptoms can be measured, for
example, by monitoring the level of one or more
biochemical indicators of the disease or disorder
(e.g., levels of an enzyme or metabolite correlated
with the disease, affected cell numbers, etc.), by
monitoring physical manifestations (e.g.,
inflammation, tumor size, etc.), or by an accepted
clinical assessment scale, for example, the Expanded
Disability Status Scale (for multiple sclerosis), the
Irvine Inflammatory Bowel Disease Questionnaire (32
point assessment evaluates quality of life with
respect to bowel function, systemic symptoms, social
function and emotional status - score ranges from 32
to 224, with higher scores indicating a better quality
of life), the Quality of Life Rheumatoid Arthritis
Scale, or other accepted clinical assessment scale as
known in the field. A sustained (e.g., one day or
more, preferably longer) reduction in disease or
disorder symptoms by at least 10% or by one or more
points on a given clinical scale is indicative of
effective" treatment. Similarly, prophylaxis performed
using a composition as described herein is "effective"
if the onset or severity of one or more symptoms
isdelayed, reduced or abolished relative to such
symptoms in a similar individual (human or animal
model) not treated with the composition. A composition
containing a ligand or cocktail thereof according to
the present invention may be utilised in prophylactic
and therapeutic settings to aid in the alteration,
inactivation, killing or removal of a select target
cell population in a mammal. In addition, the selected
repertoires of polypeptides described herein may be
used exhacorporeally or in vitro selectively to kill,
deplete or otherwise effectively remove a target cell
population from a heterogeneous collection of cells.
Blood from a mammal maybe combined extracorporeally
with the ligands, e.g. antibodies, cell-surface
receptors or binding proteins thereof whereby the
undesired cells are killed or otherwise removed from
the blood for return to the mammal in accordance with
standard techniques. 2: Use of half-life enhanced
dual-specific ligands according to the invention.
Dual-specific ligands according to the method of the
present invention may be employed 



in in vivo therapeutic and prophylactic applications,
in vivo diagnostic applications and the like.
Therapeutic and prophylactic uses of dual-specific
ligands prepared according to the invention involve
the administration of ligands according to the
invention to a recipient mammal, such as a human. Dual
specific antibodies according to the invention
comprise at least one specificity for a half-life
enhancing molecule; one or more further specificities
may be directed against target molecules. For example,
a dual-specific IgG may be specific for four epitopes,
one of which is on a half-life enhancing molecule.
Dualspecificity can allow antibodies to bind to
multimeric antigen with great avidity. Dualspecific
antibodies can allow the cross-linking of two
antigens, for example in recruiting cytotoxic T-cells
to mediate the killing of tumour cell lines.
Substantially pure ligands or binding proteins
thereof, such as dAb monomers, of at least 90 to 95%
homogeneity are preferred for administration to a
mammal, and 98 to 99% or more homogeneity is most
preferred for pharmaceutical uses, especially when the
mammal is a human. Once purified, partially or to
homogeneity as desired, the ligands may be used
diagnostically or therapeutically (including
extracorporeally) or indeveloping and performing assay
procedures, immimofluorescent stainings and the like
(Lefkovite and Pernis, (1979 and 1981) Immunological
Methods, Volumes I and II, Academic Press, NY). The
ligands of the present invention will typically find
use in preventing, suppressing or treating
inflammatory states, allergic hypersensitivity,
cancer, bacterial or viral infection, and autoimmune
disorders (which include, but are not limited to, Type
I diabetes, multiple sclerosis, rheumatoid arthritis,
systemic lupus erythematosus, Crohn's disease and
myasthenia gravis). Animal model systems which can be
used to screen the effectiveness of the dual specific
ligands in protecting against or treating the disease
are available. Methods for the testing of systemic
lupus erythematosus (SLE) in susceptible mice are
known in the art (Knight et al. (1978) J. Exp. Med.,
147: 1653; Reinersten et al. (1978) New Eng J. Med.,
299: s 515). Myasthenia Gravis (MG) is tested in SJL/J
female mice by inducing the disease with soluble AchR
protein from another species (Lindstrom et al. (1988)
Adv. Immunol., 42: 233). Arthritis is induced in a
susceptible strain of mice by injection of Type II
collagen (Stuart et al. (1984) Ann. Rev. Immunol., 42:
233). A model by which adjuvant arthritis is induced
in susceptible rats by injection of mycobacterial heat
shock protein has been described (Van Eden et al.
(1988) Nature, 33 1: 171). Thyroiditis is induced in
mice by administration of thyroglobulin as described
(Maron et al. (1980) J. Exp. Med., 152: 1115). Insulin
dependent diabetes mellitus (IDDM) occurs naturally or
can be induced in certain strains of mice such as
those described by Kanasawa et al. (1984)
Diabetologia, 27: 113. EAR in mouse and rat serves as
a model for MS in human. In this model, the 5
demyelinating disease is induced by administration of
myelin basic protein (see Paterson (1986) Textbook of
Immunopathology, Mischer et al., eds., Grune and
Stratton, New York, pp. 179-213; McFarlin et al.
(1973) Science, 179: 478: and Satoh et al. (1987) J;
Immunol., 138: 179). Dual specific ligands according
to the invention and dAb monomers able to bind to
extracellular targets involved in endocytosis (e.g.
Clathrin) enable dual specifc ligands to be
endocytosed, enabling another specificity able to bind
to an intracellular target to be delivered to an
intracellular environment. This strategy requires a
dual specific ligandwith physical properties that
enable it to remain functional inside the cell.
Alternatively, if the final destination intracellular
compartnent is oxidising, a well folding ligand may
not need to be disulphide free. Generally, the present
dual specific ligands will be utilised in purified
form together with pharmacologically appropriate
carriers. Typically, these carriers include aqueous or
alcoholic/aqueous solutions, emulsions or suspensions,
any including saline and/or buffered media. Parenteral
vehicles include sodium chloride solution, Ringer's
dextrose, dextrose and sodium chloride and lactated
Ringer's. Suitable physiologically-acceptable
adjuvants, if necessary to keep a polypeptide complex
in suspension, may be chosen from thickeners such as
carboxymethylcellulose, polyvinylpyrrolidone, gelatin
and alginates. Intravenous vehicles include fluid and
nutrient replenishers and electrolyte replenishers,
such as those based on Ringer's dextrose.
Preservatives and other additives, such as
antimicrobials, antioxidants, chelating agents and
inert gases, may also be present (Mack (1982)
Remington's Pharmaceutical Sciences, 16th Edition).
The ligands of the present invention may be used as
separately administered compositions or in conjunction
with other agents. These can include various
immunotherapeutic drugs, such as cylcosporine,
methotrexate, adriamycin or cisplatinum, and
immunotoxins. Pharmaceutical compositions can include
"cocktails" of various cytotoxic or other agents in
conjunction with the ligands of the present invention.
The route of administration of pharmaceutical
compositions according to the invention may be any of
those commonly known to those of ordinary skill in the
art. For therapy, including without limitation
immunotherapy, the ligands of the invention can be
administered to any patient in accordance with
standard techniques. The administration can be by any
appropriate mode, including parenterally,
intravenously, intramuscularly, intraperitoneally,
kansdermally, via the pulmonary route, or also,
appropriately, by direct infusion with a catheter. The
dosage and frequency of administration will depend on
the age, sex and condition of the patient, concurrent
administration of other drugs, counterindications and
other parameters to be taken into account by the
clinician. The ligands of the invention can be
lyophilised for storage and reconstituted in a
suitable carrier prior to use. This technique has been
shown to be effective with conventionalimmunoglobulins
and art-known lyophilisation and reconstitution
techniques can be employed. It will be appreciated by
those skilled in the art that lyophilisation and 30
reconstitution can lead to varying degrees of antibody
activity loss (e.g. with conventional immunoglobulins,
IgM antibodies tend to have greater activity loss than
IgG antibodies) and that use levels may have to be
adjusted upward to compensate. The compositions
containing the present ligands or a cocktail thereof
can be administered for prophylactic and/or
therapeutic treatments. In certain therapeutic
applications, an adequate amount to accomplish at
least partial inhibition, suppression, modulation,
killing, or some other measurable parameter, of a
population of selected cells is defined as a
"therapeutically-effective dose". Amounts needed to
achieve this dosage will depend upon the severity of
the disease and the general state of the patient's own
immune system, but generally range from 0.005 to 5.0
mg of ligandper kilogram of body weight, with doses of
0.05 to 2.0 mg/kgldose being more commonly used. For
prophylactic applications, compositions containing the
present ligands or cocktails thereof may also be
administered in similar or slightly lower dosages. A
composition containing a ligand according to the
present invention may be utilised in prophylactic and
therapeutic settings to aid in the alteration,
inactivation, killing or removal of a select target
cell population in a mammal. In addition, the selected
repertoires of polypeptides described herein may be
used extracorporeally or in vitro selectively to kill,
deplete or otherwise effectively remove a target cell
population from a heterogeneous collection of cells.
Blood from a mammal may be combined extracorporeally
with the ligands, e.g. antibodies, cell- surface
receptors or binding proteins thereof whereby the
undesired cells are killed or otherwise removed from
the blood for return to the mammal in accordance with
standard techniques. The invention is further
described, for the purposes of illustration only, in
the following examples. As used herein, for the
purposes of dAb nomenclature, human TNF- a is referred
to as TARl and human TNFa receptor 1 (p55 receptor) is
referred to as TAR2. 3. Treatment of Rheumatoid
ArthritisIn a preferred embodiment, ligands as
described herein can be used to treat rheumatoid
arthritis. In one aspect, the invention provides
methods of treating rheumatoid arthritis, comprising
the use of one or more single domain antibody
polypeptide constructs, wherein one or more of the
constructs antagonizes human TNFa's binding to a
receptor. The present invention encompasses
compositions comprising one or more single domain
antibody polypeptide constructs that antagonize human
TNFa' s binding to a receptor, and dual specific
ligands in which one specificity of the ligand is a
single domain antibody directed toward TNFa and a
second specificity is a single domain antibody
directed to VEGF or HSA. The present invention further
encompasses dual specific ligands in which one
specificity of the ligand is directed toward VEGF and
a second specificty is directed to HSA. In one
embodiment the invention provides methods of treatment
of rheumatoid arthritis comprising administering a
composition comprising one or more single domain
antibody polypeptide constructs, wherein one or more
of the constructs antagonizes human TNFa' s binding to
a receptor, and/or prevents an increase in arthritic
score when administered to a mouse of the TgI 97
transgenic mouse model of arthritis, and/or
neutralizes TNF-a in the L929 cytotoxicity assay. In
particular, methods of treatment of arthritis comprise
the administration of a composition comprising one or
more single domain antibody polypeptide constructs,
wherein one or more of the constructs antagonizes
human TNFa' s binding to a receptor, and wherein the
administration of the composition to a TgI 97
transgenic mouse prevents an increase in arthritic
score. a) Receptor Binding Assays Ligands for the
treatment of rheumatoid arthritis can interfere with
the binding of TNF-a to a TNF-a receptor. The receptor
can be an isolated (usually membrane-bound) receptor,
or it can be a receptor present on a cell, either in
vitro or in vivo. Assays for the measurement of TNF-a
receptor binding and interference with such binding by
ligands as described herein are described below in
Example 6. These includeELISAs (Example 6, section
1.3.1), BIAcore analyses (Example 6, section 1.3.2)
and biochemical receptor binding assays using both
isolated (or membrane-associated) receptors (Example
6, section 1.3.3) and receptors expressed on the
surface of cultured cells (Example 6, section 1.3.3).
As used herein, the term "antagonizes binding" of the
receptor refers to the ability or effect of a given
antibody polypeptide construct to interfere with the
binding of TNF-a (or VEGF or other factor) to a
cognate receptor. Antagonism is measured using one or
more of the in vitro, cell-based or in vivo assays as
described herein. Thus, the receptor can be isolated,
membrane bound, or present on the cell surface. A
construct interferes with or antagonizes binding to a
cognate receptor (e.g., TNFRl, TNFR2, VEGFRl, VEGFR2)
if there is a statistically significant decrease in
binding detected in the presence of the construct
relative to the absence of the construct.
Alternatively, a construct interferes with binding if
there is at least a 10% decrease in measured binding
in the presence of the construct, relative to its
absence. b) L929 cytotoxicity assay Ligands for the
treatment of rheumatoid arthritis can interfere with
the cytotoxic effects of TNF-a in the L929
cytotoxicity assay. This assay, based on the assay
described by Evans et al., 2000, Molecular
Biotechnology 15: 243-248, is described in Example 6,
section 1.3.3. Anti-TNF-a ligands useful for the
treatment of rheumatoid arthritis can neutralize the
activity of TNF-a in this cell assay. As used herein,
the term "neutralizing," when used in reference to an
antibody or dAb polypeptide as described herein, means
that the polypeptide interferes with a measurable
activity or function of the target antigen. A
polypeptide is a "neutralizing" polypeptide if it
reduces a measurable activity or function of the
target antigen by at least 50%, and preferably at
least 60%, 70%, 80%, 90%, 95% or more, up to and
including 100% inhibition (i.e., no detectable effect
or function of the target antigen). Thus, where the
target is TNF-a, neutralizing activity can be assessed
using the standard L929 cell killing assay described
herein or by measuring the ability of an anti-TNF-a
polypeptideconstruct to inhibit TNF-a-induced
expression of ELAM-I on HUVEC, which measures
TNF-a-induced cellular activation. Additional assays
for antibody polypeptide interference with the
receptor biding activity of TNF-a include the HeLa
IL-8 assay also described in Example 6, section 1.3.3.
c) In vivo assays. The efficacy of anti-TNF-a ligands
as described herein can be assessed using the Tgl97
transgenic mouse arthritis model. Tgl97 mice are
transgenic for the human TNFglobin hybrid gene and
heterozygotes at 4-7 weeks of age develop a chronic,
progressive polyarthritis with histological features
in common with rheumatoid arthritis (Keffer et al.,
1991, EMBO J. 10: 4025-4031). The arthritic phenotype
can be scored by assessing joint mobility and joint
swelling. The arthritic phenotype of the joints can be
scored by X-ray imaging of the joints and by
histolopathological analysis of fixed sections of the
knee and ankle/paw j oints. Experimental treatment to
assess the efficacy of a given antibody polypeptide
construct is performed as follows. 1) To test the
prevention of arthritis with an antibody polypeptide
construct, animals are treated as follows: a)
heterozygous TgI 97 mice are divided into groups of 10
animals with equal numbers of males and females.
Treatment commences at 3 weeks of age, with weekly
intraperitoneal administration of the antibody
polypeptide in PBS, or PBS alone in the control
animals; b) weigh the mice weekly; c) score the mice
for macrophenotypic signs of arthritis according to
the following system: 0 = no arthritis (normal
appearance and flexion), 1 = mild arthritis (joint
distortion), 2 = moderate arthritis (swelling, joint
deformation), 3 = heavy arthritis (severely impaired
movement).The studies should best be performed such
that the individual scoring is blinded to the test
groupings. The preferred mechanism of antibody
delivery for this assay is IP injection. However, the
assay can be adapted to use subcutaneous injection, IV
injection (e.g., via tail vein), intramuscular
injection, or oral, inhalation or topical
administration. A treatment is effective in the TgI 97
model system if the average arthritic score in the
treatment group is lower (by a stistically significant
amount) than that of the vehicleonly control group.
Treatment is also considered effective if the average
arthritic score is lower by at least 0.5 units, at
least 1.0 units, at least 1.5 units or by at least 2
units relative to the vehicle-only control animals.
Alternatively, the treatment is effective is the
average arthritic score remains at or is lowered to 0
to 0.25 throughout the course of the therapeutic
regimen. A treatment is effective in the TgI 97 model
system if the average arthritic score in the treatment
group increases during the course of the experiment
but the start of this increase is delayed when
compared with the vehicle only control. Treatment is
also considered effective if the start of the increase
in the average arthritic score of the treatment group
when compared to the vehicle only control is delayed
by 0.5 weeks, at least 1week, at least 1.5 weeks, at
least 2 weeks or by greater than 3 weeks. As an
alternative to the macrophenotypic scoring, at various
intervals durint treatment, ankle/paw and knee joints
can be fixed and analyzed histopathologically using
the following system: 0 = no detectable pathology; 1 =
hyperplasia of the synovial membrane and presence of
polymorphonuclear infiltrates; 2 = pannus and fibrous
tissue formation and focal subchondral bone erosion; 4
= extensive articular cartilage destruction and bone
erosion. Treatment is considered effective if the
average histopathological score is lower (by a
statistically significant amount) than that of the
vehicle control group. Treatment is also considered
effective if the average histopathological score is
lower by at least 0.5 units, at least 1.0 unit, at
least 1.5 units, at least 2.0 units, at least 2.5
units, at least 3.0 units, or by at least 3.5 units
relative to the vehicle-only control group.
Alternatively, the treatment is effective is the
average histopatholigical score remains at or is
lowered to 0 to 0.5 throughout the course of the
therapeutic regimen.2) To test the effect of an
antibody polypeptide construct (anti-TNF-a, anti-
VEGF, etc.) on established arthritis, the assay can be
performed on TgI 97 animals as described above, only
beginning treatment at 6 weeks of age, a time at which
the animals have significant arthritic phenotypes.
Scoring and efficacy analyses are also as described
above. Anti-TNF-a dAb constructs as described herein
can halt or reverse the progression of established
arthritis in one or more of the model systems
described. In either format, treatment approaches
include anti-TNF-a (e.g., anti-TNF-a dAb as described
herein) in monomeric, dimeric or other multimeric
forms, anti-VEGF (e.g., anti-VEGF dAb as described
herein, including also camelid anti-VEGF dAbs) in
monomeric, dimeric or other multimeric forms, a dual
specific format of anti-TNF/anti- VEGF, and individual
or dual specific constructs bearing anti-HSA, PEG or
other half-life modifying moiet(ies). Additionally,
anti-VEGF compositions described herein can be
administered in combination with other anti-TNF
compositions, such as etanercept (Enbrel), D2E7
(Humira) and infliximab (Remicade). The effectiveness
of such combination therapy can be assessed using, for
example, the cell culture and in vivo model systems
described herein. Additional accepted animal models of
arthrits include collagen induced arthritis (CIA),
described, for example, by Horsfall et al., 1997, J.
of Immunol. 159:5687), and pristane-induced arthritis,
described, for example, by Stasluk et al., 1997,
Immunol. 90:81. Assays for anti-VEGF polypeptide
construct effectiveness: a) VEGF Receptor 2 binding
assay This method describes a VEGF receptor binding
assay for measuring the ability of soluble domain
antibodies (dAbs) to prevent VEGF165 binding to VEGF
Receptor 2. VEGF is a specific mitogen for endothelial
cells in vitro and a potent angiogenic factor in vivo,
with high levels of the protein being expressed in
various types of tumours. It is a 45kDa glycoprotein
that is active as a homodimer. So far five different
isoformshave been described which occur through
alternative mRNA splicing. Of these isoforms VEGF121
and VEGF165 are the most abundant. The specific action
of VEGF on endothelial cells is mainly regulated by
two types of receptor tyrosine kinases (RTK), VEGF Rl
(FIt-I), and VEGF R2 (KDR/Flk-1). However, it appears
that the VEGF activities such as mitogenicity,
chemotaxis, and induction of morphological changes are
mediated by VEGF R2, even though both receptors
undergo phosphorylation upon binding of VEGF. A
recombinant human VEGF R2/Fc chimera is used in this
assay, comprising the extracellular domain of human
VEGF R2 fused to the Fc region of human IgG1. Briefly,
the receptor is captured on an ELISA plate, then the
plate is blocked to prevent non specific binding. A
mixture OfVEGF 165 and dAb protein is then added, the
plate is washed and receptor bound VEGF16 detected
using a biotinylated anti-VEGF antibody and an HRP
conjugated anti-biotin antibody. The plate is
developed using a colorimetric substrate and the OD
read at 450nm. If the dAb blocks VEGF binding to the
receptor then no colour is detected. The assay is
performed as follows. A 96 well Nunc Maxisorp assay
plate is coated overnight at 4C with lOOml per well of
recombinant human VEGF R2/Fc (R&D Systems, Cat. No:
357-KD-050) @ 0.5 mg/ml in carbonate buffer. Wells are
washed 3 times with 0.05%tween/PBS and 3 times with
PBS. 200ml per well of 2% BSA in PBS is added to block
the plate and the plate is incubated for a minimum of
Ih at room temperature. Wells are washed (as above),
then 50ml per well of purified dAb protein is added to
each well. 50ml of VEGF, @ 6ng/ml in diluent (for a
final concentration of 3ng/ml), is then added to each
well and the plate incubated for 2hr at room
temperature (for assay of supernatants; add 80ml of
supernatant to each well then 20ml of VEGF @ 15ng/ml).
The following controls should be included: Ong/ml VEGF
(diluent only); 3ng/ml VEGF (R&D Systems, CatNo:
293-VE-050); 3ng/ml VEGF with O.lmg/ml anti-VEGF
neutralizing antibody (R&D Systems cat#MAB293).The
plate is washed (as above) and then lOOml biotinylated
anti-VEGF antibody (R&D Systems, Cat No: BAF293),
0.5mg/ml in diluent, is added and incubated for 2hr at



room temperature. Wells are washed (as above) then add
lOOml HRP conjugated anti-biotin antibody (1:5000
dilution in diluent; Stratech, Cat No: 200-032-096).
The plate is then incubated for lhr at room
temperature. The plate is washed (as above) ensuring
any traces of Tween-20 have been removed to limit
background in the subsequent peroxidase assay and to
help the prevention of bubbles in the assay plate
wells that will give inaccurate OD readings. lOOml of
SureBlue 1-Component TMB MicroWell Peroxidase solution
is added to each well, and the plate is left at room
temperature for up to 20min. A deep blue soluble
product will develop as bound HRP labelled conjugate
reacts with the substrate. The reaction is stopped by
the addition of lOOml IM hydrochloric acid (the blue
colour will turn yellow). The OD, at 450nm, of the
plate should be read in a 96-well plate reader within
30min of acid addition. The OD450nm is proportional to
the amount of bound streptavidin-HRP conjugate.
Expected result from the controls are as follows:
Ong/ml VEGF should give a low signal of <0.15 OD;
3ng/ml VEGF should give a signal of >0.5 OD; and
3ng/ml VEGF pre-incubated with O.lmg/ml neutralising
antibody should give a signal <0.2 OD. b) VEGF
Receptor 1 binding assay This assay measures the
binding of VEGF 1 to VEGF Rl and the ability of dAbs
to block this interaction. A recombinant human VEGF
Rl/Fc chimera is used here, comprising the
extracellular domain of human VEGF Rl fused to the Fc
region of human IgG1. The receptor is captured on an
ELISA plate then the plate is blocked to prevent non
specific binding. A mixture of VEGF165 and dAb protein
is then added, the plate is washed and receptor bound
VEGF 165 detected using a biotinylated anti-VEGF
antibody and an HRP conjugated anti-biotin antibody.
The plate is developed using a colorimetric substrate
andthe OD read at 450nm. If the dAb blocks VEGF
binding to the receptor then no colour will show. The
assay is performed as follows. A 96 well Nunc Maxisorp
assay plate is coated overnight at 4C with lOOml per
well of recombinant human VEGF Rl/Fc (R&D Systems, Cat
No: 321-FL-050) @ 0.1 mg/ml in carbonate buffer. Wells
are washed 3 times with 0.05%tween/PBS and 3 times
with PBS. 200ml per well of 2% BSA in PBS is added to
block the plate and the plate is incubated for a
minimum of Ih at room temperature. Wells are washed
(as above), then 50ml per well of purified dAb protein
is added to each well. 50ml of VEGF, @ lng/ml in
diluent (for a final concentration of 500pg/ml), is
then added to each well and the plate incubated for
lhr at room temperature (assay of supernatants; add
80ml of supernatant to each well then 20ml of VEGF @
2.5ng/ml). The following controls should be included:
Ong/ml VEGF (diluent only); 500pg/ml VEGF; and
500pg/ml VEGF with 1mg/ml anti-VEGF antibody (R&D
Systems cat#MAB293). The plate is washed (as above)
and then lOOml biotinylated anti-VEGF antibody,
50ng/ml in diluent, is added and incubated for lhr at
room temperature. Wells are washed (as above) then add
lOOml HRP conjugated anti-biotin antibody (1:5000
dilution in diluent). The plate is then incubated for
lhr at room temperature. The plate is washed (as
above), ensuring any traces of Tween-20 have been
removed to limit background in the subsequent
peroxidase assay and to help the prevention of bubbles
in the assay plate wells that will give inaccurate OD
readings. lOOml of SureBlue 1-Component TMB MicroWell
Peroxidase solution is added to each well, and the
plate is left at room temperature for up to 20min. A
deep blue soluble product will develop as bound HRP
labelled conjugate reacts with the substrate. The
reaction is stopped by the addition of lOOml IM
hydrochloric acid (the blue colour will turn yellow).
The OD, at 450nm, of the plate should be read in a
96-well plate reader53 179 within 30 min of acid
addition. The OD450 nm is proportional to the amount
of bound streptavidin-HRP conjugate. Expected result
from the controls: 0ng/ml VEGF should give a low
signal of O.15 0D; 500pg/ml VEGF should give a signal
of >0.8 OD; and 500pg/ml VEGF preincubated with l
mg/ml neutralising antibody should give a signal <0.3
OD c) Cell-based assay for VEGF activity: This
bioassay measures the ability of antibody polypeptides
(e.g., dAbs) and other inhibitors to neutralise the
VEGF induced proliferation of BHJVE cells. HUVE cells
plated in 96 well plates are incubated for 72 hours
with pre-equilibrated VEGF and dAb protein. Cell
number is then measured using a cell viability dye.
The assay is performed as follows. HUVE cells are
trypsinized from a subconfluent 175cm2 flask. Medium
is aspirated off, the cells are washed with 5ml
trypsin and then incubated with 2ml trypsin at room
temperature for 5min. The cells are gently dislodged
from the base of the flask by knocking against your
hand. 8ml of induction medium are then added to the
flask, pipetting the cells to disperse any clumps.
Viable cells are counted using trypan blue stain.
Cells are spun down and washed 2X in induction medium,
spinning cells down and aspirating the medium after
each wash. After the final aspiration the cells are
diluted to 105 cells/ml (in induction medium) and
plated at 100 ml per well into a 96 well plate (10,000
cells/well). The plate is incubated for >2h @ 37C to
allow attachment of cells. 60ml dAb protein and 60ml
induction media containing 40ng/ml VEGF165 (for a
final concentration of lOng/ml) is added to a v bottom
96 well plate and sealed with film. The dAb/VEGF
mixture is then incubated at 37C for 0.5-1 hour. The
dAb/VEGF plate is removed from the incubator and lOOml
of solution added to each well of the HUVEC containing
plate (final volume of 200ml). This plate is then
returned to the 37C incubator for a period of at least
72 hours.Control wells include the following: wells
containing cells, but no VEGF; wells containing cells,
a positive control neutralising anti-VEGF antibody and
VEGF; and control wells containing cells and VEGF
only. Cell viability is assessed by adding 20ml per
well Celltiter96 reagent, and the plate incubated at
37C for 2-4h until a brown colour develops. The
reaction is stopped by the addition of 20ml per well
of 10% (w/v) SDS. The absorbance is then read at 490nm
using a Wallac microplate reader. The absorbance of
the no VEGF control wells is subtracted from all other
values. Absorbance is proportional to cell number. The
control wells containing control anti- VEGF antibodies
should also exhibit minimum cell proliferation. The
wells containing VEGF only should exhibit maximum cell
proliferation. d) In vivo assay for VEGF activity: The
efficacy of anti-VEGF polypeptide constructs
(monomers, multimers or dualor multi-specific) can
also be tested in the Tg197 transgenic mouse model of
arthritic disease. Dosing regimens and scoring are
essentially as described for anti-TNF-a polypeptide
constructs. 4. Treatment of Crohn's Disease Anti-TNF-a
polypeptides as described herein can be used to treat
Crohn's disease in humans. In one embodiment the
invention provides methods of treatment of Crohn's
disease or other inflammatory bowel disease (IBD) in
which TNF-a is involved. The methods comprise
administering a composition comprising one or more
single domain antibody polypeptide constructs, wherein
one or more of the constructs antagonizes human TNFa's
binding to a receptor, and/or prevents an increase in
acute or chronic inflammatory bowel score when
administered to a mouse of the TnfAARE transgenic
mouse model of IBD, and/or neutralizes TNF-a in the
L929 cytotoxicity assay. In particular, methods of
treatment of Crohn's or other inflammatory bowel
disorders comprise the administration of a composition
comprising one or more single domain antibody
polypeptide constructs, wherein one or more of the
constructs antagonizes human TNFa'sbinding to a
receptor, and wherein the administration of the
composition to a Tni transgenic mouse prevents an
increase or effects a decrease in acute or chronic
inflammatory bowel score. The Tnf transgenic mouse
model of Crohn's disease was originally described by
Kontoyiannis et al., 1999, Immunity 10: 387-398; see
also Kontoyiannis et al., 2002, J. Exp. Med. 196:
1563-1574. These mice bear a targeted deletion
mutation in the 3' AUrich elements (AREs) of TNF-a
mRNA. AU-rich elements are involved in maintaining low
mRNA stability, and their disruption leads to
overexpression of murine TNF-a in these animals. The
animals develop an IBD phenotype with remarkable
similarity to Crohn's disease starting between 4 and 8
weeks of age. The basic histopathological
characteristics include villus blunting and submucosal
inflammation with prevailing PMN/macrophage and
lymphocytic exudates, proceeding to patchy transmural
inflammation and the appearance of lymphoid aggregates
and rudimentary granulomata (Kontoyiannis et al.,
2002, supra.). These animals also develop an arthritic
phenotype and can thus also be used to separately
evaluate the efficacy of anti-TNF-a treatments in RA.
Where treatment is to be evaluated for its effect in
preventing IBD, treatment is initiated at, for
example, 3 weeks of age, with initial weekly IP doses
of a given antibody polypeptide construct. More or
less frequent dosing intervals can be selected by one
of skill in the art, depending upon the outcome of
initial studies. Animals can then be monitored for
bowel disease according to a standard scale as
described in Kontoyiannis et al., 2002, supra.
Paraffin-embedded intestinal tissue sections of ileum
are histologically evaluated in a blinded fashion
according to the following scale: Acute and chronic
inflammation are assessed separately in a minimum of 8
high power fields (hpf) as follows - acute
inflammatory score 0 = 0-1 polymorphonuclear (PMN)
cells per hpf (PMN/hpf); 1 =2-10 PMN/hpf within
mucosa; 2 = 11-20 PMN/hpf within mucosa; 3 = 21-30
PMN/hpf within mucosa or 11-20 PMN/hpf with extension
below muscularis mucosae; and 4 = >30 PMN/hpf within
mucosa or >20 PMN/hpf with extension below muscularis
mucosae. Chronic inflammatory score 0 = 0-10
mononuclear leukocytes (ML) per hpf (ML/hpf) within
mucosa; 1 = 11-20 ML/hpf within mucosa; 2 = 21-30
ML/hpf within mucosa or 11-20 ML/hpf with extension
below muscularis mucosae; 3 = 31-40ML/hpf within
mucosa or 21-30 ML/hpf with extension below muscularis
mucosae or follicular hyperplasia; and 4 = >40 ML/hpf
within mucosa or >30 ML/hpf with extension below
muscularis mucosae or follicular hyperplasia. Total
disease score per mouse is calculated by summation of
the acute inflammatory or chronic inflammatory scores
for each mouse. To evaluate the effect of treatment on
established disease, treatment can be begun at 6-8
weeks of age, with scoring performed in the same
manner. Treatment is considered effective if the
average histopathological disease score is lower in
treated animals (by a statistically significant
amount) than that of the vehicle control group.
Treatment is also considered effective if the average
histopathological score is lower by at least 0.5
units, at least 1.0 units, at least 1.5 units, at
least 2.0 units, at least 2.5 units, at least 3.0
units, or by at least 3.5 units relative to the
vehicle-only control group. Alternatively, the
treatment is effective if the average
histopatholigical score remains at or is lowered to 0
to 0.5 throughout the course of the therapeutic
regimen. Other models of IBD include, for example, the
DSS (dextran sodium sulfate) model of chronic colitis
in BALB/c mice. The DSS model was originally described
by Okayasu et al., 1990, Gastroenterology 98: 694-702
and was modified by Kojouharoff et al, 1997, Clin Exp.
Immunol. 107: 353-358 (see also WO 2004/041862, which
designates the U.S., incorporated herein by
reference). BALB/c mice weighing 21-22 g are treated
to induce chronic colitis by the administration of DSS
in their drinking water at 5% w/v in cycles of 7 days
of treatment and 12 days recovery interval without
DSS. The 4th recovery period can be extended from 12
to 2 1 days to represent a chronic inflammation
status, rather than the acute status modeled by
shorter recovery. After the last recovery period,
treatment with antibody polypeptide, e.g., anti-TNF-a
polypeptide as described herein is administered.
Weekly administration is recommended initially, but
can be adjusted by one of skill in the art as
necessary (especially, e.g., to evaluate dosage forms
with different half-life modifying moieties). At
intervals during treatment, animals are killed,
intestine is dissected and histopathological scores
are assessed as described herein or as described in
Kojouharoff et al., 1997, supra.Other animal models of
inflammatory bowel disease include the chronic
intestinal inflammation induced by rectal instillation
of 2,4,6-Trinitrobenzene sulfonic acid (TNBS; method
described by Neurath et al., 1995, J. Exp. Med. 182:
1281; see also U.S. 6,764,838, incorporated herein by
reference). Histopathological scoring can be performed
using the same standard described above. Comparison
with other anti-TNF-a agents: Disclosed herein are
anti-TNF-a dAb constructs effective for the treatment
of RA, Crohn's disease and other TNF-a mediated
disorders. In one aspect, the effectiveness of the
anti-TNF-a dAb constructs is greater than or equal to
that of an agent selected from the group consisting of
etanercept (ENBREL), infliximab (REMICADE) and D2E7
(HUMIRA; see U.S. patent No. 6,090,382, incorporated
herein by reference). Clinical trials of a recombinant
version of the soluble human TNFR (p75) linked to the
Fc portion of human IgGl (sTNFR(p75):Fc, ENBREL,
Immunex) have shown that its administration resulted
in significant and rapid reductions in RA disease
activity (Moreland et al., 1997, N. Eng. J. Med.,
337:141-147). hi addition, preliminary safety data
from a pediatric clinical trial for sTNFR(p75):Fc
indicates that this drug is generally well-tolerated
by patients with juvenile rheumatoid arthritis (JRA)
(Garrison et al, 1998, Am. College of Rheumatology
meeting, Nov. 9, 1998, abstract 584). As noted above,
ENBREL is a dimeric fusion protein consisting of the
extracellular ligand-binding portion of the human 75
kilodalton (p75) TNFR (GenBank Accession No. P20333)
linked to the Fc portion of human IgGl. The Fc
component of ENBREL contains the CH2 domain, the CH3
domain and hinge region, but not the CHl domain of
IgGl . ENBREL is produced in a Chinese hamster ovary
(CHO) mammalian cell expression system. It consists of
934 amino acids and has an apparent molecular weight
of approximately 150 kilodaltons (Smith et al., 1990,
Science 248:1019-1023; Mohler et al., 1993, J.
Immunol. 151:1548-1561; U.S. Pat. No. 5,395,760
(Immunex Corporation, Seattle, Wash.; incorporated
herein by reference); U.S. Pat. No. 5,605,690 (Immunex
Corporation, Seattle, Wash.; incorporated herein by
reference).A monoclonal antibody directed against
TNF-a. (infliximab, REMICADE, Centocor), administered
with and without methotrexate, has demonstrated
clinical efficacy in the treatment of RA (Elliott et
al., 1993, Arthritis Rheum. 36: 1681-1690; Elliott et
al., 1994, Lancet 344:1 105-1 110). These data
demonstrate significant reductions in Paulus 20% and
50% criteria at 4, 12 and 26 weeks. This treatment is
administered intravenously and the anti-TNF monoclonal
antibody disappears from circulation over a period of
two months. The duration of efficacy appears to
decrease with repeated doses. The patient can generate
antibodies against the anti-TNF antibodies which limit
the effectiveness and duration of this therapy
(Kavanaugh et al., 1998, Rheum. Dis. Clin. North Am.
24:593-614). Administration of methotrexate in
combination with infliximab helps prevent the
development of anti-infliximab antibodies (Maini et
al., 1998, Arthritis Rheum. 41:1552-1563). Infliximab
has also demonstrated clinical efficacy in the
treatment of the inflammatory bowel disorder Crohn's
disease (Baert et al., 1999, Gastroenterology
116:22-28). As discussed in the background section,
infliximab is a chimeric monoclonal IgG antibody
bearing human IgG4 constant and mouse variable
regions. The infliximab polypeptide is described in
U.S. patent Nos. 5,698,195 and 5,656,272, which are
incorporated herein by reference. To compare efficacy
with these or other anti-TNF-a compositions, one need
only perform one or more of the receptor binding,
cell-based or in vivo assays as described herein above
using the anti-TNF-a dAb construct in parallel with
the existing composition. This approach thus
identifies those anti-TNF-a dAb constructs that show
an effectiveness at inhibiting the effects of TNF-a in
one or more of the assays that is equal to or greater
than (in a statistically significant manner) the
effectiveness of the comparison composition. Examples
of such constructs and the analyses demonstrating
equal or superior effectiveness are provided in the
Examples. EXAMPLES Example 1. Selection of a dual
specific scFv antibody (K8) directed against human
serum albumin (HSA) and b-galactosidase (b-gal).This
example explains a method for making a dual specific
antibody directed against b- gal and HSA in which a
repertoire of VK variable domains linked to a gernline
(dummy) VH domain is selected for binding to p-gal and
a repertoire of VH variable domains linked to a
germline (dummy) VK domain is selected for binding to
HSA. The selected variable VH HSA and VkB-gal domains
are then combined and the antibodies selected for
binding to b-gal and HSA. HSA is a half-life
increasing protein found in human blood. s Four human
phage antibody libraries were used in this experiment.
Library 1 Germline VK/DVT VH 8.46 x 107 Library 2
Germline VK/NNK V 9.64 x 107 Library3 Germline VH/DVT
Vk 1.47x 108 Library 4 Germline VH/NNK Vk 1.45 x 108
All libraries are based on a single human framework
for V H (V3- 23/DP47 and JH4V) and Vk (O12/O2/DPK9 and
Jkl ) with side chain diversity incorporated in
complementarity determining regions (CDR2 and CDR3).
Library 1 and Library 2 contain a dummy Vk sequence,
whereas the sequence of V H is diversified at
positions H50, H52, H52a, H53, H55, H56, H58, H95,
H96, H97 and H98 (DVT or TSTNK encoded, respectively)
(Figure 1). Library 3 and Library 4 contain a dummy VH
sequence, whereas the sequence of Vk is diversified at
positions L50, L53, L91, L92, L93, L94 and L96 (DVT or
NNK encoded, respectively) (Figure 1). The libraries
are in phagemid pIT2/ScFv format (Figure 2) and have
been preselected for binding to generic ligands,
Protein A and Protein L, so that the majority of
clones in the unselected libraries are functional. The
sizes of the libraries shown above correspond to the
sizes after preselection. Library 1 and Library 2 were
mixed prior to selections on antigen to yield a single
V /dummy Vk library and Library 3 and Library 4 were
mixed to form a single Vk/dummy V H library.Three
rounds of selections were performed on b-gal using
Vk/dummy VHlibrary and three rounds of selections were
performed on HSA using V /dummy Vk library. In the
case of b-gal the phage titres went up from 1.1 x 106
in the first round to 2.0 x 108 in the third round. In
the case of HSA the phage titres went up from 2 x 104
in the first round to 1.4 x 109 in the third round.
The selections were performed as described by Griffith
et al., (1993), except that KM13 helper phage (which
contains a pill protein with a protease cleavage site
between the D2 and D3 domains) was used and phage were
eluted with 1 mg/ml trypsin in PBS. The addition of
trypsin cleaves the pill proteins derived from the
helper phage (but not those from the phagemid) and
elutes bound scFv-phage fusions by cleavage in the
c-myc tag (Figure 2), thereby providing a further
enrichment for phages expressing functional scFvs and
a corresponding reduction in background (Kristensen &
Winter, Folding & Design 3: 321-328, JuI 9, 1998).
Selections were performed using immunotubes coated
with either HSA or b-gal at 100 mg/ml concentration.
To check for binding, 24 colonies from the third round
of each selection were screened by monoclonal phage
ELISA. Phage particles were produced as described by
Harrison et al., Methods Enzymol. 1996;267:83-109.
96-well ELISA plates were coated with 100 ml of HSA or
b-gal at 10 mg/ml concentration in PBS overnight at
40C. A standard ELISA protocol was followed
(Hoogenboom et al., 1991) using detection of bound
phage with anti-M13-HRP conjugate. A selection of
clones gave ELISA signals of greater than 1.0 with
50ml supernatant. Next, DNA preps were made from V
/dummy Vk library selected on HSA and from Vk/dummy VH
library selected on b-gal using the QIAprep Spin
Miniprep kit (Qiagen). 



To access most of the diversity, DNA preps were made
from each of the three rounds of selections and then
pulled together for each of the antigens. DNA preps
were then digested with Sall/Notl overnight at 37C.
Following gel purification of the fragments, Vk chains
from the Vk/dummy VH library selected on b-gal were
ligated in place of a dummy Vk chain of the V /dummy
Vk library selected on HSA creating a library of 3. 3
x 109 clones.This library was then either selected on
HSA (first round) and b-gal (second round), HSA/b-gal
selection, or on b-gal (first round) and HSA (second
round), b-gal/HSA selection. Selections were performed
as described above. In each case after the second
round 48 clones were tested for binding to HSA and
b-gal by the monoclonal phage ELISA (as described
above) and by ELISA of the soluble scFv fragments.
Soluble antibody fragments were produced as described
by Harrison et al., (1996), and standard ELISA
protocol was followed (Hoogenboom et al. (1991)
Nucleic Acids Res., 19: 4133), except that 2%
Tween/PBS was used as a blocking buffer and bound
scFvs were detected with Protein L-HRP. Three clones
(E4, E5 and E8) from the HSA/b- gal selection and two
clones (K8 and KlO) from the b-gal/HSA selection were
able to bind both antigens. scFvs from these clones
were PCR amplified and sequenced as described by
Ignatovich et al., (1999) J. MoI. Biol .1999 Nov. 26;
294(2):457-65, using the primers LMB3 and pHENseq.
Sequence analysis revealed that all clones were
identical. Therefore, only one clone encoding a dual
specific antibody (K8) was chosen for further work
(Figure 3). Example 2. Characterisation of the binding
properties of the K8 antibody. Firstly, the binding
properties of the K8 antibody were characterized by
the monoclonal phage ELISA. A 96-well plate was coated
with 100 ml of HSA and b-gal alongside with alkaline
phosphatase (APS), bovine serum albumin (BSA), peanut
agglutinin, lysozyme and cytochrome c (to check for
cross-reactivity) at 10 mg/ml concentration in PBS
overnight at 40C. The phagemid from K8 clone was
rescued with KMl 3 as described by Harrison et al.,
(1996) and the supernatant (50 ml ) containing phage
assayed directly. A standard ELISA protocol was
followed (Hoogenboom et al., 1991) using detection of
bound phage with anti-M13-HRP conjugate. The dual
specific K8 antibody was found to bind to HSA and
b-gal when displayed on the surface of the phage with
absorbance signals greater than 1.0 (Figure 4). Strong
binding to BSA was also observed (Figure 4). Since HSA
and BSA are 76% homologous on the amino acid level, it
is not surprising that K8 antibody recognised both of
these structurally related proteins. No
cross-reactivity with other proteins was detected
(Figure 4). Secondly, the binding properties of the K8
antibody were tested in a soluble scFv
ELISA.Production of the soluble scFv fragment was
induced by IPTG as described by Harrison et al.,
(1996). To determine the expression levels of K8 scFv,
the soluble antibody fragments were purified from the
supernatant of 50 ml inductions using Protein A
Sepharose columns as described by Harlow and Lane,
Antibodies: a Laboratory Manual, (1988) Cold Spring
Harbor. OD280 was then measured and the protein
concentration calculated as described by Sambrook et
al., (1989). K8 scFv was produced in supernatant at
19mg/l . A soluble scFv ELISA was then performed using
known concentrations of the K8 antibody fragment. A
96-well plate was coated with lOOml of HSA, BSA and
b-gal at 10 mg/ml and 100 ml of Protein A at 1 mg/ml
concentration. 50 ml of the serial dilutions of the K8
scFv was applied and the bound antibody fragments were
detected with Protein LHRP. ELISA results confirmed
the dual specific nature of the K8 antibody (Figure
5). To confirm that binding to b-gal is determined by
the Vk domain and binding to HAS/BSA by the VH domain
of the K8 scFv antibody, the Vk domain was cut out
from K8 scFv DNA by Sall/Notl digestion and ligated
into a Sall/Notl digested pIT2 vector containing dummy
VH chain (Figures 1 and 2). Binding characteristics of
the resulting clone K8VK/dummy VH were analysed by
soluble scFv ELISA. Production of the soluble scFv
fragments was induced by IPTG as described by Harrison
et al., (1996) and the supernatant (50 ml) containing
scFvs assayed directly. Soluble scFv ELISA was
performed as described in Example 1 and the bound
scFvs were detected with Protein LHRP. The ELISA
results revealed that this clone was still able to
bind b-gal, whereas binding to BSA was abolished
(Figure 6). Example 3. Selection of single VH domain
antibodies antigens A and B and single Vk domain
antibodies directed against antigens C and D. This
example describes a method for making single VH domain
antibodies directed against antigens A and B and
single Vk domain antibodies directed against antigens
C and D by selecting repertoires of virgin single
antibody variable domains for binding to these
antigens in the absence of the complementary variable
domains.Selections and characterization of the binding
clones is performed as described previously (see
Example 5, PCT/GB 02/003014). Four clones are chosen
for further work: VHl - Anti A VH VH2 - Anti B VH VKl
-Anti C Vk VK2 - Anti D Vk The procedures described
above in Examples 1-3 may be used, in a similar manner
as that described, to produce dimer molecules
comprising combinations of V domains (i.e., VH
ligands) and cominations of VL domains (VL-VL
ligands). Example 4. Creation and characterization of
the dual specific ScFv antibodies (VH1/VH2 directed
against antigens A and B and VKl /VK2 directed against
antigens C and D). This example demonstrates that dual
specific ScFv antibodies (VHl /VH2 directed against
antigens A and B and VK1/VK2 directed against antigens
C and D) could be created by combining Vk and VH
single domains selected against respective antigens in
a ScFv vector. To create dual specific antibody
VH1/VH2, VHl single domain is excised from variable
domain vector 1 (Figure 7) by Ncol/Xhol digestion and
ligated into Ncol/Xhol digested variable domain vector
2 (Figure 7) to create VHl/ variable domain vector 2.
VH2 single domain is PCR amplified from variable
domain vector 1 using primers to introduce a Sail
restriction site to the 5' end and a Notl restriction
site to the 3' end. The PCR product is then digested
with SalMSfotI and ligated into Sall/Notl digested
VHl/ variable domain vector 2 to create VH1/VH2/
variable domain vector 2. VK1/VK2/ variable domain
vector 2 is created in a similar way. The dual
specific nature of the produced VH1/VH2 ScFv and
VK1/VK2 ScFv is tested in a soluble ScFv ELISA as
described previously (see Example 6, PCT/GB02/003014).
Competition ELISA is performed as described previously
(see Example 8,PCT/GB02/003014). Possible
outcomes:-VH1/VH2 ScFv is able to bind antigens A and
B simultaneously -VKl /VK2 ScFv is able to bind
antigens C and D simultaneously -VH1/VH2 ScFv binding
is competitive (when bound to antigen A, VH1/VH2 ScFv
cannot bind to antigen B) -VKl /VK2 ScFv binding is
competitive (when bound to antigen C, VKl /VK2 ScFv
cannot bind to antigen D) Example 5. Construction of
dual specific VH1/VH2 Fab and VKl /VK2 Fab and
analysis of their binding properties. To create
VH1/VH2 Fab, VHl single domain is ligated into
Ncol/Xhol digested CH vector (Figure 8) to create
VH1/CH and VH2 single domain is ligated into Sall/Notl
digested CK vector (Figure 9) to create VH2/CK.
Plasmid DNA from VH1/CH and VH2/CKis used to
co-transform competent E. coli cells as described
previously (see Example 8, PCT/GB02/003014). The clone
containing VH1/CH and VH2/CK plasmids is then induced
by IPTG to produce soluble VHl /VH2 Fab as described
previously (see Example 8, PCT/GB 02/003014). VK1/VK2
Fab is produced in a similar way. Binding properties
of the produced Fabs are tested by competition ELISA
as described previously (see Example 8, PCT/GB
02/003014). Possible outcomes -VH1/VH2 Fab is able to
bind antigens A and B simultaneously -VK1/VK2 Fab is
able to bind antigens C and D simultaneously -VH1/VH2
Fab binding is competitive (when bound to antigen A,
VH1/VH2 Fab cannot bind to antigen B)-VK1/VK2 Fab
binding is competitive (when bound to antigen C,
VK1/VK2 Fab cannot bind to antigen D) Example 6.
Chelating dAb Dimers Summary VH and VK homo-dimers are
created in a dAb-linker-dAb format using flexible
polypeptide linkers. Vectors were created in the dAb
linker-dAb format containing glycine-serine linkers of
different lengths 3U:(Gly 4Ser)3, 5U:(Gly4Ser)5,
7U:(Gly 4Ser)7. Dimer libraries were created using
guiding dAbs upstream of the linker: TARl -5 (VK), 5
TARl -27(VK), TAR2- 5(VH) or TAR2-6(VK) and a library
of corresponding second dAbs after the linker. Using
this method, novel dimeric dAbs were selected. The
effect of dimerisation on antigen binding was
determined by ELISA and BIAcore studies and in cell
neutralization and receptor binding assays.
Dimerisation of both TAR1-5 and TARl- 27 resulted in
significant improvement in binding affinity and
neutralization levels. 1.0 Methods 1.1 Library
generation 1.1.1 Vectors pEDA3U, pEDA5U and pEDA7U
vectors were designed to introduce different linker
lengths compatible with the dAb-linker-dAb format. For
pEDA3U, sense and anti- sense 73-base pair oligo
linkers were annealed using a slow annealing program
(95C-5mins, 80C-10mins, 70C-15mins, 56C-15mins, 42C
until use) in buffer containing 0.1M NaCl, 1OmM
Tris-HCl pH7.4 and cloned using the Xhol and Notl
restriction sites. The linkers encompassed 3 (Gly4Ser)
(SEQ ID NO: 7) units and a stuffer region housed
between Sail and Notl cloning sites (scheme 1). In
order to reduce the possibility of monomelic dAbs
being selected for by phage display, the stuffer
region was designed to include 3 stop codons, a Sad
restriction site and a frame shift mutation to put the
region out of frame when no second dAb was present.
For pEDA5U and 7U, due to the length of the linkers
required, overlapping oligo-linkers were designed for
each vector, annealedand elongated using Klenow. The
fragment was then purified and digested using the
appropriate enzymes before cloning using the Xhol and
Notl restriction sites. Linker: Ncol Xhol 3_U Sail
-Notl Stuffer 1 Staffer 2 Scheme 1 1.1.2 Library
preparation The N-terminal V gene corresponding to the
guiding dAb was cloned upstream of the linker using
Ncol and Xhol restriction sites. VH genes have
existing compatible sites, however cloning VK genes
required the introduction of suitable restriction
sites. This was achieved by using modifying PCR
primers (VK-DLIBF: 5' cggccatggcgtcaacggacat-3';
VKXhoIR: 5' atgtgcgctcgagcgtttgattt- 3') in 30 cycles
of PCR amplification using a 2:1 mixture of SuperTaq
(HTBiotechnology Ltd)andpfu turbo (Stratagene). This
maintained 5 the Ncol site at the 5' end while
destroying the adjacent Sail site and introduced the
Xhol site at the 3' end. 5 guiding dAbs were cloned
into each of the 3 dimer vectors: TAR1-5 (VK),
TAR1-27(VK), TAR2-5(VH), TAR2- 6(VK) and TAR2-7(VK).
AU constructs were verified by sequence analysis.
Having cloned the guiding dAbs upstream of the linker
in each of the vectors (pEDA3U, 5U and 7U): TAR1-5
(VK), TAR1-27(VK), TAR2-5(VH) or TAR2-6(VK) a library
of corresponding second dAbs were cloned after the
linker. To achieve this, the complimentary dAb
libraries were PCR amplified from phage recovered from
round 1 selections of either a VK library against
Human TNF-a (at approximately 1 x 106 diversity after
round 1) when TARl -5 or TARl -27 are the guiding
dAbs, or a VH or VK library against human p55 TNF
receptor (both at approximately 1 x 105 diversity
after round 1) when TAR2-5 or TAR2-6 respectively are
the guiding dAbs. For VK librariesPCR amplification
was conducted using primers in 30 cycles of PCR
amplification using a 2:1 mixture of SuperTaq andpfu
turbo. VH libraries were PCR amplified using primers
in order to introduce a Sail restriction site at the
5' end of the gene. The dAb library PCRs were digested
with the appropriate restriction enzymes, ligated into
the corresponding vectors down stream of the linker,
using Sall/Notl restriction sites and electroporated
into freshly prepared competent TGl cells. The titres
achieved for each library are as follows: TARl -5:
pEDA3U = 4xlO8, pEDA5U = 8x1 07, pEDA7U = M O8
TAR1-27: pEDA3U = 6.2xlO8, pEDA5U = IxIO8, rEDA7U =
IxIO9 TAR2h-5: pEDA3U = 4xlO7, pEDA5U = 2 x 108,
pEDA7U = 8xlO7 TAR2h-6: pEDA3U = 7.4xlO8, pEDA5U = 1.2
x 108, pEDA7U 2.2xlO8 1. 2 Selections 1.2.1 TNF-a
Selections were conducted using human TNFa passively
coated on immunotubes. Briefly, Immunotubes were
coated overnight with l-4mls of the required antigen.
The immunotubes were then washed 3 times with PBS and
blocked with 2% milk powder in PBS for l-2hrs and
washed a further 3 times with PBS. The phage solution
is diluted in 2%milk powder in PBS and incubated at
room temperature for 2hrs. The tubes are then washed
with PBS and the phage eluted with lmg/ml trypsin-PBS.
Three selection strategies were investigated for the
TARl -5 dimer libraries. The first round selections
were carried out in immunotubes using human TNFa
coated at 1 mg/ml or 20 mg/ml with 20 washes in PBS
0.l%Tween. TGl cells are infected with the eluted
phage and the titres are determined (eg, Marks et al.
JMoI Biol. 1991 Dec 5;222(3):581-97, Richmann et al
Biochemistry. 1993 Aug 31;32(34) :8848-55). The titres
recovered were: pEDA3U = 2.8x1 07 (1 mg/ml TNF)
1.5xlO8 (20 mg/ml TNF),pEDA5U = 1.8x1 07 ( 1 mg/ml
TNF), l .bxlO8 (20 mg/ml TNF) pEDA7U = 8XlO6 (1 mg/ml
TNF), 7xlO7 (20 mg/ml TNF). The second round
selections were carried out using 3 different methods.
1. In immunotubes, 20 washes with overnight incubation
followed by a further 10 washes. 2. In immunotubes, 20
washes followed by lhr incubation at RT in wash buffer
with (1 mg/ml TNF-a) and 10 further washes. 3.
Selection on streptavidin beads using 33 pmoles
biotinylated human TNF-a (Henderikx et al., 2002,
Selection of antibodies against biotinylated antigens.
Antibody Phage Display: Methods and protocols, Ed.
O'Brien and Atkin, Humana Press). Single clones from
round 2 selections were picked into 96 well plates and
crude supernatant preps were made in 2ml 96 well plate
format. For TARl -27, selections were carried out as
described previously with the following modifications.
The first round selections were carried out in
immunotubes using human TNF-a coated at 1mg/ml or 20
mg/ml with 20 washes in PBS 0.1%Tween. The secondround
selections were carried out in immunotubes using 20
washes with overnight incubation followed by a further
20 washes. Single clones from round 2 selections were
picked into 96 well plates and crude supernatant preps
were made in 2 ml 96 well plate format. TARl -27
titres are as follows: 1.2.2 TNF RECEPTOR 1 (p55
RECEPTOR; TAR2) Selections were conducted as described
previously for the TAR2h-5 libraries only. 3 rounds of
selections were carried out in immunotubes using
either 1 mg/ml human p55 TNF receptor or 10 mg/ml
human p55 TNF receptor with 20 washes in PBS 0.
l%Tween with overnight incubation followed by a
farther 20 washes. Single clones from round 2 and 3
selections were picked into 96 well plates and crude
supernatant preps were made in 2ml 96 well plate
format. 0 TAR2h-5 titres are as follows:1.3 Screening
Single clones from round 2 or 3 selections were picked
from each of the 3U, 5U and 7U libraries from the
different selections methods, where appropriate.
Clones were grown in 2xTY with 100 mg/ml ampicillin
and 1% glucose overnight at 37C. A 1/100 dilution of
this culture was inoculated into 2mls of 2xTY with 100
mg/ml ampicillin and 0.1% glucose in 2ml, 96 well
plate format and grown at 37C shaking until OD600 was
approximately 0.9. The culture was then induced with
ImM IPTG overnight at 30C. The supernatants were
clarified by centrifugation at 4000 rpm for 15 mins in
a Sorval plate centrifuge. The supernatant preps were
used for initial screening. 1.3.1 ELISA Binding
activity of dimeric recombinant proteins was compared
to monomer by Protein A/L ELISA or by antigen ELISA.
Briefly, a 96 well plate is coated with antigen or
Protein A/L overnight at 4C. The plate is washed with
0.05% Tween-PBS, blocked for 2hrs with 2% Tween-PBS.
The sample is added to the plate, and incubated for 1
hr at room temperature. The plate is washed and
incubated with the secondary reagent for 1hr at room
temperature. The plate is washed and developed with
TMB substrate. Protein A/LHRP or India-HRP was used as
a secondary reagent. For antigen ELISAs, the antigen
concentrations used were 1 mg/ml in PBS for Human TNFa
and human TNF receptor 1. Due to the presence of the
guiding dAb in most cases dimers gave a positive ELISA
signal - therefore off rate determination was examined
by BIAcore. 1.3.2 BIAcore BIAcore analysis was
conducted for TAR1-5 and TAR2h-5 clones. For
screening, Human TNF-a was coupled to a CM5 chip at
high density (approximately 10,000 RUs). 50 ml of
Human TNFa (50 mg/ml) was coupled to the chip at 5
ml/min in acetate buffer pH5.5. Regeneration of the
chip following analysis using the standard methods is
not possible due to the instability of Human TNF-a.
Ttherefore after each sample was analysed, the chip
was washed for 10 mins with buffer. For TARl -5, clone
supernatants from the round 2 selection were screened
by BIAcore. 48 clones were screened from each of the
3U, 5U and 7U libraries obtained using the following
selection methods: Rl : 1 mg/ml human TNF-a
immunotube, R2 1mg/ml human TNF-a immunotube,
overnight wash. Rl: 20 mg/ml human TNF-a immunotube,
R2 20 mg/ml human TNF-a immunotube, overnight wash.
Rl: 1 mg/ml human TNF-a immunotube, R2 33 pmoles
biotinylated human TNF-a on beads. Rl: 20 mg/ml human
TNF-a immunotube, R2 33 pmoles biotinylated human
TNF-a beads. For screening, human p55 TNF receptor was
coupled to a CM5 chip at high density (approximately
4,000 RUs). 100 ml of human p55 TNF receptor (10 10
mg/ml) was coupled to the chip at 5 ml/min in acetate
buffer - pH5.5. Standard regeneration conditions were
examined (glycine pH2 or pH3) but in each case antigen
was removed from thesurface of the chip - therefore as
with TNF-a, after each sample was analysed, the chip
was washed for 10 mins with buffer. For TAR2-5, clones
supernatants from the round selection were screened.
48 clones were screened from each of the 3U, 5U and 7U
libraries, using the following selection methods: Rl :
1mg/ml human p55 TNF receptor immunotube, R2 1 mg/ml
human p55 TNF receptor immunotube, overnight wash. Rl
: 10 mg/ml human p55 TNF receptor immunotube, R2 10
mg/ml human p55 TNF receptor immunotube, overnight
wash. 1.3.3 Receptor and Cell Assays The ability of
the dimers to neutralise in the receptor assay was
conducted as follows: Receptor binding Anti-TNF dAbs
were tested for the ability to inhibit the binding of
TNF to recombinant TNF receptor 1 (p55). Briefly,
Maxisorp plates were incubated overnight with 30mg/ml
anti-human Fc mouse monoclonal antibody (Zymed, San
Francisco, USA). The wells were washed with phosphate
buffered saline (PBS) containing 0.05% Tween-20 and
then blocked with 1% BSA in PBS before being incubated
with 100 ng/ml TNF receptor 1 Fc 



fusion protein (R&D Systems, Minneapolis, USA).
Anti-TNF dAb was mixed with TNF which was added to the
washed wells at a final concentration of 10 ng/ml. TNF
binding was detected with 0.2mg/ml biotinylated
anti-TNF antibody (HyCuIt biotechnology, Uben,
Netherlands) followed by 1 in 500 dilution of horse
radish peroxidase labelled streptavidin (Amersham
Biosciences, UK) and then incubation with TMB
substrate (KPL, Gaithersburg, USA). The reaction was
stopped by the addition of HCl and the absorbance was
read at 450nm. Anti-TNF dAb activity lead to a
decrease in TNF binding and therefore a decrease in
absorbance compared with the TNF only control.L929
Cytotoxicity Assay Anti-TNF dAbs were also tested for
the ability to neutralise the cytotoxic activity of
TNF on mouse L929 fbroblasts (Evans, T. (2000)
Molecular Biotechnology 15, 243-248). Briefly, L929
cells plated in microtitre plates were incubated
overnight with anti-TNF dAb, 100 pg/ml TNF and 1mg/ml
actinomycin D (Sigma, Poole, UK). Cell viability was
measured by reading absorbance at 490nm following an
incubation with [3-(4,5-dimethylthiazol-2-yl)-5-(3 -
carbboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-
tetrazolium (Promega, Madison, USA). Anti-TNF dAb
activity lead to a decrease in TNF cytotoxicity and
therefore an increase in absorbance compared with the
TNF only control. In the initial screen, supernatants
prepared for BLAcore analysis, described above, were
also used in the receptor assay. Further analysis of
selected dimers was also conducted in the receptor and
cell assays using purified proteins. HeLa IL-8 assay
Anti-TNFRl or anti-TNF alpha dAbs were tested for the
ability to neutralise the induction of IL-8 secretion
by TNF in HeLa cells (method adapted from that of
Akeson, L. et al. (1996) Journal of Biological
Chemistry 271, 30517-30523, describing the induction
of IL- 8 by IL-I in HUVEC; here we look at induction
by human TNF alpha and we use HeLa cells instead of
the HUVEC cell line). Briefly, HeLa cells plated in
microtitre plates were incubated overnight with dAb
and 300pg/ml TNF. Post incubation the supernatant was
aspirated off the cells and IL-8 concentration
measured via a sandwich ELISA (R&D Systems).
Anti-TNFRl dAb activity lead to a decrease in IL-8
secretion into the supernatant compared with the TNF
only control. The L929 assay is used throughout the
following experiments; however, the use of the HeLa
IL-8 assay is preferred to measure anti-TNF receptor 1
(p55) ligands; the presence of mouse p55 in the L929
assay poses certain limitations in its use. 1.4
Sequence analysisDimers that proved to have
interesting properties in the BIAcore and the receptor
assay screens were sequenced. Sequences are detailed
in the sequence listing, Figures and Examples herein
below. 1.5 Formatting 1.5.1 TAR1-5-19 dimers The TARl
-5 dimers that were shown to have good neutralization
properties were re formatted and analysed in the cell
and receptor assays. The TAR1-5 guiding dAb was
substituted with the affinity matured clone TAR1-5-19.
To achieve this TARl -5 was cloned out of the
individual dimer pair and substituted with TAR1-5-19
that had been amplified by PCR. In addition TARl -5-
19 homodimers were also constructed in the 3U, 5U and
7U vectors. The N terminal copy of the gene was
amplified by PCR and cloned as described above and the
C-terminal gene fragment was cloned using existing
Sail and Notl restriction sites. 1.5.2 Mutagenesis The
amber stop codon present in dAb2, one of the C-
terminal dAbs in the TAR1-5 dimer pairs was mutated to
a glutamine by site-directed mutagenesis. 1.5.3 Fabs
The dimers containing TAR1-5 or TAR1-5-19 were
re-formatted into Fab expression vectors. dAbs were
cloned into expression vectors containing either the
CK or CH genes using Sfil and Notl restriction sites
and verified by sequence analysis. The CK vector is
derived from a pUC based ampicillin resistant vector
and the CH vector is derived from a pACYC
chloramphenicol resistant vector. For Fab expression
the dAb-CH and dAb-CK constructs were co-transformed
into HB2151 cells and grown in 2xTY containing 0.1%
glucose, 100 mg/ml anpicillin and 10 mg/ml
chloramphenicol. 1.5.3 Hinge dimerisation Dimerisation
of dAbs via cystine bond formation was examined. A
short sequence of amino acids EPKSGDKTHTCPPCP (SEQ ID
NO: 11) a modified form of the humanIgGCl hinge was
engineered at the C terminal region on the dAb. An
oligo linker encoding for this sequence was
synthesised and annealed, as described previously. The
linker was cloned into the pEDA vector containing
TAR1-5-19 using Xhol and Notl restriction sites.
Dimerisation occurs in situ in the periplasm. 1.6
Expression and purification 1.6.1 Expression
Supernatants were prepared in the 2ml, 96-well plate
format for the initial screening as described
previously. Following the initial screening process
selected dimers were analysed further. Dimer
constructs were expressed in TOPlOF' or HB2151 cells
as supernatants. Briefly, an individual colony from a
freshly streaked plate was grown overnight at 37C in
2xTY with 100 mg/ml ampicillin and 1% glucose. A 1/100
dilution of this culture was inoculated into 2xTY with
100 mg/ml ampicillin and 0.1% glucose and grown at 37C
shaking until OD600 was approximately 0.9. The culture
was then induced with ImM IPTG overnight at 30C. The
cells were removed by centrifugation and the
supernatant purified with protein A or L agarose. Fab
and cysteine hinge dimers were expressed as
periplasmic proteins in HB2152 cells. A 1/100 dilution
of an overnight culture was inoculated into 2xTY with
0. 1% glucose and the appropriate antibiotics and
grown at 37C with shaking until OD600 was
approximately 0.9. The culture was then induced with
ImM IPTG for 3-4 hours at 30C. The cells were
harvested by centrifugation and the pellet resuspended
in periplasmic preparation buffer (3OmM Tris-HCl
pH8.0, ImM EDTA, 20% sucrose). Following
centrifugation the supernatant was retained and the
pellet resuspended in 5mM MgSO4. The supernatant was
harvested again by centrifugation, pooled and
purified. 1.6.2 Protein A/L purification Optimisation
of the purification of dimer proteins from Protein L
agarose (Afftech, Norway) or Protein A agarose (Sigma,
UK) was examined. Protein was eluted by batch or by
column elusion using a peristaltic pump. Three buffers
were examined: 0.1M Phosphate-citrate buffer pH2.6;
0.2M Glycine pH2.5; and 0.1M Glycine pH2.5.The optimal
condition was determined to be under peristaltic pump
conditions using 0.1M Glycine pH2.5 over 10 column
volumes. Purification from protein A was conducted
peristaltic pump conditions using 0.1M Glycine pH2.5.
1.6.3 FPLC purification Further purification was
carried out by FPLC analysis on the AKTA Explorer 100
system (Amersham Biosciences Ltd). TAR1-5 and
TAR1-5-19 dimers were fractionated by cation exchange
chromatography (ImI Resource S - Amersham Biosciences
Ltd) eluted with a 0- 1M NaCl gradient in 5OmM acetate
buffer pH4. Hinge dimers were purified by ion exchange
(ImI Resource Q Amersham Biosciences Ltd) eluted with
a 0- 1M NaCl gradient in 25mMTris HCl pH 8.0. Fabs
were purified by size exclusion chromatography using a
superose 12 (Amersham Biosciences Ltd) column run at a
flow rate of 0.5ml/min in PBS with 0.05% tween.
Following purification, samples were concentrated
using Vivaspin 5K cut off concentrators (Vivascience
Ltd). 2.0 Results 2.1 TARl-5 dimers 6 x 96 clones were
picked from the round 2 selection encompassing all the
libraries and selection conditions. Supernatant preps
were made and assayed by antigen and Protein L ELISA,
BIAcore and in the receptor assays. In ELISAs,
positive binding clones were identified from each
selection method and were distributed between 3U, 5U
and TU libraries. However, as the guiding dAb is
always present it was not possible to discriminate
between high and low affinity binders by this method -
therefore BIAcore analysis was conducted. BIAcore
analysis was conducted using the 2ml supernatants.
BIAcore analysis revealed that the dimer Koff rates
were vastly improved compared to monomeric TARl -5.
Monomer Koff rate was in the range of 10 1M compared
with dimer Koff rates which were in the range of 10 3
- 10 4M. 16 clones that appeared to have very slow off
rates were selected, these came from the 3U, 5U and TU
libraries and were sequenced. In additionthe
supernatants were analysed for the ability to
neutralize human TNF-a in the receptor assay. 6 lead
clones (dl-d6 below) that neutralized in these assays
and have been sequenced. The results show that out of
the 6 clones obtained there are only 3 different
second dAbs (dAbl, dAb2 and dAb3) however where the
second dAb is found more than once they are linked
with different length linkers. TARl-5dl: 3U linker 2nd
dAb=dAbl - 1 mg/ml Ag immunotube overnight wash
TARl-5d2: 3U linker 2nd dAb=dAb2 - 1 mg/ml Ag
immunotube overnight wash TARl-5d3: 5U linker 2nd
dAb=dAb2 - 1 mg/ml Ag immunotube overnight wash TARl-
5d4: 5U linker 2nd dAb=dAb3 - 20 mg/ml Ag immunotube
overnight wash TARl -5d5: 5U linker 2nd dAb=dAbl -
20mg/ml Ag immunotube overnight wash TARl -5d6: TU
linker 2nd dAb=dAbl- Rl:l mg/ml Ag immunotube
overnight wash, R2:beads The 6 lead clones were
examined further. Protein was produced from the
periplasm and supernatant, purified with protein L
agarose and examined in the cell and receptor assays.
The levels of neutralization were variable (Table 1).
The optimal conditions for protein preparation were
determined. Protein produced from HB2151 cells as
supernatants gave the highest yield (approximately
10mgs/L of culture). The supernatants were incubated
with protein L agarose for 2hrs at room temperature or
overnight at 40C. The beads were washed with PBS/NaCl
and packed onto an FPLC column using a peristaltic
pump. The beads were washed with 10 column volumes of
PBS/NaCl and eluted with 0.1M glycine pH2.5. In
general, dimeric protein is eluted after the monomer.
TARl-5dl-6 dimers were purified by FPLC. Three species
were obtained, by FPLC purification and were
identified by SDS PAGE. One species corresponds to
monomer and the other two species corresponds to
dimers of different sizes. The larger of the two
species is possibly due to the presence of C terminal
tags. These proteins were examinedin the receptor
assay. The data presented in Table 1 represent the
optimum results obtained from the two dimeric species
(Figure 11) The three second dAbs from the dimer pairs
(i.e., dAbl, dAb2 and dAb3) were cloned as monomers
and examined by ELISA and in the cell and receptor
assay. All three dAbs bind specifically to TNF by
antigen ELISA and do not cross react with plastic or
BSA. As monomers, none of the dAbs neutralise in the
cell or receptor assays. 2.1.2 TARl-5-19 dimers
TAR1-5-19 was substituted for TAR1-5 in the 6 lead
clones. Analysis of all TARl-5-19 dimers in the cell
and receptor assays was conducted using total protein
(protein L purified only) unless otherwise stated
(Table 2). TARl-5-19d4 and TARl-5-19d3 have the best
ND 0 (~5 nM) in the cell assay, this is consistent
with the receptor assay results and is an improvement
over TARl-5-19 monomer (ND50 ~30nM). Although purified
TAR1-5 dimers give variable results in the receptor
and cell assays, TARl-5-19 dimers were more
consistent. Variability was shown when using different
elution buffers during the protein purification.
Elution using 0.1M Phosphate- citrate buffer pH2.6 or
0.2M Glycine pH2.5 although removing all protein from
the protein L agarose in most cases rendered it less
functional. TARl-5-19d4 was expressed in the fermenter
and purified on cation exchange FPLC to yield a
completely pure dimer. As with TAR l-5d4 three species
were obtained by FPLC purification, corresponding to
monomer and two dimer species. This dimer was amino
acid sequenced. TARl-5-19 monomer and TARl-5-19d4 were
then examined in the receptor assay and the resulting
IC50 for monomer was 3OnM and for dimer was 5nM. The
results of the receptor assay comparing TARl-5-19
monomer, TAR1-5- 19d4 and TARl-5d4 are shown in Figure
10. TARl-5-19 homodimers were made in the 3U, 5U and
7U vectors, expressed and purified on Protein L. The
proteins were examined in the cell and receptor assays
and the resulting IC50s (for receptor assay) andNDsoS
(for cell assay) were determined (Table 3, Figure
12).2.2 Fabs TARl -5 and TARl -5- 19 dimers were also
cloned into Fab format, expressed and purified on
protein L agarose. Fabs were assessed in the receptor
assays (Table 4). The results showed that for both
TARl -5- 19 and TARl -5 dimers the neutralization
levels were similar to the original Gly4Ser linker
dimers from which they were derived. A TAR1-5-19 Fab
where TARl-5-19 was displayed on both CH and CK was
expressed, protein L purified and assessed in the
receptor assay. The resulting IC50 was approximately
1nM. 2.3 TAR1-27 dimers 3 x 96 clones were picked from
the round 2 selection encompassing all the libraries
and selection conditions. 2ml supernatant preps were
made for analysis in ELISA and bioassays. Antigen
ELISA gave 7 1 positive clones. The receptor assay of
crude supernatants yielded 42 clones with inhibitory
properties (TNF binding 0- 60%). In the majority of
cases inhibitory properties correlated with a strong
ELISA signal. 42 clones were sequenced, 39 of these
have unique second dAb sequences. The 12 dimers that
gave the best inhibitory properties were analysed
further. The 12 neutralizing clones were expressed as
200ml supernatant preps and purified on protein L.
These were assessed by protein L and antigen ELISA,
BIAcore and in the receptor assay. Strong positive
ELISA signals were obtained in all cases. BIAcore
analysis revealed all clones to have fast on and off
rates. The off rates were improved compared to
monomeric TARl -27, however the off rate of TARl -27
dimers was faster (Koff is approximately in the range
of 10 1 and 10 2M) than the TARl -5 dimers examined
previously (Koff is approximately in the range of 10 3
- 10 4M). The stability of the purified dimers was
questioned and therefore in order to improve
stability, the addition on 5%glycerol, 0.5% Triton
XlOO or 0.5% NP40 (Sigma) was included in the
purification of 2 TAR1-27 dimers (d2 and dl6).
Addition of NP40 or Triton XlOO improved the yield of
purified product approximately 2 fold. Both dimers
were assessed in the receptor assay. TARl-27d2 gave
IC5O of ~30nM under all purification conditions.
TARl-27dl6 showed no neutralization effect when
purified without the use of stabilising agents but
gave an IC50 of ~50 nM when purified under stabilising
conditions. No further analysis was conducted.2.4
TAR1-5 dimers 3 x 96 clones were picked from the
second round selections encompassing all the libraries
and selection conditions. 2ml supernatant preps were
made for analysis. Protein A and antigen ELISAs were
conducted for each plate. 30 interesting clones were
identified as having good off-rates by BIAcore (Koff
ranges between 10 2 - 10 3M). The clones were
sequenced and 13 unique dimers were identified by
sequence analysis. Table 1: TAR1-5 Dimers *note dimer
2 and dimer 3 have the same second dAb (called dAb2),
however have different linker lengths (d2 =
(Gly4Ser)3, d3 = (Gly4Ser)3) . dAbl is the partner dAb
todimers 1, 5 and 6. dAb3 is the partner dAb to dimer
4. None of the partner dAbs neutralise alone. FPLC
purification is by cation exchange unless otherwise
stated. The optimal dimeric species for each dimer
obtained by FPLC was determined in these assays. Table
2: TAR1-5-19 Dimers Table 3 : TAR1-5-19
nomodimersTable 4 : TAR1-5/TAR1-5-19FabsPCR
construction of TAR1-5-19CYS dimer See example 8
describing the dAb trimer. The trimer protocol gives
rise to a mixture of monomer, dimer and trimer.
Expression and purification of TAR1-5-19CYS dimer The
dimer was purified from the supernatant of the culture
by capture on Protein L agarose as outlined in the
example 8. Separation of TAR1-5-19CYS monomer from the
TAR1-5-19CYS dimer Prior to cation exchange
separation, the mixed monomer/dimer sample was buffer
exchanged into 50 mM sodium acetate buffer pH 4.0
using a PD-10 column (Amersham Pharmacia), following
the manufacturer's guidelines. The sample was then
applied to a ImL Resource S cation exchange column
(Amersham Pharmacia), which had been preequilibrated
with 50 mM sodium acetate pH 4.0. The monomer and
dimer were separated is using the following salt
gradient in 50 mM sodium acetate pH 4.0: 150 to 200 mM
sodium chloride over 15 column volumes 200 to 450 mM
sodium chloride over 10 column volumes 450 to 1000 mM
sodium chloride over 15 column volumes. Fractions
containing dimer only were identified using SDS-PAGE
and then pooled and the pH increased to 8 by the
addition of 1/5 volume of IM Tris pH 8.0. In vitro
functional binding assay: TNF receptor assay and cell
assay The affinity of the dimer for human TNFcz was
determined using the TNF receptor and cell assay. IC50
in the receptor assay was approximately 0.3- 0.8 nM;
ND50 in the cell assay was approximately 3-8 nM. Other
possible TAR1-5-19CYS dimer formatsPEG dimers and
custom synthetic maleimide dimers Nektar (Shearwater)
offer a range of bi-maleimide PEGs [mPEG2-(MAL)2 or
mPEG- (MAL)2] which would allow the monomer to be
formatted as a dimer, with a small linker separating
the dAbs and both being linked to a PEG ranging in
size from 5 to 40 kDa. It has been shown that the 5kDa
mPEG-(MAL)2 (i.e., [TAR1-5-19]- Cys-maleiniide-PEG x
2, wherein the maleimides are linked together in the
dimer) has an affinity in the TNF receptor assay off
~l-3 nM. Also the dimer can also be produced using
TMEA (Tris[2 5 maleimidoethyl]amine) (Pierce
Biotechnology) or other bi-functional linkers. It is
also possible to produce the disulphide dimer using a
chemical coupling procedure using
2,2'-dithiodipyridine (Sigma Aldrich) and the reduced
monomer. Addition of apolypeptide linker or hinge to
the C-terminuls of the dAb. A small linker, either
(Gly4Ser)n where n=l to 10, eg, 1, 2, 3, 4, 5, 6 or 7,
an immunoglobulin (e.g., IgG hinge region or random
peptide sequence (e.g., selected from a library of
random peptide sequences) can be engineered between
the dAb and the terminal cysteine residue. This can
then be used to make dimers as outlined above. Example
8. dAb Trimerisation Summary For dAb trimerisation, a
free cysteine is required at the C-terminus of the
protein. The cysteine residue, once reduced to give
the free thiol, can then be used to specifically
couple the protein to a trimeric maleimide molecule,
for example TMEA (Tris[2 maleimidoethyl]amine). PCR
construction of TAR1-5-19CYS The following
oligonucleotides were used to specifically PCR TARl
-5- 19 with a Sail and BamHI sites for cloning and
also to introduce a C-terminal cysteine residue: Sal I
Trp Ser Ala Ser Thr Asp* lie GIn Met Thr GIn Ser Pro
Ser Ser Leu Ser Ala Ser VaITGG AGC GCG TCG ACG GAC ATC
CAG ATG ACC CAG TCT CCA TCC TCT CTG TCT GCA TCT GTA
ACC TCG CGC AGC TGC CTG TAG GTC TAC TGG GTC AGA GGT
AGG AGA GAC AGA CGT AGA CAT GIy Asp Arg VaI Thr H e
Thr Cys Arg Ala Ser GIn Ser H e Asp Ser Tyr Leu His
Trp GGA GAC CGT GTC ACC ATC ACT TGC CGG GCA AGT CAG
AGC ATT GAT AGT TAT TTA CAT TGG CCT CTG GCA CAG TGG
TAG TGA ACG GCC CGT TCA GTC TCG TAA CTA TCA ATA AAT
GTA ACC Tyr GIn GIn Lys Pro GIy Lys Ala Pro Lys Leu
Leu H e Tyr Ser Ala Ser GIu Leu Gin TAC CAG CAG AAA
CCA GGG AAA GCC CCT AAG CTC CTG ATC TAT AGT GCA TCC
GAG TTG CAA ATG GTC GTC TTT GGT CCC TTT CGG GGA TTC
GAG GAC TAG ATA TCA CGT AGG CTC AAC GTT Ser GIy VaI
Pro Ser Arg Phe Ser GIy Ser GIy Ser GIy Thr Asp Phe
Thr Leu Thr H e AGT GGG GTC CCA TCA CGT TTC AGT GGC
AGT GGA TCT GGG ACA GAT TTC ACT CTC ACC ATC TCA CCC
CAG GGT AGT GCA AAG TCA CCG TCA CCT AGA CCC TGT CTA
AAG TGA GAG TGG TAG Ser Ser Leu GIn Pro GIu Asp Phe
Ala Thr Tyr Tyr Cys GIn GIn VaI VaI Trp Arg Pro AGC
AGT CTG CAA CCT GAA GAT TTT GCT ACG TAC TAC TGT CAA
CAG GTT GTG TGG CGT CCT TCG TCA GAC GTT GGA CTT CTA
AAA CGA TGC ATG ATG ACA GTT GTC CAA CAC ACC GCA GGA 



BanpHI Phe Thr Phe GIy GIn GIy Thr Lys VaI GIu H e Lys
Arg Cys *** *** GIy Ser GIy TTT ACG TTC GGC CAA GGG
ACC AAG GTG GAA ATC AAA CGG TGC TAA TAA GGA TCC GGC
AAA TGC AAG CCG GTT CCC TGG TTC CAC CTT TAG TTT GCC
ACG ATT ATT CCT AGG CCG(* start of TAR1-5-19CYS
sequence,- Amino Acid sequence = SEQ ID NO: 12;
Nucleotide Sequence = SEQ ID NO: 13) Forward primer
51- TGGAGCGCGTCGACGGACATCCAGATGACCCAGTCTCCA-S' (SEQ
IDNO: 14) Reverse primer 5
'-TTAGCAGCCGGATCCTTATTAGCACCGTTTGATTTCCAC-S ' (SEQ ID
NO: 15) The PCR reaction (50mL volume) was set up as
follows: 200 mM dNTPs, 0. 4 mM of each primer, 5 mL of
1Ox PfuTurbo buffer (Stratagene), 100 ng of template
plasmid (encoding TARl-5-19), 1mL of PfuTurbo enzyme
(Stratagene) and the volume adjusted to 50 mL using
sterile water. The following PCR conditions were used:
initial denaturing step 94 0C for 2 mins, then cycles
of 94 0C for 30 sees, 64 C for 30 sec and 72 0C for 30
sec. A final extension step was also included of 72 C
for 5 mins. The PCR product was purified and digested
with Sail and BamHI and ligated into the vector which
had also been cut with the seine reskiction enzymes.
Correct clones were verified by DNA sequencing.
Expression and purification of TAR1-5-19CYS TARl
-5-19CYS vector was transformed into BL21 (DE3) pLysS
chemically competent cells (Novagen) following the
manufacturer's protocol. Cells carrying the dAb
plasmid were selected for using 100 mg/mL
carbenicillin and 37 mg/mL chloramphenicol. Cultures
were set up in 2L baffled flasks containing 500 mL of
terrific broth (Sigma-Aldrich), 100 mg/mL
carbenicillin and 37 mg/mL chloramphenicol. The
cultures were grown at 30 C at 200rpm to an O. D.600
of 1-1.5 and then induced with ImM PTG
(isopropyl-beta-Dthiogalactopyranoside, from Melford
Laboratories). The expression of the dAb was allowed
to continue for 12-16 hrs at 30 C. It was found that
most of the dAb was present in the culture medium.
Therefore, the cells were separated from the medium by
centrifugation (8,000xg for 30 min), and the
supernatant used to purify the dAb. Per litre of
supernatant, 30 mL of Protein L agarose (Afftech) was
added and the dAb allowed to batch bind with stirring
for 2 hours. The resin was then allowed to settle
under gravity for a further hour before the
supernatant was siphoned off. The agarose was then
packed into a XK 50 column (Amersham Phamacia) and was
washed with 10 column volumes ofPBS. The bound dAb was
eluted with 100 mM glycine pH 2.0 and protein
containing fractions were then neutralized by the
addition of 1/5 volume of 1M Tris pH 8.0. Per litre of
culture supernatant 20 mg of pure protein was
isolated, which contained a 50:50 ratio of monomer to
dimer. Trimerisation of TAR1-5-19CYS 2.5 ml of 100 M
TARl -5-19CYS was reduced with 5 mM dithiothreitol and
left at room temperature for 20 minutes. The sample
was then buffer exchanged using a PD-10 column
(Amersham Pharmacia). The column had been
pre-equilibrated with 5 mM EDTA, 50 mM sodium
phosphate pH 6.5, and the sample applied and eluted
following the manufacturer's guidelines. The sample
was placed on ice until required. TMEA
(Tris[2-maleimidoethyl]amine) was purchased from
Pierce Biotechnology. A 20 mM stock solution of TMEA
was made in 100% DMSO (dimethyl sulphoxide). It was
found that a concentration of TMEA greater than 3:1
(molar ratio of dAb:TMEA) caused the rapid
precipitation and cross-linking of the protein. Also
the rate of precipitation and cross-linking was
greater as the pH increased. Therefore using 100 mM
reduced TARl -5- 19CYS, 25 mM TMEA was added to
trimerise the protein and the reaction allowed to
proceed at room temperature for two hours. It was
found that the addition of additives such as glycerol
or ethylene glycol to 20% (v/v), significantly reduced
the precipitation of the trimer as the coupling
reaction proceeded. After coupling, SDS-PAGE analysis
showed the presence of monomer, dimer and trimer in
solution. Purification of the trimeric TAR1-5-19CYS 40
mL of 40% glacial acetic acid was added per mL of the
TMEA-TAR1-5- 1 9cys reaction to reduce the pH to 4.
The sample was then applied to a ImL Resource S cation
exchange column (Amersham Pharmacia), which had been
pre-equilibrated with 50 mM sodium acetate pH 4.0. The
dimer and trimer were partially separated using a salt
gradient of 340 to 450 mM Sodium chloride, 50 mM
sodium acetate pH 4.0 over 30 column volumes.
Fractions containing trimer only were identified using
SDS-PAGE and then pooled and the pH increased to 8 by
the addition of 1/5 volume of IM Tris pH 8.0.
Toprevent precipitation of the trimer during
concentration steps (using 5K cut off Viva spin
concentrators; Vivascience), 10% glycerol was added to
the sample. In vitro functional binding assay: TNF
receptor assay and cell assay The affinity of the
trimer for human TNF-a was determined using the TNF
receptor and cell assay. IC50 in the receptor assay
was 0.3nM; ND50 in the cell assay was in the range of3
to l0nM (e.g., 3nM). Other possible TAR1-5-19CYS
trimer formats TARl -5-19CYS may also be formatted
into a trimer using the following reagents: PEG
trimers and custom synthetic nialamide trimers Nektar
(Shearwater) offers a range of multi arm PEGs, which
can be chemically modified at the terminal end of the
PEG. Therefore using a PEG trimer with a maleimide
functional group at the end of each arm would allow
the trimerisation of the dAb in a manner similar to
that outlined above using THEA. The PEG may also have
the advantage in increasing the solubility of the
trimer thus preventing the problem of aggregation.
Thus, one could produce a dAb trimer in which each dAb
has a C-terminal cysteine that is linked to a
maleimide functional group, the maleimide functional
groups being linked to a PEG trimer. Addition of
apolypeptide linker or hinge to the C-terminus of the
dAb A small linker, either (Gly4Ser)n where n= 1 to
10, eg, 1, 2, 3, 4, 5, 6 or 7, an immunoglobulin (eg,
IgG hinge region) or random peptide sequence (eg,
selected from a library of random peptide sequences)
could be engineered between the dAb and the terminal
cysteine residue. When used to make multimers (eg,
dimers or trimers), this again would introduce a
greater degree of flexibility and distance between the
individual monomers, which may improve the binding
characteristics to the target, eg a multisubunit
target such as human TNF-a. Example 9.Selection of a
collection of single domain antibodies (dAbs) directed
against human serum albumin (HSA) and mouse serum
albumin MSA). This example explains a method for
making a single domain antibody (dAb) directed against
serum albumin. Selection of dAbs against both mouse
serum albumin (MSA) and human serum albumin (HSA) is
described. Three human phage display antibody
libraries were used in this experiment, each based on
a single human framework for VH (see Figure 13:
sequence of dummy VH based on V3-23/DP47 and JH4b) or
Vk (see Figure 15: sequence of dummy Vk based on
012/02/DPK9 and JkI) with side chain diversity encoded
by NNK codons incorporated in complementarity
determining regions (CDRl, CDR2 and CDR3). Library 1
(VH): Diversity at positions: H30, H31, H33, H35, H50,
H52, H52a, H53, H55, H56, H58, H95, H97, H98. Library
size: 6.2 x 109 Library 2 (VH): Diversity at
positions: H30, H31, H33, H35, H50, H52, H52a, H53,
H55, H56, H58, H95, H97 5 H98, H99, HlOO, HlOOa,
HlOOb. Library size: 4.3 x 109 Library 3 (Vk) :
Diversity at positions: L30, L31, L32, L34, L50, L53,
L91, L92, L93, L94, L96 Library size: 2 x 109 The VH
and Vk libraries have been preselected for binding to
generic ligands protein A and protein L respectively
so that the majority of clones in the unselected
libraries are functional. The sizes of the libraries
shown above correspond to the sizes after
preselection. Two rounds of selection were performed
on serum albumin using each of thelibraries
separately. For each selection, antigen was coated on
immunotube (nunc) in 4ml of PBS at a concentration of
100 mg/ml. In the first round of selection, each of
the three libraries was panned separately against HSA
(Sigma) and MSA (Sigma). In the second round of
selection, phage from each of the six first round
selections was panned against (i) the same antigen
again (eg 1st round MSA, 2nd round MSA) and (ii)
against the reciprocal antigen (eg 1st round MSA, 2nd
round HSA) resulting in a total of twelve 2nd round
selections. In each case, after the second round of
selection 48 clones were tested for binding to HSA and
MSA. Soluble dAb fragments were produced as described
for scFv fragments by Harrison et al., Methods
Enzymol. 1996;267:83-109 and standard ELISA protocol
was followed (Hoogenboom et al. (1991) Nucleic Acids
Res., 19: 4133) except that 2% tween PBS was used as a
blocking buffer and bound dAbs were detected with
either protein L-HRP (Sigma) (for the Vks) and protein
A-HRP (Amersham Pharmacia Biotech) (for the VHS). dAbs
that gave a signal above background indicating binding
to MSA, HSA or both were tested in ELISA insoluble
form for binding to plastic alone but all were
specific for serum albumin. Clones were then sequenced
(see table below) revealing that 2 1 unique dAb
sequences had been identified. The minimum similarity
(at the amino acid level) between the VK dAb clones
selected was 86.25% ((69/80)xl00; the result when all
the diversified residues are different, eg clones 24
and 34). The minimum similarity between the VH dAb
clones selected was 94 % ((127/136)xl00). Next, the
serum albumin binding dAbs were tested for their
ability to capture biotinylated antigen from solution.
ELISA protocol (as above) was followed except that
ELISA plate was coated with 1 mg/ml protein L (for the
Vk clones) and 1mg/ml protein A (for the VH clones).
Soluble dAb was captured from solution as in the
protocol and detection was with biotinylated MSA or
HSA and streptavidin HRP. The biotinylated MSA and HSA
had been prepared according to the manufacturer's
instructions, with the aim of achieving an average of
2 biotins per serum albumin molecule. Twenty four
clones were identifed that captured biotinylated MSA
from solution in the ELISA. Two of these (clones 2 and
38 below) also captured biotinylated HSA. Next, the
dAbs were tested for their ability to bind MSA coated
on a CM5 biacore chip. Eight clones were found that
bound MSA on the biacore.dAb (all Binds capture MSA
Captures biotinylated H in biotinylated MSA) or K CDRl
CDR2 CDR3 biacore? HSA? VKlibrary 3 template (dummy) K
XXXLX; XASXLQS; QQXXXXPXT; SEQID SEQ IDNO: SEQIDNO: 18
NO: 16 17 2, 4, 7, 41, K SSYLN; RASPLQS; QQTYSVPPT;
all 4 bind SEQID SEQ ID NO: SEQ ID NO: 2 1 NO: 19 20
38, 54 K SSYLN; RASPLQS; QQTYRIPPT; both bind SEQID
SEQ ID NO: SEQ ID NO: 24 NO: 22 23 46, 47, 52, 56 K
FKSLK; NASYLQS; QQWYWPVT; SEQID SEQIDNO: SEQ ID NO: 27
NO: 25 26 13, 15 K YYHLK; KASTLQS; QQVRKVPRT; SEQ ID
SEQIDNO: SEQ ID NO: 30 NO: 28 29 30, 35 K RRYLK;
QASVLQS; QQGLYPPIT; SEQID SEQ ID NO: SEQ ID NO: 33 NO:
31 32 19, K YNWLK RASSLQS; QQNWIPRT; ; SEQ ID SEQIDNO:
SEQ ED NO: 36 NO: 34 35 22, K LWHLR; HASLLQS;
QQSAVYPKT; SEQID SEQIDNO: SEQ ID NO: 39 NO: 37 38 23,
K FRYLA; HASHLQS; QQRLLYPKT; SEQID SEQIDNO: SEQ ID NO:
42 NO: 40 4 1 24, K FYHLA; PASKLQS; QQRARWPRT; SEQID
SEQIDNO: SEQ ID NO: 45 NO: 43 44 31, K IWHLN; RASRLQS;
QQVARVPRT; SEQID SEQ ID NO: SEQ ID NO: 48 NO: 46 47
33, K YRYLR; KASSLQS QQYVGYPRT SEQID SEQIDNO: SEQ ID
NO: 51 NO: 49 50 34, K LKYLK; NASHLQS; QQTTYYPIT;
SEQID SEQIDNO: SEQ ID NO: 54 NO: 52 53 53, K LRYLR;
KASWLQS QQVLYYPQT; SEQID ; SEQ ID NO: SEQ ID NO: 57
NO: 55 56 11, K LRSLK; AASRLQS; QQWYWPAT; VSEQ ID SEQ
ID NO: SEQ ID NO: 60 NO: 58 59 12, K FRHLK; AASRLQS;
QQVALYPKT; SEQID SEQ ID NO: SEQ ID NO: 63 NO: 6 1 62
17, K RKYLR; TASSLQS; QQNLFWPRT; SEQID SEQ ID NO: SEQ
ID NO: 66 NO: 64 65 18, K RRYLN; AASSLQS; QQMLFYPKT;
SEQID SEQ ID NO: SEQ ID NO: 69 NO: 67 68 16, 2 1 K
IKHLK; GASRLQS; QQGARWPQT; SEQ ID SEQ ID NO: SEQ ID
NO: 72 NO: 70 7 1 25, 26 K YYHLK; KASTLQS; QQVRKVPRT;
SEQID SEQ ID NO: SEQ ID NO: 75 NO: 73 74 27, K YKHLK;
NASHLQS; QQVGRYPKT; SEQID SEQ ID NO: SEQ ID NO: 78 NO:
76 77 55, K FKSLX; NASYLQS; QQWYWPVT; SEQID SEQ ID NO:
SEQIDNO: 81 NO: 79 80 VH library 1 (and 2) template
(dummy) H XXYXXX; XIXXXGXXTXYADSVKG; XXXX (XXXX) FDY;
SEQ ID NO: SEQ ID NO: 83 SEQ ID NO: 84 82 8, 10 H
WVYQMD; SISAFGAKTLYADSVKG; LSGKFDY; SEQ ID NO: SEQ ID
NO: SEQ ID NO: 86 87 85 36, H WSYQMT;
SISSFGSSTLYADSVKG; GRDHNYSLFDY; SEQ SEQ ID NO: SEQ ID
NO: 89 ID NO: 90 In all cases the frameworks were
identical to the frameworks in the corresponding dummy
sequence, with diversity in the CDRs as indicated in
the table above. Of the eight clones that bound MSA on
the BIAcore, two clones that are highly expressed in
E. coli (clones MSAl 6 and MSA26) were chosen for
further study (see Example 10). Full nucleotide and
amino acid sequences for MSAl 6 and 26 are given in
Figure 16. Example 10.Determination of affinity and
serum half-life in mouse of MSA binding dAbs MSA16 and
MSA26. dabs MSA16 and MSA26 were expressed in the
periplasm of E. coli and purified using batch
absorption to protein L-agarose affinity resin
(Affitech, Norway) followed by elution with glycine at
pH 2.2. The purified dAbs were then analysed by
inhibition biacore to determine K . Briefly, purified
MSAl 6 and MSA26 were tested to determine the
concentration of dAb required to achieve 200RUs of
response on a biacore CM5 chip coated with a high
density of MSA. Once the required concentrations of
dAb had been determined, MSA antigen at a range of
concentrations around the expected I was premixed with
the dAb and incubated overnight. Binding to the MSA
coated biacore chip of dAb in each of the premixes was
then measured at a high flow-rate of 30 ml/minute. The
resulting curves were used to create Klotz plots,
which gave an estimated Kd of 20OnM for MSAl 6 and
7OnM for MSA 26 (Figure 17 A & B). Next, clones MSAl 6
and MSA26 were cloned into an expression vector with
the HA tag (nucleic acid sequence:
TATCCTTATGATGTTCCTGATTATGCA (SEQ ID NO: 91) and amino
acid sequence: YPYDVPDYA (SEQ ID NO: 92) and 2-10 mg
quantities were expressed in E. coli and purified from
the supernatant with protein L-agarose affinity resin
(Affitech, Norway) and eluted with glycine at pH2.2.
Serum half life of the dAbs was determined in mouse.
MSA26 30 and MSA16 were dosed as single i.v.
injections at approx 1.5 mg/kg into CDl mice. Analysis
of serum levels was by goat anti-HA (Abeam, UK)
capture and protein L-HRP (Invitrogen) detection ELISA
which was blocked with 4% Marvel. Washing was with
0.05% tween PBS. Standard curves of known
concentrations of dAb were set up in the presence of
Ix mouse serum to ensure comparability with the test
samples. Modelling with a 2 compartment model showed
MSA-26 had a tl/2 a of 0.1 6hr, a tl/2b of 14.5hr and
an area under the curve (AUC) of 465 hr.mg/ml (data
not shown) and MSA- 16 had a tl/2 a of 0.98hr, a tl/2b
of 36.5hr and an AUC of 913 hr.mg/ml (Figure 18). Both
anti- MSA clones had considerably lengthened half life
compared with HEL4 (an anti-hen egg white lysozyme
dAb) which had a tl/2a of 0.06hr, and a tl/2b of
0.34hr.Example 11. Creation of VH-VH and Vk-Vk dual
specific Fab like fragments. This example describes a
method for making VH and Vk dual specifics as Fab like
fragments. Before constructing each of the Fab like
fragments described, dAbs that bind to targets of
choice were first selected from dAb libraries similar
to those described in Example 9.A VH dAb, HEL4, that
binds to hen egg lysozyme (Sigma) was isolated and a
second VH dAb (TAR2h-5) that binds to TNF-a receptor
(R and D Systems) was also isolated. The sequences of
these are given in the sequence listing. A Vk dAb that
binds TNF-a (TAR1-5-19) was isolated by selection and
affinity maturation and the sequence is also set forth
in the sequence listing. A second Vk dAb (MSA 26)
described in Example 9 whose sequence is in Figure 17B
was also used in these experiments. DNA from
expression vectors containing the four dAbs described
above was digested 



with enzymes Sail and Notl to excise the DNA coding
for the dAb. A band of the expected size (300-400bp)
was purified by running the digest on an agarose gel
and excising the band, followed by gel purification
using the Qiagen gel purification kit (Qiagen, UK).
The DNA coding for the dAbs was then inserted into
either the CH or CK vectors (Figures 8 and 9) as
indicated in the table below. The VH CH and VH CK
constructs were cotransformed into HB2151 cells.
Separately, the VK CH and VK CK constructs were
cotransformed into HB2151 cells. Cultures of each of
the cotransformed cell lines were grown overnight (in
2x TY containing 5% glucose, 10 mg/ml chloramphenicol
and 100 mg/ml ampicillin to maintain antibiotic
selection for both CH and CKplasmids). The overnight
cultures were used to inoculatefresh media (2x TY, 10
mg/ml chloramphenicol and 100 mg/ml ampicillin) and
grown to OD 0.7-0.9 before induction by the addition
of IPTG to express their CH and CK constructs.
Expressed Fab like fragment was then purified from the
periplasm by protein A purification (for the
contransformed VH CH and VH CK) and MSA affinity resin
purification (for the contransformed VK CH and VK CK).
VH-VH dual specific Expression of the VH CH and VH CK
dual specific was tested by running the protein on a
gel. The gel was blotted and a band the expected size
for the Fab fragment could be detected on the Western
blot via both the myc tag and the flag tag, indicating
that both the VH CH and VH CKparts of the Fab like
fragment were present. Next, in order to determine
whether the two halves of the dual specific were
present in the same Fab-like fragment, an ELISA plate
was coated overnight at 40C with 100 ml per well of
hen egg lysozyme (HEL) at 3 mg/ml in sodium
bicarbonate buffer. The plate was then blocked (as
described in Example 1) with 2% tween PBS followed by
incubation with the VH CH /VH CK dual specific Fab
like fragment. Detection of binding of the dual
specific to the HEL was via the non cognate chain
using 9elO (a monoclonal antibody that binds the myc
tag, Roche) and anti mouse IgG-HRP (Amersham Pharmacia
Biotech). The signal for the VH CH /VH CK dual
specific Fab like fragment was 0.154 compared to a
background signal of 0.069 for the VH CK chain
expressed alone. This demonstrates that the Fab like
fragment has binding specificity for target antigen.
Vk-Vk dual specific After purifying the contransformed
Vk CH and Vk Ck dual specific Fab like fragment on an
MSA affinity resin, the resulting protein was used to
probe an ELISA plate coated with 1mg/ml TNF-a and an
ELISA plate coated with 10 mg/ml MSA. As predicted,
there was signal above background when detected with
protein L-HRP on both ELISA plates (data not shown).
This indicated that the fraction of protein able to
bind to MSA (and therefore purified on the MSA
affinity column) was also able to bind TNF-a in a
subsequentELISA, confirming the dual specificity of
the antibody fragment. This fraction of protein was
then used for two subsequent experiments. Firstly, an
ELISA plate coated with 1 mg/ml TNF-a was probed with
dual specific Vk CH and Vk Ck Fab like fragment and
also with a control TNF-a binding dAb at a
concentration calculated to give a similar signal on
the ELISA. Both the dual specific and control dAb were
used to probe the ELISA plate in the presence and in
the absence of 2 mg/ml MSA. The signal in the dual
specific well was reduced by more than 50% but the
signal in the dAb well was not reduced at all (see
Figure 19a). The same protein was also put into the
receptor assay with and without MSA and competition by
MSA was also shown (see Figure 19c). This demonstrates
that binding of MSA to the dual specific is
competitive with binding to TNF-a. Example 12.
Creation of a Vk-Vk dual specific cys bonded dual
specific with specificity for mouse serum albumin and
TNFa This example describes a method for making a dual
specific antibody fragment specific for both mouse
serum albumin and TNF-aby chemical coupling via a
disulphide bond. Both MSA16 (from Example 1) and
TAR1-5-19 dAbs were recloned into a pET based vector
with a C terminal cysteine and no tags. The two dAbs
were expressed at 4-10 mg levels and purified from the
supernatant using protein L-agarose affinity resin
(Affitiech, Norway). The cysteine tagged dAbs were
then reduced with dithiothreitol. The TARl -5- 19 dAb
was then coupled with dithiodipyridine to block
reformation of disulphide bonds resulting in the
formation of PEP 1-5-19 homodimers. The two different
dAbs were then mixed at pH 6.5 to promote disulphide
bond formation and the generation of TAR1-5-19, MSA16
cys bonded heterodimers. This method for producing
conjugates of two unlike proteins was originally
described by King et al. (King TP, Li Kochoumian L
Biochemistry. 1978 vol 17: 1499-506 Preparation of
protein conjugates via intermolecular disulfide bond
formation.) Heterodimers were separated from monomeric
species by cation exchange. Separation was confirmed
by the presence of a band of the expected size on a
SDS gel. The resulting heterodimeric species was
tested in the TNF receptor assay and found to have an
IC50 for neutralising TNF of approximately 18 nM.
Next, the receptor assay was repeated with a constant
concentration of heterodimer (18 nM) and adilution
series of MSA and HSA. The presence of HSA at a range
of concentrations (up to 2 mg/ml) did not cause a
reduction in the ability of the dimer to inhibit
TNF-a. However, the addition of MSA caused a dose
dependent reduction in the ability of the dimer to
inhibit TNF-a: (Figure 20).This demonstrates that MSA
and TNF-a compete for binding to the cys bonded
TAR1--19, MSAl 6 dimer. Data Summary A summary of data
obtained in the experiments set forth in the foregoing
examples is set forth in Annex 4. Example 13: Summary
of Nucleic Acid and Polypeptide Sequences for
anti-TNF-a dAbs. Throughout the course of studies
regarding the anti-TNF-a dAbs described herein, a
number of different dAbs have been identified that
bind human and/or mouse TNF-a. Sequences and further
information are provided herein below. Clones that
bind Mouse TNF-a: The nucleotide and amino acid
sequences for four anti-mouse TNF-a dAbs are provided
below. Two of these (TARl-2m-9 and TARl-2m-30) inhibit
the activity of mouse TNF-a, and two bind but do not
inhibit (TARl-2m-l and TARl-2m-2). TARl-2m-9 :
TAR-2m-9 is a Vk clone, with an IC50 of 6 mM and an
ND50 of 5 mM. The IC50 and ND50 are not improved upon
Protein L cross-linking. This clone has no effect
against human TNF-a (species cross-reactivity has been
assessed in cell assays at two concentrations), but
has similar neutralizing activity against rat TNF-a.
Amino acid sequence (CDR3 is in BOLD) (SEQ ID NO: 93):
DIQMTQSPSSLSASVGDRVTITCRASQPIGSFLWWYQQKPGKAPKLLIYYSSYL
QSGVP
SRFSGSGSGTDFTLTISSLQPEDFATYYCQQYRWHPNTFGQGTKVEIKR
Nucleotide sequence (SEQ ID NO: 94): 1
gacatccagatgacccagtctccatcctccctgtctgcatctgtaggagaccgt
gtcacc
61atcacttgccgggcaagtcagcctattgggagttttttatggtggtaccagc
agaaacca 121
gggaaagcccctaaactcctgatctattatagttcctatttgcaaagtggggtc
ccatca 181
cgtttcagtggcagtggatctgggacagatttcactctcaccatcagcagtctg
caacct 241
gaagattttgctacgtactactgtcaacagtatcgttggcatcctaataccttc
ggccaa 301 gggaccaaggtggaaatcaaacgg TARl-2m-30:
TARl-2m-30 is a Vk clone, with an ND50 of 10 mM. ND50
is not improved upon Protein L cross-linking. This
clone has no effect against human TNF-a (species
crossreactivity has been assessed in cell assays at
two concentrations), and is slightly less effective
against rat TNF when compared to mouse. Amino acid
sequence (CDR3 i s in BOLD) (SEQ ID NO: 95):
DIQMTQSPSSLSASVGDRVTITCRASQSIYSWLNWYQQKPGKAPKLLIYRASHL
QSGV
PSRFSGSGSGTDFTLTISSLQPEDFATYYCQQIWNMPFTFGQGTKVEIKR
Nucleotide sequence (SEQ ID NO: 96): 1
gacatccagatgacccagtctccatcctccctgtctgcatctgtaggagaccgt
gtcacc 61
atcacttgccgggcaagtcagtcgatttatagttggttaaattggtaccagcag
aaacca 121
gggaaagcccctaagctcctgatctatagggcgtcccatttgcaaagtggggtc
ccatca 181
cgtttcagtggcagtggatctgggacagatttcactctcaccatcagcagtctg
caacct 241
gaagattttgctacgtactactgtcaacagatttggaatatgccttttacgttc
ggccaa 301 gggaccaaggtggaaatcaaacgg TARl-2m-l : This
clone binds mouse TNF-a but does not inhibit receptor
binding activity. Amino acid sequence (SEQ ID NO: 97):
DIQMTQSPSSLSASVGDRVTITCRASQPIGYDLFWYQQKPGKAPKLLIYRGSVL
QSGVP
SRFSGSGSGTDFTLTISSLQPEDFATYYCQQRWRWPFTFGQGTKVEIKR
Nucleotide sequence (SEQ ID NO: 98): 1
gacatccagatgacccagtctccatcctccctgtctgcatctgtaggagaccgt
gtcacc 61
atcacttgccgggcaagtcagcctattggttatgatttattttggtaccagcag
aaacca121
gggaaagcccctaagctcctgatctatcggggttccgtgttgcaaagtggggtc
ccatca 181
cgtttcagtggcagtggatctgggacagatttcactctcaccatcagcagtctg
caacct 241
gaagattttgctacgtactactgtcaacagcggtggcgttggccttttacgttc
ggccaa 301 ggcaccaaggtggaaatcaaacgg TARl-2m-2: This
clone binds mouse TNF-a but does not inhibit receptor
binding activity. Amino acid sequence (SEQ ID NO: 99):
DIQMTQSPSSLSASVGDRVTITCRASLPIGRDLWWYQQKPGKAPKLLIYRGSFL
QSGVP
SRFSGSGSGTDi=TLTISSLQPEDFATYYCQQRWYYPHTFGQGTKVEIKR
Nucleotide sequence (SEQ ID NO: 100): 1
gacatccagatgacccagtctccatcctccctgtctgcatctgtaggagaccgt
gtcacc 6 1
atcacttgccgggcaagtctgcctattggtcgtgatttatggtggtatcagcag
aaacca 121
gggaaagcccctaagctcctgatctatcgggggtcctttttgcaaagtggggtc
ccatca 181
cgtttcagtggcagtggatctgggacagatttcactctcaccatcagcagtctg
caacct 241
gaagattttgctacgtactactgtcaacagaggtggtattatcctcatacgttc
ggccaa 301 gggaccaaggtggaaatcaaacgg dAb clones that
bind human TNF-a The following is a listing of the
nucleotide sequences of dAbs identified for binding
human TNF-a. Corresponding amino acid sequences are
provided in Figure 23. TARl-5 (SEQ ID NO: 101)
GACATCCAGATGACCCAGTCTCCATCCTCCCTGTCTGCATCTGTAGGAGA
CCGTGTCACCATCACTTGCCGGGCAAGTCAGAGCATTTTTATGAATTTAT
TGTGGTACCAGCAGAAACCAGGGAAAGCCCCTAAGCTCCTGATCTATAAT
GCATCCGTGTTGCAAAGTGGGGTCCCATCACGTTTCAGTGGCAGTGGATC
TGGGACAGATTTCACTCTCACCATCAGCAGTCTGCAACCTGAAGATTTTG
CTACGTACTACTGTCAACAGGTTGTGTGGCGTCCTTTTACGTTCGGCCAA
GGGACCAAGGTGGAAATCAAACGC TAR1-27 (SEQ ID NO: 102)
GACATCCAGATGACCCAGTCTCCATCCTCCCTGTCTGCATCTGTAGGAGA
CCGTGTCACCATCACTTGCCGGGCAAGTCAGAGCATTTGGACGAAGTTAC
ATTGGTACCAGCAGAAACCAGGGAAAGCCCCTAAGCTCCTGATCTATATG
GCATCCAGTTTGCAAAGTGGGGTCCCATCACGTTTCAGTGGCAGTGGATC
TGGGACAGATTTCACTCTCACCATCAGCAGTCTGCAACCTGAAGATTTTG
CTACGTACTACTGTCAACAGTGGTTTAGTAATCCTAGTACGTTCGGCCAA
GGGACCAAGGTGGAAATCAAACGTARl-261 (SEQ I D NO: 103)
GACATCCAGATGACCCAGTCTCCATCCTCCCTGTCTGCATCTGTAGGAGA
CCGTGTCACCATCACTTGCCGGGCAAGTCAGAGCATTGAGCATTATTTAT
GGTGGTACCAGCAGAAACCAGGGAA GCCCCTAAGCTCCTGATCTATGCT
GCATCCTATTTGCAAAGTGGGGTCCCATCACGTTTCAGTGGCAGTGGATC
TGGGACAGATTTCACTCTCACCATCAGCAGTCTGCAACCTGAAGATTTTG
CTACGTACTACTGTCAACAGAGTTTGGCGTGTCCTCCTACGTTCGGCCAA
GGGACCAAGGTGGAAATCAAACGG TAR1-398 (SEQ ID NO: 104)
GACATCCAGATGACCCAGTCTCCATCCTCCCTGTCTGCATCTGTAGGAGA
CCGTGTCACCATCACTTGCCGGGCAAGTCAGAGCATTTATGGTCATTTAT
TGTGGTACCAGCAGAAACCAGGGAAAGCCCCTAAGCTCCTGATCTATGCT
GCATCCAGTTTGCAAAGTGGGGTCCCATCACGTTTCAGTGGCAGTGGATC
TGGGACAGATTTCACTCTCACCATCAGCAGTCTGCAACCTGAAGATTTTG
CTACGTACTACTGTCAACAGCCTTTGGTGCGGCCTTTTACGTTCGGCCAA
GGGACCAAGGTGGAAATCAAACGG TAR1-701 (SEQ ID NO: 105)
GACATCCAGATGACCCAGTCTCCATCCTCCCTGTCTGCATCTGTAGGAGA
CCGTGTCACCATCACTTGCCGGGCAAGTCAGAGCATTGCTAAGTTGTTAT
ATTGGTACCAGCAGAAACCAGGGAAAGCCCCTAAGCTCCTGATCTATGAT
GCATCCTCTTTGCAAAGTGGGGTCCCATCACGTTTCAGTGGCAGTGGATC
TGGGACAGATTTCACTCTCACCATCAGCAGTCTGCAACCTGAAGATTTTG
CTACGTACTACTGTCAACAGTGGTGGGGGTATCCTGGTACGTTCGGCCAA
GGGACCAAGGTGGAAATCAAACGG TARl-5-2 (SEQ ID NO: 106)
GACATCCAGATGACCCAGTCTCCATCCTCCCTGTCTGCATCTGTAGGAGA
CCGTGTCACCATCACTTGCCGGGCAAGTCAGAGCATTTTTCCTGCTTTAC
TTTGGTACCAGCAGAAACCAGGGAAAGCCCCTAAGCTCCTGATCTATCAT
GCATCCAGTTTGCAAAGTGGGGTCCCATCACGTTTCAGTGGCAGTGGATC
TGGGACAGATTTCACTCTCACCATCAGCAGTCTGCA CCTGAAGATATTG
CTACGTACTACTGTCAACAGGTTGTGTGGCGTCCTTTTACGTTCGGCCAA
GGGACCAAGGTGGAAATCAAACGG TAR1-5-3 (SEQ ID NO: 107)
GACATCCAGATGACCCAGTCTCCATCCTCCCTGTCTGCATCTGTAGGAGA
CCGTGTCACCATCACTTGCCGGGCAAGTCAGAGCATTGATAATGCGTTAC
ATTGGTACCAGCAGAAACCAGGGAAAGCCCCTAAGCTCCTGATCTATCAG
GCATCCATTTTGCAAAGTGGGGTCCCATCACGTTTCAGTGGCAGTGGATC
TGGGACAGATTTCACTCTCACCATCAGCAGTCTGCAACCTGAAGATTTTG
CTACGTACTACTGTCAACAGGTTGTGTGGCGTCCTTTTACGTTCGGCCAA
GGGACCAAGGTGGAAATCAAACGG TAR1-5-4 (SEQ ID NO: 108)
GACATCCAGATGACCCAGTCTCCATCCTCCCTGTCTGCATCTGTAGGAGA
CCGTGTCACCATCACTTGCCGGGCAAGTCAGAGCATTTTTATGAATTTAT
TGTGGTACCAGCAGAAACCAGGGAAAGCCCCTAAGCTCCTGATCTATAAT
GCATCCGTGTTGCAAAGTGGGGTCCCATCACGTTTCAGTGGCAGTGGATC
TGGGACAGGTTTCACTCTCACCATCAGCAGTCTGCAACCTGAAGATTTTG
CTACGTACTACTGTCAACAGGTTGTGTGGCGTCCTTTTACGTTCGGCCAA
GGGACCAAGGTGGAAATCAAACGG TARl-5-7 (SEQ ID NO: 109)
GACATCCAGATGACCCAGTCTCCATCCTCCCTGTCTGCATCTGTAGGAGA
CCGTGTCACCATCACTTGCCGGGCAAGTCAGAGCATTTTGAATTCTTTACATTG
GTACCAGCAGAAACCAGGGAAAGCCCCTAAGCTCCTGATCTATCAT
GCATCCACTTTGCAAAGTGGGGTCCCATCACGTTTCAGTGGCAGTGGATC
TGGGACAGATTTCACTCTCACCATCAGCAGTCTGCAACCTGAAGATTTTG
CTACGTACTACTGTCAACAGGTTGTGTGGCGTCCTTTTACGTTCGGCCAA
GGGACCAAGGTGGAAATCAAACGG TAR1-5-8 (SEQ ID NO: 110)
GACATCCAGATGACCCAGTCTCCATCCTCCCTGTCTGCATCTGTAGGAGA
CCGTGTCACCATCACTTGCCGGGCAAGTCAGAGCATTTTGAATTCTTTAC
ATTGGTACCAGCAGAAACCAGGGAAAGCCCCTAAGCTCCTGATCTATCAT
GCATCCACTTTGCAAAGTGGGGTCCCATCACGTTTCAGTGGCAGTGGATC
TGGGACAGATTTCACTCTCACCATCAGCAGTCTGCAACCTGAAGATTTTG
CTACGTACTACTGTCAACAGGTTGTGTGGCGTCCTTTTACGTTCGGCCAA
GGGACCAAGGTGGAAATCAAACGG TAR1-5-10 (SEQ ID NO: 111)
GACATCCAGATGACCCAGTCTCCATCCTCCCTGTCTGCATCTGTAGGAGA
CCGTGTCACCATCACTTGCCGGGCAAGTCAGAGCATTGATAATTATTTAC
ATTGGTACCAGCAGAAACCAGGGAAAGCCCCTAAGCTCCTGATCTATTCT
GCATCCCATTTGCAAAGTGGGGTCCCATCACGTTTCAGTGGCAGTGGATC
TGGGACAGATTTCACTCTCACCATCAGCAGTCTGCAACCTGAAGATTTTG
CTACGTACTACTGTCAACAGGTTGTGTGGCGTCCTTTTACGTTCGGCCAA
GGGACCAAGGTGGAAATCAAACGG TAR1-5-11 (SEQ ID NO: 112)
GACATCCAGATGACCCAGTCTCCATCCTCCCTGTCTGCATCTGTAGGAGA
CCGTGTCACCATCACTTGCCGGGCAAGTCAGAGCATTAATGAGTATTTAC
ATTGGTACCAGCAGAAACCAGGGAAAGCCCCTAAGCTCCTGATCTATTCT
GCATCCGTGTTGCAAAGTGGGGTCCCATCACGTTTCAGTGGCAGTGGATC
TGGGACAGATTTCACTCTCACCATCAGCAGTCTGCAACCTGAAGATTTTG
CTACGTACTACTGTCAACAGGTTGTGTGGCGTCCTTTTACGTTCGGCCAA
GGGACCAAGGTGGAAATCAAACGG TARl- 5-12 (SEQ ID NO: 113)
GACATCCAGATGACCCAGTCTCCATCCTCCCTGTCTGCATCTGTAGGAGA
CCGTGTCACCATCACTTGCCGGGCAAGTCAGAGCATTAATTATGCTTTAC
ATTGGTACCAGCAGA ACCAGGGAAAGCCCCTAAGCTCCTGATCTATCAG
GCATCCATTTTGCAAAGTGGGGTCCCATCACGTTTCAGTGGCAGTGGATC
TGGGACAGATTTCACTCTCACCATCAGCAGTCTGCAACCTGAAGATTTTG
CTACGTACTACTGTCAACAGGTTGTGTGGCGTCCTTTTACGTTCGGCCAA
GGGACCAAGGTGGAAATCAAACGG TAR1-5-13 (SEQ ID NO: 114)
GACATCCAGATGACCCAGTCTCCATCCTCCCTGTCTGCATCTGTAGGAGA
CCGTGTCACCATCACTTGCCGGGCAAGTCAGAGCATTGATAGTTTTTTAC
ATTGGTACCAGCAGAAACCAGGGAAAGCCCCTAAGCTCCTGATCTATAGT
GCATCCGAGTTGCAAAGTGGGGTCCCATCACGTTTCAGTGGCAGTGGATC 



TGGGACAGATTTCACTCTCACCATCAGCAGTCTGCATCCTGAAGATTTTG
CTACGTACTACTGTCA CAGGTTGTGTGGCGTCCTTTTACGTTCGGCCAA
GGGACCAAGGTGGAAATCAAACGG TAR1-5-19 (SEQ ID NO: 115)
GACATCCAGATGACCCAGTCTCCATCCTCTCTGTCTGCATCTGTAGGAGA
CCGTGTCACCATCACTTGCCGGGCAAGTCAGAGCATTGATAGTTATTTAC
ATTGGTACCAGCAGAAACCAGGGAAAGCCCCTAAGCTCCTGATCTATAGT
GCATCCGAGTTGCAAAGTGGGGTCCCATCACGTTTCAGTGGCAGTGGATC
TGGGACAGATTTCACTCTCACCATCAGCAGTCTGCAACCTGAAGATTTTG
CTACGTACTACTGTCAACAGGTTGTGTGGCGTCCTTTTACGTTCGGCCAAGGGA
CCAAGGTGGAAATCAAACGG TAR1-5-20 (SEQ ID NO: 116)
GACATCCAGATGACCCAGTCTCCATCCTCCCTGTCTGCATCTGTAGGAGA
CCGTGTCACCATCACTTGCCGGGCAAGTCAGAGCATTGATCAGTATTTAC
ATTGGTACCAGCAGAAACCAGGGAAAGCCCCTAAGCTCCTGATCTATGGT
GCATCCAATTTGCAAAGTGAGGTCCCATCACGTTTCAGTGGCAGTGGATC
TGGGACAGATTTCACTCTCACCATCAGCAGTCTGCAACCTGAAGATTTTG
CTACGTACTACTGTCAACAGGTTGTGTGGCGTCCTTTTACGTTCGGCCAA
GGGACCAAGGTGGAAATCAAACGG TAR1-5-21 (SEQ ID NO: 117)
GACATCCAGATGACCCAGTCTCCATCCTCCCTGTCTGCATCTGTAGGAGA
CCGTGTCACCATCACTTGCCGGGCA GTCAGAGCATTGATAGTTTTTTAC
ATTGGTACCAGCAGAAACCAGGGAAAGCCCCTAAGCTCCTGATCTATAGT
GCATCCGAGTTGCAAAGTGGGGTCCCATCACGTTTCAGTGGCAGTGGATC
TGGGACAGATTTCACTCTCACCATCAGCAGTCTGCATCCTGAAGATTTTG
CTACGTACTACTGTCAACAGGTTGTGTGGCGTCCTTTTACGTTCGGCCAA
GGGACCAAGGTGGAAATCAAACGG TAR1-5-22 (SEQ ID NO: 118)
GACATCCAGATGACCCAGTCTCCATCCTCCCTGTCTGCATCTGTAGGAGA
CCGTGTCACCATCACTTGCCGGGCAAGTCAGAGCATTGATTCTTATTTAC
ATTGGTACCAGCAGAAACCAGGGAAAGCCCCTAAGCTCCTGATCTATAGT
GCATCCCTGTTGCAAAGTGGGGTCCCATCACGTTTCAGTGGCAGTGGATC
TGGGACAGATTTCACTCTCACCATCAGCAGTCTGCAACCTGAAGATTTTG
CTACGTACTACTGTCAACAGGTTGTGTGGCGTCCTTTTACGTTCGGCCAA
GGGACCAAGGTGGAAATCAAACGG TAR1-5-23 (SEQ ID NO: 119)
GACATCCAGATGACCCAGTCTCCATCCTCCCTGTCTGCATCTGTAGGAGA
CCGTGTCACCATCACTTGCCGGGCAAGTCAGAGCATTGATCAGTATTTAC
ATTGGTACCAGCAGAAACCAGGGAA GCCCCTAAGCTCCTGATCTATTCT
GCATCCCTTTTGCAAAGTGGGGTCCCATCACGTTTCAGTGGCAGTGGATC
TGGGACAGATTTCACTCTCACCATCAGCAGTCTGCAACCTGAAGATTTTG
CTACATACTACTGTCAACAGGTTGTGTGGCGTCCTTTTACGTTCGGCCAA
GGGACCAAGGTGGAAATCAAACGG TARl-5-24 (SEQ ID NO: 120)
GACATCCAGATGACCCAGTCTCCATCCTCCCTGTCTGCATCTGTAGGAGA
CCGTGTCACCATCACTTGCCGGGCAAGTCAAAGCATTGATGAGTTTTTAC
ATTGGTACCAGCAGAAACCAGGGAAAGCCCCTAAGCTCCTGATCTATTGT
GCATCCCAGTTGCAAAGTGGGGTCCCATCACGTTTCAGTGGCAGTGGATC
TGGGACAGATTTCACTCTCACCATCAGCAGTCTACATCCTGAAGATTTTG
CTACGTACTACTGTCAACAGGTTGTGTGGCGTCCTTTTACGTTCGGCCAA
GGGACCAAGGTGGAAATCAAACGG TAR1-5-25 (SEQ ID NO: 121)
GACATCCAGATGACCCAGTCTCCATCCTCCCTGTCTGCATCTGTAGGAGA
CCGTGTCACCATCACTTGCCGGGCAAGTCAGAGCATTGATGCGTATTTAC
ATTGGTACCAGCAGAAACCAGGGAAAGCCCCTAAGCTCCTGATCTATTCT
GCATCCCTGTTGCAAAGTGGGGTCCCATCACGTTTCAGTGGCAGTGGATC
TGGGACAGATTTCACTCTCACCATCAGCAGTCTGCAACCTGAAGATTTTG
CTACGTACTACTGTCAACAGGTTGTGTGGCGTCCTTTTACGTTCGGCCA
GGGACCAAGGTGGAAATCAAACGG TAR1-5-26 (SEQ ID NO: 122)
GACATCCAGATGACCCAGTCTCCATCCTCCCTGTCTGCATCTGTAGGAGACCGT
GTCACCATCACTTGCCGGGCAAGTCAGAGCATTGATAGGTATTTAC
ATTGGTACCAGCAGAAACCAGGGAAAGCCCCTAAGCTCCTGATCTATAGT
GCATCCGTGTTGCAAAGTGGGGTCCCATCACGTTTCAGTGGCAGTGGATC
TGGGACAGATTTCACCCTCACCATCAGCAGTCTGCAGCCTGAAGATTTTG
CTACGTACTACTGTCAACAGGTTGTGTGGCGTCCTTTTACGTTCGGCCAA
GGGACCAAGGTGGAAATCAAACGG TAR1-5-27 (SEQ ID NO: 123)
GACATCCAGATGACCCAGTCTCCATCCTCCCTGTCTGCATCTGTAGGAGA
CCGTGTCACCATCACTTGCCGGGCA GTCAGAGCATTGATAAGTATTTAC
ATTGGTACCAGCAGAAACCAGGGAAAGCCCCTAAGCTCCTGATCTATAGT
GCATCCTCGTTGCAAAGTGGGGTCCCATCACGTTTCAGTGGCAGTGGATC
TGGGACAGATTTCACTCTCACCATCAGCAGTCTGCAACCTGAAGATTTTG
CTACGTACTACTGTCAACAGGTTGTGTGGCGTCCTTTTACGTTCGGCCAA
GGGACCAAGGTGGAAATCAAACGG TAR1-5-28 (SEQ ID NO: 124)
GACATCCAGATGACCCAGTCTCCATCCTCCCTGTCTGCATCTGTAGGAGA
CCGTGTCACCATCACTTGCCGGGCAAGTCAGAGCATTGATCATTATTTAC
ATTGGT CCAGCAGAAACCAGGGA AGCCCCTAAGCTCCTGATCTATAGT
GCATCCGTTTTGCAAAGTGGGGTCCCATCACGTTTCAGTGGCAGTGGATC
TGGGACAGATTTCACTCTCACCATCAGCAGTCTGCAACCTGAAGATTTTG
CAACGTACTACTGTCAACAGGTTGTGTGGCGTCCTTTTACGTTCGGCCAA
GGGACCAAGGTGGAAATCAAACGG TAR1-5-29 (SEQ ID NO: 125)
GACATCCAGATGACCCAGTCTCCATCCTCCCTGTCTGCATCTGTAGGAGA
CCGTGTCACCATCACTTGCCGGGCAAGTCAGAGCATTGATGAGTTTTTAC
ATTGGTACCAGCAGAAACCAGGGAAAGCCCCTA GCTCCTGATCTATAGT
GCATCCATTTTGCAAAGTGGGGTCCCATCACGTTTCAGTGGCAGTGGATC
TGGGACAGATTTCACTCTCACCATCAGCAGTCTGCAACCTGAAGATTTTG
CTACGTACTACTGTCAACAGGTTGTGTGGCGTCCTTTTACGTTCGGCCAA
GGGACCAAGGTGGAAATCAAACGG TAR1-5-34 (SEQ ID NO: 126)
GACATCCAGATGACCCAGTCTCCATCCTCCCTGTCTGCATCTGTAGGAGA
CCGTGTCACCATCACTTGCCGGGCAAGTCAGAGCATTCAGACTGCGTTAC
TGTGGTACCAGCAGAAACCAGGGAAAGCCCCTAAGCTCCTGATCTATAAT
GCATCCAGTTTGCAAAGTGGGGTCCCATCACGTTTCAGTGGCAGTGGATC
TGGGACAGATTTCACTCTCACCATCAGCAGTCTGCAACCTGAAGATTTTG
CTACATACTACTGTCAACAGGTTGTGTGGCGTCCTTTTACGTTCGGCCAA
GGGACCAAGGTGGAAATCAAACGG TAR1-5-35 (SEQ ID NO: 127)
GACATCCAGATGACCCAGTCTCCATCCTCCCTGTCTGCATCTGTAGGAGA
CCGTGTCACCATCACTTGCCGGGCAAGTCAGAGCATTGATCAGTATTTAC
ATTGGTACCAGCAGAAACCAGGGAAAGCCCCTAAGCTCCTGATCTATGGT
GCATCCAATTTGCAAAGTGGGGTCCCATCACGTTTCAGTGGCAGTGGATC
TGGGACAGATTTCACTCTCACCATCAGCAGTCTGCAACCTGAAGATTTTG
CTACGTACTACTGTCAACAGGTTGTGTGGCGTCCTTTTACGTTCGGCCAA
GGGACCAAGGTGGAAATCAAACGG TAR1-5-36 (SEQ ID NO: 128)
GACATCCAGATGACCCAGTCTCCATCCTCCCTGTCTGCATCTGTAGGAGA
CCGTGTCACCATCACTTGCCGGGCAAGTCAGAGCATTGATAATTATTTAC
ATTGGTACCAGCAGAAACCAGGGAAAGCCCCTAAGCTCCTGATCTATAGT
GCATCCCAGTTGCAAAGTGGGGTCCCATCACGTTTCAGTGGCAGTGGATC
TGGGACAGATTTCACTCTCACCATCAGCAGTCTGCAACCTGAAGATTTTGCTAC
GTACTACTGTCAACAGGTTGTGTGGCGTCCTTTTACGTTCGGCCAA
GGGACCAAGGTGGAAATCAAACGG TARl-5-464 (SEQ ID NO: 129)
GACATCCAGATGACCCAGTCTCCATCCTCCCTGTCTGCATCTGTAGGAGA
CCGTGTCACCATCACTTGCCGGGCAAGTCAGAGCATTGATAATTTTTTAC
ATTGGTACCAGCAGAAACCAGGGAAAGCCCCTAAGCTCCTGATCTATAGT
GCATCCGAGTTGCAAAGTGGGGTCCCATCACGTTTCAGTGGCAGTGGATC
TGGGACAGATTTCACTCTCACCATCAGCAGTCTGCAACCTGAAGATTTTG
CTACGTACTACTGTCAACAGGTTGTGTGGCGTCCTTTTACGTTCGGCCAA
GGGACCAAGGTGGAAATCAAACGG TAR1-5-463 (SEQ ID NO: 130)
GACATCCAGATGACCCAGTCTCCATCCTCCCTGTCTGCATCTGTAGGAGA
CCGTGTCACCATCACTTGCCGGGCAAGTCAGAGCATTGATGAGTATTTAC
ATTGGTACCAGCAGAAACCAGGGAAACCCCCTAAGCTCCTGATCTATTCT
GCATCCAGTTTGCAAAGTGGGGTCCCATCACGTTTCAGTGGCAGTGGATC
TGGGACAGATTTCACTCTCACCATCAGCAGTCTGCAACCTGAAGATTTTG
CTACGTACTACTGTCAACAGGTTGTGTGGCGTCCTTTTACGTTCGGCCAA
GGGACCAAGGTGGAAATCAAACGG TAR1-5-460 (SEQ ID NO: 131)
GACATCCAGATGACCCAGTCTCCATCCTCCCTGTCTGCATCTGTAGGAGA
CCGTGTCACCATCACTTGCCGGGCAAGTCAGAGCATTGATCATTTTTTAC
ATTGGTACCAGCAGAAACCAGGGAAAGCCCCTAAGCTCCTGATCTATAGT
GCATCCGAGTTGCAAAGTGGGGTCCCATCACGTTTCAGTGGCAGTGGATC
TGGGACAGATTTCACTCTCACCATCAGCAGTCTGCAACCTGAAGATTTTG
CTACGTACTACTGTCAACAGGTTGTGTGGCGTCCTTTTACGTTCGGCCAA
GGGACCAAGGTGGAAATCAAACGG TAR1-5-461 (SEQ ID NO: 132)
GACATCCAGATGACCCAGTCTCCATCCTCCCTGTCTGCATCTGTAGGAGA
CCGTGTCACCATCACTTGCCGGGCAAGTCAGAGCATTGATAATTATTTAC
ATTGGTACCAGCAGAA CCAGGGAAAGCCCCTAAGCTCCTGATCTATTCG
GCATCCATGTTGCAAAGTGGGGTCCCATCACGTTTCAGTGGCAGTGGATC
TGGGACAGATTTCACTCTCACCATCAGCAGTCTGCAACCTGAAGATTTTG
CTACGTACTACTGTCAACAGGTTGTGTGGCGTCCTTTTACGTTCGGCCAA
GGGACCAAGGTGGAAATCAAACGG TAR1-5-479 (SEQ ID NO: 133)
GACATCCAGATGACCCAGTCTCCATCCTCCCTGTCTGCATCTGTAGGAGA
CCGTGTCACCATCACTTGCCGGGCAAGTCAGAGCATTGATGAGTATTTAC
ATTGGTACCAGCAGAAACCAGGGAAAGCCCCCAAGCTCCTGATCTATTCT
GCATCCATTTTGCAAAGTGGGGTCCCATCACGTTTCAGTGGCAGTGGATC
TGGGACAGATTTCACTCTCACCATCAGCAGTCTGCAACCTGAAGATTTTG
CTACGTACTACTGTCAACAGGTTGTGTGGCGTCCTTTTACGTTCGGCCAA
GGGACCAAGGTGGAAATCAAACGG TAR1-5-477 (SEQ ID NO: 134)
GACATCCAGATGACCCAGTCTCCATCCTCCCTGTCTGCATCTGTAGGAGA
CCGTGTCACCATCACTTGCCGGGCAAGTCAGAGCATTGATGAGTTTTTAC
ATTGGTACCAGCAGAAACCAGGGAAAGCCCCTAAGCTCCTGATCTATTCG
GCATCCGCTTTGCAAAGTGGGGTCCCATCACGTTTCAGTGGCAGTGGATC
TGGGACAGATTTCACTCTCACCATCAGCAGTCTGCAACCTGAAGATTTTG
CTACGTACTACTGTCAACAGGTTGTGTGGCGTCCTTTTACGTTCGGCCAA
GGGACCAAGGTGGAAATCAAACGG TAR1-5-478 (SEQ ID NO:
135)GACATCCAGATGACCCAGTCTCCATCCTCCCTGTCTGCATCTGTAGGAGA
CCGTGTCACCATCACTTGCCGGGCAAGTCAGAGCATTGATGAGTATTTAC
ATTGGTACCAGCAGAAACCAGGGAAAGCCCCTAAGCTCCTGATCTATTCT
GCATCCATTTTGCAAAGTGGGGTCCCATCACGTTTCAGTGGCAGTGGATC
TGGGACAGATTTCACTCTCACCATCAGCAGTCTGCACCCTGAAGATTTTG
CTACGTACTACTGTCAACAGGTTGTGTGGCGTCCTTTTACGTTCGGCCAA
GGGACCAAGGTGGAAATCAAACGG TAR1-5-476 (SEQ ID NO: 136)
GACATCCAGATGACCCAGTCTCCATCCTCCCTGTCTGCATCTGTAGGAGA
CCGTGTCACCATCACTTGCCGGGCAAGTCAGAGCATTGATAATTATTTAC
ATTGGTACCAGCAGAAACCAGGGAAAGCCCCTAAGCTCCTGATCTATGCT
GCATCCAGTTTGCAA GTGGGGTCCCATCACGTTTCAGTGGCAGTGGATC
TGGGACAGATTTCACTCTCACCATCAGCAGTCTGCAACCTGATGATTTTG
CTACGTACTACTGTCAACAGGTTGTGTGGCGTCCTTTTGCGTTCGGCCAA
GGGACCAAGGTGGAAATCAAACGG TAR1-5-490 (SEQ ID NO: 137)
GACATCCAGATGACCCAGTCTCCATCCTCCCTGTCTGCATCTGTAGGAGA
CCGTGTCACCATCACTTGCCGGGCAAGTCAGAGCATTGATAGTTATTTAC
ATTGGTACCAGCAGAAACCAGGGAAAGCCCCTAAGCTCCTGATCTATAGT
GCATCAAATTTAGAAACAGGGGTCCCATCACGTTTCAGTGGCAGTGGATC
TGGGACAGATTTCACTCTCACCATCAGCAGTCTGCAACCTGAAGATTTTG
CTACGTACTACTGTCAACAGGTTGTGTGGCGTCCTTTTACGTTCGGCCAA
GGGACCAAGGTGGAAATCAAACGG TARIh- 1 (SEQ ID NO: 138 )
GACATCC AGATGACCCAGTCTCCATCCTCCCTGTCTGCATCTGTAGGAGA
CCGTGTCACCATCACTTGCCGGGCAAGTCAGGTGATTTGGGATGCGTTAG
ATTGGTACCAGCAGAAACCAGGGAAAGCCCCTAAGCTCCTGATCTATAGT
GCGTCCCGTTTGCAAAGTGGGGTCCCATCACGTTTCAGTGGCAGTGGATC
TGGGACAGATTTCACTCTCACCATCAGCAGTCTGCATCCTGAAGATTTTG
CTACGTACTACTGTCAACAGTATGCTGTGTTTCCTGTGACGTTCGGCCAA
GGGACCAAGGTGGAAATCAAACGG TARlh-2 (SEQ ID NO: 139)
GACATCCAGATGACCCAGTCTCCATCCTCCCTGTCTGCATCTGTAGGAGA
CCGTGTCACCATCACTTGCCGGGCAAGTCAGACTATTTATGATGCGTTAA
GTTGGTACCAGCAGAA CCAGGGAA GCCCCTAAGCTCCTGATCTATGGT
GGTTCCAGGTTGCAAAGTGGGGTCCCATCACGTTTCAGTGGCGGTGGATC
TGGGACAGATTTCACTCTCACCATCAGCAGTCTGCAACCTGAAGATTTTG
CTACGTACTACTGTCAACAGTATAAGACTAAGCCTTTGACGTTCGGCCAA
GGGACCAAGGTGGAAATCAAACGG TARIh- 3 (SEQ ID NO : 140)
GACATCCAGATGACCCAGTCCCCATCCTCCCTGTCTGCATCTGTAGGAGA
CCGTGTCACCATCACTTGCCGGGCAAGTCAGACTATTTATGATGCGTTAA
GTTGGTACCAGCAGAAACCAGGGAAAGCCCCTAAGCTCCTGATCTATGGT
GGTTCCAGGTTGCAAAGTGGGGTCCCATCACGTTTCAGTGGTAGTGGATC
TGGGACAGATTTCACTCTCACCATCAGCAGTCTGCAACCCGAAGATTTTG
CTACGTACTACTGTCAACAGTATGCTCGTTATCCTCTTACGTTCGGCCAA
GGGACCAAGGTGGAAATCAAACGG Additional anti-human TNF-a
dAb clones include the following:Several clones have
been subjected to affinity maturation. Clone TARl
-100-47 is an affinity-matured clone with an ND50 of
30-50 nM in the L929 cell assay, and 3-5 nM when
cross-linked with protein L. TARl -100-47 cross-reacts
with rhesus TNF. Its amino acid sequence and those of
a number of other clones are as provided bleow.
TAR1-2-100 and TARl -2- 109 are parent clones used for
construction of the library. The good TARl clones in
this group have the following consensus sequence:
D/E30, W32, R94 and F96, as indicated in bold in
TARl-100-47 TARl-100-29 (SEQ ID NO: 141),
DIQMTQSPSSLSASVGDRVTITCRASQDIEEWLMWYQQKPGKAPKLLIYNSSTL
Q SGVPSRFSGSGSGTDFTLTISSLOPEDYATYYCOO
PLSRPFTFGOGTKVEIKR TARl-100-35 (SEQ IDNO: 142)
DIQMTQSPSSLSASVGDRVTITCRASQHIDDWLFWYQQKPGKAPKLLIYRASFL
Q SGVPSRFSGSGSGTDFTLTISSLQPEDFATYYCQQ PLSRPFT
FGQGTKVEIKR TARl-100-43 (SEQ IDNO: 143)
DIQMTQSPSSLSASVGDRVTITCRASQFIEDWLFWYQQKPGKAPKLLIYQASKL
Q SGVPSRFSGSGSGTDFTLTISSLQPEDFATYYCQQ PLSRPFT
FGQGTKVEIKR TARl-100-47 (SEQ ID NO: 144)
DIQMTQSPSSLSASVGDRVTITCRASQPIDSWLMWYQQKPGKAPKLLGYQASRL
Q
SGVPSRFSGSGSGTDFTLTISSLQPEDFATYYCOQPLSRPFTFGOGTKVEIKR
TARl -100-52 (SEQ ID NO: 145)
DIQMTQSPSSLSASVGDRVTITCRASQHIDDWLFWYQQKPGKAPKLLIYRASFL
Q
SGVPPRFSGSGSGTDFTLTISSLQPEDFATYYCQQPLSRPFTFGQGTKVEIKR
TAR1-109 (SEQ ID NO: 146)
DIQMTQSPSSLSASVGDRVTITCRASQNIDDHLMWYQQKPGKAPKLL]YSSSIL
QS
GVPPRFSGSGSGTDFTLTISSLQPEDFATYYCQQPLSRPFTFGQGTKVEIKR
TARl-100 (SEQ ID NO: 147)
DIQMTQSPSSLSASVGDRVTITCRASQDIDHALLWYQQKPGKAPRLLIYNGSML
Q
SGVPSRFSGSGSGTDFTLTISSLQPEDFATYYCQQVLRRPFTFGQGTKVEIKR
TARl-100-34 (SEQ ID NO: 148)
DIQMTQSPSSLSASVGDRVTITCRASQHIGDWLLWYQQKPGKAPMLLIYQSSRL
Q
SGVPSRFSGSGSGTDFILTISSLQPEDFATYYCQQPLSRPFTFGQGTKVEIKR
TARl-100-36 (SEQ ID NO: 149)
DIQMTQSPSSLSASVGDRVTITCRASQHIDSYLMWYQQKPGKAPKLLIYNTSVL
Q
SGVPSRFSGSGSGTDFTLTISSLQPEDFATYYCQQPLSRPFTFGQGTKVEIKR
TARl-100-38 (SEQ ID NO:
150)DIQMTQSPSSLSASVGDRVTITCRASQWIDDHLFWYQQKPGKAPKLLIYN
TSTLQ
SGVPSRFSGSGSGTDFILTISSLQPEDFATYYCQQPLSRPFTFGQGTKVEIKR
TARl-100-39 (SEQ ID NO: 151)
DIQMTQSPSSLSASVGDRVTITCRASQFIDEHLMWYQQKPGKAPKLLGYRSSEL
QS
GVPSRFSGSGSGTDFTLTISSLQPEDFATYYCQQPLSRPFTFGQGTKVEIKR
TARl-100-40 (SEQ ID NO: 152)
DIQMTQSPSSLSASVGDRVTITCRASQWINNWLLWYQQKPGKAPKLLIYESSNL
Q
SGVPSRFSGSGSGTDFTLTISSLQPEDFATYYCQQPLSRPFTFGQGTKVEIKR
TARl-100-41 (SEQ IDNO: 153)
DIQMTQSPSSLSASVGDRVTITCRASQLIDDHFWYQQKPGKAPTLLIYNSSVLQ
SG VPSRFSGSGSGTDFTLTISSLQPEDFATYYCQQPLSRPFTFGQGTKVEIKR
TARl-100-45 (SEQ ID NO: 154)
DIQMTQSPSSLSASVGDRVTITCRASQDIDQWLMWYQQKPGKAPKLLIYQSSML
QSGVPSRFSGSGSGTDFTLTISSLQPEDFATYYCQQPLSRPFTFGQGTKVEIKR
TARl-100-60 (SEQ ID NO: 155)
DIQMTQSPSSLSASVGDRVTITCQASQDIDNWLLWYQQKPGKAPKLLIYQASNL
Q
SGVPSRFSGSGSGTDFTLTISSLQPEDFATYYCQQPLSRPFTFGQGTKVEIKR
TARl-100-62 (SEQ ID NO: 156)
DIQMTQSPSSLSASVGDRVTITCRASQPIDSWLMWYQQKPGKAPKLLIYQASRL
Q
SGVPSRFSGSGSGTDFTLTISSLQPEDFATYYCQQPLSGPFTFGQGTKVEIKR
TARl-100-64 (SEQ ID NO: 157)
DIQMTQSPSSLSASVGDRVTITCRASQYIDYGLMWYQQKPGKAPKLLIYRTSEL
Q
SGVPSRFSGSGSGTDFTLTISSLQPEDFATYYCQQPLSRPFTFGQGTKVEIKR 



TARl-100-65 (SEQ ID NO: 158)
DIQMTQSPSSLSASVGDRVTITCRASQWIDSFLMWYQQKPGKAPKLLIYNGSVL
Q
SGVPSRFSGSGSGTDFTLTISSLQPEDFATYYCQQPLSRPFTFGQGTKVEIKR
TARl-100-75 (SEQ IDNO: 159)
DIQMTQSPSSLSASVGDRVTITCRASQDIGPWLMWYQQKPGKAPKLLIYQGSRL
Q
SGVPLRFSGSGSGTDFTLTISSLQPEDFATYYCQQPLSRPFTFGQGTKVEIRR
TARl-100-76 (SEQ ID NO: 160)
DIQMTQSPSSLSASVGDRVTITCRASQHIDSWLLWYQQKPGKAPKLLIYNGSVL
Q
SGVPSRFSGSGSGTDFTLTISSLQPEDFATYYCQQPLSGPFTFGQGTKVEIKR
TARl-100-77 (SEQ ID NO: 161)
DIQMTQSPSSLSASVGDRVTITCRASQHIDTHLFWYQQKPGKAPKLLIYNTSTL
QS
GVPSRFSGSGSGTDFTLTISSLQPEDFATYYCQQPLSRPFTFGQGTKVEIKR
TARl-100-78 (SEQ ID NO:
162)DIQMTQSPSSLSASVGDRVTITCRASQFIDTHLMWYQQKPGKAPRLLIYN
TSTLQS
GVPSRFSGSGSGTDFTLTISSLQPEDFATYYCQQPLSRPFTFGQGTKVEIKR
TARl -100-80 (SEQ ID NO: 163)
DIQMTQSPSSLSASVGDRVTITCRASQDIDDWLLWYQQKPGKAPKLLIYQGSRL
Q
SGVPSRFSGSGSGTDFTLTISSLQPEDFATYYCQQPLSRPFTFGQGTKVEIKR
TARl-100-82 (SEQ ID NO: 164)
DIQMTQSPSSLSASVGDRVTITCRASQWIDDTLMWYQQKPGKAPKLLIYRSSML
Q
SGVPSRFSGSGSGTDFTLTISSLQPEDFATYYCQQPLSRPFTFGQGTKVEIKR
TARl-100-83 (SEQ ID NO: 165)
DIQMTQSPSSLSASVGDRVTITCRASQYIDSHLMWYQQKPGKAPKLLIYDTSRL
Q
SGVPSRFSGSGSGTDFTLTISSLQPEDFATYYCQQPLSRPFTFGQGTKVEIKR
TARl-100-84 (SEQ ID NO: 166)
DIQMTQSPSSLSASVGDRVTITCRASQHIDQHLFWYQQKPGKAPKLLIYNSSSL
QS
GVPSRFSGSGSGTDFTLTISSLQPEDFATYYCQQPLSRPFTFGQGTKVEIKR
TARl-100-89 (SEQ ID NO: 167)
DIQMTQSPSSLSASVGDRVTITCRASQHIERWLLWYQQKPGKAPKLLIYNSSKL
Q
SGVPSRFSGSGSGTDFTLTISSLQPEDFATYYCQQPLSRPFTFGQGTKVEIKR
TARl -100-90 (SEQ ID NO: 168)
DIQMTQSPSSLSASVGDRVTISCRASQHIERWLLWYQQKPGKAPKLLIYNSSKL
QS
GVPSRFSGSGSGTDFTLTISSLQPEDFATYYCQQPLSRPFTFGQGTKVEIKR
TARl-100-91 (SEQ ID NO: 169)
DIQMTQSPSSLSASVGDRVTITCRASQDIGSWLMWYQQKSGKAPKLLIYNGSAL
Q
SGVPSRFSGSGSGTDFTLTISSLQPEDFATYYCQQPLSRPFTFGQGTKVEIKR
TARl-100-92 (SEQ ID NO: 170)
DIQMTQSPSSLSASVGDRVTITCRASQHIDKWLMWYQQKPGKAPKLLIYQASKL
QSGVPSRFSGSGSGTDFTLTISSLQPEDFATYYCQQPLSRPFTFGQGTKVEIKR
TARl-100-93 (SEQ ID NO: 171)
DIQMTQSPSSLSASVGDRVTITCRASQDIEEWLMWYQQKPGKAPKLLIYNSSTL
Q
SGVPSRFSGSGSGTDFTLTISSLQPEDFATYYCQQPLSRPFTFGQGTKVEIKR
TARl -100-94 (SEQ ID NO: 172)
DIQMTQSPSSLSASVGDRVTITCRASQYIDYGLMWYQQKPGKAPKLLIYRTSEL
Q SGVPSRFSGSGSGTDFTLTISSLQPEDFATYYCQQPLSRPFTFGQ TARl
-100-95 (SEQ ID NO: 173)
DIQMTQSPSSLSASVGDRVTITCRASQNIDIHLMWYQQKPGKAPKLLIYQSSNL
QS
GVPSPFSGSGSGTDFTLTISSLQPEDFATYYCQQPLSRPFTFGQGTKVEIKRTA
Rl -100-96 (SEQ ID NO: 174)
DIQMTQSPSSLSASVGDRVTITCRASQDIGPWLLWYQQKPGKAPKLLIYQSSEL
QS
GVPSRFSGSGSGTDFTLTISSLQPEDLATYYCQQPLSRPFTFGQGTKVEIKR
TARl-100-97 (SEQ ID NO: 175)
DIQMTQSPSSLSASVGDRVTITCRASQEIGVWLMWYQQKPGKAPKLLIYEGSRL
Q
SGVPSRPSGSGSGTDFTLTISSLQPEDFATYYCQQPLSRPFVFGQGTKVEIKR
TARl-100-98 (SEQ ID NO: 176)
DIQMTQSPSSLSASVGDRVTITCRASQSIGKWLMWYQQKPGKAPKLLIYQSSLL
Q
SGVPSRFSGSGSGTDFTLTISSLQPEDFATYYCQQPLSRPFTFGQGTKVEIKR
TARl-100-99 (SEQ ID NO: 177)
DIQMTQSPSSLSASVGDRVTITCRASQDIDTWLFWYQQKPGKAPKLLIYNGSRL
Q
SGVPSRFSGSGSGTDFTLTISGLQPEDFATYYCQQPLSRPFTFGQGTKVEIKR
TARl-100-100 (SEQ ID NO: 178)
DIQMTQSPSSLSASVGDRVTITCRASQPIDSWLMWYQQKPGKAPKLLIYQASRL
Q
SGVPSRFSGSGSGTDFTLTISSLQPEDFATYYCQQPLSRPFTFGQGTKVEIKR
TARl-100-101 (SEQ ID NO: 179)
DIQMTQSPSSLSASVGDRVTITCRASQDIEGWLLWYQQKPGKAPKLLIYNSSTL
QS
GVPSRFSGSGSGTDFTLTISSLQPEDFATYYCQQPLSRPFTFGQGTKVEIKR
TARl -100- 102 (SEQ ID NO: 180)
DIQMTQSPSSLSASVGDRVTITCRASQHIDDWLFWYQQKPGKAPKLLIYRASFL
Q
SGVPSRFSGSGSGTDFTLTISSLQPEDFATYYCQQPLSRPFTFGQGTKVEIKR
TARl-100-103 (SEQ ID NO: 181)
DIQMTQSPSSLSASVGDRVTITCRASQDIDTWLFWYQQKPGKAPKLLIYNGSRL
Q
SGVPSRFSGSGSGTDFTLTISGLQPEDFATYYCQQPLSRPFTFGQGTKVEIKR
TARl-100-105 (SEQ ID NO: 182)
DIQMTQSPSSLSASVGDRVTITCRASQPIEEWLLWYQQKPGKAPKLLIYNGSHL
QS
GVPSRFSGSGSGTDFTLTISSLQPEDFATYYCQQPLSRPFTFGQGTKVEIKR
TARl-100-106 (SEQ IDNO: 183)
DIQMTQSPSSLSASVGDRVTITCRASQHIDKWLMWYQQKPGKAPKLLIYQASKL
QSGVPSRFSGSGSGTDFTLTISSLQPEDFATYYCQQPLSRPFTFGQGTKVEIKR
TARl -100- 107 (SEQ ID NO: 184)
DIQMTQSPSSLSASVGDRVTITCRASQDIEEWLMWYQQKPGKAPKLLIYNSSTL
Q
SGVPSRFSGSGSGTDFTLTISSLQPEDYATYYCQQPLSRPFTFGQGTKVEIKR
TARl -100- 108 (SEQ ID NO: 185)
DIQMTQSPSSLSASVGDRVTITCRASQPIDYGLMWYQQKPGKAPKLLIYRSSQL
Q
SGVPSRFSGSGSGTDFTLTISSLQPEDFATYYCQQPLSRPFTFGQGTKVEIKRT
ARl-100-109 (SEQ ID NO: 186)
DIQMTQSPSSLSASVGDRVTITCRASQEIGSWLMWYQQKPGKAPKLLIYQSSKL
Q
SGVPSRFSGSGSGTDFTLTISSLQPEDFATYYCQQPLSRPFTFGQGTKVEIKR
TARl-100-1 10 (SEQ ID NO: 187)
DIQMTQSPSSLSASVGDRVTITCRASQPIDSWLLWYQQKPGKAPKLLIYNASSL
QS
GVPSRFSGSGSGTDFTLTISSLQPEDFATYYCQQPLSRPFTFGQGTKVEIKR
TARl-100-111 (SEQ ID NO: 188)
DIQMTQSPSSLSASVGDRVTITCRASQDIGPWLMWYQQKPGKAPKLLIYQASAL
Q
SGVPSRFSGSGSGTDFTLTISSLQPEDFATYYCQQPLSRPFTFGQGTKVEIKR
TARl-100-1 12 (SEQ ID NO: 189)
DIQMTQSPSSLSASVGDRVTITCRASQNIHEWLMWYQQKPGKAPKLLIYQGSRL
Q
SGVPSRFSGSGSGTDFTLTISSLQPEDFATYYCQQPLSRPFTFGQGTKVEIKR
TARl-100-113 (SEQ ID NO: 190)
DIQMTQSPSSLSASVGDRVTITCRASQDIGPWLMWYQQKPGKAPKLLIYQASAL
Q
SGVPSRFSGSGSGTDFTLTISSLQPEDSATYYCQQPLSRPFTFGQGTKVEIKR
The sequence of the TARl -5-19 anti-human TNF-a dAb
adapted to various formats in these examples is as
follows: TAR1-5-19 Amino acid (SEQ ID NO: 191)
DIQMTQSPSSLSASVGDRVTITCRASQSVKEFLWWYQQKPGKAPKLLIYMASNL
QSGVPS
RFSGSGSGTDFTLTISSLQPEDFATYYCQQKFKLPRTFGQGTKVEIKR
Nucleotide (SEQ ID NO: 115)
gacatccagatgacccagtctccatcctccctgtctgcatctgtaggagaccgt
gtcacc
atcacttgccgggcaagtcagagcgttaaggagtttttatggtggtaccagcag
aaacca
gggaaagccGctaagctcctgatctatatggcatccaatttgcaaagtggggtc
ccatca
cgtttcagtggcagtggatctgggacagatttcactctcaccatcagcagtctg
caacct
gaagattttgctacgtactactgtcaacagaagtttaagctgcctcgtacgttc
ggccaa gggaccaaggtggaaatcaaacgg Example 14: Efficacy
study of PEGylated TAR1-5-19 in a prophylactic model
of arthritis. TgI 97 mice are transgenic for the human
TNF-globin hybrid gene and heterozygotes at 4-7 weeks
of age develop a chronic, progressive polyarthritis
withhistological features in common with rheumatoid
arthritis [Keffer , J., Probert, L.,Cazlaris, H.,
Georgopoulos, S.,Kaslaris, E., Kioussis, D., Kollias,
G. (1991). Transgenic mice expressing human tumor
necrosis factor: a predictive genetic model of
arthritis. EMBO J., Vol. 10, pp. 4025-4031.] To test
the efficacy of a PEGylated dAb (PEG format being
2x20k branched with 2 sites for attachment of the dAb
[i.e. 4OK mPEG2 MAL2], the dAb being TAR1-5- 19cys) in
the prevention of arthritis in the TgI 97 model,
heterozygous transgenic mice were divided into groups
of 10 animals with equal numbers of male and females.
Treatment commenced at 3 weeks of age with weekly
intraperitoneal injections of test items. The
expression and PEGylation of TARl-5-19cys monomer is
outlined in Section 1.3.3, example 1. All protein
preparations were in phosphate buffered saline and
were tested for acceptable levels of endotoxins. The
study was performed blind. Each week the animals were
weighed and the macrophenotypic signs of arthritis
scored according to the following system: 0 = no
arthritis (normal appearance and flexion), 1 = mild
arthritis (joint distortion), 2 = moderate arthritis
(swelling, joint deformation), 3 = heavy arthritis
(severely impaired movement). The outcome of the study
clearly demonstrated that 10mg/kg PEGylated TARl -5-
19 inhibited the development of arthritis with a
significant difference between the arthritic scoring
of the saline control and treated group. The lmg/kg
dose of PEGylated TARl -5- 19 also produced a
statistically significantly lower median arthritic
score than saline control group (P<0.05% using normal
approximation to the Wilcoxon Test). Example 15:
Efficacy study of PEGylated TAR1-5-19 in a therapeutic
model of arthritis. To test the efficacy of a
PEGylated dAb in the therapeutic model of arthritis in
the Tg197 model, heterozygous transgenic mice were
divided into groups of 10 animals with equal numbers
of male and females. Treatment commenced at 6 weeks of
age when the animals had significant arthritic
phenotypes. Treatment was twice weekly with
4.6mg/kgintraperitoneal injections of test items. The
sample preparation and disease scoring are as
described above in Example 14. The arthritic scoring
clearly demonstrated that PEGylated TARl -5-19
inhibited the progression of arthritis in a
therapeutic model. The 4.6mg/kg dose of PEGylated TARl
-5- 19 produced a statistically significantly lower
median arthritic score than saline control group at
week 9 (P<0.01% using normal approximation to the
Wilcoxon Test). Example 16: dAb Efficacy in a Slow
Release Format To test the efficacy of a dAb from a
slow release format, a dAb with a small PEG molecule
(where the PEG is 4x5k with four sites for attachment
of a dAb with a Cterminal cys residue, the dAb being
TARl -5- 19 [i.e. 2OK PEG 4 arm MAL]) was loaded into
a 0.2 ml osmotic pump. The pump had a release rate of
0.2 ml over a 4 week period was implanted
subcutaneously into mice at week 6 in the therapeutic
TgI 97 model as described above. The arthritic scores
of these animals increased at a clearly slower rate
when compared to animals implanted with pumps loaded
with saline. This demonstrates that dAbs are
efficacious when delivered from a slow release format.
Example 17: Half-life stabilized anti-human TNF-a dAb
prevents the onset of RA in the Tgl97 mouse model. The
dAb monomer TARl -5- 19 described herein is an
affinity matured dAb monomer derived from a dAb
initially selected using passively coated TNF-a. The
initial clone had a ND50 in the L929 TNF-cytotoxicity
neutralization assay greater than 5 mM. TARl -5- 19
has an ND50 of less than 30 nM. When formatted as an
Fc Fusion as described herein, the TAR1-5-19 clone has
anND50 of less than 5 nM in the L929 assay. The serum
half-life of TARl -5- 19 dAb Fc-fusion was examined
following injection into mice. Results are shown in
Figure 24. Where the TARl -5- 19 dAb monomer had a
tl/2 b of approximately 20 minutes, the Fc-fusion
formatted version of the same dAb had a tl/2 b of
greater than 24 hours, representing a greater than
70-fold increase in serum half-life.The TAR1-5- 19 dAb
Fc fusion construct was tested in the Tg197 mouse
model of RA described herein above. Mice were divided
into five groups of 10, with equal numbers of male and
female mice per group. Treatment with twice weekly IP
injections of TARl -5- 19 dAb Fc fusion, ENBREL or
saline was begun at 3 weeks of age, a time at which RA
symptoms have not yet manifested. The study was
conducted for 7 weeks. As shown in Figure 25, two
dosages of the TARl -5- 19 dAb Fc fusion, 1mg/kg and
10 mg/kg, were administered. Negative control animals
received a negative control anti-b- gal Fc fusion
twice weekly at 10 mg/kg, and one group was treated
twice weekly with saline injection. For comparison,
one group received 10 mg/kg of ENBREL twice weekly.
Animals were assessed for arthritic scores as
described herein, in a blinded manner. At the end of
the 7 week course of treatment, animals receiving the
twice weekly dosage of 10 mg/kg of the TARl -5-19 dAb
Fc fusion had lower arthritic scores than the animals
receiving ENBREL at 10 mg/kg, and had experienced
essentially complete prevention of arthritic disease
relative to non-treated animals or animals receiving
the negative control dAb Fc fusion. TNF-a is
associated with cachexia. Animals were weighed
throughout the course of anti-TNF-a dAb treatment. The
weights of the animals receiving the TAR1-5-19 dAb Fc
fusion were significantly greater than those receiving
negative control dAb Fc fusion and no treatment and
similar to the weights of the animals receiving ENBREL
injections. In summary, 10 mg/kg TARl -5- 19
completely prevented the onset of arthritis in the
Tgl97 model. This response was dose-dependent, with a
partial effect resulting from a 1mg/kg dose, and the
response was superior to that observed with a similar
dose of the existing anti-TNF-a drug ENBREL. This
study demonstrates the efficacy of dAbs as
therapeutics in a clinically accepted model of human
disease. Histopathological analyses of fixed sections
from the joints of the animals are in agreement with
these data (not shown). Example 18: In vivo studies on
differing extended half-life formats. In one series of
studies, three different extended half-life anti-TNF-a
dAb formats were examined for their effect on
arthritic score. These formats were an anti-TNF-a
dAbFc fusion (two anti-human TNF-a dAbs homodimerized
by fusion to human IgG CH2/C H3 region), two different
PEG-linked anti-TNF-a dAb constructs (a homodimer
formed by the cys-maleimide linkage of two identical
dAbs to a 2x20K branched PEG and a homotetramer formed
by the cys-maleimide linkage of four identical dAbs to
a 4x1OK branched PEG) and a dual-specific
anti-TNF-a/Anti SA dAb comprising two identical
anti-TNF-a dAbs followed by an anti-mouse serum
albumin dAb. In separate studies, drug compositions
were administered either weekly at 10 mg/kg or 1 mg/kg
as shown in Figure 26 or twice weekly at varying
doses, commencing at 3 weeks of age and continuing for
7 weeks. The PEGylated anti-TNF dAb homodimer was
effective at 10 mg/kg in the weekly injection protocol
for the complete prevention of arthritis based on
arthritic score. Current anti-TNF-a drug used for
comparison had a reduced arthritic score relative to
untreated animals, but the score was higher in a
statistically significant manner than the score
achieved with the PEGylated dAb construct. The
anti-TNF-a/anti-SA dual specific and the Fc fusion
showed effect relative to no treatment. In the 1 mg/kg
weekly injection regimen, while none of the treatments
was 100% effective at preventing the onset of disease,
the PEGylated anti-TNF-a dAb construct was still
highly effective in preventing the progression of
disease symptoms relative to no treatment and current
anti-TNF-a drug. In this dosing regimen, the
anti-TNF-a dAb Fc fusion and the dual-specific
construct were also more effective than the current
drug. In summary, the weekly dosing regimen studies
with three different formats of half-life-extended
dAbs further validates the efficacy of treatment in a
clinically accepted model of human disease. Example
19: Efficacy of anti-human TNF-a dAbs in the Tgl97
mouse RA model relative to existing anti-TNF-a
therapeutics against established disease. In this
study, the efficacy of various formats and dosage
regimens of anti-TNF-a dAb constructs against
established disease was compared to that of equal
molar doses of the current anti-TNF-a therapeutics
ENBREL, HUMIRA and REMICADE in the TgI 97 RA model.
Animals were administered the therapeutics starting at
6 weeks, instead of at3 weeks, such that arthritic
symptoms had already manifested. Symptoms were
monitored by histology (at 9 weeks) and arthritic
scoring (weekly) in a blinded manner. The various
formats and dosages for twice-weekly administration
are shown in Figure 27. Formats included the Fc fusion
(two copies of the TAR1-5-19 dAb homodimerized by
fusion to human IgGl CH2/CH3 region), the TAR1-5-19
dAb PEG dimer (a homodimer formed by the cys-maleimide
linkage of two identical dAbs to a 2x20K branched
PEG), the TARl -5-19 dAb PEG tetramer (a homotetramer
formed by the cys-maleimide linkage of four identical
dAbs to a 4xlOK branched PEG), the TARl- 5-19 dAb/anti
mouse SA dual-specific (linear fusion of two identical
anti-TNF-a dAbs followed by an anti-mouse serum
albumin dAb). The dosing regimen is shown
schematically in Figure 28. Continuous administration
of a 4x5k PEGylated TAR1-5-19 construct via an
implanted osmotic pump was also evaluated. The results
of the study showed not one of the current biologies
appreciably reversed the arthritic score by 9 weeks.
The TAR formats all to a greater or lesser degree
stabilized the arthritic score when compared with the
saline control, and this was statistically
significant. Moreover when compared with the week 6
score there were signs of disease reversal. The
arthritic joints at week 9 when examined for
histopathological disease status also showed a
reduction in disease severity following treatment with
the TAR formats when compared with the joints at week
6. This confirms that the TAR formats can elicit a
reversal of the arthritic phenotype of the established
disease. These studies demonstrate the effectiveness
of the tested anti-TNF-a dAb constructs against
established arthritic disease, including the ability
of a TNF-a dAb to at least partially reverse the
course of disease. Example 20: Efficacy of an anti-TNF
dAb as a fusion with an anti-serum albumin dAb A
Efficacy study ofTARl-5-19/anti-serum albumin
dAbfusion in aprophylactic model of arthritis. TgI 97
mice are transgenic for the human TNF-globin hybrid
gene and heterozygotes at 4-7 weeks of age develop a
chronic, progressive polyarthritis withhistological
features in common with rheumatoid arthritis [Keffer,
J., Probert, L.,Cazlaris, H., Georgopoulos, S.,
Kaslaris, E., Kioussis, D., Kollias, G. (1991).
Transgenic mice expressing human tumour necrosis
factor: a predictive genetic model of arthritis. EMBO
J, Vol. 10, pp. 4025-4031.] To test the efficacy of a
TARl-5-19/anti-serum albumin dAb fusion (an inline
trimer of 3 dAbs, being TAR1-5-19, TAR1-5-19 and an
anti-mouse serum albumin dAb) in the prevention of
arthritis in the TgI 97 model, heterozygous transgenic
mice were divided into groups of 10 animals with equal
numbers of male and females. Treatment commenced at 3
weeks of age with weekly intraperitoneal injections of
test items. TARl- 5-19/anti-serum albumin dAb fusion
was expressed in E. coli with a C-terminal hexa
histidine tag and purified by Ni affinity
chromatography, IEX and gel filtration. AU protein
preparations were in phosphate buffered saline and
were tested for acceptable levels of endotoxins. The
study was performed blind. Each week the animals were
weighed and the 



macrophenotypic signs of arthritis scored according to
the following system: 0 = no arthritis (normal
appearance and flexion), 1= mild arthritis (joint
distortion), 2 = moderate arthritis (swelling, joint
deformation), 3 = heavy arthritis (severely impaired
movement). The outcome of the study clearly
demonstrated that lOmg/kg TARl-5-19/anti-serum albumin
dAb fusion inhibited the development of arthritis with
a significant difference between the arthritic scoring
of the saline control and treated group. The lmg/kg
dose of TARl-5-19/anti-serum albumin dAb fusion also
produced a statistically significantly lower median
arthritic score than saline control group (P<2% using
normal approximation to the Wilcoxon Test). B Efficacy
study ofTARl-5-19/anti-serum albumin dAbfusion in a
therapeutic model of arthritis. To test the efficacy
of a TARl-5-19/anti-serum albumin dAb fusion in the
therapeutic model of arthritis in the TgI 97 model,
heterozygous transgenic mice were divided into groups
of 10 animals with equal numbers of male and females.
Treatment commenced at 6 weeks of age when the animals
had significant arthritic phenotypes.Treatment was
twice weekly with 2.7mg/kg intraperitoneal injections
of test items. The sample preparation and disease
scoring are as described above. The arthritic scoring
clearly demonstrated that TARl-5-19/anti-serum albumin
dAb fusion inhibited the progression of arthritis in a
therapeutic model. The 2.7mg/kg dose of
TARl-5-19/anti-serum albumin dAb fusion produced a
statistically significantly lower median arthritic
score than saline control group at week 9 (P<0.05%
using normal approximation to the Wilcoxon Test). This
clearly demonstrates that anti-TNF dAbs can be
effective in a format with anti-SA dAbs and that the
anti-SA dAb has extended the serum half life of the
anti-TNF dAb from that which would be expected for an
anti-TNF dAb alone. Example 21: Examination of the
effects of anti-TNF-a dAbs as disclosed herein on
arthritic and histopathological scores in the TgI 97
mouse model of RA. Two additional studies were carried
out examining the effects of anti-TNF-a dAbs on
arthritic and histopathologic scores in the Tg197
model of RA. In the first study, a TARl -5- 19 dAb Fc
fusion as described above was administered at 10
mg/kg, twice weekly commencing at 3 weeks of age -
before the onset of RA symptoms. Results were judged
in comparison with saline, ENBREL and control Fc
fusion dAb injection on the same schedule. The TARl
-5-19 dAb Fc fusion was more effective than ENBREL in
preventing the onset of RA symptoms in the mice as
judged by arthritic score and from analysis of the
histology slides. In the second study, the effects of
weekly injections of anti-TNF-a dAb Fc fusion, PEG
dimer and dual-specific anti-TNF/antiSA at 10 or 1
mg/kg, commencing at 3 weeks of age. Comparison is to
ENBREL and HUMIRA. The arthritic scores for all the
TAR formats, given as either 1mg/kg or lOmg/kg doses,
were reduced when compared with the saline control.
Moreover there was evidence of a delay in the onset of
the disease. The PEGylated and anti-SA dual specific
formatswere more effective at reducing the severity of
the arthritis when compared with Humira and Enbrel. In
addition analysis of the histology of the joints at
week 10 also showed that the TAR formats had been
efficacious and reduced the disease severity when
compared with the saline control. In summary, the TARl
-5- 19 anti-TNF-dAb in the Fc fusion, PEGylated and
anti- SA dual specific formats are all effective
against RA symptoms in the Tg197 model system, whether
administered before or after the onset of arthritic
symptoms. The most effective anti-TNF dAb formats are
either equivalent to or more effective than HUMIRA,
and the most effective anti-TNF dAb formats are
significantly more effective than ENBREL in all
studies. Example 22: Anti-human VEGF dAbs TAR15
(anti-human VEGF) VK dAbs that bind human VEGF are
described below. RBA refers to the VEGF receptor 2
binding assay described herein. The TARl 5-1 clone has
a Kd of 50-80 nM when tested at various concentrations
on a low density BIAcore chip. Other VK clones were
passed over the low density chip at one concentration
(5OnM). Different clones show different kinetic
profiles. Amino acid sequences: Consensus sequence:
W28, G30, E32, S34, H50 and Y93.Additional TARl 5
anti-human VEGF dAb clones have a consensus sequence:
W28, G30, E32, S34, H50 and Y93, as shown in TAR15-10
below. TAR15-1 (SEQ ID NO: 192)
DIQMTQSPSSLSASVGDRVTITCRASQWIGPELSWYQQKPGKAPKLLIYHGSIL
QS GV
PSRFSGSGSGTDFTLTISSLQPEDFATYYCQQRMYRPATFGQGTKVEIKR
TAR15-3 (SEQ ID NO: 193)
DIQMTQSPSSLSASVGDRVTITCRASQWIGRELKWYQQKPGKAPRLLIYHGSVL
QSG
VPSRFSGSGSGTDFTLTISSLQPEDFATYYCQQDFFVPDTFGQGTKVEIKR
TARl 5-4 (SEQ ID NO: 194)
DIQMTQSPSSLSASVGDRVTITCRASQDIANDLMWYQQKPGKAPKLLIYRNSRL
Q GG
VPSRFSGSGSGTDFTLTISSLQPEDFATYYCQQLVHRPYTIGQGTKVEIKR
TARl 5-9 (SEQ ID NO: 195)
DIQMTQSPSSLSASVGDRVTITCRASQFIGPHLTWYQQKPGKAPKLLIYHSSLL
QS GV
PSRFSGSGSGTDFTLTISSLQPEDFATYYCQQYMYYPSTFGQGTKVKIKR
TAR15-10 (SEQ ID NO: 196)
DIQMTQSPSSLSASVGDRVTITCRASQWIGPELSWYQQKPGKAPKLLIYHTSIL
QS GVP
SRFSGSGSGTDFTLTISSLQPEDFATYYCQQYMFQPRTFGQGTKVEIRR
TAR15-11 (SEQ ID NO: 197)
DIQMIQSPSSLSASVGDRVTITCRASQFIGNELSWYQQKPGKAPKLLIYHASSL
QS GV
PSRFSGSGSGTDFTLTISSLQPEDFATYYCQQVLGYPYTFGQGTKVEIKR
TAR15-12 (SEQ ID NO: 198)
DIQMTQSPSSLSASVGDRVTITCRASQWIGPELSWYQQKPGKAPKLLIYHGSIL
Q SG
VPSRFSGSGSGTDFTLTISSLQPEDFATYYCQQVLYSPLTFGQGTKVEIKR
TAR15-13 (SEQ ID NO: 199)
DIQMTQSPSSLSASVGDRVTITCRASQWIGNELKWYQQKPGKAPKLLIYMSSLL
QSG
VPSRFSGSGSGTDFTLTISSLQPEDLATYYCQQTLLLPFTFGQGTKVEIKR
TAR15-14 (SEQ ID NO: 200)
DIQMTQSPSSLSASVGDRVTITCRASQWIGPELSWYQQKPGKAPKLLIYHGSIL
Q SG
VPSRFSGSGSGTDFTLTISSLQPEDFATYYCQQRLYYPGTFGQGTKVEIKRTAR
15-15 (SEQ ID NO: 201)
DIQMTQSPSSLSASVGDRVTITCRASQSIGRELSWYQQKPGKAPMLLIYHSSNL
Q SG
VPSRFSGSGSGTDFTLTISSLQPEDFATYYCQQGMYWPYTFGQGTKVEIKR
TAR15-16 (SEQ ID NO: 202)
DIQMTQSPSSLSASVGDRVTITCRASQWIKPALHWYQQKPGKAPKLLIYHGSIL
QS GV
PSRFSGSGSGTDFTLTISSLQPEDFATYYCQQTLFMPYTFGQGTKVEIKR
TAR15-17 (SEQ ID NO: 203)
DIQMTQSPSSLSASVGDRVTITCRASQSISTALLWYQQKPGKAPKLLIYNGSML
PN GVP
SRFSGSGSGTDFTLTISSLQPEDFATYYCQQTWDTPMTFGQGTKVEIKR TARl
5-18 (SEQ ID NO: 204)
DIQMTQSPSSLSASVGDRVTITCRASQWIGHDLSWYQQKPGKAPKLLIYHSSSL
QS GV
PSRFSGSGSGTDFTLTISSLQPEDVATYYCQQLMGYPFTFGQGTKVEIKR
TAR15-19 (SEQ IDNO: 205)
DIQMTQSPSSLSASVGDRVTITCRASQDIGGLLVWYQQKPGKAPKLLIYRSSYL
Q SGV
PSRFSGSGSGTDFTLTISSLQPEDFATYYCQQTWGIPHTFGQGTKVEIKR
TARl 5-20 (SEQ ID NO: 206)
DIQMTQSPSSLSASVGDRVTITCRASQKIFNGLSWYQQKPGKAPKLLIYHSSTL
QS GVP
SRFSGSGSGTDFTLTISSLQPEDFATYYCQQVLLYPYTFGQGTKVEIKR TAR
15-22 (SEQ ID NO: 207)
DIQMTQSPSSLSASVGDRVTITCRASQSIGTNLSWYQQKPGKAPRLLIYRTSML
Q SG
VPSRFSGSGSGTDFTLTISSLQPEDFATYYCQQQFFWPHTFGQGTKVEIKR VH
dAbs that bind human VEGF are described below. These
clones give a reduction (more than 50%) in the
supernatant RBA (R2):VH clones were passed over the
low density VEGF chip on a BIAcore at one
concentration (5OnM). Different clones give different
kinetic profiles. Amino acid sequences: TAR15-5 (SEQ
ID NO: 208)
EVQLLESGGGLVQPGGSLRLSCAASGFTFRLYDMVWVRQAPGKGLEWVSYISSG
GSGTYYADS
VKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCAKAGGRASFDYWGQGTLVTVS
S TAR15-6_(SEQ IDNO: 209)
EVQLLESGGGLVQPGGSLRLSCAASGFTFHLYDMMWVRQAPGKGLEWVSFIGGD
GLNTYYAD
SVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCAKAGTQFDYWGQGTLVTVSS
TAR15-7 (SEQ IDNO: 210)
EVQLLESGGGLVQPGGSLRLSCAASGFTFNKYPMMWVRQAPGKGLEWVSEISPS
GQDTYYAD
SVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCAKNPQILSNFDYWGQGTLVT
VSS TAR15-8 (SEQ ID NO: 2 11)
EVQLLESGGGLVQPGGSLRLSCAASGFTFQWYPMWWVRQAPGKGLEWVSLIEGQ
GDRTYYAD
SVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCAKAGDRTAGSRGNSFDYWGQ
GTLVTVSS TAR15-23 (SEQ IDNO: 212)
EVQLLESGGGLVQPGGSLRLSCAASGFTFKAYEMGWVRQAPGKGLEWVSGISPN
GGWTYYAD
SVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCAKESISPTPLGFDYWGQGTL
VTVSS TAR15-24 (SEQ ID NO: 213)
EVQLLESGGGLVQPGGSLRLSCAASGFTFTGYEMGWVRQAPGKGLEWVSYISRG
GRWTYYAD
SVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCAKSDTMFDYWGQGTLVTVSS
TAR15-25 (SEQ ID NO: 214)
EVQLLESGGGLVQPGGSLRLSCAASGFTFSAYEMGWVRQAPGKGLEWVSFISGG
GRWTYYAD
SVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCAKYSEDFDYWGQGTLVTVSS
TAR15-26 (SEQ IDNO: 215)
EVQLLESGGGLVQPGGSLRLSCAASGFTFGAYPMMWVRQAPGKGLEWVSEISPS
GSYTYYADS
VKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCAKDPRKFDYWGQGTLVTVSST
AR15-27 (SEQ ID NO: 216)
EVQLLESGGGLVQPGGSLRLSCAASGFTFQFYKMGWVRQAPGKGLEWVSSISSV
GDATYYADS
VKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCAKMGGGPPTYVVYFDYWGQGT
LVTVSS TAR15-29 (SEQ ID NO: 217)
EVQLLESGGGLVQPGGSLRLSCAASGFTFGEYGMYWVRQAPGKGLEWVSSISER
GRLTYYADS
VKGRFTISRDNSKNTLYLQMNNLRAEDTAVYYCAKSALSSEGFSRSFDYWGQGT
LVTVSS TAR15-30 (SEQ ID NO: 218)
EVQLLESGGGLVQPGGSLRLSCAASGFTFSDYAMYWVRQAPGKGLEWVSSITAR
GFITYYADS
VKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCAKSGFPHKSGSNYFDYWGQGT
LVTVSS Example 23: Additional studies with anti-VEGF
dAbs Anti VEGF dAbs as described herein can be tested
for efficacy in various formats as described above for
the anti-TNF-a dAbs, including, for example, Fc
fusion, Fabs, PEGylated forms, dimers, tetramers, and
anti-SA dual specific forms. The anti-VEGF dAbs can
also be evaluated not only with anti-TNF-a dAbs as
described herein, but also with other
anti-TNF-apreparations, such as HUMIRA, ENBREL, and/or
REMICADE. The additional studies can be carried out to
examine the effects of anti-VEGF dAbs on, for example,
arthritic and histopathologic scores in the TgI 97
model of RA. For example, a TARl 5 dAb Fc fusion
similar to the TARl -5- 19 Fc fusions described herein
above is administered IP at 1 mg/kg or 10 mg/kg,
weekly or twice weekly commencing at 3 weeks of age
(before the onset of RA symptoms), or at 6 weeks of
age (after the onset of symptoms) and continuing for
up to 7 weeks or more. Results are judged in
comparison with saline, control Fc fusion
(anti-b-gal), TARl -5- 19 alone, ENBREL, REMICADE
and/or HUMIRA, preferably in equal molar amounts.
Animals are scored for macrophenotypic indicia (e.g.,
arthritic score) and histopathological scores as
described above. Efficacy is demonstrated by any of i)
a failure to develop disease symptoms (as evidenced by
arthritic or histopathological scores) when
administered to animals beginning at 3 weeks of age,
ii) lessened severity of disease symptoms appearing
when administered starting at 3 weeks of age, relative
to control animals,iii) failure to progress to more
severe disease or progression at a lower rate relative
to control animals when administered beginning at 6
weeks of age, iv) reversal of symptoms (again, by
arthritic score or hostopathological score) at any of
7, 8, 9, 10, 11, 12, or 14 weeks when administered to
an animal beginning at 6 weeks of age. Similar studies
can be carried out with each of the different formats
described above, e.g., Fabs, PEGylated forms, dimers,
tetramers, and anti-SA dual specific forms. Anti VEGF
dAbs such as TAR15 dAb can also be administered to the
Tgl97 mouse model in combination with HUMIRA, ENBREL,
and/or REMICADE. Such studies are performed in the
same manner as described above for the testing of VEGF
dAbs alone, and efficacy is also determined in the
same manner. Example 24: Evaluation of anti-TNF-a dAbs
in a Crohn's disease model To evaluate the
effectiveness of anti-TNF-a dAbs (and/or anti-VEGF
dAbs) in Crohn's disease, the Tnf 1 transgenic mouse
model of Crohn's disease originally described by
Kontoyiannis et al., 1999, Immunity 10: 387-398 is
used (the DSS model can also be used in a similar
fashion). The animals develop an IBD phenotype with
similarity to Crohn's disease starting between 4 and 8
weeks of age. Therefore, anti- TNF-a dAb, e.g.,
TARl-5-19 in various formats (Fc fusion, Fab,
PEGylated (dimeric, tetrameric, etc.), dual specific
with VEGF, dual specific with anti-SA, etc.) is
administered at either 3 weeks of age (to test
prevention of disease) or 6 weeks of age (to test
stabilization, prevention of progression or reversal
of disease symptoms), and animals are scored by weight
and histologically as described herein. IP dosages of
1 mg/kg and 10 mg/kg are used for initial studies,
with adjustments made in accord to the results of
these initial studies. Test compositions are
administered either weekly or twice weekly, or can be
administered continuously, for example, using an
osmotic pump. Alternatively, oral delivery
formulations, e.g., by oral gavage with Zantac or by
enteric coatedformulations can also be applied. The
studies are continued for up to 7 weeks or more once
initiated. Efficacy in the TNFAARE model of Crohn's
disease is shown by any of: i) a failure to develop
disease symptoms when administered to animals
beginning at 3 weeks of age, ii) lessened severity of
disease symptoms appearing when administered starting
at 3 weeks of age, relative to control animals, iii)
failure to progress to more severe disease or
progression at a lower rate relative to control
animals when administered beginning at 6 weeks of age,
iv) reversal of symptoms at any of 7, 8, 9, 10, 11,
12, or 14 weeks when administered to an animal
beginning at 6 weeks of age. In particular, treatment
is considered effective if the average
histopathological disease score is lower in treated
animals (by a statistically significant amount) than
that of a vehicle control group. Treatment is also
considered effective if the average histopathological
score is lower by at least 0.5 units, at least 1.0
unit, at least 1.5 units, at least 2.0 units, at least
2.5 units, at least 3.0 units, or by at least 3.5
units relative to the vehicle-only control group.
Alternatively, the treatment is effective if the
average histopatholigical score remains at or is
lowered to 0 to 0.5 throughout the course of the
therapeutic regimen. As with the RA model, the effect
of combination therapies with dAbs specific for VEGF
or with other anti-TNF-a compositions (e.g., ENBREL,
REMICADE and/or HUMIRA) is also evaluated in this
model. Example 25: Dual-specific IgG directed against
human TNF-alpha and human VEGF In the engineered
IgG-like dual-specific format described below, dAbs of
two different specificities are fused to heavy and
light chain constant domains, respectively. Upon
co-expression in a cell, a two-armed IgG-like molecule
is generated in which twovariable domains capable of
binding to two therapeutic targets (e.g., one specific
for TNF- a and one specific for VEGF) are present on
each arm of the dual targeting IgG. DNA constructs.
Mammalian expression vectors used were based on the
Invitrogen pcDNA3.1 backbone, which facilitates gene
expression in mammalian cells via the CMV immediate
early promoter. For heavy chain expression, a cassette
consisting of a human CD33 signal peptide and the
human IgGl heavy chain constant domain was inserted
into the Nhel and Xbal restriction sites of the vector
pcDNA3.1(+), and variable domains specific for VEGF
and expressed as part of the heavy chain polypeptide
were cloned into this cassette between the CD33 signal
peptide and the IgGl heavy chain constant domain,
using HindIII and Notl restriction sites. For light
chain expression, a cassette consisting of a CD33
signal peptide and the human C kappa constant domain
was inserted into the Nhel and Xhol restriction sites
of the vector pcDNA3.1zeo(+), and variable domains
specific for TNF-alpha and expressed as part of the
light chain polypeptide were cloned into this cassette
between the CD33 signal peptide and the C kappa
constant domain, using HindIII and Notl restriction
sites. Protein expression and purification. DNA of the
heavy and light chain expression vectors was prepared
using the Qiagen EndoFree plasmid Mega kit according
to manufacturer's instructions, and used to transfect
HEK293 (obtained from the European Collection of Cell
Cultures) or Cos-7 cells (obtained from the American
Type Culture Collection) with the Roche transfection
reagent Fugene , according to manufacturer's
instructions. After 5 days, culture supernatants were
harvested by centrifugation and secreted dual-specific
antibodies were purified using two-step affinity
purification. First, culture supernatants were
supplemented with phosphate-buffered saline (PBS) to a
final concentration of 1.5x PBS, and antibodies were
captured on Amersham Streamline protein A resin.
Resins were washed with 2x PBS, followed by 1OmM Tris
pH8, and bound antibodies were eluted using 0.1M
glycine pH2. Eluates were neutralised by adding a 25%
volume of IM Tris pH8, and recombinant antibodies were
captured on Affitech protein L agarose resin. Resins
were again washed using 2x PBS, followed by 1OmM Tris
pH8, and bound recombinant antibodies were eluted
using 0.1M glycine pH2 and eluates neutralised by
adding a 25% volume of IM Tris pH8.Analysis of
recombinant antibodies. The purified recombinant
antibodies were quantified on a spectrophotometer
using absorbance reading at 280nm and analysed by
SDS-PAGE, using Invitrogen NuPAGE 4-12% Bis-Tris gels
and SilverQuest staining, according to manufacturer's
instructions. Figure 29 shows the SDS-PAGE analysis of
a dual-specific antibody that comprises a kappa
variable domain specific for human VEGF 



fused to the human IgGl heavy chain constant domain
and a kappa variable domain specific for human
TNF-alpha fused to the human C kappa constant domain.
Lane 1 was loaded with the Invitrogen MultiMark
molecular weight marker, lane 2 was loaded with the
dual-specific antibody in Ix Invitrogen NuPAGE LDS
sample buffer and lane 3 with the dual-specific
antibody in Ix Invitrogen NuPAGE LDS sample buffer
supplemented with 1OmM betamercaptoethanol. In lane 3,
the heavy chain is seen as a 5OkDa band and the light
chain is seen as a 25kDa band. Testing of dual
specificity. The dual-specific nature of the expressed
antibodies was demonstrated by measuring the potency
of each purified batch of antibody both in a human
TNF-cell assay and in a human VEGF receptor binding
assay. The human TNF cell-based assay used was the
L929 cytotoxicity assay described by Evans (2000,
Molecular Biotechnology 15, 243-248). Briefly, L929
cells plated in microtitre plates were incubated
overnight with dual-specific antibody, 100 pg/ml TNF
and 1mg/ml actinomycin D (Sigma, Poole, UK). Cell
viability was measured by reading absorbance at 490nm
following an incubation with
[3-(4,5-dimethylthiazol-2-yl)-5-(3 -
carbboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-
tetrazolium (Promega, Madison, USA). Anti-TNF activity
led to a decrease in TNF cytotoxicity and therefore an
increase in absorbance compared with the TNF only
control. VEGF activity was measured using the VEGFR2
binding assay essentially as described above in the
section titled "Preparation of immunoglogulin based
multi-specific ligands." Briefly, a 96 well Nunc
Maxisorp assay plate was coated overnight with
recombinant human VEGF R2/Fc (R&D Systems, Cat. No:
357-KD-050) at 0.5 mg/ml in carbonate buffer. Wells
were washed repeatedly with 0.05% tween/PBS and then
PBS. 2% BSA in PBS was added to block the plate. Wells
were washed (as above), then purified dual-specific
antibody was added to each well. VEGF, at 6ng/ml in
diluent (for afinal concentration of 3ng/ml), was then
added to each well and the plate incubated for 2hr at
room temperature. Wells were washed as above, and then
biotinylated anti-VEGF antibody (R&D Systems, Cat No:
BAF293) at 0.5mg/ml in diluent was added and incubated
for 2hr at room temperature. Wells were washed as
above, followed by the addition of HRP conjugated
anti-biotin antibody (1:5000 dilution in diluent;
Stratech, Cat No: 200-032-096). The plate was then
incubated for lhr at room temperature. The plate was
washed as above, ensuring any traces of Tween-20 have
been removed. For detection, lOOml of SureBlue
1-Component TMB MicroWell Peroxidase solution was
added to each well. The reaction is stopped by the
addition of IM hydrochloric acid, followed by reading
OD450 using a plate reader. Figure 30 shows the
results for a dual-specific antibody that comprises a
kappa variable domain specific for human VEGF fused to
the human IgGl heavy chain constant domain and a kappa
variable domain specific for human TNF-alpha fused to
the human C kappa constant domain. The dual-specific
antibody (denoted anti-TNF-alpha x anti- VEGF) bound
both human TNF-alpha and human VEGF. The antibody is
bivalent for both targets: The ND50 for TNF-alpha is
significantly lower (24nM) than for the anti-
TNF-alpha monomer (20OnM) that is fused as a variable
domain to C kappa in the dualspecific molecule. The
EC50 for VEGF is much lower (75pM) than for the
anti-VEGF monomer (12nM, not shown) that is fused as a
variable domain to the heavy chain constant domain in
the dual-specific molecule, and also lower than for
the anti-VEGF monomer oligomerised by protein L
cross-linking (line with data points shown as squares,
99OpM). The constructs of this embodiment are
tetravalent, dual-specific antigen-binding polypeptide
constructs comprising two copies of a VH or VL single
domain antibody that binds a first epitope; and two
copies of a VH or VL single domain antibody that binds
a second epitope. Each of the two copies of the single
domain antibody that binds the first epitope is fused
to an IgG heavy chain constant domain, and each of the
two copies of the single domain antibody that binds
the second epitope is fused to a light chain constant
domain.Additional dual-specific, tetravalent
polypeptide constructs similar to those described in
this Example can be generated by one of skill in the
art using, for example, other anti-TNF-a and anti-VEGF
antibody sequences, e.g., any of those described
herein. In other embodiments, Ck or C? light chain
constant domains can be used, and IgG heavy chain
constant domains other than IgGl can also be used. Of
particular interest for use in the development into
constructs of this sort are single domain anti-TNF-a
antibody clones that prevent an increase in arthritic
score when administered to a mouse of the TgI 97
transgenic mouse model of arthritis as a dAb monomer,
and single domain anti-VEGF antibody clones that
prevent an increase in arthritic score when
administered to a mouse of a collagen-induced
arthritis mouse model as a dAb monomer. It is also
preferred that the monomer of the single domain
anti-TNF-a antibody clone neutralizes human TNF-a in
the L929 cell cytotoxicity assay described herein, and
that the monomer of the single domain anti-VEGF
antibody clone antagonizes VEGF receptor binding in an
assay of VEGF Receptor 2 binding as described herein.
It is preferred that the single domain antibody clones
used bind their respective epitopes with a K< j of
<100 nM. It is also preferred that such dual-specific,
tetravalent constructs bind the respective epitopes
with a K of <100 nM and prevent an increase in
arthritic score in either or both of the TgI 97 and
CIA models of arthritis described herein. Such
constructs can be used for the treatment of rheumatoid
arthritis in a manner similar to the other constructs
described herein, in terms of administration, dosage
and monitoring of efficacy. The half-life of the
construct can be modified as described herein above,
e.g., by addition of a PEG moiety, and/or by further
fusion of a binding moiety (e.g., a further single
domain antibody) specific for a protein that increases
circulating half-life, e.g., a serum protein such as
HSA. All publications, patents and published patent
applications mentioned in the present specification,
and references cited in said publications, are herein
incorporated by reference. Various modifications and
variations of the described methods and system of the
invention will be apparent to those skilled in the art
without departing from the scope and spirit of the
invention. Although the invention has been described
in connection with specific preferred embodiments, it
should be understood that the invention as claimed
should not be unduly limited to such specific
embodiments. Indeed, various modificationsof the
described modes for carrying out the invention which
are obvious to those skilled in molecular biology or
related fields are intended to be within the scope of
the following claims.Annex 1: polypeptides which
enhance half-life in vivo. Alpha-1 Glycoprotein
(Orosomucoid) (AAG) Alpha-1Antichyromotrypsin (ACT)
Alpha-1Antitrypsin (AAT) Alpha- 1Microglobulin
(Protein HC) (AIM) Alpha-2 Macro globulin (A2M)
Antithrombin III (AT III) Apolipoprotein A-I (Apo A-I)
Apoliprotein B (Apo B) Beta-2-microglobulin (b2M)
Ceruloplasmin (Cp) Complement Component (C3)
Complement Component (C4) Cl Esterase Inhibitor (Cl
INH) C-Reactive Protein (CRP) Cystatin C (Cys C)
Ferritin (FER) Fibrinogen (FIB) Fibronectin (FN)
Haptoglobin (Hp)Hemopexin (HPX) Immunoglobulin A (IgA)
Immunoglobulin D (IgD) Immunoglobulin E (IgE)
Immunoglobulin G (IgG) Immunoglobulin M (IgM)
Immunoglobulin Light Chains (kapa/lambda)
Lipoprotein(a) [Lp(a)] Mannose-bindign protein (MBP)
Myoglobin (Myo) Plasminogen (PSM) Prealbumin
(Transthyretin) (PAL) Retinol-binding protein (RBP)
Rheomatoid Factor (RF) Serum Amyloid A (SAA) Soluble
Tranferrin Receptor (sTfR) Transferrin (Tf)Annex
2Immunoglobulins Field of the Invention The present
invention relates to immunoglobulins that specifically
bind lnterleukin 13 (IL-13) and in particular human
IL-13 (hlL-13). One embodiment of the invention
relates to antibodies that specifically bind hlL-13.
The present invention also concerns methods of
treating diseases or disorders with said
immunoglobulins, pharmaceutical compositions
comprising said immunoglobulins and methods of
manufacture. Other aspects of the present invention
will be apparent from the description below.
Background of the Invention Interleukin-13 (IL-13)
IL-13 is a 12kDa secreted cytokine originally
described as a T cell-derived cytokine that inhibits
inflammatory cytokine production. Structural studies
indicate that it has a four-helical bundle arrangement
held by two disulphide bonds. Although IL-13 has four
potential glycosylation sites, analysis of native
IL-13 from rat lung has indicated that it is produced
as an unglycosylated molecule. Expression of human
IL-13 from NSO and COS-7 cells confirms this
observation (Eisenmesser et al, J. MoI. Biol. 2001
310(1):231-241 ; Moy et al, J. MoI. Biol 2001 3 10(1
):21 9-230; Cannon-Carlson et al, Protein Expression
and Purification 1998 12(2):239- 248).IL-13 is a
pleiotropic cytokine produced by a variety of cell
types including activated Th2 cells, mast cells,
basophils, dendritic cells, keratinocytes and NKT
cells. It can also be produced by ThO, Th1 , CD8 and
naive CD45RA + T cells. IL-13 has immunoregulatory
activities that partially overlap with those of IL4,
this redundancy may be explained by shared components
in the receptors for IL4 and IL-13. IL-13 signals
through the type Il IL4 receptor which is a
heterodimer composed of the IL4Ra and the IL-13Ra1
chains. IL-13Ra1 binds IL-13 with low affinity (Kd =
2-10 nM), but when paired with IL4Ra it binds with a
high affinity (Kd = 400 pM) and forms a functional
IL-13 receptor (the human receptor is referred to
herein as "hlL-13R") that signals, resulting in
activation of JAK/STAT and IRS- 1/IRS-2 pathways. An
additional IL-13 receptor chain has also been
characterised (IL-13Ra2) which binds IL-13 with high
affinity (Kd = 250 pM) but does not signal, instead it
is believed to act as a decoy receptor. Functional
receptors for IL-13 are expressed on a wide range of
cells including the airway epithelium, smooth muscle,
mast cells, eosinophils, basophils, B cells,
fibroblasts, monocytes and macrophages. T cells do not
have functional receptors for IL-13 (Hilton et al,
PNAS 1996 93(1):497- 501 ; Caput et al, J. Biol. Chem.
1996 271 (28):1 6921 -16926; Hershey GK, J.AIIergy
Clin. Immunol. 2003 111(4):677-690). Both IL-13 and
IL-4 act to modify immune and inflammatory responses
by promoting allergy associated inflammation and
suppressing inflammation due to bacteria, viruses and
intracellular pathogens. The principal biological
effects of IL-13 include; induction of B cell
proliferation and regulation of isotype switching to
IgE; induction of MHC Il and CD23 expression on B
cells and monocytes; up-regulation of VCAM-1 on
endothelial cells; regulation of chemokine production;
activation of mast cell, eosinophil and neutrophil
function as well as inhibition of proinflammatory gene
expression in monocyte and macrophage
populations.IL-13 does not have any proliferative
effects on T cells. Thus unlike IL4, IL-13 does not
appear to be important in the initial differentiation
of CD4 T cells into Th2-type cells, but rather appears
to be important in the effector phase of allergic
inflammation (McKenzie et al, PNAS 1993 90(8):3735-
3739; Wynn TA, Annu. Rev. Immunol. 2003 2 1:425-456).
IL-13 and Asthma Asthma is a chronic lung disease,
caused by inflammation of the lower airways and is
characterised by recurrent breathing problems. Airways
of patients are sensitive and swollen or inflamed to
some degree all the time, even when there are no
symptoms. Inflammation results in narrowing of the
airways and reduces the flow of air in and out of the
lungs, making breathing difficult and leading to
wheezing, chest tightness and coughing. Asthma is
triggered by super-sensitivity towards allergens (e.g.
dust mites, pollens, moulds), irritants (e.g. smoke,
fumes, strong odours), respiratory infections,
exercise and dry weather. The triggers irritate the
airways and the lining of the airways swell to become
even more inflamed, mucus then clogs up the airways
and the muscles around the airways tighten up until
breathing becomes difficult and stressful and asthma
symptoms appear. There is strong evidence from animal
models and patients that asthmatic inflammation and
other pathologies are driven by dysregulated Th2
responses to aeroallergens and other stimuli (Busse et
al, Am. J. Resp. Crit. Care Med. 1995 152(1
):388-393). In particular, IL-13 is believed to be the
major effector cytokine driving a variety of cellular
responses in the lung, including airway
hyperreactivity, eosinophilia, goblet cell metaplasia
and mucus hyper-secretion.Clinical Evidence for the
role of IL-13 in asthma The gene encoding IL-13 is
located on chromosome 5q31 . This region also contains
genes encoding IL-3, IL-4, IL-5, IL-9 and GM-CSF, and
has been linked with asthma. Genetic variants of IL-13
that are associated with asthma and atopy have been
found both in the promoter and coding regions
(Vercelli D, Curr. Opin. Allergy Clin. Immunol. 2002
2(5):389-393). Functional study data are available for
the coding variant, Q130 IL-13 (referred to herein as
"Q130 IL-13"). The +2044 G to A single nucleotide
polymorphism (SNP) found in the fourth exon, results
in a substitution of an arginine with a glutamine at
position 130 (Q130 IL-13). Also note that in
SEQ.ID.NO: 9, this is equivalent to position 110,
where the first 'G' amino acid residue at the start of
the mature human IL-13 amino acid sequence is position
1. This variant has been found to be associated with
asthma, increased IgE levels and atopic dermatitis in
Japanese and European populations. Q130 IL-13 is
believed to have enhanced stability compared with
wild-type IL-13. It also has slightly lower affinity
for the IL-13Ra2 decoy receptor and consistent with
these observations, higher median serum IL-13 levels
are found in patients homozygous for the Q130 IL-13
variant compared with non-homozygous patients. These
results indicate that Q130 IL-13 could influence the
local and systemic concentrations of IL-13 (Kazuhiko
et al, J. Allergy Clin. Immunol. 2002 109(6):980-987).
Elevated IL-13 levels have been measured in both
atopic and non-atopic asthmatics. In one study,
average serum IL-13 levels of 50 pg/ml were measured
in asthmatic patients compared to 8 pg/ml in normal
control patients (Lee et al, J. Asthma 2001
38(8):665-671 ) . Increased IL-13 levels have also
been measured in plasma, bronchio-alveolar lavage
fluid, lung biopsy samples and sputum (Berry et al, J
Allergy Clin. Immunol 2004 114(5):1 106-1 109; Kroegel
et al, Eur Respir. J. 1996 9(5):899-904; Huanget al,
J. Immunol. 1995 155(5):2688-2694; Humbert et al, J.
Allergy Clin. Immunol. 1997 99(5):657-665). In vivo
evidence for involvement of IL-13 in asthma A number
of studies have defined a critical effector role for
IL-1 3 in driving pathology in both acute and chronic
mouse models of allergic asthma. The high affinity
IL-13 receptor (IL-13R a2) or anti-IL-13 polyclonal
antibodies have been used to neutralize mouse IL-13
bioactivity in these models. Blockade of IL-13 at the
time of allergen challenge completely inhibited
OVA-induced airway hyper-reponsiveness, eosinophilia
and goblet cell metaplasia. In contrast,
administration of antibody to IL-4 after sensitisation
and during the allergen challenge phase only partially
reduced the asthma phenotype. Thus although exogenous
IL-4 and IL-13 are both capable of inducing an
asthma-like phenotype, the effector activity for IL-1
3 appears to be superior to that for IL-4. These data
suggest a primary role for IL-4 in immune induction
(particularly for Th2 cell development and recruitment
to airways, and IgE production), whereas IL-13 is
believed to be principally engaged in various effector
outcomes, including airway hyper-responsiveness, mucus
overproduction and cellular inflammation (Wills-Karp
et al, Science 1998 282:2258-2261 ; Grunig et al,
Science 1998 282:2261-2263; Taube et al, J. Immunol.
2002 169:6482-6489; Blease at al, J. Immunol 2001
166(8):521 9-5224). In complementary experiments, lung
IL-13 levels have been raised by over-expression in a
transgenic mouse or by instillation of IL-13 protein
into the trachea of wild-type mice. In both settings,
asthma-like characteristics were induced: non-specific
airway hyper-responsiveness to cholinergic
stimulation, pulmonary eosinophilia, epithelial cell
hyperplasia, mucus cell metaplasis, sub-epithelial
fibrosis, airways obstruction and Charcot-Leyden-like
crystals. In addition, IL-13 was found to be a
potentstimulator of matrix metalloproteinases and
cathepsin proteases in the lung, resulting in
emphysematous changes and mucus metaplasia. Therefore
IL-13 may be an important effector molecule both in
asthma and COPD disease phenotypes (Zhu et al, J.
Clin. Invest. 1999 103(6):779- 788; Zheng et al, J.
Clin. Invest. 2000 106(9): 1081 -1093). These data
indicate that IL-13 activity is both necessary and
sufficient to produce several of the major clinical
and pathological features of allergic asthma in
well-validated animal models. Chronic Obstructive
Pulmonary Disease (COPD) COPD is a generic term
covering several clinical syndromes including
emphysema and chronic bronchitis. Symptoms are similar
to asthma and COPD can be treated with the same drugs.
COPD is characterised by a chronic, progressive and
largely irreversible airflow obstruction. The
contribution of the individual to the course of the
disease is unknown, but smoking cigarettes is thought
to cause 90% of the cases. Symptoms include coughing,
chronic bronchitis, breathlessness and respiratory
infections. Ultimately the disease will lead to severe
disability and death. Chronic bronchitis is diagnosed
in patients with a history of cough or 



sputum production on most days for at least 3 months
over 2 years without any other explanation. Emphysema
of the lung is characterised by an abnormal permanent
enlargement of the air spaces and destruction of
alveolar walls. IL-13 may play a role in the
development of COPD. Human smokers who develop COPD
have many inflammatory cell types (neutrophils,
macrophages, eosinophils) in the lung parenchyma.
IL-13 is a proinflammatory Th2 cytokine therefore to
model the progression ofemphysema; Zheng et al
targeted IL-13 over-expression to the airway
epithelium in IL-13 transgenic mice. These animals
developed airway and lung parenchymal inflammation and
emphysema. They also developed mucus metaplasia
reminiscent of chronic bronchitis (J. Clin. Invest.
2000 106(9):1081-1093). The IL-13 promoter
polymorphism (-1055 C to T) that is associated with
allergic asthma has also been reported to have an
increased frequency in COPD patients compared to
healthy controls. This implies a functional role for
the IL-13 promoter polymorphism in the enhanced risk
to develop COPD (Kraan et al, Genes and Immunity 2002
3:436-439). In addition, an increased number of IL-13
and IL-4 positive cells were observed in smokers with
chronic bronchitis compared to asymptomatic smokers
(Miotto et al, Eur. Resp. J. 2003 22:602-608). However
a recent study to assess the level of IL-13 expression
in the lungs of severe emphysema patients did not find
an association between IL-13 levels and disease
(Boutten et al, Thorax 2004 59:850-854). Allergic
disease including atopic dermatitis and allergic
rhinitis IL-13 has also been implicated in atopic
disorders such as atopic rhinitis and atopic
dermatitis. Allergic rhinitis is the most common
atopic disease in the United States and is estimated
to affect up to 25% of adults and more than 40% of
children. There is a close relationship between
allergic rhinitis and asthma. Both conditions share
common immunopathology and pathophysiology; they have
similar immunologic processes in which eosinophils and
Th2 lymphocytes in nasal and bronchial tissue play a
role. Excessive production of Th2 cytokines,
particularly IL-4 and IL-5, is thought to be
fundamental in the pathogenesis of allergic disease.
IL-13 shares several characteristics and effector
functions with IL-4 and this,combined with the
functional overlap in IL-4 and IL-13 receptor usage,
intracellular signaling components, and genetic
organization provides compelling (albeit indirect)
evidence for a role of IL-13 in promoting or
maintaining human immediate hypersensitivity in vivo.
This has been corroborated by Li et al (Li et al. J
Immunol 998,- 6 :7007) who demonstrated that atopic
subjects with seasonal allergic rhinitis exhibited
significantly stronger IL-13 responses in response to
Ag-dependent but not polyclonal activation. Atopic
dermatitis is a common, chronic, relapsing, highly
pruritic inflammatory skin disease. The lesional skin
of atopic dermatitis patients is histologically
characterized by an inflammatory T-cell infiltrate,
which during acute phases is associated with a
predominance of IL-4, IL-5 and IL-13 expression (Simon
et al, J Allergy CHn Immunol 2004;1 14:887; Hamid et
al. J Allergy CHn Immunol 1996; 98: 225) In addition,
Tazawa et al have demonstrated that IL-13 mRNA (but
not IL-4) is significantly upregulated in subacute and
chronic skin lesions of atopic dermatitis patients
(Tazawa et al, Arch Derm Res 2004;296:459). The
frequency of IL-13 expressing circulating CD4+ and
CD8+ T-cells is also significantly increased in these
patients (Aleksza et al British J Dermatol 2002;147;1
135). This increased IL-13 activity is thought to
result in raised levels of serum IgE, thereby
contributing to the pathogenesis of atopic dermatitis.
Furthermore, increased production of IL-13 by neonatal
CD4+ T cells is a useful marker for identifying
newborns at high risk for subsequent development of
allergic diseases, esp. atopic dermatitis (Ohshima et
al. Pediatr Res 2002; 5 1:195). Additional evidence
for the importance of IL-13 in the etiology of atopic
dermatitis was provided by Simon et al (Simon et al, J
Allergy CHn Immunol 2004; 114:887); topical treatment
with tacrolimus ointment (an immunosuppressive drug
that inhibits intracellular signaling pathways for
cytokine production) resulted insignificant clinical
and histological improvement of the atopic skin
lesions accompanied by significant reductions in local
expression of Th2 cytokines, including IL-13.
Furthermore, IL-13 Ra1 (a cell surface protein that
together with IL-4Rq forms a functional receptor for
IL-13) has been shown to be over-expressed on the
suprabasal keratinocytes in the skin of atopic
dermatitis patients, and IL-13 was able to upregulate
IL-13 Ra1 mRNA in vitro (Wongpiyabovorn et al., J
Dermatol Science 2003;33:31 ) . These data
collectively indicate that IL-13 targeted
interventions, including an IL-13 monoclonal antibody,
may provide an effective approach for treatment of
human allergic disease. Esophaqal eosinophilia The
accumulation of eosinophils in the esophagus is a
common medical problem in patients with diverse
diseases, including gastro-esophageal reflux disease,
eosinophilic esophagitis, eosinophilic
gastroenteritis, and parasitic infections. Esophageal
eosinophilia is associated with allergic responses,
and repeated challenging of mice with aeroallergens
established a link between allergic airway
inflammation and esophagal eosinophilia. Th2 cells are
thought to induce eosinophil-associated inflammation
through the secretion of an array of cytokines
including IL-4 and IL-13 that activate inflammatory
and effector pathways both directly and indirectly.
IL-13 appears to be particularly important because it
is produced in high quantities by Th2-cells and
regulates multiple features of allergic disease (e.g.
IgE production, mucus over-production, eosinophil
recruitment and survival, and airway hyperreactivity.
Eosinophils can generate functionally active IL-13
after exposure to GM-CSF and/or IL-5 under in vitro,
ex vivo, and in vivo conditions in eosinophilic
inflammatory responses. (Schmid-Grendelmeier J
Immunology, 2002, 169: 1021-1 027).IL-13 delivered to
the lung of wild-type, STAT-6, eotaxin-1 or IL-5
deficient mice by intratracheal administration,
established that pulmonary inflammation, triggered by
IL-13, is associated with the development of esophagal
eosinophilia (Mishra et al. Gastroenterol 2003; 125:
141 9). Taken together, these data provide evidence
for a role of IL-13 in esophagal eosinophilia.
Oncology Indications Another important area of
interest is in targeting IL-13 or IL-13 receptors to
inhibit growth of certain types of tumors. Type 1 T
cell-mediated host defenses are believed to mediate
optimal tumor rejection in vivo, and deviation to a
Th2-type response may contribute to blocking tumor
rejection and/or promotion of tumor recurrence
(Kobayashi M et al. J. Immunol. 1998; 160:5869).
Several animal studies using transplantable tumor cell
lines support this notion by demonstrating that Stat6,
IL-4, and IL-13 (produced in part by NKT cells) were
capable of inhibiting tumor rejection (Terabe et al.
Nat. Immunol. 2000/1 :515; Kacha et al. J. Immunol.
2000; 165:6024-28; Ostrand-Rosenberg et al. J.
Immunol. 2000; 165:601 5). The potent anti-tumor
activity in the absence of Stat-6 was thought to be
due to enhancement of tumor-specific IFNg production
and CTL activity. In addition, a loss of NKT cells has
been shown to reduce IL-13 production with a
concomitant rise in tumor recurrence, indicating that
IL-13, produced in part by NKT cells is important for
immunosurveillance (Terabe et al. Nat. Immunol. 2000;
1:515). As such, these findings suggest that IL-13
inhibitors or novel IL-13 antagonists, including IL-13
mAb, may be effective as cancer immunotherapeutics by
interfering with the negative regulatory IL-13 plays
in downregulating immune responses to tumor cells.In
addition to boosting Th-type-1 -associated anti-tumor
defenses, IL-13 inhibitors may also be able to block
tumor cell growth more directly. For example, in
B-cell chronic lymphocytic leukemia (B-CLL) and
Hodgkin's disease, IL-13 either blocks apoptosis or
promotes tumor cell proliferation (Chaouchi et al.
Blood 1996; 87:1022; Kapp et al. J. Exp Med. 1999;
189:1939). B-CLL is a clinically heterogeneous disease
originating from B lymphocytes that involves apoptotic
defect in the leukemic cells. IL-13 is not thought to
act as a direct growth factor but protects tumor cells
from in vitro spontaneous apoptosis (Chaouchi et al.
Blood 1996; 87:1022; Lai et al. J. Immunol. 1999;
162:78) and may contribute to B-CLL by preventing
neoplastic cell death. Hodgkin's disease is a type of
lymphoma that primarily affects young adults and
accounts for about 7,500 cases a year in the United
States. The cancer is characterized by the presence of
large multi-nucleated Hodgkin/Reed-Stemberg cells
(H/RS). In a large majority of cases, the malignant
cell population arises from B cells. Several Hodgkin's
diseasederived cell lines, as well as lymph node
tissue taken from Hodgkin's lymphoma patients,
overexpress IL-13 and/or IL-13 receptors. (Kapp et al.
J. Exp Med. 1999;189:1939, Billard et al. Eur Cytokine
Netw 1997;8:19; Skinnider et al. Blood 2001 ; 97:250;
Oshima et al, Cell Immunol 2001 ;21 1:37).
Neutralizing anti-IL-13 mAbs or IL-13 antagonists have
been shown to inhibit H/RS cell proliferation in a
dose-dependent manner (Kapp et al. J. Exp Med. 1999;
189:1939; Oshima et al, Cell Immunol 2001 ; 2 11:37).
Similarly, delivery of soluble IL-1 3Ra2 decoy
receptor to NOD/SCID mice with an implanted Hodgkin's
disease-derived cell line delayed tumor onset and
growth, and enhanced survival, demonstrating that
IL-13 neutralization can suppress Hodgkin's lymphoma
growth in vitro and in vivo (Trieu et al. Cancer
Research 2004;64:3271 ) . Collectively,these studies
indicate that IL-13 stimulates the proliferation of
H/RS cells in an autocrine fashion (Kapp et al. J. Exp
Med. 1999; 189:1939; Ohshima et al. Histopathology
2001 ; 38:368). Neutralization of IL-13 may therefore
represent an attractive and effective treatment for
Hodgkin's disease and other B cell-associated cancers
by inhibiting tumor cell growth while at the same time
enhancing anti-tumor defenses. Inflammatory Bowel
Diseases There is a possible role for IL-13 in the
pathogenesis of inflammatory bowel disease (IBD).
Inflammatory bowel disease comprises a number of
diseases clinically classified as ulcerative colitis,
Crohn's disease and indeterminate colitis. Its main
manifestation is chronic intestinal inflammation due
to an exaggerated immune response with an imbalance in
the activation of Th1 and Th2 lymphocytes in the
intestinal mucosa. This has been demonstrated in
animal models of Crohn's disease (Bamias et al.
Gastroenterol 2005; 128:657) and ulcerative colitis
(Heller et al, Immunity 2002; 17:629). Neutralization
of IL-13 by IL-13R a2-Fc administration prevented
colitis in a murine Th2 model of human ulcerative
colitis (Heller et al, Immunity 2002; 17:629).
Furthermore, IL-13 production rapidly supersedes that
of IL-4 in this model, and IL-13 production can be
induced by stimulation of NKT cells, suggesting that
tissue damage may result from toxic activity of IL-13
on the epithelium cells. There are some human data to
support these findings: the frequency of IL-13
positive rectal biopsy specimens from patients with
ulcerative colitis was significantly higher than of
inflammatory and non inflammatory control subjects,
and a higher rate IL-4 and IL-13 expression was
observed in acute than non-acute ulcerative colitis
(Inoue et al. Am JGastroenterol 1999;94:2441). In
addition Akido et al characterized the immune activity
in the muscularis externa from intestinal segments of
Crohn's disease patients and found that IL-4 and IL-13
mediate hypercontractility of the intestinal smooth
muscle cells via a STAT-6 pathway. The authors
concluded that this pathway may contribute to the
hypercontractility of intestinal muscles in Crohn's
disease (Akiho et al., Am J Physiol Gastrointest Liver
Physiol 2005; 288:61 9). Thus, an IL-13 mAb, possibly
in combination with molecules directed at other
cytokines, may provide an approach to stop or slow the
progression of IBDs. Psoriasis and Psoriatic Arthritis
Psoriasis is a chronic skin disease characterized by
hyper-proliferation of keratinocytes and an
immunologic cellular infiltrate, including activated T
cells, producing various cytokines that can influence
the phenotype of epidermal keratinocytes. CDw60 is a
carbohydrate-bearing molecule that is upregulated on
the surface of psoriatic basal and suprabasal
keratinocytes of psoriatic skin. IL-4 and IL-13
secreted from T cells derived from psoriatic lesions
have been shown to strongly up-regulate the expression
of CDw60 on keratinocytes, (Skov et al., Am J Pathol
1997; 15:675), whereas interferon-gamma blocked
IL-4/IL-13 mediated induction of CDw60 on cultured
keratinocytes (Huang et al., J Invest Dermatol 2001 ;
1 16:305). Thus, CDw60 expression on psoriatic
epidermal keratinocytes is thought to be induced at
least in part by IL-13 secreted by activated T cells
within the lesion. In addition, IL-13 Ra1 and IL-4Ra,
cell surface proteins that together form a receptor
complex for IL-13, are differently expressed in skin
biopsies from patients with and without psoriasis
(Cancino-Diaz et al., J Invest Dermafo/ 2002;1 19:1
114;Wongpiyabovorn et al., J Dermatol Science 2003;
33:31 ) , and in vitro experiments demonstrated that
IL-13 (but not IL-4) could upregulate the expression
of IL-13Ra1 (Wongpiyabovorn et al., J Dermatol Science
2003;33:31 ) . Since IL-1 3 has an effect on a variety
of cell types, these studies suggest that the IL-13
receptor may play a part in the early inflammatory
process of psoriasis. Psoriatic arthritis is
characterized by synovitis which is mediated by both
pro-inflammatory and anti-inflammatory cytokines. The
role of IL-13 in various forms of arthritis has been
receiving increased interest. Spadaro et al have
observed significantly higher levels of IL-13 in
synovial fluid of patients with psoriatic arthritis
and rheumatoid arthritis than in patients with
osteoarthritis. In addition, synovial fluid levels of
IL-13 were significantly higher than those in serum in
patients with psoriatic arthritis, and the IL-13
synovial fluid/serum ratio was markedly higher in the
psoriatic arthritis group than in the rheumatoid
arthritis group, suggesting a possible role for the
locally produced IL-13 in synovial tissues of patients
with psoriatic arthritis (Spadaro et al., Ann Rheum
Dis 2002; 6 1:174). Potential Role of IL-13 in other
conditions Acute graft-versus-host disease is a
serious cause of morbidity and mortality following
stem cell transplantation and is directly related to
the degree of human leukocyte antigen (HLA)
incompatibility between donor and recipient. Jordan et
al first identified IL-13 as a typical Th2 cytokine
that is abundantly produced during unrelated,
unmatched MLRs (mixed lymphocyte reaction; an in vitro
assay for fine-tuning donor selection after initial
HLA typing) (Jordan et al. J Immunol Methods; 2002;
260:1). The same group subsequently showed that IL-13
production by donor T-cells is predictive of acute
graft-versus-host-disease (aGVHD) followingunrelated
donor stem cell transplantation (Jordan et al. Blood
2004; 103:717). All patients with severe, grade III
aGVHD following stem cell transplantation had donors
who produced very high pre-transplantation IL- 13
responses, demonstrating a significant link between
IL-13 levels and aGVHD and raising the possibility
that IL-13 may be directly responsible for some of the
aGVHD associated pathology. Consequently, a therapy
based on specific blocking of IL-13 may be useful for
the treatment of post-stem cell transplantation aGVHD.
Diabetic nephropathy is one of the major causes of end
stage renal disease in the Western world. Although the
incidence of nephropathy owing to type 1 diabetes is
declining, diabetes mellitus type 2 is now the most
common single cause of renal insufficiency in the USA,
Japan and Europe. Furthermore, this group of patients
has a very poor prognosis on maintenance dialysis
owing to extremely high mortality caused by
cardiovascular events it is now increasingly clear
that hemodynamic, metabolic and structural changes are
interwoven, and various enzymes, transcription factors
and growth factors have been identified that play a
role in the pathogenesis of this disease.
Particularly, TGF-b is important in the development of
renal hypertrophy and accumulation of extracellular
matrix components, and is considered the pivotal
cytokine in mediating collagen formation in the kidney
(Cooper. Diabetologia 2001 ; 44:1957; Wolf. Eur J Clin
Invest 2004; 34 (12): 785). In experimental and human
diabetic nephropathy TGF-1 bioactivity is increased
and administration of TGF-b1 antibodies to diabetic
mouse led to improvement in renal function and reduced
extra-cellular matrix accumulation. IL-13 was recently
shown in a transgenic mouse model of lung fibrosis to
mediate its effects at least in part by regulating the
production and activation of TGF-bi and collagen
deposition (Lee et al. J. Exp. Med. 2001 ; 194:809;
Zhu et al. J. CHn. Invest. 1999; 103:779), thereby
establishing a direct functional linkbetween IL-13 and
TGF-b. Consequently a similar role for IL-13 in
regulating TGF-b1 activity in the diabetic kidney can
be envisioned and IL- 13 targeted interventions could
potentially have a role in the management of diabetic
nephropathy. Fibrotic Conditions Pulmonary fibrosis is
a condition of inappropriate and harmful scarring of
the lungs, leading to disability and often death. The
term encompasses a variety of different conditions
with distinct etiologies, pathologies and responses to
treatment. In some cases the cause of the fibrosis is
identified. Causes include: (1 ) inhaled profibrotic
material such as asbestos or silicon, or hard metal
dust (2) inhaled organic material to which the patient
has an idiosyncratic immunological response leading to
fibrosis (e.g. farmer's lung) (3) drugs, such as
nitrofurantoin, amiodarone and methotrexate (4) in
association with a systemic inflammatory disease, such
as Systemic Sclerosis or Rheumatoid Arthritis.
However, in many instances no cause or underlying
condition is identified. Many such patients are
diagnosed with Idiopathic Pulmonary Fibrosis (IPF).
This is a relative rare condition (prevalence 20/100
000). The 



diagnosis is based on the absence of an identified
cause combined with certain radiological and
pathological features, particularly honeycombing on
the CT or lung biopsy. The disease is usually seen in
older patients (>50) and often follows a relentless
course of progressive lung impairment leading to
death, with the median survival quoted as 2-5 years.
Moreover, the patients have the most unpleasant
experience of breathlessness progressing over months
or years. This initially restricts physical activity,
but in the terminal phase - which may last several
months - the patient is breathless even at rest and is
furthermore oxygen dependent.At present there is no
satisfactory treatment for this disease. Current
treatment generally takes the form of corticosteroids
and immunosuppressives such as azathioprine. However,
corticosteroids may be ineffective in many of patients
and their side effects may make the situation worse.
There are many potential treatments under
investigation including Interferon gamma, which has
shown a trend to improved survival in a recent large
study, and perfenidone. There is evidence that IL-13
and cytokines associated with the Th2 phenotype are
involved in the process of fibrosis in tissue repair
(Wynn TA, Nat. Rev. Immunol. 2004 4:583-594; Jakubzick
et al, Am. J. Pathol. 2004 164(6): 1989-2001 ;
Jakubzick et al, Immunol. Res. 2004 30(3):339- 349;
Jakubzick et al, J. Clin. Pathol. 2004 57:477-486).
IL-13 and IL-4 have been implicated in a variety of
fibrotic conditions. Hepatic fibrosis induced by
Schistosoma appears to be IL-13 dependent and there is
limited evidence that IL-13 is involved in the
pathogenesis of scleroderma (Hasegawa et al, J.
Rheumatol. 1997 24:328-332; Riccieri et al, Clin.
Rheumatol. 2003 22:102-106) In terms of pulmonary
fibrosis, in vitro studies have shown that IL-13
promotes a fibrogenic phenotype. Animal studies have
shown elevated levels of IL-13 expression in
artificially induced models of fibrosis, and that
fibrosis can be reduced by elimination of IL-13. IL-13
promotes a profibrotic phenotype. At a cellular level,
there are several mechanisms by which IL-13 may
promote fibrosis. The signal pathways and importance
of these various mechanisms are not well defined.There
is evidence that IL-13 acts on the fibroblast both to
promote the production of collagen, and to inhibit its
breakdown, thus favouring a fibrotic phenotype. Skin
fibroblasts possess IL-13 receptors and exposure of
cultured skin fibroblasts to IL-13 leads to
upregulation of collagen generation (Oriente et al, J.
Pharmacol. Exp. Ther. 2000 292:988-994). IL- 4 also
has a similar, but more transitory effect. A human
lung fibroblast cell line (ICIG7) expresses the type
Il IL-4 receptor (Jinnin et al, J. Biol. Chem 2004
279:41783-41791). Exposure of these cells to IL-13
promotes secretion of a variety of inflammatory and
profibrotic mediators: GM-CSF, G-CSF, VCAM betai
integrin (Doucet et al, Int. Immunol. 1998
10(10):1421-1433). IL-13 inhibits IL-1a-induced matrix
metalloproteinases 1 and 3 protein production by skin
fibroblasts which would tend to reduce breakdown of EC
matrix (Oriente et al, J. Pharmacol. Exp. Ther. 2000
292:988-994). IL- 13 acts synergistically with TGF-b
on human fibroblasts obtained by biopsy of asthma
airways to promote expression of tissue inhibitor of
metalloproteinase 1 (TIMP-1 ) . Breakdown of
extracellular matrix is effected by matrix
metalloproteinases, which are inhibited by TIMP-1 .
This action of IL-13 would thus tend to reduce matrix
degradation (Zhou et al, Am. J. Physiol. Cell Physiol.
2005 288:C435-C442) Over-expression of IL-13 in
transgenic mice leads to subepithelial fibrosis,
epithelial cell hypertrophy, goblet cell hyperplasia,
crystal deposition (acidic mammalian chitinase),
airway hyper-responsiveness, interstitial fibrosis,
type 2 cell hypertrophy and surfactant accumulation
(Zhu et al, J. Clin. Invest. 1999 103(6):779-788).
Different strains of mice have different
susceptibilities to bleomycininduced pulmonary
fibrosis. C57B1/6J mice, which are susceptible,
exhibitrapid up regulation of IL-13, IL-13Ra and IL-4
(as well as TGFb, TNFRa and ILI Rs) in response to
bleomycin. BALB/c mice, which are not susceptible, do
not show upregulation of IL-13. Belperio et al (Am. J.
Respir. Cell MoI. Biol. 2002 27:419-427) studied the
expression and role of IL-13, IL-4 and the CC
chemokine C10 in a mouse bleomycin fibrosis model.
Lung tissue levels of both IL-13 and IL-4 increased in
response to bleomycin. Prior neutralisation of IL-13
using polyclonal anti IL-13 antibodies significantly
reduced lung fibrosis in response to bleomycin as
assessed by lung hydroxyproline levels. Despite the
increased expression of IL-4 in the same model,
neutralisation of IL-4 had no effect on lung fibrosis.
In another model of acute lung fibrosis induced by
FITC in the BALB/c mouse, absence of IL-13 (in
knockouts), but not IL-4, protected against lung
fibrosis. There is no added protection of knockout of
IL-4 in IL-13 knockouts (Kolodsick et al, J. Immunol.
2004 172:4068-4076). The protective effect of IL-13
absence is not due to a difference in cell recruitment
into the lung: in all knockouts and BALB/c total cell
numbers recruited are similar, so the initial
inflammatory component seems to be the unaffected.
Eosinophil recruitment is lower in IL-4 and IL-13
knockouts compared with BALB/c, but since IL-4 -/-
were not protected against fibrosis this cannot
explain the difference in fibrosis. Perhaps
surprisingly, there was no difference in the levels of
cytokines between IL- 13 +/+ and -/-, including for
IL10, MCP-1 , gamma interferon, TGF-i. In addition,
the same number of fibroblasts were isolated from
lungs of the different animals post FITC, but in the
IL-13 -/- mice the production of collagen I is
reduced. This indicates the loss of IL-13 is not
simply preventing the inflammatory response, but
rather is having a more specific anti-fibrotic role.
It has been suggested that IL-13 might exert its
fibrotic effect via TGF- (Lee et al, J. Exp. Med. 2001
194:809-821 ) . However inthis FITC model, expression
of TGF-f was not reduced in IL-13 knock-out mice.
lnterleukin 4 may be expected to exert a similar
effect as IL-13 as both act via the same receptor.
IL-4 is significantly upregulated in the lungs of mice
with bleomycin induced lung fibrosis (Gharaee-Kermani
et al, Cytokine 2001 15:138-147). However, comparing
bleomycin-induced lung fibrosis in C57BL6/J mice which
overexpress IL-4, IL-4 knockouts and wild type,
Izbicki et al (Am. J. Physiol. Lung Cell MoI. Physiol
2002 283(5):L1 110- L 1116) did not find evidence that
IL-4 was involved in lung fibrosis. Fibrosis was not
reduced in IL-4 knockouts, and IL-4 over-expressing
mice had increased levels of fibrosis. BAL cytokine
levels of IL-13 are significantly elevated in patients
with a variety of forms of pulmonary fibrosis, though
with considerable variability. Expression of IL-13 is
significantly upregulated in alveolar macrophages
obtained from patients with lung fibrosis. The
strongest clinical evidence comes from research at the
University of Michigan. Jakubzick and colleagues have
studied gene expression of IL- 13 and IL-4 and their
receptors in surgical lung biopsies from patients with
pulmonary fibrosis. IL-13 gene expression is markedly
greater in specimens from IPF affected lung than lung
from normals or other lung fibrotic conditions.
Fibroblasts cultured from patients with IPF/UIP show
heightened expression of the IL-13 and IL-4 receptor,
compared with tissue and fibroblasts obtained biopsies
from patients with normal lungs or other forms of lung
fibrosis. In particular, the fibroblastic foci, which
are presumably the epicentre of disease activity,
stain particularly strongly for these receptors
(Jakubzick et al, J. Immunol 2003 171 :2684-2693;
Jakubzick et al, Am. J. Pathol. 2003 162:1475-1486;
Jakubzick et al, Am.J. Pathol. 2004 164(6): 1989-2001
; Jakubzick et al, Immunol. Res. 2004 30(3):339-349;
Jakubzick et al, J. Clin. Pathol. 2004 57:477-486).
There is good in vitro evidence that Th2 cytokines in
general and IL-13 in particular promote a profibrotic
phenotype. In at least 2 animal models it has been
shown that chemically-induced fibrosis can be reduced
by elimination of IL-13 (either in gene knock-out or
by anti-IL-13 antibodies). Some evidence indicates
that IL-13 is more important at promoting pulmonary
fibrosis than IL-4. Clinical evidence for the role of
IL-13 in pulmonary fibrosis suggests that IL-13 and
its receptors are unregulated in the lungs of patients
with IPF. A growing body of data suggests an important
role for IL-13 based therapies for the treatment of a
variety of fibrotic conditions, including
schistosomiasis-induced hepatic fibrosis, and various
forms of pulmponary fibrosis (e.g. IPF [discussed
elsewhere], scleroderma). Experiments in which IL-4
and IL-13 were inhibited independently identified
IL-13 as the dominant effector cytokine of fibrosis in
several models (Chiaramonte et al J. Clin. Invest.
1999; 104: 777-785; Blease et al. J. Immunol. 2001;
166:5219; Kumar et al. Clin. Exp. Allergy 2002; 32:1
104). In schistosomiasis, although the egg-induced
inflammatory response was unaffected by IL-13
blockade, collagen deposition decreased by more than
85% in chronically infected animals (Chiaramonte et al
J. Clin. Invest. 1999; 104: 777; Chiaramonte et al
Hepatology 2001 ; 34:273) despite continued and
undiminished production of IL-4. The amino acid
sequence for hlL-13 is set forth as SEQ.I.D.NO: 9.
(This is the mature protein sequence, that is, no
signal sequence is present).A cDNA encoding hlL-13 is
set forth in SEQ.I.D.NO:1 0. (This is the DNA sequence
for the mature protein sequence, that is, no signal
sequence is present). All patent and literature
references disclosed within the present specification
(including any patent application to which this
application claims priority) are expressly and
entirely incorporated herein by reference. Recently
vaccines raising immune responses against IL-13 for
the treatment of asthma have been described (WO
02/07071 1) . A role for IL- 13 in the sensitisation
of the skin to environmental allergens has also been
recently described (Herrick et al., The Journal of
Immunology, 2003, 170:2488-2495). The present
invention provides, inter alia, an antibody referred
to as 6A1 . As demonstrated below, 6A1 binding with
hlL-13 appears dependent on the presence of arginine
at position 107 of SEQ.I.D.NO:9. Arginine at position
107 of SEQ.I.D.NO:9 is reported to be an important
residue involved in hlL-13/hlL-13R interaction.
Thompson JP and Debinski W (1999) J.Biol.Chem, vol.24,
No:42 pp29944-29950 stated "Glutamic acids at
positions 13 and 16 in hlL13 a-helix A, arginine and
serine at positions 66 and 69 in helix C, and arginine
at position 109 in helix D were found to be important
in inducing biological signalling since their specific
mutation resulted in loss and/or gain of function
phenomena." (See abstract and entire disclosure). The
arginine at position 109 of this paper is equivalent
to 107 in SEQ.I.D.NO:9 of the present specification
due to a differing numbering approach used by the
present inventors to that used by theauthors of this
paper. Thus 6A1 binding with hlL-13 involves one of
the residues on hlL-13 previously identified as being
important in hlL-13/hlL- 13R interaction and therefore
biological signalling of the IL-13 pathway. Summary of
the Invention The present invention therefore provides
a therapeutic antibody or antigen binding fragment
thereof which specifically binds hlL-13 and
neutralises the activity of hlL-13. See, for example,
Table A below. The term "specifically binds" as used
throughout the present specification in relation to
antibodies and antigen binding fragments thereof of
the invention means that the antibody binds hlL-13
with no or insignificant binding to other human
proteins and in particular human IL-4. The term
however does not exclude the fact that antibodies of
the invention may also be cross-reactive with
cynomolgus IL-13. In another aspect of the present
invention there is provided a therapeutic antibody or
antigen binding fragment thereof which specifically
binds hlL- 13 and modulates (e.g. inhibits or blocks)
the interaction between hlL-13 and hlL-13R. Such
inhibition includes but is not limited to competitive
inhibition. In certain embodiments, antibodies of the
invention at least inhibit the interaction between
hlL-13 and hlL-13R but may also block the interaction
between hll-13 and hll_-13R thereby decoupling the
hlL-13/hlL- 13R signalling pathway. In another aspect,
there is provided a therapeutic antibody or antigen
binding fragment thereof which specifically binds
hlL-13, and comprises a CDRH3 having the sequence set
forth in SEQ.I.D.NO:3.In another aspect of the
invention there is provided a therapeutic antibody or
antigen binding fragment thereof which specifically
binds hlL-13 and comprises a CDRH3 which is a variant
of the sequence set forth in SEQ.I.D.NO:3 in which one
or two residues within said CDRH3 of said variant
differs from the residue in the corresponding position
in SEQ.I.D.NO-.3. In another aspect of the present
invention there is provided a therapeutic antibody or
antigen binding fragment thereof which specifically
binds hlL- 13, and comprises the following CDRs: CDRH1
: SEQ.I.D.NO: 1 CDRH2: SEQ.I.D.NO: 2 CDRH3:
SEQ.I.D.NO: 3 CDRL1 : SEQ.I.D.NO: 4 CDRL2: SEQ.I.D.NO:
5 CDRL3: SEQ.I.D.NO: 6 Throughout this specification,
amino acid residues in antibody sequences are numbered
according to the Kabat scheme. Similarly, the terms
"CDR", "CDRL1", "CDRL2", "CDRL3", "CDRH1", "CDRH2",
"CDRH3" follow the Kabat numbering system as set forth
in Kabat et al; Sequences of proteins of Immunological
Interest NIH, 1987. "CDRH1" is taken to be the stretch
of sequence which includes both the Kabat definition
of CDRH1 (residues 3 1-35B) and also the CDRH1
definition of Chothia (Chothia et al (1989);
Conformations of immunoglobulins hypervariable
regions; Nature 342, p877-883) which comprises Kabat
26-32. Therefore the following defines the CDRs
according to the invention:CDR: Residues CDRH1 :
26-35B CDRH2: 50-65 CDRH3: 95-102 CDRL1 : 24-34 CDRL2:
50-56 CDRL3: 89-97 In another aspect of the invention
there is provided a therapeutic antibody or antigen
binding fragment thereof comprising a VH domain having
the sequence set forth in SEQ.I.D.NO:7 and a VL domain
having the sequence set forth in SEQ.I.D.NO:8. In
another aspect of the invention there is provided an
isolated VH domain of an antibody comprising (or
consisting essentially of, or consisting of)
SEQ.I.D.NO: 7 or 11, 12, 13, 14. In another aspect of
the invention there is provided a therapeutic antibody
or antigen binding fragment thereof comprising a VH
domain selected from the group consisting of;
SEQ.I.D.NO: 7 or 11,12,13,14 In another aspect of the
present invention there is provided a therapeutic
antibody or antigen binding fragment thereof which
competitively inhibits the binding of the therapeutic
antibody comprising the CDRH3 of SEQ I.D.NO: 3 to
hlL-13. In another aspect of the invention there is
provided a therapeutic antibody or antigen binding
fragment thereof which competitively inhibits
thebinding of the therapeutic antibody comprising CDRs
of SEQ.I .D. NO: 1,2,3,4, 5 and 6 to hlL-1 3. In
another aspect of the invention there is provided a
therapeutic antibody or antigen binding fragment
thereof which competitively inhibits the binding of
the therapeutic antibody comprising a heavy chain of
SEQ.I.D.NO: 18 and a light chain of SEQ.I.D.NO:22 to
hlL-13. In accordance with the present invention there
is provided a humanised therapeutic antibody which
antibody comprises a VH domain selected from the group
consisting of: SEQ.I.D.NO:1 1, 12, 13, 14 and a VL
domain selected from the group consisting of:
SEQ.I.D.NO:15, 16. In another aspect of the invention
there is provided a method of treating a human patient
afflicted with a disease or disorder responsive to
modulation of the interaction between hlL-13 and
hlL-13R (such as asthma, COPD, allergic rhinitis,
atopic dermatitis) which method comprises the step of
administering to said patient a therapeutically
effective amount of the therapeutic antibody or
antigen binding fragment thereof as described herein.
Use of an antibody of the invention in the manufacture
of a medicament for the treatment of a disease or
disorder responsive to modulation of the interaction
between hlL-13 and hlL-13R is also provided. In
another aspect of the present invention there is
provided a therapeutic antibody that specifically
binds human IL-13, which antibody specifically binds
human IL-13 between residues 97 to 108 of
SEQ.I.D.NO:9. As is apparent to those skilled in the
art on the basis of the results disclosedbelow,
"between residues 97 to 108 of SEQ.I.D.NO:9" is
inclusive of positions 97 and 108. In another aspect
of the present invention there is provided a
therapeutic antibody that competitively inhibits the
binding of the therapeutic antibody having CDRH3 of
SEQ.I.D.NO:3 to human IL-13 (such as a therapeutic
antibody comprising a heavy chain of SEQ. I.D.NO:1 8
and a light chain of SEQ.I.D.NO:22), which competing
antibody specifically binds human IL-13 between
residues 97 to 108 of SEQ.I.D.NO:9. In another aspect
of the present invention there is provided a
therapeutic antibody that specifically binds human
IL-13 between residues 103 to 107 inclusively of
SEQ.I.D.NO:9 and modulates (e.g. inhibits or blocks)
the interaction between hlL-13 and hlL-13R. 



In one embodiment of the invention there is provided a
pharmaceutical composition comprising a plurality of
monoclonal therapeutic antibodies (which are typically
human or humanised) which specifically bind hlL-13
between residues 103 to 107, of SEQ.I.D.NO:9 and
modulate (e.g. inhibits or blocks) the interaction
between hlL-13 and ML-13R and a pharmaceutical
acceptable carrier. In another embodiment of the
invention there is provided a method of producing a
therapeutic antibody which specifically binds hlL-13
between residues 103 to 107 of SEQ.I.D.NO:9 and
modulate (e.g. inhibits or blocks) the interaction
between hlL-13 and hlL-13R which method comprises the
step of culturing in a serum-free culture media, a
recombinant host cell comprising a first and second
vector wherein said first vector comprises a
polynucleotide encoding the heavy chain of said
antibody and said second vector comprises a
polynucleotide encoding thelight chain of said
antibody. As will be apparent to the skilled person on
the basis of the results below "between 103 to 107 of
SEQ.I.D.NO:9" is inclusive of positions 103 and 107.
In another embodiment of the invention there is
provided a method of producing a therapeutic antibody
which specifically binds hIL-13 between residues 97 to
108 of SEQ.I.D.NO:9 and modulate (e.g. inhibits or
blocks) the interaction between hIL-13 and hlL-1 3R
which method comprises the step of culturing in a
serum-free culture media, a recombinant host cell
comprising a first and second vector wherein said
first vector comprises a polynucleotide encoding the
heavy chain of said antibody and said second vector
comprises a polynucleotide encoding the light chain of
said antibody. In another embodiment of the invention
there is provided an intact therapeutic antibody which
binds hIL-13 and modulates (e.g. inhibits or blocks)
the interaction between hIL-13 and hlL-13R which
antibody interacts with residue 107 of SEQ.I.D.NO:9.
In another embodiment of the invention there is
provided an intact therapeutic antibody which binds
hIL-13 and modulates (e.g. inhibits or blocks) the
interaction between hIL-13 and hlL-13R wherein the
binding between said therapeutic antibody and hll-13
depends on (or positively correlates to) the presence
of an arginine residue at position 107 of
SEQ.I.D.NO:9. In another embodiment there is provided
a therapeutic antibody that specifically binds hIL-13
and modulates (e.g. inhibits or blocks) the
interaction between hIL-13 and hlL-13R and has a
dissociation constant koff in the range 1.4 x 10"4 to
8.22 x 10 5 s 1 (for example as measured
byBiacore(tm)). Such antibody may comprise a CDRH3 of
SEQ.I.D.NO:3 or variant thereof and may further
comprise in addition to SEQ.I.D.NO:3 or variant
thereof, SEQ.I.D.NO:1 , 2, 4, 5 and 6. In another
embodiment there is provided an antibody that
specifically binds hlL-13 and modulates (e.g. inhibits
or blocks) the interaction between hlL-13 and hlL-13R
which antibody comprises CDRH3 of SEQ.I.D.NO:3 and
optionally further comprises each of CDRH1 of
SEQ.I.D.NO:1 , CDRH2 of SEQ.I.D.NO:2, CDRL1 of
SEQ.I.D.NO:4, CDRL2 of SEQ.I.D.NO:5 and CDRL3 of
SEQ.I.D.NO:6 wherein said antibody is also
cross-reactive with cynomolgus IL-13 (clL-13). Brief
Description of the Drawings Figure 1 Sandwich ELISA
illustrating the binding of monoclonal antibody 6A1 to
recombinant E.coli-expressed human IL-13 at increasing
concentrations. Figure 2A ELISA illustrating the
ability of monoclonal antibody 6A1 at increasing
concentrations to inhibit recombinant E.coli-expressed
human IL-13 binding to the human IL-13 receptor a 1
chain. Figure 2B ELISA illustrating the ability of
monoclonal antibody 6A1 at increasing concentrations
to inhibit recombinant E.coli-expressed human IL-13
binding to the human IL-13 receptor a 2 chain. Figure
3Neutralisation assay illustrating the ability of 6A1
at increasing concentrations to inhibit the
bioactivity of recombinant E.coli-expressed human and
cynomolgus in a TF- 1 cell proliferation assay. Figure
4 Neutralisation assay illustrating the ability of 6A1
at increasing concentrations to inhibit the
bioactivity of mammalian-expressed (CHO cell) human
IL-13 in a TF-1 cell proliferation assay. Figure 5
Neutralisation assay illustrating the ability of 6A1
at increasing concentrations to inhibit the
bioactivity of recombinant E.coli-expressed Q130 human
IL-13 in a TF- 1 cell proliferation assay. Figure 6
Sandwich ELISA demonstrating that 6A1 does not bind
recombinant E.coli-expressed human IL-4. Figure 7 An
IL5 neutralisation assay, demonstrating that 6A1 does
not inhibit the bioactivity of recombinant
E.coli-expressed human IL-5 in a TF- 1 cell
proliferation assay. Figure 8 Sandwich ELISA
illustrating the binding of chimaeric 6A1 mAb to
recombinant E.coli-expressed human IL-13 and
cynomolgus IL-13 at increasing concentrations. Figure
9Sandwich ELISA illustrating the binding of 8
humanised anti-human IL-13 mAbs to recombinant
E.coli-expressed human IL-13 at increasing
concentrations . Figure 10a Sandwich ELISA
illustrating the binding of chimaeric 6A1 , L 1+A1 and
L2+A1 to recombinant E.coli-expressed human IL-13 at
increasing concentrations. Figure 10b Sandwich ELISA
illustrating the binding of chimaeric 6A1 , L 1+A1 and
L2+A1 to recombinant E.coli-expressed cynomolgus IL-13
at increasing concentrations. Figure 11 Sandwich ELISA
illustrating the binding of chimaeric 6A1 , L 1+A1 and
L2+A1 to native human IL-13 at increasing
concentrations. Figure 12a ELISA illustrating the
ability of monoclonal antibody 6A1 , chimaeric 6A1 ,
L1+A1 and L2+A1 at increasing concentrations to
inhibit recombinant E.coli-expressed human IL-13
binding to the human IL-13 receptor a 1 chain. Figure
12b ELISA illustrating the ability of monoclonal
antibody 6A1 , chimaeric 6A1 , L 1+A1 and L2+A1 at
increasing concentrations to inhibit
recombinantE.coli-expressed human IL-13 binding to the
human IL-13 receptor a 2 chain. Figure 13a
Neutralisation assay illustrating the ability of 6A1 ,
chimaeric 6A1 , L 1+A1 and L2+A1 at increasing
concentrations to inhibit the bioactivity of
recombinant E.coli-expressed human IL-13 in a TF- 1
cell proliferation assay. Figure 13b Neutralisation
assay illustrating the ability of 6A1 , chimaeric 6A1
, L 1+A1 and L2+A1 at increasing concentrations to
inhibit the bioactivity of recombinant
E.coli-expressed cynomolgus IL-13 in a TF- 1 cell
proliferation assay. Figure 13c Neutralisation assay
illustrating the ability of 6A1 , chimaeric 6A1 , L
1+A1 and L2+A1 at increasing concentrations to inhibit
the bioactivity of recombinant E.coli-expressed Q130
human IL-13 in a TF- 1 cell proliferation assay.
Figure 13d Neutralisation assay illustrating the
ability of 6A1 , chimaeric 6A1 , L 1+A1 and L2+A1 at
increasing concentrations to inhibit the bioactivity
of mammalian-expressed (CHO cell) human IL-13 in a
TF-1 cell proliferation assay. Figure 14aSandwich
ELISA demonstrating that 6A1 , chimaeric 6A1 , L 1+A1
and L2+A1 do not bind recombinant E.coli-expressed
human IL-4. Figure 14b Sandwich ELISA demonstrating
that 6A1 , chimaeric 6A1 , L 1+A1 and L2+A1 do not
bind recombinant E.coli-expressed human GM-CSF. Figure
14c An IL5 neutralisation assay, demonstrating that
6A1 , chimaeric 6A1 , L1+A1 and L2+A1 do not inhibit
the bioactivity of recombinant E.coliexpressed human
IL-5 in a TF-1 cell proliferation assay. Figure 15 An
epitope mapping ELISA to determine the binding epitope
for 6A1 on human and cynomolgus IL-13. Figure 16a An
epitope mapping ELISA to identify the fine binding
specificity of 6A1 on human IL-13 Figure 16b An
epitope mapping ELISA to identify the fine binding
specificity of 6A1 on cynomolgus IL-13 Figure 17a An
epitope mapping ELISA to determine the key amino acid
residues required for binding of 6A1 to human IL-13
Figure 17bAn epitope mapping ELISA to determine the
key amino acid residues required for binding of L1+A1
to human IL-13. Figure 17c and 17d are graphs
illustrating the alanine scanning analysis for the
parental (murine) 6A1 (Fig. 17c) and humanised L1-A1
antibody. Detailed Description of the Invention 1.
Antibody Structures 1.1 Intact Antibodies Intact
antibodies include heteromultimeric glycoproteins
comprising at least two heavy and two light chains.
Aside from IgM, intact antibodies are usually
heterotetrameric glycoproteins of approximately
150Kda, composed of two identical light (L) chains and
two identical heavy (H) chains. Typically, each light
chain is linked to a heavy chain by one covalent
disulfide bond while the number of disulfide linkages
between the heavy chains of different immunoglobulin
isotypes varies. Each heavy and light chain also has
intrachain disulfide bridges. Each heavy chain has at
one end a variable domain (VH) followed by a number of
constant regions. Each light chain has a variable
domain (VL) and a constant region at its other end;
the constant region of the light chain is aligned with
the first constant region of the heavy chain and the
light chain variable domain is aligned with the
variable domain of the heavy chain. The light chains
of antibodies from most vertebrate species can be
assigned to one of two types called Kappa and Lambda
based on the amino acid sequence of the constant
region. Depending on the amino acid sequence of the
constant region of their heavy chains, human
antibodies can be assigned to five different classes,
IgA, IgD, IgE, IgG and IgM. IgG and IgAcan be further
subdivided into subclasses, IgGI , lgG2, lgG3 and
lgG4; and IgAI and lgA2. Species variants exist with
mouse and rat having at least lgG2a, lgG2b. The
variable domain of the antibody confers binding
specificity upon the antibody with certain regions
displaying particular variability called
complementarity determining regions (CDRs). The more
conserved portions of the variable region are called
Framework regions (FR). The variable domains of intact
heavy and light chains each comprise four FR connected
by three CDRs. The CDRs in each chain are held
together in close proximity by the FR regions and with
the CDRs from the other chain contribute to the
formation of the antigen binding site of antibodies.
The constant regions are not directly involved in the
binding of the antibody to the antigen but exhibit
various effector functions such as participation in
antibody dependent cell-mediated cytotoxicity (ADCC)1
phagocytosis via binding to Fcg receptor,
half-life/clearance rate via neonatal Fc receptor
(FcRn) and complement dependent cytotoxicity via the
C1q component of the complement cascade. In one
embodiment therefore we provide an intact therapeutic
antibody that specifically binds hlL-13, which
antibody modulates (e.g. inhibits or blocks) the
interaction between hlL-13 and hlL-13R. The intact
therapeutic antibody may comprise a constant region of
any isotype or subclass thereof described supra. In
one embodiment, the antibody is of the IgG isotype,
particularly IgGL The antibody may be rat, mouse,
rabbit, primate or human. In one typical embodiment,
the antibody is primate (such as cynomolgus, Old World
monkey or Great Ape, see e.g. WO99/55369, WO93/02108)
or human. In another embodiment there is provided an
isolated intact therapeutic antibody comprising a
CDRH3 of SEQ.I.D.NO: 3. In another embodimentthere is
provided an intact therapeutic antibody comprising a
variable region having CDRs of SEQ.I.D.NO: 1, 2,3,4,5
and 6. In another embodiment, there is provided an
isolated murine intact therapeutic antibody or antigen
binding fragment thereof comprising a VH domain having
the sequence of SEQ.I.D.NO: 7 and a VL domain of the
sequence of SEQ.I.D.NO: 8. 1.1.2 Human antibodies
Human antibodies may be produced by a number of
methods known to those of skill in the art. Human
antibodies can be made by the hybridoma method using
human myeloma or mouse-human heteromyeloma cells lines
see Kozbor J.Immunol 133, 3001 , (1984) and Brodeur,
Monoclonal Antibody Production Techniques and
Applications , pp51-63 (Marcel Dekker Inc, 1987).
Alternative methods include the use of phage libraries
or transgenic mice both of which utilize human V
region repertories (see Winter G, (1994),
Annu.Rev.lmmunol 12,433-455, Green LL (1999),
J.lmmunol.methods 231 , 11-23). Several strains of
transgenic mice are now available wherein their mouse
immunoglobulin loci has been replaced with human
immunoglobulin gene segments (see Tomizuka K, (2000)
PNAS 97,722-727; Fishwild D.M (1996) Nature
Biotechnol. 14,845-851 , Mendez MJ, 1997, Nature
Genetics, 15,146-156). Upon antigen challenge such
mice are capable of producing a repertoire of human
antibodies from which antibodies of interest can be
selected. Of particular note is the Trimera(tm) system
(see Eren R et al, (1998) Immunology 93:154-161 )
where human lymphocytes are transplanted into
irradiated mice, the Selected Lymphocyte
AntibodySystem (SLAM, see Babcook ef a/, PNAS (1996)
93:7843-7848) where human (or other species)
lymphocytes are effectively put through a massive
pooled in vitro antibody generation procedure followed
by deconvulated, limiting dilution and selection
procedure and the Xenomouse II(tm) (Abgenix Inc). An
alternative approach is available from Morphotek Inc
using the Morphodoma(tm) technology. Phage display
technology can be used to produce human antibodies
(and fragments thereof), see McCafferty; Nature, 348,
552-553 (1990) and Griffiths AD et al (1994) EMBO
13:3245-3260. According to this technique antibody V
domain genes are cloned in frame into either a major
or minor coat of protein gene of a filamentous
bacteriophage such as M13 or fd and displayed (usually
with the aid of a helper phage) as functional antibody
fragments on the surface of the phage particle.
Selections based on the functional properties of the
antibody result in selection of the gene encoding the
antibody exhibiting those properties. The phage
display technique can be used to select antigen
specific antibodies from libraries made from human B
cells taken from individuals afflicted with a disease
or disorder described above or alternatively from
unimmunized human donors (see Marks; J.MoI. Bio.
222,581-597, 1991). Where an intact human antibody is
desired comprising a Fc domain it is necessary to
redone the phage displayed derived fragment into a
mammalian expression vectors comprising the desired
constant regions and establishing stable expressing
cell lines. The technique of affinity maturation
(Marks; Bio/technol 10,779-783 (1992)) may be used to
improve binding affinity wherein the affinity of the
primary human antibody is improved by sequentially
replacing the H and L chain V regions with naturally
occurring variants and selecting on the basis of
improved binding affinities. Variants of this
technique such as"epitope imprinting" are now also
available see WO 93/06213. See also Waterhouse;
Nucl.Acids Res 2 1, 2265-2266 (1993). Thus in another
embodiment there is provided an isolated human intact
therapeutic antibody or antigen binding fragment
thereof which specifically binds hlL-13 and modulates
(e.g. inhibits or blocks) the interaction between
hlL-13 and hlL-13R. In another aspect there is
provided an isolated human intact therapeutic antibody
or antigen binding fragment thereof comprising a CDRH3
of SEQ.I.D.NO: 3 which specifically binds hlL-13 and
modulates (e.g. inhibits or blocks) the interaction
between hlL-13 and hlL-13R. In another aspect there is
provided an isolated human intact therapeutic antibody
or antigen binding fragment thereof comprising a
variable region having CDRs of SEQ.I.D.NO: 1, 2, 3, 4,
5 and 6 as defined supra. 1.2 Chimaeric and Humanised
Antibodies The use of intact non-human antibodies in
the treatment of human diseases or disorders carries
with it the potential for the now well established
problems of immunogenicity, that is the immune system
of 



the patient may recognise the non-human intact
antibody as non-self and mount a neutralising
response. This is particularly evident upon multiple
administration of the non-human antibody to a human
patient. Various techniques have been developed over
the years to overcome these problems and generally
involve reducing the composition of non-human amino
acid sequences in the intact antibody whilst retaining
the relative ease in obtaining non-human antibodies
from an immunised animal e.g. mouse, rat or rabbit.
Broadly two approaches have been used to achievethis.
The first are chimaeric antibodies, which generally
comprise a nonhuman (e.g. rodent such as mouse)
variable domain fused to a human constant region.
Because the antigen-binding site of an antibody is
localised within the variable regions the chimaeric
antibody retains its binding affinity for the antigen
but acquires the effector functions of the human
constant region and are therefore able to perform
effector functions such as described supra. Chimaeric
antibodies are typically produced using recombinant
DNA methods. DNA.encoding the antibodies (e.g. cDNA)
is isolated and sequenced using conventional
procedures (e.g. by using oligonucleotide probes that
are capable of binding specifically to genes encoding
the H and L chains of the antibody of the invention,
e.g. DNA encoding SEQ.I.D.NO 1,2,3,4,5 and 6 described
supra). Hybridoma cells serve as a typical source of
such DNA. Once isolated, the DNA is placed into
expression vectors which are then transfected into
host cells such as E.Coli, COS cells, CHO cells or
myeloma cells that do not otherwise produce
immunoglobulin protein to obtain synthesis of the
antibody. The DNA may be modified by substituting the
coding sequence for human L and H chains for the
corresponding non-human (e.g. murine) H and L constant
regions see e.g. Morrison; PNAS 8 1, 6851 (1984). The
second approach involves the generation of humanised
antibodies wherein the non-human content of the
antibody is reduced by humanizing the variable
regions. Two techniques for humanisation have gained
popularity. The first is humanisation by CDR grafting.
CDRs build loops close to the antibody's N-terminus
where they form a surface mounted in a scaffold
provided by the framework regions. Antigen-binding
specificity of the antibody is mainly defined by the
topography and by the chemical characteristics of its
CDR surface. These features are in turn determined by
the conformation of the individual CDRs, by the
relative disposition ofthe CDRs, and by the nature and
disposition of the side chains of the residues
comprising the CDRs. A large decrease in
immunogenicity can be achieved by grafting only the
CDRs of a non-human (e.g. murine) antibodies ("donor"
antibodies) onto human framework ("acceptor
framework") and constant regions (see Jones et al
(1986) Nature 321 ,522- 525 and Verhoeyen M et al
(1988) Science 239, 1534-1536). However, CDR grafting
perse may not result in the complete retention of
antigenbinding properties and it is frequently found
that some framework residues (sometimes referred to as
"backmutations") of the donor antibody need to be
preserved in the humanised molecule if significant
antigen-binding affinity is to be recovered (see Queen
C et al (1989) PNAS 86, 10,029- 10,033, Co, M et a/
(1991 ) Nature 351 , 501-502). In this case, human V
regions showing the greatest sequence homology to the
non-human donor antibody are chosen from a database in
order to provide the human framework (FR). The
selection of human FRs can be made either from human
consensus or individual human antibodies. Where
necessary key residues from the donor antibody are
substituted into the human acceptor framework to
preserve CDR conformations. Computer modelling of the
antibody maybe used to help identify such structurally
important residues, see WO99/48523. Alternatively,
humanisation maybe achieved by a process of
"veneering". A statistical analysis of unique human
and murine immunoglobulin heavy and light chain
variable regions revealed that the precise patterns of
exposed residues are different in human and murine
antibodies, and most individual surface positions have
a strong preference for a small number of different
residues (see Padlan E.A. et al; (1991)
Mol.lmmunol.28, 489- 498 and Pedersen JT. et al (1994)
J.Mol.Biol. 235; 959-973). Therefore it is possible to
reduce the immunogenicity of a non-human Fv by
replacing exposed residues in its framework regions
that differ from those usuallyfound in human
antibodies. Because protein antigenicity may be
correlated with surface accessibility, replacement of
the surface residues may be sufficient to render the
mouse variable region "invisible" to the human immune
system (see also Mark G.E. et al (1994) in Handbook of
Experimental Pharmacology vol. 113: The pharmacology
of monoclonal Antibodies, Springer-Verlag, pp105-134).
This procedure of humanisation is referred to as
"veneering" because only the surface of the antibody
is altered, the supporting residues remain
undisturbed. Thus another embodiment of the invention
there is provided a chimaeric therapeutic antibody
comprising a non-human (e.g. rodent) variable domain
fused to a human constant region (which maybe of a IgG
isotype e.g. IgGI) which specifically binds hlL-13 and
modulates (e.g. inhibits or blocks) the interaction
between hlL-13 and hlL-13R. In another embodiment
there is provided a chimaeric therapeutic antibody
comprising a non-human (e.g. rodent) variable region
and a human constant region (which maybe of an IgG
isotype e.g. IgGI) which specifically binds hlL-13,
which antibody further comprises a CDRH3 of
SEQ.I.D.NO3. Such antibodies may further comprise a
human constant region of the IgG isotype, e.g. IgGI In
another embodiment there is chimaeric therapeutic
antibody comprising a non-human (e.g. rodent) variable
region and a human constant region (which maybe of a
IgG isotype e.g. IgGI) which specifically binds hlL-13
having the CDRs of SEQ.I.D.NO: 1, 2,3,4,5 and 6. In
another embodiment there is provided a chimaeric
therapeutic antibody comprising a VH domain of
SEQ.I.D.NO:7 and a VL domain of SEQ.I.D.NO:8 and a
human constant region of an IgG isotype, e.g.
IgGIwhich specifically binds hlL-13 and modulates
(e.g. inhibits or blocks) the interaction between
hlL-13 and hlL-13R. In another embodiment there is
provided a humanised therapeutic antibody or antigen
binding fragment thereof which specifically binds hlL-
13 and modulates (e.g. inhibits or blocks) the
interaction between hlL-13 and hlL-13R. In another
embodiment there is provided a humanised therapeutic
antibody or antigen binding fragment thereof which
specifically binds hlL- 13 and comprises a CDRH3 of
SEQ.I.D.NO: 3. Such antibodies may comprise a human
constant region of the IgG isotype, e.g. IgGL In
another embodiment there is provided a humanised
therapeutic antibody or antigen binding fragment
thereof which specifically binds hlL- 13 and comprises
CDRs of SEQ.I.D.NO1 , 2,3,4,5 and 6. Such antibodies
may comprise a human constant region of the IgG
isotype, e.g. IgGL In accordance with the present
invention there is provided a humanised therapeutic
antibody which antibody comprises a VH domain selected
from the group of: SEQ.I.D.NO:1 1, 12, 13, 14 and a VL
domain selected from the group of: SEQ.I.D.NO:15,16.
Such antibodies may comprise a human constant region
of the IgG isotype e.g. IgGL In another embodiment
there is provided a humanised therapeutic antibody
which antibody comprises a VH domain of SEQ.I.D.NO: 11
and a VL domain of SEQ.I.D.NO:15.In another embodiment
there is provided a humanised therapeutic antibody
which antibody comprises a VH domain of SEQ.I .D.NO:
12 and a VL domain of SEQ.I.D.NO:1 5. In another
embodiment there is provided a humanised therapeutic
antibody which antibody comprises a VH domain of
SEQ.I.D.NO: 13 and a VL domain of SEQ.I.D.NO:15. In
another embodiment there is provided a humanised
therapeutic antibody which antibody comprises a VH
domain of SEQ.I.D.NO: 14 and a VL domain of
SEQ.I.D.NO:15. In another embodiment there is provided
a humanised therapeutic antibody which antibody
comprises a VH domain of SEQ.I.D.NO: 11 and a VL
domain of SEQ.I.D.NO:16. In another embodiment there
is provided a humanised therapeutic antibody which
antibody comprises a VH domain of SEQ.I.D.NO: 12 and a
VL domain of SEQ.I.D.NO:16. In another embodiment
there is provided a humanised therapeutic antibody
which antibody comprises a VH domain of SEQ.I.D.NO: 13
and a VL domain of SEQ.I.D.NO:16. In another
embodiment there is provided a humanised therapeutic
antibody which antibody comprises a VH domain of
SEQ.I.D.NO: 14 and a VL domain of SEQ.I.D.NO:16 In
another embodiment of the present invention there is
provided a humanised therapeutic antibody or antigen
binding fragment thereof whichspecifically binds hlL-1
3 wherein said antibody or fragment thereof comprises
CDRH3 (SEQ.l.D.NO:3) optionally further comprising
CDRs of SEQ.I.D.NO:1 ,2,4,5 and 6 wherein the residues
selected from the group consisting of 19,38,73 and 8 1
of the human acceptor heavy chain framework region and
the residue at position 85 of the human acceptor light
chain framework are substituted by the corresponding
residues found in the donor antibody framework from
which CDRH3 is derived. It will be apparent to those
skilled in the art that the term "derived" is intended
to define not only the source in the sense of it being
the physical origin for the material but also to
define material which is structurally identical (in
terms of primary amino acid sequence) to the material
but which does not originate from the reference
source. Thus "residues found in the donor antibody
from which CDRH3 is derived" need not necessarily have
been purified from the donor antibody. In another
embodiment there is provided a humanised therapeutic
antibody or antigen binding fragment thereof which
specifically binds hlL- 13 wherein said antibody or
fragment thereof comprises CDRH3 of SEQ.I.D.NO:3
optionally further comprising CDRs of SEQ.I.D.NO:1 ,
2, 4, 5 and 6 wherein the human heavy chain framework
comprises one or more (e.g. all) of the following
residues (or a conservative substitute thereof):
Position Residue 38 I 19 R 73 T 8 1 R and the human
light chain comprises Position Residue85 V It is well
recognised in the art that certain amino acid
substitutions are regarded as being "conservative".
Amino acids are divided into groups based on common
side-chain properties and substitutions within groups
that maintain all or substantially all of the binding
affinity of the antibody of the invention or antigen
binding fragment thereof are regarded as conservative
substitutions, see the following table: In accordance
with the present invention there is provided a
humanised therapeutic antibody comprising a heavy
chain selected from the group consisting of:
SEQ.I.D.NO: 18,19,20,21 and a light chain selected
from the group consisting of; SEQ.I.D.NO:22, 23. In
one embodiment of the invention there is provided a
humanised therapeutic antibody which specifically
binds hlL-13 comprising a heavy chain of SEQ.I.D.NO:18
and a light chain of SEQ.I.D.NO:22.In one embodiment
of the invention there is provided a humanised
therapeutic antibody which specifically binds hlL-13
comprising a heavy chain of SEQ.I.D.NO:19 and a light
chain of SEQ.I.D.NO:22. In one embodiment of the
invention there is provided a humanised therapeutic
antibody which specifically binds hIL-13 comprising a
heavy chain of SEQ.I.D.NO:20 and a light chain of
SEQ.I.D.NO:22. In one embodiment of the invention
there is provided a humanised therapeutic antibody
which specifically binds hIL-13 comprising a heavy
chain of SEQ.I.D.NO:21 and a light chain of
SEQ.I.D.NO:22. In one embodiment of the invention
there is provided a humanised therapeutic antibody
which specifically binds hIL-13 comprising a heavy
chain of SEQ.I.D.NO:18 and a light chain of
SEQ.I.D.NO:23. In one embodiment of the invention
there is provided a humanised therapeutic antibody
which specifically binds hIL-13 comprising a heavy
chain of SEQ.I.D.NO:19 and a light chain of
SEQ.I.D.NO:23. In one embodiment of the invention
there is provided a humanised therapeutic antibody
which specifically binds hIL-13 comprising a heavy
chain of SEQ.I.D.NO:20 and a light chain of
SEQ.I.D.NO:23. In one embodiment of the invention
there is provided a humanised therapeutic antibody
which specifically binds hIL-13 comprising a heavy
chain of SEQ.I.D.NO:21 and a light chain of
SEQ.I.D.NO:23. 1.3 Bispecific antibodiesA bispecific
antibody is an antibody having binding specificities
for at least two different epitopes. Methods of making
such antibodies are known in the art. Traditionally,
the recombinant production of bispecific antibodies is
based on the coexpression of two immunoglobulin H
chain-L chain pairs, where the two H chains have
different binding specificities see Millstein et al,
Nature 305 537-539 (1983), WO93/08829 and Traunecker
et a/ EMBO, 10, 1991 , 3655-3659. Because of the
random assortment of H and L chains, a potential
mixture of ten different antibody structures are
produced of which only one has the desired binding
specificity. An alternative approach involves fusing
the variable domains with the desired binding
specificities to heavy chain constant region
comprising at least part of the hinge region, CH2 and
CH3 regions. It is preferred to have the CH1 region
containing the site necessary for light chain binding
present in at least one of the fusions. DNA encoding
these fusions, and if desired the L chain are inserted
into separate expression vectors and are then
cotransfected into a suitable host organism. It is
possible though to insert the coding sequences for two
or all three chains into one expression vector. In one
preferred approach, the bispecific antibody is
composed of a H chain with a first binding specificity
in one arm and a H-L chain pair, providing a second
binding specificity in the other arm, see WO94/04690.
Also see Suresh et a/ Methods in Enzymology 121 , 210,
1986. In one embodiment of the invention there is
provided a bispecific therapeutic antibody wherein at
least one binding specificity of said antibody is for
hlL-13, wherein said antibody modulates (e.g. inhibits
or blocks) the interaction between hlL-13 and IL-13R.
Such antibodies may further comprise a human constant
region of the IgG isotype, e.g. IgGL In some
embodiments, the bispecific therapeutic antibody has a
first binding specificity for hlL-13 and modulates
(e.g. inhibits or blocks) the interaction between
hlL-13 and hlL-13R and a second binding specificity
for hlL-4and modulates (e.g. inhibits or blocks) the
interaction between hlL-4 and a receptor for hlL-4. In
one embodiment of the invention there is provided a
bispecific therapeutic antibody wherein at least one
binding specificity of said antibody is for hlL-13,
wherein said antibody comprises a CDRH3 of SEQ.I.D.NO:
3. Such antibodies may further comprise a human
constant region of the IgG isotype, e.g. IgGL In one
embodiment of the invention there is provided a
bispecific therapeutic antibody wherein at least one
binding specificity of said antibody is for hlL-13,
wherein said antibody comprises at least CDRs of
SEQ.I.D.NO: 1, 2,3,4,5 and 6. Such antibodies may
further comprise a human constant region of the IgG
isotype, e.g. IgGL 1.4 Antibody Fragments In certain
embodiments of the invention there is provided
therapeutic antibody fragments which modulate the
interaction between hlL-13 and hlL-13R. Such fragments
may be functional antigen binding fragments of intact
and/or humanised and/or chimaeric antibodies such as
Fab, Fab1, F(ab')2, Fv, ScFv fragments of the
antibodies described supra. Traditionally such
fragments are produced by the proteolytic digestion of
intact antibodies by e.g. papain digestion (see for
example, WO 94/29348) but may be produced directly
from recombinantly transformed host cells. For the
production of ScFv, see Bird et al ;(1988) Science,
242, 423-426. In addition, antibody fragments may be
produced using a variety of engineering techniques as
described below.Fv fragments appear to have lower
interaction energy of their two chains than Fab
fragments. To stablise the association of the VH and
VL domains, they have been linked with peptides (Bird
et al, (1988) Science 242, 423-426, Huston et al,
PNAS, 85, 5879-5883), disulphide bridges (Glockshuber
et al, (1990) Biochemistry, 29, 1362-1367) and "knob
in hole" mutations (Zhu e.- a/ (1997), Protein Sci.,
6, 781-788). ScFv fragments can be produced by methods
well known to those skilled in the art see Whitlow et
al (1991) Methods companion Methods Enzymol, 2, 97-
105 and Huston et a/ (1993) Int.Rev.Immunol 10,
195-217. ScFv may be produced in bacterial cells such
as E.CoIi but are more preferably produced in
eukaryotic cells. One disadvantage of ScFv is the
monovalency of the product, which precludes an
increased avidity due to polyvalent binding, and their
short half-life. Attempts to overcome these problems
include bivalent (ScFv')2 produced from ScFV
containing an additional C terminal cysteine by
chemical coupling ( Adams et al (1993) Can.Res 53,
4026-4034 and McCartney et al (1995) Protein Eng. 8,
301- 314) or by spontaneous site-specific dimerization
of ScFv containing an unpaired C terminal cysteine
residue (see Kipriyanov et al ( 1995) Cell. Biophys
26, 187-204). Alternatively, ScFv can be forced to
form multimers by shortening the peptide linker to 3
to 12 residues to form "diabodies", see Holliger et al
PNAS (1993), 90, 6444-6448. Reducing the linker still
further can result in ScFV trimers ("triabodies", see
Kortt et al 



(1997) Protein Eng, 10, 423-433) and tetramers
("tetrabodies", see Le Gall et al (1999) FEBS Lett,
453, 164-168). Construction of bivalent ScFV molecules
can also be achieved by genetic fusion with protein
dimerizing motifs to form "miniantibodies" (see Pack
et al (1992) Biochemistry 3 1, 1579-1 584) and
"minibodies" (see Hu et a/ (1996), Cancer Res. 56,
3055- 3061 ) . ScFv-Sc-Fv tandems ((ScFV)2) may also
be produced by linkingtwo ScFv units by a third
peptide linker, see Kurucz et al (1995) J.lmmol.154,
4576-4582. Bispecific diabodies can be produced
through the noncovalent association of two single
chain fusion products consisting of VH domain from one
antibody connected by a short linker to the VL domain
of another antibody, see Kipriyanov et al (1998),
Int.J.Can 77,763- 772. The stability of such
bispecific diabodies can be enhanced by the
introduction of disulphide bridges or "knob in hole"
mutations as described supra or by the formation of
single chain diabodies (ScDb) wherein two hybrid ScFv
fragments are connected through a peptide linker see
Kontermann et al (1999) J.Immunol.Methods 226 179-188.
Tetravalent bispecific molecules are available by e.g.
fusing a ScFv fragment to the CH3 domain of an IgG
molecule or to a Fab fragment through the hinge region
see Coloma et a/ (1997) Nature Biotechnol. 15,
159-163. Alternatively, tetravalent bispecific
molecules have been created by the fusion of
bispecific single chain diabodies (see Alt e al,
(1999) FEBS Lett 454, 90-94. Smaller tetravalent
bispecific molecules can also be formed by the
dimerization of either ScFv-ScFv tandems with a linker
containing a helix-loop-helix motif (DiBi
miniantibodies, see Muller et al (1998) FEBS Lett 432,
45-49) or a single chain molecule comprising four
antibody variable domains (VH and VL) in an
orientation preventing intramolecular pairing (tandem
diabody, see Kipriyanov et al, (1999) J.MoI. Biol.
293, 41- 56). Bispecific F(ab')2 fragments can be
created by chemical coupling of Fab1fragments or by
heterodimerization through leucine zippers (see
Shalaby et al, ( 1992) J.Exp.Med. 175, 2 17-225 and
Kostelny ef al (1992), J.Immunol. 148, 1547-1553).
Also available are isolated VH and VL domains
(Domantis pic), see US 6, 248,516; US 6,291 ,158; US
6, 172,197. In one embodiment there is provided a
therapeutic antibody fragment (e.g. ScFv, Fab, Fab1,
F(ab')2 ) or an engineered antibody fragment
asdescribed supra that specifically binds hlL-13 and
modulates (e.g. inhibits or blocks) the interaction
between hlL-13 and hlL-13R. The therapeutic antibody
fragment typically comprises a CDRH3 having the
sequence of SEQ.I.D.NO: 3 optionally together with
CDRs having the sequence set forth in SEQ.I.D.NO:
1,2,4,5 and 6. 1.5 Heteroconiugate antibodies
Heteroconjugate antibodies also form an embodiment of
the present invention. Heteroconjugate antibodies are
composed of two covalently joined antibodies formed
using any convenient cross-linking methods. See, for
example, US 4,676,980. 1.6 Other Modifications. The
interaction between the Fc region of an antibody and
various Fc receptors (FcgR) is believed to mediate the
effector functions of the antibody which include
antibody-dependent cellular cytotoxicity (ADCC),
fixation of complement, phagocytosis and
half-life/clearance of the antibody. Various
modifications to the Fc region of antibodies of the
invention may be carried out depending on the desired
property. For example, specific mutations in the Fc
region to render an otherwise lytic antibody,
non-lytic is detailed in EP 0629 240B1 and EP 0307
434B2 or one may incorporate a salvage receptor
binding epitope into the antibody to increase serum
half life see US 5,739,277. There are five currently
recognised human Fcg receptors, FcgR (I), FcgRlla,
FcgRllb, FcgRllla and neonatal FcRn. Shields et al,
(2001) J.Biol.Chem 276, 6591-6604demonstrated that a
common set of IgGI residues is involved in binding all
FcgRs, while FcgRII and FcgRIII utilize distinct sites
outside of this common set. One group of IgGI residues
reduced binding to all FcgRs when altered to alanine:
Pro-238, Asp-265, Asp-270, Asn-297 and Pro- 239. All
are in the IgG CH2 domain and clustered near the hinge
joining CH1 and CH2. While FcgRI utilizes only the
common set of IgGI residues for binding, FcgRII and
FcgRIII interact with distinct residues in addition to
the common set. Alteration of some residues reduced
binding only to FcgRII (e.g. Arg-292) or FcgRIII (e.g.
Glu-293). Some variants showed improved binding to
FcgRII or FcgRIII but did not affect binding to the
other receptor (e.g. Ser-267Ala improved binding to
FcgRII but binding to FcgRIII was unaffected). Other
variants exhibited improved binding to FcgRII or
FcgRIII with reduction in binding to the other
receptor (e.g. Ser-298Ala improved binding to FcgRIII
and reduced binding to FcgRII). For FcgRllla, the best
binding IgGI variants had combined alanine
substitutions at Ser- 298, Glu-333 and Lys-334. The
neonatal FcRn receptor is believed to be involved in
both antibody clearance and the transcytosis across
tissues (see Junghans RP (1997) Immunol. Res 16. 29-57
and Ghetie et a/ (2000) Annu.Rev.lmmunol. 18,
739-766). Human IgGI residues determined to interact
directly with human FcRn includes Ile253, Ser254,
Lys288, Thr307, Gln31 1, Asn434 and His435. Switches
at any of these positions described in this section
may enable increased serum half-life and/or altered
effector properties of antibodies of the invention.
Other modifications include glycosylation variants of
the antibodies of the invention. Glycosylation of
antibodies at conserved positions in their constant
regions is known to have a profound effect on antibody
function, particularly effector functioning such as
those described above, see for example, Boyd et a/
(1996), MoI. Immunol. 32, 131 1-1318. Glycosylation
variants of the therapeutic antibodies or antigen
binding fragments thereofof the present invention
wherein one or more carbohydrate moiety is added,
substituted, deleted or modified are contemplated.
Introduction of an asparagine-X-serine or
asparagine-X-threonine motif creates a potential site
for enzymatic attachment of carbonhydrate moieties and
may therefore be used to manipulate the glycosylation
of an antibody. In Raju et al (2001 ) Biochemistry 40,
8868-8876 the terminal sialyation of a TNFRIgG
immunoadhesin was increased through a process of
regalactosylation and/or resialylation using beta-1,
4-galactosyltransferace and/or alpha, 2,3
sialyltransferase. Increasing the terminal sialylation
is believed to increase the half-life of the
immunoglobulin. Antibodies, in common with most
glycoproteins, are typically produced as a mixture of
glycoforms. This mixture is particularly apparent when
antibodies are produced in eukaryotic, particularly
mammalian cells. A variety of methods have been
developed to manufacture defined glycoforms, see Zhang
et al Science (2004), 303, 371 , Sears et al, Science,
(2001 ) 291 , 2344, Wacker et al (2002) Science, 298
1790, Davis et al (2002) Chem.Rev. 102, 579, Hang et
al (2001) Acc.Chem. Res 34, 727. Thus the invention
contemplates a plurality of therapeutic (monoclonal)
antibodies (which maybe of the IgG isotype, e.g. IgGI)
as herein described comprising a defined number (e.g.
7 or less, for example 5 or less such as two or a
single) glycoform(s) of said antibodies or antigen
binding fragments thereof. Further embodiments of the
invention include therapeutic antibodies of the
invention or antigen binding fragments thereof coupled
to a nonproteinaeous polymer such as polyethylene
glycol (PEG), polypropylene glycol or polyoxyalkylene.
Conjugation of proteins to PEG is an established
technique for increasing half-life of proteins, as
well as reducing antigenicity and immunogenicity of
proteins. The use of PEGylation with different
molecular weights and styles (linear orbranched) has
been investigated with intact antibodies as well as
Fab1 fragments, see Koumenis I.L. et al (2000)
Int.J.Pharmaceut. 198:83-95. 2. Competing antibodies
The present invention also contemplates antibodies and
antigen binding fragments of antibodies which
specifically bind hlL-13 and competitively inhibit,
the binding to hlL-13 of the therapeutic antibody of
the invention or antigen binding fragment thereof
comprising a CDRH3 of SEQ.I.D.NO: 3 and/or a
therapeutic antibody or antigen binding fragment
thereof comprising CDRs of SEQ.I.D.NO: 1,2,3,4,5 and 6
to hlL-1 3. In some embodiments, the therapeutic
antibody is the murine antibody comprising a VH domain
of SEQ.I.D.NO:7 and a VL domain of SEQ.I.D.NO:8. Such
competing antibodies bind to the same, overlapping or
spatially adjacent epitope of hlL-1 3 as that bound by
the therapeutic antibody comprising CDRs of
SEQ.I.D.NO:1 , 2,3,4,5 and 6. The competing antibody
or antibody fragment displays, at equimolar
concentrations, at least 25% inhibition, typically 35%
or greater, more typically at least 50% inhibition.
Thus in one embodiment of the invention there is
provided a method of screening a candidate antibody or
antibody fragment to determine whether the candidate
antibody or antibody fragment is a competing antibody
as herein described which method comprises the steps
of; (a) incubating the candidate antibody or antibody
fragment with a therapeutic antibody comprising CDRH3
of SEQ.I.D.NO: 3, optionally further comprising CDRs
of SEQ.I.D.NO: 1,2,4,5 and 6 (such as a murine
therapeutic antibody having a VH domain of
SEQ.I.D.NO:7 and a VL domain of SEQ.I.D.NO:8 or a
humanised therapeutic antibody having a heavy chain of
SEQ.I.D.NO: 18 and a light chain of SEQ.I.D.NO:22 or
ahumanised therapeutic antibody having a heavy chain
of SEQ.I.D.NO:19 and a light chain of SEQ.I.D.NO:23)
or antigen binding fragment thereof; (b) determining
whether the candidate antibody or antibody fragment
thereof of step (a) competitively inhibits the binding
of the therapeutic antibody or antigen binding
fragment thereof to hlL-1 3. There is also provided a
competing antibody or antigen binding fragment thereof
which competitively inhibits the binding of a
therapeutic antibody or antigen binding fragment
thereof which therapeutic antibody or antigen binding
fragment thereof comprises CDR having the sequences
set forth in SEQ.I.D.NO: 1, 2,3,4,5 and 6 . In another
embodiment there is provided a competing antibody or
antigen binding fragment thereof which competitively
inhibits the binding of a therapeutic antibody of the
invention to hlL-13 which therapeutic antibody
comprises a heavy chain of SEQ.I.D.NO:18 and a light
chain of SEQ.I.D.NO:22. A competing antibody or
antigen binding fragment thereof maybe of any of the
above antibody structures. For example, the competing
antibody may be a primate or human intact antibody or
a humanised antibody preferably of an IgG isotype e.g.
IgGI or lgG4. Competing antibody fragments maybe Fab,
Fab', F(ab')2 ScFv and the like. A competing antibody
may be produced according to the methods disclosed
within this present specification.3. Production
Methods Antibodies of the invention maybe produced as
a polyclonal population but are more preferably
produced as a monoclonal population (that is as a
substantially homogenous population of identical
antibodies directed against a specific antigenic
binding site). It will of course be apparent to those
skilled in the art that a population implies more than
one antibody entity. Antibodies of the present
invention may be produced in transgenic organisms such
as goats (see Pollock et al (1999), J.Immunol.Methods
231 :147-157), chickens (see Morrow KJJ (2000)
Genet.Eng.News 20:1- 55, mice (see Pollock et al) or
plants (see Doran PM, (2000) Curr.Opinion Biotechnol.
11, 199-204, Ma JK-C (1998), Nat.Med. 4; 601-606, Baez
J e. al, BioPharm (2000) 13: 50-54, Stoger E e al;
(2000) Plant Mol.Biol. 42:583-590). Antibodies may
also be produced by chemical synthesis. However,
antibodies of the invention are typically produced
using recombinant cell culturing technology well known
to those skilled in the art. A polynucleotide encoding
the antibody is isolated and inserted into a
replicable vector such as a plasmid for further
cloning (amplification) or expression. One useful
expression system is a glutamate synthetase system
(such as sold by Lonza Biologies), particularly where
the host cell is CHO or NSO (see below).
Polynucleotide encoding the antibody is readily
isolated and sequenced using conventional procedures
(e.g. oligonucleotide probes). Vectors that may be
used include plasmid, virus, phage, transposons,
minichromsomes of which plasmids are a typical
embodiment. Generally such vectors further include a
signal sequence, origin of replication, one or more
marker genes, an enhancer element, a promoter and
transcription termination sequences operably linked to
the light and/or heavy chain polynucleotide so as to
facilitate expression. Polynucleotide encoding the
light and heavy chains may be inserted into separate
vectors and transfected into the same host cell or, if
desired both the heavy chain and light chain can be
inserted into the same vector fortransfection into the
host cell. Thus according to one aspect of the present
invention there is provided a process of constructing
a vector encoding the light and/or heavy chains of a
therapeutic antibody or antigen binding fragment
thereof of the invention, which method comprises
inserting into a vector, a polynucleotide encoding
either a light chain and/or heavy chain of a
therapeutic antibody of the invention. In other aspect
of the invention there is provided a polynucleotide
encoding a murine VH domain having the sequence set
forth as SEQ.I.D.NO:24. In another aspect of the
invention there is provided polynucleotide encoding a
murine VL domain having the sequence set forth as
SEQ.I.D.NO: 25. In another embodiment there is
provided a polynucletotide encoding a VH domain having
the sequence selected from the group consisting of
SEQ.I.D.NO:26, 27, 28, 29. In another embodiment there
is provided a polynucletotide encoding a VL domain
having the sequence selected from the group consisting
of; SEQ.I.D.NO:30, 3 1. In accordance with the present
invention there is provided a polynucleotide encoding
a heavy chain of the invention which polynucleotide is
selected from the group consisting of; SEQ.I.D.NO:32,
33, 34, 35. In accordance with the present invention
there is provided a polynucleotide encoding a light
chain of the invention which polynucleotide is
selected from the group consisting of; SEQ.I.D.NO:36,
37.It will be immediately apparent to those skilled in
the art that due to the redundancy of the genetic
code, alternative polynucleotides to those disclosed
herein are also available that will encode the
polypeptides of the invention. 3.1 Signal sequences
Antibodies of the present invention maybe produced as
a fusion protein with a heterologous signal sequence
having a specific cleavage site at the N terminus of
the mature protein. The signal sequence should be
recognised and processed by the host cell. For
prokaryotic host cells, the signal sequence may be an
alkaline phosphatase, penicillinase, or heat stable
enterotoxin Il leaders. For yeast secretion the signal
sequences may be a yeast invertase leader, a factor
leader or acid phosphatase leaders see e.g.
WO90/13646. In mammalian cell systems, viral secretory
leaders such as herpes simplex gD signal and a native
immunoglobulin signal sequence are available.
Typically the signal sequence is ligated in reading
frame to DNA encoding the antibody of the invention.
3.2 Origin of replication Origin of replications are
well known in the art with pBR322 suitable for most
gram-negative bacteria, 2m plasmid for most yeast and
various viral origins such as SV40, polyoma,
adenovirus, VSV or BPV for most mammalian cells.
Generally the origin of replication component is not
needed for mammalian expression vectors but the SV40
may be used since it contains the early promoter. 3.3
Selection markerTypical selection genes encode
proteins that (a) confer resistance to antibiotics or
other toxins e.g. ampicillin, neomycin, methotrexate
or tetracycline or (b) complement auxotrophic
deficiencies or supply nutrients not available in the
complex media. The selection scheme may involve
arresting growth of the host cell. Cells, which have
been successfully transformed with the genes encoding
the therapeutic antibody of the present invention,
survive due to e.g. drug resistance conferred by the
selection marker. Another example is the so-called
DHFR selection marker wherein transformants are
cultured in the presence of methotrexate. In typical
embodiments, cells are cultured in the presence of
increasing amounts of methotrexate to amplify the copy
number of the exogenous gene of interest. CHO cells
are a particularly useful cell line for the DHFR
selection. A further example is the glutamate
synthetase expression system (Lonza Biologies). A
suitable selection gene for use in yeast is the trp1
gene, see Stinchcomb et al Nature 282, 38, 1979. 3.4
Promoters Suitable promoters for expressing antibodies
of the invention are operably linked to
DNA/polynucleotide encoding the antibody. Promoters
for prokaryotic hosts include phoA promoter,
Beta-lactamase and lactose promoter systems, alkaline
phosphatase, tryptophan and hybrid promoters such as
Tac. Promoters suitable for expression in yeast cells
include 3- phosphoglycerate kinase or other glycolytic
enzymes e.g. enolase, glyceralderhyde 3 phosphate
dehydrogenase, hexokinase, pyruvate decarboxylase,
phosphofructokinase, glucose 6 phosphate isomerase, 3-
phosphoglycerate mutase and glucokinase. Inducible
yeast promoters include alcohol dehydrogenase 2,
isocytochrome C, acid phosphatase,metallothionein and
enzymes responsible for nitrogen metabolism or
maltose/galactose utilization. Promoters for
expression in mammalian cell systems include viral
promoters such as polyoma, fowlpox and adenoviruses
(e.g. adenovirus 2), bovine papilloma virus, avian
sarcoma virus, cytomegalovirus (in particular the
immediate early gene promoter), retrovirus, hepatitis
B virus, 



actin, rous sarcoma virus (RSV) promoter and the early
or late Simian virus 40. Of course the choice of
promoter is based upon suitable compatibility with the
host cell used for expression. In one embodiment
therefore there is provided a first plasmid comprising
a RSV and/or SV40 and/or CMV promoter, DNA encoding
light chain V region (VL) of the invention, KC region
together with neomycin and ampicillin resistance
selection markers and a second plasmid comprising a
RSV or SV40 promoter, DNA encoding the heavy chain V
region (VH) of the invention, DNA encoding the g1
constant region, DHFR and ampicillin resistance
markers 3.5 Enhancer element Where appropriate, e.g.
for expression in higher eukaroytics, an enhancer
element operably linked to the promoter element in a
vector may be used. Suitable mammalian enhancer
sequences include enhancer elements from globin,
elastase, albumin, fetoprotein and insulin.
Alternatively, one may use an enhancer element from a
eukaroytic cell virus such as SV40 enhancer (at bp1
00-270), cytomegalovirus early promoter enhancer,
polyma enhancer, baculoviral enhancer or murine lgG2a
locus (see WO04/009823). The enhancer is preferably
located on the vector at a site upstream to the
promoter.3.6 Host cells Suitable host cells for
cloning or expressing vectors encoding antibodies of
the invention are prokaroytic, yeast or higher
eukaryotic cells. Suitable prokaryotic cells include
eubacteria e.g. enterobacteriaceae such as Escherichia
e.g. E.Coli (for example ATCC 3 1,446; 3 1,537;
27,325), Enterobacter, Erwinia, Klebsiella Proteus,
Salmonella e.g. Salmonella typhimurium, Serratia e.g.
Serratia marcescans and Shigella as well as Bacilli
such as B.subtilis and B.licheniformis (see DD 266
710), Pseudomonas such as P.aeruginosa and
Streptomyces. Of the yeast host cells, Saccharomyces
cerevisiae, schizosaccharomyces pombe, Kluyveromyces
(e.g. ATCC 16,045; 12,424; 24178; 56,500), yarrowia
(EP402, 226), Pichia Pastoris (EP183, 070, see also
Peng et al J.Biotechnol. 108 (2004) 185-192), Candida,
Thchoderma reesia (EP244, 234J, Penicillin,
Tolypocladium and Aspergillus hosts such as A.nidulans
and A.niger are also contemplated. Although
Prokaryotic and yeast host cells are specifically
contemplated by the invention, preferably however,
host cells of the present invention are higher
eukaryotic cells. Suitable higher eukaryotic host
cells include mammalian cells such as COS-1 (ATCC
No.CRL 1650) COS-7 (ATCC CRL 1651 ), human embryonic
kidney line 293, baby hamster kidney cells (BHK) (ATCC
CRL. 1632), BHK570 (ATCC NO: CRL 10314), 293 (ATCC
NO.CRL 1573), Chinese hamster ovary cells CHO (e.g.
CHO-K1 , ATCC NO: CCL 6 1, DHFR-CHO cell line such as
DG44 (see Urlaub et a/, ( 1986) Somatic Cell
Mol.Genet.12, 555-556)), particularly those CHO cell
lines adapted for suspension culture, mouse Sertoli
cells, monkey kidney cells, African green monkey
kidney cells (ATCC CRL-1587), HELA cells, canine
kidney cells (ATCC CCL 34), human lung cells (ATCC CCL
75), Hep G2 and myeloma or lymphoma cells e.g. NSO
(see US 5,807,715), Sp2/0, YO.Thus in one embodiment
of the invention there is provided a stably
transformed host cell comprising a vector encoding a
heavy chain and/or light chain of the therapeutic
antibody or antigen binding fragment thereof as herein
described. Preferably such host cells comprise a first
vector encoding the light chain and a second vector
encoding said heavy chain. Bacterial fermentation
Bacterial systems are particularly suited for the
expression of antibody fragments. Such fragments are
localised intracellular^ or within the periplasma.
Insoluble periplasmic proteins can be extracted and
refolded to form active proteins according to methods
known to those skilled in the art, see Sanchez et al
(1999) J.Biotechnol. 72, 13-20 and Cupit PM et al
(1999) Lett Appl Microbiol, 29, 273-277. 3.7 Cell
Culturinq Methods. Host cells transformed with vectors
encoding the therapeutic antibodies of the invention
or antigen binding fragments thereof may be cultured
by any method known to those skilled in the art. Host
cells may be cultured in spinner flasks, roller
bottles or hollow fibre systems but it is preferred
for large scale production that stirred tank reactors
are used particularly for suspension cultures.
Preferably the stirred tankers are adapted for
aeration using e.g. spargers, baffles or low shear
impellers. For bubble columns and airlift reactors
direct aeration with air or oxygen bubbles maybe used.
Where the host cells are cultured in a serum free
culture media it is preferred that the media is
supplemented with a cell protective agent such as
pluronic F-68 to help prevent cell damage as a result
of theaeration process. Depending on the host cell
characteristics, either microcarriers maybe used as
growth substrates for anchorage dependent cell lines
or the cells maybe adapted to suspension culture
(which is typical). The culturing of host cells,
particularly invertebrate host cells may utilise a
variety of operational modes such as fed-batch,
repeated batch processing (see Drapeau et al (1994)
cytotechnology 15: 103-109), extended batch process or
perfusion culture. Although recombinantly transformed
mammalian host cells may be cultured in
serum-containing media such as fetal calf serum (FCS),
it is preferred that such host cells are cultured in
synthetic serum -free media such as disclosed in Keen
et al (1995) Cytotechnology 17:153-163, or
commercially available media such as ProCHO-CDM or
UltraCHO(tm) (Cambrex NJ, USA), supplemented where
necessary with an energy source such as glucose and
synthetic growth factors such as recombinant insulin.
The serum-free culturing of host cells may require
that those cells are adapted to grow in serum free
conditions. One adaptation approach is to culture such
host cells in serum containing media and repeatedly
exchange 80% of the culture medium for the serum-free
media so that the host cells learn to adapt in serum
free conditions (see e.g. Scharfenberg K et al (1995)
in Animal Cell technology: Developments towards the
21st century (Beuvery E.G. et al eds), pp61 9-623,
Kluwer Academic publishers). Antibodies of the
invention secreted into the media may be recovered and
purified using a variety of techniques to provide a
degree of purification suitable for the intended use.
For example the use of therapeutic antibodies of the
invention for the treatment of human patients
typically mandates at least 95% purity, more typically
98% or 99% or greater purity (compared to the crude
culture medium). In the first instance, cell debris
from the culture media is typically removed using
centrifugation followed by a clarification step of the
supernatant using e.g. microfiltration,ultrafiltration
and/or depth filtration. A variety of other techniques
such as dialysis and gel electrophoresis and
chromatographic techniques such as hydroxyapatite
(HA), affinity chromatography (optionally involving an
affinity tagging system such as polyhistidine) and/or
hydrophobic interaction chromatography (HIC, see US 5,
429,746) are available. In one embodiment, the
antibodies of the invention, following various
clarification steps, are captured using Protein A or G
affinity chromatography followed by further
chromatography steps such as ion exchange and/or HA
chromatography, anion or cation exchange, size
exclusion chromatography and ammonium sulphate
precipitation. Typically, various virus removal steps
are also employed (e.g. nanofiltration using e.g. a
DV-20 filter). Following these various steps, a
purified (preferably monoclonal) preparation
comprising at least 75mg/ml or greater e.g. 100mg/ml
or greater of the antibody of the invention or antigen
binding fragment thereof is provided and therefore
forms an embodiment of the invention. Suitably such
preparations are substantially free of aggregated
forms of antibodies of the invention. 4.
Pharmaceutical Compositions Purified preparations of
antibodies of the invention (particularly monoclonal
preparations) as described supra, may be incorporated
into pharmaceutical compositions for use in the
treatment of human diseases and disorders such as
atopic diseases e.g. asthma, allergic rhinitis, COPD.
Typically such compositions comprise a
pharmaceutically acceptable carrier as known and
called for by acceptable pharmaceutical practice, see
e.g. Remingtons Pharmaceutical Sciences, 16th edition,
(1980), Mack Publishing Co. Examples of such carriers
include sterilised carrier such as saline, Ringers
solution or dextrose solution, buffered with suitable
buffers to a pH within a range of 5 to 8.
Pharmaceuticalcompositions for injection (e.g. by
intravenous, intraperitoneal, intradermal,
subcutaneous, intramuscular or intraportal) or
continuous infusion are suitably free of visible
particulate matter and may comprise between 0.1 ng to
100mg of antibody, preferably between 5mg and 25mg of
antibody. Methods for the preparation of such
pharmaceutical compositions are well known to those
skilled in the art. In one embodiment, pharmaceutical
compositions comprise between 0.1 ng to 100mg of
therapeutic antibodies of the invention in unit dosage
form, optionally together with instructions for use.
Pharmaceutical compositions of the invention may be
lyophilised (freeze dried) for reconstitution prior to
administration according to methods well known or
apparent to those skilled in the art. Where
embodiments of the invention comprise antibodies of
the invention with an IgGI isotype, a chelator of
copper such as citrate (e.g. sodium citrate) or EDTA
or histidine may be added to pharmaceutical
composition to reduce the degree of copper-mediated
degradation of antibodies of this isotype, see EP061
2251 . Anti-hlL-1 3 treatment maybe given orally, by
inhalation, topically (for example, intraocular,
intransnasal, rectal into wounds on the skin).
Effective doses and treatment regimes for
administering the antibody of the invention are
generally determined empirically and are dependent on
factors such as the age, weight and health status of
the patient and disease or disorder to be treated.
Such factors are within the purview of the attending
physician. Guidance in selecting appropriate doses may
be found in e.g. Smith eif a/ (1977) Antibodies in
human diagnosis and therapy, Raven Press, New York but
will in general be between 1mg and 1000mg.Depending on
the disease or disorder to be treated (but
particularly asthma), pharmaceutical compositions
comprising a therapeutically effective amount of the
antibody of the invention may be used simultaneously,
separately or sequentially with an effective amount of
another medicament such as anti-inflammatory agents
(e.g. corticosteroid or an NSAID), anticholinergic
agents (particularly M1/M2/M3 receptor antagonists),
b2 adrenoreceptor agonists, antiinfective agents (e.g.
antibiotics, antivirals), antihistamines, PDE4
inhibitor. Examples of b2 adrenoreceptor agonists
include salmeterol, salbutamol, formoterol,
salmefamol, fenoterol, terbutaline. Preferred long
acting b2 adrenoreceptor agonists include those
described in WO02/66422A, WO02/270490, WO02/076933,
WO03/024439 and WO03/072539. Suitable corticosteroids
include methyl prednisolone, prednisolone,
dexamethasone, fluticasone propionate,
6a,9a-difluoro-17 a-[(2- furanylcarbonyl)oxy]-1
1b-hydroxy-1 6a-methyl-3-oxo-androsta-1 ,4-diene-
17b-carbothioic acid S-fluoromethyl ester,
6a,9a-difluoro-1 1b-hydroxy~ 16a-methyl-3-oxo-1
7a-propionyloxy- androsta-1 ,4-diene-1 7b-carbothioic
acid S-(2-oxo-tetrahydro-furan-3S-yl) ester,
beclomethasone esters (eg. the 17-propionate ester or
the 17,21-dipropionate ester), budesonide,
flunisolide, mometasone esters (eg. the furcate
ester), triamcinolone acetonide, rofleponide,
ciclesonide (16a,17-[[(R)-
cyclohexylmethylene]bis(oxy)]-1
1b,21-dihydroxy-pregna-1 ,4-diene-3,20- dione),
butixocort propionate, RPR-1 06541 , and ST-126.
Preferred corticosteroids include fluticasone
propionate, 6a,9a-difluoro-1 1b-hydroxy- 16a-methyl-1
7a-[(4-methyl-1
,3-thiazole-5-carbonyl)oxy]-3-oxo-androsta-
1,4-diene-17 b-carbothioic acid S-fluoromethyl ester
and 6a,9a-difluoro- 17a-[(2-furanylcarbonyl)oxy]-1
1b-hydroxy-1 6a-methyl-3-oxo-androsta-1 ,4- diene-17
b-carbothioic acid S-fluoromethyl ester, more
preferably 6a,9a- difluoro-1
7a-[(2-furanylcarbonyl)oxy]-1 1b-hydroxy-1
6a-methyl-3-oxoandrosta- 1 ,4-diene-1 7b-carbothioic
acid S-fluoromethyl ester.Non-steroidal compounds
having glucocorticoid agonism that may posess
selectivity for transrepression over transactivation
and that may be useful in combination therapy include
those covered in the following patents: WO03/082827,
WO01/10143, WO98/54159, WO04/005229, WO04/009016,
WO04/009017, WO04/018429, WO03/104195, WO03/082787,
WO03/082280, WO03/059899, WO03/101932, WO02/02565,
WO01/16128, WO00/66590, WO03/086294, WO04/026248,
WO03/061651 , WO03/08277. Suitable anti-inflammatory
agents include non-steroidal anti-inflammatory drugs
(NSAID's). Suitable NSAID's include sodium
cromoglycate, nedocromil sodium, phosphodiesterase
(PDE) inhibitors (e.g. theophylline, PDE4 inhibitors
or mixed PDE3/PDE4 inhibitors), leukotriene
antagonists, inhibitors of leukotriene synthesis (eg.
montelukast), iNOS inhibitors, tryptase and elastase
inhibitors, beta-2 integrin antagonists and adenosine
receptor agonists or antagonists (e.g. adenosine 2a
agonists), cytokine antagonists (e.g. chemokine
antagonists, such as a CCR3 antagonist) or inhibitors
of cytokine synthesis, or 5-lipoxygenase inhibitors.
Suitable other b2- adrenoreceptor agonists include
salmeterol (e.g. as the xinafoate), salbutamol (e.g.
as the sulphate or the free base), formoterol (e.g. as
the fumarate), fenoterol or terbutaline and salts
thereof. An iNOS (inducible nitric oxide synthase
inhibitor) is preferably for oral administration.
Suitable iNOS inhibitors include those disclosed in
WO93/13055, WO98/30537, WO02/50021 , WO95/34534 and
WO99/62875. Suitable CCR3 inhibitors include those
disclosed in WO02/26722.Of particular interest is use
of the antibodies of the invention in combination with
a phosphodiesterase 4 (PDE4) inhibitor. The PDE4-
specific inhibitor useful in this aspect of the
invention may be any compound that is known to inhibit
the PDE4 enzyme or which is discovered to act as a
PDE4 inhibitor, and which are only PDE4 inhibitors,
not compounds which inhibit other members of the PDE
family, such as PDE3 and PDE5, as well as PDE4.
Compounds of interest include
c/s-4-cyano-4-(3-cyclopentyloxy-4-
methoxyphenyl)cyclohexan-1-carboxylic acid,
2-carbomethoxy-4-cyano-4-
(3-cyclopropylmethoxy-4-difluoromethoxyphenyl)cyclohex
an-1-one and c/s-[4-cyano-4-(3-cyclopropylmethoxy-4-
difluoromethoxyphenyl)cyclohexan-1-ol]. Also,
c/s-4-cyano-4-[3-
(cyclopentyloxy)-4-methoxyphenyl]cyclohexane-1
-carboxylic acid (also known as cilomilast) and its
salts, esters, pro-drugs or physical forms, which is
described in U.S. patent 5,552,438 issued 03
September, 1996; this patent and the compounds it
discloses are incorporated herein in full by
reference. AWD-12-281 from Elbion (Hofgen, N. elaj.
15th EFMC lnt Symp Med Chem (Sept 6-10, Edinburgh)
1998, Abst P.98; CAS reference No. 247584020-9); a
9-benzyladenine derivative nominated NCS-613 (INSERM);
D-4418 from Chiroscience and Schering-Plough; a
benzodiazepine PDE4 inhibitor identified as CI-1018
(PD-1 68787) and attributed to Pfizer; a benzodioxole
derivative disclosed by Kyowa Hakko in WO99/16766;
K-34 from Kyowa Hakko; V-1 1294A from Napp (Landells,
L.J. et al. Eur Resp J [Annu Cong Eur Resp Soc (Sept
19-23, Geneva) 1998] 1998, 12 (Suppl. 28): Abst
P2393); roflumilast (CAS reference No 162401-32-3) and
a pthalazinone (WO99/47505, the disclosure of which is
hereby incorporated by reference) from Byk-Gulden;
Pumafentrine, (-)-p[(4aR*,1 0ibS*)-9-ethoxy-1
,2,3,4,4a,1 0b-hexahydro-8-methoxy-2- methylbenzo[c][1
,6]naphthyridin-6-yl]-N,N-diisopropylbenzamide which
is a mixed PDE3/PDE4 inhibitor which has been prepared
and published on by Byk-Gulden, now Altana; arofylline
under development by Almirall- Prodesfarma;
VM554/UM565 from Vernalis; or T-440 (Tanabe Seiyaku;
Fuji, K. et_aj. J Pharmacol Exp Ther,1998, 284(1 ):
162), and T2585. Further compounds of interest are
disclosed in the published international patent
application WO04/024728 (Glaxo Group Ltd),
PCT/EP2003/0 14867 (Glaxo Group Ltd) and
PCT/EP2004/005494 (Glaxo Group Ltd). Suitable
anticholinergic agents are those compounds that act as
antagonists at the muscarinic receptors, in particular
those compounds which are antagonists of the Mi or M3
receptors, dual antagonists of the M-1/M3 or M2/M3,
receptors or pan-antagonists of the M1/M2/M3
receptors. Exemplary compounds for administration via
inhalation include ipratropium (e.g. as the bromide,
CAS 22254-24-6, sold under the name Atrovent),
oxitropium (e.g. as the bromide, CAS 30286-75-0) and
tiotropium (e.g. as the bromide, CAS 136310-93-5, sold
under the name Spiriva). Also of interest are
revatropate (e.g. as the hydrobromide, CAS
262586-79-8) and LAS-34273 which is disclosed in
WO01/041 18. Exemplary compounds for oral
administration include pirenzepine (CAS 28797-61-7),
darifenacin (CAS 133099-04-4, or CAS 133099-07-7 for
the hydrobromide sold under the name Enablex),
oxybutynin (CAS 5633-20-5, sold under the name
Ditropan), terodiline (CAS 15793-40-5), tolterodine
(CAS 124937-51-5, or CAS 124937-52-6 for the tartrate,
sold under the name Detrol), otilonium (e.g. as the
bromide, CAS 26095-59-0, sold under the name
Spasmomen), trospium chloride (CAS 10405-02-4) and
solifenacin (CAS 242478-37-1 , or CAS 242478-38-2 for
the succinate also known as YM- 905 and sold under the
name Vesicare).Other suitable anticholinergic agents
include compounds of formula (XXI), which are
disclosed in US patent application 60/487981 : in
which the preferred orientation of the alkyl chain
attached to the tropane ring is endo; R31 and R32 are,
independently, selected from the group consisting of
straight or branched chain lower alkyl groups having
preferably from 1 to 6 carbon atoms, cycloalkyl groups
having from 5 to 6 carbon atoms, cycloalkyl-alkyl
having 6 to 10 carbon atoms, 2-thienyl, 2-pyridyl,
phenyl, 



phenyl substituted with an alkyl group having not in
excess of 4 carbon atoms and phenyl substituted with
an alkoxy group having not in excess of 4 carbon
atoms; X represents an anion associated with the
positive charge of the N atom. X may be but is not
limited to chloride, bromide, iodide, sulfate, benzene
sulfonate, and toluene sulfonate, including, for
example:
(3-enc/o)-3-(2,2-di-2-thienylethenyl)-8,8-dimethyl-8-a
zoniabicyclo[3.2.1]octane bromide;
(3-eA?do)-3-(2,2-diphenylethenyl)-8,8-dimethyl-8-
azoniabicyclo[3.2.1]octane bromide;
(3-enafo)-3-(2,2-diphenylethenyl)-8,8-dimethyl-8-
azoniabicyclo[3.2.1]octane 4-methylbenzenesulfonate;
(3-e/?ato)-8,8-dimethyl-3-[2-phenyl-2-(2-thienyl)ethen
yl]-8- azoniabicyclo[3.2.1]octane bromide;
and/or(3-eA7ofo)-8,8-dimethyl-3-[2-phenyl-2-(2-pyridin
yl)ethenyl]-8- azoniabicyclo[3.2.1]octane bromide.
Further suitable anticholinergic agents include
compounds of formula (XXII) or (XXIII), which are
disclosed in US patent application 60/51 1009: (XXlI)
(XXlIl) wherein: the H atom indicated is in the exo
position; R41" represents an anion associated with the
positive charge of the N atom. R 1 may be but is not
limited to chloride, bromide, iodide, sulfate, benzene
sulfonate and toluene sulfonate; R42 and R43 are
independently selected from the group consisting of
straight or branched chain lower alkyl groups (having
preferably from 1 to 6 carbon atoms), cycloalkyl
groups (having from 5 to 6 carbon atoms),
cycloalkyl-alkyl (having 6 to 10 carbon atoms),
heterocycloalkyl (having 5 to 6 carbon atoms) and N or
O as the heteroatom, heterocycloalkyl-alkyl (having 6
to10 carbon atoms) and N or O as the heteroatom, aryl,
optionally substituted aryl, heteroaryl, and
optionally substituted heteroaryl; R44 is sleeted from
the group consisting of (C1-C6)alkyl, (C3-Ci
2)cycloalkyl, (C3-C7)heterocycloalkyl, (Ci-C
6)alkyl(C3-Ci2)cycloalkyl, (Ci-C 6)alkyl(C3-
C7)heterocycloalkyl, aryl, heteroaryl, (Ci-C
6)alkyl-aryl, (C-i-C6)alkylheteroaryl, -OR45,
-CH2OR45, -CH2OH, -CN, -CF3,-CH2O(CO)R46, -CO2R47,
-CH2NH2, -CH2N(R47)SO2R45, -SO2N(R47)(R48) , -CON(R
47)(R48), CH2N(R48)CO(R 46), -CH2N(R48)SO2(R46) ,
-CH2N(R48)CO2(R45) , - CH2N(R48)CONH(R 47); R45 is
selected from the group consisting of (Cr C6)alkyl,
(Cr C6)alkyl(C3- C12)cycloalkyl,
(C1-C6)alkyl(C3-C7)heterocycloalkyl (Cr C6)alkyl-aryl,
(Cr C6)alkylheteroaryl; R46 is selected from the group
consisting of (C1-C6) Ik , (C3-C12)cycloalkyl, (C3-
C7)heterocycloalkyl, (C1-C6)alkyl(C3-C12)cycloalkyl,
(C1-C6)alkyl (C3- C7)heterocycloalkyl, aryl,
heteroaryl, (CrC 6)alkyl-aryl, (Cr
C6)alkyl-heteroaryl; R47 and R48 are, independently,
selected from the group consisting of H, (C-rC
6)alkyl, (C3-C12)cycloalkyl, (C3-C7)heterocycloalkyl,
(Ci-C 6)alkyl(C 3- Ci 2)cycloalkyl, (Ci-C 6)alkyl(C
3-C7)heterocycloalkyl, (Ci-C 6)alkyl-aryl, and (Ci-C
6)alkyl-heteroaryl, including, for example:
(Endo)-3-(2-methoxy-2,2-di-thiophen-2-yl-ethyI)-
d,8-dimethyl-8-azoniabicyclo[ 3.2.1]octane iodide; S-
Endo d-methyl-
d-aza-bicycloP^.ijoct-S-yl^^-diphenyl-propionitrile;
(EndoJ-d-methyl-S^^^-triphenyl-ethyO-
d-aza-bicyclotS^.iloctane; 3-((Endo)-8-methyl-
d-aza-bicyclo[3.2.1]oct-3-yl)-2,2-diphenylpropionamide
; 3-((Endo)-8-methyl-
d-aza-bicyclo[3.2.1]oct-3-yl)-2,2-diphenyl-propionic
acid;
(Endo)-3-(2-cyano-2,2-diphenyl-ethyl)-8,8-dimethyl-8-a
zoniabicyclo[ 3.2.1]octane iodide;
(Endo)-3-(2-cyano-2,2-diphenyl-ethyl)-8,8-dimethyl-8-a
zoniabicyclo[ 3.2.1]octane bromide; 3-((Endo)-
d-methyl-
d-aza-bicyclo[3.2.1]oct-3-yl)-2,2-diphenyl-propan-1-ol
; L/-Benzyl-3-((endo)- d-methyl-
d-aza-bicyclo[3.2.1]oct-3-yl)-2,2-diphenyl-'
propionamide;
(Endo)-3-(2-carbamoyl-2,2-diphenyl-ethyl)-3,
d-dimethyl- d-azoniabicyclo[ 3.2.1]octane iodide;
1-Benzyl-3-[3-((endo)-8-methyl-8-aza-bicyclo[3.2.1]oct
-3-yl)-2,2-diphenylpropylj- urea;
1-Ethyl-3-[3-((endo)-8-methyl-8-aza-bicyclo[3.2.
1]oct-3-yl)-2,2-diphenylpropyl]- urea; / - -((Endo
d-methyl-d-aza-bicyclotS^.iloct-S-yO^^-diphenyl-propyl
]- acetamide; ((Endo
-methyl-d-aza-bicyclo^^.iloct-S-yl^^-diphenyl-propyl]-
benzamide;
3-((Endo)-8-methyl-8-aza-bicyclo[3.2.1]oct-3-yl)-2,2-d
i-thiophen-2-ylpropionitrile;
(Endo)-3-(2-cyano-2,2-di-thiophen-2-yl-ethyl)-8,8-dime
thyl-8-azoniabicyclo[ 3.2.1]octanq iodide;
L/-[3-((Endo)-8-methyl-8-aza-bicyclo[3.2.1]oct-3-yl)-2
,2-diphenyl-propyl]- benzenesulfonamide; -((Endo
-d-methyl-d-aza-bicyclotS^.iloct-S-yl^^-diphenyl-propy
lJ-urea;
L/-[3-((Endo)-8-methyl-8-aza-bicyclo[3.2.1]oct-3-yl)-2
,2-diphenyl-propyl]- methanesulfonamide; and/or
(Endo)-3-{2,2-diphenyl-3-[(1-phenyl-methanoyl)-amino]-
propyl}- d,d- dimethyl-8-azonia-bicyclo[3.2.1]octane
bromide. More preferred compounds useful in the
present invention include:
(Endo)-3-(2-methoxy-2,2-di-thiophen-2-yl-ethyl)-8,8-di
methyl-8-azoniabicyclo[ 3.2.1]octane iodide;
(Endo)-3-(2-cyano-2,2-diphenyl-ethyl)-8,
d-dimethyl-8-azoniabicyclo[ 3.2.1]octane iodide;
(Endo)-3-(2-cyano-2,2-diphenyl-ethyl)-8,8-dimethyl-
d-azoniabicyclo[ 3.2.1]octane bromide;
(Endo)-3-(2-carbamoyl-2,2-diphenyl-ethyl)-d
,d-dimethyl-8-azoniabicyclo[ 3.2.1]octane iodide;
(Endo)-3-(2-cyano-2,2-di-thiophen-2-yl-ethyl)-8,
d-dimethyl-d-azoniabicyclo[ 3.2.1]octane iodide;
and/or(Endo)-3-{2,2-diphenyl-3-[(1-phenyl-methanoyl)-a
mino]-propyl}-8,8- dimethyl-8-azonia-bicyclo[3.2.
1]octane bromide. Suitable antihistamines (also
referred to as H1-receptor antagonists) include any
one or more of the numerous antagonists known which
inhibit H1-receptors, and are safe for human use.
First generation antagonists, include derivatives of
ethanolamines, ethylenediamines, and alkylamines, e.g
diphenylhydramine, pyrilamine, clemastine,
chlropheniramine. Second generation antagonists, which
are non-sedating, include loratidine,
desloratidine,terfenadine,astemizole,acrivastine,
azelastine, levocetirizine fexofenadine and
cetirizine. Examples of preferred anti-histamines
include loratidine, desloratidine, fexofenadine and
cetirizine. Other contemplated combinations include
the use of antibodies of the invention in combination
with an anti-IL-4 agent (e.g. anti-IL-4 antibody such
as pascolizumab) and/or anti-IL-5 agent (e.g.
anti-IL-5 antibody such as mepolizumab) and/or
anti-lgE agent (e.g. anti-lgE antibody such as
omalizumab (Xolair(tm)) or talizumab). Conveniently, a
pharmaceutical composition comprising a kit of parts
of the antibody of the invention or antigen binding
fragment thereof together with such another
medicaments optionally together with instructions for
use is also contemplated by the present invention. The
invention furthermore contemplates a pharmaceutical
composition comprising a therapeutically effective
amount of monoclonal therapeutic antibody or antigen
binding fragment thereof as herein described for usein
the treatment of diseases responsive to modulation of
the interaction between hlL-13 and hlL-13R. In
accordance with the present invention there is
provided a pharmaceutical composition comprising a
therapeutically effective amount of a monoclonal
humanised therapeutic antibody which antibody
comprises a VH domain selected from the group
consisting of: SEQ.I.D.NO:1 1,12,13,14 and a VL domain
selected from the group consisting of:
SEQ.I.D.NO:15,16. In accordance with the present
invention there is provided a pharmaceutical
composition comprising a monoclonal therapeutic
antibody comprising a heavy chain selected from the
group consisting of: SEQ.I.D.NO: 18,19,20,21 and a
light chain selected from the group consisting of;
SEQ.I.D.NO:22, 23. In accordance with the present
invention there is provided a pharmaceutical
composition comprising a monoclonal therapeutic
antibody comprising a heavy chain of SEQ.I.D.NO:18 and
a light chain of SEQ.I.D.NO:22 and a pharmaceutically
acceptable carrier. In accordance with the present
invention there is provided a pharmaceutical
composition comprising a monoclonal antibody
comprising (or consisting essentially of) a heavy
chain of SEQ.I.D.NO:18 and a light chain of
SEQ.I.D.NO:22 and a pharmaceutically acceptable
carrier. In accordance with the present invention
there is provided a pharmaceutical composition
comprising a pharmaceutically acceptable carrier and a
therapeutically effective amount of a monoclonal
populationof therapeutic antibody which therapeutic
antibody comprises a heavy chain of SEQ.I.D.NO:18 and
a light chain of SEQ.I.D.NO:22. 5. Clinical uses .
Antibodies of the invention may be used in the
treatment of atopic diseases/ disorders and chronic
inflammatory diseases/disorders. Of particular
interest is their use in the treatment of asthma, such
as allergic asthma, particularly severe asthma (that
is asthma that is unresponsive to current treatment,
including systemically administered corticosteroids;
see Busse WW et al, J Allergy Clin. Immunol 2000, 106:
1033-1042), "difficult" asthma (defined as the
asthmatic phenotype characterised by failure to
achieve control despite maximally recommended doses of
prescribed inhaled steroids, see Barnes PJ (1998), Eur
Respir J 12:1208-1218), "brittle" asthma (defines a
subgroup of patients with severe, unstable asthma who
maintain a wide peak expiratory flow (PEF) variability
despite high doses of inhaled steroids, see Ayres JG
et al (1998) Thorax 58:315- 321), nocturnal asthma,
premenstrual asthma, steroid resistant asthma (see
Woodcock AJ (1993) Eur Respir J 6:743-747), steroid
dependent asthma (defined as asthma that can be
controlled only with high doses of oral steroids),
aspirin induced asthma, adult-onset asthma, paediatric
asthma . Antibodies of the invention maybe used to
prevent, reduce the frequency of, or mitigate the
effects of acute, asthmatic episodes (status
asthmaticus). Antibodies of the invention may also be
used to reduce the dosing required (either in terms of
amount administered or frequency of dosing) of other
medicaments used in the treatment of asthma. For
example, antibodies of the invention may be used to
reduce the dosing required for steroid treatment of
asthma such as corticosteroid treatment ("steroid
sparing"). Other diseases or disorders that may be
treated with antibodies of the invention include
atopic dermatitis, allergic rhinitis,Crohn's disease,
chronic obstructive pulmonary disease (COPD),
eosinophilic esophagitis, fibrotic diseases or
disorders such as idiopathic pulmonary fibrosis,
progressive systemic sclerosis (scleroderma), hepatic
fibrosis, hepatic granulomas, schistosomiasis,
leishmaniasis, and diseases of cell cycle regulation,
e.g. Hodgkins disease, B cell chronic lymphocytic
leukaemia. Further diseases or disorders that may be
treated with antibodies of the invention are detailed
in the Background of the invention section above. In
one embodiment of the invention there is provided a
method of treating a human patient afflicted with an
asthmatic condition which is refractory to treatment
with corticosteroids which method comprises the step
of administering to said patient a therapeutically
effective amount of an antibody of the invention. In
another embodiment there is provided a method of
preventing an acute asthmatic attack in a human
patient which method comprises the step of
administering to said patient a therapeutically
effective amount of an antibody of the invention. In
another embodiment there is provided a method of
reducing the frequency of and/or mitigating the
effects of an acute asthmatic attack in a human
patient which method comprises the step of
administering to said patient a therapeutically
effective amount of an antibody of the invention. In
another embodiment of the invention there is provided
a method of biasing T helper cell response towards a
Th1 type response following an inflammatory and/or
allergic insult in a human patient which method
comprises administering to said patient a
therapeutically effective amount of an antibody or
antigen binding fragment thereof of the invention.In
another embodiment of the invention there is provided
a method of treating a human patient having the
Q130hlL-13 variant which patient is afflicted with
asthma, such as severe asthma, said method comprising
the step of administering to said patient a
therapeutically effective amount of an antibody or
antigen binding fragment thereof of the invention.
Although the present invention has been described
principally in relation to the treatment of human
diseases or disorders, the present invention may also
have applications in the treatment of similar diseases
or disorders in non-human mammals. The present
invention is now described by way of example only.
Exemplification 1.GENERATION OF MONOCLONAL ANTIBODIES
AND CHARACTERISATION OF MOUSE MONOCLONAL ANTIBODY 6A1
Monoclonal antibodies (mAbs) are produced by hybridoma
cells generally in accordance with the method set
forth in E Harlow and D Lane, Antibodies a Laboratory
Manual, Cold Spring Harbor Laboratory, 1988. The
result of the fusion of mouse myeloma cells with
B-lymphocytes from mice immunised with the target
antigen. The hybridoma cell is immortalised by the
myeloma fusion partner while the capacity to produce
antibodies is provided by the B lymphocyte. Five SJL
mice were immunised by intraperitoneal injection each
with 2mg recombinant human IL-13 derived from E.Coli
(Cambridge Bioscience, Cat. No. CH-013). An
immunisation schedule was used to develop a hightitre
anti-human IL-13 antibody immune response in the mice.
After 5 immunisations over 64 days, the mice were
culled and spleen cells harvested. Spleen cells from 3
of the mice were removed and B lymphocytes fused with
mouse myeloma cells derived from P3X cells using
PEG1500 (Boehringer) to generate hybridomas.
Individual hybridoma cell lines were cloned by
limiting dilution (E Harlow and D Lane, supra). Wells
containing single colonies were identified
microscopically and supematants tested for activity.
Cells from the most active clones were expanded for
cryopreservation, antibody production etc. Initially,
hybridoma supematants were screened for binding
activity against an E.coli-expressed recombinant det-1
tagged human IL-13 protein (made in-house) in a
sandwich assay format. A secondary screen of these
positives was completed using a BIAcore(tm) method to
detect for binding to the det-1 tagged human IL-13
protein. Samples from these hybridomas were then
tested for ability to neutralise the bioactivity of
E.coli-expressed recombinant human IL-13 (Cambridge
Bioscience, cat. no CH-013) in a TF-1 cell bioassay.
Six positives identified from the human IL-13
neutralising bioassay were subcloned by limiting
dilution to generate stable monoclonal cell lines.
Immunoglobulins from these hybridomas, grown in cell
factories under serum free conditions, were purified
using immobilised Protein A columns. These purified
mAbs were then re-screened in the following assay
systems; - Binding to E.coli-expressed recombinant
human IL-13 (in a sandwich ELISA format) - Inhibition
of E.coli-expressed recombinant det-1 tagged human
IL-13 binding to both IL-13 receptor chains (in a
sandwich ELISA format)- Neutralisation of either human
or cynomolgus E.coli-expressed recombinant IL-13 (in a
TF- 1 cell bioassay) - Neutralisation of
mammalian-expressed human IL-13 (in a TF- 1 cell
bioassay) - Neutralisation of an E.coli-expressed
recombinant Q130 human IL-13 variant (in a TF- 1 cell
bioassay) - Specificity for binding to human IL-1 3 by
assessment of mAb crossreactivity to human IL-4 in an
anti-IL-4 ELISA and assessment of mAb cross-reactivity
to human IL5 in an IL5 neutralisation bioassay -
BIAcore(tm) analysis for binding affinity measurements
to human IL-1 3 Monoclonal antibody 6A1 was identified
as an antibody that neutralised both human and
cynomolgus IL-13 bioactivity. The following analyses
describe the profile for monoclonal antibody 6A1 in
these assays. 1.1 Binding to E.Coli-expressed
recombinant human IL-13 6A1 bound E.Coli-expressed
recombinant human IL-13 in a sandwich ELISA, method
substantially as described in section 7. See Figure 1.
1.2 Inhibition of E.Coli-expressed recombinant det-1
tagged human IL-13 binding to IL-13Ra1 and IL-13Ra2 in
an EUSA format 6A1 inhibited the binding of
E.Coli-expressed recombinant det-1 tagged human IL-13
to both human IL-13 receptor chains. In addition, it
inhibited binding more effectively than a commercially
available anti-human IL-13 polyclonal and an
anti-human IL-13 monoclonal antibody reagent
(sourcedfrom R&D Systems). An IC50 value of 0.165mg/ml
was calculated for the inhibition of human IL-13
binding to human IL-13Ra1 by monoclonal antibody 6A1 .
An IC50 value of 0.056mg/ml was calculated for the
inhibition of human IL-13 binding to human IL-13Ra2 by
monoclonal antibody 6A1 . See Figures 2A and 2B. A
control IgG of irrelevant specificity had no
detectable activity. 



1.3 Neutralisation of E.Coli-expressed recombinant
human and cvnomolqus IL-13 in a TF-1 cell
proliferation bioassav TF-1 cells can proliferate in
response to human IL-13 and cynomolgus IL- 13. A
bioassay was developed to assess the neutralisation
capacity of an anti-IL-13 mAb on human and cynomolgus
IL-13-induced TF-1 cell proliferation. 6A1 neutralised
the bioactivty of both recombinant human and
cynomolgus IL-13 in a TF-1 cell bioassay. In addition,
it neutralised both human and cynomolgus IL-13 more
potently than commercially available anti-human IL-13
polyclonal and anti-human IL-13 monoclonal antibody
reagents (sourced from R&D Systems). See Figure 3. An
average ND50 value of 0.0783mg/ml was calculated for
the neutralisation of 5ng/ml E.Coli-expressed
recombinant human IL-13 bioactivity in a TF-1 cell
bioassay by monoclonal antibody 6A1 . An ND50 value of
0.04mg/ml was calculated for the neutralisation of
5ng/ml E.Coliexpressed recombinant cynomolgus IL-13
bioactivity in a TF-1 cell bioassay by monoclonal
antibody 6A1 . [The ND50 (neutralisation dose) value
is the concentration of monoclonal antibody required
to reduce TF-1 cell proliferation by 50%, in response
to a set concentration of IL-13]. 1.4 Neutralisation
of mammalian-expressed (CHO cell) human IL-13 in a
TF-1 cell proliferation bioassavThe neutralisation
capacity of monoclonal antibody 6A1 for human IL-13
expressed from CHO cells was assessed in a TF- 1 cell
proliferation assay. 6A1 neutralised
mammalian-expressed human IL-13 more potently than a
commercially available anti-human IL-13 polyclonal
reagent as measured by ND5O values. An ND50 value of
0.037mg/ml was calculated for the neutralisation of ~
50ng/ml mammalian-expressed human IL-13 in a TF- 1
cell bioassay by monoclonal antibody 6A1 . See Figure
4. 1.5 Neutralisation of recombinant Q130 human IL-13
variant in a TF-1 cell proliferation bioassav The
neutralisation capacity of monoclonal antibody 6A1 for
E.CoIiexpressedjecombinant Q130 human IL-13
(Peprotech, Cat. No. 200-1 3A) was assessed in a TF-1
cell proliferation assay. 6A1 neutralised Q130 human
IL-13 more potently than a commercially available
anti-human IL- 13 polyclonal reagent. An ND5O value of
0.1 1mg/ml was calculated for the neutralisation of
60ng/ml Q130 human IL-13 bioactivity in a TF-1 cell
bioassay by monoclonal antibody 6A1 . See Figure 5.
1.6 Specificity for binding to human IL-13 As human
IL-4 shares the most identity with human IL-13 both
structurally and functionally, the specificity of
monoclonal antibody 6A1 for human IL- 13 was assessed
in a human IL-4 binding ELISA. 6A1 did not detectably
bind E.coli-expressed recombinant human IL-4,
indicating the high level of specificity of this
monoclonal antibody for human IL-13. In addition, 6A1
did not detectably cross-neutralise the bioactivity of
E.Coli-expressed recombinant human IL5 in a TF-1 cell
bioassay. See Figures 6 and 7.1.7 BIAcore(tm) analysis
The affinity of 6A1 for recombinant human and
cynomolgus IL-13 was assessed by BIAcore(tm) analysis.
See Table 1. Table These data indicate that 6A1 has an
affinity for both human and cynomolgus IL-13. [Two
different human IL-13 samples (both generated in
E.CoIi) were used for this analysis. IL-13 is
substantially insoluble when produced in E.CoIi but
can be solublised and then refolded in vitro.
Differences in the quality of the two refolded IL-13
samples may explain the difference in binding
affinities for each of these human IL-13 samples]. 2.
CLONING OF VARIABLE REGIONS OF CLONE 6A1 Total RNA was
extracted from clone 6A1 hybridoma cells and the cDNA
of the heavy and light variable domains was produced
by reverse transcription using primers specific for
the murine leader sequence and the antibody constant
regions according to the pre-determined isotype
(lgG1/k) . The cDNA of the variable heavy and light
domains was then cloned into vector pCR2.1 for
sequencing.2.1 RNA extraction Total RNA was extracted
from pellets of approximately 106 cells of hybridoma
clone 6A1 using the SV Total RNA Isolation System from
Promega according to manufacturer's instructions. 2.2
Reverse transcription RNA was reverse transcribed to
produce cDNA of the variable heavy and light domains
using primers specific for the murine leader sequences
and murine IgG 1/k constant regions. The mixture of
primers used is set forth in Jones ST and Bendig MM
Bio/technology 9:88-89 (1991 ) Pools of murine V H and
V L leader sequence forward primers were prepared at
50mM. Solutions of the murine IgGI and K constant
region reverse primers were also prepared at 50mM. 2.3
Reverse Transcription PCR (RT-PCR) Reverse
transcription of the RNA encoding the variable heavy
and light regions were carried out in duplicates using
the Access RT-PCR System from Promega according to
manufacturer's instructions. VH and VL forward and
reverse primers were as described above. 2.4 Gel
purification of RT-PCR product The products of RT-PCR
(2XVH and 2xVL) were loaded in gel loading solution on
a preparative 1% agarose gel containing 0.01% ethidium
bromide and run in TAE buffer at 100V for 1hour and
the V region bands excised. A 100bp DNA ladder was
also run on the gel to allow identification of the
VHand VL bands.The DNA fragments were extracted and
purified from the gel using the QIAquick (tm)Gel
extraction kit from Qiagen according to manufacturer's
instructions. 2.5 Ligation The purified RT-PCR
fragments (2XVH and 2xV|_) were cloned into the pCR2.1
vector using the TA cloning kit from Invitrogen
according to manufacturer's instructions. 2.6
Transformation Ligated plasmids were transformed into
TOP10F' cells according to TA cloning kit
instructions. 50ml and 200 ml of transformed cells
were spread on L-agar plates containing 100mg/ml
ampicillin and coated with 8ml of 50OmM IPTG solution
and 16ml of 50mg/ml X-GaI solution in DMF. Plates were
incubated overnight at 370C. 2.7 Sequencing Colonies
were picked and cultured overnight at 370C in 5ml LB
medium supplemented with 100mg/ml ampicillin. pCR2.1
plasmids containing 6A1 V H and V L domains were
extracted and purified using the Qiagen QIAprep Spin
Miniprep kit according to manufacturer's instructions.
The V Hand V L domains were sequenced using primers
T7, M 13 forward and M13 reverse. 6A1 V H region amino
acid sequence (consensus of 10 clones from 2 RTPCR
reactions):SEQ.I.D.NO:7 6A1 VL region amino acid
sequence (consensus of 10 clones from 2 RTPCR
reactions): SEQ.I.D.NO:8 3. CHIMAERlC ANTIBODY A
chimaeric antibody consisting of parent murine V
regions (described in section 2.7) was grafted onto
human igG1/k wild type C regions, this was designed to
confirm the cloning of the correct murine V regions
and also to be used as a reference when testing
humanised constructs. The chimaeric antibody was
expressed in CHO cells, purified and tested for
binding to human IL-13 by EUSA. 3.1 PCR amplification
The cloned murine V regions were amplified by PCR to
introduce restriction sites required for cloning into
mammalian expression vectors RId and RIn. Hind III and
Spe I sites were designed to frame the V H domain and
allow cloning into a modified RId vector containing
the human g1 wild type C region. Hind III and BsiW I
sites were designed to frame the V L domain and allow
cloning into a modified RIn vector containing the
human K C region. V Hforward primer: 5'-GAT GAA GCT
TGC CAC CAT GAA ATG CAG CTG GGT CAT C-3'
(SEQ.I.D.NO:86) The Hind III restriction site is
underlined and Kozak sequence in bold. V H reverse
primer:5'-GAT GGA CTA GTG TTC CTT GAC CCC AGT A -3'
(SEQ.I.D.NO:87) The Spe I restriction site is
underlined. VL forward primer: 5'-GAT GAA GCT TGC CAC
CAT GAA GTT GCC TGT TAG GCT G-3' (SEQ.I.D.NO:88) The
Hind HI restriction site is underlined and Kozak
sequence in bold. VL reverse primer: 5'-GAT GCG TAC
GTT TGA TTT CCA GCT TGG TGC C-3' (SEQ.I.D.NO:89) The
BsiW I restriction site is underlined PCR reaction:
water 66ml 10x PCR buffer 10ml dNTP (2mM) 10ml primer
1 (5mM) 4ml primer 2 (5mM) 4ml AmpliTaq polymerase 2ml
purified plasmid 4ml total vol 100ml Primer 1: V H or
VL forward primer Primer 2: V H or VL reverse primer
Purified plasmid: pCR2.1 VH or VL plasmid purified by
Qiagen Minipreps (diluted 20Ox) PCR cycle: 1- 950C for
4min 2- 95C for 1min3- 55C for 1min 4- 72C for 1min 5-
720C for 7min steps 2 to 4: were repeated 30 times 3.2
Cloning into mammalian expression vectors The PCR
products were purified using the MinElute PCR
Purification kit from Qiagen according to
manufacturer's instructions. The V H PCR product and
RId hCg1wt mammalian expression vector were digested
Hind Ill-Spe I: 10x buffer (NEBuffer2) 5ml BSA IOOX
(NEB) O.dml DNA 5ml Hind III (Promega) 2ml Spe I (NEB)
2ml water 35.5ml total vol 50ml DNA: purified VH PCR
product or RId hCg1wt vector (at 0.25mg/m!) Incubated
at 2h at 370C. The VL PCR product and RIn iCk
mammalian expression vector were digested Hind
lll-BsiW I: 10x buffer (NEBuffer2) 5ml DNA 5mlHind III
(Promega) 2ml water 38ml total vol 50mI DNA: purified
VL PCR product or RIn riCk vector (at 0.25mg/ml)
Incubated at 2h at 370C. 2ml of BsiW I (NEB) was added
and incubated 2h at 550C. The products of restriction
digests were loaded in gel loading solution on a
preparative 1% agarose gel containing 0.01 % ethidium
bromide and run in TAE buffer at 100V for 1hour and
the RId and RIn vector as well as V H and V L PCR
fragment bands were excised. A 100bp DNA ladder was
also run on the gel to allow identification of the VH,
V L and vector bands. The DNA was extracted and
purified from the gel using the QIAquick Gel
extraction kit from Qiagen according to manufacturer's
instructions. The V H PCR fragment Hind Ill-Spe I
digested was ligated into the RId hCg1wt vector Hind
Ill-Spe I digested. The VL PCR fragment Hind lll-BsiW
I digested was ligated into the RIn h k vector Hind
lll-BsiW I digested. The ligation was carried out
using the LigaFast Rapid DNA Ligation System from
Promega according to manufacturer's instructions
providing: VH: vector: RId hCg iwt Hind Ill-Spe I
digested insert: V H PCR fragment Hind Ill-Spe I
digested VL: vector: RIn hC-k Hind lll-BsiW I digested
insert: VL PCR fragment Hind lll-BsiW I digested
Ligated products were transformed into DH5a competent
cells. 200mI DH5a vials were thawed on ice. 50ml
aliquots were prepared intransformation tubes. 2ml of
ligation mixture was added and mixed gently with a
pipette tip followed by incubation for 30min on ice.
The mixture was incubated for 45sec at 420C without
shaking. This was then transferred to ice for 2min.
450ml SOC medium was added and the tubes incubated for
1h at 370C on shaker incubator. 100ml of culture was
spread on L-agar plates supplemented with 100mg/ml
ampicillin and incubated overnight at 370C. 3.3
Sequencing V H and V L clones were cultured overnight
at 370C in 5ml LB medium supplemented with 100mg/ml
ampicillin. RId and RIn plasmids containing V H and V
L domains respectively were extracted and purified
using the QIAprep Spin Miniprep kit from Qiagen
according to manufacturer's instructions. The V H
region was sequenced using forward primers in the RId
vector and signal sequence and reverse primer in the
human Cg1 region. The V L region was sequenced using
forward primers in the RIn vector and signal sequence
and reverse primer in the human CK region. Clones with
the correct V Hand V L sequences were identified and
plasmids prepared for expression in CHO cells. 3.4
Chimaeric antibody expression in CHO cells RId and RIn
plasmids containing 6A1 VH and VL domains respectively
were transiently co-transfected into CHO cells and
expressed. The chimaeric antibody produced was
purified from cell culture supernatant by affinity
chromatography on Protein A Sepharose.3.4.1 Plasmid
purification DH5a cells containing Rld-6A1VH and
Rln-6A1VL plasmids were cultured in 5ml of LB media
supplemented with 100mg/ml ampicillin for 8h at 370C
in a shaker incubator. 200ml of LB media supplemented
with 100mg/ml ampicillin was inoculated with 1ml of
day culture and incubated overnight at 370C in a
shaker incubator. The plasmids were extracted and
purified using the QIAfilter Plasmid Maxi kit from
Qiagen according to manufacturer's instructions. The
ethanol pellet was resuspended in 200ml TE buffer and
plasmid concentration was measured by absorbance at
260nm after 100-fold dilution of stock solution. 3.4.2
Transfection CHO cells were cultured to confluence in
Dulbecco's MEM with Glutamax- 1 (DMEM) media
supplemented with Ultra Low Fetal Bovine Serum and 1%
Penicillin-Streptomycin in 4x1 75cm2 BD Falcon tissue
culture flasks at 370C. For each flask, in a 50ml
Falcon tube, the following were added and mixed: 8ml
Optimem 1 with Glutamax-1 20mg Rld-6A1VH purified
plasmid 20mg Rln-6A1VL purified plasmid 240ml
TransFast Transfection Reagent under vortex The
mixture was incubated for 10-15min at RT. DMEM media
was removed from flask then the mixture was vortexed
and added to flask. The mixture was incubated at 370C
for 1h. 32ml Optimem was added to the flask and
incubated at 370C for 48-72h.3.4.3 Purification of
chimaeric antibody Media from all 175cm2 flasks were
pooled and centrifuged at 1500rpm for 3min on an MSE
Mistral 2000 and supernatant passed through a 50OmL
Filter System 0.22mm CA. The antibody was purified
from clarified supernatant on an Amersham Biosciences
Akta Explorer using Unicorn software. The column used
was a 1ml HiTrap rProtein A Sepharose FF. The flow
rate was 1ml/min. The column was equilibrated with
10CV of Dulbecco's PBS then loaded with clarified
supernatant through pump A. The column was washed with
20CV of Dulbecco's PBS, pump A was washed to waste and
a further 10CV of Dulbecco's PBS was passed through
the column to ensure complete clearance of
supernatant. The antibody was eluted with 10CV of
ImmunoPure IgG Elution Buffer (Pierce) and collected
in 1ml fractions containing 100ml of 1M Trizma-HCI
pHd.O neutralisation buffer. The column was
re-equilibrated with 5CV of Dulbecco's PBS. Antibody
in eluate fractions was quantified by reading the
absorbance at 280nm against a blank solution
containing 10 volumes of ImmunoPure IgG Elution Buffer
+ 1 volume of 1M Trizma-HCI pHd.O and fractions with
sufficient amounts of pure antibody were pooled and
stored in 100ml aliquots at -2O 0C. 3.4.4 Analysis of
chimaeric antibody Supernatant and purified 6A1
chimaeric antibody (6A1c) were analysed in human and
cynomolgus IL-13 binding ELISAs. Supernatant from CHO
cells transiently transfected with chimaeric 6A1
monoclonal antibody, bound both E.coli-expressed
recombinant human 



and cynomolgus IL-13 in a sandwich ELISA. Purified
antibody also boundboth E.coli-expressed recombinant
human and cynomolgus IL-13 in the sandwich ELISA (data
not shown). See Figure 8. The amino acid sequence and
a cDNA sequence for cynomolgus IL-13 (including signal
sequence) is set forth as SEQ.I.D.NO:90 and 9 1
respectively. These results confirm that the correct
6A1 variable regions have been cloned successfully to
produce an antigen binding chimaeric antibody capable
of binding both human and cynomologus IL-13. 4.
HUMANISATION OF CLONE 6A1 4.1 Humanisation strategy
4.1.1 Search of the mouse database 12 mouse sequences
with the highest homology for the 6A1 VH amino acid
sequence and 11 mouse sequences with the highest
homology for the VL amino acid sequence were
identified by searching a peptide database (Genbank)
The 6A1 VH amino acid sequence was compared to all 12
mouse sequences from the database search and the
following framework residues were identified as
significant: Position 6A1 VH mouse occurrence 19 R K
12/12 38 I K 12/12 8 1 R Q 12/12Position is according
to the Kabat et al numbering system. The 6A1 VL amino
acid sequence was compared to 11 mouse sequences from
the database search no framework residues were
identified as significant. 4.1.2. Search of the human
database Human framework sequences with the highest
homology to 6A1 V H and V L frameworks were identified
using the EasyBlast in a peptide database. One set of
human sequences were identified for 6A1 VH of which
the following framework was selected for humanisation:
SEQ.I.D.NO:92 The following framework residues were
identified as potentially important in recovering
affinity and may need to be backmutated: Position
(Kabat#) Human VH 6A1 VH 19 K R 38 R I 73 E T 8 1 E R
4 humanised V H constructs with different
backmutations were designed, one as a straight graft
according to the definitions of CDR given above (A1),
the others with various backmutations (A2, A3, A4).
Therefore A2 is A 1 plus R38I A3 is A2 plus E73TA4 is
A3 plus K 19R plus E81 R One set of human sequences
was identified for 6A1 VL of which the following
framework was selected for humanisation: SEQ.I.D.NO:93
The following residues were identified as potentially
important in recovering affinity and may need to be
backmutated: Position (Kabat#) mouse 6A1 VL Human VL
85 V I Two constructs were designed, one as a straight
graft (L1 ), the other with the backmutation (L2)
(i.e. L 1 with I85V). Humanised V H construct A1:
SEQ.I.D.NO:1 1 Humanised V H construct A2:
SEQ.I.D.NO:12 Humanised V Hconstruct A3: SEQ.I.D.NO:13
Humanised V H construct A4: SEQ.I.D.NO:14Humanised Vi
construct L1: SEQ.I.D.NO:15 Humanised V1 construct L2:
SEQ.I.D.NO:16 4.2 Humanisation of 6A1 Humanised V H
and VL constructs were prepared de novo by build up of
overlapping oligonucleotides including restriction
sites for cloning into RId and RIn mammalian
expression vectors as well as a human signal sequence.
Hind III and Spe I restriction sites were introduced
to frame the VH domain containing the human signal
sequence for cloning into RId containing the human g1
wild type constant region. Hind III and BsiW I
restriction sites were introduced to frame the VL
domain containing the human signal sequence for
cloning into RIn containing the human kappa constant
region. Human signal sequence: SEQ.I.D.NO:17 4
humanised V H constructs and two humanised VL
constructs were designed. This would result in 8
different heavy chain-light chain combinations.
Approximately 10 oligonucleotides of approximately 60
bases long with approximately 18 base overlap were
designed for build up. 4.2.1 Oligonucleotide Build-up
Oligonucleotide pool solutions were prepared from 5ml
of each oligo stock solution at 100mM. Synthesis of
the humanised VH and VL genes by buildup of
overlapping oligonucleotides was carried out generally
according to Stemmer WP et al (1995) Gene 164(1):49-53
using software described in Ertl PF et al (2003)
Methods 3 1:199-206. 4.2.1.1 Representative assembly
PCR reaction: water 4 1.5ml 10xProofStart PCR buffer
5ml dNTP (10mM) 1.5ml oligo pool 1ml ProofStart DNA
Polymerase 1ml total vol 50ml Assembly PCR cycle: 1-
940C for 2min 2- 940C for 30sec 3- 4O0C for 2min 4-
72C for 10sec 5- 94C for 15sec 6- 400C for 30sec 7-
720C for 20sec + 3sec/cycle steps 4 to 7 were repeated
25 times 4.2.1.2 Representative Recovery PCR Primers 1
and 2 were the first upper and lower oligonucleotides
used in the assembly PCR. The recovery PCR allows the
amplification of the complete V gene. Recovery PCR
reaction: water 42ml 10xProofStart PCR buffer 4ml dNTP
(10mM) 1.5ml primer 1 (100mM) 0.5mlprimer 2 (100mM)
0.5ml assembly PCR reaction 1ml ProofStart DNA
Polymerase 0.5ml total vol 50ml Recovery PCR cycle: 1-
940C for 2min 2- 94C for 45sec 3- 6O0C for 30sec 4-
720C for 2min 5- 720C for 4min steps 2 to 4 were
repeated 25 times The recovery PCR products were
purified using the MinElute PCR Purification kit from
Qiagen according to manufacturer's instructions. 4.2.2
Restriction digests Humanised 6A1 VH constructs A 1,
A2, A3, A4 were digested with Hind IIISpe I, humanised
6A1 V L constructs L 1, L2 were digested with
Hind-lll- BsiW I as described similarly to section 3.
4.2.3 Gel purification The products of restriction
digest were purified similarly to section 3. 4.2.4
Ligation The 6A1 humanised V H fragments Hind Ill-Spe
I digested were ligated into the RId hCg1wt vector
Hind Ill-Spe I digested.The 6A1 humanised VL fragments
Hind III-BsiW I digested were ligated into the RIn h k
vector Hind III-BsiW I digested. The ligation was
carried out using the LigaFast Rapid DNA Ligation
System from Promega according to manufacturer's
instructions. 4.2.5 Transformation Similarly as
described previously in section 3 4.2.6 Representative
sequencing method Colonies from each reaction plate
were cultured overnight at 370C in 5ml LB medium
supplemented with 100mg/ml ampicillin. PIasmids were
extracted and purified using the QIAprep Spin Miniprep
kit from Qiagen according to manufacturer's
instructions and sequenced using primers described
previously in section 3. Clones with the correct
humanised V H and VL sequences were identified and
plasmids prepared for expression in CHO cells. 5.
EXPRESSION AND CHARACTERISATION OF HUMANISED
ANTIBODIES Four humanised VH constructs (A1, A2, A3,
A4) and two humanised VL constructs (L1 and L2) were
prepared in RId hCg iwt and RIn hiCk mammalian
expression vectors. Eight plasmid heavy chain-light
chain combinations (A1 L 1, A 1L2, A2L1 , A2L2, A3L1 ,
A3L2, A4L1 , A4L2) were transiently co-transfected
into CHO cells and expressed at small scale to give 8
different humanised antibodies. The antibodies
produced in the CHO cell supernatant were analysed in
the human IL-13 binding ELISA.5.1 Representative
Plasmid purification method DH5a cells containing one
of the plasmids described above were cultured in 5ml
of LB media supplemented with 100mg/ml ampicillin for
8h at 370C in a shaker incubator. 200ml of LB media
supplemented with 100mg/ml ampicillin was inoculated
with 1ml of day culture and incubated overnight at
370C in a shaker incubator. The plasmids were
extracted and purified using the QIAfilter Plasmid
Maxi kit from Qiagen according to manufacturer's
instructions. The ethanol pellet was resuspended in
200ml TE buffer and plasmid concentration was measured
by absorbance at 260nm after 100 fold dilution of
stock solution. 5.2 Representative Transfection method
9 wells of Corning Costar 3506 6-well plates were
seeded with 106 CHO cells and cultured overnight in
Dulbecco's MEM with Glutamax-1 (DMEM) media
supplemented with Ultra Low Fetal Bovine Serum and 1%
Penicillin-Streptomycin at 370C. For each well, the
following were added in a 5ml Bijou so that each
transfection contained a diffferent combination of
light and heavy chains. 1ml Optimem 1 with Glutamax-1
5mg plasmid carrying humanised V H 5mg plasmid
carrying humanised VL 30mg TransFast Transfection
Reagent under vortex Incubation took place for 10-15
min at room temperature. DMEM media was removed from
wells then vortex mixture and added to the appropriate
well. Incubation took place at 370C for 1h. 2ml
Optimem was added per well and incubated at 370C for
48-72h.5.3 Analysis of humanised antibodies Media from
each well was recovered and centrifuged at 13000rpm
for 1min on an Eppendorf 541 5R bench centrifuge and
supernatant passed through a 0.2mm Pall Acrodisc 25mm
syringe filter. Cell supernatant was assessed for
binding to human IL-13 in an ELISA. All 8 humanised
antibodies bound human IL-13 with a similar profile to
the 6A1 chimaeric antibody in a human IL-13 binding
ELISA. See figure 9. Humanised antibodies L1+A1 and
L2+A1 were selected for expression scale-up,
purification and further analysis. 6. ASSESSMENT OF
HUMANISED ANTI-HUMAN IL-13 ANTIBODIES L1+A1 AND L2+A1
6.1 Activity in human and cvnomolgus IL-13 binding
ELISAs L1+A1 and L2+A1 were successfully generated
from scale-up and assessed for binding to
E.co//-expressed human and cynomolgus IL-13 by ELISA.
See figures 10a and 10b and Table B. Table B Both L
1+A1 and L2+A1 bound E.co//-expressed human and
cynomolgus IL-13 with a similar profile. EC50 values
(generated using an Excel'Robosage' curve fitting
function) indicated binding activity is very similar
to the chimaeric 6A1 mAb standard. 6.2 Assessment of
L1+A1 and L2+A1 for binding to native (PBMC derived)
human IL-13 Supernatant from CD4+ Th2 cells (generated
from human PBMC cultures) stimulated with anti-CD3 and
anti-CD28 was used to assess the binding of chimaeric
6A1 mAb, L1+A1 and L2+A1 to native (PBMC derived)
human IL-13. In an ELISA, all 3 antibodies bound
native human IL-13 in the Th2 cell supernatant with
very similar performance to that of the parental 6A1
mAb. See figure 11. In addition, a standard curve was
generated using commercially available reagents, to
determine the level of native human IL-13 present in
the Th2 cell supernatant. All 3 antibodies and a
commercially available anti-human IL-13 mAb detected
equivalent amounts of IL-13 in the Th2 supernatant
sample. See Table 2 below. Table 26.3 Inhibitory
activity of L1+A1 and L2+A1 for human 1L-13 in IL-13
receptor binding ELISAs 6A1 parental mouse mAb,
chimaeric 6A1 , L1+A1 and L2+A1 , were assessed for
ability to inhibit binding of human IL-13 to IL-13Ra1
and IL- 13Ra2 chains in a competition ELISA. See
figures 12a and 12b and Table 3 below. Table 3 All
antibodies inhibited the binding of E.co//-expressed
det-1 tagged human IL-13 to human IL-13Ra1 with a
similar profile. Similarly, all antibodies inhibited
the binding of E.co//-expressed det-1 tagged human
IL-13 to human IL-13Ra2, though with some reduction in
potency for L1+A1 and L2+A1 in this assay (IC5O values
were generated using the Excel 'Robosage' curve
fitting function). 6.4 Affinity assessment of L1+A1
and L2+A1 for binding to human IL- 13 The binding
kinetics of L1+A1 and L2+A1 for human IL-13 were
assessed using the BIAcore(tm) system. See Section 7
below for methods used.Analysis 1: Completed for both
human and cynomolgus IL-13 (.co//-expressed protein).
The quoted KD values are the average from 5 different
IL-13 concentration curves (done in triplicate). Note
that mass transfer issues were apparent in this
analysis and that a modified experimental protocol (to
correct for this issue) has been completed in analysis
4 (where no mass transfer issues were present). See
Table 4. Table 4Analysis 2: Completed for human IL-13
(E.co//-expressed protein) binding to L 1+A1 See Table
5. Table 5 IL-13 mAb On rate Off rate Affinity sample
ka (Ms-1) kd (s-1) constant KD (pM) Human IL- L1+A1
4.66 x 105 6.95 x 10-5 149 13 Analysis 3 : Completed
for the 16mer biotinylated human IL-13 peptide number
24 (identified as the linear binding epitope for
parental mAb 6A1 , see section 6.7). Note that the
absolute KD values obtained for binding to peptide
ligands are often quite different to those seen for
binding to whole protein targets. However, it is
believed that this data is consistent with the whole
protein data and the IL-13 neutralisation data (in the
TF- 1 bioassay) in that they indicate a reduction in
affinity of about 3-fold between the chimaeric 6A1 and
L1+A1 . See Table 6.Table 6 Analysis 4: Completed for
both human and cynomolgus IL-13 (E.co//-expressed
protein). The quoted KD values are the average from 5
different IL-13 concentration curves (done in
triplicate). Note that no mass transfer issues were
apparent for this data set. See Table 7. Table 7The
results indicate no significant difference between the
humanised constructs L1+A1 and L2+A1 . L1+A1 shows an
affinity for human IL-13 of approximately 168pM. The
kinetics are dominated by a exceptionally slow
off-rate, as would be predicted from the significant
neutralising activity of the antibody. Data for the
association constant kon are consistently around 6 x
105 M"V . Estimates of the dissociation constant /cO
are more variable, covering the range 1.4 x 10 4 to
8.22 x 10~5 s"1 , reflecting the technical challenge
of obtaining precise quantification for slow
off-rates. 6.5 Activity of L1+A1 and L2+A1 in IL-13
neutralisation bioassays 6A1 parental mouse mAb,
chimaeric 6A1 , L1+A1 and L2+A1 were assessed for
IL-13 neutralisation activity in an in vitro TF-1 cell
bioassay 



(this bioassay is the industry standard for assessment
of IL-13 bioactivity and for assessment of the
neutralization capacity of commercially supplied
anti-IL-13 antibodies). A number of IL-13 variants
were assessed in this assay, including
E.co//-expressed human IL-13, E.co//-expressed
cynomolgus IL-13, E.co//-expressed Q130 human IL-13
(the asthmaassociated variant), and mammalian CHO
cell-expressed human IL-13 (note: native human IL-13
in the Th2 cell supernatant sample could not be used
in this bioassay, as this supernatant also contains
other cytokines that are able to proliferate TF-1
cells). See figures 13a, 13b, 13c and 13d. All
antibodies tested neutralised the bioactivity of all
IL-13 variants in this bioassay system; the
neutralisation capacity of each antibody for each IL-
13 variant was determined and expressed as an ND50
value. See Table 8Table 8 Note: as different amounts
of each IL-13 variant are required to proliferate the
TF-1 cells to the same extent in this bioassay, it may
not be desirable to compare the ND50 values generated
by one particular antibody across each IL-13 variant
used. However, it is appropriate to compare the ND50
values generated by each antibody for a single IL-13
variant.In general, the level of neutralisation
achieved by the parental 6A1 mAb and chimaeric 6A1 was
similar, indicating no detectable loss of potency
between the parental mAb and the chimaera. However,
the potencies of L 1+A1 and L2+A1 were measurably
reduced in comparison with both parental 6A1 mAb and
chimaeric 6A1 by an average of approximately 3 to 4
fold for each individual IL-1 3 variant tested. These
data are in close agreement with those obtained from
the BIAcore(tm) assessment. 6.6 Specificity of L1+A1
and L2+A1 for binding to human IL-1 3 The
specificities of L1+A1 and L2+A1 for human IL-1 3 were
assessed by analysis of the cross-reactivity potential
against human IL-4 and human GM-CSF in binding ELISAs.
See figures 14a and 14b. These mAbs were found to be
specific for binding to IL-1 3, with no
crossreactivity for human IL-4 or human GM-CSF at mAb
concentrations up to 30mg/ml. In addition, these mAbs
did not cross-neutralise the bioactivity of human IL5
in an IL5 bioassay. See figure 14c. 6.7 Epitope
Mapping of 6A1 using biotinylated peptides Human IL-1
3 and cynomolgus IL-1 3 proteins were run on a
denaturing SDS-PAGE gel. Western blotting with mouse
mAb 6A1 detected bands of the expected size for both
human (E.coli expressed, in house) and cynomolgus
(E.coli expressed, in house) IL-1 3 proteins. 6A1 did
not detect hlL-13 (E. CoIi expressed, Cambridge
Bioscience), due to a probable technical failure. This
analysis suggested that mAb 6A1 recognised a linear
peptide epitope within the human and cynomolgus IL- 13
sequences (data not shown).Biotinylated 16 mer
peptides offset by 4 were synthesised to map the
location of the B cell epitope recognised by mAb 6A1
on both human and cynomolgus IL-13. An ELISA method
was used to detect binding of immobilised biotinylated
peptide to the parental mAb 6A1 . Details of 16 mer
custom designed Peptides: 88 x 16 mers, offset by 4
(supplied by Mimotopes, Australia). Format: Peptides
25 & 44 = Biotin-SGSG-PEPTIDE-acid Peptides 2-24 &
27-43 = Biotin-SGSG-PEPTIDE-amide # Hydro MoIWt N-term
Sequence C-term 2 0.42 2,311.66 Biotin-
SEQ.I.D.NO:38-NH2 3 0.27 2,453.82 Biotin-
SEQ.I.D.NO:39-NH2 4 0.38 2,326.70 Biotin-
SEQ.I.D.NO:40-NH2 5 0.31 2,231.58 Biotin-
SEQ.I.D.NO:41-NH2 6 0.43 2,289.66 Biotin-
SEQ.I.D.NO:42-NH2 7 0.59 2,190.57 Biotin-
SEQ.I.D.NO:43-NH2 8 0.57 2,260.64 Biotin-
SEQ.I.D.NO:44-NH2 9 0.62* 2,255.64 Biotin-
SEQ.I.D.NO:45-NH2 10 0.51 2,197.56 Biotin-
SEQ.I.D.NO:46-NH2 1 1 0.56 2,144.52 Biotin-
SEQ.I.D.NO:47-NH2 12 0.46 2,090.38 Biotin-
SEQ.I.D.NO:48-NH2 13 0.29 2,219.54 Biotin-
SEQ.I.D.NO:49-NH2 14 0.29 2,180.53 Biotin-
SEQ.I.D.NO:50-NH2 15 0.36 2,318.70 Biotin-
SEQ.I.D.NO:51-NH2 16 0.32 2,303.73 Biotin-
SEQ.I.D.NO:52-NH2 17 0.47 2,209.57 Biotin-
SEQ.I.D.NO:53-NH2 18 0.48 2,257.60 Biotin-
SEQ.l.D.NO:54-NH219 0.17 2,273.57 Biotin-
SEQ.I.D.NO:55-NH2 2 0 0.27 2,300.60 Biotin-
SEQ.I.D.NO.-56-NH2 2 1 0.29 2,383.77 Biotin-
SEQ.I.D.NO:57-NH2 2 2 0.35 2,401 .83 Biotin-
SEQ.I.D.NO:58-NH2 2 3 0.45 2,407.92 Biotin-
SEQ.I.D.NO:59-NH2 2 4 0.42 2,541 .08 Biotin-
SEQ.I.D.NO:60-NH2 2 5 0.33 2,513.97 Biotin-
SEQ.I.D.NO:61-OH 2 7 0.42 2,283.64 Biotin-
SEQ.I.D.NO.-62-NH2 2 8 0.27 2,425.81 Biotin-
SEQ.I.D.NO:63-NH2 2299 00..5577 22,,222288..5577
BBiioottiinn-- SEQ.I.D.NO:64-NH2 3 0 0.62* 2,223.57
Biotin- SEQ.I.D.NO:65-NH2 3 1 0.51 2,165.49 Biotin-
SEQ.I.D.NO:66-NH2 32 0.56 2,1 12.45 Biotin-
SEQ.I.D.NO:67-NH2 3 3 0.27 2,207.56 Biotin-
SEQ.I.D.NO:68-NH2 3344 00..3333 22,,334455..7733
BBiioottiinn-- SEQ.I.D.NO:69-NH2 3 5 0.29 2,330.76
Biotin- SEQ.I.D.NO.70-NH2 3 6 0.45 2,236.60 Biotin-
SEQ.I.D.NO:71-NH2 3 7 0.43 2,276.64 Biotin-
SEQ.I.D.NO:72-NH2 3 8 0.12 2,292.62 Biotin-
SEQ.I.D.NO:73-NH2 3399 00..2222 22,,331199..6644
BBiioottiinn-- SEQ.I.D.NO.74-NH2 4 0 0.24 2,402.82
Biotin- SEQ.I.D.NO:75-NH2 4 1 0.33 2,387.80 Biotin-
SEQ.I.D.NO.76-NH2 4 2 0.43 2,393.90 Biotin-
SEQ.I.D.NO:77-NH2 4 3 0.39 2,527.05 Biotin-
SEQ.I.D.NO.78-NH2 4444 00..3355 22,,447711 ..8888
BBiioottiinn-- SEQ.I.D.NO:79-OH (* indicates a high
hydrophobicity value)NB: Numbers indicate the peptide
in each well Numbers in brackets indicate the dilution
factor of the control antibodyAbsorbencies at 490nm of
the 96-wells This result (one of a number of attempts)
correlates to a positive result for peptides 24, 25,
43 and 44 as shown below (as well as the positive
control peptides). See figure 15. All attempts
demonstrated that peptides 24,25,43 and 44 were
positive. Peptide 24: QFVKDLLLHLKKLFRE (SEQ.I.D.NO:80)
Peptide 25: DLLLHLKKLFREGRFN (SEQ.I.D.NO:81) Peptide
43: QFVKDLLVHLKKLFRE (SEQ.l.D.NO:82) Peptide 44:
DLLVHLKKLFREGQFN (SEQ.I.D.NO.-83) Peptides 24 and 25
are derived from hlL-13. Peptides 43 and 44 are
derived from cynolL-13. In addition, chimaeric 6A1 ,
L1+A1 and L2+A1 mAbs all bound to the same linear
epitope at the C-terminal region in both human and
cynomolgus IL- 13 (data for chimaeric 6A1 , L1+A1 and
L2+A1 mAbs are not shown).In summary, ELISA results
indicated that parental mouse mAb 6A1 , chimaeric 6A1,
L1+A1 and L2+A1 mAbs all bound within the following
sequence from the human IL-13 protein: DLLLHLKKLFRE
(SEQ.I.D.NO:84) And within the following sequence from
the cynomolgus IL-13 protein: DLLVHLKKLFRE
(SEQ.I.D.NO.-85) NB: BOLD indicates residue
differences between human IL-13 and the cynomolgus
IL-13 orthologue. Accordingly it has been determined
that parental mouse mAb 6A1 , chimaeric 6A1 , L1+A1
and L2+A1 mAbs immunospecifically bind human IL-13
between residues 97 to 108 of SEQ.I.D.NO:9. 6.8
Epitope fine-mapping of 6A1 using biotinylated
peptides A binding epitope for mAb 6A1 was determined
using a peptide set based around KDLLLHLKKLFREG for
binding to human IL-13 and KDLLVHLKKLFREG for binding
to cynomolgus IL-13. Peptides were ordered with 1
amino acid sequentially removed from either the N or
Cterminus of these parental peptide sequences (ie.
KDLLLHLKKLFREG or KDLLVHLKKLFREG), in order to define
the precise linear binding epitope for mAb 6A1.An
ELISA method was used to detect binding of immobilised
biotinylated peptide to the parental mAb 6A1 . The
peptide identification number (413 to 447) and
corresponding sequences are shown below. Peptide
Sequences: Peptide # N-Term Sequence C-Term 413
Biotin- SEQ.I.D.NO.-94 -NH2 414 Biotin- SEQ.I.D.NO:95
-NH2 415 Biotin- SEQ.I.D.NO.-96 -NH2 416 Biotin-
SEQ.I.D.NO:97 -NH2 417 Biotin- SEQ.I.D.NO:98 -NH2 418
Biotin- SEQ.I.D.NO:99 -NH2 419 Biotin- SEQ.I.D.NO.-100
-NH2 420 Biotin- SEQ.I.D.NO:101 -NH2 421 Biotin-
SEQ.I.D.NO:102 -NH2 422 Biotin- SEQ.I.D.NO:103 -NH2
423 Biotin- SEQ.I.D.NO.-104 -NH2 424 Biotin-
SEQ.I.D.NO-.105 -NH2 425 Biotin- SEQ.I.D.NO:106 -NH2
426 Biotin- SEQ.I.D.NO:107 -NH2 427 Biotin-
SEQ.I.D.NO:108 -NH2 428 Biotin- SEQ.I.D.NO:109 -NH2
429 Biotin- SEQ.I.D.NO.-1 10 -NH2 430 Biotin-
SEQ.I.D.NO:1 11 -NH2 431 Biotin- SEQ.I.D.NO.-1 12 -NH2
432 Biotin- SEQ.I.D.NO:1 13 -NH2 433 Biotin-
SEQ.I.D.NO.-1 14 -NH2434 Biotin- SEQ.I.D.NO:1 15 -NH2
435 Biotin- SEQ.I.D.NO.-1 16 -NH2 436 Biotin-
SEQ.I.D.NO:1 17 -NH2 437 Biotin- SEQ.I.D.NO:1 18 -NH2
438 Biotin- SEQ.I.D.NO:1 19 -NH2 439 Biotin-
SEQ.I.D.NO:120 -NH2 440 Biotin- SEQ.I.D.NO:121 -NH2
441 Biotin- SEQ.I.D.NO.-122 -NH2 442 Biotin-
SEQ.I.D.NO:123 -NH2 443 Biotin- SEQ.I.D.NO:124 -NH2
444 Biotin- SEQ.I.D.NO-.125 -NH2 445 Biotin-
SEQ.I.D.NO:126 -NH2 446 Biotin- SEQ.I.D.NO-.127 -NH2
447 Biotin- SEQ.I.D.NO:128 -NH2 44 (Control) Biotin-
SEQ.I.D.NO:79 -OHExample: a 96 well plate set-up for
this assay NB: Numbers indicate the peptide in each
well Absorbencies at 490nm of the 96-wells See figures
16a and 16b. The results indicate that parental mAb
6A1 binds to the linear amino acid epitope KKLFR in
the C-terminal region of both human IL-13 and the
cynomolgus IL-13 orthologue.In addition chimaeric 6A1
, L1+A1 and L2+A1 mAbs all bound to the same linear
epitope (ie. KKLFR) at the C-terminal region in human
IL-13 (data for chimaeric 6A1 , L 1+A1 and L2+A1 mAbs
are not shown). Subsequently it was shown that
parental mAb 6A1 bound the same epitope in cynomolgus
IL-13. In summary, ELISA results indicated that
parental mouse mAb 6A1 , chimaeric 6A1 , L1+A1 and
L2+A1 mAbs all bound within the following sequence
from the human IL-13 protein: KKLFR 6.9 Alanine
scanning of the 6A1 binding epitope using biotinylated
peptides In order to identify certain key residues
involved in the interaction of IL-13 with mAb 6A1 , an
alanine scanning approach was adopted using a parental
peptide sequence containing the KKLFR binding epitope
(ie. QFVKDLLLHLKKLFREGRFN). For this analysis,
peptides were generated (supplied by AnaSpec Inc)
where one amino acid was sequentially substituted for
an alanine residue at each amino acid position in the
KKLFR epitope (and also for each of the amino acids
directly bordering this epitope). An ELISA method was
used to detect binding of immobilised biotinylated
peptide to the parental mAb 6A1 and L1+A1 . The
peptides generated for this analysis and a
corresponding peptide identification number are shown
below: Peptide # N-Term Sequence1 Biotin
SEQ.I.D.NO:129 62 Biotin SEQ.I.D.NO:130 63 Biotin
SEQ.I.D.NO:131 64 Biotin SEQ.I.D.NO:132 65 Biotin
SEQ.I.D.NO:133 66 Biotin SEQ.I.D.NO.-134 67 Biotin
SEQ.i.D.NO:135 68 Biotin SEQ.I.D.NO:136 Results:
Absorbencies at 490nm Average test results (n=2). For
parental (murine) 6A1 mAb: See figures 17a and
17b.These data suggest that the key amino acid
residues involved in the interaction of mAb 6A1 or
L1+A1 with human IL-13 are arginine (R) at position
107, and lysine (K) at position 103. This analysis was
repeated, but using 6A1 and L1+A1 mAbs at a range of
concentrations in order to confirm this effect over a
mAb dilution range. The parental mouse mAb 6A1 (figure
17c) and the humanised candidate L 1+A1 (figure 17d)
were assayed for binding to the alanine scanning
peptides (SEQ I.Ds 129, 131-135) at varying
concentrations. As the peptides had to be split across
two 96 well plates, the parental sequence peptide
containing no alanine substitutions (SED I.D: 129) was
assayed on both plates - hence two results per graph.
This was to determine if there was any major
plate-to-plate variation and in both cases, there was
no apparent variation. The peptides containing the
substitutions K103A, L105A and F106A (SEQ I.Ds 131 ,
133 and 134 respectively, residue numbering as set
forth in SEQ ID 9) showed very similar binding to the
mAbs as the parental peptide (SEQ ID 129) - therefore
these residues are not critical for 6A1/L1 +A1 binding
to IL-13. Peptides containing the substitutions K104A
and R107A (SEQ I .Ds 132 and 135 respectively, residue
numbering as set forth in SEQ ID 9) however, show
reduced binding of 6A1/L1 +A1 compared to the parental
peptide (SEQ ID 129), particularly at the lower
concentrations, indicating that these residues are
critical for optimal binding of 6A1/L1 +A1 to IL-13.
See figures 17c and 17d.These data indicate that the
key amino acid residues involved in the interaction of
parental (i.e. murine) 6A1 or L 1+A1 with human IL-13
are arginine (R) at position 107, and lysine (K) at
position 103 of SEQ.I.D.NO:9. SECTION 7. - MATERIALS
AND METHODS In the following section the following
materials and methods were used where appropriate.
These are representative material and methods. Minor
changes in materials and methods may have occurred in
repeat experiments. MATERIALS SV Total RNA Isolation
System: Promega Z3100 Access RT-PCR System: Promega
A1250 QIAquick Gel Extraction kit: Qiagen 28704 Gel
loading solution: Sigma G7654 Agarose: Invitrogen
15510-019 Ethidium bromide: Sigma E 1510 TAE buffer:
in-house 100bp DNA ladder: New England BioLabs N3231S
TA cloning kit: Invitrogen 45-0046 TOP10F' cells:
Invitrogen 44-0300 L-agar + 100mg/ml ampici in:
in-house X-GaI, 50mg/ml in DMF: Promega V394A AmpliTaq
DNA Polymerase: Applied Biosystems 10x PCR buffer:
Applied Biosystems E-Ge1 1.2% agarose: Invitrogen
G501801 LB medium + 100mg/ml ampicillin: in-house
QIAprep Spin Miniprep kit: Qiagen 27106 MinElute PCR
Purification kit: Qiagen 28004NEBuffer2 1Ox cone: New
England Biolabs B7002S Purified BSA 100x cone: New
England Biolabs B9001S BsiW I: New England Biolabs
R0553L Hind III: Promega R604A Spe I: New England
Biolabs R0133S LigaFast Rapid DNA Ligation System:
Promega M8225 MAX Efficiency DH5a Chemically Competent
cells: Invitrogen 18258-012 SOC media: in-house
QIAfilter Plasmid Maxi kit: Qiagen 12263 Dulbecco's
MEM with Glutamax-1 : Invitrogen 31966-021 Optimem 1
with Glutamax-1 : Invitrogen 51985-026 TransFast
Transfection Reagent: Promega E2431 1ml HiTrap
rProtein A Sepharose FF: Amersham Biosciences
17-5079-01 Dulbecco's PBS: Sigma D8537 



ImmunoPure IgG Elution Buffer: Pierce 21009 1M
Trizma-HCI pHd.O: Sigma T2694 ProofStart DNA
Polymerase: Qiagen 1016816 ProofStart PCR buffer:
Qiagen 1016961 7.1. Human or cynomolgus IL-13 binding
ELISA This assay describes an ELISA that detects
binding of an antibody to human or cynomolgus IL-13.
It is a sandwich ELISA format. 7.1.1 Materials 1. Nunc
lmmunoplate 1 F96 Maxisorp (Life Technologies,
4-39454A) 2. Human IL-13 (Cambridge Biosciences, cat.
no. CH1-013) 3. Cynomolgus IL-13 (made by
GlaxoSmithkline) 4. Goat anti-human IL-13 polyclonal
antibody (R+D Systems, cat. no. AF-213-NA)5.
Anti-human IgG-HRP (Sigma, Cat No. A-6029) 6.
Anti-mouse IgG-HRP (Sigma, Cat No. A-9309) 7.
Carbonate/bicarbonate buffer (Sigma; cat. no. C-3041)
8. TBST [Tris buffered saline (6.06g Tris + 8.06g NaCI
+ 0.2g KCI + H20 to 1L) + 0.05% Tween 20] 9. BSA
(Sigma A-7030) 10. OPD (Sigma, Cat. No. P-91 87) 11.
Sulphuric acid 7.1.2 Method 1. Blocking solution is 3%
BSA+TBST 2. Washing solution is TBST 3. Coat 'Nunc
Maxisorp' ELISA plates with 5OuI of 5ug/ml goat
antihuman IL-13 polyclonal antibody (R+D Systems, cat.
no. AF-213-NA. Made up at a stock concentration of
500ug/ml according to maufacturers instructions, and
stored in aliquots at -20C) in carbonate/bicarbonate
buffer (Sigma; cat. no. C-3041 , made up as per
maufacturers instructions), cover with a plate sealer
and incubate O/N at 40C. 4 . Block with 10Oul of 3%
BSA/TBST incubate at rtp for 1hr. 5. Wash X3 in TBST
(at least 20OuI wash solution per well per wash). 6.
Add 20ng per well (in a 5OuI volume) human IL-13
(Cambridge Bioscience, cat. no. CH1-013. Made up at a
stock concentration of 100ng/ul according to
maufacturers instructions, and stored in aliquots at
-20C) or 20ng per well cynomolgus IL-13, in block
solution and incubate at room temperature for 1hr. 7.
Wash X3 in TBST. 8. Add 5OuI antibody sample (titrate
out to obtain end-point titre data, if required) in
block solution, incubate at rtp for 1hr. 9. Wash X3 in
TBST.10. For 6A1 chimaeric antibody or humanised
antibody, detect binding using 5OuI per well
anti-human IgG-HRP (Sigma, Cat No. A-6029) at a 1/2000
dilution in block solution for 1hr at rtp. For 6A1
mouse monoclonal antibody, detect binding using 5OuI
per well anti-mouse IgG-HRP (Sigma, Cat No. A-9309) at
a 1/1000 dilution in block solution for 1hr at rtp.
11.Wash X3 in TBST. 12. Develop with 100ul OPD (Sigma,
Cat. No. P-9187. Made up as per maufacturers
instructions), stop with 5OuI 3M H2SO4, read at an
absorbance of 490nm. Development time is ~ 12 minutes.
7.2. Human IL-13 binding to the human IL-13Ra1 chain
ELISA This ELISA determines whether an antibody can
inhibit human IL-13 binding to the human IL-13R a1
chain. 7.2.1 Materials 1. Nunc lmmunoplate 1 F96
Maxisorp (Life Technologies, 4-39454A) 2. Human IL-13R
a1-Fc (R&D Systems, cat.no. 146-IR) 3. Det-1 tagged
human IL-13 (made in-house) 4. Biotinylated anti-human
IL-13 (R&D Systems, cat. no. BAF213) 5.
Streptavidin-HRP 6. Carbonate/bicarbonate buffer
(Sigma; cat. no. C-3041) 7. TBST [Tris buffered saline
(6.06g Tris + 8.06g NaCI + 0.2g KCI + H20 to 1L) +
0.05% Tween 20] 8. BSA (Sigma A-7030) 9. OPD (Sigma,
Cat. No. P-9187) 10. Sulphuric acid7.2.2 Method 1.
Blocking solution is 3% BSA+TBST 2. Washing solution
is TBST 3. Coat 'Nunc Maxisorp' ELISA plates with 5OuI
of 5ng/ul human IL- 13Ra1-Fc in carbonate/bicarbonate
buffer. Cover with a plate sealer and incubate
overnight at 4C. 4. Block with 10Oul of 3% BSA/TBST
incubate at rtp for 1hr. 5. Wash X3 TBST (at least
20OuI wash solution per well per wash). 6. In a total
volume of 5OuI, pre-incubate 0.04ng/ul det-1 tagged
human IL-13 with antibody sample (titrated) in block
solution for 30 minutes. Add the pre-incubated sample
to the receptor-coated ELISA plate and incubate at
room temperature for 1hr. 7. Wash x3 in TBST 8. Detect
any bound human IL-13 using 5OuI per well biotinylated
antihuman IL-13 diluted at 1ug/ml. Incubate for 1 hour
at room temperature 9. Wash x3 in TBST 10. Add 5OuI
per well streptavidin-HRP conjugate at 1/1000
dilution. Incubate for 1hour at room temperature.
11.Wash x3 in TBST 12. Develop with 100ul per well OPD
(Sigma, Cat. No. P-9187. Made up as per maufacturers
instructions), stop with 5OuI per well 3M H2SO4, read
at an absorbance of 490nm. Development time is ~ 2
minutes. 7.3. Human IL-13 binding to the human
IL-13Ra2 chain ELlSA This ELISA determines whether an
antibody can inhibit human IL-13 binding to the human
IL-13R a2 chain.7.3.1 Materials 1. Nunc lmmunoplate 1
F96 Maxisorp (Life Technologies, 4-39454A) 2.
Anti-human IgG (Sigma, cat. no. I-3382) 3. Human
IL-13R a2-Fc (R&D Systems, cat.no. 614-IR) 4. Det-1
tagged human IL-13 (made in-house) 5. Biotinylated
anti-human IL-13 (R&D Systems, cat. no. BAF213) 6.
Streptavidin-HRP 7. Carbonate/bicarbonate buffer
(Sigma; cat. no. C-3041 ) 8 . TBST [Tris buffered
saline (6.06g Tris + 8.06g NaCI + 0.2g KCI + H20 to
1L) + 0.05% Tween 20] 9. BSA (Sigma A-7030) 10. OPD
(Sigma, Cat. No. P-9187) 11.Sulphuric acid 7.3.2
Method 1. Blocking solution is 3% BSA+TBST 2. Washing
solution is TBST 3. Coat 'Nunc Maxisorp' ELISA plates
with 5OuI of anti-human IgG diluted to 1/1000 in
carbonate/bicarbonate buffer. Cover with a plate
sealer and incubate overnight at 4C. 4. Block with
10Oul of 3% BSA/TBST incubate at rtp for 1hr. 5. Wash
X3 TBST (at least 20OuI wash solution per well per
wash). 6. Add 5OuI per well of 1ug/ml human IL-13R
a2-Fc in block solution. Cover with a plate sealer and
incubate at room temperature for 1hr. 7. Wash x3 in
TBST 8. In a total volume of 5OuI, pre-incubate
0.004ng/ul det-1 tagged human IL-13 with antibody
sample (titrated) in block solution for 30 minutes.Add
the pre-incubated sample to the receptor-coated ELISA
plate and incubate at room temperature for 1hr. 9.
Wash x3 in TBST 10. Detect any bound human IL-13 using
5OuI per well biotinylated antihuman IL-13 diluted at
1ug/ml. Incubate for 1 hour at room temperature.
11.Wash x3 in TBST 12. Add 5OuI per well
streptavidin-HRP conjugate at 1/1000 dilution.
Incubate for 1hour at room temperature. 13.Wash x3 in
TBST 14. Develop with 100ul per well OPD (Sigma, Cat.
No. P-9187. Made up as per maufacturers instructions),
stop with 5OuI per well 3M H2SO4, read at an
absorbance of 490nm. Development time is ~ 2 minutes.
7.4. IL-13 neutralisation bioassav (TF- 1 cell
proliferation assay) This is an IL-13 bioassay that
can be used to determine the neutralisation capacity
of an anti-IL-13 antibody. The method described below
uses recombinant human or cynomolgus IL-13.
Mammalian-expressed human IL-13 or the Q130 human
IL-13 variant can also be used in this assay too. (TF-
1 cells also proliferate in response to human IL5.
This assay was also used to assess the neutralisation
capacity of 6A1 on human IL5 bioactivity). 7,4.1
Materials 1. TF-1 cell line (obtained in-house) 2. 96
well tissue culture plates (Invitrogen) 3. Human IL-13
(Cambridge Bioscience, cat. no. CH1-013)4. CellT ter
96 non-radioactive cell proliferation assay (Promega,
Cat. No. G4000) 7.4.2 Method 1. Method to measure the
ability of an anti-human IL-1 3 mAb to neutralise the
bioactivity of recombinant human or cynomolgus IL-1 3
in a TF- 1 cell bioassay (TF- 1 cell line obtained
in-house, not the ATCC version). 2. This assay is
performed in sterile 96 well tissue culture plates
(Invitrogen), under sterile conditions. All tests are
performed in triplicate. 3. Pre-incubate 10ng/ml human
IL-1 3 (Cambridge Bioscience, cat. no. CH1-01 3. Make
up at a stock concentration of 100ng/ul according to
maufacturers instructions using sterile technique in a
class 2 tissue culture hood, store in small aliquots
at -20C) or 10ng/ml cyno IL-1 3 (obtained in-house
from CA) with various dilutions of the anti-human IL-1
3 mAb (diluted from 6ug/ml in 3 fold dilutions down to
0.025ug/ml) in a total volume of 5OuI for 1 hour at
37C. Also included will be positive control wells,
having IL-1 3 present but no anti-human IL-1 3 mAb. In
addition, negative control wells will have no IL-1 3
and no antihuman IL-1 3 mAb present. Use a sterile,
low protein binding, round bottom 96 well plate for
this pre-incubation. (Note that the concentration of
IL-1 3 and anti-human IL-1 3 mAb will be halved at a
later stage when cells are added). 4. Plate out 5OuI
of TF- 1 cells at 2x1 05 per ml in a sterile 96 well
tissue culture plate. After the 1 hour pre-incubation,
add the IL-13 and antihuman IL-1 3 mAb sample to the
cells. The final 100ul assay volume, containing
various anti-human IL-13 mAb dilutions, recombinant
IL-13and TF- 1 cells, is incubated at 370C for ~70
hours in a humidified CO2 incubator. 5. At ~ 66hrs,
scan the wells to confirm that they are sterile and
that no bacterial contamination has occurred. 6. Add
15ul of filter sterilised MTT substrate per well (Cat.
No. G4000, Promega. Made up as per maufacturers
instructions) for the final 4 hours of incubation. 7.
Stop the reaction with 10OuI of stop solution
(provided in the MTT kit) to solubilise the
metabolised blue formazan product. Leave for at least
2 hours, then pipette up and down to help dissolve the
crystals. Alternatively, cover with a plate sealer and
leave at 4C O/N, then pipette up and down the next day
(this is easier in terms of pipetting) 8. Read the
absorbance of the solution in each well in a 96-well
plate reader at 570nm wavelength. 9. The capacity of
the anti-human IL-1 3 mAb to neutralise human or
cynomolgus IL-1 3 bioactivity is expressed as, that
concentration of anti-human IL-1 3 mAb required to
neutralise the bioactivity of a defined amount of
human or cynomolgus IL-1 3 (5ng/ml) by 50% (= ND50).
The lower the concentration required, the more potent
the neutralisation capacity.Example: A 96 well plate
set-up for this assay. Sample 1 Antibody positive7.5.
Human IL-4 binding ELISA This assay describes an ELISA
that detects binding of an antibody to human IL-4. It
is a sandwich ELISA format. 7.5.1 Materials 1. Nunc
lmmunoplate 1 F96 Maxisorp (Life Technologies,
4-39454A) 2 . Human IL-4 (R+D Systems, cat. no.) 3.
Goat anti-human IL-4 polyclonal antibody (R+D Systems,
Cat. No. AF- 204-NA) 4 . Biotinylated rat anti-human
IL-4 monoclonal antibody (BD / Pharmingen, Cat. No.)
5. Anti-mouse IgG-HRP (Dako, Cat No. P0260 ) 6.
Anti-mouse IgG-HRP (Sigma, Cat No. A-9309) 7.
Carbonate/bicarbonate buffer (Sigma; cat. no. C-3041)
8. PBST (PBS + 0.05% Tween 20) 9. BSA (Sigma A-7030)
10. OPD (Sigma, Cat. No. P-9187) 11.Sulphuric acid
7.5.2 Method 1. Blocking solution is 3% BSA in PBST 2.
Washing solution is PBST 3. Coat 'Nunc Maxisorp' ELISA
plates with 5OuI of 5ug/ml goat antihuman IL-4
polyclonal antibody (R+D Systems, cat. no. AF-204-NA.
Made up at a stock concentration of 500ug/ml according
to maufacturers instructions, and stored in aliquots
at -20C) in carbonate/bicarbonate buffer (Sigma; cat.
no. C-3041 , made up as per manufacturers
instructions), cover with a plate sealer and incubate
O/N at 40C.4. Block with 10OuI of 3% BSA/PBST incubate
at room temperature pressure (rtp) for 1hr. 5. Wash X3
in PBST (at least 20OuI wash solution per well per
wash). 6. Add 1ng/ml (in a 5OuI volume) human IL-4 in
block solution and incubate at room temperature for
1hr. 7. Wash X3 in PBST. 8. Add 5OuI antibody sample
(titrate out to obtain end-point titre data, if
required) in block solution, incubate at rtp for 1hr.
As a positive control for binding to human IL-4, use a
biotinylated anti-human IL-4 monoclonal antibody
(titrated out). 9. Wash X3 in PBST. 10. For 6A1 mouse
monoclonal antibody, detect binding using 5OuI per
well anti-mouse IgG-HRP (Sigma, Cat No. A-9309) at a
1/1000 dilution in block solution for 1hr at rtp. For
6A1 chimaeric antibody or humanised antibody, detect
binding using 5OuI per well anti-human IgG-HRP (Sigma,
Cat No. A-6029) at a 1/2000 dilution in block solution
for 1hr at rtp. For the positive control biotinylated
rat anti-human IL-4 monoclonal antibody, detect using
a streptavidin-HRP conjugated antibody.
(Alternatively, the anti-mouse HRP antibody, P0260,
will detect both 6A1 and the biotinylated rat
anti-human IL-4 monoclonal antibody). 11.Wash X3 in
PBST. 12. Develop with 100ul OPD (Sigma, Cat. No.
P-9187. Made up as per maufacturers instructions),
stop with 5OuI 3M H2SO4, read at an absorbance of
490nm. 7.6. Epitope mapping ELISA This assay describes
an ELISA that detects binding of mouse mAb 6A1 to
human or cynomolgus IL-13 peptides.7.6.1 Materials 1.
Nunc lmmunoplate 1 F96 Maxisorp (Life Technologies,
4-39454A) 2. ImmunoPure(c) Streptavidin (Pierce, cat.
no. 2 1125) 3. PBST (Phosphate buffered saline + 0.05%
Tween 20) 4. BSA (Sigma A-7030) 5. Human and
cynomolgus IL-13 16 mer peptides, offset = 4
(Mimotopes custom order) 6. Positive and negative
control 20 mer peptides (Supplied with Mimotopes
custom order) 7. 6A1 MAb 8. Control Ab (Supplied with
Mimotopes custom order) 9. Rabbit anti-mouse Ig HRP
conjugated (DAKO, code no. P0260) 10. OPD (Sigma, Cat.
No. P-9187) 11. 3M Sulphuric acid 7.6.2 Method 1.
Blocking solution is 3% BSA+PBST. 2. Washing solution
is PBST. 3. Coat 'Nunc Maxisorp' ELISA plates with
100ml of 5mg/ml ImmunoPure(c) Streptavidin (Pierce,
cat. no. 2 1125 made up at a stock concentration of
1mg/ml according to manufacturers instructions, and
stored in aliquots at +40C) using PBST as a dilutent.
Incubate O/N at 370C to allow solution to dry. 4.
Block with 200ml of 3% BSA/PBST. Add plate sealer and
incubate at rtp for ihr. 5. Wash X3 in PBST (at least
200ml wash solution per well per wash). 6. In
duplicate and using PBST as a dilutent, add 100ml per
well (except control wells) of 1,000-fold dilutions of
each peptide (dissolved as per 



manufacturers instructions in 200ml 40% Acetonitrile
60% Water, then aliquoted in 10-fold dilutions in the
same solvent and stored at -2O0C). 7. In the control
wells, in duplicate and using PBST as a dilutent add
100ml per well of 10-fold dilutions of control
peptides (dissolved as per manufacturers instructions
in 1ml 40% Acetonitrile 60% Water and storedat -2O0C).
Add plate sealer and incubate at tip for 1 hr on a
shaking table. 8. Wash X3 in PBST (at least 200ml wash
solution per well per wash). 9. Add 100ml per well
(except control wells) of 1.506mg/ml mouse mAb in
PBST. 10. Add 100ml per well to control wells only, 4,
16 and 32-fold dilutions of control antibody (used as
supplied by the manufacturer and stored at - 2O0C)
using PBST as a dilutent. Add plate sealer and
incubate at rtp (room temperature and pressure) for 1
hr on a shaking table. 11. Wash X3 in PBST (at least
200ml wash solution per well per wash). 12. Add 100ml
per well of 2,000-fold dilution of rabbit anti-mouse
Ig HRPconjugated (DAKO, code no. P0260 used as
supplied, stored at +40C) using PBST as a dilutent.
Add plate sealer and incubate at rtp for 1 hr on a
shaking table. 13. Wash X3 in PBST (at least 200ml
wash solution per well per wash). 14. Develop with
100ml OPD (Sigma, Cat. No. P-9187. Made up as per
manufacturers instructions), stop with 50ml 3M H2SO4,
read at an absorbency of 490nm. Development time is ~
10 minutes. 7.7. Epitope fine mapping ELISA This assay
describes an ELISA that detects binding of mAb 6A1 to
human or cynomolgus IL-13 peptides. 7.7.1 Materials 1.
Nunc lmmunoplate 1 F96 Maxisorp (Life Technologies,
4-39454A) 2. ImmunoPure(c) Streptavidin (Pierce, cat.
no. 2 1125) 3. PBST (Phosphate buffered saline + 0.05%
Tween 20) 4. BSA (Sigma A-7030) 5 . Human and
cynomolgus IL-13 partial window net peptides (14-mer
truncated by one amino acid at a time from both the N-
and Cterminal ends; Mimotopes custom order)6. Positive
control 16 mer peptide (Supplied with previous
Mimotopes custom order) 7. 6A1 mAb (made in-house) 8.
Goat anti-mouse IgG (Fc specific) HRP conjugated
antibody (Sigma A-9309) 9. OPD (Sigma, Cat. No.
P-9187) 10. 3M Sulphuric acid 7.7.2 Method 1. Blocking
solution is 3% BSA+PBST. 2. Washing solution is PBST.
3. Coat 'Nunc Maxisorp' ELISA plates with 100ml of
5mg/ml ImmunoPure(c) Streptavidin in ultra pure water
(Pierce, cat. no. 2 1125 made up at a stock
concentration of 1mg/ml according to manufacturer's
instructions, and stored at +40C). Incubate overnight
at +370C. 4. Block with 200ml of 3% BSA in PBST. Add
plate sealer and incubate overnight at +40C. 5. Wash
X3 in PBST (at least 200ml wash solution per well per
wash). 6. In duplicate and using 3% BSA in PBST as a
diiutent, add 100ml per well of 1,000-fold dilutions
of each peptide (dissolved as per manufacturers
instructions in 200ml of 40% Acetonitrile 60% Water
and stored at -2O0C). Add plate sealer and incubate at
room temperature for 1 hour on a shaking table. 7.
Wash X3 in PBST (at least 200ml wash solution per well
per wash). 8. Add 100ml per well of 3mg/ml 6A1 diluted
in 3% BSA in PBST. Add plate sealer and incubate at
room temperature for 1 hour on a shaking table. 9.
Wash X3 in PBST (at least 200ml wash solution per well
per wash).10.Add 100ml per well of 1,000-fold dilution
of goat anti-mouse IgG HRP-conjugated antibody (Sigma
A-9309 used as supplied, stored at +40C) using 3% BSA
in PBST as a dilutent. Add plate sealer and incubate
at room temperature for 1 hour on a shaking table.
11.Wash X3 in PBST (at least 200ml wash solution per
well per wash). 12. Develop with 100ml OPD (Sigma,
Cat. No. P-9187. Made up as per manufacturers
instructions), stop with 50ml 3M H2SO4, read at an
absorbency of 490nm. Development time is ~ 10 minutes.
7.8 Biacore(tm) Method Humanised Constructs for IL13
Antibody vs Full Length IL13 The kinetics analysis was
performed on a Biacore 3000 machine, using an antibody
capture method. Briefly, for the chimeric 6A1 and
humanised antibody constructs Protein A capture was
used, whilst for the parental murine 6A1 antibody,
capture was by a anti-mouse Fc antibody supplied by
Biacore. Briefly, the method is as follows, the
capture ligand was immobilised to a CM5 Biosensor chip
by primary amine coupling in accordance with Biacore
standard protocols and using the reagents supplied in
Biacores' primary amine coupling kit. The method
involves activation CM5 sensor surface by passing a
solution of 5OmM N-hydroxysuccinimide (NHS) and 20OmM
N-ethyl-N'-dimethylaminopropyl carbonide (EDC) over
the surface. Then, the capture ligand (dissolved in
acetate buffer pH5 or pH4.5) was coupled to the
activated sensor surface after which any still
activated esters were blocked by an injection of 1M
ethanolamine hydrochloride, pH8.5. The candidate
antibody was then passed over the Protein A or
antimouse Fc antibody surface, depending on whether it
was human or mouse in origin and captured. Once a
stable binding signal was seen IL1 3 was passed over
the captured antibody surface at various
definedconcentrations. The subsequent binding curves
were analysed with Biacore analysis software BIAeval
v4.1 to determine kinetics. The experiments were
carried out using Biacore HBS-EP buffer. 7.8.1
Biacore(tm) Method for IL-13 Antibody vs Peptide The
kinetics analysis was performed on a Biacore 3000
machine using direct binding of antibody to
immobilised IL-13 peptide. Briefly, IL-13 biotinylated
peptide was captured using a Biacore SA (strepavidin)
Biosensor chip. The antibodies were then passed over
the sensor surface at various concentrations. The
subsequent binding curves were analysed with Biacore
analysis software BIAeval 4.1 to determine kinetics.
The experiment was carried out using Biacore HBS-EP
buffer 8. Efficacy of L1+A1 humanised anti-IL-13 mAb
in cvnomolgus asthma model. This section is prophetic.
The model of Ascaris suum-induced (A.suum) pulmonary
bronchoconstriction in cynomolgus monkeys (Macaca
fascicularis) is recognised as a non-clinical model of
or related to asthma in humans (Patterson R, et al
Trans. Assoc. Am. Physicians 1980 93:317-325;
Patterson R1et al J. Lab. Clin. Med. 1983 101
:864-872). In this model, animals having an innate
pulmonary sensitivity to A.suum are exposed to
nebulised A.suum to induce an asthmatic response.
Thisasthmatic response can be characterised by
measuring airways hyperresponsiveness (AHR), cellular
infiltration as measured in broncho alveolar lavage
(BAL) fluid and serum IgE levels. Experimental methods
are similar to those previously described by Mauser P,
et al in Am. J. Resp. Crit. Care Med. 1995 204:467-472
and by Evanoff H, et al in Immunologic Investigation
1992 2 1:39. This study uses 30 animals, preselected
for entry having demonstrated a positive
bronchoconstrictor response to a specific dose of
A.suum antigen. A.suum is administered at the optimal
response dose (ORD) for each animal. It is a
pre-determined dose of A.suum that produces an
increase in RL (lung resistance) of at least 40% and a
decrease in CDYN (dynamic compliance) of at least 35%,
by aerosol inhalation (for a single dose given over 15
breaths using a neublizer). The study takes place in 2
phases. During phase 1, AHR is assessed in response to
intravenous (i/v) histamine challenge (that is a dose
of histamine sufficient to induce an increase in RL of
at least 30% above baseline (PC30)) both before (the
baseline pulmonary function assessment on day 1) and
after (on day 11) administering A.suum antigen (on
days 9 and 10, when A.suum is administered at an
optimal pre-determined dose for each animal by aerosol
inhalation). Phase 2 is identical to phase 1 except
that animals receive treatment with antibody (see
below), each antibody is given as 3 doses of
approximately 30mg/kg administered by i/v infusion on
days 1, 5 and 9. Group 1 (n=12): L1+A1 (humanised
anti-IL-13 mAb, SEQ.I.D.NO:18 and SEQ.I.D.NO:22)Group
2 (n=12): L 1+A1 (humanised anti-IL-13 mAb, 30mg/kg)
and Pascoiizumab (humanised anti-IL4 mAb, 30mg/kg)
Group 3 (n=6): vehicle alone negative control
treatment The AHR readouts from phases 1 and 2 are
calculated by taking pressure and airflow readings -
lung resistance (RL) and dynamic compliance (CDYN) -
in response to histamine, using the Buxco pulmonary
mechanics system. The maximum percentage change from
the baseline compared to post A.suum antigen challenge
[for lung resistance (RL) and dynamic compliance
(CDYN)] is compared for phases 1 and 2 i.e. with or
without antibody treatment, and these data are used to
assess the AHR phenotype. In addition BAL samples are
taken at days 1 and 11 in phases 1 and 2, to measure
cellular infiltration and in particular eosinophilia.
Serum samples are also taken to monitor IgE
levels.TableAElectrical Circuit with Incendive arc
Prevention Means This invention relates to an
electrical circuit with incendive arc prevention
means, for use particularly, but not exclusively in
combustible atmospheres, and in particular gas group
classification HC, Hydrogen and Acetylene, and below,
for example gas group NB and HA, for gas and/or dust.
Traditional intrinsically safe power supplies for use
in such atmospheres operate by continuously limiting
the energy to a system, such that any potentially
incendive occurrence is always adequately energy
limited to a safe level. This limitation is
continuously applied, even though a load and a cable
may be operating in a non-incendive way, for example,
during normal operation, at a safe temperature, and
without any arcing. Figure 1 is a simple diagrammatic
view of a known intrinsically safe power supply. A
linear intrinsically safe power supply comprises a
clamped voltage source V and a current limiting
resistor R. A potentially incendive fault 4r, 4 is
non-incendive because of the current and voltage
restrictions to the power supply. Figures 2 and 3 are
simple diagrammatic views of alternative known
intrinsically safe power supplies. Figure 2 shows a
non-linear power supply comprising a trapezoidal type
current limiting circuit, and Figure 3 shows a
rectangular type current limiting circuit. In these
examples the current is controlled in a much tighter
manner so a higher working current and a lower short
circuit current are created, which allows a much
higher inductive load. The major drawback of these
types of systems is that they continuously limit the
energy to the circuit even though the attached
equipment may be functioning in a safe or
non-incendive manner. As a result these circuits are
limited to a low power.An alternative approach is to
use a reactive power supply, such as is disclosed by
US Patent No. 5982594, however this system is somewhat
limited in its application. The power source only
reacts to a particular type of formed arc that has
repeatable and discernable characteristics which are
different to a resistive fault or a load, and which
are typical of gas groups lower than lie. The arc
characteristics found in a 'non-mining' gas group HC
would not be adequately detected. Other known systems
can detect a series make or break in an electrical
path, but only where the path is non-inductive and
protected by mechanical protection means to prevent
the output from shunt type faults. Further, some other
known systems use continuous interruption [CIS] to the
supply output where the interruption mark-space ratio
is sized and timed to preg enl any propagating arc
from ever becoming incendive. However, this technique
limits the use of superimposed low frequency
signalling, and at the proposed power levels has a
frequency dictated limit to the cable length that can
be used. The present invention is intended to overcome
some of the above problems and to provide a novel
approach which reacts dynamically to both arcs with
the potential to become incendive, and short circuits
with the potential to form arcs. Therefore, according
to the present invention an electrical circuit
comprises a power supply, a load and an incendive arc
prevention means comprising a monitoring means and an
isolation means, in which the monitoring means
monitors the electrical circuit by means of a reactor
means, in which if a short circuit with the potential
to cause an incendive arc occurs in the electrical
circuit the reaction of the reactor means is detected
by the monitoring means and the isolation means fully
or partially isolates the power supply from said short
circuit, such that an incendive arc cannot occur, in
which if an event with a current and/or voltage
pattern which is characteristic of a propagating
non-incendive arc occurs in the electrical
circuitbetween the power supply and the load, the
reaction of the reactor means is detected by the
monitoring means, and the isolation means fully or
partially isolates the power supply from said event,
such that an incendive arc cannot occur. Thus, the
present invention deviates from the traditional method
of limiting the energy of a circuit, and instead
reacts to all faults, or potential faults. Thus, the
electrical circuit of the present invention can be a
higher power circuit than known intrinsically safe
circuits. The incendive arc prevention means of the
present invention also deviates from known reactive
systems in that it is driven by the behaviour of the
circuit itself and not by actual faults. This makes it
intrinsically safer. (The phrase "fully or partially
isolates" is used above and further herein. The phrase
is intended to be read in context, and means that the
power supply (or the load) is isolated completely from
the rest of the circuit, or is only isolated up to a
point at which danger is avoided. The invention
includes both of these arrangements.) The present
invention relies on the characteristic effects of
non-incendive arcs, and the characteristic effects of
short circuits or connecting circuits. Put simply,
incendive or non-incendive arcs that form in gas
groups MA, HB and HC propagate through the combustible
gas between two conductors by heating a path through
the gas between the two conductors. In other words the
arc's path through the gas has a resistance which
converts electrical energy into heat energy. In fact
the propagation of an incendive arc is a little more
complex than this, as it depends on the voltage
potential across it as well as the energy dissipated
into it. However, the first and most important
characteristic of such arcs is that for the first ten
microseconds or so, they exhibit an approximate
resistance of between twenty and fifty Ohms, and
typically twenty-five to thirty Ohms. This is a
repeatable and defined characteristic that is inserted
into a circuit when the arc is formed. Afterthattime
an arc begins to obtain an infinite impedance
characteristic that frequently attains a resistance
that provides maximum energy conversion at the highest
current and voltage it can draw from a given power
source. Figure 4 is a graph showing the properties of
a propagating arc. As shown in Figure 4, in the first
ten microseconds or so the energy of the arc remains
in a nonincendive zone 35, and after ten microseconds
or so the arc moves into an incendive zone 34. The arc
event of Figure 19 is characteristic of a gas group HC
condition. Once the arc transitions into the incendive
zone 34, it needs time to develop enough energy to
become incendive, according to the formula: where E is
the required energy to instigate an incendive reaction
for a given Stoichiometric oxidizer/fuel burn, or for
an oxidiser/fuel ratio that requires the least energy
to ignite. (Some spark test alternatives require
oxygen and hydrogen mixtures to be used, which is the
most easily ignitable combination, and allow simple
testing with a safety factor included and without the
requirement for test circuit adjustments, such as
voltage and/or current, to account for a safety
factor.) Therefore, there is a window of time of
between about zero to ten microseconds or so to
perform an evasive action before any arc becomes
incendive. Figure 5 is a simple diagrammatic view of
an arc. In Figure 5 an arc 17 is generated across a
spark gap l da to 18b, and the arc 17 has an apparent
resistance Rare. For the first ten microseconds the
arc resistance Rare has a value of typically
twenty-five to thirty Ohms. This characteristic is
true of make-type arc and break-type arcs. Figures 6
and 7 are simple diagrammatic views of a make type arc
and a break type arc. In Figure 6 a make type arc
closing 3c has an internal resistance Rare, and in
Figure 7 a break type arc opening 3o also has an
internal resistance Rare.Apart from creep type arcs,
which are accounted for in intrinsically safe designs,
these two types of fault are the only fault scenarios
that can occur, and they are electronically or
electrically detectable by the reaction of the reactor
means of the present invention. There are different
types of fault which can lead to a make type arc or a
break type arc. Figures 8 and 9 are simple
diagrammatic views of circuits with a number of
possible fault scenarios, all of which can be detected
and dealt with by the present invention. Figure 8
shows four shunt type faults including a make-type arc
fa, where an actual arc forms, a physical contact fb,
where a short circuit with the potential for an
incendive arc forms, a subsequent break type arc fc,
where an actual arc forms, and a subsequent physical
break ft/, with the potential for an incendive arc to
form. An occurrence which could lead to these faults
could be a resistively oxidised piece of metal falling
across power rails. Obviously, for a 'break' like fc
or ft/ to occur, a 'make' must first occur. Of course,
if any resistive or conductive fault like those shown
in Figure 8 has a high enough resistance or
conductance to prevent any arc being incendive, then
the circuit will be intrinsically safe, and the arc
can be ignored. However, the present invention is
intended to be used with higher power circuits which
do not have enough resistance or conductance to
prevent an arc becoming incendive, and thus all
faults, or any event which appears to be a fault, must
be dealt with. Shunt type faults of this kind are
readily detectable from the reaction of the 



reactor means of the present invention because the
voltage in the circuit drops. Figure 9 shows four
series type faults including a make-type arc fa, where
an actual arc forms, a physical contact fb, where the
potential for an incendive arc forms, a subsequent
break type arc fc, where an actual arc forms, and a
subsequentphysical break fof, with the potential for
an incendive arc to form. Any of these "faults" could
be normal operating occurrences like a connection or a
switch action. Series type faults of this kind are
also readily detectable from the reaction of the
reactor means of the present invention, either by a
voltage rise or a voltage drop across the reactor
means. These faults are all detectable, however it
will be appreciated that the invention will only
function if the arc prevention means can isolate the
power supply before any arc becomes incendive. This is
clearly possible within the confines of a small
electric circuit, however the invention is intended to
be used with very long cables typical of large
instillations. Any length of cable has a propagation
time delay proportional to its length, inductance,
resistance and capacitance. Typically, one kilometre
of twisted pair cable will delay an event by
approximately six microseconds. Therefore, if a
propagating non-incendive arc occurs atone end of a
one-kilometre cable, the event will not be detected at
the other end until six microseconds later. After
detection, the nonincendive arc must be quenched t o
prevent it becoming incendive, and to do so the power
supply is fully or partially isolated. However there
is still energy in the cable after the power supply is
isolated, and this energy continues to fuel the arc
because it must be exhausted. Therefore, there is a
further propagation time from the point the power
supply is isolated t o the full exhausting of the
energy in the cable. This propagation time is again
proportional to the cable parameters and will be a
further six microseconds, making the total time, from
the beginning of the arc event to quenching of that
arc, approximately twelve microseconds. In addition,
the detection and reaction time of the arc prevention
means is not instantaneous, and may typically by as
high as one or two microseconds in duration. In
addition, the arc prevention means may have an
elevated detection threshold as a result of employing
a deadband to avoid reacting to noise on the line
(further details of which are described below), which
can also add to the delay in reacting. Further to
that, inpractice there may be additional capacitance
loading or damping on the cable, which will also add
to the delay times. Therefore, if the arc prevention
means is located by the power supply, there will be a
restriction on the length and properties of cable
which can be used. Therefore, in a preferred
embodiment of the invention said monitoring means and
said isolation means can be disposed at the power
supply end of the electrical circuit, and the
incendive arc prevention means can further comprise a
load end monitoring means and a load end isolation
means. In one embodiment the load end isolation means
can fully or partially isolate the load from the
electrical circuit if the voltage drops below a
pre-determined threshold. With this arrangement the
load is isolated if a short circuit with the potential
to cause an incendive arc occurs in the electrical
circuit and the power supply end isolation means fully
or partially isolates the power supply, because under
such circumstances the voltage will drop. This
arrangement will also isolate the load if the voltage
drops in the circuit for other reasons. This
embodiment can be realised with a voltage collapsing
arrangement comprising a comparator referenced to a
reference voltage. The output of the comparator can be
used to fully or partially isolate the load from the
electrical circuit. This arrangement adds further
safety into the system because the load will be fully
or partially isolated in the event of a short circuit.
It also allows for other features described below to
function. This arrangement is a relatively simple way
of isolating the load, and it has a number of
practical applications as described below. However, in
other embodiments a more complex and dynamic
arrangement can be used, in which if an event with a
current and/or voltage pattern which is characteristic
of a propagating non-incendive arc occurs in the
electrical circuit between the power supply and the
load, the load end monitoring means can detect itand
the load end isolation means can fully or partially
isolate the load from said event. This arrangement
effectively doubles the length of cable which can be
used. However, in one version of the invention the
power supply end monitoring means and isolation means
can be spaced apart from the load end monitoring means
and isolation means by such a distance that either one
of them can detect and quench a non-incendive arc
which occurs at any point in the circuit between them.
This version is doubly safe as the electrical circuit
has a built in redundancy system. However, in a
preferred embodiment the power supply end monitoring
means and isolation means and the load end monitoring
means and isolation means can be spaced apart by such
a distance that each one can detect and quench a
nonincendive arc which occurs at any point between
their location and a mid point between their
locations. This version allows a cable of
approximately twice the length. It will be appreciated
that if a functional electrical circuit as described
above experiences a fault, remedial action may be
required. However, to avoid the necessity of having to
manually turn the electrical circuit back on, a fault
probe circuit can be provided which can probe for
faults, and reconnect the power supply when the fault
ends. Therefore, in a preferred embodiment the
electrical circuit can be provided with a
non-incendive fault probe circuit. If the power supply
and the load are fully or partially isolated in use,
the non-incendive fault probe circuit can pass non
incendive level current and/or voltage into the
electrical circuit. The non-incendive fault probe
circuit can be further adapted to remove the full or
partial isolation of the power supply when resistance
in the electrical circuit rises above that at which a
short circuit would be present.The fault probe circuit
allows a cable to be assessed for potentially
incendive faults without allowing the fault, should
one exist, to attain enough energy to become
potentially incendive. For example, if a resistive
fault occurs across a cable's poles, and it is at
least lower than a resistance that could lead to an
incendive arc, then the fault probe circuit will not
allow any incendive energy to the cable, regardless of
the fault's potential. It will be appreciated that if
a break occurs in the electrical circuit, the fault
probe circuit will remove the full or partial
isolation of the power supply because no short circuit
or resistance indicative of a fault is present.
However, no make-type arc can become incendive in
these circumstances because the incendive arc
prevention means will isolate the power supply again.
In one embodiment if a short circuit with the
potential to cause an incendive arc, or an event with
a current and/or voltage pattern which is
characteristic of a propagating non-incendive arc
occurs in the electrical circuit, the power supply end
isolation means can fully isolate the power supply. In
this embodiment the nonincendive fault probe circuit
can be powered by a second power supply different from
the electrical circuit power supply. However, in a
preferred arrangement if a short circuit with the
potential to cause an incendive arc, or an event with
a current and/or voltage pattern which is
characteristic of a propagating non-incendive arc
occurs in the electrical circuit, the power supply end
isolation means can partially isolate the power supply
to a nonincendive level. Thus, the non-incendive fault
probe circuit can be powered by said partially
isolated power supply. It will be appreciated that a
fault on a cable may comprise similar characteristics
to a load, and therefore if the load were still
connected to the cable the fault probe circuit may
identify it as a fault. This is why the load end
isolation means fully or partially isolates the load
from the electrical circuit if the voltage dropsbelow
a pre-determined threshold. This action allows the
cable to be assessed independently of the load. The
electrical circuit can be provided with recovery
control means. After a fault has ended the recovery
control means can energize the electrical circuit
gradually over a time period sufficient to prevent the
power end monitoring means and/or the load end
monitoring means interpreting the energising of the
electrical circuit as an event with a current and/or
voltage pattern which is characteristic of a
propagating non-incendive arc. Preferably the recovery
control means can comprise a function generator which
can directly or indirectly variably adjust the output
voltage and/or current of the power supply. The same
thing can be provided at the load end. In practice,
the electrical circuit of the invention may be used
with a two-wire communication system, and there may be
interruptions, signalling or noise on the circuit.
This noise must not repeatedly trigger the system to
isolate the power supply or the load. Therefore the
power supply end monitoring means and isolation means
can be adapted to not fully or partially isolate the
power supply from the electrical circuit when noise or
signalling is detected within a deadband about a mean
current or voltage level. Likewise the load end
monitoring means and isolation means can also be
adapted to not fully or partially isolate the load
from the electrical circuit when noise or signalling
is detected within a deadband about a mean current or
voltage level. The reactor means described above can
be any device which will react in a detectable way
when any of the faults described above occur.There are
several known electronic circuits which could be used
to detect the faults described above. Therefore, in
one embodiment the reactor means can be an active
electronic gyrator adapted to emulate inductor
behaviour. In another embodiment the reactor means can
be a resistor. However, in a preferred embodiment the
reactor means is an inductor and reaction of the
inductor to a short circuit, which is detected by the
monitoring means, is a voltage change generated across
the inductor. In one version of the invention a shunt
resistor can be connected across the inductor. An
advantage of using an inductor is that the impedance
of an inductor will curtail or suppress a make-type
arc from occurring on a live circuit. Therefore, if a
break occurs in the electrical circuit and the fault
probe circuit subsequently removes the full or partial
isolation of the power supply because no short circuit
or resistance indicative of a fault is present, no
make-type arc can form because of the inductor
impedance. The inductor can be monitored with a
"window" type comparison measurement. Therefore, the
power supply end monitoring means and isolation means
can comprise a positively referenced comparator means
and a negatively referenced comparator means. The
output of said comparators can be used to fully or
partially isolate the power supply from the electrical
circuit. The positively referenced comparator and the
negatively referenced comparator can be referenced to
the source voltage. (The invention also includes
embodiments in which only a positively or only a
negatively referenced comparator means is used.) The
load end monitoring means can also use a reactor means
in the form of an active electronic gyrator adapted to
emulate indictor behaviour, or a resistor. However, in
a preferred embodiment an inductor is used, with or
without a shunt resistor connected across it. As
above, the inductor can be monitored with a"window"
type comparison measurement. Thus, the load end
monitoring means and isolating means can comprise a
positively referenced comparator means and a
negatively referenced comparator means. The output of
said comparators can be used to fully or partially
isolate the load from the electrical circuit The
positively referenced comparator and the negatively
referenced comparator can be referenced to the
incoming voltage. The invention can be performed in
various ways, and multiple embodiments will now be
described by way of example and with reference to the
accompanying drawings, in which: Figure 1 is a
diagrammatic view of a prior art intrinsically safe
electrical circuit; Figure 2 is a diagrammatic view of
another prior art intrinsically safe electrical
circuit; Figure 3 is a diagrammatic view of another
prior art intrinsically safe electrical circuit-
Figure 4 is a graph showing the propagation properties
of an arc; Figure 5 is a diagrammatic view of an arc;
Figure 6 is a diagrammatic view of a make-type arc;
Figure 7 is a diagrammatic view of a break-type arc;
Figure 8 is a diagrammatic view of a number of
shunt-type fault scenarios; Figure 9 is a diagrammatic
view of a number of series-type fault scenarios;Figure
10 is a diagrammatic view of an electrical circuit
according to the present invention; Figure 11 is a
diagrammatic view of another electrical circuit
according to the present invention; Figure 12 is a
diagrammatic view of the power supply end of another
electrical circuit according to the present invention;
Figure 13 is a graph showing the current and voltage
change following closing contact 3c, and opening
contact 3o, as shown in Figure 10 Figure 14 is a
diagrammatic view of the power supply end of another
electrical circuit according to the present invention;
Figure 15 is a diagrammatic view of the load end of
another electrical circuit according to the present
invention; Figure 16 is a graph showing the
relationship between a low-current cable probe zone
and a high current supply zone; Figure 17 is a graph
showing a deadzone incorporated into an electrical
circuit according to the present invention; Figure 18
is a graph showing the voltage tracking properties of
an electrical circuit according to the present
invention; and, Figure 19 is a diagrammatic view of
the power supply end of another electrical circuit
according to the present invention;Figure 20 is a
diagrammatic view of the power supply end of another
electrical circuit according to the present invention;
Figure 21 is a diagrammatic view of the power supply
end of another electrical circuit according to the
present invention; Figure 22 is a graph showing the
voltage and current properties of the electrical
circuit, part of which is shown in Figure 21; Figure
23 is a graph showing the recovery properties of the
electrical circuit, part of which is shown in Figure
21; Figure 24 is a diagrammatic view of the load end
of another electrical circuit according to the present
invention; Figure 25 is a graph showing the
time-related performance of the electrical circuit as
shown in Figure 24; Figure 26 is a diagrammatic view
of the load end of another electrical circuit
according to the present invention; Figure 27 is a
diagrammatic view of a fault occurrence at a point
along a cable in another electrical circuit according
to the present invention; Figure 28 is a graph showing
the arc detection and quench timeline in the
electrical circuit shown in Figure 27; Figure 29 is a
diagrammatic view of the load end of another
electrical circuit according to the present invention;
Figure 30 is a diagrammatic view of the power supply
end of another electrical circuit according to the
present invention; and Figure 31 is a diagrammatic
view of the load end of another electrical circuit
according to the present invention. As shown in Figure
10, an electrical circuit comprises a power supply 6,
a load 10 and an incendive arc prevention means
comprising monitoring means in the form of comparator
43, and isolation means, in the form of switch 42. The
monitoring means 43 monitors the electrical circuit by
means of a reactor means, in the form of inductor 5.
If a short circuit 111 with the potential to cause an
incendive arc occurs in the electrical circuit, in
this case along cable C, the reaction of the reactor
means 5 is detected by the monitoring means 43 and the
isolation means 42 fully or partially isolates the
power supply 6 from said short circuit 111, such that
an incendive arc cannot occur. In this case the power
supply 6 is fully isolated by switch 42. If an event
with a current and/or voltage pattern which is
characteristic of a propagating non-incendive arc,
which could be series break 108, series make 109 or
shunt make 110, or anything like them, occurs in the
electrical circuit between the power supply 6 and the
load 10, (i.e. on the cable C), the reaction of the
reactor means 5 is detected by the monitoring means
43, and the isolation means 42 fully or partially
isolates the power supply 6 from said event, 108, 109,
110, such that an incendive arc cannot occur. In this
case the power supply 6 is fully isolated by switch
42. Figure 11 shows another electrical circuit
according to the present invention, which is similar
to the circuit shown in Figure 10, except that the
incendive arc prevention means further comprises a
load end monitoring means and isolating means similar
in construction to that at the power supply end.
Therefore, if an event with a current and/or voltage
pattern which is characteristic of a propagating
nonincendive arc occurs in the electrical circuit
between the power supply 6 and the load 10, the load
end monitoring means detects it and the load end
isolation means fully or partially isolates the load
from said eventFigures 10 and 11 show the invention in
its most simplistic form. The following description
shows how the invention can be practically put into
effect. (Figures 12 onwards show various alternative
arrangements or characteristics of the power supply
end and the load end of electrical circuits according
to the present invention, and it will be appreciated
that some of the features of these sections of
circuits will be interchangeable with others, and that
these different power supply end and load end
arrangements can be used in any combination with each
other as appropriate. Where components are the same as
in previous Figures, the same reference numerals have
been used.) Figure 12 shows the power supply end of an
electrical circuit according to the present invention.
An inductor 5 is positioned in the circuit between the
power supply 6 and faults 3c, 3o. When resistance in
the circuit increases or decreases as a result of an
incendive arc, a potentially incendive arc, a closing
contact fault 3c or an opening contact 3o, the current
step change in the circuit generates a voltage change
2 across the inductor which can be detected. (Itwill
be appreciated that the attachment or disconnection of
a load may have the same effect as one or other of the
above faults, and it would therefore be treated in the
same way. In some cases, the attachment or
disconnection of a load creates a non-incendive
current step change which it would be safe to ignore.
Further details of a means to discriminate such events
are described below.) A shunt resistor 7 is provided
to minimise the voltage swing across the inductor 5.
Such a shunt resistor can also help to attain a lower
impedance if a high capacity inductor is used in order
to attain a longer more easily detectable reaction
time. The inductor 5 and resistor 7 amplify the effect
of current and/or voltage change in the circuit,
compared to a conventional current sense resistor.When
there is any interruption to current flow, which is
dictated by the series 



resistance 4r and/or an arc resistance (not shown),
the voltage 2 across the inductor 5 and/or the current
through the resistor 7 and inductor 5, changes
proportional to the values of the components of the
circuit. Figure 13 shows the change in the current and
voltage of the circuit following events 3c and 3o.
Figure 13 also shows the voltage limits 9c and 9o
which are dictated by the shunt resistor 7. An ideal
inductive circuit with a closing contact 3c would tend
towards zero volts, and a circuit with an opening
circuit 3o would tend towards infinity volts. However
in the practical circuit of Figure 12, the inductor 5
has an inductance of two milli Henries, and the
resistor 7 has a resistance of six Ohms. In the
example shown the fault resistance 4r is also six
Ohms. Therefore, the closing voltage 9c is
approximately half the source voltage and the opening
voltage 9o is approximately one and a half the source
voltage. The power source 6 is twenty-four volts, so
the closing voltage 9c is about twelve volts, and the
opening voltage is about thirty six volts. The current
could change by as much as two amps based on the above
criterion. Should the contact 4 comprise an arc, like
those described at fa and fc of Figures 8 and 9, and
that arc is of an initial twenty five ohms, then the
step change in current and/or voltage will follow the
same arguments as above, although they will be less
pronounced. Figure 13 shows how the step changes are
readily detectable. It will be appreciated that the
invention will work with less pronounced step changes,
provided they are still measurable. A further
attribute of the inductor 5 is that the DC resistance
to current is very low, and therefore the efficiency
is high when considering power sources. If a resistor
like resistor 7 were used alone, it might cause
unacceptable voltage or power losses for many power
supplies. Of course, for lower current systems using
higher voltagesthe loss across a resistor may be
acceptable. So a lone resistor could be used, provided
the detection technique is still adequate to at least
detect a potentially incendive scenario. Another
feature of the electrical circuit shown in Figure 12
is that the inductor 5 is of a sufficient size to
provide adequate impedance to curtail or suppress any
make type fault or arc, 3c. The impedance of the
inductor 5 is high enough to prevent any spark-gap
from instigating or propagating an arc cornel, because
the initial event current through an ideal inductor is
zero, or insignificant for a suitably designed modern
day inductor with negligible parasitic bypass.
However, the path of the shunt resistor 7 may
suppresses this effect to a point where the bypass
current could cause an incendive arc. Therefore,
adequate steps are required to minimise the bypass
current an/or to detect the current passing through
the resistor 7, and to take action if required. During
steady state current, any increase in current demand
can be tolerated, as a small step change from steady
state conditions tends not to be incendive or to
attain incendive potential. Of course, as with any
passive inductor carrying current, the energy stored
in the inductor is released if there is a step
decrease in current of a break-type fault following a
make-type fault or a load. When the energy is released
it generates a voltage across the inductor, and if the
inductor is unprotected this would lead to a
subsequent arc, with a high probability of becoming
incendive. As stated above there are active electronic
circuits which emulate inductor behaviour, without the
problems of stored energy usually encountered with
passive ferrite inductors. Such circuits could be used
instead of inductor 5.Thus, if the circuit in Figure
12 experiences a positive or a negative step change or
interruption in current demanded from the power source
which is characteristic of a situation with the
potential for an incendive arc, or characteristic of
an arc, it is detected. This is irrespective of
whether or not the fault is an arc or another
unrelated fault with similar characteristics. There is
no discrimination between arc formation and a similar
characteristic non-arcing interruption. In addition
additional protection is afforded by using a positive
current step change impedance, which provides energy
suppression to 'make' type faults. Two poles coming
together will not lead to the formation of an arc up
to, and including, the point of contact. Figure 14
shows another power supply end of an electrical
circuit according to the present invention. The
circuit operates in the same way as the circuit shown
in Figure 12, except that Figure 14 shows the means by
which the circuit reacts to faults. A voltage
detection 23 is arranged across a dynamic current
detection circuit comprising inductor 5 and shunt
resistor 7, and a control means 21 controls a series
element 19. If the voltage falls or rises at the
detection point 23, in a manner characteristic of an
incendive fault 4r potential or arc formation as
described above, then the series element generates an
isolating action to adequately quench the arc or to
transition the fault 4r to a non-incendive potential
by way of current and/or voltage reduction. Therefore,
Figure 14 shows a very simple reactive circuit which
can be configured to react fast enough to quench an
arc within its non-incendive time zone, taking into
account the cable length. Following isolation the
power supply needs to return to normal operation after
the fault is clear, or is clear of any incendive
potential. This is achieved with a fault probe
circuit.However, it will be appreciated that a fault
on a cable may comprise similar characteristics to a
load. Generally a cable comprises only a parallel or
shunt capacitive attribute that differs from a normal
load, which can typically be resistive or apparently
resistive. If a resistive fault is applied then the
difference between the load and the fault is
indiscernible. Therefore if the load remains connected
to the circuit, any fault probe circuit might not be
able to discern any difference between a fault and the
load. In such circumstances the circuit cannot be
re-energised. Therefore the only option is to assess
the load and the cable independently of each other.
Figure 15 shows how a load 10 can be isolated using
simple means. A voltage detection 26 is connected to a
control means 25, which is itself connected to a
series element 28. The series element 28 isolates the
load 10 from the circuit if the voltage at the input
BB falls below a given value, for example ten volts.
If the load end shown in Figure 15 is connected to the
power supply end shown in Figure 14, and the control
means 21 shown therein isolates the power source 6
such that the voltage drops below 10 volts, then the
voltage detection 26 will register that and the
control means 25 can isolate the load 10. Thus, not
only will the load 10 be isolated from any potentially
incendive fault, but it is also isolated for the
purposes of fault probing. Figure 16 shows how a
circuit comprising the power supply end shown in
Figure 14 and the load end in Figure 15 can be
configured to accommodate practical tolerances. The
voltage threshold for the power supply to be isolated
21thr is set below the voltage threshold of the load
to be isolated 25thr, so there is a cross over margin.
Below the power supply threshold 21thr the energy
supplied to the cable and to the load is restricted to
non-incendive levels, and above the threshold the
energy is allowed to increase to accommodate the load
demand, which will only occur above the threshold. The
zone below the threshold 21thr is classified as the
cable probe orstart up zone where only the cable is
attached to the system, and in which the cable can be
probed for any fault. In practical circuits, and for
two wire communication systems, there will be
operational interruptions that must be tolerated or
ignored. The power supply must continue as normal
without any adverse interruption. In particular,
things like fieldbus signals must not repeatedly
trigger the arc prevention means to fully or partially
isolate the power supply and/or the load. Figure 17
shows how a deadband is employed about a mean 16 to
differentiate between potentially incendive faults and
normal operating noise. Potentially incendive
interruptions 3c and 3o extend beyond the deadband and
will trigger the arc prevention means to fully or
partially isolate the power supply, whereas noise 11
and fieldbus signalling 12 will not. The mean may be
fixed or it may be variable. If it varies the
thresholds of the deadband 14 and 15 must track the
threshold. High level spikes with short time duration
may also be filtered to a degree if required, provided
that the interruptions are not potentially incendive.
Figure 18 shows how the deadband tracks a varying
mean, in this case at the load end BB. The positive 78
and negative 68 thresholds track the voltage V BB in
an adaptable way until the voltage V BB changes faster
than the tracking can compensate for, for example when
an arc forms. The actual voltage transient 85 breaches
the threshold 84 and is therefore detected. This type
of tracking allows slow voltage variation and cable
loss to be compensated for, and for an arc
characteristic to be detected. Other techniques such
as high pass window comparator filtering may be used
as alternative to the above. Itwill be appreciated
that, in practice, the deadband increases the reaction
time of any arc prevention means. Therefore if such a
deadband is employed it must be factored into the
whole circuit, and in particular the length of cable
which can be used.Figure 19 shows the power supply end
of an electrical circuit, as described above but in
more detail. In Figure 19 an intrinsically safe
clamped voltage source 6 supplies circuit AA. The
voltage clamping can be at the source, or at any point
up to the power supply output AA. As described above,
a potentially incendive make or break type fault in
the circuit will cause the voltage and/or current of
the power supply output AA to change. A make-type
fault will cause the voltage to fall, and/or the
current to rise, and a break-type fault will cause the
voltage to rise and/or the current to fall. The
reactor means according to the invention comprises
inductor 5 and shunt resistor 7, and the property
being monitored is the voltage across the inductor 5,
which is effected by current change. The monitoring
means according to the invention comprises a window
comparator arrangement, capable of detecting both
voltage rises and voltage drops in order to detect any
type of fault. The rise in voltage is detected by a
positively referenced 41 comparator 43a, and the fall
in voltage is detected by a negatively referenced 40
comparator 43b. (Similar linear or non linear systems
could be used instead of comparators.) The reference
values are chosen to ignore noise or signalling, as
described above. The output of the comparators is used
to isolate the output AA at switch 42, thus
effectively choking or removing the power to the
output circuit. If the fault were an arc it would be
starved of energy and effectively quenched to prevent
it becoming incendive. Provided the isolation remains
in place the output remains intrinsically safe. The
cable can now be probed for a fault, as described
below. In addition comparator inhibits 43i are
provided which override or complement the safe
isolation 42, regardless of comparator input
measurement states. The inhibits are shown as falling
to a low state. This arrangement allows for additional
feedback or control regarding the provision of
isolation for start-up or cableprobe, as described
below. The inhibits 43i may also be used for voltage
clamping in a similar way to traditional 'crowbars'.
In the circuit in Figure 19 the references are
referenced to the source voltage, but they could
alternatively be reference to ground or an absolute
point. The advantage of referring to the source
voltage is that if the source voltage deviates,
fluctuates or ramps during normal loading, quench
recovery or start up, it is detected or it will not
affect the operational thresholds. The sensing inputs
may be further filtered or conditioned if required, so
the detection window span can be decreased. Once the
power supply 6 has been isolated the cable can be
probed for faults, provided the load has been isolated
as described above. Figure 20 shows the power supply
end of an electrical circuit according to the present
invention, in which a nonincendive fault probe circuit
is provided, comprising current 44, Zener diode 45,
output 46 and series resistor 47. When the power
supply 6 is isolated by switch 42, in the same manner
as described above in relation to the circuit shown in
Figure 19, the output at AA falls to the non-incendive
level of current 44. If there is an adequately low
resistive fault remaining on the cable, which is
governed by the probe current 44, the voltage across
the Zener diode 45 will fall to a point where it stops
conducting, which causes the voltage across the series
resistor 4 7 to fall to a low state, which causes the
output 46 to create a low inhibit signal, which is
used to hold the switch 42 open. If the fault clears
this sequence stops and the switch 42 is closed, so
the output AA can return to normal current and/or
voltage. However, when the power supply is reconnected
to the circuit it cannot be done in a rectangular
fashion, because the reconnection of the load might
cause a drop in voltage which would cause the
monitoring means and isolation meansdescribed above to
fully or partially isolate the power supply again.
Therefore, recovery control means are provided to
prevent this occurrence, by re-connecting the power
supply 6 in a slewed manner. Figure 21 shows the power
supply end of another electrical circuit according to
the present invention. The circuit in Figure 21 uses
an inductor 5 and shunt resistor 7 as the reactor
means of the invention, and a window comparator
comprising a 'low' trigger comparator 43b and a 'high'
trigger comparator 43a, which monitor the voltage
across the inductor 5, as the monitoring means of the
invention. The isolation means of the invention
comprises series element 42, however it can be
controlled in a dynamic way in use. The output of the
window comparator arrangement, when a fault is
detected, is used to trigger a function 48 to
indirectly adjust the output voltage and/or current as
required. The circuit in Figure 21 has a static
current limit in the form of a conventional
rectangular current limiter comprising a current sense
resistor Rsense, which feeds an amplifier 49, which
controls the series element 42 with a current
reference obtained from the function generator 48.
Therefore, for DC and slow progressive current
changes, that are not indicative of a potentially
incendive arc, the current characteristics of the
power supply are understood and the upper limit of
current, along with the clamped voltage source 6,
defines the operational maximum voltage Uo and current
Io parameters of the circuit. Therefore, the output
voltage and/or current can be indirectly adjusted in
use by adjusting the current reference. If the
reference falls, then the current limit will also
fall. Thus, if the output of the window comparator
arrangement falls or rises in a manner which is
indicative of a make-type arc or a break-type arc, and
if thereferences 40 and 41 are adapted to detect this
rise or fall and to ignore parasitic disturbance, then
the arc or similar type fault will be detected, and
the function 48 will trigger a shutdown. (The series
element 42 can be replaced with, or be complemented
by, a shunt element. Such an arrangement could be used
to reduce the power to the circuit by way of short
circuiting the supply voltage) The circuit in Figure
21 also has a non-incendive fault probe circuit
similar to that shown in Figure 20, but which is
driven by the power supply 6, and not by its own power
supply, as in Figure 20. The inhibit 46 holds the
function 48 at a non-incendive level, so the power
supply 6 provides a non-incendive probe current and/or
voltage, which is held until the resistive fault on
the cable increases to a given level above an
incendive potential. The circuit in Figure 21 also has
a voltage collapsing function intended to detect a
slow drop in voltage during rectangular current
limiting, and to isolate the power supply 6 should the
voltage pass through the collapsing threshold. A slow
drop in voltage may not be detected and acted upon by
the window comparator because the inductor 5 will
exhibit very low impedance and therefore very small
voltage fluctuations, usually within the normal
operating noise or signalling zone, as described above
in relation to Figure 18. Slow changes in voltage are
therefore not detected, or detectable by the window
comparators. The voltage collapsing function is
provided by Zener diode 45 and resistor 47. If the
voltage drops below the inhibit 46, the function 48
isolates the power supply 6. Therefore, the circuit in
Figure 21 has a built in minimum permissible internal
resistance that it can have under full current, which
creates a minimum internal resistance Ri. For example,
if the inhibit 46 triggers shutdown at eight volts,
and the current limit is set to five hundred
milliamps, then the minimum internal resistance is
sixteen ohms.Figure 22 shows the voltage current
relationship in the circuit shown in Figure 21. In
Figure 22 the normal output voltage is at 56, and the
slow changing current or low disturbance current can
increase from zero to a maximum level 58. If it
reaches that level it is rectangularly current
limited, as indicated at 60, until it drops to the
inhibit level 46inhibit. It will continue to drop to a
lower non incendive, or zero current, level 62. The
voltage at that current is dictated by the output load
characteristic. The current only returns to normal
levels once the fault or load is cleared, gaining full
current capacity on passing the inhibit voltage. If an
interruption occurs during any phase above the
inhibited current and/or voltage zone, which breaches
the deadband defined by high 41high and low 4Olow
trigger points, the current and/or voltage is
transitioned to the zone below the inhibit 46inhibit
level in an event timed manner, as described above in
relation to Figure 21. Figure 22 assumes that the load
is disconnected from the power supply when it drops
below the inhibit voltage 46inhibit, and that full
current is supplied to the load before, or at the
moment when the load is re-attached. Transition
between the zones is controlled in order to assist
potential arc quenching, and the dotted transition
lines form part of the quench action. Figure 23
illustrates how the function 48 described above
re-connects the power supply in a slewed manner in
order to prevent the circuit inadvertently isolating
the power supply during recovery. Figure 23 shows the
current / / time t reaction to an event 51 which could
be any fault in the circuit detected by the window
comparator arrangement or the voltage collapsing
function. From a normal current level 50, an event 51
triggers the output to fall to a current level 54
which is non-incendive. The fault probe function
operates at this level, and the current level 54 will
remain at this level until the fault clears. When the
fault is cleared the power supply is re-connected at
point 55, and it returns in a slewed manner 52 to the
normal current level 53.The slewed recovery 52 can be
achieved by further series inductance, but in this
case it is achieved by the control of the function
generator 48. The slewed recovery 52 can be linear as
shown, or it could be an exponential or similar non
linear recovery. As described above the main advantage
of the slewed recovery 52 is that is attenuates any
disturbance across the reactor means so load recovery
can occur without triggering any isolating event.
However, the slewed recovery 52 also restricts any
energy flowing to an arc attempting to form, although
if any fault occurs during recovery, or during the
critical parts of recovery, it will still be detected
and appropriate action taken. The slewed recovery can
be commenced when the fault is cleared, as 



described above, or it can be commenced after a
pre-determined duration. For example, the function
generator 48 can be adapted to hold the power supply
at the safe level 54 for one millisecond. Such a
holding period may allow for a more complete energy
discharge from the system, and for a settling time for
the system, following an interruption and before full
power is returned. This may decrease, to a point, the
probability of an incendive occurrence. Alternatively,
the slewed recovery can be integral with the fault
probing action. When a fault is present the slewed
recovery can be commenced and the power can increase
to a non-incendive fault probe level. The power must
not rise above such a level, and can either hold
steady or drop and rise again such that a saw-toothed
fault probing voltage and/or current is created. Of
course, the monitoring means and isolating means of
the invention must be operational during the slewed
recovery phase, or any part of it which is in the
potentially incendive region, in order to detect
potentially incendive faults.The power supply recovery
described above is governed by a constant current
series element, but the reaction is not strictly an
ideal constant current model. If a break-type arc
forms during the constant current slewed recovery it
must be detected, and this can be achieved in several
ways. An ideal constant current operation for the
series element during the slewed recovery would allow
the series element to take over or compensate for the
added resistance created by the arc, and as such the
monitoring means will not detect the fault. This is
unless the voltage across the series element is also
utilised for arc detection. However, if the series
element itself is adequately slewed, then any step
change which is characteristic of a propagating arc
will transition through the series element and will be
detected. Of course, on detection of a propagating arc
the series element is shut down in a timely manner,
suggesting a series element slew override.
Alternatively, the series element can be adapted to
slew for a negative going resistance change, but be
allowed an adequately fast positive going resistance
change. This would be simple to implement by those
skilled in the art. This technique is conditioned by
the inductance of the circuit, because an attempt at a
make-type arc will be met by the circuit reactance.
The series element may also be shunted by a capacitor
or similar to allow a dynamic bypass of the series
element. However, the capacitive value would have to
be controlled, because it will bypass the shutdown
ability of the series element. Lastly, the control
function 48 itself may be utilised to provide the
series element directional infinite impedance slewing
as describe above. The circuit shown in Figure 21 can
be altered in various ways, for example the window
comparator arrangement may comprise filtering which
filters out the effect of the series element during
the slewed recovery, and at any other event
notcharacteristic of a propagating arc, but can still
allow the detection of a propagating arc. Figure 24
shows the load end of another electrical circuit
according to the invention. In Figure 24 the load end
of the electrical circuit has a simple static voltage
collapsing arrangement in which the load 10 is forced
to a minimum resistance by comparator 68, which
compares the voltage at the input BB with a reference
voltage 70. If the input voltage drops below the
reference voltage, the load is isolated by means of
switch 69 to a high impedance. For example, if the
reference is set at ten volts, and the supply is
limited to five hundred milliamps, then the minimum
resistance which the load 10 can attain is twenty
ohms. Although the minimum resistance is a useful
attribute for intrinsically safe current limiting
during arc formation, as it supplies a constant
current or infinite impedance load, it may not be
adequate for the high current and high voltages
proposed. (It may be adequate in some voltage and
current applications where the minimum load resistance
and the power supply minimum internal resistance are
high enough, and the reaction time and cable
propagation times are fow enough.) However, any arc
formation has a voltage which is the difference
between the power supply voltage and the load side
collapsing voltage. For example, if the power supply
output is twenty volts, and the load collapsing
voltage is ten volts, then the arc cannot attain a
potential of more than ten volts, which, at
approximately three amps or so, remains non-incendive.
However, in practice when an inductive interface, for
example a cable, is used in the circuit the voltage
across the arc can attain much higher potentials which
could become incendive. Therefore, it would only be
possible to rely on a noninductive connection between
the power supply and the load if they were very close
to one another. Nevertheless, the power supply itself
is intrinsically safe and therefore, this arrangement
deviates from the prior art because the
connectionbetween the power supply and the load has no
requirement for mechanical protection from shunt type
short circuits. In any event, the prime advantage of
the static collapsing circuit shown in Figure 24 is
that it gives the load 10 a low interruption
characteristic, so automatic connection of the load 10
during power supply recovery will not retrigger the
isolating means to fully or partially isolate the
power supply again. The protection circuit works in
combination with the slewed recovery described above.
Because the recovery is slewed, a constant load will
not trigger the monitoring means to isolate the power
supply until an interruption like a load with a
current transitional start up reaches its transition
point, which in this case is dictated by the load side
collapsing circuit set at ten volts. At that
transition point, the load demands the full current,
or a higher current than the power supply is able to
supply, and therefore the power supply voltage drops
to a point where the collapsing circuit will collapse.
This reduces the current demand again to the point
where the power supply voltage can increase. This
cycle continues until the load is fully charged. This
cycle comprises a flat plateaux, or a gradual rise,
which is not typical of a potentially incendive arc.
Therefore, it will not cause the monitoring means of
the invention to isolate the power supply. However,
any disturbance upstream of the load collapsing
circuit will still cause the monitoring means to react
in the normal way, and this is the case throughout the
load recovery phase. Figure 25 shows the load current
transition during the slewed power supply recovery
described above. The current from the power supply on
recovery ramps up 71 proportional to the capacitance
seen on the power supply output, until it reaches the
load side static collapsing circuit collapsing voltage
73. At this plateau the current flow holds for a time
proportional to any inductance which requires charging
at the point of load connection. Once initially
charged, the current then increases, as indicated at
72, to full current demand at a rate proportional to
the supply inductance and/or the load
capacitance.Figure 26 shows the load side of another
electrical circuit according to the present invention.
The load end shown in Figure 26 has a monitoring
means, isolating means and voltage collapsing
arrangement which mirrors the power supply end shown
in Figure 21, and some of the same reference numerals
have been used. A function 83 is provided and a series
element 69opt, however there is no static current
limiter, because the load end shown in Figure 26 is
intended to be used with the power supply end shown in
Figure 21, and a static current limiter is included
there. The load end shown in Figure 26 has a static
voltage collapsing threshold, indicated at 82, which
comprises resistor 81 and Zener diode 82z which is set
at a value above that of the power supply inhibit
level for reasons described earlier. The load end
shown in Figure 26 also has a dynamic follower
detection arrangement provided by positive and
negative reference 70b, 7Oa1which are adequately sized
to perform the functions described earlier, a window
comparator 68, 78 measuring voltage across inductor 5
and a rail voltage follower comprising a diode 77 and
a decaying sample and hold RC circuit 79, 80. The rail
voltage follower tracks the rail voltage BB and
provides a threshold above and below it, so any slow
deviation can be tracked and ignored, thus maintaining
the position of the tracking thresholds about the rail
voltage. (This is done with the caveat that an
interruption at least characteristic of a propagating
arc is not tracked by the tracking threshold and thus
can be detected and the function 83 can isolate the
load or to apply an apparent minimum load impedance
such as to quench any propagating arc.) The static
collapsing voltage provides a minimum voltage level,
and therefore a minimum loop resistance. If the effect
of an arc under low current flow is not detected, the
low current of the loop (which includes any power
supply minimum resistance and any load series
resistance), restricts the power to the arc, and
sustains it at a reduced voltage. For example, if an
arc has a potential of eight volts,while it still
exists, the incendive potential at, say, one hundred
milliamps, is eliminated. Therefore, it is possible
that in lower current situations the monitoring means
may not be required, provided the static limitations
are adequately adjusted and the arc is restricted in
voltage potential and/or current so it is has no
chance, or a very low probability, of becoming
incendive. The above described dynamic follower
detection could also be used at the power supply end
to account for any deviation in voltage and/or current
and/or the recovery ramp. It will be appreciated that
all the above described power supply end and load end
arrangements must be able to react to a fault fast
enough to quench a nonincendive arc before it can
become incendive, as this is an essential feature of
the invention. As shown in Figure 4 , and as described
above, a propagating arc will remain non-incendive for
about 10 microseconds, and any circuit according to
the invention must be able to quench an arc before it
becomes incendive. In order to achieve this various
factors must be considered. The key consideration is
the length of the cable between the power source and
the load. The cable must be short enough such that any
fault can be detected and appropriately dealt with by
either the monitoring and isolation means at the power
supply end, or the monitoring and isolation means at
the load end. Figures 27 shows a basic electrical
circuit according to the invention, in which the cable
is of such a length that a fault event at its centre
can be detected and dealt with by monitoring and
isolation means at a power supply end and a load
end.The fault event takes a given time 36t to traverse
along the power supply end half of the cable 36, and a
given time 37tto traverse along the load end half of
the cable 37. The propagation times 36t and 37t are
similar if the fault is at the centre of the cable,
but obviously the times are different if the fault is
at any other point. If the fault is nearer to the
power supply 6, then the power supply end monitoring
means will detect the fault interruption before the
load end monitoring means, and therefore it will react
to the fault quicker. The worst place for a fault is
at the centre of the cable, because the reaction times
of the isolation means at either end of the circuit
are at their maximum, so the fault will have the
greatest incendive potential possible. The invention
also includes embodiments in which only the power
supply end is provided with monitoring means and
isolation means. If such a version were used the cable
would have to be approximately half the length shown
in Figure 27, because the power supply end monitoring
means and isolation means must not allow an incendive
arc to form at any point up to the far end of the
cable, where the propagation time will be at its
maximum. Of course, the power supply end monitoring
and isolating means, and the load end monitoring and
isolating means can be any of those arrangements
described above. As shown in Figure 28, the cable
propagation time must include the period from the
event to detection, and the period from the isolation
event to quench. In Figure 28 the time between each
event is equal, however in practice this may not be
the case because the incendive arc energy may be
limited to the voltage across it and the supply
voltage and current, which during the quenching phase,
may fall in a linear or an exponential way. It is
known that at approximately ten to twelve volts an arc
has at least half the incendive potential it has at
twenty or twenty four volts respectively.It will be
appreciated that it is not merely the length of a
cable which must be considered, but all its physical
characteristics, and in particular the fault current
which can be carried in it. This is because the
current dictated inductive energy stored in a cable
and the supply current fed to an arc, dictates the
energy dissipated in an arc. The cable is more complex
than a simple distributed inductor because it also has
a capacitive element that also stores energy,
proportional to the voltage. The cable comprises a
damped second order system in which the damping is
created by the cable resistance and any parasitic
elements. All of this must be taken into account. It
is possible to mathematically model an electrical
circuit according to the invention to ensure it will
function, but computerised simulation or physical
hardware testing using a real cable are more
acceptable tests to provide accepted empirical data.
Once the length, or size, of a cable and the voltage
and current it carries have been defined, then the
rest of the circuit must be designed to define the
remaining parameters, in particular the circuit
reaction time and all the set point values. Of course,
the model can begin with cable length, and the rest of
the calculations can be applied accordingly. If the
outcome of tests can be made repeatabie, then
empirical data can be provided, however initial
testing to well known standards concerning spark test
apparatus and/or oscillograph data, should be
adequate. There are further fault scenarios which are
not discussed above, but which are possible with the
circuits of the invention. However the likelihood of
an occurrence of these types of fault is so low they
can safely be discounted, or the circuits will
inherently be able to deal with them. One fault
scenario would comprise an arc resistance which
exactly matches the load resistance at a given time,
and would require the static collapsing voltage to be
just above the collapsing voltage, so the current
through the arc, when it isattached across the cable,
is diverted wholly into the arc without detection. The
collapsing voltage would then be breached thus
isolating the load. This arc must be set up on its
first strike. However, this fault would only be a
make-type arc, which would be a less common occurrence
than a break type arc, and on an inductive cable
circuit such make-type arcs are not prone to elevated
break arc voltages. In addition, the arc must be
perfectly matched, and would therefore be limited to,
for example the collapsing circuit lift off voltage of
ten or twelve volts. At ten to twelve volts, the
current may be allowed to increase to a much higher
level, but that may not be possible in view of the
power supply current restriction. On arc development,
the voltage across it will try to increase, but when
the collapsing circuit lift off voltage is reached the
current will be shunted into the load and/or the load
capacitance or reservoir capacitance as described
earlier. A break in the load connection after the arc
has formed coufd occur but this would be a very
improbable double fault, and the arc striking as a
shunt and maintaining a perfectly matched resistance
on, and from, its first strike, is also a very low
probability, and as such can be discounted. Another
fault scenario could occur if a high resistance oxide
layer formed across the power rails without detection,
at for example one million ohms. This could then fall
slowly over time, without detection, to a precise
incendive resistance of between forty-eight ohms, the
point at which a twenty-four volt, five-hundred
milliamp power supply would be isolated, and one
hundred and thirty-eight ohms, where the resistance of
the oxide layer would form a linear current limited
non-incendive circuit. This circuit could be incendive
but there would need to be a lower oxide resistance
limit of approximately one hundred ohms, and the only
incendive occurrence could be a first and only break
that has to be a sustainable incendive arc strike, and
which has to be in an incendive atmosphere, based on
zone one arguments. Therefore, this fault scenario is
very improbable, and is at least as unlikely as one
thousand to oneaccordingto arc formation statistics.
Of course, further low impedance resistance probing
may be able to detect such faults and shut the system
down, and this may be useful for certain applications.
The electrical circuits described above can be altered
or added to as required to make them work in practice.
For example, more than one load can be connected to an
electrical circuit. Figure 29 shows the load end of
another electrical circuit according to the present
invention, in which two or more loads 10a to 1On are
connected to the circuit. Each load has a series
element 28a to 28n respectively, because each load
must be restricted to a particular current for safety.
(For example, the power supply may have a rating of
twenty-four volts and two amps, whereas the load, in
accordance with IEC61158-2, may only accept two
hundred and fifty milliamps. Therefore, further
current limiting between the power supply and the load
is required.) The series elements 28a to 28n have a
conventional rectangular current limiting function.
Therefore, the loads 10a to 1On are intrinsically safe
in a conventional manner, autonomous of the rest of
the system. However, with this arrangement the series
elements 28a to 28n can be used collectively to fully
or partially isolate the loads 10a to 1On as described
above in relation to series element 28 shown in Figure
15. (The loads 10a to 1On, or any other loads, could
be restricted in any known way to meet any known
requirements for intrinsically safe systems, all
distinct from the rest of the system. For example, at
twenty-four volts empirical testing may demonstrate
that for a gas group HC environment, the current
should be restricted, in a rectangular way, to fifty
milliamps, whereas for linear current restriction the
short circuit current may safely be restricted to one
hundred and seventy four milliamps. The rectangular
current limit elements 28a to 28n may also be
substituted by linear elements, for example infallible
resistors, or they may comprise other
non-linearfunctions, for example foldback current
limiting. Furthermore, current limiting at a given
voltage may be required to match the power to the
load. For example, at twenty-four volts and fifty
milliamps the power supplied to a device is one point
two watts, which is the required maximum for an
intrinsically safe power source supplying gas group HC
loads. In addition, testing has shown that a slewed
output recovery and/or an adequate isolated hold
period, will exhaust the cable and the device stored
energy and/or allow an increase in the amount of
energy that can be supplied to a fault, thus extending
the range by approximately fifty percent above the
ignition curves for a given gas group. For example, it
is possible to attain a level of around fifty
milliamps to seventy five milliamps at twenty-four
volts for gas group MC. Nevertheless, the power
matching to a device is a further parameter
consideration, for example fifty milliamps at
twenty-four volts will give an output power of one
point two watts, which is the limit for conventional
entity instrumentation. The trigger may also include a
forced off state in a similar way that the power
supply may react, thus increasing the output capacity
if required. Finally, the current control to a device
may include infallible resistance, which will restrict
the energy still further and may assist the
performance of the rectangular current limit byway of
reducing the source voltage and/or power proportional
to the resistance and the current.) 



The invention can be used in practice with a Fieldbus
system, for example a two or four wire IEC61158-2
application or similar, or with a two or four wire
Ethernet or Power Over Ethernet application or
similar. In such arrangements various factors must be
considered, for example an IEC61158-2 Fieldbus
application for an electrical circuit according to the
invention requires a power conditioner that may be
active or passive. Figure 30 shows the power supply
end of another electrical circuit according to the
present invention in which a passive power conditioner
comprising an inductor 65 of between two and six
milliHenries is added to the power supply, downstream
of the monitoring means 5 and 7. (It could also be
upstream of themonitoring means 5 and 7.) The
monitoring and isolating of the power supply is
sufficiently unaffected by the power conditioner. (In
an alternative to the electrical circuit shown in
Figure 30, the power conditioner itself may form part
of the reactor means of the invention, because it has
the same characteristic response to a potentially
incendive arc as the previously described inductors.)
The power conditioner inductor 65 could filter out the
effect of arc characteristics if it were used on its
own, so a shunt terminator comprising resistor 66 and
capacitor 67, which is normally used for Fieldbus
loading, is employed to offer a high frequency shunt
across the power conditioner. This provides an
effective one hundred ohms, or similar, shunt
resistance that will not lead to impractical
attenuation to a characteristic arc signal. A shunt
terminator is used as opposed to a conventional
'across the rail' terminator because the current
leading into a fault must pass through the terminator
66, 67 and therefore it must be measurable by any
static current detection or dynamic detection circuit,
and because the capacitor 67 has a very low energy
stored in it. Of course, placing the terminator in
front of the static and/or dynamic current control has
the same effect, but this then places the power
conditioner in front of the terminator, which may
create measurement difficulties. In Ethernet
applications, any Ethernet devices connected to the
circuit must not interfere with the detection methods.
Further, in such applications it may only be necessary
to use a voltage collapsing arrangement, as shown in
Figure 15, at the load end because the cable lengths
for Ethernet are short enough, in terms of propagation
time, for a power supply end monitoring and isolation
means to fully or partially isolate the power supply
in the event of any fault without the need for the
same to be done dynamically at the load end. Of
course, the full monitoring and isolating means as
shown in Figures 19 or 26 could be utilised if
desired.Practical circuits may also have other
additional features or elements to those described
above which may affect the operational requirements
described above. Obviously the mandatory requirements
for any circuits which contain additional features, is
that the circuits must be designed so the additional
features do not adversely contribute in any way to the
potentially incendive fault, undetected or otherwise,
such that the fault becomes incendive or potentially
incendive. An example of such a feature is shown in
Figure 31, which shows the load end of another
electrical circuit according to the present invention.
A Fieldbus terminator 31 is provided, which could
inject current into the cable and/or fault if it were
positioned in an unprotected, undetected or an
uncontrolled point in the circuit. This is prevented
here by providing a series blocking diode 32, which is
biased 32b for signal conduction. Clearly, any
additional features also must not impede the adequate
detection of any faults, in that they must not prevent
the monitoring means at the power supply end or the
load end from adequately operating in the manner
described above. For example, an event pulse
traversing the cable must not be damped to a degree
where it cannot be detected, or is adversely delayed.
Figure 31 also shows a capacitive reservoir element 29
which is used for load brown out protection during
power supply or load protection reaction events to a
fault or a similar momentary loss. Again, the circuit
is protected from the capacitance by blocking diode
31, and the damping effect of the capacitor 29 is
isolated 29i from the rest of the circuit. Therefore
any interruption characteristics traversing along the
cable caused by any fault remains adequately
detectable, because the capacitor 29 is prevented from
dampening a positive going pulse caused by a
downstream fault on a cable supplying another load.
The isolation 29i could comprise an inductance which
isdesigned to saturate at the current demand made by
the load, but not saturate during normal operation, or
it may comprise an electronic gyrator or similar. (The
above arguments would be false if the load 10 and/or
the cable are capacitive and the total capacitance is
not necessarily protected from influence by said
isolation 29, despite the presence of the blocking
diode 31. If that were the case, a monitoring means
would be needed which is not effected by the
capacitive load damping effects.) There may also be
the requirement in use to disconnect the load, as
shown at 33, leaving the terminator 30 in place.
However, the terminator does not significantly affect
any fault characteristic traversing along the cable.
Testing has demonstrated that, for gas group HC, the
effective clamping resistance or impedance may be as
low as thirty-five ohms and therefore a one hundred
ohms terminator will not lead to adverse damping. Of
course, if there are a number of loads connected to
the circuit with the arrangement shown in Figure 31,
the number will be restricted by the total damping
influence of all the protection systems. The total
damping influence must not prevent any fault being
detected. Any practical circuit according to the
invention will have to meet the requirements of the
appropriate standards, which may stipulate that
redundancy systems are included, or that some
components must be infallible, which is to say that
they will only fail safely or that they can only be
stressed at two thirds of their rating in a fault
condition. All the examples described above are simple
systems intended to demonstrate the invention, however
to qualify as an intrinsically safe system countable
faults or component parts must be made redundant where
required. The component orientation, and position or
relationship with other components may beexchangeable
in order to achieve this. For example a series element
may be upstream and/or downstream of a series inductor
or it may shunt a series inductor where any benefits
of such minor orientation or relational changes can
easily be understood and implemented by persons
skilled in the art. Other functions may share
components or replicate components of a similar type.
For example, a system for functional purposes may only
require one set of components whereas two or more may
be required for intrinsic safety. Sensing components
may comprise inductors that are infallible both
physically and electrically, and saturation currents
may be taken into account. Further, some passive
circuits described above may be replicated and/or
replaced by active equivalents. In addition voltage
detection and reaction may replace or compliment
current detection and reaction, or they may be
intermeshed. The prime reference documents for
intrinsically safe systems are the European
intrinsically safe standard or equivalent EN50020, the
PTB Report W53 and the physical layer Fieldbus
standard IEC61158-2. Further data on continuous
interruption, CIS, can be obtained from the
Physikalisch-Technishe Bundesanstalt. It will also be
appreciated that any of the above described features
can be replaced with equivalent alternatives. In
addition to the alternatives already mentioned above,
there are known alternatives to the comparators which
can be used with the invention. In addition, the
functions of the "function generators" described above
may be dispersed among other features of the circuits.
For example, slewing may be attained by the use of a
resistor, or a high resistance feeding the gate of a
high input capacitance MOSFET isolating series
element.Claims 1. An electrical circuit comprising a
power supply, a load and an incendive arc prevention
means comprising a monitoring means and an isolation
means, in which the monitoring means monitors the
electrical circuit by means of a reactor means, in
which if a short circuit with the potential to cause
an incendive arc occurs in the electrical circuit the
reaction of the reactor means is detected by the
monitoring means and the isolation means fully or
partially isolates the power supply from said short
circuit, such that an incendive arc cannot occur, in
which if an event with a current and/or voltage
pattern which is characteristic of a propagating
non-incendive arc occurs in the electrical circuit
between the power supply and the load, the reaction of
the reactor means is detected by the monitoring means,
and the isolation means fully or partially isolates
the power supply from said event, such that an
incendive arc cannot occur. 2. An electrical circuit
as claimed in Claim 1 in which said monitoring means
and said isolation means are disposed at the power
supply end of the electrical circuit, and in which the
incendive arc prevention means further comprises a
load end monitoring means and a load end isolation
means. 3. An electrical circuit as claimed in Claim 2
in which the load end isolation means fully or
partially isolates the load from the electrical
circuit if the voltage drops below a pre-determined
threshold. 4. An electrical circuit as claimed in
Claim 2 or 3 in which if an event with a current
and/or voltage pattern which is characteristic of a
propagating non-incendive arc occurs in the electrical
circuit between the power supply and the load, the
load end monitoring means detects it and the load end
isolation means fully or partially isolates the load
from said event.5. An electrical circuit as claimed in
Claim 4 in which the electrical circuit is provided
with a non-incendive fault probe circuit, in which if
the power supply and the load are fully or partially
isolated in use, the non-incendive fault probe circuit
passes non incendive level current and/or voltage into
the electrical circuit, and in which the non-incendive
fault probe circuit is adapted to remove the full or
partial isolation of the power supply when resistance
in the electrical circuit rises above that at which a
short circuit would be present. 6. An electrical
circuit as claimed in Claim 5 in which if a short
circuit with the potential to cause an incendive arc,
or an event with a current and/or voltage pattern
which is characteristic of a propagating non-incendive
arc occurs in the electrical circuit, the power supply
end isolation means fully isolates the power supply,
and in which the non-incendive fault probe circuit is
powered by a second power supply different from the
electrical circuit power supply. 7. An electrical
circuit as claimed in Claim 5 in which if a short
circuit with the potential to cause an incendive arc,
or an event with a current and/or voltage pattern
which is characteristic of a propagating non-incendive
arc occurs in the electrical circuit, the power supply
end isolation means partially isolates the power
supply to a non-incendive level, and in which the
non-incendive fault probe circuit is powered by said
partially isolated power supply. 8. An electrical
circuit as claimed in any of the Claims 4 to 7 in
which the electrical circuit is provided with recovery
control means, in which after a fault has ended the
recovery control means energizes the electrical
circuit gradually over a time period sufficient to
prevent the power supply end monitoring means and/or
the load end monitoring means interpreting the
energising of the electrical circuit as an event with
a current and/or voltage pattern which is
characteristic of a propagating non-incendive arc.9.
An electrical circuit as claimed in Claim 8 in which
the recovery control means comprises a function
generator which directly or indirectly variably
adjusts the output voltage and/or current of the power
supply. 10. An electrical circuit as claimed in any of
Claims 4 to 9 in which the power supply end monitoring
means and isolation means and the load end monitoring
means and isolation means are spaced apart by such a
distance that they can detect an event with a current
and/or voltage pattern which is characteristic of a
propagating non-incendive arc and fully or partially
isolate the power supply such that an incendive arc
cannot form, in less time than an incendive arc can
form at any point in the electrical circuit between
them. 11. An electrical circuit as claimed in any of
Claims 4 to 9 in which the power supply end monitoring
means and isolation means and the load end monitoring
means and isolation means are spaced apart by such a
distance that each one can detect an event with a
current and/or voltage pattern which is characteristic
of a propagating non-incendive arc and fully or
partially isolate the power supply or the load such
that an incendive arc cannot form, in less time than
an incendive arc can form in the electrical circuit
between their location and a mid point between their
locations. 12. An electrical circuit as claimed in any
of the previous Claims in which the power supply end
monitoring means and isolation means does not fully or
partially isolate the power supply from the electrical
circuit when noise or signalling is detected within a
deadband about a mean current or voltage level. 13. An
electrical circuit as claimed in any of Claims 4 to 12
in which the load end monitoring means and isolation
means does not fully or partially isolate the load
from the electrical circuit when noise or signalling
is detected within a deadband about a mean current or
voltage level.14. An electrical circuit as claimed in
any of the previous Claims in which the reactor means
is an active electronic gyrator adapted to emulate
inductor behaviour. 15. An electrical circuit as
claimed in any of Claims 1 to 13 in which the reactor
means is a resistor, and reaction of the resistor to a
short circuit which is detected by the monitoring
means is a voltage change generated across the
resistor. 16. An electrical circuit as claimed in any
of Claims 1 to 13 in which the reactor means is an
inductor, and reaction of the inductor to a short
circuit which is detected by the monitoring means is a
voltage change generated across the inductor. 17. An
electrical circuit as claimed in Claim 16 in which a
shunt resistor is connected across the inductor. 18.
An electrical circuit as claimed in Claim 16 or 17 in
which the power supply end monitoring means and
isolation means comprises a positively referenced
comparator means and/or a negatively referenced
comparator means, in which the output of the
positively referenced comparator means and/or the
negatively referenced comparator means is used to
fully or partially isolate the power supply from the
electrical circuit. 19. An electrical circuit as
claimed in Claim 18 in which a positively referenced
comparator and a negatively referenced comparator are
used, and in which the positively referenced
comparator and the negatively referenced comparator
are referenced to the source voltage. 20. An
electrical circuit as claimed in Claim 3 in which the
load end monitoring means and isolation means
comprises a voltage collapsing arrangement comprising
a comparator referenced to a reference voltage, in
which the output of the comparator is used to fully or
partially isolate the load from the electrical
circuit.21. An electrical circuit as claimed in any of
Claims 4 to 18 in which the load end monitoring means
monitors the electrical circuit by means of a reactor
means. 22. An electrical circuit as claimed in Claim
21 in which the reactor means of the load end
monitoring means is an active electronic gyrator
adapted to emulate inductor behaviour. 23. An
electrical circuit as claimed in Claim 21 which the
reactor means of the load end monitoring means is a
resistor, and reaction of the resistor to a short
circuit which is detected by the load end monitoring
means is a voltage change generated across the
resistor. 24. An electrical circuit as claimed in
Claim 21 which the reactor means of the load end
monitoring means is an inductor, and reaction of the
inductor to a short circuit which is detected by the
load end monitoring means is a voltage change
generated across the inductor. 25. An electrical
circuit as claimed in Claim 24 in which a shunt
resistor is connected across the inductor. 26. An
electrical circuit as claimed in Claim 24 or 25 in
which the load end monitoring means and isolating
means comprises a positively referenced comparator
means and/or a negatively referenced comparator means,
in which the output of the positively referenced
comparator means and/or a negatively referenced
comparator means is used to fully or partially isolate
the load from the electrical circuit. 27. An
electrical circuit as claimed in Claim 26 in which a
positively referenced comparator and a negatively
referenced comparator are used, and in which the
positively referenced comparator and the negatively
referenced comparator are referenced to the incoming
voltage.28. An electrical circuit as claimed in Claim
27 in which the positively referenced comparator
and/or the negatively referenced comparator of the
load end monitoring means and isolating means are
adapted to ignore DC or low frequency incoming voltage
variations by means of a slewing means and/or a
filtering means. 29. An electrical circuit as claimed
in any of Claims 8 to 28 in which the recovery control
means further comprises a function generator which
directly or indirectly variably adjusts the input
voltage and/or current to the load. 30. An electrical
circuit as claimed in any of the preceding Claims in
which the load comprises one or more load devices
and/or circuits. 31. An electrical circuit as claimed
in Claim 30 in which each of the one or more load
devices and/or circuits is provided with its own
monitoring means and isolation means. 32. An
electrical circuit substantially as described herein
and as shown in Figures 10-12, 14, 15, 19-21, 24, 26,
27, and 29-31. 


