
LIGANDS THAT ENHANCE ENDOGENOUS COMPOUNDS RELATED
APPLICATIONS This application is a
contimiation-in-part of U.S. Patent Application No.
10/985,847, filed on November 10, 2004, the entire
teachings of which are incorporated herein by
reference. BACKGROUND OF THE INVENTION Animals,
including mammals, and humans produce a variety of
endogenous compounds that have activities that help
maintain the normal heath and physiology of the
animal. Such compounds are involved in many
physiological processes such as hemostasis, immune
function, metabolism, regulation of cellular
proliferation and differentiation and the like. Many
endogenous compounds have been isolated and synthetic
or recombinant forms can be made and administered to
patients to combat disease. Current therapeutic
approaches often involve administering exogenous or
exogenously produced forms of endogenous compounds to
patients. Such therapeutic approaches can produce
undesirable effects due to the high doses that are
normally administered, and certain therapeutic agents,
such as recombinant forms of human proteins generally
must be produced by expression in mammalian cells
which is expensive and produces lower yields than
expression in bacterial or yeast systems. These
problems could be overcome by the development of
therapeutic agents and methods that can harness and
exploit the beneficial activities of endogenous
compounds for producing therapeutic effects. A need
exists for such therapeutic agents and methods.
SUMMARY OF THE INVENTION The invention relates to the
use of a ligand comprising a moiety that has a binding
site for an endogenous target compound wherein said
ligand binds said endogenous target compound and does
not substantially inhibit the activity of
saidendogenous target compound, for the manufacture of
a medicament. Preferably, the ligand does not bind to
the active site of the endogenous target compound. The
medicament can be for increasing the amount of an
endogenous target compound in a subject, for
increasing the bioavailability an endogenous target
compound in a subject, for increasing the in vivo
half-life of an endogenous target compound. The
medicament can also be for increasing the activity
(e.g., binding activity) of an endogenous target
compound. The medicament can be for local or systemic
delivery. In some embodiments, the amount of
endogenous target ligand in the subject about 4 hours
after administration of the medicament is increased by
at least 1.5 times, relative to the amount before
administration of the medicament. In some embodiments,
the in vivo half life of the endogenous target
compound is increased by at least 1.5 times after
administration of the medicament. Generally, the
ligand inhibits the activity of said endogenous target
compound by no more than about 10%, or has an
inhibitory concentration 50 (IC50) of at least 1
micromolar. The ligand can comprise two or more copies
of said moiety that has a binding site for an
endogenous target. For example, the ligand can be a
dimer of a moiety that has a binding site for an
endogenous target, such as a dAb dimer. The moiety
that has a binding site for an endogenous target
compound can be an affbody, an SpA domain, an LDL
receptor class A domain, an EGF domain, an avimer,
antibody or an antibody fragment (e.g., a Fv fragment,
a single chain Fv fragment, a disulfide bonded Fv
fragment, a Fab fragment, a Fab' fragment, a F(ab') 2
fragment, a diabody, an immunoglobulin single variable
domain (e.g., a human VH, and a human VL, a VHH)- If
desired, the ligand can further comprise a half-life
extending moiety as described herein. For example, the
ligand can comprise a half-life extending moiety
selected from the group consisting of a polyalkylene
glycol moiety, serum albumin or a fragment thereof,
transferrin receptor or a transferrin-binding portion
thereof, or a moiety comprising a binding site for a
polypeptide that enhances half-life in vivo. Suitable
a moiety comprising a binding site for a polypeptide
that enhances half-life in vivo include an affibody,
an SpA domain, an LDL receptor class A domain, anEGF
domain, an avimer, an antibody or antibody fragment,
such as a Fv fragment, a single chain Fv fragment, a
disulfide bonded Fv fragment, a Fab fragment, a Fab'
fragment, a F(ab') 2 fragment, a diabody, and an
immunoglobulin single variable domain (e.g., human VH,
human VL, VHH) - The medicaments and ligands of the
invention are substantially nonimmunogenic. L some
embodiments, the medicament is a depot formulation. In
some embodiments, the endogenous target compound is a
soluble agonist (e.g., cytokines, growth factors,
hormones), soluble receptor (e.g., soluble cytokine
receptors, such as soluble TNFRl, soluble TNFR2,
soluble IL-I receptor, soluble IL-4 receptor, soluble
IL-13 receptor), endogenous receptor antagonist (e.g.,
IL-I receptor antagonist (IL- Ira)) or an enzyme. In
particular embodiments, the endogenous target compound
is a soluble cytokine receptor, such as soluble TNFRl
. Preferably, the ligand binds the endogenous target
compound with high affinity, such as a Kd of 1 x 10 7M
or less. In certain embodiments, the medicaments or
ligands of the invention do not include an antibody,
fragment or region thereof disclosed in published US
patent application publication no. 2003/0144484. In
certain embodiments, the medicaments or ligands of the
invention do not inhibit binding of antibody A2 or
chimeric antibody A2 (cA2) to human TNF-alpha. In
particular embodiments, the medicaments or ligands of
the invention do not bind to an epitope included in
amino acids 87-108 or an epitope included in both
amino acids 59-80 and 87-108 of human TNF (tumour
necrosis factor). These amino acids are: 59-80:
Tyr-Ser-Gln-Val-Leu-Phe-Lys-Gly-Gln-Gly-Cys-Pro-Ser-Th
r-His-Val-Leu- Leu-Thr-His-Thr-Ile (SEQ IDNO:26); and
87-108:
Tyr-Gln-Thr-Lys-Val-Asn-Leu-Leu-Ser-Ala-Ile-Lys-Ser-Pr
o-Cys-Gln-Arg- Glu-Thr-Pro-Glu-Gly (SEQ ID NO:27). The
invention also relates to the use of endogenous target
compound for the manufacture of a medicament for
increasing the activity of said endogenous target,
wherein said ligand binds said endogenous target and
does not substantially inhibit the activity of said
endogenous target compound. Preferably, the ligand
does not bind to the active site of said endogenous
target compound hi some embodiments,the binding
activity of the endogenous target ligand is increased,
for example the binding activity (e.g., affinity,
avidity) can be increased by a factor of at least 10.
The invention also relates to a ligand that binds an
endogenous target compound having activity suitable
for treating a disease in a subject, wherein said
ligand does not bind the active site of said
endogenous target compound or substantially inhibit
the activity of said endogenous target compound, for
use in therapy of a disease amenable to treatment with
said endogenous target compound. The invention also
relates to a pharmaceutical composition comprising a
ligand that binds an endogenous target compound having
activity suitable for treating a disease in a subject
and a physiologically acceptable carrier, wherein said
ligand does not bind the active site of said
endogenous target compound or substantially inhibit
the activity of said endogenous target compound. The
invention also relates to a drug delivery device
comprising a pharmaceutical composition of the
invention. In some embodiments that drug delivery
device is a parenteral delivery device, intravenous
delivery device, intramuscular delivery device,
intraperitoneal delivery device, transdermal delivery
device, pulmonary delivery device, intraarterial
delivery device, intrathecal delivery device,
intraarticular delivery device, subcutaneous delivery
device, intranasal delivery device, vaginal delivery
device, and rectal delivery device. For example, the
drug delivery device can be a syringe, a transdermal
delivery device, a capsule, a tablet, a nebulizer, an
inhaler, an atomizer, an aerosolizer, a mister, a dry
powder inhaler, a metered dose inhaler, a metered dose
sprayer, a metered dose mister, a metered dose
atomizer, a catheter. The invention relates to a
method for increasing the half-life of an endogenous
target compound in a subject, comprising administering
to a subject in need thereof an effective amount of a
ligand comprising a moiety that has a binding site
with binding specificity for said endogenous target
compound. The invention relates to a method for
increasing the amount of an endogenous target compound
in a subject, comprising administering to a subject in
need thereof an effective amount of a ligand
comprising a moiety that has a binding site with
binding specificity for said endogenous target
compound.The invention relates to a method for
increasing the bioavailability of an endogenous target
compound in a subject, comprising administering to a
subject in need thereof an effective amount of a
ligand comprising a moiety that has a binding site
with binding specificity for said endogenous target
compound. The invention relates to a method for
increasing the activity (e.g., binding activity) of an
endogenous target compound in a subject, comprising
administering to a subject in need thereof an
effective amount of a ligand comprising a moiety that
has a binding site with binding specificity for said
endogenous target compound. The invention relates to a
method for treating a subject having a disease that is
amenable to treatment with an endogenous target
compound in a subject, comprising administering to a
subject in need thereof an effective amount of a
ligand comprising a moiety that has a binding site
with binding specificity for said 



endogenous target compound. The invention also relates
to novel ligands (e.g., dAbs) described herein. BRIEF
DESCRIPTION OF THE DRAWINGS Figure 1 is a graph of the
relative concentration of soluble TNFRl detected by
ELISA in the serum over time (concentration time
curve) following a single intravenous administration
of a PEGylated dAb monomer that binds TNFRl
(TAR2m-21-23/40K branched PEG; also referred to as PEG
anti-TNFRl dAb). The plotted data points are were
obtained by ELISA using a 1:5 dilution of serum. The
graph clearly shows that the bioavailability of TNFRl
in the systemic circulation was increased by the
administration of a PEGylated dAb monomer that binds
TNFRl . As shown by the concentration time curve, the
level of soluble TNFRl in serum increased after the
PEGylated dAb monomer was administerd, reach a peak
concentration, and then decreased over time to basal
levels as the PEGylated dAb was cleared. The results
demonstrate that administering a dAb that binds a
soluble receptor can increase the bioavailability of
the receptor and increase the level or amount of
soluble receptor in the systemic circulation, and that
the increased level or amount of soluble receptor in
the systemic circulation is cleared and returns to
basal levels. The results indicate that the level of
soluble receptor in the systemiccirculation can be
controlled by admininstering a a PEGylated dAb monomer
that binds the soluble receptor. DETAILED DESCRIPTION
OF THE INVENTION Within this specification embodiments
have been described in a way which enables a clear and
concise specification to be written, but it is
intended and will be appreciated that embodiments may
be variously combined or separated without parting
from the invention. As used herein, the term "ligand"
refers to a compound that comprises at least one
peptide, polypeptide or protein moiety that has a
binding site with binding specificity for a desired
endogenous target compound. For example, the moiety
that has a binding site for a desired endogenous
target compound can be an immunoglobulin single
variable domain (e.g., VH, VL, VHH) that has binding
specificity for a desired endogenous target compound
(e.g., a soluble receptor protein, endogenous receptor
antagonist, cytokine or growth factor). The moiety
that has a binding site for an endogenous target
compound can also comprises one or more
complementarity determining regions (CDRs) of an
immunoglobulin single variable domain that has binding
specificity for a desired endogenous target compound
in a suitable format, such that the moiety has binding
specificity for the endogenous target compound. For
example, the CDRs can be grafted onto a suitable
protein scaffold or skeleton, such as an affibody, an
SpA scaffold, an LDL receptor class A domain, or an
EGF domain. Further, the ligand can be monovalent
(e.g., a dAb monomer), bivalent (homobivalent,
heterobivalent) or multivalent (homomultivalent,
heteromultivalent) as described herein. Thus,
"ligands" include polypeptides that consist of a dAb,
include polypeptides that consist essentially of such
a dAb, polypeptides that comprise a dAb (or the CDRs
of a dAb) in a suitable format, such as an antibody
format (e.g., IgG-like format, scFv, Fab, Fab', F(ab')
2) or a suitable protein scaffold or skeleton, such as
an affibody, an SpA scaffold, an LDL receptor class A
domain or an EGF domain, dual specific ligands that
comprise a dAb that binds a first endogenous target
compound and a second dAb that binds another
endogenous target compound (e.g., serum albumin), and
multispecific ligands as described herein. The moiety
that has a binding site for an endogenoustarget
compound can also be a protein domain comprising a
binding site for a desired target, e.g., a protein
domain is selected from an affibody, an SpA domain, an
LDL receptor class A domain, an EGF domain, an avimer
(see, e.g., U.S. Patent Application Publication Nos.
2005/0053973, 2005/0089932, 2005/0164301). If desired,
a "ligand" can further comprise one or more additional
moieties, that can each independently be a peptide,
polypeptide or protein moiety or a non-peptidic moiety
(e.g., a polyalkylene glycol, a lipid, a
carbohydrate). For example, the ligand can further
comprise a half-life extending moiety as described
herein (e.g., a polyalkylene glycol moiety, a moiety
comprising albumin, an albumin fragment or albumin
variant, a moiety comprising transferrin, a
transferrin fragment or transferrin variant, a moiety
that binds albumin, a moiety that binds neonatal Fc
receptor). As used herein, the term "endogenous target
compound" refers to soluble compound that is produced
by a subject (e.g., a mammal, a human) of interest.
Endogenous target compounds include, for example,
soluble agonists (e.g., cytokines, growth factors,
hormones), soluble receptors (e.g., soluble cytokine
receptors, such as soluble TNFRl, soluble, soluble
TNFR2, soluble IL-I receptor, soluble IL-4 receptor,
soluble IL-13 receptor), endogenous receptor
antagonists (e.g., IL-I receptor antagonist (IL-
Ira)), enzymes, and the like. As used herein, the term
"active site" refers to the site or domain of an
endogenous target compound (e.g., protein) that
interacts with (e.g., binds) an endogenous binding
partner of an endogenous target compound (e.g., site
or domain of a receptor protein that makes contact
with the ligand of the receptor, site or domain of an
agonist protein (e.g., a cytokine) that makes contact
with the receptor of the agonist, the catalytic domain
of an enzyme). For example, as used herein, the
"active site" of a soluble endogenous compound such as
a cytokine, growth factor or hormone is the site on
the cytokine, growth factor or hormone that makes
contact with the endogenous receptor that binds the
cytokine, growth factor or hormone. As used herein,
"bioavailability" refers to the extent to which an
endogenous target compound or ligand-endogenous target
compound complex is present or gains access to a
desired site of action (e.g., the systemic
circulation, the central nervous system, a local site
of action (e.g., a particular organ, a particular area
of tissue (e.g.,muscle, skin))). Bioavailability of an
endogenous target compound can be increased
independently of any change is the in vivo half-life
of the endogenous target compound, or of any change in
the amount of the endogenous target compound in a
subject. For example, a ligand may bind an endogenous
target compound that has beneficial activity in the
systemic circulation but is rapidly distributed into
the tissues, and slow the rate of distribution into
the tissues. Such a ligand would increase
bioavailability of the endogenous target compound in
the systemic circulation where the beneficial activity
of the endogenous target compound can have therapeutic
effect. As used herein, "binding activity" refers to
the capacity of binding partners to bind to each
other. For example, the capacity of a receptor or
soluble receptor to bind its cognate ligand. Binding
activity can be expressed, for example, as affinity
(Ka; Kd=Koff/Kon) or avidity. Binding activity can be
increased, for example, by increasing affinity (e.g.,
increasing the rate of binding (K0n) or decreasing the
rate of dissociation (Koff)) or by increasing avidity.
Avidity can be increased, for example, by increasing
the number of sites at which a first binding partner
and a second binding partner make contact. As used
herein, the phrase "substantially non-immunogenic"
means high affinity antibodies that bind ligand,
ligand-endogenous target compound or endogenous target
compound are not produced with a ligand is
administered to a subject. High affinity antibodies
bind the ligand, ligand-endogenous target compound
complex or endogenous target compound with an affinity
of 500 nM or lower, or 300 nM or lower, or 100 nM or
lower, or 10 nM or lower, or 1 nM or lower. Antibodies
that bind ligand, ligand-endogenous target compound
complex or endogenous target compound and the affinity
of such antibodies can be identified using any
suitable method. Several such methods are well-known
in the art. For example, a serum sample can be
obtained from a human to whom a ligand has been
administered (e.g., about 1 week, 2 weeks, 3 weeks, 4
weeks after administration) and the serum can be
tested for presence of antibodies that bind ligand,
ligandendogenous target compound or endogenous target
compound using, for example an ELISA or other suitable
assay. The affinity of antibodies can be determined
usingany suitable method, such as by equilibrium
dialysis or by surface plasmon resonance. The phrase
"immunoglobulin single variable domain" refers to an
antibody variable region (VH, VHH, VL) that
specifically binds an antigen or epitope independently
of other V regions or domains; however, as the term is
used herein, an immunoglobulin single variable domain
can be present in a format (e.g., homo- or
hetero-multimer) with other variable regions or
variable domains where the other regions or domains
are not required for antigen binding by the single
immunoglobulin variable domain (i.e., where the
immunoglobulin single variable domain binds antigen
independently of the additional variable domains).
"Immunoglobulin single variable domain" encompasses
not only an isolated antibody single variable domain
polypeptide, but also larger polypeptides that
comprise one or more monomers of an antibody single
variable domain polypeptide sequence. A "domain
antibody" or "dAb" is the same as an "immunoglobulin
single variable domain" polypeptide as the term is
used herein. An immunoglobulin single variable domain
polypeptide, as used herein refers to a mammalian
immunoglobulin single variable domain polypeptide,
preferably human, but also includes rodent (for
example, as disclosed in WO 00/29004, the contents of
which are incorporated herein by reference in their
entirety) or camelid VHH dAbs. Camelid dAbs are
immunoglobulin single variable domain polypeptides
which are derived from species including camel, llama,
alpaca, dromedary, and guanaco, and comprise 



heavy chain antibodies naturally devoid of light
chain: VHH- VHHmolecules are about ten times smaller
than IgG molecules, and as single polypeptides, they
are very stable, resisting extreme pH and temperature
conditions. "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 VHdomains are not
complementary, and two VL domains are not
complementary. Complementary domains may be found in
other members of the immunoglobulin superfamily, such
as the Va and Vb(or g and d) domains of the T-cell
receptor. Domains which are artificial, such as
domains based on protein scaffolds which do not bind
epitopesunless 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 family"
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 noncellular 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
signaling (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. "Domain" A domain is
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 antibody
variable domain is meant a folded polypeptide domain
comprising sequences characteristic of antibody
variable domains. It therefore includes complete
antibody variable domains and 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 at
least in part the binding activity and specificity of
the full-length domain. "Repertoire" 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.
"Library" 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 issynonymous 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. "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 the
variable 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. Dual-specific ligands and suitable
methods for preparing dual-specific ligands are
disclosed in WO 2004/058821, WO 2004/003019, andWO
03/002609, the entire teachings of each of these
published international applications are incorporated
herein by reference."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 VJ/ 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. "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) or corresponding 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. "Half-life" The time
taken for the serum concentration of the ligand 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 ligands of the
invention are stabilised in vivo and their half-life
increased by binding to molecules which resist
degradation and/or clearance or sequestration.
Typically, such molecules are naturally occurring
proteins which themselves have a long half-life in
vivo. The half-life of a ligand is increased if its
functional activity persists, in vivo, for a longer
period than a similar ligand which is not specific for
the half-life increasing molecule. Thus, a ligand
specific for HSA and a target molecule is compared
with the same ligand wherein the specificity for HSA
is not present, that it does not bind HSA but binds
another molecule. For example, it may bind a second
epitope on the target molecule. Typically, the half
life is increased by 10%, 20%,30%, 40%, 50% or more.
Increases in the range of 2x, 3x, 4x, 5x, 10x, 2Ox,
3Ox, 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, 8Ox, 9Ox, 10Ox, 15Ox
of the half life are possible. "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. As
referred to herein, the term "about" is preferably
interpreted to mean plus or minus 20%, more preferably
plus or minus 10%, even more preferably plus or minus
5%, even more preferably plus or minus 2%, most
preferably plus or minus 1%. 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 45C, followed by two washes in 0.2X SSC, 0.1%
SDS at least at 50C (the temperature of the washes can
be increased to 550C for low stringency conditions);
(2) medium stringency hybridization conditions in 6X
SSC at about 450C, followed 



by one or more washes in 0.2X SSC, 0.1% SDS at 6O0C;
(3) high stringency hybridization conditions in 6X SSC
at about 450C, followed by one or more 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 650C. Very high
stringency conditions(4) are the preferred conditions
and the ones that should be used unless otherwise
specified. 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. 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 are aligned 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 nucleicacid "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. Amino acid and
nucleotide sequence alignments and homology,
similarity or identity, as defined herein are
preferably prepared and determined using the algorithm
BLAST 2 Sequences, using default parameters (Tatusova,
T. A. et ah, FEMS MicrobiolLett, i74:187-188 (1999)).
Alternatively, 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 ("nih") 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,
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 motifstyle 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 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. Aacad. Sci. USA
89(22):10915-9). The valid alternative choices
include: PAM40, PAM120, PAM250 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 not unusual 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.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. The invention relates to ligands
that comprise a binding moiety that has binding
specificity for a desired endogenous target compound,
to such ligands for use in therapy and to the use of
such ligands for the manufacture of a medicament and
to therapeutic methods that comprise administering
such ligands. It has been discovered that agents that
bind soluble endogenous target compounds but do not
substantially alter the activity of such compounds,
such as antibodies and antibody fragments (e.g., Fab
fragment, Fab' fragment, F(ab') 2 fragment, Fv
fragment (e.g., scFv, disulfide bonded Fv), dAb,
diabody), can be used to alter certain properties of
the endogenous target compound, and thereby make the
endogenous target compound more effective for
treating, suppressing or mitigating a disease, or for
diagnostic purposes. Accordingly, the invention
relates to ligands, as described herein, that bind a
soluble endogenous target compound but do not
substantially inhibit the activity of the endogenous
target compound {e.g., do not bind the active site of
the endogenous target compound), but that are useful
for altering certain properties of the endogenous
target compounds. For example, a ligand that comprises
a binding moiety that has binding specificity for a
desired endogenous target compound can bind the
endogenous target compound, thereby increasing the
hydrodynamic size of the endogenous target compound
and increasing the serum half-life of the endogenous
target compound. Beneficially, the endogenous target
compound retains its biological activity when bound by
the ligand (e.g., is active in a complex consisting of
ligand and endogenous target compound), and can
produce beneficial effects for therapeutic and/or
diagnostic purposes.The ligand, as described herein,
can increase the serum half-life of an endogenous
target compound by, for example, reducing the rate of
clearance of the endogenous target compound. In such a
situation, the amount of endogenous target compound in
a subject (e.g., in the systemic circulation) can
increase to a amount that is greater than the amount
normally present in a subject, and the increased
amount of endogenous target ligand can produce
beneficial therapeutic effects that are not produce by
lower or normal amount sof endogenous target compound.
A ligand that comprise a binding moiety that has
binding specificity for a desired endogenous target
compound can bind the endogenous target compound and
increase the bioavailability of the endogenous target
compound independent of any change is the in vivo
half-life of the endogenous target compound, or of any
change in the amount of the endogenous target compound
in a subject. For example, a ligand may bind an
endogenous target compound that has beneficial
activity in the systemic circulation but is rapidly
distributed into the tissues or cleared (e.g., a
steroid or peptide hormone), and slow the rate of
distribution or clearance. Such a ligand can increase
bioavailability of the endogenous target compound in
the systemic circulation where the activity of the
endogenous target compound can have a beneficial
(e.g., therapeutic) effect. A ligand that comprise a
binding moiety that has binding specificity for a
desired endogenous target compound can bind the
endogenous target compound and increase the activity
(e.g., binding activity) of the endogenous target
compound. For example, a ligand may bind an endogenous
target compound such as an endogenous agonist (e.g., a
cytokine) or a soluble cytokine receptor and improve
the binding activity of the endogenous target compound
by increasing the affinity and/or avidity of the
endogenous target compound for its endogenous binding
partner. For example, a ligand that comprises two or
more moieties that have binding sites with binding
specificity for a desired cytokine can bind two or
more individual cytokine molecules thereby producing a
cytokine dimer, trimer, oligomer or multimer. Such a
dimer, trimer, oligomer or multimer will have improved
binding activity toward, for example, a cell that
expresses the receptor for the cytokine due to higher
avidity. Similarly, the binding activity of soluble
receptors (e.g., soluble TNFRl) can be increased by a
ligand that comprises two or more binding sites for
soluble TNFRl.Such a ligand can, for example, bind two
soluble TNFRl chains forming a soluble TNFRl dimer
that will bind trimeric TNF with higher avidity that a
single TNFRl chain. The ligands described herein can
be administered systemically, for example, to bind
endogenous target ligands in the systemic circulation
and produce beneficial effects in the systemic
circulation. Additionally, the ligands can be
administered locally (e.g., by subcutaneous injection,
intramuscular injection, intrarticular injection,
intradermal injection, inhalation, and the like) and
thereby improve local bioavalability of an endogenous
target compound or to increase the amount of
endogenous target compound a the site where the ligand
is locally administered. For example, a depot
formulation of a ligand can be administered locally by
subcutaneous injection, and the administered ligand
can recruit endogenous target ligand to the site of
the depot and bind the endogenous target ligand to
improve local bioavalability or to produce a locally
high amount of endogenous target ligand. Such an
approach is advantageous, for example, to promote
wound healing, or to inhibit local inflammatory
reactions (e.g., in the skin, in the lung, in a
joint). The invention provides several advantages over
conventional therapeutic agents and approaches. For
example, the ligands described herein are generally
small polypeptides that can be produced economically
and in large quantities using bacterial or yeast
expression systems, rather than more expensive
mammalian expression systems which produce lower
yields. In addition, the ligands described herein are
administered to harness and exploit the beneficial
activities of compounds (e.g., proteins) that are
endogenous to the patient, and generally the ligand is
composed of protein domains (e.g. a dAb) that are of
the same origin as the patient (e.g., human origin)
and therefore are substantially non-immunogenic.
Advantageously, this significantly reduces or
eliminates the risk that the patient will produce high
affinity neutralizing antibodies against the ligand,
ligand-endogenous target compound complex or
endogenous target compound. This is a distinct
advantage over therapeutic approaches that comprise
administering exogenous compounds, or even
recombinantly produced endogenous proteins, which
frequently induce the production of high affinity
antibodies in the patient which can restrict or
eliminate efficacy of the therapeutic agent.Ligands
That Bind An Endogenous Target Compound The invention
relates to ligands that comprise a moiety (e.g., dAb)
that has a binding site with binding specificity for
an endogenous target compound but do not substantially
inhibit the activity of said endogenous target
compound. Preferably, the ligand does not bind to the
active site of an endogenous target compound. The
ligands described herein do not substantially inhibit
the activity of the endogenous target compounds to
which they bind, and the endogenous target compound
remains active when bound by the ligand. For example,
a soluble receptor is bound by a ligand of the
invention, and the soluble receptor in the resulting
receptor-lignad complex can bind the endogenous ligand
of the soluble receptor hi another example, an enzyme
is bound by a ligand of the invention, and the enzyme
in the resulting enzyme-ligand complex can bind
substate and catalyze the enzymatic reaction.
Generally, the ligand inhibits the activity of the
endogenous target compound to which it binds by no
more than about 10%, no more than about 9%, no more
than about 8%, no more than about 7%, no more than
about 6%, no more than about 5%, no more than about
4%, no more than about 3%, no more than about 2%, no
more than about 1%, or has substantially no inhibitory
effect on the activity of the endogenous target
compound. In some examples, a ligand that does-not
substantially inhibit the activity of an endogenous
target compound to which it binds, inhibits that
activity of said endogenous target compound with an
high inhibitory concentration 50 (IC50), such as an
IC50 of at least 1 nanomolar, at least 10 naomolar, at
least 100 nanomolar, at least 1 micromolar, or at
least 10 micromolar. The ability of a ligand to
inhibit of the activity of the endogenous target
compound can be assessed using any suitable in vitro
or in vivo assay. Many suitable assays are well-known
in the art and routinely used to assess inhibitory
activity of compounds. For example, the ability of
ligands that comprise a moiety that has a binding site
for TNFRl to inhibit the activity or TNFRl can be
assessed using in vivo models of endotoxin shock or
TNF-induced skin necrosis (see, Sheehan et al., J.
Exp. Med., 181:607-611 (1995)), and/or the in vitro
receptorbinding assay, L929 cytotoxicity assay, HeLa
IL-8 assay, or MRC-5 IL-8 release assay described
herein. Other suitable assays for assessing whether a
ligand inhibits the activity of a desired endogenous
target compound, such as those described herein, are
well known in the art. The ligands per se generally do
not have substantial therapeutic activity but are used
to harness and exploit the activity of endogenous
target compounds for therapeutic or diagnostic
purposes. In some embodiments, the ligands have no
substantial activity in a suitable in vitro assay for
the activity of an endogenous 



target compound. For example, a ligand that binds an
endogenous target compound and increases the half-life
of the endogenous target compound will generally not
alter the activity of an endogenous target compound in
the assay in comparison to the activity of the
endogenous target compound in the same assay but
without ligand. Ligands (e.g., dAbs) that bind a
desired endogenous target compound, such as a receptor
protein, a soluble agonist (e.g., a cytokine), or an
enzyme, but do not bind the active site of the
endogenous target compound can be identified using any
suitable method. For example, individual ligands, or
moieties that have a binding site for an endogenous
target compound or collections of such moieties (e.g.,
a library or repertoire) can be screened in a suitable
competition assay in which binding of an endogenous
binding partner (e.g., natural ligand, substrate,
cofactor) to the endogenous target compound is
assessed in the presence of the ligand or moiety (or
collection of ligands or moieties) being screened. No
substantial reduction (e.g., inhibition) in binding of
the endogenous binding partner to the endogenous
target compound relative to a suitable control
indicates that the ligand or moiety being screened
does not bind the active site of the endogenous target
compound. Many suitable assays for screening ligands
and moieties that comprise a binding site for an
endogenous target compounds, such as enzymes,
receptors (e.g., cytokine receptors, growth factor
receptors), and soluble agonists (e.g., cytokines,
chemokines, growth factors, hormones) are well-known
in the art. Additionally, competition assays are
routinely used to screen collections of compounds that
contain 106 to 109 or more members. Thus, such
screening activity is within the ordinary skill in the
art and is not considered burdensome or undue by those
in theart. For example, the variable domains disclosed
in WO 03002609, WO 2004101790, WO 2005035572, WO
2004061026, WO 2004003019, WO 2004058821, WO 9404678,
WO 9749805, WO 9923221, WO 9937681, WO 0024884, WO
0043507, WO 0065067, WO 0140310, WO 03035694, WO
03053531, WO 03054015, WO 0305527, WO 2004015425, WO
2004041862, WO 2004041863, WO 2004041865, WO
2004062551, WO 2005044858 and EP1134231 can be
screened for the ability to bind a desired endogenous
target compound with out binding to the active site in
a suitable competition assay. The disclosure of the
variable domains, their sequences and methods of
production and selection in the foregoing documents
are being explicitly incorporated by reference herein
to provide the skilled addressee with examples of
moieties that have a binding site for an endogenous
target compound for use in the invention. The ligands
can increase the half-life of the endogenous targets
to which they bind, increase the amount of endogenous
targets to which they bind in a subject (e.g., the
systemic amount, the amount at a desire site or
location), and/or increase the bioavailability of the
endogenous targets to which they bind. A ligand can
increase the half-life of an endogenous target
compound to which it binds by, for example, by binding
the endogenous target compound and thereby increasing
the hydrodynamic size of the endogenous target
compound, by binding and stabilizing the endogenous
target compound, or by binding and slowing the rate of
clearance or metabolism of the endogenous target
compound. Generally, the ligand will increase the
half-life of the endogenous target compound to which
it binds by a factor of at least about 1.5, at least
about 2, at least about 3, at least about 4, at least
about 5, at least about 6, at least about 7, at least
about 8, at least about 9, or at least about 10,
relative to the half-life of the endogenous target
compound in the absence of ligand. For example, an
endogenous target compound can have a half-life of
about 1 hour, and after administration of a ligand
that comprises a moiety with a binding site that binds
said endogenous target compound, the half-life of
endogenous target compound can be increased to about
1.5 hours, to about 10 hours, or longer. The level or
amount of endogenous target compound can increase
following administration of a ligand, as described
herein, due to the ligands half-life increasingeffect.
For example, the level or amount of endogenous target
ligand (e.g., in serum) 1 hour, or 2 hours, or 3
hours, or 4 hours, or 5 hours, or 6 hours, or 7 hours,
or 8 hours, or 9 hours, or 10 hours, or 11 hours, or
12 hours, or 1 day after administration of a ligand of
the invention can be increased by a factor of at least
about 1.5, at least about 2, at least about 3, at
least about 4, at least about 5, at least about 10, at
least about 50, at least about 100, at least about
500, at least about 1,000, at least about 5,000, at
least about 10,000, at least about 50,000, or at least
about 100,000. Increase levels or amounts of an
endogenous target compound can be readily detected
using any suitable method. For example, a suitable
sample (e.g., serum) can be obtain prior to
administration of the ligand and at one or more time
points after administration, and the level or amount
of endogenous target compound in the samples can be
determined using any suitable method. The sample can
be, for example, a sample of blood, serum,
cerebrospinal fluid, synovial fluid, bronchoalveolar
lavage, enema or a biopsy. In some embodiments, the
amount or level of ligand in such a sample is
increased, relative to the amount or level before the
ligand is administered. The ligands can increase the
bioavailability of an endogenous target compound. The
bioavailability can be increase systemically, or at a
desired site of action (e.g., at a site where the
ligand is locally administered). For example, a ligand
may bind an endogenous target compound that has
beneficial activity in the systemic circulation but is
rapidly distributed into the tissues or cleared (e.g.,
a steroid or peptide hormone), and slow the rate of
distribution or clearance. Such a ligand can increase
bioavailability of the endogenous target compound in
the systemic circulation where the activity of the
endogenous target compound can have a beneficial
(e.g., therapeutic) effect. A ligand can increases the
bioavailability of an endogenous target compound at a
desired site by recruiting the endogenous target
compound to that site. For example, a ligand
comprising a binding site for a desired endogenous
target compound can be locally administered to a
patient (e.g., as a depot formulation). The locally
administered ligand can bind the desired endogenous
target compound, and recruit additional endogenous
target compound to the site. Thus, an increased level
or amount of endogenous target compound can be present
at the site to produce beneficial effects. For
example, in one embodiment,the ligand comprises a
moiety with a binding site for TGF beta isoform 3.
Such a ligand can be locally administered to bind TGF
beta isoform 3 and recruit TGF beta isoform 3 to the
site of local administration, and thus promote would
healing. Similar ligands that comprise a moiety with a
binding site for a desired cell surface target can be
prepared using the methods described herein and used,
for example, to recruit a desired cell type to a
desire site (e.g., site of injury, site of
inflammation). Generally, the ligand will increase
bioavailability (e.g., in the systemic circulation, at
a desired site of action) of the endogenous target
compound to which it binds by a factor of at least
about 1.5, at least about 2, at least about 3, at
least about 4, at least about 5, at least about 6, at
least about 7, at least about 8, at least about 9, or
at least about 10, relative to the bioavailability of
the endogenous target compound in the absence of
ligand. For example, when the ligand increases
bioavailability in the systemic circulation, a
concentration time curve for the endogenous ligand
starting at the time of administration of the ligand
can be prepared, and compared to normal systemic
levels of the endogenous target ligand to determine
the extent of increase in systemic bioavailability.
The ligands can increase the activity (e.g., binding
activity) of the endogenous targets to which they
bind. For example, a ligand may bind an endogenous
target compound such as an endogenous agonist (e.g., a
cytokine) or a soluble cytokine receptor and improve
the binding activity of the endogenous target compound
by increasing the affinity and/or avidity of the
endogenous target compound for its endogenous binding
partner. Ligands that comprises two or more moieties
that have binding sites with binding specificity for a
desired endogenous target compound can bind two or
more individual endogenous target compound molecules
thereby producing an endogenous target compound dimer,
timer, oligomer or multimer. Such a dimer, trimer,
oligomer or multimer will have improved binding
activity toward, for example, a cell that expresses
the natural binding partner for the endogenous target
compound due to higher avidity. Generally, such a
ligand can improve the binding activity of the
endogenous target compound. For example, the binding
strength (e.g., affinity or avidity) of an endogenous
target compound dimer, trimer, oligomer or multimer
for its bindingpartner can be at least about 10, at
least about 100, at least about 1000 or at least about
10,000 times stronger than the binding strength of the
endogenous target compound as a monomer (i.e., not in
a complex with a ligand of the invention). In one
example, the ligand comprises two or more moieties
that have binding sites with binding specificity for a
desired endogenous agonist (e.g., a cytokine, a growth
factor) and binds two or more endogenous agonist
molecules thereby producing an endogenous agonist
dimer, trimer, oligomer or multimer. Such a dimer,
trimer, oligomer or multimer will have improved
binding activity toward, for example, a cell that
expresses the receptor for the endogenous agonist due
to higher avidity, and can have improved therapeutic
efficacy. Similarly, the binding activity of a soluble
receptor (e.g., soluble TNFRl) can be increased by a
ligand that comprises two or more binding sites for
the soluble receptor. Such a ligand can, for example,
bind two soluble receptor chains forming a soluble
receptor dimer that will 



bind the endogenous ligand of the receptor with higher
avidity that a single receptor chain. In a specific
embodiment, the ligand comprises two or more moieties
(dAbs) that have binding specificity for soluble TNFRl
but do not bind the active site (the active site of
soluble TNFRl is contained within Domains 2 and 3).
Such a ligand can bind two or more soluble TNFRl
chains to form a soluble TNFRl dimer, trimer, oligomer
or multimer, that has improved binding activity toward
its trimeric ligand, TNF, due to increased avidity. It
should also be appreciated that the half-life of such
a soluble TNFRl dimer, trimer, oligomer or multimer,
which has a larger hydrodynamic size that a single
soluble TNFRl chain, may also be extended relative to
a single TNFRl . As a result, such a ligand can
improve the TNF-inhibiting activity of soluble TNFRl
and improve its therapeutic efficacy. For example,
such a ligand can improve the efficacy of soluble
TNFRl by a factor of at least about 10, at least about
100, at least about 1,000 or at least about 10,000. hi
one example of this embodiment, a ligand that is a
dimer of a dAb that binds Domain 1 of mouse TNFRl is
used to demonstrate that ligands that induce
dimerization of soluble TNFRl improve efficacy of
soluble TNFRl . For example, such a ligand can be
added to an assay containing human MRC5 cells, human
TNF and soluble mouse TNFRl . Soluble mouse TNFRl will
compete with humanTNFRl on the MRC5 cells for binding
to human TNF. The ligand that is a dimer of a dAb that
binds Domain 1 of mouse TNFRl binds two soluble mouse
TNFRl chains to form a mouse TNFRl dimer that will be
much more effective in inhibiting the effects of TNF
in the assay. For example, the IC 50 for mouse TNFRl
can be reduced from the nanomolar range to the
picomolar range (about 10 or about 100 or about 1000
fold reduction) by the addition of the ligand that
induces dimerization of soluble TNFRl. Administration
of ligands that induce dimerization (or trimerization
or oligomeriztion) of soluble receptor chains to
patients may cause the clustering and activation of
transmembrane forms of certain receptors that are
expressed on the cell surface. Generally, any
non-desired effect of such activation (e.g, activation
of immune cells) will be minimal in comparison to the
improved binding function and efficacy of the
dimerized soluble receptor. Nonetheless, if desired,
the interaction of a dimerizing, trimerizing or
oligomerizing ligand with the transmembrane form of a
receptor can be further reduced by formatting the
ligand to increase its hydrodynamic size as described
herein. For example, the ligand can be formatted to
include a PEG moiety or other half-life extending
moiety, such as a moiety that has a binding site for a
polypeptide that enhances half-life in vivo (e.g., a
dAb that binds serum albumin). As shown herein using
dAbs that bind TNFRl, PEGylation of the dAbs
dramatically reduced the ability of the dAb to inhibit
TNFRl activity in a cell based assay, but had almost
no effect on the ability of the dAbs to bind TNFRl in
a receptor binding assay that approximates the
conditions for binding to soluble TNFRl in vivo. These
results indicate that PEGylating dAbs and ligands that
comprise two or more dAbs improves selectivity of the
dAbs for soluble receptor over the transmembrane form
of the receptor. Some endogenous target compounds
naturally bind together to form active dimers, trimers
or multimers. Thus, the moiety that has a binding site
for an endogenous target compound can be the
endogenous target compound itself of a fragment or
portion of the endogenous target compound, m some
embodiments, such as when the moiety that has a
binding site for an endogenous target compound is the
endogenous target compound, the ligand can have the
activity of the endogenous target compound.
Accordingly, administering such a ligand can,
asdescribed herein, increase the half-life, increase
the bioavailability, increase the amount and/or
increase the activity of the endogenous target
compound, and will also provide additional endogenous
target compound activity due to the presence of a
biologically active form of the endogenous target
compound in the ligand. In other embodiments, the
ligand can comprise a moiety that has a binding site
for an endogenous target compound that is a portion of
the endogenous target compound. For example, the
portion of the endogenous target compound can be a
portion that binds to the endogenous target compound
in vivo, but does not have the activity (e.g., ligand
binding activity, receptor binding activity, catalytic
activity) of the endogenous target compound. Examples
of endogenous target compounds that naturally form
dimers, trimers or multiniers include, for example,
growth factors (e.g., PDGF which forms homodimers and
heterodimers of A and B chains), cytokines (e.g.,
cytokines of the TNF superfamily (e.g., RANK-L) which
form trimers), and receptors (e.g., receptor of the
TNF receptor superfamily which form timers). Suitable
portions of such endogenous target compounds can be
easily prepared based on knowledge of the structure of
the dimer, trimer or multimer forming domains of the
endogenous target compounds, or by preparing peptide
or polypeptide fragments of the endogenous target
compound and assaying the peptides or polypeptides for
the ability to bind the endogenous target compound
(e.g., using surface plasmon resonance or any other
suitable method). Illustrative of portions of
endogenous target compounds that bind the
corresponding endogenous target compound in vivo are
the so called pre-ligand assembly domains (PLAD) of
members of the TNF receptor super family. (See, e.g.,
WO 01/58953; U.S. Patent Application Publication No.
2003/0108992 Al; Deng et al, Nature Medicine, doi:
10.1038/nml304 (2005)). PLAD domains from a particular
receptor bind to each other in vivo. For example, the
PLAD domain of TNFRl will bind another PLAD domain of
TNFRl in vivo. The TNF receptor superfamily is an art
recognized group of proteins that includes TNFRl (p55,
CD120a, p60, TNF receptor superfamily member IA,
TNFRSFlA), TNFR2 (p75, p80, CD120b, TNF receptor
superfamily member IB, TNFRSFlB), CD (TNFRSF3, LTbR,
TNFR2-RP, TNFR-RP, TNFCR, TNF-R-III),OX40 (TNFRSF4,
ACT35, TXGPlL), CD40 (TNFRSF5, p50, Bp50), Fas (CD95,
TNFRSF6, APO-I, APTI), DcR3 (TNFRSF6B), CD27 (TNFRSF7,
Tp55, S152), CD30 (TNFRSF8, Ki-I, Dl S166E), CD137
(TNFRSF9, 4-1BB, ILA), TRAILR-I (TNFRSFlOA, DR4,
Apo2), TRAIL-R2 (TNFRSFlOB, DR5, KILLER, TRICK2A,
TRICKB), TRAILR3 (TNFRSFl OC, DcRl , LIT, TRID),
TRAILR4 (TNFRSFl OD, DcR2, TRUNDD), RANK (TNFRSFIlA),
OPG (TNFRSFIlB, OCIF, TRl), DR3 (TNFRSF12, TRAMP,
WSL-I, LARD, WSL-LR, DDR3, TR3, APO-3), DR3L
(TNFRSF12L), TACl (TNFRSF13B), BAFFR (TNFRSF13C), HVEM
(TNFRSF14, ATAR, TR2, LIGHTR, HVEA), NGFR (TNFRSF16),
BCMA (TNFRSF17, BCM), AITR (TNFRSF18, GITR), TNFRSF19,
FLJ14993 (TNFRSF19L, RELT), DR6 (TNFRSF21), SOBa
(TNFRSF22, Tnfrh2, 2810028K06Rik), mSOB (THFRSF23,
Tnfrhl). Several PLAD domains are known in the art and
other PLAD domains and variants of PLAD domains can be
readily isolated and prepared using any suitable
methods, such as the methods described in WO 01/58953;
U.S. Patent Application Publication No. 2003/0108992
Al; Deng et al, Nature Medicine, doi: 10.1038/nml304
(2005). Many suitable methods for preparing
polypeptides, protein fragments, and peptide variants,
as well as suitable binding assays, such as the TNFRl
recepetor binding assay described herein are
well-known and conventional in the art. Exemplary PLAD
domains are presented in Table 1.Asp H e Asn Ser Lys
GIy Leu GIu Leu Arg Lys Thr VaI Thr Thr VaI GIu Thr
GIn Asn Leu GIu GIy Leu His His Asp GIy GIn Phe Cys
His Lys Pro Cys Pro Pro GIy GIu Arg Lys Ala Arg Asp
Cys Thr VaI Asn GIy Asp (SEQIDNO:31) LT bR Cys Arg Asp
GIn GIu Lys GIu Tyr Tyr GIu Pro GIn His Arg H e Cys
Cys Ser Arg Cys Pro Pro GIy Thr Tyr VaI Ser Ala Lys
Cys Ser Arg H e Arg Asp Thr VaI Cys (SEQ ID NO:32)
CD40 Cys Arg GIu Lys GIn Tyr Leu H e Asn Ser GIn Cys
Cys Ser Leu Cys GIn Pro GIy GIn Lys Leu VaI Ser Asp
Cys Thr GIu Phe Thr GIu Thr GIu Cys (SEQ ID NO:33)
CD30 Cys His GIy Asn Pro Ser His Tyr Tyr Asp Lys Ala
VaI Arg Arg Cys Cys Tyr Arg Cys Pro Met GIy Leu Phe
Pro Thr GIn GIn Cys Pro GIn Arg Pro Thr Asp Cys Arg Ly
s GIn Cys (SEQ ID NO:34) CD27 Trp Trp Leu Cys VaI Leu
GIy Thr Leu VaI GIy Leu Ser Ala Thr Pro Ala Pro Lys
Ser Cys Pro GIu Arg His Tyr Trp Ala GIn GIy Lys Leu
Cys Cys GIn Met (SEQ ID NO:35) HVEM Cys Ly s GIu Asp
GIu Tyr Pro VaI GIy Ser GIu Cys Cys Pro Lys Cys Ser
Pro GIy Tyr Arg VaI Lys GIu Ala Cys GIy GIu Leu Thr
GIy Thr VaI Cys (SEQ ID NO:36) OX40 VaI GIy Ala Arg
Arg Leu GIy Arg GIy Pro Cys Ala Ala Leu Leu Leu Leu
GIy Leu GIy Leu Ser Thr VaI 



Thr GIy Leu His Cys VaI GIy Asp Thr Tyr (SEQ ID NO:37)
DR4 Ala Thr H e Lys Leu His Asp GIn Ser H e GIy Thr
GIn GIn Trp GIu His Ser Pro Leu GIy GIu Leu Cys Pro
Pro GIy Ser His Arg (SEQ ID NO:38) In some
embodiments, the ligand comprises an moiety that has a
binding site with binding specificity for an
endogenous target compound which is a PLAD, such as a
PLAD of TNFRl, TNFR2, FAS, LT bR, CD40, CD30, CD27,
HVEM, OX40, DR4 or other TNF receptor superfamily
member, or a variant of a PLAD domain. The variant of
a PLAD domain can, for example, be a PLAD domain of
TNFRl, TNFR2, FAS, LT bR, CD40, CD30, CD27, HVEM,
OX40, or DR4, wherein one or more amino acids has been
deleted, inserted or substituted, but that retains the
ability to bind to the corresponding PLAD of TNFRl,
TNFR2, FAS, LT bR, CD40, CD30,CD27, HVEM, OX40, or
DR4. The amino acid sequence of a variant PLAD domain
can comprise a region of at least about 10 contiguous
amino acids, at least about 15 contiguous amino acids,
at least about 20 contiguous amino acids, at least
about 25 contiguous amino acids, at least about 30
contiguous amino acids, at least about 35 contiguous
amino acids, or at least about 40 contiguous amino
acids that are the same as the amino acids in the
amino acid sequence of the corresponding PLAD (e.g.,
PLAD of TNFRl, TNFR2, FAS, LT bR, CD40, CD30, CD27,
HVEM, OX40, DR4). hi addition, or alternatively, the
amino acid sequence of a variant PLAD domain can be at
least about 80%, at least about 85%, least about 90%,
at least about 91%, at least about 92%, at least about
93%, at least about 94%, at least about 95%, at least
about 96%, at least about 97%, at least about 98%, or
at least about 99% identical to the amino acid
sequence of the corresponding PLAD (e.g., PLAD of
TNFRl, TNFR2, FAS, LT bR, CD40, CD30, CD27, HVEM,
OX40, or DR4). Ligands that comprise a binding moiety
that has a binding site for an endogenous target
compound that is a PLAD or PLAD variant, can be
formatted as described herein. For example the ligand
can be a dimer, trimer or multimer of a PLAD or PLAD
variant, or a fusion protein comprising a PLAD or PLAD
variant and a half-life extending moiety (e.g., a
moiety that has a binding site for serum albumin or
neonatal Fc receptor). Ligands that comprise two or
more PLAD or PLAD variants (e.g., PLAD dimers,
trimers, multimers) can bind two or more soluble
receptor chains to form soluble receptor dimers,
trimers or multimers which, as described herein, can
have improved binding function in comparison to
soluble receptor monomers, hi some circumstances, such
a ligand may bind soluble receptor and also bind the
transmembrane form of the receptor expressed on the
cell surface. If desired, selectivity for binding
soluble receptor can be improved by formatting the
ligand to have a larger hydrodynamic size, for example
using a PEG moiety, or other half-life extending
moiety as described herein. In particular embodiments,
the ligand comprises a PLAD (e.g., PLAD of TNFRl,
TNFR2, FAS, LT bR, CD40, CD30, CD27, HVEM, OX40, or
DR4) orPLAD variant and a half-life extending moiety,
such as a PEG moiety or a dAb that binds serum albumin
or neonatal Fc receptor. Preferably, a ligand that
induce dimerization (or trimerization or
oligomeriztion) of soluble receptor chains does not
substantially agonize cell surface or transmembrane
forms of the receptor in a standard cell assay (i.e.,
when present at a concentration of 1 nM, 10 nM, 100
nM, 1 mM, 10 M, 100 mM, 1000 mM or 5,000 mM, results
in no more than about 5% of the receptor-mediated
activity induced by natural ligand of the receptor in
the assay). It is preferred that the moiety that has a
binding site with binding specificity for an
endogenous target compound binds the endogenous target
compound with high affinity, such as a Kd of 300 nM to
5 pM (ie, 3 x 10 7 to 5 x 10 12M), preferably 50 nM to
20 pM, more preferably 5 nM to 200 pM and most
preferably 1 nM to 100 pM, 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 aKoff
rate constant of 5 x 10 1 s 1 to 1 x 10 7 s 1,
preferably 1 x 10 2 s 1 to 1 x 10 6 s 1, more
preferably 5 x 10 3 s 1 to 1 x 10 5 s 1, for example 5
x 10 1 s 1 or less, preferably 1x 10 2 s 1 or less,
advantageously 1 x 10 3 s 1 or less, more preferably 1
x 10 4 s 1 or less, still more preferably 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. A moiety that
has a binding site with binding specificity for an
endogenous target compound and binds the endogenous
target compound with high affinity can be formatted
into any suitable ligand format as described herein.
In addition to the features of the ligands described
herein, it is preferred that the ligand bind the
endogenous target compound with high affinity, such as
a K of 300 nM to 5 pM (ie, 3 x 10 7 to 5 x 10 12M),
preferably 50 nM to 20 pM, more preferably 5 nM to 200
pM and most preferably 1 nM to 100 pM, 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 s 1 to 1 x 10
7 s 1, preferably 1 x 10 2 s 1 to 1x l O6 s 1, more
preferably 5 x 10 3 s 1 to 1 x l O5 s 1, for example 5
Xl O1 s 1 or less, preferably 1 x 10 2 s 1 or less,
advantageously 1 x 10 3 s 1 or less, more preferably 1
x 10 4 s 1 orless, still more preferably 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. In certain
embodiments, the ligand comprises a dAb that binds an
endogenous target compound. The endogenous target
compound can be, for example, a soluble receptor
(e.g., soluble cytokine receptor, soluble growth
factor receptor, soluble hormone receptor), an
endogenous receptor antagonist (e.g., ILlra), an
enzyme, an endogenous agonist (e.g., a cytokine, a
growth factor, a hormone). In some embodiments, the
ligand is a dAb dimer, trimer, oligomer or multimer.
The ligands can comprise a moiety that has a binding
site for an endogenous target compound, wherein said
moiety that has a binding site for an endogenous
target compound is selected from the group consisting
of an affibody, an SpA domain, an LDL receptor class A
domain, an EGF domain, and an avimer. The ligand can
also comprise a moiety that has a binding site for an
endogenous target compound wherein the moiety is an
antibody or antibody fragment, such as a Fv fragment,
a single chain Fv fragment, a disulfide bonded Fv
fragment, a Fab fragment, a Fab' fragment, a F(ab') 2
fragment, a diabody, an immunoglobulin single variable
domain (e.g., human VH, human VL, VHH> If desired, the
ligand can further comprise a half-life extending
moiety as described herein. For example, the ligand
can comprise a half-life extending moiety selected
from the group consisting of a polyalkylene glycol
moiety, serum albumin or a fragment thereof,
transferrin receptor or a transferrin-binding portion
thereof, or a moiety comprising a binding site for a
polypeptide that enhances half-life in vivo. Suitable
a moieties comprising a binding site for a polypeptide
that enhances halflife in vivo include an affibody, an
SpA domain, an LDL receptor class A domain, an EGF
domain, an avimer, an antibody or antibody fragment,
such as a Fv fragment, a single chain Fv fragment, a
disulfide bonded Fv fragment, a Fab fragment, a Fab'
fragment, a F(ab') 2 fragment, a diabody, and an
immunoglobulin single variable domain (e.g., human VH,
human VL,VHH) - As described herein, the ligands of
the invention do not substantially inhibit the
activity of the endogenous target compound to which
they bind. However, where a target has more than one
activity (e.g., binding activity and
signalingactivity), the ligand may inhibit the
activity that is not associated with the intended
therapeutic activity or benefit. For example, a ligand
or dAb monomer may bind a soluble receptor and also
bind the transmembrane form of the receptor. In such a
situation, the transmembrane form of the receptor may
have ligand-binding activity and also signaling
activity. Preferably, the ligand of the invention will
not inhibit the ligand binding activity (of the
soluble and transmembrane forms of the receptor) which
acts to inhibit ligand-induced processes, but may
inhibit the signaling activity of the transmembrane
form of the receptor. To further illustrate the
invention, exemplary embodiments of ligands that bind
soluble TNFRl are described below. Embodiments of
ligands that bind soluble TNFRl are illustrative of
ligands of the invention that bind other receptors.
TNFRl is a transmembrane receptor containing an
extracellular region that binds ligand and an
intracellular domain that lacks intrinsic signal
transduction activity but can associate with signal
transduction molecules. The complex of TNFRl with
bound TNF contains three TNFRl chains and three TNF
chains. (Banner et al, Cell, 75(3) 431-445 (1993).)
The TNF ligand is present as a trimer, which is bound
by three TNFRl chains. (Id.) The three TNFRl chains
are clustered closely together in the receptor-ligand
complex, and this clustering is a prerequisite to
TNFRl -mediated signal transduction. In fact,
multivalent agents that bind TNFRl, such as anti-TNFRl
antibodies, can induce TNFRl clustering and signal
transduction in the absence of TNF and are commonly
used as TNFRl agonists. (See, e.g., Belka et al, EMBO,
14(6):1156-U65 (1995); Mandik-Nayak et al, J. Immunol,
167:1920-1928 (2001).) Accordingly, multivalent agents
that bind TNFRl, are generally not effective
antagonists of TNFRl even if they block the binding of
TNFa to TNFRl . 



The extracellular region of TNFRl comprises a thirteen
amino acid aminoterminal segment (amino acids 1-13 of
SEQ ID NO:2 (human); amino acids 1-13 of SEQ TD NO:4
(mouse)), Domain 1 (amino acids 14-53 of SEQ ID NO: 2
(human); amino acids 14-53 of SEQ ID NO: 4 (mouse)),
Domain 2 (amino acids 54-97 of SEQ ID NO: 2 (human);
amino acids 54-97 of SEQ ID NO: 4 (mouse)), Domain 3
(amino acids 98-138 of SEQ ID NO: 2 (human); amino
acid 98-138 of SEQ ID NO: 4 (mouse)), and Domain 4
(amino acids 139-167 of SEQ ID NO: 2 (human);
aminoacids 139-167 of SEQ ID NO: 4 (mouse)) which is
followed by a membraneproximal region (amino acids
168-182 of SEQ ED NO: 2 (human); amino acids 168- 183
SEQ ID NO: 4 (mouse)). (See, Banner et al, Cell 73(3)
431-445 (1993) and Loetscher et al., Cell 61(2)
351-359 (1990).) Domains 2 and 3 make contact with
bound ligand (TNFb, TNFa) . (Banner et al, Cell, 73(3)
431-445 (1993).) The extracellular region of TNFRl
also contains a region referred to as the pre-ligand
binding assembly domain or PLAD domain (amino acids
1-53 of SEQ ID NO: 2 (human); amino acids 1-53 of SEQ
ID NO: 4 (mouse)) (The Government of the USA, WO
01/58953; Deng et al., Nature Medicine, doi:
10.1038/nml304 (2005)). TNFRl is shed from the surface
of cells in vivo through a process that includes
proteolysis of TNFRl in Domain 4 or in the
membrane-proximal region (amino acids 168-182 of SEQ
ID NO: 2; amino acids 168-183 of SEQ ED NO: 4), to
produce a soluble form of TNFRl. Soluble TNFRl retains
the capacity to bind TNFa, and thereby functions as an
endogenous inhibitor of the activity of TNFa. In some
embodiments, a ligand or dAb monomer that binds
soluble TNFRl can also bind transmembrane TNFRl and
inhibit TNFa-induced clustering of TNFRl on the cell
surface, which precedes signal transduction through
the receptor, but not inhibit binding of TNFa to
transmembrane TNFRl and soluble TNFRl. In particular
embodiments, the ligand or dAb monomer does not
inhibit the TNF-binding activity of soluble and
transmembrane forms of TNFRl but can inhibit the
signaling activity of TNFRl. A ligand or dAb monomer
of this type can bind Domain 1 or Domain 4 of TNFRl.
Such a ligand or dAb monomer can bind soluble TNFRl
and transmembrane TNFRl, but does not inhibit the
TNF-binding activity of either form of TNFRl .
Accordingly, such a ligand or dAb can be administered,
for example, to extend the half-life of soluble TNFRl
or to enhance the binding activity of soluble TNFRl.
Accordingly, administering such ligand or dAb monomer
to a mammal in need thereof can harness and exploit
the endogenous regulatory pathways that inhibit the
activity of cell surface TNFRl for therapeutic
purposes. Ln other embodiments, the invention provides
similar ligands and dAb monomers that bind other
soluble receptors but do not inhibit binding of
endogenous ligands to soluble receptors.In more
particular embodiments, the ligand comprises a dAb
that binds Domain 1 of TNFRl and competes with
TAR2m-21-23 for binding to mouse TNFRl or competes
with TAR2h-205 for binding to human TNFRl . hi more
particular embodiments, the ligand is a dimer of such
a dAb and, if desired, further comprises a PEG moiety.
hi certain embodiments, the ligand or dAb monomer is
substantially resistant to aggregation. For example,
in some embodiments, less than about 10%, less than
about 9%, less than about 8%, less than about 7%, less
than about 6%, less than about 5%, less than about 4%,
less than about 3%, less than about 2% or less than
about 1% of the ligand or dAb monomer aggregates when
a 1-5 mg/ml, 5-10 mg/ml, 10-20 mg/ml, 20-50 mg/ml,
50-100 mg/ml, 100-200 mg/ml or 200 -500 mg/ml solution
of ligand or dAb in a solvent that is routinely used
for drug formulation such as saline, buffered saline,
citrate buffer saline, water, an emulsion, and, any of
these solvents with an acceptable excipient such as
those approved by the FDA, is maintained at about 22C,
22-25 0C, 25-3O0C, 30-370C, 37-4O0C, 40-50 0C,
50-600C, 60-700C, 70-800C, 15-2O0C, 10-150C, 5-1O0C,
2-50C, 0-20C, -1O0C to O0C, -2O0C to - 1O0C, -4O0C to
-200C, -6O0C to -4O0C, or -8O0C to -6O0C, for a period
of about time, for example, 10 minutes, 1 hour , 8
hours, 24 hours, 2 days, 3 days, 4 days, 1 week, 2
weeks, 3 weeks, 1 month, 2 months, 3 months, 4 months,
6 months, 1 year, or 2 years. Aggregation can be
assessed using any suitable method, such as, by
microscopy, assessing turbidity of a solution by
visual inspection or spectroscopy or any other
suitable method. Preferably, aggregation is assessed
by dynamic light scattering. Ligands or dAb monomers
that are resistant to aggregation provide several
advantages. For example, such ligands or dAb monomers
can readily be produced in high yield as soluble
proteins by expression using a suitable biological
production system, such as E. coli, and can be
formulated and/or stored at higher concentrations than
conventional polypeptides, and with less aggregation
and loss of activity. hi addition, ligands or dAb
monomers that are resistant to aggregation can be
produced more economically than other antigen- or
epitope-binding polypeptides (e.g., conventional
antibodies). For example, generally, preparation of
antigen- orepitope-binding polypeptides intended for
in vivo applications includes processes (e.g., gel
filtration) that remove aggregated polypeptides.
Failure to remove such aggregates can result in a
preparation that is not suitable for in vivo
applications because, for example, aggregates of an
antigen-binding polypeptide that is intended to act as
an antagonist can function as an agonist by inducing
cross-linking or clustering of the target antigen.
Protein aggregates can also reduce the efficacy of
therapeutic polypeptide by inducing an immune response
in the subject to which they are administered. In
contrast, the aggregation resistant ligands or dAb
monomers of the invention can be prepared for in vivo
applications without the need to include process steps
that remove aggregates, and can be used in in vivo
applications without the aforementioned disadvantages
caused by polypeptide aggregates. In some embodiments,
the ligand or dAb monomer unfolds reversibly when
heated to a temperature (Ts) and cooled to a
temperature (Tc), wherein Ts is greater than the
melting temperature (Tm) of the dAb, and Tc is lower
than the melting temperature of the dAb. For example,
the dAb monomer can unfold reversibly when heated to
8O0C and cooled to about room temperature. A
polypeptide that unfolds reversibly loses function
when unfolded but regains function upon refolding.
Such polypeptides are distinguished from polypeptides
that aggregate when unfolded or that improperly refold
(misfolded polypeptides), i.e., do not regain
function. Polypeptide unfolding and refolding can be
assessed, for example, by directly or indirectly
detecting polypeptide structure using any suitable
method. For example, polypeptide structure can be
detected by circular dichroism (CD) {e.g., far- UV CD,
near-UV CD), fluorescence {e.g., fluorescence of
tryptophan side chains), susceptibility to
proteolysis, nuclear magnetic resonance (NMR), or by
detecting or measuring a polypeptide function that is
dependent upon proper folding (e.g., binding to target
ligand, binding to generic ligand). hi one example,
polypeptide unfolding is assessed using a functional
assay in which loss of binding function {e.g., binding
a generic and/or target ligand, binding a substrate)
indicates that the polypeptide is unfolded. The extent
of unfolding and refolding of a ligand or dAb monomer
can be determined using an unfolding or denaturation
curve. An unfolding curve can beproduced by plotting
temperature as the ordinate and the relative
concentration of folded polypeptide as the abscissa.
The relative concentration of folded ligand or dAb
monomer can be determined directly or indirectly using
any suitable method (e.g., CD, fluorescence, binding
assay). For example, a ligand or dAb monomer solution
can be prepared and ellipticity of the solution
determined by CD. The ellipticity value obtained
represents a relative concentration of folded ligand
or dAb monomer of 100%. The ligand or dAb monomer in
the solution is then unfolded by incrementally raising
the temperature of the solution and ellipticity is
determined at suitable increments (e.g., after each
increase of one degree in temperature). The ligand or
dAb monomer in solution is then refolded by
incrementally reducing the temperature of the solution
and ellipticity is determined at suitable increments.
The data can be plotted to produce an unfolding curve
and a refolding curve. The unfolding and refolding
curves have a characteristic sigmoidal shape that
includes a portion in which the ligand or dAb monomer
molecules are folded, an unfolding/refolding
transition in which ligand or dAb monomer molecules
are unfolded to various degrees, and a portion in
which the ligand or dAb monomer molecules are
unfolded. The y-axis intercept of the refolding curve
is the relative amount of refolded ligand or dAb
monomer recovered. A recovery of at least about 50%,
or at least about 60%, or at least about 70%, or at
least about 75%, or at least about 80%, or at least
about 85%, or at least about 90%, or at least about
95% is indicative that the ligand or dAb monomer
unfolds reversibly. h a preferred embodiment,
reversibility of unfolding of the ligand or dAb
monomer is determined by preparing a ligand or dAb
monomer solution and plotting heat unfolding and
refolding curves. The ligand or dAb monomer solution
can be prepared in any suitable solvent, such as an
aqueous buffer that has a pH suitable to allow the
ligand or dAb monomer to dissolve (e.g., pH that is
about 3 units above or below the isoelectric point
(pi)). The ligand or dAb monomer solution is
concentrated enough to allow unfolding/folding to be
detected. For example, the ligand or dAb monomer
solution can be about 0.1 mM to about 100 mM, or
preferably about 1 mM to about 10 mM. 



If the melting temperature (Tm) of the ligand or dAb
monomer is known, the solution can be heated to about
ten degrees below the Tm (Tm-10) and foldingassessed
by ellipticity or fluorescence (e.g., far-UV CD scan
from 200 nm to 250 nm, fixed wavelength CD at 235 nm
or 225 nm; tryptophan fluorescent emission spectra at
300 to 450 nm with excitation at 298 nm) to provide
100% relative folded ligand or dAb monomer. The
solution is then heated to at least ten degrees above
Tm (Tm+10) in predetermined increments (e.g.,
increases of about 0.1 to about 1 degree), and
ellipticity or fluorescence is determined at each
increment. Then, the ligand or dAb monomer is refolded
by cooling to at least Tm-10 in predetermined
increments and ellipticity or fluorescence determined
at each increment. If the melting temperature of the
ligand or dAb monomer is not known, the solution can
be unfolded by incrementally heating from about 25C to
about 1000C and then refolded by incrementally cooling
to at least about 250C, and ellipticity or
fluorescence at each heating and cooling increment is
determined. The data obtained can be plotted to
produce an unfolding curve and a refolding curve, in
which the y-axis intercept of the refolding curve is
the relative amount of refolded protein recovered. The
ligand or dAb monomer can comprise any suitable
immunoglobulin variable domain, and preferably
comprises a human variable domain or a variable domain
that comprises human framework regions hi certain
embodiments, the dAb monomer comprises a universal
framework, as described herein. The universal
framework can be a VL framework (Vl or VK) , such as a
framework that comprises the framework amino acid
sequences encoded by the human germline DPKl, DPK2,
DPK3, DPK4, DPK5, DPK6, DPK7, DPK8, DPK9, DPKlO,
DPK12, DPK13, DPK15, DPK16, DPK18, DPK19, DPK20,
DPK21, DPK22, DPK23, DPK24, DPK25, DPK26 or DPK 28
immunoglobulin gene segment. If desired, the VL
framework can further comprises the framework amino
acid sequence encoded by the human germline Jkl , JK2,
JK3, JK4, or JK5 immunoglobulin gene segment. hi other
embodiments the universal framework can be a VH
framework, such as a framework that comprises the
framework amino acid sequences encoded by the human
germline DP4, DP7, DP8, DP9, DPlO, DP31, DP33, DP38,
DP45, DP46, DP47, DP49, DP50, DP51, DP53, DP54, DP65,
DP66, DP67, DP68 or DP69 immunoglobulin gene segment.
If desired, the VH framework can further comprisesthe
framework amino acid sequence encoded by the human
germline JHI, JH2, JH3, JH4, JH4b, J 5 and JH6
immunoglobulin gene segment. In particular
embodiments, the dAb monomer ligand comprises the DPK9
VL framework, or a VH framework selected from the
group consisting of DP47, DP45 andDP38. The dAb
monomer can comprises a binding site for a generic
ligand, such as protein A, protein L and protein G. In
certain embodiments, the dAb monomer comprises one or
more framework regions comprising an amino acid
sequence that is the same as the amino acid sequence
of a corresponding framework region encoded by a human
germline antibody gene segment, or the amino acid
sequences of one or more of said framework regions
collectively comprise up to 5 amino acid differences
relative to the amino acid sequence of said
corresponding framework region encoded by a human
germline antibody gene segment. In other embodiments,
the amino acid sequences of FWl, FW2, FW3 and FW4 of
the dAb monomer are the same as the amino acid
sequences of corresponding framework regions encoded
by a human germline antibody gene segment, or the
amino acid sequences of FWl, FW2, FW3 and FW4
collectively contain up to 10 amino acid differences
relative to the amino acid sequences of corresponding
framework regions encoded by said human germline
antibody gene segment. In other embodiments, the dAb
monomer comprises FWl, FW2 and FW3 regions, and the
amino acid sequence of said FWl, FW2 and FW3 regions
are the same as the amino acid sequences of
corresponding framework regions encoded by human
germline antibody gene segments. In some embodiments,
the dAb monomer does not comprise a Camelid
immunoglobulin variable domain, or one or more
framework amino acids that are unique to
immunoglobulin variable domains encoded by Camelid
germline antibody gene segments. In certain
embodiments, the ligands (e.g., dAb monomers) of the
invention are efficacious in models of diseases when
an effective amount is administered. Generally an
effective amount is about 1 mg/kg to about 10 mg/kg
(e.g., about 1mg/kg, about 2 mg/kg, about 3 mg/kg,
about 4 mg/kg, about 5 mg/kg, about 6 mg/kg, about 7
mg/kg, about 8 mg/kg, about 9 mg/kg, or about 10
mg/kg). Many suitable models of diseases exist. The
models of chronic inflammatory disease described
herein are recognized by those skilled in the art as
being predictive of therapeutic efficacy in humans.
The prior art does not suggest using ligands that
comprise a moiety that binds an endogenous target
compound, such as a soluble cytokine receptor (e.g.,
soluble TNFRl) in these models, or that they would be
efficacious. In particular embodiments, the ligand or
dAb monomer is efficacious in the standard mouse
collagen-induced arthritis model. For example,
administering an effective amount of the ligand can
reduce the average arthritic score of the summation of
the four limbs in the standard mouse collagen-induced
arthritis model, for example, by about 1 to about 16,
about 3 to about 16, about 6 to about 16, about 9 to
about 16, or about 12 to about 16, as compared to a
suitable control. In another example, administering an
effective amount of the ligand can delay the onset of
symptoms of arthritis in the standard mouse
collagen-induced arthritis model, for example, by
about 1 day, about 2 days, about 3 days, about 4 days,
about 5 days, about 6 days, about 7 days, about 10
days, about 14 days, about 2 1 days or about 28 days,
as compared to a suitable control. In another example,
administering an effective amount of the ligand can
result in an average arthritic score of the summation
of the four limbs in the standard mouse
collagen-induced arthritis model of 0 to about 3,
about 3 to about 5, about 5 to about 7, about 7 to
about 15, about 9 to about 15, about 10 to about 15,
about 12 to about 15, or about 14 to about 15. In
other embodiments, the ligand or dAb monomer is
efficacious in the mouse DARE model of arthritis.
(Kontoyiannis et al. , J Exp Med 196: 1563-74 (2002).)
For example, administering an effective amount of the
ligand can reduce the average arthritic score in the
mouse DARE model of arthritis, for example, by about
0.1 to about 2.5, about 0.5 to about 2.5, about 1 to
about 2.5, about 1.5 to about 2.5, or about 2 to about
2.5, as compared to a suitable control. In another
example, administering an effective amount of the
ligand can delay the onset of symptoms of arthritis in
the mouse DARE model of arthritis by, for example,
about 1 day, about 2 days, about 3 days, about 4 days,
about 5 days, about 6 days, about 7days, about 10
days, about 14 days, about 2 1 days or about 28 days,
as compared to a suitable control. In another example,
administering an effective amount of the ligand can
result in an average arthritic score in the mouse DARE
model of arthritis of 0 to about 0.5, about 0.5 to
about 1, about 1 to about 1.5, about 1.5 to about 2,
or about 2 to about 2.5. In other embodiments, the
ligand or dAb monomer is efficacious in the mouse DARE
model of inflammatory bowel disease (IBD).
(Kontoyiannis et al, J Exp Med 196: 1563-74 (2002).)
For example, administering an effective amount of the
ligand can reduce the average acute and/or chronic
inflammation score in the mouse DARE model of IBD, for
example, by about 0.1 to about 2.5, about 0.5 to about
2.5, about 1 to about 2.5, about 1.5 to about 2.5, or
about 2 to about 2.5, as compared to a suitable
control. In another example, administering an
effective amount of the ligand can delay the onset of
symptoms of IBD in the mouse DARE model of IBD by, for
example, about 1 day, about 2 days, about 3 days,
about 4 days, about 5 days, about 6 days, about 7
days, about 10 days, about 14 days, about 2 1 days or
about 28 days, as compared to a suitable control hi
another example, administering an effective amount of
the ligand can result in an average acute and/or
chronic inflammation score in the mouse DARE model of
IBD of 0 to about 0.5, about 0.5 to about 1, about 1
to about 1.5, about 1.5 to about 2, or about 2 to
about 2.5. hi other embodiments, the ligand or dAb
monomer is efficacious in the mouse dextran sulfate
sodium (DSS) induced model of IBD. See, e.g., Okayasu
I . et al, Gastroenterology 95:694-702 (1990);
Fodolsky K., J Gasteroenterol 38 suppl XV:63-66
(2003).) For example, administering an effective
amount of the ligand can reduce the average severity
score in the mouse DSS model of IBD, for example, by
about 0.1 to about 2.5, about 0.5 to about 2.5, about
1 to about 2.5, about 1.5 to about 2.5, or about 2 to
about 2.5, as compared to a suitable control. In
another example, administering an effective amount of
the ligand can delay the onset of symptoms of IBD in
the mouse DSS model of IBD by, for example, about 1
day, about 2 days, about 3 days, about 4 days, about 5
days, about 6 days, about 7 days, about 10 days, about
14 days, about 2 1 days or about 28 days, as compared
to a suitable control. In another example,
administering an effective amount of theligand can
result in an average severity score in the mouse DSS
model of IBD of 0 to about 0.5, about 0.5 to about 1,
about 1 to about 1.5, about 1.5 to about 2, or about 2
to about 2.5. In particular embodiments, the ligand or
dAb monomer is efficacious in the 



mouse tobacco smoke model of chronic obstructive
pulmonary disease (COPD). (See, Wright and Churg,
Chest, 122:301-306 (2002), Groneberg, DA et al,
Respiratory Research 5:18 (2004), CoffmanRL et al, J.
Exp. Med. 20i(12):1875- 1879 (2001), Van Scott, MR et
al, J. App. Physiol. P5:1433-1444 (2004)). hi further
embodiments, the ligand of dAb monomer are efficacious
in an animal model of asthma (see, Coffman RL et al,
J. Exp. Med. 20i(12):1875-1879 (2001); Van Scott, MR
et al, J. App. Physiol. 9(5:1433-1444 (2004)),
pulmonary fibrosis (e.g., Venkatesan, N et al., Lung
287:1342-1347 (2004), systemic lupus erythematosus
(SLE) (Knight et al. (1978) J. Exp. Med., 147: 1653;
Reinersten et al. (1978) New Eng. J. Med., 299: 515),
myasthenia gravis (Lindstrom et al. (1988) Adv.
Immunol., 42: 233), arthritis (Stuart et al. (1984)
Ann. Rev. Immunol., 42: 233; Van Eden et al. (1988)
Nature, 331: 171), thyroiditis (Maron et al. (1980) J.
Exp. Med., 152: 1115), insulin dependent diabetes
mellitus (IDDM) (Kanasawa et al. (1984) Diabetologia,
27: 113), and the EAE model of multiple sclerosis (see
Paterson (1986) Textbook oflmmunopathology, Mischer et
ah, eds., Grune and Stratton, New York, pp. 179-213;
McFarlin et al. (1973) Science, 179: 478: and Satoh t
/. (1987) J. Immunol, 138: 179). Preferably, the
ligand or dAb monomer is secreted in a quantity of at
least about 0.5 mg/L when expressed in E. coli or in
Pichia species (e.g., P.pastoris). hi other preferred
embodiments, the dAb monomer is secreted in a quantity
of at least about 0.75 mg/L, at least about 1 mg/L, at
least about 4 mg/L, at least about 5 mg/L, at least
about 10 mg/L, at least about 15 mg/L, at least about
20 mg/L, at least about 25 mg/L, at least about 30
mg/L, at least about 35 mg/L, at least about 40 mg/L,
at least about 45 mg/L, or at least about 50 mg/L, or
at least about 100 mg/L, or at least about 200 mg/L,
or at least about 300 mg/L, or at least about 400
mg/L, or at least about 500 mg/L, or at least about
600 mg/L, or at least about 700 mg/L, or at least
about 800 mg/L, at least about 900 mg/L, or at least
about lg/L when expressed in E. coli or in Pichia
species (e.g., P. pastoris). In other preferred
embodiments, thedAb monomer is secreted in a quantity
of at least about 1 mg/L to at least about lg/L, at
least about 1 mg/L to at least about 750 mg/L, at
least about 100 mg/L to at least about 1 g/L, at least
about 200 mg/L to at least about 1 g/L, at least about
300 mg/L to at least about 1 g/L, at least about 400
mg/L to at least about 1 g/L, at least about 500 mg/L
to at least about lg/L, at least about 600 mg/L to at
least about 1 g/L, at least about 700 mg/L to at least
about 1 g/L, at least about 800 mg/L to at least about
lg/L, or at least about 900 mg/L to at least about
lg/L when expressed in E. coli or in Pichia species
(e.g., P.pastoris). Although, the ligands and dAb
monomers described herein can be secretable when
expressed in E. coli or in Pichia species (e.g., P.
pastoris), they can be produced using any suitable
method, such as synthetic chemical methods or
biological production methods that do not employ E.
coli or Pichia species. In some embodiments, the
ligand is an antibody that has binding specificity for
an endogenous target compound or an antigen-binding
fragment thereof, such as an Fab fragment, Fab'
fragment, F(ab') 2 fragment or Fv fragment (e.g.,
scFV). In other embodiments, the antagonist or ligand
is monovalent, such as a dAb or a monovalent
antigen-binding fragment of an antibody, such as an
Fab fragment, Fab' fragment, or Fv fragment. In other
embodiments of the invention described throughout this
disclosure, instead of the use of a "dAb" in a ligand
of the invention, it is contemplated that the skilled
addressee can use a domain that comprises the CDRs of
a dAb that binds an endogenous target compound (e.g.,
CDRs grafted onto a suitable protein scaffold or
skeleton, eg an affibody, an SpA scaffold, an LDL
receptor class A domain or an EGF domain) or can be a
protein domain comprising a binding site for TNFRl,
e.g., wherein the domain is selected from an affibody,
an SpA domain, an LDL receptor class A domain or an
EGF domain. The disclosure as a whole is to be
construed accordingly to provide disclosure of
antagonists, ligands and methods using such domains in
place of a dAb. In addition, the ligands of the
invention can be formatted (e.g., extended half-life
formats) as described herein. Uses of Ligands That
Bind An Endogenous Target Compound and Therapeutic
MethodsThe invention relates to ligands that comprise
a moiety (e.g., dAb) that has a binding site with
binding specificity for an endogenous target compound
but do not substantially inhibit the activity of said
endogenous target compound. Preferably, the ligand
does not bind to the active site of an endogenous
target compound. Further features of the ligands of
the invention are described herein. For conciseness
and to avoid repetition, not all disclosed features of
the ligands are specifically described with respect to
the uses and methods of the invention. It is intended
that the uses and methods of the invention include the
use, and methods that comprise administering, any of
the ligands described herein. The invention relates to
compositions comprising a ligand that comprise a
moiety (e.g., dAb) that has a binding site with
binding specificity for an endogenous target compound,
but does not substantially inhibit the activity of
said endogenous target compound, and a
pharmaceutically acceptable carrier, diluent or
excipient. The invention also relates to therapeutic
and diagnostic methods that employ the ligands or
compositions of the invention. The ligands described
herein may be used for in vivo therapeutic and
prophylactic applications, in vivo diagnostic
applications and the like. For example, the ligands
(e.g., dAb monomers), of the present invention will
typically find use in preventing, suppressing or
treating diseases (e.g., acute and/or chronic
inflammatory diseases). For example, the antagonists
and/or ligands can be administered to treat, suppress
or prevent a inflammatory diseases (e.g., acute and/or
chronic inflammation), cancers and neoplasms (e.g.,
lymphomas (e.g., B cell lymphomas, T cell lymphomas,
acute myeloid lymphoma), multiple myeloma, lung
cancer, carcinomas), metabolic diseases (e.g.,
diabetes, obesity), allergic hypersensitivity,
bacterial or viral infection, autoimmune disorders
(which include, but are not limited to, Type I
diabetes, asthma, multiple sclerosis, arthritis (e.g.,
rheumatoid arthritis, juvenile rheumatoid arthritis,
psoriatic arthritis, spondylarthropathy (e.g.,
ankylosing spondylitis)), systemic lupus
erythematosus, inflammatory bowel disease (e.g.,
Crohn's disease, ulcerative colitis), myasthenia
gravis and Behcet's syndrome), psoriasis,
endometriosis, abdominal adhesions (e.g., post
abdominal surgery), osteoarthritis, chronic
obstructive pulmonary disease, or other disease that
is amenable to therapy with an endogenous target
compound.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. "Treatment"
involves administration of the protective composition
after disease symptoms become manifest. The invention
relates to the use of a ligand, as described herein,
for the manufacture of a medicament that can be
administered to a patient to harness and exploit the
beneficial activities of endogenous compounds to
produce beneficial effects (e.g., therapeutically
beneficial effects, diagnostically beneficial
effects). Accordingly, the invention relates to use of
a ligand for the manufacture of a medicament for
increasing the amount of said endogenous target
compound in a subject (e.g., the amount of the
endogenous target compound in the systemic
circulation, the amount at a particular site, such as
a particular organ, tissue or region (e.g., in a
joint, in the lung, in a muscle, in site of the skin,
in the CNS)), for increasing the bioavailability said
endogenous target compound in a subject (e.g.,
systemically or at a desired site of action (e.g., in
a joint, in the lung, in a muscle, in site of the
skin, in the CNS)), for increasing the in vivo
half-life of said endogenous target compound, or for
treating a disease that is amenable to treatment with
an endogenous target compound (e.g., such as a disease
as described herein), for example. The medicament can
be for systemic or local administration. The invention
relates to the use of a ligand comprising a moiety
that has a binding site for an endogenous target
compound for the manufacture of a medicament for
increasing the half-life of said endogenous target
compound in a subject. The medicament can be
administered to a patient to increase the half-life of
an endogenous target compound to which the ligand
binds by, for example, by binding the endogenous
target compound and thereby increasing the
hydrodynamic size of the endogenous target compound,
by binding and stabilizing the endogenous target
compound, or by binding and slowing the rate of
clearance or metabolism of the endogenous target
compound. Generally, the ligand will increase the
half-life of the endogenous target compound to which
it binds by a factor of at least about 1.5, at least
about 2, at least about 3, at least about 4, at least
about 5, at least about 6, atleast about 7, at least
about 8, at least about 9, or at least about 10,
relative to the half-life of the endogenous target
compound in the absence of ligand. For example, an
endogenous target compound can have a half-life of
about 1 hour, and after administration of a ligand
that comprises a moiety with a binding site that binds
said endogenous target compound, the half-life of
endogenous target compound can be increased to about
1.5 hours, to about 10 hours, or longer. The invention
relates to use of a ligand comprising a moiety that
has a binding site for an endogenous target compound
for the manufacture of a medicament for increasing the
amount of said endogenous target compound in a
subject. 



The level or amount of endogenous target compound can
increase following administration of a ligand, as
described herein, for example, due to the ligands
halflife increasing effect. For example, the level or
amount of endogenous target ligand (e.g., in serum) 1
hour, or 2 hours, or 3 hours, or 4 hours, or 5 hours,
or 6 hours, or 7 hours, or 8 hours, or 9 hours, or 10
hours, or 11 hours, or 12 hours, or 1 day after
administration of a ligand of the invention can be
increased by a factor of at least about 1.5, at least
about 2, at least about 3, at least about 4, at least
about 5, at least about 10, at least about 50, at
least about 100, at least about 500, at least about
1,000, at least about 5,000, at least about 10,000, at
least about 50,000, or at least about 100,000.
Increase levels or amounts of an endogenous target
compound can be readily detected using any suitable
method. For example, a suitable sample (e.g., serum)
can be obtain prior to administration of the ligand
and at one or more time points after administration,
and the level or amount of endogenous target compound
in the samples can be determined using any suitable
method. The sample can be, for example, a sample of
blood, serum, cerebrospinal fluid, synovial fluid,
bronchoalveolar lavage, enema or a biopsy. In some
embodiments, the amount or level of ligand in such a
sample is increased, relative to the amount or level
before the ligand is administered. The invention
relates to use of a ligand comprising a moiety that
has a binding site for an endogenous target compound
for the manufacture of a medicament for increasing the
bioavailability said endogenous target compound in a
subject.The medicament can be administered to a
subject to increase bioavailability of an endogenous
target compound systemically, or at a desired site of
action (e.g., at a site where the ligand is locally
administered). For example, a ligand may bind an
endogenous target compound that has beneficial
activity in the systemic circulation but is rapidly
distributed into the tissues or cleared (e.g., a
steroid or peptide hormone), and slow the rate of
distribution or clearance. Such a ligand can increase
bioavailability of the endogenous target compound in
the systemic circulation where the beneficial activity
of the endogenous target compound can have a
beneficial (e.g., therapeutic) effect. A ligand can
increases the bioavailability of an endogenous target
compound at a desired site by recruiting the
endogenous target compound to that site. For example,
a ligand comprising a binding site for a desired
endogenous target compound can be locally administered
to a patient (e.g., as a depot formulation). The
locally administered ligand can bind the desired
endogenous target compound, and recruit additional
endogenous target compound to the site. Thus, an
increased level or amount of endogenous target
compound can be present at the site to produce
beneficial effects. For example, in one embodiment,
the ligand comprises a moiety with a binding site for
TGF beta isoform 3. Such a ligand can be locally
administered to bind TGF beta isoform 3 and recruit
TGF beta isoform 3 to the site of local
administration, and thus promote would healing.
Generally, the ligand will increase bioavailability
(e.g., in the systemic circulation, at a desired site
of action) of the endogenous target compound to which
it binds by a factor of at least about 1.5, at least
about 2, at least about 3, at least about 4, at least
about 5, at least about 6, at least about 7, at least
about 8, at least about 9, or at least about 10,
relative to the bioavailability of the endogenous
target compound in the absence of ligand. For example,
when the ligand increases bioavailability in the
systemic circulation, a concentration time curve for
the endogenous ligand starting at the time of
administration of the ligand can be prepared, and the
curve and area under the curve (AUC) can be compared
to normal systemic levels of the endogenous target
ligand to determine the extent of increase in systemic
bioavailability.The invention relates to use of a
ligand comprising a moiety that has a binding site for
an endogenous target compound for the manufacture of a
medicament for increasing the activity of said
endogenous target. The ligands can increase the
activity (e.g., binding activity) of the endogenous
targets to which they bind. For example, a ligand may
bind an endogenous target compound such as an
endogenous agonist (e.g., a cytokine) or a soluble
cytokine receptor and improve the binding activity of
the endogenous target compound by increasing the
affinity and/or avidity of the endogenous target
compound for its endogenous binding partner. Ligands
that comprises two or more moieties that have binding
sites with binding specificity for a desired
endogenous target compound can bind two or more
individual endogenous target compound molecules
thereby producing an endogenous target compound dimer,
trimer, oligomer or multimer. Such a dimer, trimer,
oligomer or multimer will have improved binding
activity toward, for example, a cell that expresses
the natural binding partner for the endogenous target
compound due to higher avidity. Generally, such a
ligand can improve the binding activity of the
endogenous target compound. For example, the binding
strength (e.g., affinity or avidity) of an endogenous
target compound dimer for its binding partner can be
at least about 10, at least about 100, at least about
1,000 or at least about 10,000 times stronger than the
binding strength of the endogenous target compound as
a monomer (i.e., not in a complex with a ligand of the
invention). In a specific embodiment, the ligand
comprises two or more moieties (dAbs) that have
binding specificity for soluble TNFRl but do not bind
the active site (the active sire of soluble TNFRl is
contained within Domains 2 and 3). Such a ligand can
bind two or more soluble TNFRl chains to form a
soluble TNFRl dimer, timer, oligomer or multimer, that
has improved binding activity toward its trimeric
ligand, TNF, due to increased avidity. It should also
be appreciated that the half-life of such a soluble
TNFRl dimer, trimer, oligomer or multimer, which has a
larger hydrodynamic size that a single soluble TNFRl
chain, may also be extended relative to a single TNFRl
. As a result, such a ligand can improve the
TNF-inhibiting activity of soluble TNFRl and improve
its therapeutic efficacy. For example, such aligand
can improve the efficacy of soluble TNFRl by a factor
of at least about 10, at least about 100, at least
about 1,000 or at least about 10,000. In one example
of this embodiment, a ligand that is a dimer of a dAb
that binds Domain 1 of mouse TNFRl is used to
demonstrate that ligands that induce dimerization of
soluble TNFRl improve efficacy of soluble TNFRl . For
example, such a ligand can be added to an assay
containing human MRC5 cells, human TNF and soluble
mouse TNFRl . Soluble mouse TNFRl will compete with
human TNFRl on the MRC5 cells for binding to human
TNF. The ligand that is a dimer of a dAb that binds
Domain 1 of mouse TNFRl binds two soluble mouse TNFRl
chains to form a mouse TNFRl dimer that will be much
more effective in inhibiting the effects of TNF in the
assay. For example, the IC 50 for mouse TNFRl can be
reduced from the nanomolar range to the picomolar
range (about 10 or about 100 or about 1000 fold
reduction) by the addition of the ligand that induces
dimerization of soluble TNFRl. Preferably, ligand that
induce dimerization (or trimerization or
oligomeriztion) of soluble receptor chains does not
substantially agonize cell surface or transmembrane
forms of the receptor in a standard cell assay (i.e.,
when present at a concentration of 1 nM, 10 nM, 100
nM, 1 mM, 10 mM, 100 mM, 1000 mM or 5,000 mM, results
in no more than about 5% of the receptor-mediated
activity induced by natural ligand of the receptor in
the assay). In a particular embodiment, the invention
relates to the use of a ligand comprising two or more
moieties that have a binding site for an endogenous
target compound for the manufacture of a medicament
for increasing the binding activity of said endogenous
target compound, wherein said ligand binds said
endogenous target, does not bind the active site of
said endogenous target, and does not substantially
inhibit the binding activity of said endogenous target
compound. The invention also relates to a ligand that
binds an endogenous target compound having activity
suitable for treating a disease in a subject, wherein
said ligand does not bind the active site of said
endogenous target compound or substantially inhibit
the activity of said endogenous target compound, for
use in therapy of a disease amenable to treatment with
said endogenous target compound. For example, the
ligand can increase the in vivo half-life of said
endogenous targetcompound, increase the amount of said
endogenous target compound in a subject, increase the
bioavailability of said endogenous target compound,
and/or increase the binding activity of said
endogenous compound. The invention relates to use of a
ligand comprising a binding moiety that has a binding
site for an endogenous target compound for increasing
the half-life, bioavailability or activity of said
endogenous compound, wherein said binding moiety that
has a bindng site for an endogenous compound is said
endogenous compound or a portion or variant thereof,
and wherein said ligand binds said endogenous target
compound and does not substantially inhibit the
activity of said endogenous target compound. The
invention relates to use of a ligand comprising a
binding moiety that has a binding site for a member of
the TNF receptor superfamily for increasing the
halflife, bioavailability or activity of said said
member of the TNF receptor superfamily, wherein said
ligand binds said member of the TNF receptor
superfamily and does not substantially inhibit the
activity of said member of the TNF receptor
superfamily, and wherein said binding moiety that has
a binding site for a member of the TNF receptor
superfamily is a pre-ligand assembly domain (PLAD) or
a variant thereof. 



The invention relates to a method for increasing the
half-life of an endogenous target compound in a
subject, comprising administering to a subject in need
thereof an effective amount of a ligand comprising a
moiety that has a binding site with binding
specificity for said endogenous target compound. The
invention relates to a method for increasing the
amount of an endogenous target compound in a subject,
comprising administering to a subject in need thereof
an effective amount of a ligand comprising a moiety
that has a binding site with binding specificity for
said endogenous target compound. The invention relates
to a method for increasing the bioavailability of an
endogenous target compound in a subject, comprising
administering to a subject in need thereof an
effective amount of a ligand comprising a moiety that
has a binding site with binding specificity for said
endogenous target compound. The invention relates to a
method for increasing the activity (e.g., binding
activity) of an endogenous target compound in a
subject, comprising administeringto a subject in need
thereof an effective amount of a ligand comprising a
moiety that has a binding site with binding
specificity for said endogenous target compound. The
invention relates to a method for treating a subject
having a disease that is amenable to treatment with an
endogenous target compound in a subject, comprising
administering to a subject in need thereof an
effective amount of a ligand comprising a moiety that
has a binding site with binding specificity for said
endogenous target compound. The invention relates to a
method for increasing the half-life, bioavailability
or activity of an endogenous target compound,
comprising administering to a subject in need thereof
an effective amount of a ligand comprising a moiety
that has a binding site with binding specificity for
said endogenous target compound, wherein said binding
moiety that has a bindng site for an endogenous
compound is said endogenous compound or a portion or
variant thereof, and wherein said ligand binds said
endogenous target compound and does not substantially
inhibit the activity of said endogenous target
compound. The invention relates to a method for
increasing the half-life, bioavailability or activity
of for a member of the TNF receptor superfamily,
comprising administering to a subject in need thereof
an effective amount of a ligand comprising a binding
moiety that has a binding site for a member of the TNF
receptor superfamily, wherein said ligand binds said
member of the TNF receptor superfamily and does not
substantially inhibit the activity of said member of
the TNF receptor superfamily, and wherein said binding
moiety that has a binding site for a member of the TNF
receptor superfamily is a pre-ligand assembly domain
(PLAD) or a variant thereof. Therapeutic and
prophylactic uses of ligands of the invention involve
the administration of ligands according to the
invention to a recipient mammal, such as a human.
Dual-specific and Multi-specific ligands (e.g.,
dual-specific antibody formats) bind to multimeric
antigen with great avidity. Dual- or Multispecific
ligands can allow the cross-linking of two antigens,
for example to produce high avidity dimers, trimers or
multimers of soluble receptors. Substantially pure
ligands of at least 90 to 95% homogeneity are
preferred for administration to a mammal, and 98 to
99% or more homogeneity is mostpreferred 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). Generally, the
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). A
variety of suitable formulations can be used,
including extended release formulations. 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. Parenteral administration
can also be by intraarterial, intrathecal,
intraarticular, subcutaneous, or other suitable
injection or infusion. Additional suitable modes of
administration include pulmonary administration,
intranasal administration, intravaginal, intrarectal
administration (e.g., by suppository or enema). The
dosage and frequency of administration will depend on
the age, sex and condition of thepatient, concurrent
administration of other drugs, counterindications and
other parameters to be taken into account by the
clinician. Administration can be local (e.g., local
delivery to the lung by pulmonary administration,
e.g., intranasal administration) or systemic as
indicated. 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, adriamycm or cisplatinum, and
immunotoxins. Pharmaceutical compositions can include
"cocktails" of various cytotoxic or other agents in
conjunction with the antagonists (e.g., ligands) of
the present invention, or even combinations of ligands
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. Generally,
the ligand and any additional agent are administered
in a manner that provides an overlap of therapeutic
effect. In certain embodiments, the ligand comprising
a moiety that has a binding site for an endogenous
target compound is administered together with a low
dose of the endogenous target compound (e.g., a
recombinant form of the endogenous target compound).
As described herein, the ligand can, for example,
increase the half-life or bioavailability of the
endogenous target compound, or increase the activity
of the endogenous target compound, rendering the low
does therapeutically effective. This therapeutic
approach is advantageous because side effects
associated with higher doses of agents for treating
disease (e.g., recombinant forms of endogenous target
proteins) can be avoided. In other embodiments, a
ligand that has been preloaded with an endogenous
target compound (e.g., incubated with and allowed to
bind a recombinant form of an endogenous target
compound) is administered. Preloaded ligands are well
suited for local administration to provide high
bioavailablity of an endogenous target ligand that is
normally present at sub-therapeutic levels or that is
difficult to recruit to a site where the activity of
the endogenous target ligand is desired. Ligands
according to the invention which able to bind to
extracellular targets involved in endocytosis (e.g.
Clathrin) can be endocytosed, enabling access to
intracellular targets. In addition, dual or
multispecific ligands, provide a means bywhich a
binding domain (e.g., a dAb monomer) that is
specificity able to bind to an intracellular target
can be delivered to an intracellular environment. This
strategy requires, for example, a dual-specific ligand
with physical properties that enable it to remain
functional inside the cell. Alternatively, if the
final destination intracellular compartment is
oxidising, a well folding ligand may not need to be
disulphide free. Advantageously, dual- or
multi-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 binding domains (e.g.,
dAbs) that bind cytokines or other molecules,
comprising administering a dual- or multi-specific
ligand capable of binding to said two or more
molecules (e.g., cytokines). In this aspect of the
invention, the dual- or multi-specific ligand may be
any dual- or multispecific 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 the ligand, 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. Animal model systems which can
be used to screen the effectiveness of the 



ligands in protecting against or treating the disease
are available. Suitable animal model can be used, such
as the models disclosed herein. The ligands of this
invention 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 greateractivity 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 ligand 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, to
prevent, inhibit or delay onset of disease (e.g., to
sustain remission or quiescence, or to prevent acute
phase). The skilled clinician will be able to
determine the appropriate dosing interval to treat,
suppress or prevent disease. When an antagonist of
TNFRl (e.g., ligand) is administered to treat,
suppress or prevent a chronic inflammatory disease, it
can be administered up to four times per day, twice
weekly, once weekly, once every two weeks, once a
month, or once every two months, at a dose off, for
example, about 10 mg/kg to about 80 mg/kg, about 100
mg/kg to about 80 mg/kg, about 1 mg/kg to about 80
mg/kg, about 1 mg/kg to about 70 mg/kg, about 1 mg/kg
to about 60 mg/kg, about 1 mg/kg to about 50 mg/kg,
about 1 mg/kg to about 40 mg/kg, about 1 mg/kg to
about 30 mg/kg, about 1 mg/kg to about 20 mg/kg ,
about 1 mg/kg to about 10 mg/kg, about 10 mg/kg to
about 10 mg/kg, about 10 mg/kg to about 5 mg/kg, about
10 mg/kg to about 2.5 mg/kg, about 1 mg/kg, about 2
mg/kg, about 3 mg/kg, about 4 mg/kg, about 5 mg/kg,
about 6 mg/kg, about 7 mg/kg, about 8 mg/kg, about 9
mg/kg or about 10 mg/kg. In particular embodiments,
the antagonist of TNFRl (e.g., ligand) is administered
to treat, suppress or prevent a chronic inflammatory
disease once every two weeks or once a month at a dose
of about 10 mg/kg to about 10 mg/kg (e.g., about 10
mg/kg, about 100 mg/kg, about 1 mg/kg, about 2 mg/kg,
about 3 mg/kg, about 4 mg/kg, about 5 mg/kg, about 6
mg/kg, about 7 mg/kg, about 8 mg/kg, about 9 mg/kg or
about 10 mg/kg.). The ligands can also be
administered(e.g., systemically or locally), for
example, at a dose of about 1 mg/day to about 10
mg/day (e.g., 10 mg/day, 9 mg/day, 8 mg/day, 7 mg/day,
6 mg/day, 5 mg/day, 4 mg/day, 3 mg/day, 2 mg/day, or
1mg/day). Accordingly, the agent can be locally
administered to pulmonary tissue at a dose of about 1
mg/kg/day to about 200 mg/kg/day (e.g., about 10
mg/kg/day, about 20 mg/kg/day, about 30 mg/kg/day,
about 40 mg/kg/day, about 50 mg/kg/day, about 60
mg/kg/day, about 70 mg/kg/day, about 80 mg/kg/day,
about 90 mg/kg/day, about 100 mg/kg/day, about 110
mg/kg/day, about 120 mg/kg/day, about 130 mg/kg/day,
about 140 mg/kg/day, about 150 mg/kg/day, about 160
mg/kg/day, about 170 mg/kg/day, about 180 mg/kg/day,
or about 190 mg/kg/day). Treatment or therapy
performed using the compositions described herein is
considered "effective" if one or more symptoms are
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 or other suitable
control. 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, the St. George's
Respiratory Questionnaire, or other accepted clinical
assessment scale as known in the art. 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
ortnore symptoms is delayed, 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, hi 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. A composition containing an
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 maybe 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, cellsurface
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. Endogenous Target Compounds
Suitable endogenous target compounds include, for
example, soluble cytokine receptors (e.g., soluble
TNFRl, soluble TNFR2, soluble IL-I receptor, soluble
IL-4 receptor, soluble IL-13 receptor), endogenous
receptor antagonists (ILlra, IL-6ra), enzymes (e.g.,
beta- glucocerebrosidase (E.C. 3.2.1.45)), blood
factors (e.g., Factor II, Factor VIII),
erythropoietin, human growth hormone, TPO,
interferon-alpha, interferon-beta, interferon-gamma,
GLP-I, OXM, sex hormones (e.g., testosterone,
estrogen), bone morphogenic proteins (e.g., BMP-I,
BMP-2, BMP-3, BMP-4, BMP-5, BMP-6, BMP-7),
transforming growth factor beta (TGFbeta) isoform 1,
TGF-beta isoform 2, TGF-beta isoform 3, IL-IO, IL-2,
granulocyte macrophage colony stimulating factor,
granulocyte colony stimulating factor, insulin,
glucagon, GIP. Suitable endogenous target compounds
include cytokines, such as interleukins, interferons,
colony stimulating factores and chemokines. Examples
of such cytokines include, interleukins, ILl, IL2,
IL3, IL4, IL5, IL6, IL7, IL8, IL9, ILlO, ILIl, IL12,
IL13, IL14, IL15 (IL-T), IL16, IL17 IL17B, IL17C,
IL17E, IL17F, ILl 8, IL19, IL20, IL21, IL22, IL23,
IL24, IL25, IL26, IL27, IL28A, IL28B, IL29, IL30,
IL-31 and IL-32, and interferons IFN-alpha, IFN-beta,
IFN-delta, IFNgamma, IFN-kappa, IFN-lambda-1,
IFN-lambda-2, IFN-lambda-3, IFN-omega, and IFN-tau.
Suitable endogenous target compounds include
chemokines such as, CCFl 8, CCLl, CCL2, CCL3, CCL4,
CCL5, CCL6, CCL7, CCL8, CCL9, CCLlO, CCLIl, CCL12,
CCL13, CCL14, CCL15, CCL16, CCL17, CCL18, CCL19,
CCL20, CCL21, CCL22, CCL23, CCL24, CCL25, CCL26,
CCL27, CCL28, CXCLl, CXCL2, CXCL3, CXCL4, CXCL5,
CXCL6, CXCL7, CXCL8, CXCL9, CXCLlO, CXCLIl, CXCL12,
CXCL13, CXCL14, CXCL15, CXCL16, ECEP-I, EDNAP, ENA-78,
ENAP, ENAP-alpha, ENAP-beta, Endothelial cell growth
inhibitor, Endothelial IL8, FIC5FDNCF, FINAP, GDCF-2,
GCF, GCP-2, GRO-alpha, GRObeta, GRO-gamma, Heparin
neutralizing protein, Humig, 1-309, ILC, ILINCK, MAC,
I-TAC, IL8, IP-9, IP-10, Lymphotactin, LAG-I, LARC,
LCC-I, LD78- alpha, LD78-beta, LD78-gamma, LDCF, LEC,
Lkn-1, LMC, LAI, LCF, LA-PF4, LDGF, LDNAP, LIF, LIX,
MARC, MCAF, MCIF, Mexikine, MCP-I, MCP-2, MCP-3,
MCP-4, MCP-5, MDC, MEC, MIP-1-alpha, MIP-1-beta,
MIP-1-delta, MIP- 1-gamma, MIP-3, MIP-3-alpha,
MIP-3-beta, MIP-4, MIP-4-alrha, MIP-5, Monotactin-1,
MPIF-I, MPIF-2, MRP-I, MRP-2, MDGF, MDNAP, MDNCF,
Megakaryocyte-stimulatory-factor, MGSA, MGSA-alpha,
MGSA-beta, Mig, MIP-2, MIP-2-alpha, MIP-2-beta,
MlP-2-gamma, NAF, NAP-I, NAP-2, NAP-3, NAP-4, NCP,
Oncostatin A, PARC, PBP, PBP-like, PBSF, PF4, PLF,
PPBP, RANTES, Regakine-1, SCM-1-alpha, SCYCl, SCYC2,
SCI, SCYAl, SCYA2, SCYA3, SCYA4, SCYA5, SCYA6, SCYA7,
SCYA8, SCYA9, SCYAlO, SCYAIl, 



SCYA12, SCYA13, SCYA14, SCYA15, SCYA16, SCYAl 7,
SCYA19, SCYA20,SCYA21, SCYA22, SCYA23, SCYA24, SCYA25,
SCYA26, SCYA27, SCYA28, SLC, SMC-CF, STCP-I, SCYBl,
SCYB2, SCYB3, SCYB4, SCYB5, SCYB6, SCYB7, SCYB8,
SCYB9, SCYB9B, SCYBlO, SCYBIl, SCYB12, SCYB13, SCYB14,
SCYB15, SCYB16, SDF-1-alpha, SDF-1-beta, SR-PSOX,
SCYDl, SRPSOX, TARC, TCA-3, TCA-4, TDCF, TECK, TSC-I,
TSG-8, TCF, TCK-I, TLSFalpha, TLSF-beta, TPAR-I,
TSG-I, WECHE. Suitable endogenous target compounds
include colony stimulating factors (CSFs). CSFs are
cytokines that stimulate the proliferation of specific
pluripotent stem cells of the bone marrow in adults.
Granulocyte-CSF (G-CSF) is specific for proliferative
effects on cells of the granulocyte lineage.
Macrophage-CSF (M-CSF) is specific for cells of the
macrophage lineage. Granulocyte-macrophage-CSF (GMCSF)
has proliferative effects on both classes of lymphoid
cells. Epo is also considered a CSF as well as a
growth factor, since it stimulates the proliferation
of erythrocyte colony-forming units. IL-3 (secreted
primarily from T-cells) is also known as multi-CSF,
since it stimulates stem cells to produce all forms of
hematopoietic cells. Suitable endogenous target
compounds include Erythropoietin (Epo). Epo is
synthesized by the kidney and is the primary regulator
of erythropoiesis. Epo stimulates the proliferation
and differentiation of immature erythrocytes; it also
stimulates the growth of erythoid progenitor cells
(e.g. erythrocyte burst- forming and colony-forming
units) and induces the differentiation of erythrocyte
colonyforming units into proerythroblasts. When
patients suffering from anemia due to kidney failure
are given Epo, the result is a rapid and significant
increase in red blood cell count. Suitable endogenous
target compounds include Insulin-Like Growth Factor-I
(IGF-I). IGF-I (originally called somatomedin C) is a
growth factor structurally related to insulin. IGF-I
is the primary protein involved in responses of cells
to growth hormone (GH): that is, IGF-I is produced in
response to GH and then induces subsequent cellular
activities, particularly on bone growth. It is the
activity of IGF-I in response to GH that gave rise to
the term somatomedin. Subsequent studies have
demonstrated, however, that IGF-I has autocrine and
paracrine activities in addition to the initially
observed endocrine activities on bone. The
IGF-Ireceptor, like the insulin receptor, has
intrinsic tyrosine kinase activity. Owing to their
structural similarities IGF-I can bind to the insulin
receptor but does so at a much lower affinity than
does insulin itself. Suitable endogenous target
compounds include Insulin-Like Growth Factor-I
(IGF-II). IGF-II is almost exclusively expressed in
embryonic and neonatal tissues. Following birth, the
level of detectable IGF-II protein falls
significantly. For this reason IGF-II is thought to be
a fetal growth factor. The IGF-II receptor is
identical to the mannose-6-phosphate receptor that is
responsible for the integration of lysosomal enzymes
(which contain mannose-6-phosphate residues) to the
lysosomes. Suitable endogenous target compounds
include tumor necrosis factor beta. TNF-beta (also
called lymphotoxin) is characterized by its ability to
kill a number of different cell types, as well as the
ability to induce terminal differentiation in others.
One significant non-proliferative response to TNF-beta
is an inhibition of lipoprotein lipase present on the
surface of vascular endothelial cells. The predominant
site of TNF-beta synthesis is T-lymphocytes, in
particular the special class of T-cells called
cytotoxic T-lymphocytes (CTL cells). The induction of
TNFbeta expression results from elevations in IL-2 as
well as the interaction of antigen with T-cell
receptors. Suitable endogenous target compounds
include tumor necrosis factor alpha (TNF-alpha).
TNF-alpha (also called lymphotoxin B, or cachectin) is
a pleiotropic inflammatory cytokine and it can cause
necrosis of some types of tumors. TNFalpha shares only
36% amino acid sequence homology with TNF-beta. Yet,
the tertiary structures of the two proteins are
remarkably similar and both bind to TNF receptors
TNFR-I and TNFR-2. TNF-alpha is a trimeric protein
encoded within the major histocompatibility complex.
It was first identified in its 17 kd secreted form,
but further research then showed that a noncleaved
27kd precursor form also existed in transmembrane
form. Stimulated macrophages produce 27kd TNF-alpha,
which can either bind directly to TNFR-I and TNFR-2
receptors through cell-to-cell contact or undergo
cleavage and bind in its soluble form. The cytokine is
produced by several types of cells, but especially by
macrophages. Low levels of TNF-alpha promote the
remodeling or replacement of injured and senescent
tissue bystimulating fibroblast growth. Additional
beneficial functions of TNF-alpha include its role in
the immune response to bacterial, and certain fungal,
viral, and parasitic invasions as well as its role in
the necrosis of specific tumors. Lastly it acts as a
key mediary in the local inflammatory immune response.
TNF-alpha is an acute phase protein which initiates a
cascade of cytokines and increases vascular
permeability, thereby recruiting macrophage and
neutrophils to a site of infection. TNF-alpha secreted
by the macrophage causes blood clotting which serves
to contain the infection. TNF-alpha also exhibits
chronic effects (eg in inflammation) and prolonged
overproduction of TNF-alpha also results in a
condition known as cachexia, which is characterized by
anorexia, net catabolism, weight loss and anemia and
which occurs in illnesses such as cancer and AIDS.
Suitable endogenous target compounds include cytokines
and growth factors in hematopoiesis, such as, CD34,
CIL (colony-inhibiting lymphokine), Daniplestim, GADS
(GRB2 related adapter downstream of she),
Hematopoietic cell growth factor, Hematopoietic cell
kinase, Hematopoietic cell phosphatase, Hematopoietic
consensus tyrosine-lacking kinase, Hematopoietic
colony stimulating factor-309, Hematopoietin-1,
Hematopoietin-2, Hemoregulatory peptide, HIM, Hiwi,
HnudC, progenipoietin, progenipoietin-1,
progenipoietin-2, progenipoietin-4, Promegapoietin,
Promegapoietin-1, Promegapoietin-la, and Synthokine.
Other hematopoietic growth factors in a wide sense
include the various colony stimulating factors (see:
CSF, including G-CSF, GM-CSF, M-CSF), Epo, SCF(stem
cell factor), SCPF(stem cell proliferation factor),
various Interleukins(ILl, IL3, IL4, IL5, IL6, ILIl,
IL12), LIF, TGF-beta, MIP-I -alpha, TNF-alpha, also
many other low molecular weight factors, and several
other cytokines. Many of these proteins are
multifunctional. They act on very early
differentiation stages or at later stages; they can
also act in a lineage-specific manner or may influence
more than one lineage. Proliferation and maturation of
committed progenitors is controlled by late-acting
lineage-specific factors such as Epo, M-CSF, G-CSF,
and IL5. Multipotential progenitors beginning active
cell proliferation are regulated by several
overlapping cytokines, including IL3, GM-CSF, and IL4.
Triggering of cycling by dormant primitive progenitors
and maintenance of B-cell potential of the primitive
progenitors appears to require interactions of early
acting cytokinesincluding IL6, G-CSF, ILl 1, ILl 2,
LIF, and SCF. Depending upon their biological
activities hematopoietins have been classified into
several subgroups. The term type-1 hematopoietins is
occasionally used to describe those factors involved
in the regulation of hematopoiesis that act directly
on some cell types. This group includes IL3
(multi-CSF) and GM-CSF. Factors that synergise with
colony stimulating factors but that by themselves do
not possess intrinsic colony stimulating activity have
been referred to occasionally as type-2
hematopoietins. They include ILl, IL4, IL5 and IL6.
Type-3 hematopoietins are those modulatng the
hematopoietic growth by stimulating the release of
colony stimulating factors by their respective
producer cells. They include ILl , IL2, TNF-beta and
IFN-garnma. Some factors negatively regulate processes
of hematopoiesis. They may selectively inhibit the
proliferation of some types of hematopoietic cells and
may even induce cell death. The transforming growth
factor TGF-beta, for example, predominantly acts on
primitive hematopoietic cells and lymphoid cells. The
factor called MIP- 1-alpha (macrophage inflammatory
protein- 1-alpha) shows similar activity on primitive
myelopoietic cells Suitable endogenous target
compounds include endogenous compounds involved in
angiogenesis. Examples of endogenous compounds
involved in angiogenesis include, 16K Prolactin,
ADAMTS-I, ADAMTS-8, Adrenomedullin, Angio-associated
migratory cell protein, Angiogenin, angiogenin-related
protein, Angiomodulin, Angiomotin, Angiopoietin-1,
Angiopoietin-2, Angiopoietin-3, Angiopoietin-4,
Angiopoietin-5, Angiopoietin-like 1, angiopoietin-like
2, angiopoietin-like 3, angiopoietin-like 4,
Angiopoietin-related protein-2, Angiostatin,
Angiotensin-2, Angiotropin, ARP-2, B16-Fl melanoma
autocrine motility factor, brain-specific angiogenesis
inhibitor- 1, brain-specific angiogenesis inhibitor-2,
brain-specific angiogenesis inhibitor-3, C49a, CAM
assay, Cartilage-derived anti tumor factor,
Cartilage-derived inhibitor, CATF, cCAF, CD55, CDI,
CDT6, chondrocyte-derived inhibitor,
Chondrocyte-derived inhibitor of angiogenesis and
metalloproteinase activity, Chondromodulin-1,
Chondrosarcoma-derived growth factor, chorioallantoic
membrane assay CLAF, collagen type 18, Connective
tissue growth factor, corpus luteum angiogenic factor,
degranulation inhibitory protein, EGF, EG-VEGF,
embryonic kidney-derived angiogenesis factor- 1,
embryonickidney-derived angiogenesis factor-2,
Endocrine gland-derived vascular endothelial growth
factor, Endorepellin, endostatin, Endothelial cell
stimulating angiogenic factor, endothelial
cell-derived growth factor, Endothelial-monocyte
activating polypeptide-2, ESAP, f-ECGF, FGF, FGF-4,
Fibrin fragment E, Fibroblast derived endothelial cell
growth factor, fibroblast inducible secreted protein-
12, FrzB2, GFB- 



111, glioma-derived angiogenesis inhibitory factor,
growth hormone, GSM, HAP, Haptoglobin, heparin-binding
neurite-promoting factor, hepatocyte growth factor,
HGF, HUAF, human angiogenic factor, human inhibitor
angiogenesis factor- 1, human uterine angiogenesis
factor, IFN-alpha, IFN-gamma, IGF, IGF-I, IGF-BP-7,
jagged, KAF, kallistatin, K-FGF, kidney angiogenic
factor, kininostatin, migration stimulating factor,
mitogen-regulated protein/proliferin,
Mitogen-regulated protein- 4, Monocyte- Angiotropin,
MRP/PLF, MRP-4, Neuroleukin, Neuropilin-1, NKG5, NLK,
Notch- 1, Notch-4, ORF-74, ovarian growth factor, PAF,
parathyroid hormone-like related protein, PD-ECGF,
PDGF, PDGF-BB, PEDF, PF4, PGI, pigment
epithelium-derived factor placenta growth factor,
placental angiogenic factor, platelet factor-4,
platelet-derived endothelial cell growth factor, PlGF,
PrGF, Prokineticin-1, proliferin-related protein,
Prostacyclin stimulating factor, prostatic growth
factor, Prothrombin kringle-2 domain PRP, PTHrP,
RNASE5, Scatter factor, semaphorin-3, Sprouty, TAF,
TAMF, TGF-alpha, TGF-beta, thrombin, Thrombospondin,
TIE-1, TIE-2, tissue factor, TNF-alpha, TNF-beta,
TNF-like weak inducer of apoptosis, Transferrin, TSP,
tumor angiogenesis factor, tumor autocrine motility
factor, Tumstatin, TWEAK, Uterine angiogenesis factor,
vascular permeability factor, Vasculotropin, VEGF,
VEGF-162, VEGF-C, VEGF-D, VEGFE, VEGI, VPF. Many
different growth factors and cytokines have been shown
to exert chemotactic, mitogenic, modulatory or
inhibitory activities on endothelial cells, smooth
muscle cell and fibroblasts and can, therefore, be
expected to participate in angiogenic processes in one
way or another. The process involves the concerted
action of proteolytic enzymes, extracellular matrix
components, cell adhesion molecules, and vasoactive
factors. Factors modulating growth, chemotactic
behavior and/or functional activities of smooth muscle
cells include Activin A , Adrenomedullin, aFGF, ANF,
Angiogenin , Angiotensin-2 , Betacellulin , bFGF,CLAF
, ECDGF (endothelial cell-derived growth factor ),
ET(Endothelins), Factor X , Factor Xa, HB-EGF, Heart
derived inhibitor of vascular cell proliferation,
IFNgamma, ILl, LDGF(Leiomyoma-derived growth factor),
MCP-I, MDGF(macrophage-derived growth factor,
monocyte-derived growth factor), NPY, OncostatinM,
PD-ECGF, PDGF, Prolactin, Protein S, SDGF(smooth
muscle cellderived growth factor), SDMF(Smooth muscle
cell-derived migration factor), Tachykinins, TGF-beta,
Thrombospondin. Factors modulating growth, chemotactic
behavior and/or functional activities of vascular
endothelial cells include AcSDKP, aFGF, ANF,
Angiogenin, angiomodulin, Angiotropin, AtT20-ECGF,
B61, bFGF, bFGF inducing activity, CAM-RF, ChDI, CLAF,
ECGF, ECI, EDMF, EGF, EMAP-2, Neurothelin(see:
EMMPRIN), Endostatin, Endothelial cell growth
inhibitor, Endothelial cell-viability maintaining
factor, Epo, FGF-5, IGF-2(see: Growth-promoting
activity for vascular endothelial cells), HBNF, HGF,
HUAF, IFN-gamma, ILl, K-FGF, LIF, MD-ECI, MECIF, NPY,
Oncostatin M, PD-ECGF, PDGF, PF4, PlGF, Prolactin,
TNF-alpha, TNF-beta, Transferrin, VEGF. Some of these
factors are protein factors detected initially due to
some other biological activities and later shown to
promote angiogenesis. The list of protein factors
angiogenically active in vivo includes fibroblast
growth factors(see: FGF), Angiogenin, Angiopoietin-1,
EGF, HGF, NPY, VEGF, TNF-alpha, TGF-beta, PD-ECGF,
PDGF, IGF, IL8, Growth hormone. Fibrin fragment E has
been shown also to have angiogenic activity. In
addition there are factors such as Angiopoietin-1
which do not behave as classical growth factors for
endothelial cells but play a prominent role in
vasculogenic and angiogenic processes. PF4 and a 16
kDa fragment of Prolactin are inhibitory in vivo.
Suitable endogenous target compounds include
endogenous compounds involved in formation and
maintenance of the central and/or peripheral nervus
systems, such as neurotrophic factors which enhance
neuronal differentiation, induce proliferation,
influence synaptic functions, and promote the survival
of neurons that are normally destined to die during
different phases of the development of the central and
peripheral nervous system. Examples of such proteins
include neurotrophins, such as BDNF(brain-derived
neurotrophic factor), NGF, NT-3 (neurotrophin-3),
NT-4, NT-5, NT-6, NT-7, CNTF (ciliary neuronotrophic
factor),GDNF (Glial cell line-derived neurotrophic
factor), and Purpurin. Growth factors such as bFGF or
LIF are frequently also counted among the
neurotrophins due to their trophic activities on a
number of neurons. BDNF, NGF and NT-3 are sometimes
referred to also collectively as the NGF protein
family as NGFis the founder member of this family of
proteins. It has been possible, by combination of
structural elements from NGF, BDNFand NT-3, to
engineer the multifunctional Pan-Neurotrophin-1
(PNT-I) that efficiently activates all trk receptors
and displays multiple neurotrophic specificities.
Another neuronal survival factor is NSE
(neuron-specific enolase). Other factors with
neurotrophic activities normally not classified as
neurotrophins and often possessing a broader spectrum
of functions are EGF, HBNF(heparm-binding
neurite-promoting factor), IGF-2, aFGF and bFGF, PDGF,
NSE (neuron-specific enolase), and Activin A. For
antiproliferative growth factors affecting neural
cells see also: Neural antiproliferative protein,
Astrostatine, GGIF (glial growth inhibitory factor).
Depending upon their bioactivities a distinction is
made sometimes between Neurite promoting factors
(NPFs) and Neuronal differentiation factors. Neurite
promoting factors do not promote neuronal survival or
general growth by themselves but are required in
addition to one or more neurotrophic factors to induce
outgrowth of axonal or dendritic processes. Factors
with NPF activity include NGF, S100, GMF-beta (glia
maturation factor), proteoglycans, merosin, collagens,
cell adhesion molecules, and laminin. Suitable
endogenous target compounds include endogenous
compounds involved in wound healing. Platelets are a
rich source of locally active growth factors and
cytokines . Among other things platelet-derived
factors include adenosine dinucleotide (which induces
platelet aggregation and also stimulates cell
proliferation and migration), Beta-Thromboglobulin,
bFGF, CTAP-3 (Connective tissue activating protein-3),
EGF, Eosinophil chemotactic polypeptide-1 (i. e.
RANTES ), f-ECGF (Fibroblast derived endothelial cell
growth factor ), fibronectin (which serves as an early
matrix ligand for platelet aggregation), HCI (human
collagenase inhibitor ), HGF (hepatocyte growth
factor), HRF (histamine-releasing factors), IGF-BP-3 ,
NAP-2 (neutrophil-activating protein-2), NAP-4
(neutrophilactivating protein-4), PBP (platelet basic
protein), PD-ECGF (platelet-derived endothelial cell
growth factor), PDGF, PF4, platelet activating factor
(PAF, involved also in platelet aggregation),
serotonin (which induces vascular permeability and is
a chemoattractant for neutrophils), Somatostatin,
TGF-alpha, TGF-beta, thromboxane A2 (which is involved
in vasoconstriction, platelet aggregation, and
chemotaxis ), Vitronectin. Circulating peripheral
blood leukocytes migrate into the wound space. The
first cells to appear in the wound area are
neutrophils. Neutrophil numbers reach peak levels
approximately 24 hours after injury. Their migration
is stimulated by various chemotactic factors and
cytokines, including complement factors, ILl,
TNFalpha, TGF-beta, and chemokinessuch as IL8,
GRO-alpha, PF4, MCP-I, IP-IO, mig, and also by
bacterial polysaccharides. Neutrophils adhere to the
endothelium by means of selectins, which function as
neutrophil receptors on the endothelial cell surface.
Integrin receptors on the neutrophil cell surfaces
facilitate binding of neutrophils to the extracellular
matrix. Neutrophils do not appear to play a critical
role in wound healing in the absence of infections as
wounds can heal in animals in which neutrophils are
depleted. Neutrophils are removed by tissue
macrophages when they are no longer needed. Monocytes
appear approximately 24 hours after injury and peak at
48 hours post-injury. Since monocytes mature into
macrophages they can be considered an essential source
of cytokines driving repair processes. Macrophages and
monocytes are also attracted by a variety of
chemokines. These chemokinescontribute to the
spatially and temporally different infiltration of
leukocyte subsets and thus integrate inflammatory and
reparative processes during wound repair. Tissue
macrophages are the cells that essentially control and
regulate the wound healing process and wounds cannot
heal without the participation of these cells as shown
by experiments involving depletion of wound
macrophages. The differentiation of macrophages is
initiated by several specific cytokines. Many
cytokines produced and secreted by activated
macrophages favor further migration of inflammatory
cells into the wound area. Macrophages also control
the degradation of the extracellular matrix and
regulate remodeling of the wound matrix.Macrophages
secrete cytokines and growth factors including
TGF-beta, FGF, VEGF, and chemokines such as JE.
TGF-beta appears to be the major factor responsible
for the formation of granulation tissue and the
synthesis of proteins of the extracellular matrix and
thus has been referred to as a "wound hormone".
TGF-beta is a member of one of the most complex groups
of cytokine superfamilies, consisting of various
TGF-beta isoforms and other family members, for
example, Activin A and BMP. The complexity of the
wound healing process is illustrated by the
observation that manipulation of the ratios of
TGF-beta superfamily members, particularly the ratio
of TGF-beta-lrelative to TGF-beta-3, reduces scarring
and fibrosis. Re-epithelialization is mediated by
chemotactic and mitogenic growth 



factors of the EGF family of growth factors. Leptin
has been shown to be a potent growth factor for
keratinocytes during wound healing. The final phase of
wound healing is characterized by the gradual
replacement of granulation tissues by connective
tissue. This process also requires locally acting
cytokines. However, little is known about the factors
and mechanisms that eventually restrain tissue growth
once the repair process has been completed. The
synthesis of collagen and proteinase inhibitors is
stimulated, among other things, by TGF-beta and
related factors. Closing of the wound and the
evolution of a scar is associated with a striking
decrease in cellularity, including disappearance of
typical myofibroblasts. It has been suggested that
cell death by apoptosis is the mechanism responsible
for the evolution of granulation tissue into a scar.
Fetal wound healing is conspicuous for its absence of
scarring. There is some evidence that fetal and adult
fibroblasts display phenotypic differences in terms of
migratory activity, motogenie response to cytokines
and the synthesis of motogenic cytokines, growth
factors , and matrix macromolecules. By manipulating
the actions of growth factord and cytokines, it is
possible to accelerate or modify wound healing. Animal
experiments and also clinical experience have
demonstrated that the topical administration of
various cytokines, including bFGF, EGF, KGF, PDGF,
TGF-beta, either alone or in combination, considerably
accelerates wound healing by stimulating granulation
tissue formation and enhancing
epithelializationSuitable endogenous target compounds
include acute phase proteins of inflammation. Suitable
examples of such proteins and their functions are
provided in table 2. Table 2.The major inducers of
acute phase proteins are ILl, IL6, and TNF. The two
mediators ILl and IL6 have been used to classify acute
phase proteins into two subgroups. Type-1 acute phase
proteins are those that require the synergistic action
of IL6 and ILl for maximum synthesis. Examples of
Type-1 proteins are C-reactiveprotein, serum amyloid A
and alpha-1 acid glycoprotein. Type-2 acute phase
proteins are those that require IL6 only for maximal
induction. Examples of Type-2 proteins are fibrinogen
chains, haptoglobin, and alpha-2-Macroglobulin.
Expression of genes encoding Type-2 acute phase
proteins is suppressed rather than being enhanced
frequently by ILl (Ramadori et al; Fey et al).
Additive, synergistic, co operative, and antagonistic
effects between cytokines and other mediator
substances influencing the expression of acute phase
proteins do occur and have been observed in almost all
combinations. Many cytokines also show differential
effects, inducing the synthesis of one or two acute
phase proteins but not others. For example, Activin A
induces a subset of acute phase proteins in HepG2
cells. Bacterial lipopolysaccharides and several
cytokines (mainly ILl, IL6 and TNF but also LIF, CNTF,
oncostatin M, ILl 1, and cardiotrophin-1) are involved
in the induction of SAA synthesis and some of these
cytokines act synergistically (Benigni et al). ILl and
also IFN-gamma reduce some of the effects of IL6. Some
of the effects of IL2 and IL6 are antagonized by
TGF-beta. The combined action of two or even more
cytokines may produce effects that no factor on its
own would be able to achieve. In cultured HepG2
hepatoma cells ILl, IL6, TNF-alpha and TGF-beta induce
the synthesis of antichymotrypsin and at the same time
repress the synthesis of albumin and AFP
(alpha-Fetoprotein). The synthesis of fibrinogen is
induced by IL6 and this effect is, in turn, suppressed
by ILl-alpha, TNF-alpha or TGF-beta-1 . Suitable
endogenous target compounds include endogenous
compounds involved in haemostasis and coagulation
cascades. Apart from being involved in the regulation
of capillary permeability and vessel tonus the
endothelium of blood vessels plays a decisive role in
maintaining a non-thrombogenic surface by providing
activators and inhibitors of coagulation and
fibrinolysis. The endothelium is also involved in
modulation of various immunological processes. In
endothelial cells ILl induces, among other things, the
synthesis of various colony-stimulating factors, IL6,
TNF-alpha, prostaglandins, platelet activating factor
(PAF), plasminogen activator inhibitor (PAI). An
important endogenous regulator of ILl is PGE2 which
inhibits secretion of ILl and TNF-alpha. TNF-alpha,
among other things, induces the synthesis of tissue
thromboplastin (TPL) which participates in the
formation of the factor X activator complex that
catalyses generation ofthrombin. The complex also
activates factor IX. TNF-alpha also induces the
synthesis of ILl by endothelial cells and this ILl can
also promote production of TPL by endothelial cells.
The synthesis of TNF-alpha can also be induced by ILl
. TNF-alpha and ILl also induce the synthesis of cell
surface antigens. The expression of adhesion molecules
increases adhesion of lymphocytes and leukocytes at
the vessel wall and thus facilitates transendothelial
migration of these cells. TNF-alpha and ILl
down-regulate the Protein C inactivation system by
inhibiting the synthesis of thrombomodulin.
Thrombomodulin complexed with thrombin activates
protein C which can then form complexes with
membrane-bound protein S. These complexes inhibit
factor Va. Activated protein C also neutralizes
plasminogen activator inhibitor (PAI) by complexation.
TNF-alpha and also ILl thus reduce inactivation of
factor Va. Other suitable endogenous target compounds
involved in coagulation include, Kallikrein, Factor
XII, Factor XIb, Factor XI, Factor XIa, Factor IX,
Factor IXa, Factor VIII, Factor Villa, Factor X,
Factor Xa, Factor Va, Factor XIIIa, Prothrombin,
Thrombin, Fibrinogen, Fibrin, Plasminigen, Plasmin.
Suitable endogenous target compounds also include
hormones, such as stress hormones (e.g., Adrenaline,
Adrenocorticotropic hormone, Corticosterone,
Epinephrine, Growth Hormone, Hydrocortisone),
fluid/electrolyte and vascular hormones (e.g.,
Aldosterone, Androstenedione, Vasopressin, Bradykinin,
Calcitonin, Neurotensin), liver and digestive hormones
(e.g., Cholecystokinin, Cholesterol, VIP),
reproductive hormones (e.g., Chorionic Gonadotrophin,
Epogen, Estradiol, Estriol, Estrone, Etiocholanolone,
FSH, Lactogenic Hormone, Lutenizing Hormone,
Testosterone, Oxytocin, Progesterone, Prolactin,
Gonadotrophin), sugar handling hormones (e.g.,
Glucagon, Insulin), thyroid hormones (e.g., T2, T3,
T4, Thyrotropic Hormone, Thyrotropic releasing factor,
TSH, Parathyroid Hormone), bone hormones (e.g., CSF-I,
RANKL, Bone Morphogenic Protein family members), and
other hormones, such as, Thyroid-stimulating hormone
(TSH), Follicle-stimulating hormone (FSH), Luteinizing
hormone (LH), Prolactin (PRL), Growth hormone (GH),
Adrenocorticotropic hormone (ACTH), Antidiuretic
hormone (ADH)(vasopressin), Oxytocin,
Thyrotropin-releasing hormone (TRH),
Gonadotropin-releasing hormone (GnRH), Growth
hormone-releasing hormone(GHRH),
Corticotropin-releasing hormone (CRH), Somatostatin,
Dopamine, Melatonin, Thyroxine (T4), Calcitonin,
Parathyroid hormone (PTH), Glucocorticoids (e.g.,
Cortisol), Mineralocorticoids (e.g., aldosterone),
Androgens (e.g., testosterone), Adrenaline
(epinephrine), Noradrenaline (norepinephrine),
Estrogens (e.g., estradiol), Progesterone, Human
chorionic gonadotropin (HCG), Insulin, Glucagon,
Somatostatin, Amylin, Erythropoietin (EPO),
Calcitriol, Calciferol (vitamin D3),
Atrial-natriuretic peptide (ANP), Gastrin, Secretin,
Cholecystokinin (CCK), Somatostatin, Neuropeptide Y,
Ghrelin, PYY3-36, Insulinlike growth factor- 1
(IGF-I), Angiotensinogen, Tlirombopoietin, Leptin,
Retinol Binding Protein 4, and Adiponectin. Further
suitable hormones are listed in Table 3. TABLE
3.Control system for an articulated manipulator arm
The present invention relates to a control system for
an articulated manipulator arm, the manipulator arm
having at least three degrees of freedom, preferably
including at least two of a pivot axis, a rotational
axis and a translational axis. Every joint or moveable
axis on the manipulator arm is referred to as a degree
of freedom. Manipulator arms are frequently used to
perform operations that a person is unable to carry
out unassisted or in environments that are too
hazardous and/or inhospitable for the presence of a
human operator, such as in deep sea or offshore
operations, areas exposed to high levels of radiation
or extra-terrestrial environments . Such manipulator
arms are usually controlled by a human operator
working in a safe location remote from the manipulator
arm, usually viewing the manipulator arm and its
surroundings via a video link.Manipulator arms are
used on subsea vehicles known as ROVs (remotely
operated vehicles) . ROVs are used for a variety of
purposes, including salvage and rescue operations,
pipeline laying and maintenance operations and other
subsea activities at depths far beyond that which can
be reached by divers . Such devices commonly operate
at depths of 3000 metres or more. The manipulator arm,
and other functions of an ROV are usually remotely
controlled by an operator on a surface vessel from
which the ROV is deployed. A typical manipulator arm
is shown in Figure 1 . The manipulator arm 1 comprises
a base 2 mountable on a 



structure, such as the body of an ROV, an upper arm
segment 3 pivotally attached to the base 2 for
rotation about a shoulder slew axis A and a shoulder
pitch axis B , a first forearm segment 4 pivotally
attached to the upper arm segment 3 for rotation about
an elbow pitch axis C , a second forearm segment 5
rotatably mounted on the first forearm 4 segment for
rotation about a forearm rotation or roll axis D , a
wrist segment 6 pivotally connected to the second
forearm segment 5 for rotation about a wrist pitch
axis E and a tool segment 7 , having an object
manipulating tool comprising a pair of opposed jaws 8
mounted thereon, the tool segment 7 being rotatably
connected to the wrist segment 6 to permit rotation of
the tool about a tool rotational axis F , the jaws of
the object handling tool being moveable between open
and closed positions. Such arrangement provides six
degrees of freedomproviding a large operational
envelope allowing a wide range of manipulation
operations t o be carried out . Movement of the
manipulator arm is usually driven by hydraulic
actuators (not shown) , commonly a combination of
double acting hydraulic cylinders and rotary actuators
connectable to a source of pressurised hydraulic fluid
by means of electrically operated hydraulic solenoid
valves. Each hydraulic actuator is usually associated
with a pair of valves, one for each direction of
movement of the actuator. The hydraulic solenoid
valves are usually mounted on a valve manifold. When
the manipulator arm is mounted on an ROV, the valve
manifold and source of pressurised hydraulic fluid is
usually mounted on the ROV adjacent the manifold.
There are two main known control systems for
controlling the operation of such manipulator arms. A
first control system is commonly known as rate
controlled or "bang-bang control". Simple hydraulic
solenoid valves are controlled by on-off switches
provided at an operator control station. Actuation of
a switch causes a selected valve to open, supplying
hydraulic fluid to an associated actuator and causing
the associated joint of the manipulator arm to move in
a selected direction at a fixed speed (limited by the
flow rate of the valve and subject to the mechanical
geometry) until the switch is released, closing the
valve and stopping movement ofthe associated joint.
The switches are usually provided in pairs, associated
with a simple joystick or toggle, each pair of
switches controlling a pair of valves associated with
a single actuator such that movement of the joystick
or toggle in one direction causes movement of the
associated joint in a first direction and movement of
the joystick or toggle in the opposite direction
causes movement of the valve in a second direction,
opposite to said first direction. Control systems of
the bang-bang type provide slow and crude control of
the manipulator arm and are unsuitable where accurate
and precise control of the manipulator arm is
required. However, such systems are relatively cheap,
reliable and are easy to maintain, requiring no wiring
or electrical components within the manipulator arm,
thus reducing the complexity of the arm thereby
minimising the sources of failure within the arm and
facilitating maintenance of the arm. An improvement on
the simple bang-bang control system comprises the use
of variable rate (proportional) valves in place of
fixed rate hydraulic valves whereby the rate of flow
of hydraulic fluid to the actuators of the manipulator
arm, and thus the speed of movement of the arm, can be
controlled. In known variable rate systems the
variable rate valves are actuated by means of
multiposition switches or potentiometers connected to
joy sticks whereby the speed of movement of a joint
ofthe manipulator arm is proportional to the magnitude
of movement of the joystick away from its home or rest
position. Such systems are more accurate than the
simple bang-bang system, but are still difficult and
time consuming to use, requiring a separate control
input for each joint of the manipulator arm. A more
accurate and intuitive system for controlling a
manipulator arm is the use of position feedback
control. This enables a master arm to be used to
control the manipulator arm (often referred to as the
slave arm) . The master arm is effectively a model or
replica of the manipulator arm, albeit usually on a
smaller scale, the master arm having a number of
articulated segments interconnected by joints, each
joint of the master arm corresponding to a joint of
the manipulator arm to be controlled. Each joint of
the master arm has a position sensor, in the form of a
potentiometer, connected thereto whereby the position
of each segment of the master arm with respect to the
adjacent segments can be determined by a controller.
Similarly, each joint of the manipulator arm is
provided with a position sensor to determine the
position of each segment of the manipulator with
respect to the adjacent segments. When each master arm
joint is moved, a computerised control system senses
the movement and controls the operation of the
proportional hydraulic solenoid valves to move the
corresponding joints of themanipulator or slave arm by
a corresponding or proportional amount, using the
output of the position sensors of the manipulator arm
to determine when sufficient movement has taken place.
Electronic scaling can be used to vary the amount the
manipulator arm moves for a given movement of the
master arm. Feedback control systems provide faster
and more accurate control of the slave manipulator arm
and provide a more intuitive control interface for the
operator. However, the need for position sensors in
each joint of the manipulator arm leads to a
requirement for wiring and other electrical devices
within the manipulator arm. In sub-sea applications,
such electrical devices need to be protected from the
environment in which the arm operates by complex seals
and compensation systems (the filling of any voids or
spaces within the arm with incompressible fluids) .
This greatly increases the cost of the manipulator
arm, creates numerous sources of unreliability
(extensive wiring needs to pass though each joint and
continual flexing of the joints leads to breakage of
such wiring) and increases the complexity and cost of
maintenance procedures. The feedback control system
typicaly requires the use of hydraulic servo valves,
which are more expensive and less tolerant to 



contamination than the simple on-off valves used in
bang-bang systems.An object of the present invention
is to provide the reliability and simplicity of the
bang-bang control system with the accuracy and
intuitive control interface of the feedback control
system. According to the present invention there is
provided a control system for an articulated
manipulator arm, the manipulator arm having at least
three degrees of freedom, said control system
comprising a master controller moveable to replicate
the at least three degrees of freedom of the
manipulator arm; means for determining the rate of
movement of the master controller in each direction
replicating a degree of freedom of the manipulator
arm; and control means for controlling actuation of
the manipulator arm whereby the rate of movement of
the manipulator arm in each of said at least three
degrees of freedom is proportional to the rate of
movement of the master controller in each direction
replicating a degree of freedom of the manipulator
arm. Preferably said at least three degrees of freedom
of the manipulator arm include at least two of a pivot
axis, a rotational axis and a translational axis. In a
preferred embodiment, the master controller comprises
an articulated master arm having a plurality of arm
segments interconnected by joints, each joint of the
master arm corresponding to a joint the manipulator
arm, the master arm having at least three degrees of
freedom corresponding to said at least three degrees
of freedom of the manipulatorarm such that movement of
the master arm can replicate movement of the
manipulator arm. The means for determining the rate of
movement of the master controller in each direction
replicating a degree of freedom of the manipulator arm
may comprise, for each joint of the master arm
corresponding to a joint of the manipulator arm, means
for sensing the relative position of the segments of
the master arm on either side of a the joint and
computing means for calculating the rate of movement
of said segments of the master arm with respect to one
another to determine the rate of movement of the
master arm about the joint of the master arm
replicating a joint of the manipulator. Preferably the
calculating means comprises a differentiator for
differentiating the position data from the position
sensing means to determine the rate of movement of the
segments of the master arm about each joint of the
master arm corresponding to a joint of the manipulator
arm. Preferably the control system further comprises a
plurality of hydraulic actuators mounted on the
manipulator to move the manipulator in each of its at
least three degrees of freedom, each hydraulic
actuator being connectable to a source of pressurised
hydraulic fluid via a variable rate valve, the control
means controlling the opening and closing of the
variable rate valves to control the rate of movement
of the manipulator arm inproportion to the determined
rate of movement of the master controller. The master
controller may include means for selectively
deactivating the control means to permit movement of
the master controller without causing corresponding
movement of the manipulator arm. Preferably the
manipulator arm has at least four degrees of freedom.
In a preferred embodiment the manipulator arm has at
least six degrees of freedom comprising a shoulder
yaw, a shoulder pitch, an elbow pitch, a forearm
rotation, a wrist pitch and a wrist rotation, the
master controller comprising an articulated master arm
having at least five degrees of freedom corresponding
to the shoulder yaw, shoulder pitch, elbow pitch and
forearm rotation of the manipulator arm. The control
system preferably includes means for controlling
operation of an object manipulating tool provided at a
distal end of the manipulator arm. Preferably the
means for controlling the operation of the object
manipulating tool also controls the wrist rotation of
the manipulator arm. The means for controlling the
operation of the object manipulating tool and wrist
rotation of the manipulator arm may comprise a single
joystick mounted on a distal end of the master arm to
permit one handed operation of the master arm.Somewhat
surprisingly, the control system according to the
present invention, based on a velocity master slave
relationship rather than a positional relationship as
with feedback control, has been found to be
practically indistinguishable in operation from a
feedback control system. The control system according
to the present invention is actually more responsive
than a feedback control system as no closed position
control loops are present. This has the effect of
removing any stability issues that can occur in
feedback systems and is only limited in response by
the finite delay inherent in surface to subsea
communications systems, which is not usually
noticeable and is present in all subsea manipulator
systems. The system according to the present invention
provides fast, accurate and precise control of the
manipulator arm while also being as reliable and easy
to maintain as bang-bang systems. An embodiment of the
present invention will now be described with reference
t o the accompanying drawings i n which :- Figure 1 i
s a perspective view of a typical manipulator arm, as
discussed above; Figure 2 is a perspective view of a
typical master arm for use with an embodiment of the
control system of the present invention;Figure 3 is a
schematic illustration of a control system according
to an embodiment of the present invention. As shown in
Figure 2 , the master arm 10 is effectively a model or
replica of the manipulator arm 1 , known as the slave
arm. The master arm 10 has a number of articulated
segments 20, 30, 40, 50, 60 interconnected by joints,
each joint of the master arm 10 corresponding to a
joint of the manipulator or slave arm 1 to be
controlled. In the embodiment described herein the
master arm 10 comprises a base 20, an upper arm
segment 30 pivotally attached to the base 20 for
rotation about a shoulder slew axis A ' and a shoulder
pitch axis B ', a first forearm segment 40 pivotally
attached to the upper arm segment 30 for rotation
about an elbow pitch axis C , a second forearm segment
50 rotatably mounted on the first forearm 40 segment
for rotation about a forearm rotation or roll axis D '
and a wrist segment 60 pivotally connected to the
second forearm 



segment 5 for rotation about a wrist pitch axis E ' .
Each of the pivot and rotational axes A ',B' ,C ,D'
,E' of the master arm correspond to an axis of
movement (i.e. a joint) of the manipulator arm. The
wrist segment 60 of the master arm 10 is provided with
further control means for controlling the rotation of
the object manipulating tool of the manipulator arm
about the tool rotational axis F and for controlling
the operation of the jaws of the object manipulating
tool.Obviously other designs of master arm are
envisaged depending on the type of manipulator arm
which is to be controlled. Other arms may have
different arrangements with more or less degrees of
freedom and may have one or more translational axis of
movement in addition to, or instead of rotary or
pivotal axes . A position sensor, in the form of a
potentiometer, is provided on each joint of the master
arm 1 , the output of the each position sensor being
fed to a computer 100 (see Figure 3 ) which provides a
control signal for the manipulator arm controller 200
which in turn controls operation of the manipulator
arm actuator 300. A position sensor other than a
potentiometer may be used at each joint of the master
arm. The master arm 10 provides a particularly
intuitive and easy to use control interface for the
operator. However, master arms have only been suitable
in the past for position feedback control devices. The
control system according to the present invention
permits the use of a master arm as shown in Figure 2
to control a manipulator arm of the type shown in
Figure 1 , without requiring the manipulator arm to be
provided with any position determining means, such as
potentiometers or other position sensing electronics
(i.e. no position feedback from the manipulator arm is
required) .Figure 3 is a schematic illustration of a
manipulator arm control system according to an
embodiment of the present invention. The master arm 10
and computer 100 are provided at an operator station
110. When the manipulator arm 1 is mounted on an ROV
220, the operator station 110 would be provided on a
surface vessel from which the ROV is deployed, the
operator station 110 being connected to the ROV 220 by
a communications link. Movement of the manipulator arm
1 is driven by a plurality of double acting hydraulic
actuators, either linear or rotary as appropriate,
provided on the manipulator arm and connected to
variable rate hydraulic solenoid valves mounted on a
valve manifold 300. The valve manifold 300 is provided
on the ROV, along with a source of pressurised
hydraulic fluid (usually an electric pump connected to
a reservoir of hydraulic fluid) . A manipulator or
slave arm controller 200 is provided adjacent the
valve manifold 300 for controlling the actuation of
each variable rate valve. With this arrangement, there
are no electronics or vulnerable wiring on the
manipulator arm itself, the actuation means of the
manipulator arm being similar to that of the known
variable rate systems described above, with the
inherent advantages of reliability, low cost and ease
of maintenance. The computer 100 calculates the rate
of change of position of each joint of the master arm
10 bydifferentiating the output signals received from
the position sensors of the master arm 10, thus
determining the rate or speed of movement of each
joint. The computer 100 sends a control signal to the
manipulator or slave arm controller 200, provided on
the ROV, based upon said calculated rate of movement
information. Based upon said control signal the slave
arm controller 200 controls the operation of the
variable rate valves to move each joint of the
manipulator or slave arm 1 at a rate or speed
proportional to the rate of movement of the
corresponding joint of the master arm 10. The computer
100 includes selectable electronic scaling means
whereby the relationship between the rate of movement
of the master arm 10 and the resulting rate of
movement of the manipulator or slave arm 1 can be
varied by the operator between that required for rapid
and large movements of the manipulator arm 1 and that
required to permit small and accurate movements of the
manipulator arm 1 and its object manipulating tool.
The master arm 10 can also b e provided with control
means to selectively freeze the movement of individual
joints or groups of joints o f the manipulator arm
and/or to selectively permit free movement of the
master arm 10 without resulting movement of the
manipulator arm 1 to enable the master arm to be
re-indexed. The wrist segment of the master arm 10
includes control means for controlling rotation of the
object manipulating tool 8 about the tool rotational
axis Dand for controlling operation of the jaws of
thereof. The rotation control may comprise a simple
direction switch controlling rotation of the tool in
either direction at a fixed rate or may control the
rate of rotation of the tool, either by the known
variable rate control method whereby the speed of
rotation is proportional to the displacement of a
control device, such as a joystick or thumb wheel,
from an index position, or by a proportional rate
control whereby the rate of rotation of the tool is
proportional to the rate of movement of a control
device, e.g. a thumbwheel or rotatable section. The
control of the jaws of the tool may be controlled by a
simple two way switch. In one embodiment the tool
rotation control and jaw control may be integrated
into a single joystick whereby movement of the
joystick in a first plane (e.g. forwards and
backwards) causes opening and closing of the jaws of
the tool and movement in a plane normal to the first
plane (e.g. side to side) causes rotation of the tool
about the wrist axis. In an alternative embodiment
(not shown) speed sensors might be provided on each
joint of the master arm to directly measure the rate
of movement of each joint of the master arm, thus
obviating the need to differentiate position
information and simplifying the control algorithms of
the computer 100.In another embodiment, a master
controller other than a master arm might be used, such
as one or more joysticks. The master controller would
be moveable to replicate the movement of each joint
(degree of freedom) of the manipulator arm to be
controlled, the control system including means for
determining the rate of movement of the master
controller in each direction replicating joint of the
manipulator arm, either by directly measuring the rate
of 



movement of the master controller or by sensing the
position of the master controller and calculating the
rate of movement thereof from the positional
information. The computer 100 and manipulator arm
controller 200 would control actuation of the valves
of the valve manifold 300 to control movement of the
manipulator arm whereby the rate of movement of each
joint of the manipulator arm to be controlled is
proportional to the rate of movement of the master
controller in the corresponding direction. Whilst the
present invention has been described applied to a
manipulator arm for use on an ROV in a subsea
environment, the control system according to the
present invention may also be advantageously applied
to a control manipulator arm in a variety of other
applications, such as in the nuclear industry to
operate in areas exposed to high levels of radiation
and in extra-terrestrial applications or any other
application where manipulator arms may be used.In
addition to hydraulic actuators, the control system of
the present invention may be utilised to control
manipulator arms having other actuation means, such as
electric drives (e.g. servomotors, stepper motors) or
pneumatic drives (i.e. air driven actuators) .Claims 1
. A control system for an articulated manipulator arm,
the manipulator arm having at least three degrees of
freedom, said control system comprising a master
controller moveable to replicate the at least three
degrees of freedom of the manipulator arm,- means for
determining the rate o f movement o f the master
controller in each direction replicating a degree of
freedom o f the manipulator arm; and control means for
controlling actuation o f the manipulator arm whereby
the rate of movement of the manipulator arm in each of
said a t least three degrees of freedom is
proportional to the rate o f movement of the master
controller in each direction replicating a degree of
freedom o f the manipulator arm. 2 . A control system
as claimed in claim 1 , wherein said at least three
degrees of freedom include at least two o f a pivot
axis, a rotational axis and a translational axis. 3 .
A control system as claimed in claim 1 or claim 2 ,
wherein the master controller comprises an articulated
master arm having a plurality of arm segments
interconnected by joints, each joint o f the master
arm corresponding to a joint of the manipulator arm,
the master arm having at least three degrees o f
freedom corresponding to said at least three degrees
of freedom o f the manipulatorarm such that movement
of the master arm can replicate movement of the
manipulator arm. 4 . A control system as claimed in
claim 3 wherein said means for determining the rate of
movement of the master controller in each direction
replicating a degree of freedom of the manipulator arm
comprises, for each joint of the master arm
corresponding to a joint of the manipulator arm, means
for sensing the relative position of the segment of
the master arm on either side of the joint and
computing means for calculating the rate of movement
of said segments about said joint to determine the
rate of movement of the master arm about the joint of
the master arm replicating a joint of the manipulator.
5 . A control system as claimed in claim 4 , wherein
the calculating means comprises a differentiator for
differentiating the position data from the position
sensing means to determine the rate of movement of the
segments of the master arm about each joint of the
master arm corresponding to a joint of the manipulator
arm. 6 . A control system as claimed in claims 1 , 2
or 3 wherein the means for determining the rate of
movement of the master controller comprises speed
sensing means capable of sensing the speed of movement
of the master controller in each direction replicating
a degree of freedom of the manipulator arm.7 . A
control system as claimed in any preceding claim
further comprising a plurality of hydraulic actuators
mounted on the manipulator to move the manipulator in
each of its at least three degrees of freedom, each
hydraulic actuator being connectable to a source of
pressurised hydraulic fluid via a variable rate valve,
the control means controlling the opening and closing
of the variable rate valves to control the rate of
movement of the manipulator arm in proportion to the
determined rate of movement of the master controller.
8 . A control system as claimed in any preceding claim
wherein the master controller includes means for
selectively deactivating the control means to permit
movement of the master controller without causing
corresponding movement of the manipulator arm . 9 . A
control system as claimed in any preceding claim
wherein the manipulator arm has at least four degrees
of freedom. 10. A control system as claimed in any
preceding claim wherein the manipulator arm has at
least six degrees of freedom comprising a shoulder
yaw, a shoulder pitch, an elbow pitch, a forearm
rotation, a wrist pitch and a wrist rotation, the
master controller comprising an articulated master arm
having at least five degrees of freedomcorresponding
to the shoulder yaw, shoulder pitch, elbow pitch and
forearm rotation of the manipulator arm. 11 . A
control system as claimed in any preceding claim the
control system including means for controlling
operation of an object manipulating tool provided at a
distal end of the manipulator arm. 12 . A control
system as claimed in claim 11 when dependent on claim
10, wherein the means for controlling the operation of
the object manipulating tool also controls the wrist
rotation of the manipulator arm. 13 . A control system
as claimed in claim 12, wherein the means for
controlling the operation of the object manipulating
tool and wrist rotation of the manipulator arm
comprises a single joystick mounted on a distal end of
the master arm to permit one handed operation of the
master arm. 


