WO 01/ 94585 PCT/ GBOL/ 02477 1 ANTI BODY MOLECULES HAVI NG SPECI CI TY FOR HUMAN
TUMOR NECROSI S FACTOR ALPHA, AND USE THEREOF The present invention rel ates
to an anti aglydamsecul e having specificity for antigeni ecgaimimant s of
human tumour necrosis factor al pha (TNFa), The present 5 invention also
relates to the therapeutic uses of the an*i body nol ecul e and net hods ' for
-produci ng the anti body nol ecule. This invention relates to anti body
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nunber i ng.15Cepeeificdtion execptiwlskibiheradst fliaatetli bodi es is described in European-
patent 30 AnDlTCR] Rabar résidue designations do'bt Hviafs 5EpBu P HRERP Fith et 1 he
- numbering of the amino acid residués. The actual linear amino acid seguenc’e may contain

fewer or additional amino acids than in the strict Kabat'numbcring'corresponding to a

shortening of, or insertion into, a structural component, whether framework or CDR, of the
20 basic variable domain structure. The correct Kabat numbering of residues may be
determined for a given antibody by alignment of residues of homology in the sequence of
the antibody with a “standard” Kabat numbered sequence.
The CDRs of the heavy chain variable domain are located at residues 31-35
(CDRH1), residues 50-65 (CDRH2) and residues 95-102 (CDRH3) according to the Kabat
25 numbering. ) _
_ The CDRs of the light chain variable domain are located at residues --24734
(CDRLY), residues 50-56 (CDRL2)-and residues 89-97 (CDRL3) according to the Kabat
numbering.
Construction of CDR-grafted antibodies is described in European Patent
30 Application EP-A-0239400, which discloses a process in which the CDRs of a mouse
monoclonal antibody are grafted onto the framework regions of the variable domains of a.

human immunoglobulin by site directed mutagenesis using long oligonucleotides. The



monocl onal antibody are grafted onto the framework regions of the variable
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arthritis,1%r ohn' sA ausbersef reyiaws: diseussing GIDR-grafteth antihedies dage de¢re paldisked, M ce
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devel op a spol;t gﬁieu us g-l'r%'lggtdﬂs@quct [ %&%Aﬂﬁe‘[@?% Fgé\lrﬁggséénbl i ng rheumat oi d
arthritis (Kaffer TNFoais.a pré&iifl@aminatory @ytokige that $08éased B and inteliess with tdilso€f or e
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305- 311, 1987iipopEIysactagdesI(LIPSE of BRAS haale B&&dﬁaodA@sucag@Nmtappears to be an

20 endogenous mediator of central importance involved in the development and pathogenesis

of endotoxic shock associated with bacterial sepsis. TNFo has also been shown to be up-

regulated in a number of human diseases, inciuding chronic diseases such as rheamatoid

arthritis, Crohn’s disease, ulcerative colitis and multiple sclerosis. Mice transgenic for

buman TNFo. produce high levels of TNFo constitutively and develop a spontaneous,

25 destructive polyarthritis resembling rheumatoid arthritis (Kaffer et al., EMBO J., 10, 4025-
4031, 1991). TNFo. is therefore referred to as a pro-inflammatory cytokine.

Monoclonal antibodies against TNFo have been described in the prior art. Meager

et al., (Hybridoma, 6, 305-311, 1987) describe murine monoclonal antibodies against

| 6, 359-370, 1987) describe the use of
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recombinant TNFo.. Fendly et al., (Hybridoma,
30 murine monoclonal antibodies against recombinant TNFo in defining neutralising epitopes
on TNF. Shimamoto et al., Immunology Letters, 17, 311-318, 1988) describe the use of
murine monoclonal antibodies against TNFy and their use in preventing endotoxic shock in

mice. Furthermore, in International Patent Application WO 92/11383, recombinant



reconbi nant TNFa. Fendly et al., (Hybridoma, 6 359-370, 1987) describe the
use of 30 nurine nonocl onal antibodi es agai nst reconbi nant TNFa in defi'ni ng
neutr al i siwigoasgsopes on TNF. Shimanoto et at., (| munetogpoikeedtrers, 17,
311-318, 1988) describe the use of nurigne nonocl onal anti bodi es agai nst
TNFy and their use in preventing endotoxic shock in mce. Furthernore, in
I nternational Patent Application WD 92/11383, reconbi nant WO 01194585
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pr ophyl axgs treatnment of endotoxic shock (Beutler et at., Science,
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in the treatnent, of unat oi d_arthritjs.,apnd, 20 Cr |ses
di scussed in Fel’t‘}ﬁ‘ﬁ?? fev% 911‘%]??‘ %médrﬁ“aﬁ fi‘otheﬁfn(?? ﬂ?‘ﬁ er%‘l'ilg(’d 4127,
1998) , AQr bflipaintsd buffering I 86l Srhetimatoiau Aertigy Wiay TNES, bﬁaanglagemsl&sa?) and

in Fel dman et al ., (Advances_in | mmunol og 64, . 283-350, 199 The

ant i bodi es admivigeged tRatients, sgﬁ%wgtmtrwwlol%ﬁ@ﬁr&é*né‘?%n Jeguce H{p on,
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1208, 1999).
The use of anti-TNFo. antibodies in the treatment of rheumatoid arthritis and

20 Crohn’s disease is discussed in Feldman et al., (Transpiantation Proceedings, 30, 4126-
4127, 1998), Adorini et al., (Trends in Immunology Today, 18, 209-211, 1997) and in
Feldman et al., (Advances in Immunology, 64, 283-350, 1997). The antibodies to TNFo.
used in such treatments are generally chimeric antibodies, such as those described in US-A-
5919452,

25 Two TNFa blocking products are currently licensed for the treatment of rheumatoid
arthritis. The first, called etanercept, is marketed by Immunex Corporation as Enbrel ™. It
is a recombinant fusion protein comprising two p75 soluble TNF-receptor domains linked
to the Fc portion of a human immunoglobulin. The second, called infliximab, is marketed
by Centocor Corporation as Remicade™. It is a chimeric antibody having murine anti-

30 TNFo variable domains and human IgG1 constant domains. .

The prior art recombinant anti-TNFo. antibody molecules generally have a reduced
affinity for TNFo. compared to the antibodies from which the variable regions or CDRs are
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In a second aspect of the present invention, there is provided an antibody molecule

having specificity for human TNF¢, comprising a light chain wherein the variable domain

20 comprises a CDR (as def'méd by Kabat e al., (supra)) having the sequence given as L1 in

Figure 3 (SEQ ID NO:4) for.CDRL1, L2 in Figure 3 (SEQ ID NO:5) for CDRL2 or L3 in

Figure 3 (SEQ ID NO:6) for CDRL3.

The antibody molecule of the second aspect of the present invention comprises at

Jeast one CDR selected from L1, L2 and L3 (SEQ ID NO:4 to SEQ 1D NO:6) for the light

25 chain variable domain. Preferably, the antibody molecule comprises a-t least two and more
preferably all three CDRs in the light chain variable domain.

The antibody molecules of the first and second aspects of the present invention

- preferably have a complementary light chain or a complementary heavy chain, respectively.

| Preferably, the antibody molecule of the first or second aspect of the present

30 invention comprises a heavy chain wherein the variable domain comprises a CDR (as

defined by Kabat et al., (supra)) having the sequence given as H1 in Figure 3 (SEQ ID

NO:1) for CDRH1, as H2’ or H2 in Figure 3 (SEQ ID NO:2 or SEQ ID NO:7) for CDRH2

or as H3 in Figure 3 (SEQ ID NQO:3) for CDRH3 and a light chain wherein the variable



| east one CDR selected fromLl, L2 and L3 (SEQ ID NGO 4 to SEQ ID NO 6) for
the light 25 chain variable domain. Preferably, the antibody nolecule”
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molecule, referred to herein as the chimeric hTNF40 antibody molecule. The chimeric

20 antibody molecule comprises the variable domains of the mouse monoclonal antibody
hTNF40 (SEQ ID NOS:99 and 100) and human constant domains. Preferably, the chimeric
hTNF40 antibody molecule comprises the human C kappa domain (Hieter et al., Cell, 22,
197-207, 1980; Genebank accession number J00241) in the light chain and the human
gamma 4 domains (Flanagan et al., Nature, 300, 709-713, 1982) in the beavy chain.

25 Tn a third alternatively preferred embodiment, the antibody according to either of the

. first and second aspects of the present invention is a CDR-grafted antibody molecule. The
term “a CDR-grafted antibbdy molecule” as used herein refers to an antibody molecule
wherein the heavy and/or light chain contains one or more CDRs (including, if desired, a
hybrid CDR) from the donor antibody (eg. a murine monoclonal antibody) grafted into a

30 heavy and/or light chain variable region framework of an acceptor antibody (e.g. a human
antibody). |

Preferably, such a CDR-grafted antibody has a variable domain comprising human

acceptor framework regions as well as one or more of the donor CDRs referred to above.



hTNF40 (SEQ I D NOS: 99 and 100) and human constant domains. Preferably; the
chimeric HATNF40 anti body nol ecul e conprises the human C kappa donain
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in the light chain and the ‘human ganma 4 dommi ns ‘¢Fl anagan et al., Nature,
300, 709-713, 1982) in the heavy chain. 28 In a third alternativel y
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unusual residues may be changed to more frequently-occurring residues for that acceptor

20 chain class or type. Alternatively, selected residues in the acceptor framework regions may
be changed.so that they. correspond to the residue found. at the same po'sition in the donor
antibody. Such changes should be kept to the minimum necessary to recover the affinity of
the donor antibody. A protocol for selecting residues in the acceptor framework regions
which may need to be changed is set forth in WO 91/09967.

25 Preferably, in a CDR-grafted antibody molecule of the present invention, if the
acceptor ﬁeavy chain has human group 1 framework regions (shown in Figure 2) (SEQ ID
NOS:91, 93, 95 and 97), then the acceptor framework regions of the heavy chain comprise,
in addition to one or more donor CDRs, donor residues at positions 28, 69 and 71
(according to Kabat et al. (supra)).

30 Alternatively, if the acceptor heavy chain has group 1 framework regions, then the
acceptor framework regions of the heavy chain comprise, in addition to one or more donor
CDRs, donor residues at positions 28, 38, 46, 67, 69 and 71 (according to Kabat ef al.
(supra).



not have exactly the sanme sequence as those of the acceptor antibody. For
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to the present inyenti i f the acc of .light chajp _has h n up 1
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t he CDRs Wejafiallé iddinaimk laye jbietivtgda paptizle ditlkero o Sjmibaily othie| leawy andh ightr chminnt
i nvention may conpri se: conpl ete_anti bo | ecul e, having full length
heavy and |VagfRle ggigns may fe ¢ ﬁY"‘ht‘?%ﬁr 86‘%% H@‘Ha‘&ss”&f’?’&B’E‘a‘e'mdi fied Fab,
Fab', F(ab')2 owpdfablyaerbtibods molghile ©hahe) prkerd cinweptionds a Fabn fagmemnr
Preferably the Fab fragment has a heavy chain having the sequence given as SEQ ID
20 NO:111 and a light chain having the séquence given as SEQ ID N0:113. The amino acid
sequences given in SEQ ID NO:111 and SEQ ID NO:113 are preferably encoded by the
nucleotide sequences given in SEQ ID NO:110 and SEQ ID NO:112, respectively.

Alternatively, it is preferred that the antibody molecule of the present invention is a

modified Fab fragment wherein the modification is the addition to the C-terminal end of its
25 heavy chain one or more amino acids to allow the attachment of an effector or reporter
molecule. Preferably, the additional amino acids form a modified hinge region containing
one or two cysteine residue to which the effector or reporter molecule may be attached.
Such a modified Fab fragment preferably has a heavy chain having the sequence given as
SEQ ID NO:115 and the light chain having the sequence given as SEQ ID NO:113. The
30 a;.mino 'a:cid sequence given in SEQ ID NO:115 is preferably encoded by the nucleotide
sequence given in SEQ ID NO:114.
. A preferred effector group is a polymer molecule, which may be a.‘ttached to the
modified Fab fragment to increase its half-life in vivo.



15 dieter; a single chain -antibody, e.g. a.single chain Fv in which the
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hal f-1ife in vivo. WO 01/94,585 PCT/GB01/02477 "8 T ol ynmer nol ecul e may,
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as used her es¢ledted pmtherhtsid of she intended use of the product. Thus, for example, where the

20 product is intended to leave the circulation and penetrate tissue, for example for use in the

treatment of a tumour, it may be advantageous to use a small molecular weight polymer, for
example with a molecular weight of around 5000Da. For applications where the product
remains in the circulation, it may be advantageous to use a higher molecular weight
polymer, for example having a molecular weight in the range from 25000Da to 40000Da.
25 Particularly preferred polymers include a polyalkylene polymer, such as a
poly(ethyleneglycol) or, especially, a methoxypoly(ethyleneglycol) or a derivative thereof,
and especially with a molecular weight in the range from about 25000Da to about
40000Da.
Each polymer molecule attached to the modified antibody fragment may be
30 covalently linked to the sulphur atom of a cysteine residue located in the fragment. The
covalent linkage will generally be a disulphide bond or, in particular, a sulphur-carbon.
bond.



I nclude reactive derivatives, for exanple thiol-selective reactive groups
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Where it is desired to obtain an antibody fragment linked to an effector or reporter

20 molecule, this may be prepared by standard chemical or recombinant DNA procedures in
which the antibody fragment is linked either directly or via a coupling agent to the effector
or reporter molecule either before or after reaction with the activated polymer as
appropriate. Particular chemical procedures include,.for example, those described in WO
93/62331, WO 92/22583, WO 90,195 and WO 89/1476. Alternatively, where the effector

25 or reporter molecule is a protein or polypeptide the linkage may be achieved using
recombmant DNA procedures, for example as described in WO 86/01533 and EP-A-
0392745. _

Preferably, the modified Fab fragment of the present invention is PEGylated (i.e.
has PEG (poly(ethyleneglycol)) covalently attached thereto) according to the method

30 disclosed in EP-A-0948544. Preferably the antibody molecule of the present invention is a
PEGylated modified Fab fragment as shown in Figure 13. As shown in Figure 13, the
modified Fab fragment has a maleimide group covalently linked to a single thiol group in a
modified hinge region. A lysine residue is covalently linked to the maleimide group. To



10 starting materials may be obtained commercially (for exanple from
Shearwat er “Pol ymers Inc., Huntsville, AL, USA) or may be prepared from
commer ci al | oaM@kdgab! € start:ing materials using.conventi gpgleepiieical
procedures. As regards attaching poly(ethyleneglycol) (PEG nvieties,
reference is made to "Poly(ethyleneglyc 0) Chem stry, Biotechnical and
Bi onedi cal Applications”, 1992, J. 15 MIton Harris (ed), Plenum Press,
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Alternatively, procedures of recombinant DNA technology may be used to produce an
20 antibody molecule in which the Fc fragment (CH2, CH3 and hinge domains), the CH2 and
CH3 domains or the CH3 domain of a complete immunoglobulin moélecule has (have) been

replaced by, or has attached thereto by peptide linkage, a functional non-immunoglobulin
protein, such as an enzyme or toxin molecule.

The antibody molecule of the present invention preferably has a binding affinity of

25 at least 0.85x10™° M, more preferably at least 0.75x107’° M and most preferably at least

0.5x10"° M. (@t is worth noting that the preferred humanised antibody molecule of the

present invention, as descriﬁed below, has an affinity of about 0.5x10° M, which is better

than the affinity of the murine monoclonal antibody from which it is derived. The murine
antibody has an affinity of about 0.85x107°M.)

30 Preferably, the antibody molecule of the present invention comprises the light chain

| variable domain hTNF40-gL1 (SEQ ID NO:8) and the heavy chain variable domain.

gh3hTNF40.4 (SEQ ID NO:11). The sequences of the variable domains of these light and

heavy chains are shown in Figures 8 and 11, respectively.
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affinity for TNFa. Such variants can be obtained by a nunber of affinity

mat ur at i on (EPEHIBEYPS) prredegensye pavivelentiberedfe CORs (Yang et al ., J. Mol .

20 The DNA sequence of the present invention may comprise synthetic DNA, for
instance produced by chemical processing, cDNA, genomic DNA or any combination
thereof.

The present invention also relates to ; cloning or expression vector comprising one
or more DNA sequences of the present invention. Preferably, the cloning or expression

25 vector comprises two DNA sequences, encoding the light chain and the heavy chain of the

- antibody molecule of the present invention, respectively.

In a preferred embodiment, the present invention provides an E. coli expression
vector comprising a DNA sequence of the present invention. Preferably the expression
vector is pTTO(CDP870) as shown schematically in Figure 22.

30 The present invention also comprises vector pPDNAbEng-G1 as shown in Figure 19.

General methods by which the vectors may be constructed, transfection methods
and culture methods are well known to those skilled in the art. In this respect, reference is
made to “Current Protocols 'in Molecular Biology”, 1999, F. M. Ausubel (ed), Wiley



Biol ., 254, 392-403, 1995), chain shuffling (Marks et al., Bi o/ Technol ogy,
10, 779-783, 5 1992), use of mutator strains of E. coli (Lowet al., J.

Mol . Biol. “gﬁg,g 9-368, .1996), DNA shuffling (Patten erl,ca)Gm”@H Opr n.
Bi ot echnol ., 8, 724-733, 1997), phage displ ay (Thorrpson et al. . Mol
Biol., 256, ' 77- 88, 1996) and sexual PCR (*¢raneri et al., Nature 391
288-291, 1998). Vaughan et al. (supra) discusses these nethods of affinity
mat ur ati on. r i ng
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fragments such as Fab and F(ab"), fragments, and especially Fv fragments and single chain

antibody fragments, for example, single chain Fvs. Eukaryotic, e.g. mammalian, host cell
expression systems may be used for production of larger antibody molecules, including,

20 complete antibody molecules. Suitable mammalian host cells include CHO, myeloma or
hybridoma cells.

The present invention also provides a process for the production of an antibody
molecule according to the present invention comprising culturing a host cell comprising a
vector of the present invention under conditions suitable for leading to expression of

25 protein from DNA encoding the antibody molecule of the present invention, and isolating
the antibody molecule.

Preferably the process for the production of the antibody molecule of the present
invention comprises culturing E. coli comprising an E. coli expression vector comprising
the DNA sequence of the present invention under conditions suitable for leading to

30 expression of protein from the DNA sequence and isolating the antibody molecule. The
antibody molecule may be secreted from the cell or targeted to the periplasm by suitable
signal sequences. Alternatively, the antibody molecules may accumulate within the cell’s

cytoplasm. Preferably the antibody molecule is targeted to the periplasm. Depending on
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20 antibody ingredients such as xanthines.

The pharmacentical compositions should preferably comprise a therapeutically
effective amount of the antibody of the invention. The term “therapeutically effective
amount” as used herein refers to an amount of a therapeutic agent needed to treat,
ameliorate or preverit a targeted disease or condition, or to exhibit a detectable therapeutic

25 or preventative effect. For any antibody, the therapeutically effective dose can be estimated
initially either in cell culture assays or in animal modelé, usuaily in rodents, rabbits, dogs,
pigs or primates. The animal model may also be used to determine the appropriate
concentration range and route of administration. Such information can then be used to
determine useful doses and routes for administration in humans.

30 The precise effective amount for a human subject will depend upon the severity of
the disease state, the general health of the subject, the age, weight and gender of the subject,”
diet, time and frequency of administration, drug combination(s), reaction sensitivities and

tolerance/response to therapy. This amount can be determined by routine experimentation
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20 A pharmaceutical composition may also contain a pharmaceutically acceptable
carrier for administration of the antibody. The carrier should not itself induce the
production of antibodies harmful to the individual receiving the composition and should not
be toxic. Suitable carriers may be large, slowly metabolised macromolecules such as
proteins, polypeptides, liposomes, polysaccharides, polylactic acids, polyglycolic acids,

25 polymeric amino acids, amino acid copolymers and inactive virus particles.

Pharmaceutically acceptable salts can be used, for example mineral acid salts, such
as hydrochlorides, hydrobromides, phosphates and sulphates, or salts of organic acids, such
as acetates, propionates, malonates and benzoates.

Pharmaceutically acceptable carriers in therapeutic compositions may additionally

30 contain liquids such as water, saline, glycerol and ethanol. Additionally, auxiliary
substances, such as wetting or emulsifying agents or pH buffering substances, may be

present in such compositions. Such carriers enable the pharmaceutical compositions to be
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sal ts, 5¢C ?or solution in, or suspension in, liquid vehicles prior to injection may also be prepared.

Direct delivery of the compositions will generally be accomplished by injection,
subcutaneously, intraperitoneally, intravenously or intramuscularly, or delivered to the
interstitial space of a tissue. The compositions can also be administered into a lesion.
Dosage treatment may be a single dose schedule or a multiple dose schedule.

25 It will be appreciated that the active ingredient in the composition will be an
antibody molecule. As such, it will be susceptible to degradation in the gastrointestinal
tract. Thus, if the composiﬁon is to be administered by a route using the gastrointestinal
tract, the composition will need to contain agents which protect the antibody from
degradation but which release the antibody once it has been absorbed from the

30 gastrointestinal tract.

' A thorough discussion of pharmaceutically acceptable carriers is available in .

Remington's Pharmaceutical Sciences (Mack Publishing Company, N.J. 1991).
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20 be utilised in the therapy of diseases mediated by TNFo. Particularly relevant diseases
which may be treated by the antibody molecule of the present invention include sepsis,
congestive heart failure, septic or endotoxic shock, cachexia, adult respiratory distress
syndrome, AIDS, allergies, psoriasis, TB, inflammatory bone disorders, blood coagulation
disorders, burns, rejection episodes following organ or tissue transplant, Crohn’s disease
25 and autoimmune diseases, such as thyroiditis and rheumatoid- and osteo-arthritis.

Additionally, the antibody molecule or composition may be used: to reduce side
effects associated with TNFo. generation during neoplastic therapy; to eliminate or reduce
shock-related symptoms associated with the treatment or prevention of graft rejection by
use of an anti-lymphocyte antibody; or for treating multi-organ failure.

30 The antibody molecule of the present invention is preferably used for treatment of
rheumatoid- or osteo-arthritis,

The present invention also provides a method of treating human or animal subjects

suffering from or at risk of a disorder mediated by TNFo, the method cbmprising
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CDRs. The term “substantially the same binding affinity” as used herein means at least

20 70%, more preferably at least 85% and most prefei'ably at least 95% of the binding affinity
of the corresponding antibody molecule comprising complete donor CDRs. As noted
above, in certain cases, the affinity of the antibody of the invention may be greater than that
of the donor antibody. The use of a hybrid CDR provides the advantages of reducing the
amount of foreign (i.e. donor) sequence present in the antibody molecule and may increase

25 the binding affinity of the antibody molecule compared to the corresponding antibody
molecule comprising complete donor CDRs. '

Any of the CDRs of the antibody molecule can be hybrid. Preferably CDR2 of the
heavy chain is hybrid in the antibody molecule. '
Preferably the truncation of the donor CDR is from 1 to 8 amino acids, more

30 preferably from 4 to 6 amino acids. It is further preferred that the truncation is made at the
C-terminus of the CDR. ' '

Depending on the sequence of the truncated portion of the CDR and the sequence of

“the different sequence replacing the missing portion, a number of aminoe acid changes may
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nmol ecul e .or conposition may be used: to reduce side effects associated
with TNFa generation during neoplastic therapy; to elimnate or reduce
shock-rel at ed,eSifHat OFFefepbBORi18dsed aMfifdlacid hahsQ2drERialie, Ghord PRYZANI @Nleaét O af t
rejection by wuse of an arti-|ynphocyte antibody; or for freating

nul ti-organ faminqacd cleggesee made 358 mpstasefeably at lepst dgminerasiichenges gemaden i s
preferably used fq -gﬂgg@ﬂbg i -Al J k.1 :

pr esent iﬂvention%a?atsl{lo provi gﬁsﬁegt.gf%ty %&oﬁweﬁégﬁ%ghﬁﬁ%ﬁwgﬁ' ag%ﬁg to
subj ects sufthefirshgpspact of she mventiopkwhskeim the sesond CDRedi thechealny ciraiFdas tthee

met hod compri Sj L A 4 1 ée.ad ni | 0

subj ect anngefsg%ugg TS Wgﬁﬁgﬁﬁﬁ 6(?]#3 héf';gn {lsg%(s:l)zl’z ttrretl)-l'ltla'(‘:rﬂ yer@ ogié:aﬁﬁeéegg%%'eﬁcg%e

i nvention. Thienamantibatyyfrom wbich ipert of the TPRys dsdet. | nventi on may al so be used
in diagnosis, for _ .exanple in.the in viyo diagnosisg and inmagi of . di sease
States | nvol ving JPEFRCER TEPEPE alp brevideRp nicics acid saaience Ao oreses 4% o
provides an autibdagahioleoaleasitlptisiag ARyt CHR af thy Preseht GHEhtioapnpri sing a '
truncat ed donor sequence wherein the m ssin Qortion of the truncated
donor CDR is repl a8@BFERSPL IVERLON 2Jsg Rrovides A SPEesSIRR veahr Fentgining the qugiel acspR
The term 1ohybdueflceCBIRodE the C4htiBETL nidledBIe NSontbriciald £ AyBHid TP of e NREse&DOR
whi ch has been 10 truncated at one or nore positions, for exanple at one or
both of its éM#8U0%he nissing portion of the truncated donor CDR is

repl aced by a dif frg¢ pRkent SAMREGLaliPprbBEES Ahés0 Rl BhRforABdl witihd L QHR of @R The
hybrid CDR has at | east one am no acid change conpared to the conplete
donor CDR THECSGHANERB® - epl aci ng the truncated portion of the CDR can be

any sequence. Prehepably ihi8usP s pRR AP ! frodks FanCPRAIBGRNIIGH dndibbdyPM
the anti body from 15 which the franmework regions of the antibody nol ecul e

are derivdd, makenlegeomprisingnd ihyerid £DR seomprising, qwinging the hestscel cefnthe qareent hat

anti body mol eyl &sh &Q@M&tﬁlklﬁ%ﬁﬁsaﬁ?rﬂlﬁe% retain substantially the same
binding affinity as an antibody nolecul e conprising conplete donor CDRs.

The term "subst anThaprspenthinvensiop 1B fnhes gdeagribed | by 'wag cof dlasirakion cinly mmedbs at
| east

following examples which refer to the accompanying Figures, in which:
Figure 1 shows the framework regions of the human light chain subgroup 1
20 compared to the framework regions of the hTNF40 light chain (SEQ ID NOS:83 to 90);
Figure 2 shows the framework regions of the human heavy chain subgroup 1 and
subgroup 3 compared to the framework regions of the hTNF40 heavy chain (SEQ ID
NOS:91 to 98 and 106 to 109); _ '
Figure 3 shows the amino acid sequence of the CDRs of h'TNF40 (SEQ ID NOS:1
25 to 7), wherein CDR H2’ is a hybrid CDR wherein the C-terminal six amino acids are from
the H2 CDR sequence of a human subgroup 3 germline antibody and the amino acid
changes to the sequence resulting from this hybridisation are underlined;
Figure 4 shows vector pMR15.1; '
‘ Figure 5 shows vector pMR14;
30 Figure 6 shows the nucleotide and predicted amino acid sequence of the murine
hTNF40V1 (SEQ ID NO: 99);
Figure 7 shows the nucleotide and predicted amino acid sequence of the murine
hTNF40Vh (SEQ ID NO:100);



20 70% nore preferably at | east 85% and nost preferably at |east 95% of
the binding affinity of the correspondi ng anti body nol ecul e conpri si ng
conpl ete avnewesfdRs. As noted above, in certain cases,pehiesafokimi ty of the
anti body of the invention may be great e@than that of the donor anti body.
The use of a hybrid CDR provides the advVantages of reducing the anount of
foreign (i.e. donor) sequence present in the antibody nol ecule and may

i ncrease 25 t he Hijinel B RBov fht Mbélyotide ahdpredioted amily auil squénee oPHINF4DEIII0 t he
correspondi ng anti body nolecul e conprising conplete donor CDRs. Any of the
CDRs of the(s%ﬁlmgﬁxrml ecul e can be hybrid. Preferably CDR2 of the heavy
chain is hybrid figyd 5GhGN b aededtidle A8d! pRdicid afnfioadeld/sdgliehct bERTNI400g1. 201 t he
donor CDRis from1l to 8 amno acids, nore 30 preferably from4 to 6 am no
acids. It iSEQUDNGipreferred that the truncation is made at the

Ctermn of t %Jgpﬁ, | SRER tion
of the CéSR and Pﬁ seqﬁ%%ueg?%ag?ﬁegir@%ﬁt seéﬁ%n%@ﬁpg%%ﬂ]ﬁ‘lﬁgy

m ssi ng por¢SEQIP NOxdQkber of amino acid changes may WO 01/ 94585

made, mor o pr et SIS 01 SPF e RS inl pilict i e RliofA USRS 1 °

preferably GEQPA¥D:14);am no acid changes are nmade. A particul ar enbodi nent
of this aspect qf theg iinventi M$<ancanti body according to the first.
aspect of the i \5%'5?&0 W é’?cetl&n:#ﬁef %g'g’cond CDR in the heavy chain has the
5 -sequence gi vdignts1SHQws hedBu@nre T a sohpmni ediled CDIBT0 norprisingra medifiedt i gen

than does t donor . ant i body f. ' art .of. . i dived. -The
present i nviARTagHe CI?BV%‘* %W&@éﬂﬁdyméﬁé&%’r‘%y Lné%eggvﬁ%e C;V\/‘%ﬁﬁ%%t%gelﬂ%eo €5 the
anti body nUlygguatimidelinkes Memithydohi anifDigronp dnhthe plysyd emsidienhesndavalentlyThe
present inventiqn also_proyides.an exptession tor containing the nucleic
acid 10 seﬁ@@?@@@ﬂ?ﬁfﬂ%ﬁﬁi%%éeﬂﬁﬁ% y MP@%‘}S%‘ *conprising a hybrid CDR of
the present i n\Fafikd Dshowd @eqorgdAQY; i nvention al so provides a host cell
transforned with the vector of the prese invention..The. pre

i nventi ol al so preWE das warﬂ&ec@"s%'e‘chr°fttﬁ%ra%?%8ﬁg?'5’ﬁﬂ8?&;aﬁda§{?f ?‘glg(éym 15

nol ecul e conpriog);ng a hybrid CDR conprising culturing the host cell of the
present inventi_on apﬁdshl sol ati n%éﬁ’elsg;ntl body nol ecul e.

Figure OWSs vector p
Figure 17 shows vector pTTO-1;
Figure 18 shows vector pTTO-2;

20 - Figure 19 shows vector PDNAbEng-G1; .

Figure 20 shows the oligonucleotide cassettes encoding different intergenic
sequences for E. coli modifie-d Fab expression (SEQ ID NOS:102 to 105);

Figure 21 shows periplasmic modified Fab accumulation of IGS variants;

Figure 22 shows vector pTTO(CDP870);

25 Figure 23 shows the disease activity score (DAS) in patients treated with different
doses of CDP870 and placebo. Median and IQ ranges are presented for the per-protocol
population with last observation carried forward. Small squares indicate placebo, diamonds
indicate 1 mg/kg, triangles indicate 5 mg/kg and large squares indicate 20 mg/kg;

Figure 24 shows the tender joint count,'swolleli joint count, pain score, assessor’s

30 élobal assessment of disease activity, modified health assessment questionnaire (HAQ), C
reactive protein (CRP) and erythrocyte sedimentation rate (ESR) in patients treated with
different doses of CDP870 and placebo. Median and IQ range are presented for the per-



The present invention is further described by way of illustration only in
the ‘foll ow ng exanples which refer to the acconpanying Figures, in which:
Figure 1 shqubololigsf ranewor k regions of the human Ii ght cme*nﬁﬁyggppup 1

20 conmpared to the framework regions o he hTNF40light chain (SEQ

NCS: 83 to 90); Figure 2 shows the f r anBhor k regi ons of the human heavy
chai n subgroup 1 and subgroup 3 conpared to the framework regions of the
hTNF40 heavprobalipopliaied with 18Sbs8+atlol cBSied AstwhRD St@dll&%gs fAtLE Plade

the am no acid sequence of the CDRs of hTNF40 (SEQ ID 257to 5,

wher ei n CDRiamends jindieat,}, mefks, wprglesindiessd maacgend mﬁ sqaare%méécwmmg&m ds are
from the H2 CDR sequence of a human subgroup 3 gerniline antibody and the
am no acid changes to the sequence resulting fromthis hybridisation are
underlined;EZEQﬂﬁiéﬁi shows vector pMRI5.1; Figure 5 shows vector pMR14; 30
Figure 65$h0m5 the nucl eotide and predicted am no acid sequence of the
murine h NF40V1(SEQ ID NO 99) Figure 7 shows the nucleotide and

predi cted e Jxpmess i Mdaedild D NO 100); WO
01/ 94585 PCT/GBC&/02477 19 Flgure 8 shows the nucl eotide and predicted

am no aci d sequence of hTNF4O-gL1 (SEQ ID NO 8); Figure 9 shows the

nucl eot i de RNA Rreitative froanh TNF4CHsbrsdume0ar of hTNF40-gL2 (SEQ ID NO 9);

5 Figure 10 sho nucl eoti de. an redicte m.no acid sequence of

ghl hTNF40. 4 @‘ﬂ% a5 PFFD “ﬂmgxﬁﬂﬁﬂ@@%ﬁé‘d%ﬂ%ﬁ%g% belewei ct ed
ami no aciiod e@qwmwmmimﬁgﬂmmallﬁe%@d@om L RNAEOIGORn] pbe 16M@Y§, vect or
CTI'L5-gL- Fi ggrrﬁ 2%I}§vvs the structure of a conpound call ed CDP870
conpri si ng qﬂ‘r‘fﬁ’g’F’P( oReseratelayas\pdeeds themixkirg vigorpusly fenidl ent | y
linked via saccﬁau§51ﬂltne1 I@ﬁ%hmoﬁg@nutei VB reqir) dqédd8 ahd &Jgﬁﬁc MiasdsQlepe €ach

anm no group on th S resi due _has covalently “attached to it a nethoxy
PEG r esi dué"%ﬁaé?‘bs}ﬁ % qfvn;u@g%tom minutes in an Eppendorf centrifuge and RNA was

precipitated from the aqueous phase by the addition of an equal volume of isopropanol.

15 After 15 minutes on ice, the RNA was pelleted by centrifugatioh, washed with 70%
ethanol, dried and dissolved in sterile, RNAse free water. The yield of RNA was 400 pg.

PCR Cloning of hTNF40 Vh and V1
cDNA sequences coding for the variable domains of h"TNF40 heavy and light chains
20 were synthesised using reverse transcriptase to produce single stranded cDNA copies of the
mRNA present in the fotal RNA, followed by Polymerase Chain Reaction (PCR) on the
cDNAs with specific oligonucleotide primers.
a) cDNA Synthesis
c¢DNA was synthesised in a 20 pl reaction volume containing the following
25 reagents: 50mM Tris-HCI pH 8.3, 75 mM KC1, 10 mM dithiothreitol, 3 mM MgCl,, 0.5
mM each deoxyribonucleoside triphosphate, 20 units RNAsin, 75 ng random
hexanucleotide primer, 2 pg hTNF40 RNA and 200 units Moloney Murine Leukemia Virus
reverse transcriptase. After incubation at 42°C for 60 minutes, the reaction was terminated
by heating at 95°C for 5 minutes.
30 b) PCR
Aliquots of the cDNA were subjected to PCR using combinations of primers specific
for the heavy and light chains. The nucleotide sequences of the 5’ primers for the heavy and

f’ght chains are shown in Tables 1 and 2 respectively. These sequences all contain, in order, a



Figure 14 shows vector pTTQ; 15 Figure 15 shows the sequence of the OmpA
ol i gonucl eoti de adapter (SEQ ID NO 101); Figure 16 shows vector pACYCl84;
Figure 17 wbowaassector pTTO 1; Figure 18 shows vector prCHesdi/end Figure 19
shows vector pDNAbEng-Gl; Figure 20 shoys the oligonucleotide cassettes
encoding different intergenic sequences for E. ccli nodified Fab
expression (SEQ ID NCS: 102 to 105); Figure 21 shows periplasmc nodified
Fab accunulrestticiionGite kiaffing Fromeladtiies frﬁhglwheS’Zﬁds e\vsequenes GCCGEC@CGM@]D 25

Figure 23 ws, the dise actiyit cor atients t(re

i ferent N2 6 AUYSERE s non i MoBibe MR Absthtign codincas 2 oo
for the permpledfide Yaseddptié Radedpe dehe&]&ﬁéesclﬂﬂﬁd&w&ﬂo@& zﬁﬁbédl KfaBﬁtV@rdll
Smal | squares indicate plagcebo, nds lpgé‘ cate 1 k tr| a | es

i ndi cate 5 S?@gaquesaqfcprq’tglpggflgﬁmgplgglc EFF’E?%é “H‘b/l%l émﬂﬁnt &lralth he

tender | @i nhdFREiRh SeANgb |P%BhdHéa!’ﬁaS&Qié@tNaﬂ?ﬁél'Inﬁiﬁﬁés%ﬂﬁﬂﬁﬁssor s 30 gl obal
assessment of disease acti Vi ty, nodifi ‘ed health assessnment questionnaire

(HAQ, C react iThe 3ppimes are(shiy ingFaglecd T lightyohain 5’@@1%&?4@%@?61@1“8‘2@“( ESR)
in patient %fkﬁeeﬁhﬁédy%%n%%fa%mmﬂefc@?or%eéﬂ?gé ?,%%fg /ngéM? i p&oan and

| Q range are presented for e per WO 01/9458 t ocol
popul at i on thé Vi PCRsragstent:r Thetlieavy chainr3’ printers ang thixt@walesigned taspas theniCcat e

Canaros. i ndrREPR SR be ShEs. gy e SRS 35 AP sEificn 9 o6 dnlfly ° 0°

Chi mer i d0h Eimilg. Afhelfﬁotb}onwﬂ the pfireers ROWtaify epa'x@tsquncfermdm\ﬁd@ folpat indona

Cells Tot aI 1 TNF40 hybri doma cells as

descri bed beg‘\% %%O&ée?‘?és Raﬁr'aé?{m%s}ﬁ%é %"ghysi ol ogi cal saline and

di ssol ved i n RNAhe korilin&iont obmmetﬂﬁesc@eﬂsabove eﬁablenhafRﬁRrp(oﬁu@s for Vheand2 i -
honogenat e SEr e n,vi gor o s and
then | eft )o\ﬁl < be?ﬂa gdlgﬁgc(%%} r%gtgu ) nsglonaqgcé%ué %g%@r l%@gphases
wer e separeht&dnct(mouﬂummungycand ﬂlght dhizingi and tfarsthese @nesEpdmrﬂmprdss&demt rifuge
and RNA

152 3nammalian cells to produce chimeric antibodies of the desired isotype.
Incubations (100 pl) for the PCR were set up as follows. Bach reaction contained
10 mM Tris-HC1 pH 8.3, 1.5 mM MgC1,, 50 mM KCl, 0.01% w/v gelatin, 0.25 mM each
deoxyribonucleoside triphosphate, 10 pmoles 5’ primer mix (Table 4), 10 pmoles 3’ primer
(CL12 (light chain) or R2155 (heavy chain) (Table 3)), 1 pl cDNA and 1 unit Taq
20 . polymerase. Reactions were incubated at 95°C for 5 minutes and then cycled through 94°C
for 1 minute, 55°C for 1 minute and 72°C for 1 minute. After 30 cycles, aliquots of each
reaction were analysed by electrophoresis on an agarose gel. Light chain reactions
containing 5’ primer mixes from light chain pools 1, 2 and 7 produced bands with sizes
consistent with full Iength V1 fragments while the reaction from heavy chain reaction pool 3
25 produced a fragment with a size expected of a Vh gene. The band produced by the light
chain pooi 1 primers was not followed up as previous results had shown that this band
corresponds to a light chain psendogene produced by the hybridoma cell. The band
produced by the light chain pool 7 primers was weaker than the band from the pool 2
primers and therefore was not followed up. Only the band from light chain reaction pool 2,
30 which was the strongest band, was followed up.
c) Molecular Cloning of the PCR Fragments
The DNA fragments produced in the light chain reaction pool 2 were digested with
the enzymes .BstBI and Spll, concentrated by ethanol precipitation, electrophoresed on a



precipitated fromthe aqueous phase by the addition of an equal volune of

| sopropanol”. 15 After 15 mnutes on ice, the RNA was pelleted by
centrifugat iweygaghed with 70% ethanol, dried and di ssolp¢gBoflesieril e,
RNAse free water. The yiel 'd of RNA was 4 g. PCR'doning of hTNF40 Vh and
VI cDNA sequences coding for the variabl € domai ns of hTNF40 heavy and |i ght
chains 20 were synthesised using reverse transcriptase to produce single
stranded cDNA.4% pigassofeltdne DNﬁRthdpﬁmﬂrerrhng'emftélﬂe biaskt elirs RRMdSyeréd| Tmsedvebey

ori Mo s a) G & Henbe i Bt oS F BRee ) et Bgen st SO e
p

cont ai ni ng t hadf m omaglgaaén rrﬁﬁlgﬁ@tvﬁere eREkbrhed Smbi@, cPETLBL 30357 maihdiGds 10
mMdithiothreito MyCl12, 5 nmMeach deoxyri bonucl eosi de

tri phosphat e, r%ﬂwsmu%ﬂqamg%ﬂ cvlsmﬁﬁsqrf&ﬁ%fﬂr 1‘}‘?@%%%5@8?‘? with BetBlapd Splly

hTNFA0 RNAsangpdbhtatives Switd |11Q9&V i At LigAH6R Myére VidaliSed HEURF BF nucleotide

transcri ptase. After I ncubation at 42C for 60 m nutes, the reaction was

t erm nat ed bﬂ%@!ﬂgng at 95C for 5 mnutes. 30 b) PCR Ali quots of the cDNA

were subjected to eavy
1 Rt Mo NA a5 pfaag&rdgﬁgﬁrym  rpdcby bBS 1

and |ight chains. nucl eot| de Sequén
and 116t .c hazvmdlamedswnh\ﬂndm TdoApad and elnuedthoethcpm‘Jr\pMRM (Fige&eﬁ)?.hﬁhahces

all contain, 4 |te
starting 7 nuc eofsﬁllg rom g}iwﬁel r gg %éﬁ%géééégen@%smﬁ
NG 12), tdOaIWm\anamsedrwnucleanéﬂ squenpingf the resulting MRNAs, an initi at [ on

codon and 20-30 cIe sed n_the | eader peptide sequences of
known nouse anti bo ws%ﬁdeﬁh%e%%g“%cegm lauences of proteins of

i munol ogi cal i nt Plasmid DNA' frdmila imier of B8lhtes corffaining v ihsers wapéeqingiabd isingd
-and Human S VI ces ervice t Qnal I ngt i of - Heal t h).
The 3' pri rre %ﬁ&#y Sﬁeﬁgﬁl%r@gé PEep drhthe 3y mgjon ﬁ?a}%ﬁatd‘&:ﬂgm?ﬁém\] C
juncti onf of lpMRaMaaiic} Rm(saﬁ?bledmmmspra%es][ﬁslﬁds Qégx@ﬁoﬂjuhﬁnh ’(Drgahhﬂah 43%&1/ me
Spll to il jtate cloni 1 P vy chai '
primers a?g éLh?P?’&fei?P%mHgs %ﬂ?gﬁg%dﬂseftﬁﬁlp}&% L#l@ia?g‘?‘? gf?h% the 'ﬁ*’f?"PB@de
The 3' pri rrerseqmﬁdeudemeav'h ivsert inf eeminibes of allanesl Wée Edbnﬁ@e@ldxbépﬂ'& differéhcedinng-
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isolates arising from the use of different primers from the mixture of oligonucleotides
during the PCR stage. The determined nucleotide sequence and predicted amino acid
20 sequence of the variable domain of the heavy chain of antibody hTNF40 (hTNF40Vh) are
given in Figure 7 (SEQ ID NO:100).
To analyse the light chain clones, the sequence derived from priming with R1053
(see Table 5) and R684 (SEQ ID NO:62) (which primes in the 5° region of human C-kappa
and allows sequencing through the DNA insert on pMRI5.1) was examined. The
25 nucleotide sequence and predicted amino acid sequence of the V1 genes arising from
reactions in pool 2 were similarly anaiysed. Again it was found that the nucleotide
sequences of the V1 insert in a sumber of clones were identical, except for differences in the
signal peptide and J regions, indicating that the clones examined were independent isolates
arising from the use of different primers from the mixture of oligonucleotides used during
30 the PCR stage. The determined nucleotide sequence and predicted amino acid sequence of
) the variable domain of the light chain of antibody hTNF40 (hTNF40V1) are given in Figure .
6 (SEQ ID NO:99).



The conbi nations of prinmers described above enable the PCR products for
Vh and VI to be cloned directly into an appropriate expression vector (see
bel ow) towumduse chineric (nouse-human) heavy and |i gitT/eBmoRey7and f or
t hese genes to be expressed in 15 ma ian cells to produce chineric
anti bodi es of the desired isotype. Incubations (100 pl) for the PCR were
set up as follows. Each reaction contained 10 nmM Tris-HCl pH 8.3, 1.5 nM
MB02, 50 MM KC1, 0.01 %w v gelatin, 0.25 nM each deoxyribonucl eoside
tri phosphat,fA i& ﬂxnol es 5' prinmer mx (Table 4), 10 pnoles 3" priner
(CL12 (ligh B ) or 82155 (heavy chain) (Table 3)), 1 pl cDNA and 1 unit
Taq 20 pol y@ﬁ%@ﬁaeot&@ﬁhbmmmﬁ’&egimomﬁﬁusdhmyaﬁﬁsfor 5 minutes and then
cycled through 94C for 1 mnute, 55C for 1. minute and 72C for 1 m nute.
After 30 cycles, aliquots of each reaction were analysed by

el ectr ODBOVGH% $ S%M?]M@ﬁQAG@G?GﬂEMKg,GMtI?HB’e@EQiIDINO:IB))nt ai nih ng 5'
rmer m xes romi.l I chaln Q0 a e W, t S| Zzes
(I? onsi st ent GHZh fSm&ﬁ%ﬁﬁPﬁ%&%‘éﬁéﬁ?ﬂm@ﬂﬁw@gﬁ@ﬁﬁ%ﬁ% heavy

chai ”'reaCtéﬁﬂzpQ%T(?AﬁégQTMTmAA@?mBﬂSEQMQEPGCt ed of a Vh

gene. The band produced by the Ii%ht chai ngzool 1 gri ners was not followed
up as previQGd4: r SATGE. MACTTHSHEERTCART THEMTE SPEQIBNXLO) 0 a | ght
chai n pseudagenc s RUYRERCEXCHRTCAMIHIRFFrES! [sediieNbany  produced by the
| i ght chai n"pool prinmers was weaker than the band fromthe pool 2

primers @ndCHeer STAKRGCGESTEE DITHF POGUGCIFCT@ANTCRECESRu( NOgi#® chain
reaction p 2, < ' : Yepr 1fg)- C)
Mol ecul ar %9%1%{ na %&q@é&%%%g%ﬁ% ‘gﬁthNT%q‘ rﬁ%nent squljﬁg?jlg;ﬁgdi?)n t he
| i ght chai rCH&ac1AKGAfRMHGTECREAT TEHTFaTCIG3SEQ I NS:26hzymes . Bst Bl and
Spil, conce at pe {ORp b feshgh a Wo
01/ 94585 P(##%EBOEM% 533 % %50 aﬁ‘é@é%ﬁ%ﬂgs i'nﬁt he range of
400 base patHH0 r FARIVCGCAGARTTACATTETCATHCGIBFEQIBNOE® i nto t he vectoor
pPMR15. 1 (Fi . 4) rgﬁ.tﬁm AriGh: tBlho- Spll. After
| i gati onl,(5 r#jg{ﬁ‘r gé'l\t/\c}e@}é rans g’??ré into .T%‘gﬂtsﬁ%@&%aﬁd plasmds from
t he. resul tCHIR DANRSATGGTGTDAASTCITCIGTOLTGIS! (SERSBYNO:24y di gestion with
BstBl and Spll. 5 Representatives with inserts fromeach ligation were
anal ysed furthef by nucleotide sequencing. In a simlar manner, the DNA
fragnments [Bachofce abovehmimeys biscthesequence SUICECECABGCATIGCCHGEACET HEID
H ndl | | an%éag)Ta(ﬁggmqisgngn%.i nto the vector pMR14 (Figure 5) that had

20 |

TABLE 2

Oligonucleotide primers for the 5’ region of mouse light chains.

CL1 : 35’ATGAAGTTGCCTGTTAGGCTGTTGGTGCT3’ (SEQ ID NO:26)
25 CL2 : 5'ATGGAG(T,A)CAGACACACTCCTG(T,C)TATGGGT3’ (SEQ ID NO:27)
C13 : 5’ATGAGTGTGCTCACTCAGGTCCT3’ (SEQ ID NO:28)
CI4 : 5’ATGAGG(G,A)YCCCCTGCTCAG(A,T)TT(C,T)TTGG3’ (SEQ ID NO:29)
CL5 : 5ATGGATTT(T,A)CAGGTGCAGATT(T,A)TCAGCTT3’ (SEQ ID NO:30)
CL5A : 5’ATGGATTT(T,A)CA(A,G)GTGCAGATT(T.A)TCAGCTT3’ (SEQ ID NO:31)
30 CL6 : S5’ATGAGGT(T,G)C(T,C)(T,C)TG(T,C)T(G,O)AG(T,.C)T(T,C)CTG(A,G)G3'(SEQ
ID NO:32) '
CL7 : 5’ATGGGC(T,A)TCAAGATGGAGTCACA3’ (SEQII)NO:33)"



been restricted with H ndTlIl and ApaL Again, representative plasm ds
contdaining'inserts 10 were anal ysed by nucl eoti de sequencing. d)

Nucl eoti de {RfHARGE Analysis Plasmid DNA from a nunber of pigfigai/fs

contai ning Vh inserts was sequenced USIQ%V t he prifrers R1053 (see Table 5)
(which prinmes in the 3 region of the H pronmoter in pMR 14) and R720
(see Table 5) (which primes in the 5° region of human C - gamma 4 and 15
al | ows sequen@i ng :t rPRFETEEGAEAVF, cm%tr)mm@@:@ C)dAICYMlT’IfIQJADXT?dSEQ Ihe
nucl eoti de sequences of the Vh insert Iin a nunber of.clones were
identical, &NQ&#h for differences in the signal peptide and J regions.

Thi's indi catcg_g tha?# ?@R%@Tﬂfb AG@?@@W@?’”@SFQM@@? arising
fromthe use of different I.Mer's m xture onucl eot i des
during the IROst af'ATGTAT. m@mﬁﬁ‘gﬁé&fm&é SEQIBNO: ﬁhd predi ct ed

am no aci equ Ia chai n of

ant i body ﬁTE&“& m%ﬁglwl ﬁ%ﬁ?@i 9§E}(‘§E%ﬁi‘% 100). To

anal yse the Cllllght chaliﬂATGOh@AGT(‘EC}(AqD@n&kQRQAGGﬂTCﬁTmC}IAtGMT Ay (SEQhID
R1053 (see ,gége 5) and R684 (SEQ ID NO 62) (which primes in the 5 region
of human C—%ﬁ and al |l ows sequenci ng t.hrough the DNA insert on pM15. 1)

w?s ﬁxam' ned€LiZBe 3ATGCAGACATATE(TEAGSTATATGTEU(SEQD NOt3I%) af:i d seﬁuenge
of the VI arLs i j 2 r im | arly anal ysed.
Again it vva?iﬁgundgﬁ%éﬂ@ﬁﬁésﬁ¢§£§Gﬂﬁgﬁ§%§\§sﬁmb\ﬂﬁ insert in a
nunbe(rj oﬂoglcmes wm&dmmmbmmmﬁmu?ﬁ?qsmmw@gl)t he signal g
peptide an regi g t the c exan ned_were i ndependent
i sol at es atql-é?ng ?ﬁﬁ#&ﬁﬁ@&%&@&ﬂ@?@ﬁm& s FEQIP NQ4R xture of

ol i gonucl eotdifes: UsmG@ATm@&AﬂGGR@@TﬁAMCCW s mING4B)nucl eot i de

sequence and, predicted am no acid sequence of the variable dOITB.I n of the
light chai n@f74nt PHOTGAREGSASTA VCHAGIECHTEADR3HR B NOs) sEQ 1 D
NOL99) . VO @198585 AIGARBINARIGCTARTFAEHRG QEPmNoeg) | de prirers for

t he 5' egi on of nmouse heavy chai ns
b AT oA A oG OB AR T TCAAI TERRS G’ (8RO ID N0

5' ATGGGATGGAGCT( A, G) TATCAT(C, § (C, T) TCTT3' (SEQ | DNO 14)  CH3
5' ATGAAG( A, T) TGTGGTTAAACTGGGTTTT3' (SEQ | DNO 1 e
5' ATQ( G A) Agﬁrrvam Foaup POmEETIREH seTpce 5'SGKEACTORECEAMGCCGCCACCS’ (SEQ ID

NO:47) added to its 5° end.

20 TABLE 3
Oligonucleotide primers for the 3’ ends of mouse Vh and V1 genes.

Light chain (CL12 ) :
5’GGATACAGTTGGTGCAGCATCCGTACGTTT3’ (SEQ ID NO:48)
25
Heavy chain (R2155):
S’GCAGATGGGCCCTI‘CGTI‘GAGGCTG(A,C)(A,G)GAGAC(G,T,A)GTGA3’
(SEQ ID NO:49)



CH5: 5' ATGGACTCCAGCCTCAAT7TAGITTT3' (SEQ I D NO 17) 10 CH6:

5" ATGECTGIC(C, T) T(G A) (G C) CCT(G A) CTCTTCTG3' (SEQ I D NGO 18) CHr:

5' ATGH G ANGT1eaHSC( G, T) G G A) TCTTT(A, O TCTT3' (SEQ | D NY/GB®)0247CHS:

5' ATGAGAGTGCTGATTCTTI TGTG3' (SEQ | D NO.20) CH9:

5' ATGEH C, A) TTGGGTGTGGA( A, C) CTTGCTATT3! %’gEQ I D NO 21) CH10 :

5' ATGGGCAGACTTACATTCTCATTCCT3' (SEQ | D NO 22) 15- CH 11 :

5' ATCGATTTTEBEEGATTTTTTT" TATTG3' (SEQ I.D NGO 23) CHi2:

5' ATGATGGTGITAAGICTTCTGTACCT3' . SE&%PC%D 24) Each of the above priners has
the sequenc® 5' @@E@M@’F?“Cﬁb@ﬁ BP9 NO 25) added to its 5' end.
20 TABLE 2 digonucleotide prinmers for the 5 region of nouse |ight chains.
CLI : 5" ATGAAGITGCCTGITAGGCTGITGGTGCT3' (SEQ | DNO 26) 25 CL2

5' ATGGAG T, BYotAGAGAEACTCCTG( TC) TATGGGL3' (SEQ I D NO: 27)  CL3

5' ATGAGT@FC%B%CT@}@GI’CCTS' (SEQ ID NG 28) CA:

5' ATGAGH G, OCTCCTCAGA, ) TT(C, T) TTGE' (SEQ ID NGO 29) CL5 :

5' ATGGATTT(fiqohp CAGENBCAGATT( T, A) TCAGCTT3' (SEQ I D NO. 30) CL5A :

5' ATGGATTT( T, £} CARAG GTGCAGATT( T, A) TCAGCTT3' (SEQ ID NO 3 1) 30 CL6 :

5' ATGAGGT(T?‘E?%(T,HC\;S'(T, OTH T, OT(GOAGT, OT(T,OCTG A &' (SEQ ID

NO 32) CL7 poob5 AT@EISA, TLA) CILWRAGATGGAGTCACA3' (SEQ I D NO 33) WO 01/ 945M

PCT/ GBOL /024 éT cLs 5'

ATGTGGGGA(TPCE;, () TTT(T, O C(A O (A C TTTTTCAAT3' (SEQ ID NO 34) CLO :
5' ATGGT( (3 ApsbDT( TCAIZA( G, C) CTCAGTTCCTT3' (SEQ ID N0 35) CL10 :

5' ATGTATATATGITT ymyyocl :

S ATAACPNT PR e RS % G 3 cids, cuis, cLie, cLi7c

5' ATG( A, G AGT( T, C) (A, T) CAGAOOOAGGTCTT(T, O (A O T3' (SEQ ID NO 38) CL12B:

> A A A A AT T ] R i3 for hdavy chatt PO hedctons

15 pooll : CHI,CH2, CH3, CH4.
"pool 2 : CHS5, CH6, CH7, CHS.
pool3 : CH9, CH10, CHI1, CHI2.

Table 5

20 Primers used in nucleotide sequence analysis

R1053 : 5’GCTGACAGACTAACAGACTGTTCC3’ (SEQ ID NO:50)
R720 : . 5’°GCTCTCGGAGGTGCTCCT3’ (SEQ ID NO:51)

25 Evaluation of Activities of Chimeric Genes
The activities of the chimeric genes were evaluated by expressing them in
mammalian cells and purif.ying and quantitating the newly synthesised antibodies. The
methodology for this is described below, followed by a description: of the, I_)iochemical and
cell based assays used for the biological characterisation of the antibodies.
30 a) Production of Chimeric hTNF40 Antibody Molecule
Chimeric antibody for biological evaluation was produced by transient expression.
of the appropriate heavy and light chain pairs after co-transfection into Chinese Hamster

Ovary (CHO) cells using calcium phosphate precipitation.



CL13 5' ATGGATTCACAGGO00AGG TCTTAT3' ( EQI NO 40) 10 CL14

5' ATGATGAGTCCTGI00AGTTCCTGIT3' (SEQ | D NO 1) CL15

5' ATGAATTT TCTCTTGGTGCT3' (SEQ I D NO 42) CL16

5 ATGGATTT'IC'@@ CCTCATCTCCTT3' (SEQ ID NO 43) CL17A: Cresetons
5' ATGAGGTGCCTA( A, G) CT( C, G AGTTCCTG( A, G) G326 (SEQ | D NO 44) CL17B :
5' ATGAAGTACr CTGCTCAOTTTCTAGG3' (SEQ I D NO. -45) 15 CL17C :

5' ATGAGGCATTCTCTT M ﬁgﬁ@ g%?@éﬁgq ' has
t he sequence 5 GG%% %Bj Nggb@%ng 6121 ed to ‘%thgmé'{‘éend.
20 TABLE 3 Oiiypsinised, diet deliecqunicdund T7 Dflaskhieet 8p eaehwith a0 eeblsse Vh and Vi

genes. Lioht Ehalp (CL12), . o QRATAGART Gl GoAG T PO BGER Wi edsBECRP

NO 48) 25 Heavy P

&A@Tmm&@ﬁm%ﬁn@l( HabeGheadpilats Was/réphfeddy mixGizQ 253nl\|6‘1 @25 MO
01/ 94585 PCT/ GBOL/ 02477 25 TX%IT_E 4 a) 5 Priner mgtures for ?sc ain
PCR r eact i 8n<CaGlpeentaining 59 pg ofeash gf heavyand light,chgin exprepsien V”E?G%‘i‘"ﬂﬂ ’gool

5 : CL5A, CL / b
Gua, a5 oty TGS EORC P RS R ety 1008 ‘”%?”éﬁ“é’f.%r

m xt ur es for dipmted tofdi wittPHEOHR anst 4dding inmnedistsly into thepeding-pf therells. After 3
pool ’ho%g 3%m aCE%z incubator, the medium and precipitate were removed and the cells

shocked by the addition of 15 ml 15% glycerol in phosphate buffered saline (PBS) for 1
10 minute. The glycerol was removed, the cells washed once with PBS and incubated for 48-
96 hours in 25 ml medium containing 10 mM sodium butyrate. Antibody could be purified
from the culture medium by binding to and elution from protein A-Sepharose.
b) ELISA
For the ELISA, Nunc ELISA plates were coated overnight at 4°C with a F(ab),
15 fragment of a polyclonal goat anti-human Fc fragment specific antibody (Jackson
Immunoresearch, code 109-_006-098) at 5 pg/ml in coating buffer (15 mM sodium
carbonate, 35 mM sodium hydrogen carbonate, pH 6.9). Uncoated antibody was removed
by washing 5 times with distilled water. Samples and purified standards to be quantitated

were diluted to approximately 1 pg/ml in conjugate buffer (0.1 M Tris-HC1, pH 7.0, 0.1 M
20 NaCl, 0.2% viv Tween 20, 0.2% w/v Hammersten casein). The samples were titrated in
the microtitre wells in 2-fold dilutions to give a final volume of 0.1 ml in each well and the
plates incubated at room temperature for 1 hour with shaking. After the first incubation
step the plates were washed 10 times with distilled water and then incubated for 1 hour as
before with 0.1 ml of a mouse monoclonal anti-human kappa (clone GD12) peroxidase
25 conjugated antibody (The Binding Site, code MP135) at a dilution of 1 in 700 in conjugate
buffer. The plate was washed again and substrate solution (0.1 ml) added to each well.
Substrate solution contained 150 pl N,N,N,N-tetramethylbenzidine (10 mg/mi in DMSO),

150 ul hydrogen peroxide (30% solution) in 10 ml 0.1 M sodium acetate/sodium citrate, pH .
6.0. The plate was developed for 5-10 minutes until the absorbance at 630 nm was
30 approximately 1.0 for the top standard. Absorbance at 630 nm was measured using a plate
reader and the concenﬁ‘ation of the sample determined by comparing the titration curves’

with those of the standard.



pool 3 : CH9, CH O CH 1, CH12. Table 5 20 Prinmers used in nucl eotide
sequence anal ysis R1053 5' GCTGACAGACTAACAGACTGITCC3' (SEQ I D NO 50) R720 .
5' CCTCTCCEO®IABILCCT3" (SEQ | D NO 51) 25 Eval uati on of AgtrictoihRg; of
Chineric Genes The activities of the ch| meric genes were eval uated by
expressing themin mammlian cells and Fbun fying and quantitating the

new y synt hesi sed anti bodies. The nethodology for this is described bel ow,
fol l oned by a degeri Rﬁét&%ﬁin&dﬁ‘m obisadits c&%una@ﬁed assays used
for the biol ogi c?l characterisation t he ar@ bodi es a) Production of
Chi meri ¢ hTNke bindingi iptseagtion betwetre "ENF4Q andchuapan DB ywas dnvestigated ising) BIA

eval uati on du QF@( €, r heavy
and light c alﬁ?f’% |r§§a t?tpglgﬁgd g%fp%@e{gﬂ%lnn oy ilfr?]céésae %‘Xl&rtt%&%@gry
(CHO cel | sragiinngf KB40 wap lmospbidised g Sei doktran polymen/@ndit/ Bitbadtace using

PCT/ GBOL/ 02477 e ri t fl asks
of CHOL?% t&%q %ﬁm}%ﬁat@% frﬁ Rc}aév%]{efog’gﬁ@gé%%? E%d’%?‘?@wgas% set up
each with 1@apteed ke endire imass mrensport &ffects veere mitimissdreHoman INF afhdiﬁ@mlt 3

hour s beforetranfectlon t r ansft | t he cal ci um S
bt o1 pi ¢ at ¢ ORSSIHRER T BaisEA s g Ry o ple et S Bfiafon, ng 5o
a% SO]E 1gagg m‘neﬁtﬁa\mn@ﬁdg khegHﬁfecEPEﬁﬂiadS fligaad) bﬁalvgs;l P;mea ef:é:i{ ﬂlm :?ffaae sd5thiid th@I h2t >r<]

: a itre e
DE sy ot e Bstogiaon S 5 KERaRt 3 PO TG A EPRRSS: e OB 50 B of
the cell $o fHNdrdiion bether @hagohﬁ’smmmmxnamcnmmfe , calciRtedPAd WK S Rslue
precipitate were renoved and the cells shocked by the addition of 15 nl
15% gl yceroP"aﬁanﬁ%sphate buffered saline (PBS) for 1 10 mi nute. The
gl ycerol was renoved, the cells washed once with PBS and incubated for 48-
96 hours in 25 m rredl um containing 10 mM sodi um butyrate. Antibody coul d
be purlfledWe culture nedium by binding to and elution fromprotein

A- Sephar osecpR.G Jya ELI SA, Nunc ELI SA plates were coated
overni ght at 4C W|th F(ab)2 15 fra%rrent of a polyclonal goat anti-hunman
Fc fragntht specTheuleolawqrtfé@}nq ob grass dor thenyaridhle sesigns 1pf the bravy qod dight 0938)

at 5 pg/ M {hids QR iHe MANIUD bftfboliy andTikbi? A&H t6 Froduce chimeric (mouse-human) hTNF40
antibodies has been described above. The nucleotide and amino acid sequences of the
murine hTNF40 V1 and Vh are shown in Figuresl 6 a;ld 7 (SEQ ID NOS:99 and 100),
respectively. This example describes the CDR-grafting of the h\TNF40 antibody.
20
CDR-Grafting of hTNF40 Light Chain:
Alignment of the framework regions of hTNF40 light chain with those of the four
- human light chain subgroups (Kabat et al., 1991, supra) revealed that hTNF40 was most
homologous to antibodies in human light chain subgroup 1. Consequently, for constructing
25 the CDR-grafted light chain, the framework regions chosen corresponded to those of the
human group 1 consensus sequence.

A comparison of the amino acid sequences of the framework regions of murine
hTNFA40 and the consensus human group 1 light chains is given in Figure 1 and shows that
there are 22 differences (underlined) between the two sequences. Analysis of the

30 contribution that any of these framework differences might have on antigen binding
identified 2 residues for investigation; these are at positions 46 and 60. Based on this
analysis, two versions of the CDR-grafted light chain were constructed. 'In the first of
these, h"TNF40-gL1 (SEQ ID NO:8), residues 46 and 60 are derived from the hTNF40 light



carbonate, 35 nmM sodi um hydrogen carbonate, pH 6.9). Uncoated anti body was
renmoved by washing 5 tinmes with distilled water. Sanples and purified
standards t gdfodikantitated were diluted to approxi matel ped/gugimsrs N
conjugate buffer (0.1 M Tri:s-HCL, pH 7.0, 0.1 M 20:NaCl, O. 2%v/v Tween 20,
0.2% w v Hammersten casein). The sanples %re titrated in the mcrotitre
wells in 2-fold diIutions to give a final volune of 0.1 m in each well and
the plates i -lq.qug bdars i \Gn r
the first |nc§%gt| on step tﬁ]eﬁ egitz\l/d\g%mv\g‘!sd‘gﬁgl%esﬁunes \?\nﬁthh di getﬁl‘%sleed
wat er and th&ncapnmslldueanhlliemﬁowhiohutrfremtheﬂﬁ’i‘ﬁ‘ﬂ@hﬁmtchal@ 1 m of a nouse .
nonocl onal anti-human kappa (clone GD12) peroxi dase 25 conjugated anti body
(The Binding Site, code MP135) at a dilution of 1 in 700 in conjugate
buffer. The m@mmmamannmmmmmml ution (0.1 n) added to

each well. _ Substrate sol ut.ion . ,tf.u n 150.

N, N, N, N-t ePr amet h ‘E)e‘f??ftfﬂch o ?.ﬂ SD%%S‘ bel%dnpq.e%dr%h&eROIE(g?%l de
(|30% sol ut Id orb)v?ﬂ : fdﬁkoﬁclboﬁﬁ&(w)%mm%ﬂ)%fdl wedlinthe go]tyﬁﬁfaee Chdih RéacfionsThe

pl at e was -devel ope or 5-10 m es {i sor ba 630 30
appr oxi mat el ¥P& Rgt"f assemple 7 Hﬂn?tearmf?%%s&bg ?‘Braﬁlg’@ %éa“g%%ur ed
using a plat %uﬁ&ﬁ@&ﬁaﬁ%&é@aﬁ%ﬁ@iﬁ%hmﬁsothﬁnsﬁmﬂle det er ni ned by
conparing the titration curves, w-th those of the standard. WO 01/ 9458 5

PCT/ GBOL/ 02477 27 c) Determ nation of Affinity constants by Bi aCore
anal ysi s. jhhepbi g ﬁym interaction between hTNF40 and human TNF was
In

i nvesti gat ed u t echnol o An -affl nity purified goa cl onal
ant i body, di 58 Gt ﬁl@'@-”e TAAQ Q;%Aﬁ'ﬂﬁ 1%\%35 ‘fﬁfgﬁﬂ i sed
on the dextr @Q‘f@é B q@ngg ng 5 standard NHSI EDC

chem stry. Iow evel S ?,2% Q500 RU)’ of hTNF40 were captured . to
ensure nass transport effects were mnimsed. Human TNF at dif.ferent

concentrati org’ﬁ E7 sed over the captured. hTNF40 to allow assessment of
[

the associatio néfics. Followi ng the injection of |ligand, buffer was
passed ovdf thATAGAGGAASSAGGECACKETAGAKNGEGECINTE €8ITThe

associ ation 3 ’lﬁﬁ&:’c £ the 10 interacti on between
solid phase t#ﬁl—djl ‘gtﬁuman wer %ﬁ‘ém‘ﬁ? at’'ed, and a KD val ue was
derived. EXAMPLE 1 CDR-G afting of hTNF40 15 The_ nmol ecul ar cl oni ng of
genes for th%ﬁ}g’gﬁﬁﬁf regi ons of the heavy and |ight

5’ TACAGTGCCTCTTTCCTCTATAGTGGTGTACCATACAGGTTCAGCGGATCCG
20 GTAGTGGTACTGATTTCAC3’ (SEQ ID NO:54)

oligo 4 P7985
5’GACAGTAATAAGTGGCGAAATCTTCTGGCTGGAGGCTACTGATCGTGAGGGT
GAAATCAGTACCACTACCG?3’ (SEQ ID NO:55) ‘

oligo 5 P7986:
5’ ATTTCGCCACTTATTACTGTCAACAGTATAACATCTACCCACTCACATTCGGT
CAGGGTACTAAAGTAGAAATCAAACGTACGGAATTC3’ (SEQ ID NO:56)

30 FwdP7981:
" 5’GAATTCAGGGTCACCATCACTTGTAAAGCC3’ (SEQ ID NO:57)



chains of the hTNF40 anti body and their use to produce chineric

(rmouse- human) hTNF40 anti bodi es has been descri bed above. The nucl eoti'de
and am noyasahesggquences of the nurine hTNF40 VI and VPcEGBMambaan in
Figures 6 and 7 (SEQ | D NOS: 99 and 100? respectively. This exanple

descri bes the CDR-grafting of the hTNF 8 anti body. 20 CDR-G afting of
hTNF40 Li ght Chain Alignnent of the framework regions of hTNF40 |ight chain
W th those];;fdﬁgggf our human |ight chain subgroups (Kabat et al., '1991,
supra) reveal ed that hTNF40 was nost _ honol Q@él}é?’ﬂ?ﬁ}sl bodi es in human

li ght chai 9’GABITECSTACDEGATIMHIACTEIAGTY, 25 the CDR-grafted

light chain, the framework regi ons chosen corresponded to those of the
human group 1 consensus sequence. A conparison of the am no aci d seguences
of the frarreworIAP@ircgcﬁomﬂoﬁrukmsetwvmﬂnmsdlqwE%ﬁ@ﬁ@ﬂss-mwl‘gr oup 1

i ght chains | [V Wolh]g d . F- ) i rences
(under 1 Sedfeese AUBRTKED 008 bR AR 0 2SR el Bbory BB Afbcplare 0
ftgatta][l_y gfz?xﬁtﬂﬁsﬁn_ gfwasmwss, HYS(S?,_EMG&@;@@E& @ﬂhpmbhszdli'?ﬁ%.ﬁ?&jmdﬂimmgd 50
identifie resi dues for .investi i,on: re i.0ns n :
Based on tFﬁaﬂlPdé(FP&W%i geactions W%M@?Hﬁé&a’ﬁf’%%ﬁéﬁﬁ 3 .'juf:éﬁag!an wer e
and 60 ar o A e F o tha PTNEAG | bt VIO 01 94565 BCT) GBoLl 0041 26
chain whi | @gmsqﬁba@ﬁﬁﬁ%%ﬂmwﬁeﬁ%Ggég)?%aﬂ%e@‘i‘{e“’&luﬁ%8%"&5‘%@%& huran
CONSENsYy 16%c&RlertEhhstet WaiiReficte®with tieheniEnds/BrEII el $SpINR 4 dppgiptiatehai n.
Construction of CDR- G afted Light Cgliiyl_la hTNF40-gLl . 5 The cons {hu<‘2t7bon of
hTNF40- gL 1 bufferyj Therrepmitipg profiuch 2fas, fipa QresRE 78 20 S6TPICAS F‘h‘g ©
ol i gonucl eqfpi DRAOBRRFD 35 bveded oML gelislicé bl Redtsa ke setdtiGIMSgRact i ons
(PCR) to asse e a truncated grafted Il%f%1 hai n. The as eg%lped fro%grrent

t

| acks the (Eigmepl@yythatdnd previcasly derncdigasted Fpe GUEYINES  HPCADOY VSF

framewor k %@é 1Hi8sih ﬁﬁg%ﬁm sequence and the first 17 amino acids of framework 1.
GAATTCA CACTTGIAAA GTCAGAACGTAGGTACTAAC ?R%%;gﬂ-an ATCAGCAAA3'

( SEQ | DN®: 52) olThgdisgtionmizguwe y3s gsed to transform E. coli strain resulting
ATAGAGAA GG IR P PER T edtfidddd {2t Tifgesid Gud hbicleotide sequencing. The

nucleotide and amino acid sequence of the V1 region of hTNF40-gL1 is shown in Figure 8
(SEQ ID NO:8).

20 Construction of CDR-Grafted Light Chain hTNF40-gL:2. '
hTNF40-gL2 (SEQ ID NO:9) was: constructed using PCR. The following

oligonucleotides were used to introduce the amino acid changes:

R1053: 5’GCTGACAGACTAACAGACTGTTCC3’ (SEQ ID NO:59)
25 .
R5350: 5" TCTAGATGGCACACCATCTGCTAAGTTTGATGCAGCATAGAT
CAGGAGCTTAGGAGC3’ (SEQ ID NO:60)
R5349: 5'GCAGATGGTGTGCCATCTAGATTCAGTGGCAGTGGATCA
30 | GGCACAGACTTTACCCTAAC3’ (SEQ ID NO:61)

R684: 5"TTCAACTGCTCATCAGAT3’ (SEQ ID NO:62)



TTGCTGATACCAGGCTACGT3' (SEQ ID NO 53) oligo 3 P7984: 5'
TACAGTGCCTCTTTCCTCTATAGTGGT GTACCATACAGGTTCAGCGGATCCG 20
GTAGTGGTACTGRaikeds3' (SEQ I D N0 54) oligo 4 P7985 PCTIGBO1/02477
5' GACAGTAATAAGT GGCGAAATCTTCTGGCTGGAGGCTACTGATCGTGAGGET
GAAATCAGTACCACTACCG3' (SEQ I D NO 55) 25 ofd go 5 P7986:

5' ATTTCGCCACTTATTACTGTCAACAGTATAACATCTACCCACTCACATTCGGT

5" GAATTCAGIT CACCATEACHTIPARCCIA PRE S B RS s ) it s 2t ot 8.,

PCT/ GB01/ 02475 i Mg}, BUIAd KCLAANIMCOGY ALelatin,T G237 Tl TeaCll Ugox@ribonucieaeide D

NG 58), . APCRrec s_set_up I.10] I S- pH
8.3, 1.5 nM P %é‘afi %5&88}‘\%9\%3‘ I% 6fﬁ}‘%ﬁsffagﬁ%ﬁ}ﬁﬁéﬂgb’zégﬁﬂé@%Md%b
deoxyril i onughRreq _/)ﬁth@ik@sﬂibﬁétﬁms vrd) GRAIGE thidugh AASE . foP T figute PSR forPy 985,
P7986, 10 pnoles o 980, P7981 and | unit of_ Tag. pol ynerise. Reactlons

were cycl ed oHpwEGdoZe’q der 1 minwe- o, AREC30 Sycles, rrF"}ﬁ’ht’@a%?H was @njlgzed by

mnute. Afterg, 1%)694 a b RRAORPF Iagg ON
an agarose geel’égo S%O%?ﬁc%%ﬁm%ﬁlt &ggﬁggﬁf frﬁ%ﬁ&ﬁe&é{*&% r ecogser ed

usi ng a NErrmMVﬂtdusnwaM@mé&ivered fragnment was restricted -with the

enzyimes BStEL! NG of hodd\ferB 8RS ORdcRleto ook Found BEPERS Hhe b Aghict

was finally electr orese on an agarose gel base pai r
fragment recol,eoathided dhmsMdels-HCI pB 83d.3 miyaMg 13, 130 oM E 1 10.00%) wh- gelain,

Fi 12), had ' I | ith. th . Th
Shove vecdd st e Haementy it Mscligt L atfepcloh oo il WITES and ot
17 am;c no aE i "“53"?“‘1 {zﬁlmiw'Ekl\x/;[L %o;yxﬁéiasEhRehdt@ﬁtémmﬁrri wére ay\amVusAﬂei the PCR,
transform coif. strain nd res co nles ana
regtfl ction &fyREN G §’“§ﬁﬁ ch"j éécﬁ‘gf’é%ﬁ’éﬂc g e‘?’h@" Eﬁ'%d@ncgnd
?QE?\)OI z[a)c:\lg g %ﬁaéq_mﬁedofmh hethaibl. rmieoahﬂi‘ol Holddipfate] bnlas IrSco?&@kayi Berttiffidhteond -

dissolved in the appropriate buffer and restricted with the enzymes BstEIl and Spll. The
15 resulting product was finally electrophoresed on an agarose gel and the 270 base pair DNA
fragment recovered from a gel slice and ligated into the vector pMR15.1 (Figure 4) that had
previously been digested with the same enzymes.
The ligation mixture was used to transform E. coli LM1035 and resulting colonies
analysed by PCR, restriction enzyme digests and nucleotide sequencing. The nucleotide
20 and amino acid sequence of the V1 region of hTNF40-glL2 is shown in Figure 9 (SEQ ID
NO:9).

CDR-Grafting of hTNF40 Heavy Chain
CDR-grafting of h'TNF40 heavy chain was accomplished using the same strategy as
25 described for the light chain. hTNF40 heavy chain was found to be most homologouns to
human heavy chains belonging to subgroup 1 and therefore the consensus sequence of the
buman subgroup'1 frameworks was chosen to accept the h'TNF40 heavy chain CDRs.
To investigate the requirement of a homologous human framework to act as an
acceptor framework for éDR grafting, a second framework, human group-3, was selected
30 to humanise hTNF40 heavy chain.
A comparison of hTNF40 with the two different frameworks region is shown in-
Figure 2 where it can be seen that hTNF40 differs from the human subgroup 1 cdnsensus at

32 positions (underlined) and differs from the human subgroup 3 consensus at 40 positions



20 Construction of CDR G afted Light Chain hTNF40-gL2. hTNF40-gL2 (SEQ ID
NG 9) was constructed using PCR The follow ng oligonucleotides were used
to i ntroduwe sbassan no aci d changes: R1053: 5' GCTGACAGAGDAASEO 47T TCC3'
(SEQ I D NGO 59) 25 R5350: 5" TCTAGATGGCACACCATCTGCTAAGITTGATGCAGCATAGAT
CAGGAGCTTAGGAGC3' (SEQ I D NG 60) R5349:

5' GCAGATGGTGTGCCATCTAGATTCAGTGGCAGTGGATCA 30 GGCACAGACTTTACCCTAAC3' ( SEQ

I D NG 61) erllﬁedTTWmﬁmb&ﬁE%dt NG} féde ManP Haﬁéﬁﬁémtgen

PCT/ G&BO1/ 02477 30 Two reactions, each 20 }d, were set up each contal ning
10 nM Tri s- bindingregidges 28; 38, W%@%znd @bwmnedoasmpwmthg&m%mﬂe@ 25 mv
each deoxyr | L of
R1053/ RSSéOh%?@ l&g%ﬁgﬁgig?fmﬁ #eiva‘i{ tk_gs\nﬂg‘?%szg 2.3 eacm%’g@&’/\ere

cycl ed t hr odyV304€and 78 wemrnﬁamed as %@ﬁmtﬁem gnaﬁed beayy ¢hai@, GhBWTNA404 nut e.
After 30 5Cyﬁinr?%th%%?o%g ﬁue%%' Xé&fﬁr ?rﬁ l'e‘?aﬁﬁ{doa@hgﬁ&% The DR

agar ose gel ragnen S exci sed recovered using
a Mermai d Kgtafteddheayyicliagn, gﬁltﬂ’hlé‘é@4wngtltlgmupsllfta}mwbﬂd to a second round of
PCR. The reaction, 100 }d, contained 10 mM Tris-HC1L pH 8.3, 1.5 mM MyC12,
50 MM KCl, 0.01%w v gelatin, 10 115 of each of the PCR fragnents fromthe
first set oConstasction o CDROG R Heao§ CRARTAININFAGB4 and 2.5 units Taq

pol ymer ase. Reac as_abov fter-the PCR . the

m xture was ext r%‘émr?ﬁggh :qg }\%ﬁ (ﬁr S’%r*ﬁf 'ftAtl?é’nsWW%h?vﬁlmgm and
preci pi tgy edhgmﬁdledﬁaéhathCRTinemet preseate Bf @ RPprepriate\PSmeRC OYEs 6lldMing
centrifugation, solved iin th ppropriate buffer and restricted with

t he enzynes°1§§’ﬂ§l?° eV eapHied e ﬁgﬂr esulting product was finally

el ectrophoresed on an agarose gel and the 270 base pair DNA fragnment
recovered froma gel slice and ligated into the vector pMR1L5.1 (Figure 4)

t hat had pﬁ‘-ﬁ)’?dt&arff/ been digested Wwth the sane enzynes. The ligation

m xture was used to transformE. coli LMLO35 and resulting col onies

anal ysed by PCR restriction enzyne digests and nucl eoti de sequenci ng. The
nucl eot i e olige IR88%ni no aci d sequence of the VI region of hTNF40- glL2 i's

shown in Fi geanSCASEAGERTTCTTAACCTCTGCTCCTGACTGGACCAGCTGCACCTGAG
AGTGCACGAATTC?’ (SEQ ID NO:63)

oligo 2 P7990:
20 5’GGTTAAGAAGCCTGGTGCTTCCGTCAAAGTTTCGTGTAAGGCCTCAGGCTAC
GTGTTCACAGACTATGGTA3’ (SEQ ID NO:64)

oligo 3 P7991:
5'CCAACCCATCCATTTCAGGCCTTGTCCCGGGGCCTGCTTGACCCAATTCATAC
25 CATAGTCTGTGAACACGT3’ (SEQ ID NO:65)

oligo 4 P7995:
5’GGCCTGAAATGGATGGGTTGGATTAATACTTACATTGGAGAGCCTATITATGT
TGACGACTTCAAGGGCAGATTCACGTTC3’ (SEQ ID NO:66)

30
oligo 5 P7992:
5 CCATGTATGCAGTGCGTTGTGGAGGTGTCTAGAGTGAACGTGAATCTGCCCT T
GAA3’ (SEQID NO:67)



NO 9). CDR-Grafting of hTNF40 Heavy Chain CDR-grafting of hTNF40 heavy
chain was acconplished using the sane strategy as 25 described for the

| i ght chai nydilg4e heavy chain was found to be nost honolppgrisaika7y human
heavy chai ns bel onging to subgroup I and therefore the consensus sequence
of the human subgroup' | franmeworks was osen to accept the hTNF40 heavy
chain CDRs. To investigate the requirenent of a honol ogous human franework
to act as an acceptor franework for CDR grafting, a second franework,
human group 3, was selected 30 to humani se hTNF40 heavy .chain. A

conpari son ofolighdR¥99%i t h t he two different franmeworks region is shown in -

Fi gure 2 wher oup 1
consensus at §g¥;6%gg??o%§6 |neggégﬁgbé&??g?gﬂgggﬁ¢¢ﬁﬂ Eﬁﬂyﬁﬂgﬁggroup
3 consensus aAGEGTﬁﬁﬂMﬂBOﬁmQWDEm¥@§585 PCT/ G801/ 02477 31 (underlined).
After analy Is of the contribution that any of these m ght make to antigen
bi ndi ng, si dues 28, 38, 46, 67, 69 and 71 were retained as donor in the

CDR—grafted diganp7obai n ghl hTNF40. 1, using the group I franmework. Residues

COR. gr & t o ﬁ%wgms?@;m%ﬁ@ﬁ%%E@%@%@Mﬁﬁ@%‘%ﬁ&ﬁgﬁé&m&@e

Resi dues 28, 6RCARTAGTACACTGEGETHICATIERYID Notdyy CDR- grafted heavy
chai n, ghl hTNF40. 4 using the group | frarrevvork Constructlon of CDR-Grafted

Heavy Chain ghThTNF40.4 ghl hTNF40.4 (SEQ ID NO 10) was assenbl ed by
subj ecti ngyoovigyd:#9pg2g 10 ol i gonucl eotides to PCR in the presence of the
appropriate primers. The follow n ol i gonucl eoti des were used in the PCR

Group | graf tYCARTHIGHGCAGTGRCAGGTGCA: GTC3’ (SEQ ID NO:70)

5' GAAGCACCAGGCTTCTTAACCTCTGCTCCTGACTGGACCAGCTGCACCTGAG AGTGCACGAATTC3'  ( SEQ
I D NO 63) oligo 2 P7990: 20

5' GGTr AAGAAGERAEEAEET TCCGT CAAAGT TTCGTGTAAGGCCTCAGGCTAC

GTGTTCACAGACTAGRRTME GATACLE R BB A PHAGFCEATH8RQ ID NO:71)
15
' The assembly reaction, 100 pl, contained 10 mM Tris-HC1 pH 8.3, 1.5 mM MgCls,,
50 mM KC1, 0.01% wiv gelatin, 0.25 mM each deoxyribonucleoside triphosphate, 2 pmole
of each of p7989, p7990, p7991, p7995, p7992, p7993 and p7994, 10 pmoles of each of
p7988 and p7987 and 1 unit Taq polymerase. Reactions were cycled through 94°C for 1
20 minute, 55°C- for 1 minute and 72°C for 1 minute. After 30 cycles, the reaction was
extracted with phenol/chloroform (1/1), then with chloroform and precipitated with ethanol.
After centrifugation, the DNA was dissolved in the appropriate restriction buffer and
digested with Apall and Kpnl. The resulting fragment was isolated from an agarose gel
and ligated into pMRI14 (Figure 5) that had previously been digested with the same
25 enzymes. pMR14 contains the human gamma 4 heavy chain constant region when pMR 14
is cleaved with Apall and Kpnl, the cleaved vector is able to receive the digested DNA
such that the 3’ end of the digested DNA joins in reading frame to the 5’ end of the
sequence encoding the gamma 4 constant region. Therefore, the heavy chain expressed
from this vector will be a gamma 4 isotype. The ligaﬁén mixture was used to transform E.
30 coli LM1035 and resulting bacterial colonies screened by restriction digest and nucleotide
sequence analysis. In this way, a plasmid was identified containing the correct sequence

for gh1hTNF40.4 (Figure 10) (SEQ ID NO:10). '



5' CCAACCCATCCATTTCAGGCCTTGTCCCEEEECCTGCTTGACCCAATTCATAC 25
CATAGTCTGTGAACACGT3' (SEQ I D NO 65) oligo 4 P7995: '

5' CECCTGAARDGUMBEACGT TCGATTAATACTTACATTGGAGAGCCTATTTATGT peTiGBO1/02477
TGACGACT17CAAGGGCAGATTCACGITC3' ( SEQ | 1 66) 30 oligo 5 P7992:

5' CCATGTATGCAGTI GCGT TGTGGAGGT GTCTAGAGT GAACGTGAATCTGCCCTT  GAA3' (SEQ ID

NO 67) WO 01/94585 PCT/ GBOL1/ 02477 32 oligo 6 P7993: 5'
CCACAAGCACTGCATACATGGAGCTGTCATCTCTGAGATCCGAGGACACCGC  AGTGTACTAT3' (SEQ ID

NG 68) 5 oljgo,7 P7994: )

5 GAATTOGGTAPRSEREAPR F GRIR Gratied Hears Choin v BIA T CTAG

CACAATAGTACACT GBI KHCISEQSEY NO:1NY. 689 aksenioldd: bg7§1ﬁ§ctin overlapping

5' GAATTCGTGCACTCTCAI LCTGGIC3' (SEQ | D NO 70), Bwd 798g7: .

5' GAATTCGGTS&GB@%%% Jpresengef Erengppropriate (primers.  gEhee falloying
reaction,s 1GfoRhclecti@éitwird@Rd #inedERr i s- HC1 pH 8.3,1.5 MM MC12, 50 nM KC1,
0.01% w v gelatin, 0.25 mM each deoxyri bonucl eosi de tri phosphate, 2 prnole

of each of p7989, p7990, p7991, p7995, p7992, p7993 and p7994, 10 pnol es of
each of p7, aneep7987 and | unit Tagq pol ynerase. Reactions were cycled
t hr ough 94C of 20 mnute, 55C for 1 mnute and 72C for 1 mnute. After
30 cycles, the reaction was extracted with phenol/chloroform (1/1), then
wi th chl oro(;]%Frplﬁggbzpreci pitated with ethanol. After centrifugation, the
DNA was .di ssdl'ved 1n the appropriate restriction buffer and digested with
ApalLl and KPEATCOGCCAGGCTER4CoAECECURECTEACICEATCABGCERAAGETENG gel

and |i gat edAé’Pé@AM’%ﬁ(fﬂ?ﬁd’;ﬁt had previousl'y been digested with

t he same

oligo 2 P8000:
5'TCTCGTGCAGCCTGGCGGATCGCTGAGATTGTCCTGTGCTGCATCTGGTTACG
15 TCTTCACAGACTATGGAA3’ (SEQ ID NO:73)

oligo 3 P8001 _
5’CCAACCCATCCATTTCAGGCCCTTTCCCGGGGCCTGCTTAACCCAATTCATTC
CATAGTCTGTGAAGACGT3’ (SEQ ID NO:74)

20
oligo 4 P7995: )
5’GGCCTGAAATGGATGGGTTGGATTAATACTTACATTGGAGAGCCTATTTATGT
TGACGACTTCAAGGGCAGATTCACGTTC3’ (SEQ ID NO:66)

25 oligo5P7997: )
5’GGAGGTATGCTGTTGACTTGGATGTGTCTAGAGAGAACGTGAATCTGCCCTT
GAA3’ (SEQ ID NO:75)

oligo 6 P7998:
30 5’CCAAGTCAACAGCATACCTCCAAATGAATAGCCTGAGAGCAGAGGACACCGC
AGTGTACTAT3’ (SEQ ID NO:76)



25 enzynes. pMR14 contains the human gamma 4 heavy chain constant region
when pMR14" is cleaved with ApalLl and Kpnl, the cleaved vector is able to
receive thegdj gaaidd DNA such that the 3' end of the di geghrREaha74 0ins in
reading frame to the 5 end of the sequence encoding the ganma 4 const ant
region. Therefore, the heavy chain expres¥ed fromthis vector will be a
gamma 4 isotype. The ligation m xture was used to transformE. 30 coli
LMLO35 and reél !)leggg acterl al colonies screened by restriction digest and
nucl eoti de Jé nce analysis. In this way, a plasm d was identified

cont ai ni ng t AGAATTEGGBACUETGECCOOA G GTITEATCGCATANGATETIGTATECTCDAG

NG 10). WO 01 of CDR-Grafted Heavy -
Chai n gh3hTNé&gggﬁm8§éééT@ﬁgo@%dms as errbl ed by subjecting
over |l apping oligonucleotides to PCRin the presence of the appropriate
prinmers. The fo ng 5' ol i gonucl eotides were used jn the PCR Goup 3
graft oI| FI”‘{?PI'@@A@ P
S GAT@&CAG@E%@@W@S@TWW@@OW GCACGAATTC3
(SEQ ID NG 72) oligo 2 P8000:

5' TCTCGTGCAGCCTGGCGGATCGCTGAGATTGTCCTGTGCTGCATCTGGTTACG 15

TCTTCACAGACT 2. (SEQ I D NO: 73) oli go 3 P8001

5' CCAACCCAT TTTCAGGCCCT TTCCCGEEECCTGCT

CATAGTCTGT GAABABTI CGGIATCETROCTECAG. AﬁT@GAB F@ﬁ@@ 1‘50 71)

GGCCTGAAAT, TGCGT TGGATTAATACTTACATTGGAGAGCCTATTTATGT
TGACGACTTCAAGGGCAGATTCACGTTC3' (SEQ I D NO 66) 25 oligo 5 P7997:

5' GGAGGTATGCTGT TGAGH 3SSANE FETim) CAAGAATETdNQTaViIsSTC] pEARR 1.5aMdigEl2,

NG 75) ol igo 5% 151\74%881, 0.01% wiv gelatin, 0.25 mM each deoxyribonucleoside triphosphate, 2 pmole
of each of p7999, p8000, p8001, p7995, p7997, p7998 and p7993, 10 pmoles of each of

p7996 and p7987 and 1 umit Taq polymerase. Reactions were cycled through 94°C for 1

15 minute, 55°C for 1 minute and 72°C for 1 minute. After 30 cycles, the reaction was

extracted with phenol/chloroform (1/1), then with chloroform and precipitated with ethanol.
After centrifugation, the DNA was dissolved in the appropriate restriction buffer and
digested with ApaLI and Kpnl. The resulting fragment was isolated from an agarose gel
and li.'gated into pMR14 (Figure 5) that had previously been digested with the same

20 enzymes. pMR14 contained the human gamma 4 heavy chain constant region. When
pMR14 is cleaved with Apall and Kpnl, the cleaved vector is able to receive the digested
DNA such that the 3’ end of the digested DNA joins in reading frame to the 5° end of the
sequence encoding the gamma 4 constant region. Therefore, the heavy chain expressed
from this vector will be a gamma 4 isotype. The ligation mixture was used to transform E.

25 coli LM1035 and resulting bacterial colonies screened by restriction digestion and
nucleotide; sequence analysis. In this way, a plasmid was identified containing the correct
sequence for gh3hTNF40.4 (SEQ ID NO:11) (Figure 11).

Production of CDR-Grafted Modified Fab Fragment.

30 A CDR-grafted, modified Fab fragment, based on antibody hTNF40, was
constructed using the E. coli vector pTTO-1. The variable regions of antibody hTNF40 are
,sub-cloned into this vector and the intergenic sequence optimised to create
pTTO(CDP870). The pTTO expression vector is designed to give rise to soluble,



30 5' CCAAGTCAACAGCATACCTCCAAATGAATAGCCTGAGAGCAGAGGACACCOC  AGTGTACTAT3!
(SEQ I D NO. 76) WD 01/ 94585 PCT/ GBOL102477 34 oligo 7 P7993: : :
5' GAATTCGGOGIHIECCCCCAGT AGT CCAT GGCATAAGAT CTGT AT CCT CTAGPCT/GB1/02477
CACAATAGTACACTGCGGTGTCCTC3'  (SEQ | D NO.Q,H) 5 Fwd P7996:

5' GAATTCGTGCACTCTGAGGTTCAGCTGGTC3' (SEQA D NO 78)  Bwd P7987:

5' GAATTCGGTACCCTGGCCCCAGTAGTCCAT3' (SEQ I D NO. 71) 10 The assenbly

reaction, Ilfiplasmitosdcamaletonl 6f rebbriibamt iptsteif-inBE3colil The hdidVBdahites ofShisT™ KCl |
0.01% w v ggl atiin, 0.25 mM each deoxyri bonucl eosi de triphosphate, 2 pnole
of each of RI#&¥Eaen3000, p8001, p7995, p7997, p7998 and p7993, 10 pnol es of

each of p7996 and p(H87 wascydlineniekisthad maimmrdnﬁﬁoﬁd?@aphiamm;euﬁygl ed
e. After

through 94C for 1 15 minute, 55C for. 1 mnute and 72C far 1 m nyte.

50 Cyel e, Tpdict BSOS B bedis petortioh PR G O SRE b S PBId 1) 1 hon

wi th chl @ of orm and mii)eciniwtc@pyedum&e&hoﬁgih@meéplicaﬁeﬁuaﬁveamﬁdﬁﬁsagabnm, the

DNA was dissqlved in I&Ee ﬁ)ﬁr%ﬂri at e, r.estiéciei.on buffer and digested with

ApaLl and RpHeh iseampathle,vith plasmids contajpin i degved 1EPISOPS M an agar ose gel

and ligated into pMRI) ( Ft@ug,anduribleliad promotepfor whmuiplion dfebnedipgeg);ed W th

the same 20 enzynmes. pMR14 contai ned the human gamma 4 heavy chai n const ant

regi on. When pM14 cl A y 0r 1S
(1Y) ¢ lach] gepeyighies %‘éﬂ'l““‘éﬁﬂ‘f’ﬁgﬂ?n ofthe.lag fepERseag PSTR

abl e to reggiiN@intdgaheliad frotttr il Mbrepiisded blafttuntiliaditioR With WA Nalothc@gst ed DNA
joins in reading fra to thg Squ?gnd of the, sequence, encodi ng . the ganma 4
const antl0 egi on. ThefBf or @EPRHEENFh £E3PCRIar rBlEss ppeziplaggic poctshPe rf scl or

will be a %@ : 4nd sotype. The ligation m xture was used to transformE. 25
coi f LMLO35 and resultjng bacterjal colonies screened by restrjctio
di gestion and  nucl eBfl derBagkRaak Eouplin 1 A iR SapeRFe 19 P Zuas
i denti fi ed pepiidenfiving@fidient initiakiogL of ranslaimnce for gh3hTNF40.4 (SEQ I D NO 11)
(Figure 11). Prgduction of CDR- G afied Mdified F F nt. 30. A
DR g1 af Lo, modBe Fetior tertsfeveloped F5 ebStsioncit PRRSRT RN Eskionft feom »
const r uctse didisttondy théseage by disd desige of omethdd (S-sklectlspirically alid @timag inksgeaic
anti body hTNFE40 ar e . . - . .
.sequence from a series of four purpose-built cassettes. The application of this in the

construction of pTTO(CDP870) is described.

Materials and Methods
20 '

DNA techniques :
Standard procedures were used for protocols including DNA restriction, agarose gel

electrophoresis, ligation and transformation. Restriction enzymes and DNA modifying

enzymes were obtained from New England Biolabs or Boehringer Mannheim, and were
25 used according to the supplier's recommendations. . DNA fragments were purified from

agarose using the GeneClean protocol (BIO 101). Oligonucleotides were supplied by

Oswel Oligonucleotide Service and were synthesize& at the 40 nm scale. Plasmid DNA

was isolated using Plasmid DNA Mini / Midi kits from Qiagen. PCR was performed using

Perkin Elmer ‘Amplitaq’ as recommended. DNA sequencing was performed vsing the
30 Applied Biosystems Taq cycle sequencing kit.

Shake flask induction
E. coli W3110 cultures were grown in L-broth supplemented with tetracycline (7.5

pg/mi). For inductions, fresh overnight cultures (grown at 30+<C) were diluted to ODggp of



sub-cloned into this vector and the intergenic sequence optimsed to create
pTTA(CDP870). The pTTO expression vector is designed to give rise to

sol ubl e, WOy d1A4s35 PCT/ GBOL/ 02477 35 periplasnic accugg fi‘%sh-'ﬂ 4?

recombi nant prot ei&%\s in E-“codi. The main features®of this as% are:
(i) tetracycline resistance marker - anti¥iotic not |nact|vated by the
product of resistance gene, hence selection for plasmd-containing cells is

i nt ai ned; in tid 200 Bff 3R W APPE. acfild ﬂ{.sﬂsﬁﬁ $&8! 6501 2P B0€h! PkplmO

plasmdp15 I's conp e Wt m ds tarning col El derived

replicons; (iinqupatet rAhQDsaomeQ:i BPEGtvees aédﬁdrﬁ@tl@ﬂ HM)r Samalns:(mp@ahsvﬂ &1 QPoned

gene(s); (| v) | a gi ves constitutive expression of the |ac
repressor ﬁi‘%aﬂﬁﬂw"&fsm ng the tac pronmoter in the repressed state

until i nduct [ on with PTG/ allolactose; 10 (v) OmA signal sequence -

gi ves perigl nc secretion of cloned gene(s); and (vi) translational
coupling o %m&mauence to a short lacZ peptide, giving efficient
initiation of tragsinatisamplesheery ehilled dnaise tiﬁ:mnnutes/)eﬂhapeellsf werechaovestsd ibyn  of
nodi fi ed Fabfra ment s m.a 15 d|C|stro a
net hod to selcﬁ‘llfl %"Jf QXIng FrRUSBETS I iﬂ"ge"ﬁﬁa 3 F10§dﬂlg:§ré5q§¢%§naaﬂge“ es
of four pur p(EEAblpHI T4)campks ek inchbatedpyrrniglttat 300C athert dlarifiediby cbrgrifugation.
construction of pTTQ(CDP870) is described. Materials and Methods 20 DNA
techni ques Standard procedures were used for protocols including DNA
restrictiao, sscahdsAssgel el ectrophoresis, ligation and transformation.

Restricti

Engl and Bi ol abe. oV BERFFR oA %ﬁ%ﬁ%ﬁ?’fﬁsﬁg %?%5%%09*%§gémhh
supplier's r evenigbineith amizxbum&NAl 6045dPrppind imerating buefifdr] physiblogical sabe; si ng
t he Gened I
a ?gonzgl e§?|P8‘9 @3?\?%%%}@"%’2‘#@ "%ﬁ%\ géu‘g{las?g&ieg?)% %ﬁﬁg@gﬁ? E%Q,DS;,QSV\B
DNA  was i solFab%dhitisdiyrey 2Phglenki WasDied g6 aistahddutidiSakoples Were ner@lly génted RefiRldvas
D o o 142 s BE'plohd LAl cBHRbdd Birer o 618155 Y thoanBDmAFALCTGH B VS

performed Usin
NaCl 0.1 ml Tween-20; 1 ml casein (0.2%)); plates were incubated for 1 hour at room

temperature, with agitation. Plates were washed and dried, then 100 il of anti-human C-

kappa (GD12)-peroxidase was added (diluted in sample conjugate buffer). Incubation was
carried out at room temperature for 1 hour with agitation. Plates were washed and dried,

20 then 100 pl of substrate solution was added (10 ml sodium acetate/citrate solution 1M
pH 6); 100 pl H,O, solution; 100 pl tetramethylbenzidine solution (10 mg/ml in
dimethylsulphoxide)). Absorbance at 630 nm was read 4 - 6 minutes after substrate
addition.

25 Construction of Plasmid pTTO-1

" (@  Replacement of the pTTQ9 Polylinker _
Plasmid pTTQ9 was obtained from Amersham and is shown in Figure 14. An

aliéuot (2 pg) was digested with restriction enzymes Sall and EcoRI, the digest was run on
30 a 1% agarose gel and the large DNA fragment (4520 bp) was purified. Two
oligonucleotides were synthesized which, when annealed together, encode the OmpA
polylinker region shown in Figure 15. " This sc'quencc' has cohesive ends which are
compatible with the Sall and EcoRI ends generated by restriction of pTTQ9. By cloning
this oligonucleotide ‘cassette’ into the pTTQ9 vector, the Sall site is not regenerated, but the



30 Applied Biosystens Taq cycl e sequencing kit. Shake flask induction E
coli WB1 10 cultures were grown in L-broth supplenented with tetracycline
(7.5 pg/ mkpo1daags i nducti ons, fresh overni ght cultures (grsdss730C) were
di l'uted to OD600 of WO 01/94555 PCT/ GB0J102477 36 0.1 into 200 m L-broth
ina 2 L baffled flask and were grown at’ 30-C in an orbital incubator. At
OD600 of 0.5, I PTG was added to 200 M Sanples (normalised for OD) were

t aken az 5i nE&imt Hits - fﬁnﬂ?ﬁﬁhﬁ aghd @asEéﬁfer@%d;[teﬁheCﬂfst us Qnﬁﬂﬁ&msomeeml_@:all Il ed
on ice m nut es) en cells wer arves cen ow ng
r esuspensi o?F‘lF"ﬁlc‘*e?f Fhrfcgl‘ﬂﬁ Oy te-fem {%emm $F}F§X %{){’Hubg%gﬁ? Aelggnoy 1)
sanpl es wer gpdstiab B ST IhedOinpALlg eﬁepqn thﬁian%sﬁiduﬁﬂ Qi@es%&n@ﬁh & Xpgrat i on.
10 Assenbly Ass | fied Fab con(iw Lons, were determ ned by EL] SA

t

a
Pl at es mereM&sTmSéa apd SpU @re FEseRin; L a §W@§ﬂ%mw1ﬂwaw mgzeqs@vﬂi
coating byfie ro;n;myghalse@ieﬁ@& anﬁfﬂré ifndsdOf the smémﬂgemek for%sfeﬂfon‘&%@ﬁdﬂg, 100
Id of sanple was | oae%gs UI’Ierd A5B7 @‘{}' ,olnitially at
2 pg/m, wakhe fyogljsqaucicoudes RS casglle avereanncale ogqtlfeﬁpggmgng 8td 15
across the plaiéutiafios af@bﬁoﬁﬂ emaen&@m tiﬂ i QatefteH tol 9547 ﬁrsﬁmﬁﬁegthen slow
trisam nonet hane; 2.92 Tween- 20;

pl at es wer ec9oHRg 94pem tqrgqerafurﬁogpe appe: W@W@%?Wg@teﬁaﬁtghgﬁ{

Pl at es wer eqigsingd. and rebuitig pldshtinkRBedias, teined PIQUHYT s SeriffcdHADNA
(GD12) - per oxi dase was added (Pdl luted in sarrpl e conjugate buffer).

| ncubat | §h $®ALNCWEr ri ed out at room tenperature for | hour with agitation.
Pl at es were washed and dried, 20 then 100 pl of substrate sol ution was

added (10 so um a ntate/.citr te.solution (0.1 M pH 6); 100 pl H202
sol uti on; mmmsolution(lo ng/ m in

di net hyl sul phoxmain)d pATOel bhan censatictéd By Uigatingaene BNA ﬂragm&trﬁolfm smif t er

The pTToo AT iAdp ook SeRper ritaBl b gl R P PR AR oL amﬁfﬂéw‘if

in Figurs lffom New Brglayd @ioldts, and avesriction @sipésishownlin Figster li6C tAnaliqeont (% pgs Sal |
d EcoRI, th . [ 0 ' :
and FooR! . ACHEAaND ERR A b i AHE SR T befiBE Wil MabY B8P

Nuclease; this treatment creates blunt ends by cutting back 5' base overhangs. Following

phenol extraction and ethanol precipitation, the DNA was restricted with enzyme Pvull,
generating fragments of 2348, 1081, 412 and 403 bp. The 2348 bp fragment was purified
20 after agarose gel electrophoresis. This frag:ﬁent encodes the tetracycline resistance marker
_and the p15A origin of replication. The fragment was then treated with calf intestinal
alkaline phosphatase to remove 5' terminal phosphates, thereby preventing the self-ligation
of this molecule.

An aliquot (2 pg) of plasmid pTQOmp was digested with enzymes Sspl and EcoRlI,
25 and the 2350 bp fragment was purified from unwanted fragments of 2040 bp and 170 bp
following agarose gel electrophoresis; this fragment encodes the transcriptional terminator
region and the lacId gene. Another aliquot (2 pug) of pTQOmp was digested with EcoRI and
Xmnl, generating fragments of 2289, 1670, 350 and 250 bp. The 350 bp fragment,

encoding the tac promoter, OmpA signal sequence and multicloning site, was gel purified.
30 The three fragments were then ligated, using approximately equimolar amounts of
each fragment, to generate the plasmid pTTO-1. All cloning junctions were verified by
DNA sequencing. The restriction map of this plasmid is shown in Figure 17. Plasmid.
pTTO-2 was then created by insertion of DNA encoding the human Ig light chain kappa
constant domain. This was obtained as a Spl I — EcoRI restriction fragment from plasmid



ol i gonucl eoti des were synt hesi zed whi ch, when anneal ed toget her, encode the
OmpA " pol yl'i nker region shown in Figure 15. This sequence has cohesive ends
which are owmmakissl e with the Sall and EcoRl ends gener apeg/chigRei ri ction
of pTT@@. By cloning thiseligonucleoti de cassette' into the pTTQ
vector, the Sall site is not regener at ed38but the WD 01/ 94585

PCT/ GB01/ 02477 37 EcoRl site is maintai ned The cassette encodes the first

13 ami no aci t ' ﬁéﬁgg ddeiHTIeRh ] PR g%ﬁf pIRIDLALR

protei n Omp- ﬁﬁcggze’cagge‘?eg nﬁ)tﬁg I ne ﬁ%adﬁ; ar nomEprl bosone ndi ng s1| tewgf t he
OmA gene. | inEBigdietl8on restriction sites for enzynes Xbal, Mnl, Styl and
Spll are present. The Munl and Sty! sites are within the codi ng regi on of

5- the OmA si gnaI sequence and are |ntended as the 5 cloning sites for
i nsertion of Inpertiog : AY1S : atopth I O rrake up this cassette

heat i ﬁS”?ﬁ*Sdm;?E?fa%?%‘%%1@&‘@%?@’8%nut 5406 el SaBBkEA Bl e

t enper at ur e. ‘r“e'ktme’afmmathecbmﬁspumhngw@m' foh emanimajian e:dlhempmssidnepMEﬂO 11 BeoRl

by DA 10 < ey SRR ot BRI b, T el IR PR KR s 1 o

pTTO- 1. was slmvailnaIMed by Ilgatl ng one DNA fragnent fromplasmd pACYCl84
to two fragnments generated from pTQOrp. Pl asmi d pACYC184 was obtained 15
from New Engl and Bi ol abs, and a restriction map is shown in Figure 16. An
al i quot (20 pg§) privaer: di gested to conpletion with restriction enzyrre Sty!,

then treated vmth R CGCTARR P ds by
cutting back 5' base ov%’?ﬁan’@&e]é i I oCéﬁéGggﬁgl exthr ac I on an gol
precipitati oﬁTGA@AMAM&W@A@A@GCﬂ(SBQ@M9PVUI I gener ati ng
fragments of 2348, 1081, 412 and 403 bp. The 2348 bp fragrrent was purified
20 af'ter agarose gel electrophoresis. This fragnment encodes the

tetracycl i ne3tprinet ancCETGAARECCTEATCAGATHGASHR MINO:3) replication. The

f ragnment s then treated with calf intestinal alkaline phosphat ase to
renove 5' “term nal phosphates, thereby preventing the self-ligation of
this nol ecul e. AnFeilq“qng)PCBZer)r stindgt] zonditionsTHOPROdREtsW m@ﬁp@cﬂxmsteﬁ Veﬂ!zyrres

Sspl and Eco

frggrrents of %ﬂﬁgi}d dé%})&gégel?g?ﬁéﬁn%%nar os% énf E{m&é@%&p or eS| S;
this fr agrreanhbSpléstes REpTFORdeerege thedight Qhemtltnm@ate PEEPGENEHE he | acl 9
gene. Another al i gjoba{aBleHeat R IATONGESHBHIRRAGH Wik L@ B tR"Gme way

20 from the vector pGamma-4. The sequence of the PCR primers is shown below:

5’ primer:
GCTATCGCAATTGCAGTGGCGCTAGCTGGTTTCGCCACCGTGGCGCAAG
CTGAGGTTCAGCTGGTCGAGTCAGGAGGC (SEQ ID NO:81)

3’ primer: GCCTGAGTTCCACGACAC (SEQ ID NO:82)

Following PCR the product was purified, digested with enzymes Nhel and Apal

then sub-cloned into the vector pDNAbEIig—Gl (Figure 19). After verification by DNA

30 sequencing, the heavy chain was restricted with enzyme EcoRI and sub-cloned into the
EcoRI site of pTTOhTNF40L) to create the'E, coli expression plasmid pTTOTNF40).



Xml, generating fragnments of 2289, 1670, 350 and 250 bp. The 350 bp
fragnment, encoding the tac pronoter, OmA signal sequence and mnul'ticloning
site, was weloimses fied. 30 The three fragnents were thempdrigsimesy usi ng
approxi mately equi nol ar anpbunts of eacl, fragnent, to generate the plasmd
pTTO-I. Al cloning junctions were, verTtied by DNA sequencing. The
restriction map of this plasmd is shown in Figure 17. Plasmd pTTO 2 was

then creat egpiiidation of Indéheéic mﬂh@axﬁeh@ab digh | i ght chai n kappa
const ant domal n. IS _was obtal ned as a restriction fragnent

from pl asni d WOIB1he2EES veeie, m@ﬁeéﬁ#fwamm@z om @ digistonicaressiico t he
cor r espondi godihd Ebst i1hPchain then MladP Chain PTREODNA SeqbéielMetwebn FHeAWoSeddd:

I nsertion of humani zed hTNF40 variable regions into pTTO-2 5 The vari abl e
| i ght chai rintergenis seapeneolfS) qampedivepra\ibe dgveh ok cxnsession of ths, heay chaipdyc e’

f rom t he sCOjfe8SMROMd irft of @ik RfiorkPinitHBBIEForRafifle] 2 SORIMEFLAL sMEHE nlay The
OnpA | eader sequence replaces the natjve |g leader. The sequence of "the PCR
priners is resiioRfragsiptinpal eoypling- lﬁ\yq@rthe light ‘and heavy chains, in that the translating

CGCCCCECAAT b il Fofife BieSeciatd Frorh AR RN ateMbnpleting light chain synthesis
CTGACATTCAAATGACCCAGACGCCC (SEQ ID. NO 79) 3' pri ITEI’p Cﬁi TCAGATGG

(SEQ | D NObsfye initjating heayy fhaipamibetier Yeasuensh’ chn’HWt Shing Dal%’i‘@“%f%?:}uct was

purified, %&e&h@&nmg faue @BmBIER %o MBHRNKY CaRsh h&%edh edfRelt, Bd/EanfthSistaddae
purified fragment was then, inserted mﬁ; t he Minl Spll sites of pTTO 2

to creatl® teRg SefypREe é’ﬂ‘&P?f"tPHtl??FWFéBl%? ﬁ%ﬁﬁﬁ@d_ cofRn. e Astsetitleayvy
chai n regl %Bcdﬂfi Ritictive 4O mANAEEoIdithd ATC id ahouieem@%ﬁm\mror, @0 AT éhotiiae
A

vect or [F;ﬁ The sg uence of t he PCR I s _shown helow, 5 primer:
GCTATCGCAA PESTHPEG

reverse applies to the SD.

CTGAGGTTCAGERSSEY Coinpdsiion drlﬂ lN@ﬂB bJ theoIGH it ps p&éfble to modify 1:he]c "
GCCTGAGI TCCA! CA 82 PCR t
di gest ed wiSHRP ?gﬁé'?gg%l?mé ) ‘ﬁh level of Eeav?c ain production’ I is e

15 likely that an optimum rate of translational initiation needs to be achieved to maximise
expression of the heavy chain of a given modified Fab. For example, with one modified
Fab, a high level of expression may be tolerated, but for a different modified Fab with
different amino acid sequence, a high level of expression might prove toxic, perhaps
because of different efficiencies of secretion or folding. For this reason, a series of four

20 intergenic sequences were designed (Figure 20), permitting the empirical determination of
the optimum IGS for the hTNF40-based modified Fab. IGS1 and IGS2 have very short
intergenic sequences (-1 and +1 respectively) and might be expected to give closely
coupled translation; the SD sequences (underlined) are subtly different. These two
sequences will most likely confer a high level of translational initiation. IGS3 and IGS4

25 have a longer distance between start and stop codons (+13) and differ in their sequence
composition; IGS3 has a ‘stronger’ SD sequence. All sequences were studied for
secondary structure (using m/fold program) and ‘optimised’ as far as possible; however,
with tight coupling of translation of the two chains the lack of ribosomal dissociation means
that the mRNA may not be ‘naked’, preventing secondary strcture formation.

30 .

The IGS cassettes shown in Figure 20 have flanking SacI and Munl cloning sites.

They were built by annealing complementary oligonucleotide pairs. A vector fragment was

prepared by digesting pTTO(hTNF40) with Sacl and Notl, and a heavy chain fragment was



t hen sub-cloned into the vector pDNAbEng-Gl (Figure 19). After verification
by DNA 30 sequencing, the heavy chain was restricted with enzyne EcoRl and

sub-cl oned iy Aok EcCoRl site of pTTOhTNF40L) to creat e ppiigemomaeda
expression plasmd pTTO hTNF40). WO 0119458.5 PCT/.GBOL102477 39

Opti mi sation of Intergenic Sectuence for 4bdified Fab Expression In the
pTTO vector, nodified Fab expression occurs froma dicistronic nessage

encoding first light chajin t he i T e he
two genes (iHHERAM .‘@%é’aﬁ@‘ﬂggbﬁﬂ%%(h@@%%wtﬁéﬁcﬁ% ék’(ﬁ@&?’evei g’? He@%{r&ggssi on
of the heavy &8ithed yeForafelicadihg @qiinmlar alnmunts ¢fr tha stwat festrigtion fiagmerts end For
exanpl e, a short intergepLc sequence.ma result in trangl.atj | ,cO I ng-
bet ween the | 3PFXE3 yh@ﬁ#/}’“@gﬁgi P?Is],ea‘fhna‘?/q‘ﬁl?gt 180+ AT t‘Ia"a'?'lﬁrlllg cre?al %og%n%&%my
not fully di ss@fdssbe plakfids PIPOHING4OIGS 1) cPTRO@TNE) IGSB), pITRhTNA0IGSs| S
before initiati nmgzﬁédf@msynt hesis. The “strength' of any Shine
Dal gar no (§D)3)’ I'g site (honolgy to 16S rRNA) can al so have an
effect, as can the distance 10 and sequence conposition between the SD and
t he ATG start _codaon.. The ptent_i' al secondary structure of nRNA around the
ATG i s anot heﬂ‘ﬁ%ﬁﬁﬂlﬁg&g@mm ATG should be in a ‘loop' and not
constrained withinid fos pltmidiivere tiahforir@il GhoEE.a@d sten WBI1Dealthy withhthe by
nodi fyi ng the c¢conposition and l.ength of th GS it .is.ppssible ta mdify
the strengt h°féﬂ“;g‘p PERTETIOP COMHPCY ?ﬁ%ttﬂ?i’t angly S%rﬁar Wgepsé?%péﬁ I 78 ﬁe%:f‘gﬁ{é avy
chai n product T resilis bSa Hpital kepetividpttaredshonst innFiguealle The tdifferesk dntexgemit -
initiation needs to be_achjieved to naxim.se ressd of t heawy chain
of a given no¥ARSICE ¢anfer ‘E%‘?mgféﬁf?ﬁﬂ?n Riof br%?éﬁt?ﬂﬁﬁsgg acggﬁu?a?c% Pﬁfl%lﬁs’?lgvel
of expr essi onpbdifiedBal Mpidlyewiia pedX atfiioufpekt idection] aftap siihidhable Tesdl re¢dvred
different am I d sequence, hi | eve XPI essi Lght. |
toxic, perhap@lspEeRsak: cﬁ'eag“irf’f"g%rf?ﬁ]m%%%ﬂ%?gs%?sg?gglpse’{t}% gt%]s%'%&gﬁ%?ng:
For this reassph level6f syathesif, dsaxpec&l fonclsg enbstationa] renpling fine thesad eanisymts]
(Figure 20 mitti t he enpiri cal erm i e | I for
{ e hFa0Lbali BHPReipefrts Rishky el SERGRL R bGHeion chddCacpPlaS My, |
sequences (- linstaste;Ht appearsdhatithie high leved] ofexgpidssibme iscpoody talerated, siicepetplasaicy -
coupl ed transl atiaon:,the.gD C n |.] e t i I .
These two se?j‘@éeﬁ%%%le\‘fmgf faﬁrﬁg%?%ﬁ&g%?/p%%hﬁﬁs l%&%?)gﬁq#ee%ei o‘#‘ é{ftﬂrgfglﬁrt]g!%altélg?)nal
initiation. |&Rareanot $hoHa), hithapeks at bhgarpadi Bidestivs sbrevladlings seggestngdelt op
codons (+13) and di.ff ' ' YodkEfea JEECTal t'ééﬁs h "
"stronger' S es?glq“d‘é‘r@%' ﬁ?:} gbg{d{&g%gegs Wer e Igat%lr}g(lg}géic%‘“gfbus con%gf;ygusr% Pa‘}:t ure
(usi ng nt f20 dinguatign awith adrigher perki valusc(@25 ng/ml/QD)sbefgre devels fall. Tesgrowih of this

culture continued to 3 hours post induction and reached a higher peak biomass_(not shown).

This is consistent with a lower level of héavy chain synthesis. IGS4 accumulates material

at a slower rate still and fails to reach the high peak of productivity of the other 3

constructs. All IGS variants out-perform the original vector significantly. The hypothesis

25 that the different IGS sequences confer different rates of translational initiation is supported

by these experimental results. For the hTNF40-based modified Fab it appears that a high

‘rate of heavy chain translational initiation is poorly tolerated and is therefore not optimal.

A slower rate, as- conferred by IGS3, results in better growth characteristics and

consequently a better yield accumulates over time.
30 - Following comparison of prodﬁt:tivity in the fermenter the IGS3 construct was
selected as the highest yielding and was termed pTTO(CDP870) — see Figure 22.
The heavy chain encoded by the plasmid pTTO(CDP870) has the sequence given in
SEQ ID NO:115 and the light chain has the sequence given in SEQ ID NO:113.



with tight coupling of translation of the two chains the [ack of ribosonal
di ssociation nmeans that the nmRNA nay not be " naked', preventing secondary
structure Woramgasspn. 30 Cloning of |1GS variants The | GS@Eag&Rlhi®s Shown in
Figure 20 have flanking Sacl and Munl cloning sites. They were built by
anneal i ng conpl ementary ol i gonucl eotide4pairs. A vector fragnent was
prepared by digesting pTTQ hTNF40) with Sac! and Not!, and a heavy chain

fragnent wa : ﬁlﬁq{jpﬁm : mFed by di gesting
pDNAbENngd (%’F%%\?\niﬁ? nlan %ﬁﬁ?%ﬁeﬁéﬁ\{/\ay i gations .were then
perfornmed, usi ngTaxpirified arodiied ifab s site-spdeificaliypconipgated etithanbrinchefhmnlesuland

appr oxi mat el 0 |l es Q ch anneal ed oligo. cassett.e. This eated the
Four  expr o8LPBS 3Paahraierst rEARIEAD O edield ARPEAITRE S § tadodsf hES

pTTA( hTNF40rdgian-of The3podified A folbwéel byeactipn with gREGFlysid kndeitide a8 previoasdpl ysi s
The four plagsm.d transfo d int . .colj 1 i th
the ori g? ng?scﬁ r(\égl;s ﬁ&ﬂ"%@ﬁé ?4’3@"5","3 %%%ﬂ%%%?%w#%}e%@gﬁ in
shake f1 askgoRsguld @sshbwh &rFigurd 03 diEis cAkd lcbBpstind €DPBPO:.cal experiment are
shown in Figure 21. The different intergenic sequences confer different

expression profiles. 1GSlI and |1 GS2 accunul ate periplasmc nodified Fab

rapi dly Wt BifeabPal PEGylaie@ CDROGEafted WINFA0Lbagdd Modifiéd" Fab m:]imggj in
recovered falls. The peak is greater and the fall sharper for | 1. These
resul ts ar eTeeating Rhepmatgid Arthrilisi gl |'evel of synthesis, as expected for

close trggsl ati aBbg7e®Ph iodg nilPlifeldrep oAl 14 Qligs. 15 | GS 1 apparently
confers a higher |evel of heavy chain expression than does I1GS2. In this

instance, it appWareyalppied thenpafetiiiag affiepey obfinteavpross GIFFR70sing sndgmised
tol erated, &M%Ye%lﬁ.%l&éb%%&h&oﬂe@@ﬁeeééd]%gmeg;%aﬁ&%bvitﬁfm@r the 1 hour peak.

This is seen on the'growth profile of the | culture (not shown), which
peaks at 1 hour post induction before falling, suggesting cell death and
| ysi s. 'GSMﬁfoﬁﬁw ates nodified Fab nore slowy but peaks at 2 hours post
20 induction wth a higher peak value (325 ng/m/QOD), before levels fall.
The growth Béwiendsi s culture continued to 3 hours post induction and reached

of ‘haavy chai n Suapne s el and By'sPart S REWA) SRlontl 'l TouPBised °F |

and fails témedeaniCollpge dfiRbsumatelesy (AGR)sHagnostip icriteria forirhenmptdidartigitis (RA) |

%ﬁgsh;ggt ﬁégplﬁ*lslétt 1655,V ARl R, PEY, T A4 N ?95&%5 | 940 Aecrifibd Boms bPhdenfant .

Rheumatology clinics at London, Cambridge, Norfolk and Norwich (United Kingdom).

20 Patients were required to have clinically active disease as defined by havjng at least 3 of the
following criteria: > 6 painful or ténder joints; > 45 minutes of early morning stiffness; and
erythrocyte sedimentation rate (ESR) > 28 mm/hr. They must have failed to respond to at
least one Disease Modifying Anti-Rheumatic Drag (DRARD) and have been off treatment
for at least 4 weeks. Corticosteroids were .per_nﬁt'ted if the dose was > 7.5 mg/day of

25 prednisolone. Pregnant women, nursing women and women of childbearing potential not
using an effective method of contraception were excluded. Patients were also excluded if
they had a previous history of maiignancy, concomitant severe uncontrolled medical
conditions, previous failure of TNFo-neutralizing therapy or allergy to polyethylene glycol.

Written informed consent was obtained from each patient before enrolment. The study was

30 approved by the local research ethics committees.



25 that the different 1GS sequences confer different rates of translational
initiration’is supported by these experinental results. For.the

hTNF40- basequrpﬁy 4fdsed Fab it appears that a high rate of phgmpiifAd N
translational i1nitiation is poorly tolerated and is therefore not optinal.

A slower rate, as conferred-by 1GS3, r esfdts in better growh
characteristics and consequently a better yield accunul ates. over tine. 30
Fol | owi ng canpar i son of, productivity in the fermenter the | GS3 construct
was sel ected 58‘"% i ?fést yielding and was ternmed pTTQ( CDP870) - see
Figure 22. The heammbaiemsavmaeﬂemmdmgopmmhm RIEQ SORGEGngduse ofthe

sequence given in | D 15_apd the I.ght chai S, the sequence
gi ven in SEQ‘F’B‘N@%Q or 9&%&%@4@%’8 WW’?&“&X;}ﬁ E&?&m(??we'
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region of theg ﬁ@éj'ﬂﬁa%&ldﬁét}nﬁlgl%ldfvm 19}’0{'/&9607 it t PrebfBiem vay Sivennd g4 M de

as previously 5 described (A. @Brran of at., Nature Biotechnology 17,
780- 783; 1999)outpmntm§@94 a{’tf@ds wagks @ll patigns lyﬁdbmopmmxgmoereqexveaaﬁdnfugmwﬁ ed

conpound CDP8 f% O afted, hTNF40- based Modified
Fab ( CDP870) glgmgljr)eat %eum&tm gﬁ% Itis. 10 CDP870 has a | ong hal f

life of approximately 11 days We eval uated the safety- and efficacy of

I ntravenou CBDICQMS“S landom sed doubl e-blind placebo-controlled dose
escal ati ng At ents with RA. Methods 15 Patients: -Patients aged
bet ween 18 and 75 Rmmwaslatuqum@ssessbﬂ%sedcbnﬁbWQﬂd anlthsm‘danmuenlaoén

(e “%° (v nobtorabont oot (Sh@RRRE, iy Gt (A Rl 11 2

f rom out pat i efippleRient, #ht36+890 ¥9%1) iand Emop&anllmagtmmgaﬁmmheud@asm KSUEARK (Szottl
Norwi ch (United Kingd 0 uire |m I
active di seas¥ Cgﬁf f%ﬁ"édR% "P?g‘?t}vﬁ'g i%%slp &te gﬁ Segowﬁbvmk |"F’é’i a:
> 6 painfuls OChdngeEsdﬁr disedsatastivif %rerTusseb‘sﬁE bpfDisease )AdninitynS&gresCFirévbne?ssal and
erythrocyte sedj nent.ation_r ( The have f to -
respond to atg'“mg{h Bﬂe?—’é ‘E‘g@ﬁ%} Egﬁ?@%&%ﬁ%ﬁﬁ?? @eﬁoﬁﬁ}eflb%{%% Sand
have been of fREdugR38ETET7-735, 1995). 'Assessments were carried out before treatment and at 1, 2, 4,

6 and 8 weeks after therapy. Patients were also assessed for safety and tolerance of the

study drug. Haematology, biochemistry, anti-CDP870 antibodies and adverse events were

20 assessed at each visit.

CDP870 plasma concentration and anti-CDP870 antibodies:
CDP8"ZD was measured by enzyxhe—linked immunosorbent assay (ELISA). Serial
dilutions of patients’ plasma were incubated in microtitre plates (Nunc) coated with
25 recombinant human TNFo (Strathmann Biotech GmbH, Hannover). Captured CDP870
was revealed with horseradish peroxidase conjugated goat anti-huinan kappa light chain
(Cappel, ICN) followed by tetramethylbenzidine (TMB) substrate.
Antibodies to CDP870 was screened (at 1/10 plasma dilution) using a double
antigen sandwich ELISA with biotinylated CDP870 as the second layer. Bound antibodies
30 were revealed using HRP-streptavidin and TMB substrate. The assay was calibrated using
a hyperimmune rabbit IgG standard. A unit of activity is equivalent to 1 pg of the rabbit.
standard.



for at |least 4 weeks. Corticosteroids were.permtted if the dose was > 7.5
ng/ day of 25 prednisol one. Pregnant wonen, nursing wonen and wonen of

chi | dbeari womo4sent i al not wusing an effective nethod ofpcqdieipaepti on were
excluded. Patients were also excluded.if they had a previous history of

mal i gnancy, concom tant severe uncontro#3ed nedical conditions, previous
failure of TNFa-neutralizing therapy or allergy to pol yethyl ene glycol.
Witten infaqrned nsent was obtained fromeach patient before enrol nent.
The study V\fg@m@ &WZ’Fﬁ'ved by the local research ethics conmittees. WO
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wer e assesshtbrjastatidrsease Activity Score (Prevoo et at., Arthritis Rheum,
38, 44-48, 1995) and the ACR responses criteria (Felson et at., Arthritis
Rheum, 38, 727-735, 1995). Assessnents were carried out before treatnent
and at 1, ZRestlts 6 and 8 weeks after therapy. Patients were al so assessed
for safety and tol.erance of the- study drug. Haematol ogy, biochem stry,
ant i -CDP87OS‘31‘H&’%‘H1' es and adverse events were 20 assessed at each visit.
CDP870 pismsnma CCe@etdntawitdRA wedéireamited. Qe demagrhphio dstsils ard gdbd 10 TS 6.

pat ents' | pPIESHREAES ¥R NCURSRAEE 3D AR 150 (rblen TP 250 ARRAP XBA ¥R 1A (n o5
r ecombi nant yelisaad 2 I pltients Stereihonngoid Bictir @ositi (I Hdtietta w thy @ifferentGamips havk CDP870
similar demographic characteristics. In the blinded dosing period, 6/12 placebo-treated
patients withdrew from the study for deteriorating RA > 4, weeks after dosing, 2/24
20 CDP870-treated patients withdrew, both in the 1 mg/kg group, for detexjiorating RA/lost to
follow up > 4 weeks after dosing. The difference was s"catistically significant (p=0.009,
Fisher exact test). ' .

Table 6: Demographic details (mean + standard deviation)

25

. Number Sex Age Duration Rheuma- Number
M:F) of toid " of

Disease Factor previbus

. DMARDs
Placebo 12 W ¥ 5118 1248 8(67%) - 54l
1mg/kg 8 1:7 5947 1247 4(50%) 441
5m g/kg 8 2:6 54413 . 1335 5(63%) 542

20 mg/kg 8 2.6 61411 14413 4(50%) - 412



was reveal ed with horseradi sh peroxi dase conjugated goat anti-human kappa
light chain (Cappel, ICN) foll owed by tetranethyl benzi di ne' (TMB)

substrate. es to CDP870 was screened (at 1110 pla n)
using a doug‘lme‘h%gﬁ;tkl gen sandwi ch ELISA with biotinylated &P@%{/%%#phe
second | ayer. Bound antibodi-es 30 were r4deal ed:using HRP-streptavidin and
TMB substrate. The assay was calibrated using a hyperi mmune rabbit 19G
standard. A unit of activity is equivalent to 1 gg of the rabbit.

standard. WO 01/ 945A5 PCT/ GBOLl/ 02477 43 Statistical Analysis The study
was expl or at ofyg;idd EpRbby.e and the sanpl e size was based on preV| ous
experience wth S|mlar n Effi cacy of CDP870 was analy

cal cul ati ng di seadde H@PP‘%!OFyO%d’G‘F"é‘tS( A %} ACRFOAERBISY BRFE e@b&ﬁ%e%ﬂ%@“d
intention to Vﬁ @ﬁﬁ&o@faﬁmp%f Bﬁée}\ﬂﬁ&i citBbd Gorvadl $a®369, tsessv BGnBréXSHWfer The
di sease acti y score was calcul ated as foll ows: DAS = 555 x %igar

root of (28 tpandbo, 1, §iand 20 mg/ke CORBT0 amhined H%me@fef%m%m gy
0.7 X 1 n(ESRe 0. R48 75?02@@@ b@zzle,t Sw wbﬁgd&ﬁé@ms@mes&meam fbite p&o! ed

active groups Wefe ace I'S conparison was significant
at the 5%]I ev;&btpccdqmpu]db@amgm@seﬂnasn G@mp@ifwaldowﬁ ﬁ-cl,%bbl‘l A1 and 1.95

conpari sons I

P-val ues wer \é\;}{? Pllamg’a’ ﬁr%%ﬁe%@p’%%k gF?rP%ﬁ @@?‘g étheg%@ not ée%ltluv;ee ®

i nferenti al t a;atﬂ%mmﬁ;aglwmd%émnptegﬂwmﬁlgum&;i% Cgbange%m s;?gmldﬂﬂ RA
were recrujte eir L& Qe al arepgiven i 8 Meod: E{;@gn
age was 5614 OPPOBTHF %‘3 e mean Xtion o

13 years anckl%ﬁnﬂﬂdg?mb&da&retﬂhmmF@ufe&t or p05|t|ve Patlents in the
di fferent groups %ﬁe . Iar %F ra ﬁ) @ha.r %hlgjvéc?ded
dosi ng period, 6/ T2'pVRé °R°Pé 12%9 Bﬁ g% ﬁﬁﬁ?‘g m?lr

det eri orati ngofifie 36 ausmserlé&uﬁédﬁro thostdyg 32 caived d séﬂb%iiﬂadiarmft@)l’sﬁa,t lI'hat s
wi t hdrew, both in t ro for deteloratl ost_to oIIow
up > 4 weeks HPE%W”ng 'g"'% %&ﬂ(ﬁéfi?@r EPREgv Wg bpm P@B&E‘gﬁ%ﬁm&‘%ﬁ? 32408

g p=0. ?09, )15FI2 mS R dnd20%hg/kg TOPST® o6 4 Woeksa@a 3p16iand 66.7%idt 8 weelsan st andar d
evi ation

Adverse Events
Treatment was well tolerated with no infusion-related reaction. No allergic reaction
or skin rash was reported. In the double-blind phase, thefe were 19, 38, 8 and 14 adverse
20 events in the placebo, 1, 5 and 20 mg/kg groups respectively. The commonest was
headache with 9 episodes in 5 patients (1 placebo, 3 at 1 mg/kg, 1 at 20 mg/kg). One
patient who received placebo and 3 patients who received CDP870 (1 at 5 mg/kg and 2 at
20 mgrkg) developed lower respiratory tract infections. These were reported as mild or
moderate. They were treated with oral antibiotics and resolved over 1-2 week period.
25 Three patients each in the 1 and 5. mg/kg groups and one in the 20 mg/kg group developed a
' urinary tract infection 1-2 months after CDP870 treatment. One adverse event was
described as severe which V;Ias an episode of neck pain occurring 3 days after infusion with
1 mg/kg. Increase in anti-nuclear antibody was seen in 4 patients: 1 in the placebo group
(negative to 1/4_10), 2 in the 1 mg/kg group (negative to 1/40, negative to 1/80) and 1 in the
30 20 mg/kg group (negative to 1/40). No change was found in anti-DNA or anti-cardiolipin

- antibodies.



Nunber Sex Age Duration Rheuma- Nunber (MF) of told of D sease Factor
previ ous DMARDs Placebo 12 1.11 518 128 8(67% 51 1 ng/kg 8 1.7 597 127
4(50% 41 wormmgdsky 8 2:6 5413 135 5(63% 52 20 ng/ kg 8 Zcardebid43A1l3 4(50%
42 WO 01/94585 PCTI GB01102477 44 dinjgal Efficacy. The proportion of
patients with ACR20 inprovenent for the per-protocol population with |ast
observation carried forward was 16.7, 50, 87.5 and 62.5% after 5 pl acebo,
1, 5 and 20 ng/ kg CDP870 (conbi ned treatnent effect p=0.012) at 4 weeks and

16.7, 25,75 032) at tion in DAS sceres (nedian
for the peréﬂgig%qsé%‘g?ﬁ % qoﬁﬁ"%‘[‘th&£§?8g5'§%rvatlon carried foﬁward w?as
0.15, 1.14, 1. 9%@6@&&&% a8 dogd letlb at:ebpsmltheEpeaaﬁlas?&&h Soabdnttatida 6tbhred
(conbi ned treatnment effect p=0.001) at weeks and 0.31, 0.09, 2.09 and
1.76 (p=0. o¥ghe gpd 8’%@@@&”(@?@@? @O%Pmpﬂﬁ‘aﬁﬁé@m alatmmmcattapoq@eemnem s
of the Wy | gowlgahdrbafter. a8t pRkh# Fordairaliot gfomtémetmgag BlifedOery Sinfifat #f | ONS

for Rheumatol 0gy core data set are shown in Figure Fol | ovm ng t he open
| abel dose tb#t @[WS’F@‘,Y Sbserved r inp ¥alnteers awhere £ et Balfilifee was healoplated torbet he 36
patients r n e asCOP870.
The propor on o%lgaﬁ)‘eﬁ ts vé\nhtiﬁ)ﬁzts 0£| rrpro&ﬁjorr:fge%gcS %g&éqﬁ#u?%?o%nf usi on
was 72.2 armbsere&l. 55 6% after 5 and 20 ng/ kg CDP870 at 4 weeks and 55.6 and
66. r%at 8 Week §%Eg{€ %ﬁ? vehGiR! i ap%.%ebt:sfoo he%ﬁt &gre""'lw &P

i nfusi on-rel ate rea erglic reac or sk was reported.
I n the ddubindetbétablel phase, there were 19, 38, 8 and 14 adverse 20 events
in the placebo, 1, 5 and 20 ng/ kg groups respectively. The comobnest was
headache with 9 episodes in 5 patients (1 placebo, 3 at 1 ng/kg, 1 at 20
ng/ kg) . OnDisqmsipent who recei ved pl acebo and 3 patients who recei ved

e 1 SR e ) S A G L

with oral amd ilsbldfbidlé‘gt@ndgeﬁ@ﬁsﬁbh/ﬁh dhitBériclmAb bEE kolmc teeabtor/human Fc fusmn ,
15 protein, whlch are expensive to manufacture. A therapeutic TNFo. nentralizing agent needs

to bind TNFot with high affinity and have a long plasma half-hfe, low antigenicity and high

tolerability and safety. It also needs to be accessible to all :p'atients with RA who would

benefit from TNFc blockade. One technology that ceuld. achieve these objectives is the

conjughtion with polyethelene glycol of a TNFo binding antibody fragment made in E.

20 coli. In this preliminary study, we find that CDP870, a PEGylated, anti-TNFol, modified
Fab, is effective and well tolerated by patients with RA. o

In vitro studies have shown that CDP870 has similar TNFo. neutralizing activity to

the murine anti-TNFo. parent antibody. This study confirms that CDP870 reduced

inflammation and improved symptoms in RA. Clinical imptovement as measured by the

25 ACR20 response criteria in the 5 and 20 mg/kg groups '(75%, 75%) was comparable to

etanercept (60%) (Moreland et al., Annals Int. Med., 13_0, 478-486, 1999) and infliximab

(50%) (Maini et al., Lancet, 354, 1932-1939, 1999). At the middle and highest dosage

levels tested, the therapentic effect lasted 8 weeks which is comparable to previous other

mAbs (Elliott et al., Lancet, 344, 1105-1110, 1994 and Rankin et al., Br. J. Rheumatol., 34,

30 334-342, 1995). Previous study has shown that the therapeutic effect of anti-TNFo

antibody is related to its plasma half-life and the generation of circulating antibodies (Maini

et al., Arthritis Rheum.38, (Supplement) : S186 1995 (Abstract)). Our study showed that

CDP870 has a plasma half-life of 14 days which is equivalent to that of whole antibody



25 Three patients each in the 1 and 5. ng/ kg groups and one in the 20 ny/ kg
group developed a wurinary tract infection-1-2 nonths after CDP870
treatment. FpoRdwRr se event was described as severe whi gpri@syedlr£PI sode
of neck pain occurring 3 days after infusion with 1 ng/kg. Increase in
anti-nucl ear antibody was seen in 4 patie#fis: 1 in the placebo group
(negative to 1/40), 2 in the 1 ng/kg group (negative to 1/40, negative to

1/80) and i iQg the 0 . r i 0,

Found | n ant ICERGE 8 eba SRRt riieR S BT i B LB oy pioedlfu 35 Wil
PCT/ GBOI / 024 Farthé5 COPRAY genkiaed oaly Gerydewtlevelsiof antibodly miyionseCDP870 | evel s As
expected, for all dos evls of 8.70 e peak,.pl asma. concentration.
occurred at the &7 %fd"? mlw%h%"ﬁfag% gB%Emg‘f B PRTH tﬁﬁ/ﬁ&ﬁ“ﬁ#‘%mfl
concentrat i OQaﬂ??dfi adiniisteringthie PEGylabear s t Brour sy, KDPSMRagRRE GRll taleiata.
profile of CDP870 appeared_very sim/lar to that grew ously observed in

vol unt eer sSwiHdfengh $tods VI bgamecded 1usgese dongd erto_XieEBbr%R‘?@F?é]ﬂ’ép“yﬁilﬁoﬁays.
On re-dosi ng,deﬁayéﬁdﬁﬁh%@is@is&hhfe@ﬁ&noarﬂ! ki FashlQSBat iHRYdIBdeR Tepied vARS &hNeSCpt

Fol lowi ng a single intravenous infusion, anti-CDP870 |evels were |low or 10
undet ect abl e angimskixigsbon Neutralizing TNFa is an effective treatnment
strategy in RA , o5 J : b, ol 0ai

such as a chi mer F&:ﬁﬁr‘%%h%% gbig%@u ?%wrlﬁeegg%a%lg P:? ﬁéﬁgﬁﬁiéé %ngs‘?%'n&%gt%%%tg%?ln,

whi ch are expipshoretermsidihuf act ure. A therapeuti c TNFoc neutralizing agent

needs to,Rind TN j i Ml f-life,

| ow anti géﬁi city gﬁsg%% h'{ntg %ftgzr’%g{g} ih%éyfdg)g%ﬁ%é@a&ﬁ ye%%?eg%zﬁ%g%xephiabg
accessi bl e t eandiib ngtdinhitthe scopé ofthépresdnd invention as thefined int the fodlewitigradaitms.ockade.
One technol-ogy that could achieve these objectives is the conjugation with
pol yet hel ene gl ycol of a TNFa-bi nding anti body fragnent made in E. 20 coli.
In this prelimnary study, we find that CDP870, a PEGyl ated, anti- TNFa,
nodified Fab, is effective and well tolerated by patients with RA. In
vitro studi es have shown that CDP870 has simlar TNFaa neutrali zing
activity to the nmurine anti-TNFoc parent antibody. This study confirns
that CDP870 reduced inflanmmation and inproved synptons in RA. dinical

i nprovenent as neasured by the 25 ACR20 response criteria in the 5 and 20
ng/ kg groups (75% 75% was conparable to '




etanercept (60% (Mreland et al., Annals Int. Med., 130, 478-486, 1999)
and infliximab (50% (Maiiti et at., Lancet, 354, 1932-1939, 1999). At ‘the
m ddl e anowbioghsss dosage |evels tested, the therapeutipgTRighe6ia7? asted 8
weeks which is conparable to previous oajéer mAbs (Elliott et al., Lancet,

344, 1105-1110, 1994 and Rankin et al. w 334-342,
1995). Previous study has shown that the therapgutic effect © ti-TNFa
antibody is related to its plasma half-life andBr HQ]

circulating anti bodies (Maini et al., Arthriti nﬂﬂml ement)
S186 1995 (GB&dMict)). Qur study showed that CDP87O has"a plasna hal f-1ife
of 14 days which is equivalent to that of a whole antibody WO 01/ 94585

PCT/ GBOL1/ 02477 46 (Rankin et al., (supra)).and nuch |onger than the
hal f-1ife . uncAmjantiodydndletle liarviignwmiﬁcity fonrhuinen TNEOPSEOpGEnE pdtead onl y

very lowJevel s of .antibody r on he i ortant abj ectives of
Ui 2 study e i the, uplls SBERE ERerires s G boGas TR SeERe Ao S8 gt i s
]I?EGyLat ed I:Hbure:i: (SBQ ID NQithyfor CDRATH) aaﬁiﬁe&i ﬁlgufel 3 (SEQ @D aN@d) or &s HIZT fmugﬂ
urther study wi ded t ess e ally the
risk of de é‘l“ieﬁaéﬁajb&ﬁg‘gﬁg%,&f]ﬁﬁ ﬁ %E&MQ‘% f?é?:% e been
reported with etanercept and inflixi mab In sunmary, CDP870 is
therapeutlcally effective in RA.and was_well tolerated in this short-term

study. 10 %t shéw @@@%W&@F@Pé@ﬂnwawﬁ% for bymay d3EP; peEPHsing pIlight ar e

merely r i v as
ot i nod 1o TRa Yl ® gOE?S.dhiPW“’*’%ﬁsé IEOR e ReoRBag vt g1 )

11111111 1 Higure 3ySEQID NO:#) for CORL1, as kR én Figure 3SEQVD BO.S) for GARE2 of #fody
nol ecul e haﬂéﬂ%‘%ﬁ?ﬂ%e% MOt orftRIs, TNFa, conprising a heavy 5 chain

wherein the vari in conprises a CDR having the sequence given as HI
in Figure 3 (SEQID NO 1) for CDRHl, as H2' in Figure 3 (SEQ ID NO 2) or

as H2' in i gur A QID
N0 3y for Chrug 05 indbdiciReOof et f o kP Qomfild s ety L Gheipln WD 0
conpr i sil¥g ariablgHemait gomprisesia ms_rhamgtthvesemmvg in SEQIIP I\i@mfw CBRH%, CDR
having the §esHSRER 6 I8P TSRO, fér'CDRH2 or SEQ ID NO:3 for CDRH3 and a light chain

wherein the variable domain comprises a CDR having the sequence given in SEQ ID NO:4
for CDRL1, SEQ ID NO:5 for CDRL2 or SEQ ID NQO:6 for CDRL3.

20 4. The antibody molecule of claim 3, which comprises SEQ ID NO:1 for CDRHI1,
SEQ ID NO: 2 or SEQ ID NO:7 for CDRH2, SEQ ID NO:3 for CDRH3, SEQ ID NO:4 for
CDRL1, SEQ ID NO:S for CDRL2 and SEQ ID NO:6 for CDRL3.

5. The antibody molecule of any one of claims 1 to 4, which comprises SEQ ID NO:2
25 for CDRH2.

6. . The antibody molecule of any one of claims 1 to 5, which is a CDR-grafted

antibody molecule.

30 7. The antibody molecule of claim 6, wherein the variable domain comprises human

acceptor framework regions and non-human donor CDRs.



Figure 3 (SEQ ID NO 4y for CDRLL, as L2 in Figure 3 (SEQ ID NO5) for CDRL2
or as L3 in Figure 3nﬂm‘“ﬁ‘nﬁ“ﬂm0m CDRL3. 3. The anti body nol ecul e of

claiml or @cé1usksCO hain wherein the Poraoiaae donmain
conprises a CDR having thet séquéncé given in SEQID NO 1 for CORHL, SEQ ID

NO: 2 or SEQID NO 7, for CDRH2 or. SEQ ID#O 3 for CDRH3 and a Ilght chain
wherein the vari abl e domain conprises a CDR having the sequence gl ven |n

4 “Tho ant i b8ty mifeetiPelr el of Bainfy, (R mBe e ipmpiueBied )

SEQ I D NO 2 oﬁltheSEQJde BiGnain fob rtheCHENE, chaiCurk Dadd &1 A JmuEDRESUP $B{9ns®SINO 4

for 5fo CDRL2 and SEQ.ID NO 5. The

ant i body m)l éE‘l%F agwprbsﬁgomnu@ﬂgo?gr Besfyg%ﬁm% g%% ?Zles SEQ I D NO 2
25 for CDRH2. 6. The anti body nol ecule of any one of clains 1 to 5, which
is a CDRgrafted anti bo nol ecul e, 7. Th nti body nol.ecul e.of .claim
6, wherein3tfe va?h%m@ @%WB}eﬁuEBFrﬂ%g ﬁ‘ E}m %PofFﬁWﬁWﬁ 3% ons
and non- humapg geNQ fridel BomllD f HhORERT, bbbl b Bl i b|huhiah| grobg 111 donkdnsiis | |
PCT/ GBOL/ 02477 C L M48 8. The antibody rithlecule of claim7, wherein

t he hunman acéegverge apd ﬁ?@DWPI@OF‘BWUhQOH°5¥°SIdH§ af; posjtions 8. ééwﬁﬁa A7.8P adédlheavy

chain are based on a human group | consensus sequence and conprise
non- human donor residues at-positions 28, 69 and 71 5 9. The anti body

mol ecul e of dPai nille antibedemelecwe of cleimn 7awhessin die umamecsepIor TEEEBA regP he
vari abl e 0 B S & tAbkdPor 4 TRihA" Q6bh B SRRSRRSUS
sequence gﬁg%g?lrrep&?{ségﬁnon- %nognhﬁédgﬁ ?ﬂé% %es at positi on%dg% 38, 46, 67,
69 and 71. 1@equ$m and compride nonhawerh donsk residupsat Positigne 28i28. 8 BA814an6th TAcBept or
f r amewor k reg,g g 10 of the variable domain of the heavy chain are based
on a human gr fconsensus sequence and conprise non human donor

resi dues at positions 27, 28, 30, 48 49, 69, 71, 73 76 and 78. 11. The
ant i body m)l ul e , aD tor
15 frarrework egi gﬁ 3"?’&? %beégll‘l a rr%ilt‘%mo ?’hﬁfﬁr@apn ar%& slgd on
human group IFrameenkemgioss ofaqasmableadrdnaumnf)ﬁnélghvnhamm“ed@ndlumaam% at

posi tions 46 cgﬂlsgnsgg Sequence and comprise non-human donor residues at positions 46 and 60.

12.  The antibody molecule of any one of claims 1 to 11, comprising the light chain
. variable region hTNF40-gL1 (SEQ ID NO:8) and the heavy chain variable 'region
20 gh3hTNF40.4 (SEQ ID NO:11). '

13.  The antibody molecule of any one of claims 1 to 12 which is a Fab fragment.

14.  The antibody molecule of claims 12 and 13, which is a Fab fragment comprising a
25 heavy chain having the sequence given in SEQ ID NO:111 and a light chain having the
sequence given in SEQ ID NO:113.

15.  The antibody molecule of any one of claims 1 to 12, which is a modified Fab
fragment having at the C-terminal end of its heavy chain one or more amino acids to allow

30 attachment of an effector or reporter molecule.



12. The anti body nolecule of any one of clains 1 to 11, conprising the

| i ght chain wvari abl i | (SEQ I D NO 8) and the heavy chain
variaol o r om0 S INMRHIIEA o v 2 D) 13 Tracopigsy mol ecul e
of any one of clains ® t6 12 which 1*s a Fab fragnent. 14. The anti body
nmol ecul e of clainms 12 and 13, which is a&%ab fragment conprising a 25

heavy chai n having the sequence given in SEQ ID NGO 111 and a light chain
havi ng t he qu &{?nm LRNPs 1 . .ant i body npl ecul e of
any one of cﬁi rrs%%e-atngbl : \t/)\;r%f@%glfs a n%ﬁ?vﬁelrgéﬁlh—eaggﬁ?%ﬁ@%yﬁgc&tﬁﬁnﬁ t he
C-term nal enodifi¢d hinge iegiopycaptaining oneoniwongysieina mesiduea 4o dehidhothe leffeasor &0
attachnent o f ter nolecule. WD 011945135 '
111111111111’%&‘%@1@%?@5ﬁ{“y%F‘ﬁlia%g%'/ GBOL/ 02477 M S 49 16. The anti body

nol ecul e of claim 15, wherein the additional amno acids forma nodified
hi nge region.contai ni one. or. t . Cysteine residues to which the effector
or reportse:hm)l ﬁ%ﬂqﬁg¥/m8{gcg§pﬁgle2fyﬁf Is al'ﬂ@d‘gﬁgfﬂbﬁmF%ﬁﬂﬂéméﬁ claim
12, which i sheavynehdin havthgFab séquagetiitenG 'SEQ B NO: IS 4ha5/ Mgt Rakin nhiayd 8 t he
sequence given in SE@\%'IB N(B)Q}f}i and a light chain having the sequence
given in SECPIISPeGE R SEQ. ki body nol ecul e having specificity for
human TNFa, having a |ight chain 10 conprising the sequence given in SEQ

| DNO: 113. 19. An antibody nol ecul e having specificity for human TNFoc,
having a |idB8t chaisstibedynmpleeyle daving speeifisisy furtomnagi TR, reviBEQ light iin 113

15 20. Anganti #PLEG gﬂ@ﬁxpﬁi Hf4qi ty for human TNF x, having a
heavy chgion%%lgﬁrr%)r{%si n ﬂfg sequenc@ﬁgﬁ\%inlgi n SEQ ID NG 115. 21. An

anti body nol ecul e having specificity for human TNFoc, having a heavy chain

consi sting th C ' R EQ.l 5, 115. 2.. An anti pady
nol ecul e ha\alg'ng_ g‘ﬁzaglﬂ#{l%gl rﬁ?/ u\c{)ereﬂ?nvtfpnga%gﬁﬁlg’, Hﬂ?&’\?ﬂ?ﬂ ﬁ%éﬁf’méﬁaﬁ t CB‘““
conpri si ng tomsistiegjofthe sequénce giveminIRQ IITNMKD13.13 and a heavy chain conprising
the sequence given in SEQ ID NO 115. 25 23. An anti body nol ecul e havi ng
specificity for human TNFa, having a light chain

15 20. An antibody molecule having specificity for human TNFq, having a heavy chain

comprising the sequence given in SEQ ID NO:115.

21. An antibbc}y molecule having specificity for human TNFo, having a he;wy chain
consisting of the sequence given in SEQ ID NO:115.

20 |
22.  An antibody molecule having specificity for human TNFo, having a light chain
comprising the"sequence given in SEQ ID NO:113 and a heavy chain comprising the
sequence given in SEQ ID NO:115.

25 23.  An antibody molecule having specificity for human TNFo, having a light chain
consisting of the sequence given in SEQ ID NO:113 and a heavy chain consisting of the

sequence given in SEQ ID NO:115.

24. A variant of the antibody molecule of any one of claims 1 to 23, which has an
30 improved affinity for TNFor.

25. - The variant of claim 24 which is obtained by an affinity maturation protocol.



consi sting of the seguence—giver—+h—SEQ ID NO 113 and a heavy chain

consi sting of the se QID NO 115. 24. A variant of the
anti body m){vmﬁ}ggsgf nm Hr]ﬁg b 1 to 23, which hasPE,p c? roved
affinity for TNFot. 25 va claim 24 which is obtaine yan
affinity maturation protocol. WD 01/945850 |11 1111 11111 111 1| 1]
PCT/ (BO1102477 C L S 50 26. The antibody of any one of claims 1 to 3
which is nmurine a F nocl on anti bqd TNF40. 27 antl

nol ecul e of &rﬁ}y 0 ‘H’eﬁ&"ﬁeﬂﬁﬂe atjsclm%ﬁtléﬂ% "ihlgb {?H??Wl@hé'ﬂke% 8§°°

nol ecul e corrmﬁ{iﬁjdggmmo_l I ght and heavy chain variabl e domai ns of the
monocl onal antibody of claim26. 28. A conpound conprising the antibody
nol ecul e of any one of clainms 15 to 23 having covalently attached to an
amino acid atyor w»@ﬁﬁ%%dmm&uieeaf%g%e eﬁaa&és i 53, hﬂﬁé’ﬂ/ls alamﬁéms BBy
effector or reporier nolecule e conpound of claim 28, which

conpri sés &n mdl¢culst eemprising theelighg candTheavy: uvediable damaging o theymeradional he
ef fect or nol %ﬁﬁ% Ry ﬁ%%:s one or nore 15 polymers. 31. The conpound of
cl ai m 30, whérern the one or nore polyners is/are an optionally
substituted straight or branched chain pol yal kyl ene, pol yal kenyl ene or

pol yoxyal kyl gge ol r br. e ans ol ys i 32.
The corrpou_ndngf c a?%nr@%?g\ﬁg%pélg]ﬁgt egg!ﬁéd}pogﬁmr eh&gﬂngn@rés&(i@%r eggm %’0
met hoxypol y( éaviyg emvatpnily attyche® B anfaminopcid ntiociowprds shenG-tértndnahend dfdthybeavy

nol ecul e claim tta to one 25 of the cysteine residues at
t he C-terﬂbné"mgﬁ‘béﬁq‘cwﬁérﬁ%@%ﬂ}n‘gﬁ?ﬁ% a lysyl-mal ei mde group wherei n each
am no group of the Iysyl resi due has covalently linked to it a

met hoxypol y( et.hyl gne I e i ng r ht of about

0. 000" Do 32 n Thn e of SRt ik e sty it E oy ng

specificity for human TNFa, 30" having a i ght chai n conprising the

sequence gi ven in SEQ | D heav ai n ri sing the sequence
Sven i n SEOIPD NEH REEORL ST ﬁéra?g’a@mﬂn 105 malged e&ap&?eﬁ@ne of mbre
15 po]ymers

31. The compound of claim 30, wherein the one or more polymers is/are an optionally
substituted straight or branched chain polyalkylene, polyalkenylene or polyoxyalkylene
polymer or a branched or unbranched polysaccharide.

20 _
32. The compound of claim 31, wherein the one or more polymers is/are a

methoxypoly(ethyleneglycol).

33. A compound comprising the antibody molecule of claim 17 having attached to one
25 of the cysteine residues at the C-terminal end of the heavy chain a lysyl-maleimide group

\;vherein each amino group of the lysyl residue has covalently linked to it a

methoxypoly(ethyleneglycol) residue having a molecular weight of about 20,000 Da.

34. A compound comprising an antibody molecule having specificity for human TNFa,
30 ' having a light chain comprising the sequence given in SEQ ID NO:113 and a heavy chain
comprising the sequence given in SEQ ID NO:115, having attached to one of the cysteine
residues at the C-terminal end of the heavy ‘chain one or more synthetic .or naturally-

occurring polymers.



residues at the C-termnal end of the heavy 'chain one or nore synthetic or
natural | y- occurring polyners. WO 01/94585 | ~"I~~I1 1Il1~Il 11112111/11 fl
~~' ~ PCT/ GO0 1103585 7 ﬂi’ lmflmﬁmlmﬂf A conpound conpreckHegnARaNt i body

nmol ecul e havi ng speC| TNFct having a |ight chain consisting
of the sequence given in SE b1b No 113 add a heavy chain consisting of the
sequence given in SEQ ID NGO 115, having attached to one of the cysteine 5
residues at the C-termnal end of the heavy chain one or. nore synthetic or

natural |l y- occurring polynmers. 36. A conpound conprising an anti body
mol ecul e hadsng dpmoipbind comprising Ay maibotrmaleculhhwm@spaciﬁﬁgrfor lymaen/ TNFor,

h E d 10
of he cye: BRFEE f LB qage Siine S Barneb e i RO Y N A R cBn . O
l'ysyl - mal ei wbshistigs eﬂmemmergl\eamhsmmmmrmhmﬁg ittaeheklysyﬂe of el cj'uembas :

ol scul ar SugreghE ot DGOt o6 oLAe e S Rk P SIS S oBPRRL | body

nol ecul e ha\Sb(ﬁﬁ- ifgibyrhérsi ty for .human TNFa, 15 having a light chain
consi sting of the sequence given in SEQ I D NO 113, having attached to:one
of the cysteine residues at the CGterminal end of the heavy chain a

lysyl - mal ei 'deé RipBut @k g 3¢ khtiBHd olemélﬁavﬁ{ Q&ﬁélwﬂhﬂn?ailm,has
coval ently nked to"it a methoxypoly(ethyl ene cho resi due having a

mol ecul ar wbaghg a bghtgheigtcopprigenthesequage giyen | 1 5% hpingsatiaghedrto

anti bod I cha' n
corpr ) 4G PREBL e 3HERE RRBE ' e Chcirlont TDE (i ey i MoyPmgfeiiile 011 0
t he cyst ei ngroupswhiueis each taminaCgrasp nofnthe lysydl roﬁdudlbaShm;en&hémhedato it a

A e e L s

nol ecul ar wei ght of about 20,000 Da. 25 39. A corrpound conpri SI ng an

anti body nolecu havi n eci.ficit TNFa avi n chain
consi sting g‘i cglélﬁﬁ 88 N 'QWWYEE%T%%%aHgSPﬁ%€ ﬁgﬁ%"to one
Iof t Ihe clyst ﬁa\gﬁg iﬁght(iha:h cﬁhsﬂhhgof}hb@éq‘libmlgr&hdnGﬁg?ﬁNDFHB)&lla@ihgla_ngﬁledh ,
ysyl - mal ei m de ere m no.group o e lys esj due has
covalently M ?ﬂ?éﬁ%? 4 %?’é@ﬂﬁhgﬁgﬁy 5’%) )iyséfi'f‘@[?g“ﬁﬁvi ng a
mol ecul ar ptwlcefmﬁtaum aﬂﬂncﬂ@fbuﬁ)a;f Hhe. lysﬁrlqesiiﬁmbunst covalentlys linkedato &nki body

ngﬁfi’éfngaﬁq@%w%fyéﬁ&' 4 %@9}5’{% SR ing el Eﬁ%aﬁ@a@%@ﬁﬂﬁ

20 38. A compound comprising an antibody molecule having specificity for human TNFa,

having a heavy chain comprising the sequence given in SEQ ID NO:115, having attached
to one of the cysteine residues at the C-terminal end of the heavy chain a lysyl-maleimide
group wherein each amino group of the lysyl residue has covalently linked to it a
methoxypoly(ethyleneglycol) residue having a molecular weight of about 20,000 Da.

39. A compound comprising an antibody molecule having specificity for human TNFa,

having a heavy chain consisting of the sequence given in SEQ ID NO:115, having attached

t6 one of the cysteine residues at the C-terminal end of the heavy chain a lysyi—ma]einzide

group wherein each amil_io group of the lysyl residue has covlalently linked to it a methoxy
.30 poly(ethyleneglycol) residue having a molecular weight of about 20;000 Da.

40. A compound comprising an antibody molecule having specificity for human TNFo,

having a light chain comprising the sequence given in SEQ ID NO:113 and a heavy chain
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conprising the sequence given in SEQ I.D NO- 115, having to one of the

|C3y/§§/|e' gl eir m%&gﬁé Immmmim‘ﬂmqlm{]ﬁoogr E)BS Qfa;/%ecr?is"?i"ﬁi“é"s’?z a7e has

covalently linked to it a‘methokypdl y{ et B enegl ycol ) residue having a

nol ecul ar wei ght of about 20,000 Da. 5" 41. A conpound conprising an

anti body nol egih&siRa HeRqueRitenGh BB mN@mDha‘&h@% tachel &Y biofathé b@ilineshai n
consisting of t elgggggeﬁ%e given in gEQ I D NO 113 and a heavy chaln

consi sting ofesidves sbthgriesnigphand of theshavy plisima lysyb-maleirgide gronpt whemin cedh one

of the cystei ' - ' : t F,J}ﬁ;n

|l ysyl - rral>/ei maﬁgogﬁﬁ%%gﬁﬁlr{%g ﬁﬁaﬁlg&@%ﬁﬂ% hglgbgl}gitoafﬁ%(ge}&%%g? reg%]gcuoé) has
coval ent |y | iresking having 8 meleculahweighs of gifoaut 2Q,0&hBYy| ycol ) residue having a
nmol ecul ar gei ght of- about 20,000 Da. 42. An anti body nol ecul e conprising a
hybrid conprising a truncated donor CDR sequence wherein the m ssing
po ][t i on of lth%Dgonmfou@BBmh damrpgsiggmedlntrb»d?nﬂleffcﬁle lhevihg sedfieing for hﬂ:ﬁaxah'nNF&pr s
a functiona )R 43.. The antibo ecule of ¢laim4 erein the _nm ssin
part of the m%aﬁa%fé@n@%sw%ﬁiﬁémm%bww%M% I 30d atbesmeciin
regi ons of tRensiiihi BPY sépkReWiven M SEQIBNOE U5, hdHngd dtacHdiRo did bilaslyystamescul e

of claim43, wherein the mssing part of the CDR uence is derived from

a germ i ne amsidyewipt theGr-isgninglad o dee heaxychpin e lywy 5 nidg proupyighezsip icadyly
mol ecul e @) R¥AREuPES the %{)Igeﬁ&ethgs Asvaletif lifited SRR R xyb OISR 1y oD

chain is hybrid in the antibody nolecule. 46. The anti body nol écule” of” any
one of cl ai niesigipe bavinga mejeenlas weight of ahoyh2R@i0Aa.of the donor CDRis from 1

to 8 amno acids. 30. 47. The antibody nol ecul e of claim46,- wherein the
truncation is from4 to 6 amino acids. WO 01/94585 | I~I[LL1L LILEEL 1IIT]
L1 11 Ji | B2pCTAeBDtYady arpleculkicomprigieg a iyprid GRR eomprising\ triscated danopCDRNy

one of cl ai Mg fhéndeQuibfein HEHli&idy foRtfonlol HROh&AEDR $s replaced by a different sequence
15 and forms a functional CDR. :

43.  The antibody moleculé of claim 42, wherein the missing part of the CDR sequence
is from the antibody from which the framework regions of the antibody molecule are
derived.

20
44,  The antibody molecule of claim 43, wherein the missing part of the CDR sequence

is derived from a germline antibody having consensus framework regions.

45. The antibody molecule of any one of claims 42 to 44, wherein CDRH2 of the heavy
25 chain is hybrid in the antibody molecule.

46.  The antibody molecule of any one of claims 42 to 45, wherein the truncation of the

donor CDR is from 1 to 8 amino acids.

30. 47.  The antjbody molecule of claim 46,- wherein the truncation is from 4 to-6 amino

acids.



made at the Cter mm A DNA sequence whi ch encodes the
heavy and/or light c m’i ﬂﬂ"“ﬁ”ﬂl dy 5 nolecule of any one of clains 1
to 27 and X0 194588, ce of claimd49 comprwekn@dhe
sequence shown in SEQ | D NO: 8 ‘or 10 10 51. The DNA sequence of claim 49
conprising the sequence shown in SEQ | DSBO 10 or 11. 52. The DNA sequence
of claim49 conprising the sequence shown in SEQ 1D NO 110, 112 or 114.

15 53. A clgping L eSS ctor tai ni t nce, of, any
one of clai if&" Eﬁ %‘%"89'4 kﬁ'ﬂﬁ‘f |°nex€?]8’§'§|@gt° e oﬁglﬁ'@i’%@t he DNA
sequence of n@yataheCaérmidu bfithe €OR. 20 to 52. 55. The E coli expression
vector of claimb54 which is pTTQUCDP870). 56. A host cell transformed with
the vector of any one of clainms 53 to 55. 25 57. A process for the
production gb. thg PNA RgiacéWERBWRoMs B8 hefHandfor ¢ghi Bainl of el dntibdldfl 42 tO
48, corrprl -Si 0gﬁscul turing the host cel|l of claim56 and isolating the

ant i body 3 nBiolseple of anypng gf claims 1 d0. 2L ang 4% to e producti on of the anti body

nol ecul e of any one of claims 1 to 27 and 42 to 48, conprising culturing
E. * cola corrprl sing an E. coli_ expression vector conprisi t he DNA
sequence of S&ny Bwégmsequamw @m@%nmﬁwgut@csmenwhpmlmﬁfgﬂawx or

ol ecul e. WH01/ 94555 PCT/ GB01102477 54 59. The process of claim 58
wherein the anti body nolecule is targeted to the periplasm 60. A

t herapeutic or diagnostic corrposi tion corrpri sing the anti body nol ecul e of

2In;i rrg ggbet o{ 'ﬂ%rlﬁN%he anti %Jﬁﬁ% ec ?étﬁy&%ggﬁ)&oﬁhdmlcggﬁ?mﬂyWO 27 and

42 to 48, hewllng specificity for human TNFa or the compound of any one of
clainms 28 to 41, for use in treating a pathology nediated by TNFm

52. The DNA sequence of claim 49 comprising the sequence shown in SEQ ID
NO:110, 112 or 114.

15
53. A cloning or expression vector containing the DNA sequence of any one of claims

49 to 52.

54.  AnE. coli expression vector comprising the DNA sequence of any one of claims 49
20 to52.

55.  The E. coli expression vector of claim 54 which is pTTO(CDP870).

56. A host cell transformed with the vector of any one of claims 53 to 55.

25
57. A process for the production of the antibody molecule of any one of claims 1 to 27
and 42 to 48, coxhprising culturing the host cell of claim 56 and isolating the antibody

molecule.

30 58. A process for the production of the antibody molecule of any one of claims 1 to 27
and 42 to 48, comprising culturing E. coli comprising an E. coli expression vector
comprising the DNA sequence of any one of claims 53 to 55 and isolating the antibody

molecule.



10 62. The anti body nol ecul e of or conpound claim61, for use in treating
rheumat oi d- or osteo- arthritis. 63. Use of the anti body nol ecul e of any

one of cl ai Rgo di/deses27 and- 42 to 48, having 15 specifici ppricHoidsan
TNFcc, or the conmpound of any one of clains 28 to 41 in the manufacture of

a medi canent for the treatment of a pathoPbgy mediated by TNPc . 64. The
use of claim63, wherein the pathology is rheumatoid- or osteo- arthritis.
20. 65. The vector pDNAbEng-Gl as shown in Figure 19. 66. The vector

pTTQ CDP870) as shown in Figure 22. 67. A pol ypeptide having the am no acid
sequence gi vei9. i n Thaprosess of tlaiBEl3 wherbiDEhelantibédytmolecule is takgeitdd| t thelpetiplhsnh.| | | |
121112 11 111 CL MS

60. A therapeutic or diagnostic composition comprising the antibody molecule of any

5 one of claims 1 to 27 and 42 to 48 or the compound of any one of claims 28 to 41.

61.  The antibody molecule of a.ny one of claims 1 to 27 and 42 to 48, having specificity
for human TNFo, or the compound of any one of claims 28 to 41, for use in treating a
pathology mediated by TNFoL.

10 _
62.  The antibody molecule of or compound claim 61, for use in treating rheumatoid- or

‘osteo- arthritis.

63.  Use of the antibody molecule of any one of claims 1 to 27 and-42 to 48, having
15 specificity for human TNFo, or the compound of any one of claims 28 to 41 in the
manufacture of a medicament for the treatment of a pathology mediated by TNFo.

64. The 'use of claim 63, wherein the pathology is rheumatoid- or osteo- arthntJS
20. 65.  The vector pPDNAbEng-G1 as shown in Figure 19.
66.  The vector pTTO(CDP870) as shown in Figure 22.

67. A polypeptide having the amino acid sequence given in any one of SEQ ID NOS:1
25 to7.
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