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PCT/ GB99/ 014WM 99/58679 ANTI BODI ES TO CD23, DERI VATI VEBECTEBSAIR4 AND
THEI R THERAPEUTI C USES The present invention relates to antibodies
which bind to the CD23 (FCerr]RII) type 11 nolecule particularly
altered antibodies, the preparation of such 5 anti bodi es,

phar maceuti cal conpositions which contain S){mh anti bodi es and their
use in therapy. - CD23 (FCERI1) is a type 11 nolecule of the Clectin
fam |y which al so includes t he | ynphocyte hom ng receptor (MEL-14)
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J., & M ossec of BE aAdthistamire release, rescue of B cells from apoptosis and reguIatlon
of myeloid cell growth. These functional activities are mediated through the
binding to specific ligands of cell-associated CD23, or sCD23, the latter acting
in a cytokine-like manner (Conrad, D.H., Annu Rev Immunol 8, 623-645

20 1990); Delespesse, G., et al., Adv Immunol 49, 148-191 (1991); Bonnefoy,
J.Y., et al., Curr Opin Immunotl 5, 944-47 (1993).

increased expression of CD23 has been observed in a number of
inflammatory diseases. CD23 has been identified in synovial biopsies from
25 patients with chronic synovitis, and sCD23 can be measured at concentrations
exceeding the normal range in the serum and synovial fluid of patients with
rheumatoid arthritis (Bansal, A.S., Oliver, W., Marsh, M.N., Pumphrey, R.S,,
and Wilson, P.B., immunology 79, 285-289 (1993); Hellen, E.A., Rowlands,
D.C., Hansel, T.T., Kitas, G.D., and Crocker, J.J., Clin Pathol 44, 293-296
30 (1991); Chomarat, P., Brioloay, J., Banchereau, J., & Miossec, P., Arthritis
Rheum 86, 234-242 (1993); Bansal, A., et al., Clin Exp Immunol 89, 4562-455
(1992); Rezonzew, R., & Newkirk, M.N., Clin immunol Immunopathol 71, 156-
163 (1994). In addition, levels of serum sCD23 in rheumatoid arthritis patients
are related to disease status and correlate with serum rheumatoid factor
35 (Bansal, AS., et al, Clin Exp Rheumatol 12, 281-285 (1994). Pro-



Rheum 86, 234-242 (1993); Bansal, A, et al., din Exp Imunol 89, 452-455
(1992); RavOMHE8AT9 R, & Newkirk, M N., din Immunol | nmunoparisshy/ai34 156-
163 (1994). In addition, levels of serumsCD23 in rheumatoid arthritis
patients are related to disease status and correlate with serum
rheumatoid factor 35 = (Bansal, A S., et al., din Exp Rheumatol 12,
281-285 (1994). Pro- - VO 99/ 58679
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The variable domains of each pair of light and heavy chains form the antigen
binding site. The domains on the light and heavy chains have the same
general structure and each domain comprises a framework of four regions,

20 whose sequences are relatively conserved, connected by three
complementarity determining regions (CDRs). The four framework regions
largely adopt a beta-sheet conformation and the CDRs form loops connecting,
and in some cases forming part of, the beta-sheet structure. The CDRs are
held in close proximity by the framework regions and, with the CDRs from the

25 other domain, contribute to the formation of the antigen binding site. CDRs
and framework regions of antibodies may be determined by reference to
Kabat et al ("Sequences of proteins of immunological interest’ US Dept. of
Health and Human Services, US Government Printing Office, 1987).

30 The preparation of altered antibodies which the variable region of a rodent
antibody is combined with the constant region of a human antibody is now well
established in the art (Oi and Morrison (1986) Biotechniques 4, 214-212).
Humanised antibodies in which the CDRs are derived from a source different
from that of the framework of the antibody’s variable domains are disclosed in

35 EP-A-0239400. The CDRs may be derived from a rodent or primate
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15 be therapeutically advantageous as the dose required will be lower than for a
monoclonal with less affinity for the same receptor.

According to the present invention, there is provided an altered antibody which
comprises sufficient of the amino acid sequence of each CDR shown below

20 that the antibody is capable of binding to the CD23 (FCeRIl) type Ii
molecule expressed on haematopoietic cells:

light chain

RSSKSLLY KDGKTYLN CDRL1 (SEQ ID NO: 3}
25 LMSTRAS .... CDRL2 (SEQ ID NO: 5)

QQLVEYPFT CDRL3 (SEQ ID NO: 7)

heavy chain

GYWMS....... CDRH1 (SEQ ID NO: 9)
30 EIRLKSDNYATHYAESVKG  CDRH2 (SEQ ID NO: 11)

FID coerienenn CDRH3 (SEQ ID NO: 13)

The present invention also relates to an antibody which binds to the same
epitope as an antibody having the CDRs described above. Competitive
35 inhibition assays are used for mapping of the epitopes on an antigen such as



nonocl onal with less affinity for the sane receptor. According to
the presewo9wssemti on, there is provided an altered anti bogyrtbéddiazs
conprises sufficient of the am no acid sequence of each CDR shown bel ow 20
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10 epitope mapping studies the antibody having the CDRs described above has
been shown to define a novel epiotpe on the CD23 molecule. The invention
therefore provides an antibody which competitively inhibits the binding of an
antibody having the CDR sequences set out above to the CD23 (FCeRII) type
Il molecule expressed on haematopoietic cells.

16 An antibody according to the invention is preferably altered, it may be a
chimaeric antibody which comprises sufficient of the variable heavy and light
chain sequences of the murine antibody C11 set out in Figures 1 and 2 (SEQ
ID 1 and 2 and SEQ ID 46, 47, 50 and 51) such that it is capable of binding to
the CD23 molecule, and a human constant region. The antibody may be a

20 chimaeric antibody of the type described in WO 86/01533 which comprises an
antigen binding region and a non-immunoglobulin region. The antigen binding
region is an antibody light chain variable domain and/or heavy chain variable
domain. Typically the chimaeric antibody comprises both light and heavy
chain variable domains. The non-immunoglobulin region is fused to the C-

25 terminus of the antigen binding region. The non-immunoglobulin region is
typically a non-immunoglobulin protein and may be an enzyme region derived
from a protein having known binding specificity, from a protein toxin or indeed
from any protein expressed by a gene. The non-immunoglobulin region may
be a carbohydrate region. The two regions of the chimaeric antibody may be

30 connected via a cleavable linker sequence. The altered antibody may also be
a bi-specific antibody.

«

The altered antibody may be a humanised antibody in which sufficient of one
or more of the amino acid sequences of each CDR (and if necessary
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t herefore provides an anti body which conpetitively inhibits the binding of
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i s capabhsg amino acid sequence of each CDR is substantially homologous to that of each
CDR set out above.

Preferably the degree of sequence identity is at least 50% and more
preferably it is at least 75%. Sequence identities of at least 90% or of at least
20 95% are most preferred.

it will nevertheless be appreciated by the skilled person that high degrees of
sequence identity are not necessarily required since various amino acids may
often be substituted for other amino acids which have similar properties
25 without substantially altering or adversely affecting certain properties of a
protein. These are sometimes referred to as “conservative” amino acid
changes. Thus the amino acids glycine, valine, leucine or isoleucine can often
be substituted for one another. Other amino acids which can often be
substituted for one another include: phenylalanine, tyrosine and tryptophan
30 (amino acids having aromatic side chains); lysine, arginine and histidine
(amino acids having basic side chains); aspartate and glutamate (amino acids
having acidic side chains); asparagine and glutamine (aminc acids having
amide side chains) and cysteine and methionine (amino acids having sulphur
containing side chains). Thus the term “derivative” can also include a variant



of binding to the CD23 nol ecul e. Suitably, the CDRs of an_anti body
accor di ngWm9%58679i nvention are the light 5 chai n CDRs pdr/tBodigiasand 't he

heavy chain CDRs HlL to H3 above. The am no aci d sequences of these
CDRs may be changed, however. The am no acid sequence of each CDR
may be changed by am no acid substitutions, I nsertions and/ or

del eti ons. Each CDR may thereforeg nclude one or two am no acid
substitutions, 10 i nsertions and/ or deletions. There may be up to three
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CDRL3 or hesfvan cdraine acid seqéhtds. comprtsglg‘ one am'mpra;sjuéﬂstdmsh ?“ﬁgk’)ﬁﬁ o
‘insertions 0 e present in light chain . Up
to six am ﬁ%%gg% r§1‘§h§§ g&fj%uef‘ﬁ%ert i ons and/ or del etions may be
present in heavy chain CDRH2. Preferably the 15 am no acid sequence of
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vari ant
amino acid numbering is according to Kabat et al supra.

-The framework of the variable region of the antibody light chain is typically

20 substantially homologous to the variable domain framework of the protein
HSIGKVII (EMBL data base: Klobeck, H.G., EMBL data library submitted 7th
April, 1986). There is a frameshift in this sequence at position 452. To rectify
the reading frame, a deletion of base 452(T) is made.

25 Homology in respect of the framework is generally 80% or more with respect
to the chosen sequence, for example 90% or more or 95% or more. A
number of amino acid substitutions, insertions and/or deletions may be
present, for example at amino acid residue 64 but also or instead at 71
according to the numbering of Kabat et al.

30 _

The invention also provides an antibody which comprises the variable heavy
and light chain sequences set out in Figures 3 and 4 (SEQ IDS 17 and 18).

The antibody preferably has the structure of a natural antibody or a fragment
35 thereof. The antibody may therefore comprise a complete antibody, a (Fab')2




6 ., of an ami no acid sequence conprising one or nore such
"conservati veW0 9958679 changes rel ative to said sequence. PCT/GBbYY91434
framewor k and the constant domains of the antibody are preferably 5

human franmewor k and human constant donains. Preferably the framework of

the variable region of the antibody heavy chain is substantially honol ogous

to t he correspondi ng framework of thp human protein KOL (Schm dt et
al , Hoppe- Seyl er's Zx.Physiol. Chem, 364 713-747, 1983). Honol ogy
i n respect of the frarrework S generally 80% or more with respect to
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restore bi nd| ng i nclude am no acid resi dues 27, 30, 48, 67, 71, 91 and 93.
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exanpl e at amino_aci d resi due but also g st ea accor di ng
to the nunber iPo§it @F’S%@”‘gé 34 T"!?O'""e"tm" fhm@%r%@wq?%aimob?mm%%n
ant i body1svhi ¢ o 6P ah HpSibbay abi€drdimg te the ivintion. and light chain
sequences set out in Figures 3 and 4 (SEQ IDS 17 and 18).
Each chain of the antibody may be prepared by CDR replacement. The CDRs
of a variable region of a light or heavy chain of a human antibody are replaced
by sufficient of the amino acid sequence of each CDR of the anti-CD23
20 antibody that the resulting antibody is capable of binding to the CD23
molecule. The CDR-encoding regions of DNA encoding a hypervariab!é
region of a human antibody chain are replaced by DNA encoding the desired
CDRs. If appropriate, this altered DNA is linked to DNA encoding a constant
domain for the antibody chain. The DNA is cloned into an expression vector.
25 The expression vector is introduced into a compatible host cell which is
cultured under such conditions that the antibody chain is expressed.
Complementary antibody chains which are co-expressed in this way may then
assemble to form the humanised antibody.

30
There are four general steps to humanise a monoclonal antibody. These are:

(1)  determining the nucleotide and predicted amino acid seguence of the
35 starting antibody light and heavy variabie domains;



The antibody preferably has the structure of a natural antibody or a
fragment 909948 eof . The anti body may therefore conpri sep@r/epéini1834
anti body, a (Fab')2 .

fragment, a Fab fragnent, a light chain dimer or a heavy chain diner. The
anti body may be an 1gG such as 1gGl, 1g&, 1gG or 1g&; or 1gM IgA IgE

or I gD or a nodified variant theregf. The constant domain of the
anti body heavy chain may be sel ected accordingly. The light chain
constant domain may be a 5° kappa or | anbda constant domain. The

constant region is selected according to the functionality required.

Normal Iy an,4,gGL wi.l|. de S : i Ll 1ty t bi, peli

conpl enent (i) dyﬁ'ﬂh"\%i {{BQ nbgﬁéﬁ%éé%é‘@ghy i b'b%ngg:@%e%%c!g%ﬁt%ody
cytotoxicity). Aframg®britirégiobdo use duripgdihe hua@nisingprogasstyt ot oxi ¢ bl ocki ng
anti body is required. However, |g4 anti bodi es can denonstrate
instability in production and therefore is may be nore preferable to
nodi f y5t he” (Bner the gctsl kursanising mgthpdolggigaitechpiques; and npdi fi cati ons are
descri bed in EP0O307434 preferred nodifications include at posi tions

235 and 237, The i nventjon therefore provides a |lytic or a non-lytic 15
formof an i bHhetrapsisetigmand SXPWéSMﬁg?BHmaFXSEGCaT‘{' chain of the

anti body may be prepared by CDR repl acenent. The CDRs of a variable

region of a-dight qr i hai n. of ti b . . by
suf'ti ci ent - ShecheetlianiBeisto olickis oM Buten b ah BAiBG8pshaly

ant i bd@y t hathictheompdsés ong oamarbadithe sequantesacebrdingddo:ng to t he CD23

nol ecul e. The CDR-encodi ng regi ons of DNA encodi ng a hypervari abl e

region of a human antibody chain are replaced by DNA encodi ng the desired
CDRs. |f apfdpk1 base pairinurabers 78d1 BRef iFigurerked t@@ﬂdﬂah‘&gi‘ﬁg a const ant

domai n_for QGREPHLBEPairGmbers HE3- 8% of Figatesed | (SEQAID ROB:&)Si on vector.

' CHBRRR bSn e Simnsts Ahor SR iR 8, e BRGNS, o

expr esiged.
CDRH1 base pair numbers 91-105 of Figure 4 (SEQ ID NOS: 10)
CDRH2 base pair numbers 148-204 of Figure 4 (SEQ ID NOS: 12)
CDRH3 base pair numbers 301-309 of Figure 4 (SEQ ID NOS: 14)
20 or a DNA sequence encoding an antibody chain which comprises one or both

of the sequences according to Figures 3 or 4 (SEQ ID NOS: 17 or 18 and
SEQ ID NOS 48 and 49).

Step 1: Determining the nucleotide and predicted amino acid sequence
25 of the antibody light and heavy chain variable domains

To humanise an antibody only the amino acid sequence of antibody's heavy
and light chain variable domains needs to be known. The sequence of the
constant domains is irrelevant because these do not contribute to the

30 reshaping strategy. The simplest method of determining an antibody's
variable domain amino acid sequence is from cloned cDNA encoding the
heavy and light chain variable domain.

There are two general methods for cloning a given antibody's heavy and light
35 chain variable domain cDNAs: (1) via a conventional cDNA library, or (2) via




Conmpl enent ary .anti body chains which are co-expressed:in this way may then
assenbl e to fWOn9%E8e79humani sed anti body. 30 There ar ?ﬁfaﬁ'gg/gﬁgpal
steps to humani se a nonocl onal anti body. These are:.

determ ning the nucl eotide and predicted am no acid sequence of the 35

starting anti body |ight and heavy vari abl e domai ns;

8 (2) designing the humani sed antigody, i.e. deciding which

ant i body framewor.k region to use during the humani sing process;
5 (3) the actual humani sing net hodol ogi es/ t echni ques; and (4)

the transfecti qRe amyméﬁas%séhan t‘éfacﬁdi}? (Pwmm oth dFtthBsEYmethods are el
I nvention ther fore p OVI c%g cFNA uence egﬁﬁcjl ‘Sﬂ an_anti hod

whi ch conpri se M. oBIVeHBe siucigotid URBeR 0 » ftds a simple m %ﬁﬁﬁ?
base pair nurfbétfahsféie 1this dffofrhgtivre idto (HEEQ@ rédici&@sarrﬂt)o acid sedudncé bfithe

unber . 260 30@ BPoBY Jarigbl dcind g&d@%@%ﬁﬁ%‘% the nugfegioR edgnpe

nunbers 915 105 avid preglicted 4minSERId Be@Encd @f the fodentCDRHZarhmmdypdnamslmber s
148- 204 of Fi .
301-309 of F 8%?@“'3‘ n Ffé@ B"ﬁ%(s'%é)”) NOS: 1 (HeBW) 8Ad 2 fight) A8 D

NOS 46 and 47 ).

Step 2: Designing the humanised antibody

10
There are several factors to consider in deciding which human antibody
sequence to use during the humanisation. The humanisation of light and
heavy chains are considered independently of one another, but the reasoning
is basically similar for each.

15

This selection process is based on the following rationale: a given antibody's
antigen specificity and affinity is primarily determined by the amino acid
sequence of the variable region CDRs. Variable domain framework residues
have little or no direct contribution. The primary function of the framework

20 regions is to hold the CDRs in their proper spatial orientation to recognise
antigen. Thus the substitution of rodent CDRs into a human variable domain
framework is most likely to result in retention of their correct spatial orientation
if the human variable domain framework is highly homologous to the rodent
variable domain from which they originated. A human variable domain should

25 preferably be chosen therefore that is highly homologous to the rodent
variable domain(s).

A suitable human antibody variable domain seguence can be selected as
follows:
30
1. Using a computer program, search all available protein (and DNA)
databases for those human antibody variable domain sequences that are
most homologous to the rodent antibody variable domains. The output of a
suitable program is a list of sequences most homologous to the rodent
35 antibody, the percent homology to each sequence, and an alignment of



20 or a DNA sequence encodi ng an anti body chain which conprises one or
bot h woobsgere sequences according to Figures 3 or 4 ( PEDdHMAEs 17 or
18 and SEQ | D NOCS 48 and 49). Step 1. Determning the

nucl eoti de and predicted anm no aci d sequence 25 of the antibody Iight
and heavy chain variabl e donmai ns To humani se an anti body only the
am no acid sequence of antibody's heavy 0 and |ight chain variable
dormai ns needs to be known. The seqguence 01 t he constant domains is

i rrel evant because these do not contribute to the 30 reshapi ng strategy.

2o a6 4 Seam e e e e, s done WRSGuAdAlg T8 1,
chai n vari abl gacgﬁr{ggrheavy and "gg‘ﬁé:pé'na?’%"?% {%ﬁ@?‘a?emnﬁﬁ?s ﬁ'gﬁ abeve ng a
given ant i bod?émlymv;r@mjoiei @hbi(l;izi)accpmplﬁshed Vitrondp | Frumiameimmokdgiobulinl) via
a conventiona [ vi a

9 t he s&%%%%é@ﬁg{%dr eaction (PCR). Both of these nethods are

widely 5 known. G ven the nucl eotide sequence of the cDNAs, it is a

e Cles Ot ¢ enes | . .
26 cequends iRt fhe, humdr AtHEBHY VeHiable UHAR! soduedbed, R, BoAPAFE 3 2m MO
i nstance, the hamolegyi dErimaiietbe camparisandisopediorned anilepgliviofi GRRsence

of the rodent LELpRTBHRIDE HBAHVyERain which i§ Ui VaridBl8UT BemarARdady ( SEQ
ID NCS: 1 (heav'%%‘ and 2 %Iﬁﬁh@'{é@ End EE%BI"‘? . Nﬁ .36 angQ 47 é i
Step 2: Desi grfiffns mBdnl Ampgg djght ehains are gided Jnio subarowps;
factorsgto cordeaw chaind@csabdroups, Kappanehaimry isubdyoups, Lambda chain 6
subgroups. The CDR sizes within each subgroup are similar but vary
between subgroups. It is usually possible to match a rodent antibody CDR
to one of the human subgroups as a first approximation of homology.
Antibodies bearing CDRs of similar length are then compared for amino
15 acid sequence homology, especially within. the CDRs, but aiso in the
surrounding framework regions. The human variable domain which is most
homologous is chosen as the framework for humanisation.

Step 3:The actual humanising methodologies/techniques
20
An antibody may be humanised by grafting the desired CDRs onto a human
framework according to EP-A-0239400. A DNA sequence encoding the
desired reshaped antibody can therefore be made beginning with the human
DNA whose CDRs it is wished to reshape. The rodent variable domain amino
25 acid sequence containing the desired CDRs is compared to that of the chosen
human antibody variable domain sequence. The residues in the human
variable domain are marked that need to be changed to the corresponding
residue in the rodent to make the human variable region incorporate the
rodent CDRs. There may also be residues that need substituting in, adding to
30 or deleting from the human sequence.

Oligonucleotides are synthesised that can be used to mutagenise the human
variable domain framework fo contain the desired residues. Those
oligonucleotides can be of any convenient size. One is normally only limited




sequence to use during the humani sation. The humani sation of |ight and
heavy chai ns woeysssmsi dered i ndependently of one another, butpdfepdoasisni N9
is basically simlar for each. 15 This selection process Is based on
the follow ng rationale: a given antibody's antigen specificity and
affinity is primarily determ ned by the am no acid sequence of the
vari abl e regi on CDRs. Vari abl e domain franmepprk residues have little
or no direct contribution. Theg primary function of the franmework 20

regions is to hold the CDRs i their proper spatial*orientation to

recogni se .in leagth by rthe Capabilities ofiltlse ipanticutar sy¥nthesisert ofBRws availablérunan
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framework is highly honol ogous to the rodent vari abl e domain from

whi ch they ori g A | a degral | Qe r be
ch:)sen thgref g‘?‘eé}?ﬁg%w’s ﬁ?@ﬁﬁ?g%ﬂmﬁo ous tge?%geér‘log]gﬁt% the? @ccém%rrte

domai n(s)8  polymepass,chaip|reafiinm APGR imethpdolgay ) WQRAMBTH % e daing dhisan

be sel ected aspethodolody?!d CBR rﬁ%( be spliced: bé#wicen ﬁrecﬁaﬁiéﬁnﬂfrk%gﬁmé%f a
nd DNA) dat abases for those human

search all avagilable protein (a

anti body vari gwfﬁaﬂéﬁﬁ{’ﬂé)éequences that are nmost honol ogous to the
rodent anti body vari abl e domains. The output of a sui t abl e program
is alist of sequences.nost  honmol e rogdent ._ant.i bo t he
per cent honol 38 q"(?r%':tyf? %&GU&?‘%@%@@% %&ﬁtpegt%§med using a tempﬁja/te

10 10 ecorhprising dwoechuman limmevdarkt regomse ide andhCB, ianddbeteveen them,

i ndependent |y r ‘g MI' t shai el in
sequences. Thethgb((:)l\)/lfea which is Wﬁgﬁéé\ég%gﬁgiée m(reclggSirlggf}ﬂg%céaﬁfgﬁzaq@EB only
human i munogltommplify the framewarls deging AB,zansl primeri€dand D used to amplify the

framework region CD. However, the primers B and C each also contain, at
their 5' ends, an additional sequence corresponding to all or at least part of
15 the donor CDR sequence. Primers B and C overlap by a length sufficient to
permit annealing of their 5' ends to each other under conditions which allow a
PCR to be performed. Thus, the amplified regions AB and CD may undergo
gene splicing by overlap extension to produce the humanised product in a
single reaction.
20
Step 4: The transfection and expression of the reshaped antibody

Following the mutagenesis reactions to reshape the antibody, the
mutagenised DNAs can be linked to an appropriate DNA encoding a light or

25 heavy chain constant region, cloned into an expression vector, and
transfected into host cells, preferably mammalian cells. These steps can be
carried out in routine fashion. A reshaped antibody may therefore be
prepared by a process comprising:

30 (a) preparing a first replicable expression vector including a suitable
promoter operably linked to a DNA sequence which encodes at least a
variable domain of an Ig heavy or light chain, the variable domain
comprising framework regions from a human antibody and the CDRs
required for the humanised antibody of the invention,

35



5 2. List the human antibody varlable domei n sequences and conpare

for WO 991586m9| ogy. Primarily the conparison is perfor nmek/opesiorsat h - of
CDRs, except CDR3 of the heavy chain which is quite variable.
Human heavy chai ns and Kappa and Lanbda |ight chains are divided
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can theref eginning Wt CDRs it is
w shed to reshape. The rodent vari able domain am no 25 aci d sequence

cont ai ni ng pme fr@nﬂme heeNc PRSRE (. éd&%ﬁe@fbdth%é ReitBle domain human
ant i bgquy var i e dorral The r in th

uen Si
vari a §r ar n%ﬁ%d: ﬁtéf'%rfggﬁa'f‘o° et Ehi‘hﬂ@i‘ 3 'PHBVCS??'Bspo'ﬁEﬁ’ ng
residue in hMansédnanﬁb@dym bbereboveredvand purifiedegThe delclimie wiitle i§ he

Lo 30 orvanaing 1, BIRERd er R, abiiey W8y B& S et HalneBlc 27

synt hesi se00valayt (Ghllﬁ))beelhslme o0 aruimpeniadised hmammalian cell line,amihidit ds donai n

LhaToROn LRRRAGedsh Bt ARTHORIORGR, CUET as F HiRoma, hybrddaPRISE L' des

can be_of any con en| nor ma
15 guadroma cell Ime The cell line may also comprlse a normal lymphoid cell,

such as a B-cell, which has been immortalised by transformation with a virus,
such as the Epstein-Barr virus. Most preferably, the immortalised cell line is a
myeloma cell line or a derivative thereof. The expression system of choice is
the glutamine synthetase expression system described in WO87/04462.

20
Although the cell line used to produce the humanised antibody is preferably a
mammalian cell line, any other suitable cell line, such as a bacterial cell line or
a yeast cell line, may alternatively be used. For single antibody chains, it is
envisaged that E. coli - derived bacterial strains could be used. The antibody
25 obtained is checked for functionality. If functionality is lost, it is necessary to
return to step (2) and alter the framework of the antibody.

The invention therefore provides an expression vector comprising DNA
encoding and adapted for the expression of an antibody according to the
30 invention and host cells transformed with said expression vectors.

Once expressed, the whole antibodies, their dimers, individual light and heavy
chains, or other immunoglobulin forms of the present invention can be purified
according to standard procedures of the art, including ammonium sulfate
35 precipitation, affinity columns, column chromatography, gel electrophoresis




11 . in length by the capabilities of the particular synthesiser one
has avai | abl ewo 99758679 The nethod of. ol i gonucl eoti de-directed pdy, ,&359@9434

nmut agenesi s is well known. F Al ternatively, -humani sation

achi eved using the reconbinant 5 pol ymerase chain reaction (PCR)

met hodol ogy of W92/ 07075. Using this met hodol ogy, a CDR may be
spliced between the franework regions of a human anti body.

In general, the techni que of,W92/07075 can %e performed using a tenplate
10 conprising two human £ arewor k regions, AB and CD, and between them

the CDR which &
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their 5 ends, h@rﬁongeﬂy el prefstrsd)Cang 098 BP9 B hiore! hoﬁi’o ghe embspart

L e i ar ot ey
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4: The transf e(Seememedlyx imosmotogics] MéthodssVielpetandtll, dedkovits and Pernis,
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mut agent sed DN SARAGETTE FEEE NAIYIrR KU 1980 RE BB N ot ng & 11 ght or 25

heavy chain constant region, cloned into an expression vector, and

transfecygd i nfge 'Qﬁfboﬁ?'ﬁmfy fQﬁ@tfcﬁ'f Moé@ﬁ@%é QHte?é‘étiofh b@ﬂ?ééh ?ﬁéﬁﬁré?@" be

t he

b cpar ed by b BULEO2%A p J9ARd Whigh Dinde 19 oI AHIG ASSYSHE B FEUGHTMUS! o
expressi on Vecéﬁaysﬁﬁb (ﬂzleﬁise@ wustliaPlsach a blocking effebﬁnvhérammaﬁbhay kistked
oo D S R i UL SCR, Homwane sodRL S AR ©
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for the humani sqd, A ) ARENsOTTHILS #royiRBhsCAbt IiR8 cytokines and play a major role

in IgE formation. Excessive levels of soluble CD23 have therefore been

implicated in disease. By binding to these fragments the antibodies according

to the invention can interfere with the ability of the soluble CD23 to mediate its

effects. The antibodies according to the invention are also believed to prevent

20 soluble CD23 production by preventing cleavage of the membrane bound
receptor. The invention therefore provides the use of an anti-CD23 antibody
in the manufacture of a medicament for blocking soluble CD23 formation.

The ability of any antibody to mediate its effect will be related to its affinity for
25 the target antigen. Antibodies according to the invention have a very high

affinity for the CD23 receptor. The affinity constant of such antibodies is

preferably greater than 1x10° Ka Mo1" and more preferably greater than

1x10'® Ka Mo1™ . This invention therefore provides antibodies capable of

binding the CD23 receptor or soluble CD23 characterised by an affinity
30 constant equal to or greater than 1x10° Ka Mo1™

Antibodies which bind to the CD23 receptor can be used in vivo in the
treatment or prophylaxis of inflammatory or autoimmune diseases. This is of
great significance given the fact that many of these diseases are difficult or
35 impossible to treat effectively, despite long standing research into their



WD 99/ 58679 ' 12 (b)

prepari ng wo9owssengd replicable expression vector including pceiigbatiags

pronoter operably linked to a DNA sequence whi ch encodes at |east the
vari abl e domai'n of a conplenmentary Ig |ight or heavy chain respectively;

5 (c) transformng a cell line with the first or both prepared vectors;
and (d) culturing said transforrrq% cell line to produce said
altered anti body. Preferably the sequence in step (a) encodes

both the vari able domain 10 and the or each constant domain of the hunan
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provi des an expression vectOor conprising apt ed
for the expd@bstes). of an anti body according to the
16
The present invention therefore provides the use of an antibody according to
the invention in the manufacture of a medicament for the treatment of any one
or more of the above disorders. The invention also provides a method for the
treatment of one or more of the above disorders comprising the administration
20 of a therapeutically effective dose of an antibody according to the invention.

Antibodies according to the invention may also be useful in studying the
interactions between CD23 and various ligands e.g. between CD23 and
CD21, between CD23 and CD11b, between CD23 and CD11c, between CD23

25 and an 80 to 85 KDa endothelial cell protein(which may be an 80 or 85 KDa
endothelial cell protein) or between CD23 and a 115 KDa protein (which is
believed to be related to the 80 to 85 KDa endothelial protein). One or more
of the above interactions are believed to occur in vivo. Antibodies or other
binding agents which are capable of blocking these interactions are

30 particularly preferred since it is believed that they may be especially suitable
for reducing or alleviating cytokine mediated inflammatory effects. They may
be useful against B-cell malignancies such as chronic lymphocytic leukaemia,
and hairy cell leukaemia.




30 I avention and host cells transforned with said expression vectors.
Once express® 9¥5679hol e anti bodi es, their dinmers, individuglericmbhiand

heavy chai ns, or other i munoglobulin fornms of the present invention
can be purified according to standard procedures of the art,

I ncl udi ng ammoni um sul fate 35 precipitation, affinity colums, colum
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13 and the like (see,..generally, Scopes, R, Protein Purification,
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NSAIDs.

Suitable dosages of the substance of the present invention will vary,
depending upon factors such as the disease or disorder to be treated, the

20 route of administration and the age and weight of the individual to be treated.
Without being bound by any particular dosages, it is believed that for instance
for parenteral administration, a daily dosage of from 0.01 to 20 mg/kg of a
antibody of the present invention (usually present as part of a pharmaceutical
composition as indicated above) may be suitable for treating a typical adult.

25 More suitably the dose might be 0.1 to 5§ mg/kg, such as 0.1 to 2 mg/kg. A
unit dose suitably be will be 1-400 mg.

The antibodies can also be used as separately administered compositions
given in conjunction with chemotherapeutic or immunosuppressive agents.

30 Typically, the agents will include cyclosporin A or a purine analog (e.g.,
methotrexate, 6-mercaptopurine, or the fike), but numerous additional agents
(e.g., cyclophosphamide, prednisone, etc.) well-known to those skilled in the
art may also be utilised.



The ability of any antibody to nediate its effect will be related to |ts
affinity f®088679 the target antigen. Antibodies accordi ngpdfpg Wull

i nvention have a very high affinity for the CD23 receptor

affinity constant of such antibodies is preferably greater than
1x109 Ka Mol [err] and nore preferably greater than 1x10[err] Ka
Mo-1[err] . This invention therefore proviqyges anti bodi es capabl e of

bi ndi ng the CD23 receptor or soluble CD23 characterised by an affinity 30
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Conjugates Aiming the Magic Bullet", Thorpe et al, Monoclonal Antibodies in

15 Clinical Medicine, Academic Press, pp. 168-190 (1982).

A variety of cytotoxic agents are suitable for use in immunotoxins. Cytotoxic
agents can include radionuclides, such as lodine-131, Yttrium-90, Rhenium- |
188, and Bismuth-212; a number of chemotherapeutic drugs, such as

20 vindesine, methotrexate, adriamycin, and cisplatin; and cytotoxic proteins
such as ribosomal inhibiting proteins like pokeweed antiviral protein,
Pseudomonas exotoxin A, ricin, diphtheria toxin, ricin A chain, etc., or an
agent active at the cell surface, such as the phospholipase enzymes (e_g_
phospholipase C). See, generally, "Chimaeric Toxins," Olsnes and Phil,

25 Pharmac. Ther., 25:335-381 (1982), and “"Monoclonal Antibodies for Cancer
Detection and Therapy," eds. Baldwin and Byers, pp. 159-179, 2244266,
Academic Press (1985).

The delivery component of the immunotoxin is an antibody according to the

30 present invention. Intact immunoglobuiins or their binding fragments, such as
Fab, are preferably used. Typically, the antibodies in the immunotoxins will be
of the human IgA, IgM or IgG isotype, but other mammalian constant regions
may be utilised as desired.




The present inavention therefore provides the use of an antibody according
to t hOVOAYEHFS on in the manufacture of a nedi cament f @CTIGE99/01434
treatnment of any one of nore of the above disorders. The invention
al so provides a nethod for tH&: treat nent of-igne or nore of the above
di sorders conprising the adm nistration 20 of a therapeutically
effective dose of an antibody according to the invention
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15 techniques. The compositions may contain pharmaceutically acceptable

auxiliary substances as required to approximate physiological conditions such
as pH adjusting and buffering agents, toxicity adjustment agents and the like,
for example sodium acetate, sodium chloride, potassium chloride, calcium
chloride, sodium lactate, etc. The concentration of antibody in these

20 formulations can vary widely, for example from less than about 0.5%, usually
at or at least about 1% to as much as 15 or 20% by weight and will be
selected primarily based on fluid volumes, viscosities, etc., in accordance with
the particular mode of administration selected.

25 Thus, a typical pharmaceutical composition for intramuscular injection could
be made up to contain 1 ml sterile buffered water, and 50 mg of antibody. A
typical composition for intravenous infusion could be made up to contain 250
mi of sterile Ringer's solution, and 150 mg of antibody. Actual methods for
preparing parenterally administrable compositions will be known or apparent

30 to those skilled in the art and are described in more detail in, for example,
Remington's Pharmaceutical Science, 15th ed., Mack Pubhshmg Company,
Easton, Pennsyivania (1980).

The antibodies of this invention can be lyophilised for storage and
35 reconstituted in a suitable carrier prior to use. This technique has been shown



sugh as an anti-lynphocyte antibody or nore preferably with a tol erance:

I nduci ng, weydoysgeygt oi mune or anti-inflammtory agent such cel |
inhibiting agent e.g. an anti-CD4 antibody (preferably a m%ﬁ}gﬁﬁg} non-
~depleting antibody), an anti-CD8 antibody, a TNF antagonist e.g. an
anti-TNF 15 anti body or TNF inhibitor e.g. soluble TNF receptor, or
agents such as - NSAI Ds. Sujbéabl e dosages of the substance of
the present invention will vary, ependi ng upon factors such as the
di sease or di sorder to be treated, the 20 route of adm nistrati on and
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| mmunosuppr essi ve agents. 30 Typically, the agents wll include

cycl ospori nﬁﬁgﬁ%oﬁwmgamﬁ@%&ﬁs f the compag daﬁé rc%ﬁ%@ carned out with
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| mrunot oxi n. | mmnot ?X| ns are characterised by two conponents and
are particul use for I_n I I n
i o, One. oBRBSNIRE of the piEsett inveBtan gap fup fifd BvBE VRl pl LiliReh, "
cel | when avitrechBy way abexnmpté, tign exsmaplany antihpdiesraan be utllssed for T-cell
15 typing, for isolating specific CD23 antigen bearing cells or fragments of the
receptor, for vaccine preparation, or the like.

For diagnostic purposes, the antibodies may either be labelled or unlabelled.
Uniabelled antibodies can be used in combination with other labelled

20 antibodies (second antibodies) that are reactive with the humanised antibody,
such as antibodies specific for human immunoglobulin constant regions.
Alternatively, the antibodies can be directly labelled. A wide variety of labels
may be employed, such as radionuclides, fluors, enzymes, enzyme
substrates, enzyme cofactors, enzyme inhibitors, ligands (particularly

25 haptens), etc. Numerous types of immunoassays are available and are well
known to those skilled in the art.

Kits can also be supplied for use with the subject antibodies in the protection
against or detection of a cellular activity or for the presence of a selected
30 antigen. Thus, an antibody of the present invention may be provided, usually
in a lyophilised form in a container, either alone or in conjunction with
additional antibodies specific for the desired cell type. The antibodies, which
may be conjugated to a label or toxin, or unconjugated, are included in the kits
with buffers, such as Tris, phosphate, carbonate, etc., stabilisers, biocides,
35 inert proteins, e.g., serum albumin, or the like, and a set of instructions for




known as the ¥delivery vehicle", provides a neans for delivering the toxic
agent to a pWOPUIWZ cell type, such as cells conprising a PETGRIDAE34 The
t wo conponents are commonly chem cally bonded together by any of a
variety of wel | - known chem cal procedures. For exanple, when the
cytotoxic agent is a 10 prote| n and the second conmponent is an intact

i mmunogl obul'in, the |inkage " may be K@ way of: heterobifunctional
cross-linkers, e g, SPDP, carbodiinide, gl ut ar al dehyde, or the |ike.
Production of various imunotoxins is well-known with the art, and
can be found, user Gemepdlly, ithesevoraietials avill et presdnt ToXdess than aboGbi§%igutt es:
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an anti body according to the 30 present invention. |ntact

I mmunogl obul ins or their binding fragnents, such as Fab, are

preferably us&dgumspically, the antibodies in the i mmunotoxins will be
of the human IgA IgMor 1gGisotype, but other mammal i an constant regions

may be utilised as desired. WO 99/ 58679
17 Figure 1 shows the amino acid and nucleotide sequences of the murine c11
15 heavy chain variable region.

Figure 2 shows the amino acid and nucleotide sequences of the murine C11
light chain variable region.

20 Figure 3 shows the amino acid and nucleofide sequences of the humanised
anti-CD23 antibody heavy chain variable region.

Figure 4 shows the amino acid and nuclectide sequences of the humanised
anti-CD23 antibody light chain variable region.
25
Figure 5 shows the half maximal binding of chimaeric CD23 IgG1m
Figure 6 shows the half maximal binding of humanised CD23 IgG1m

30 The following Examples illustrate the invention.

Cloning and Sequencing of the murine anti-CD23 monoclonal antibody
c11

35 General methodology



The invention further provides a pharmaceutical composition conprising a
phar maceut M dssarecept abl e carrier or diluent and, as acti VFC'*‘/EE& %jl ent ,
anti body according to the invention. The conposition nmay conp 2o

I mmunot oxi n according to the invention. The antibody, imunotoxin and 5
phar maceutical conpositions thereof of this invention are particularly
usef ul for parenteral admnistrati QB | .e., subcutaneously,

i ntramuscul arly or i ntravenously. The conpositions for
parenteral admnistration will comonly conprise a 10 solution of the
anti body or a cocktail thereof dissolved in an acceptable carrier,
preferably an aqueous carrier. A variety of aqueous carriers can be used,
e.g., water, Uplessepthenviseestates, sthes foliowing (standajdly pracedures and bokré(tlofmese
sol uti ons ar geRd Qidede MEn@REAIN3H rebbRfndtiddeRprbiokbR! Wefd! {dibwe

conposi tions ste I.Se conventl o I known sterlFlsatlon 15
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pot assi um chPogssie, cal ci um chl ori de, SOdI um | actate, etc. The
concentration of antibody in these 20 formul ati ons can vary wi dely, for
exanple fromless than about 0.5% usually at or at |east about 1%

to as rruch aBCRowas paytermedvisiona mnsrammablmthermal cyeler {biaidBipmet)i 1A
based 9 m:&‘éi’l‘!{f@%l ré’éc‘ii%ﬁséédtﬁﬁtefiei@ %ml'é“ g%ﬁbqi_ﬁélg‘faoyr{'n@rase Perkin'®

partlcu

phar maceut i cEImebhebis, Bearongield ¢ ikhinbehudfer sHpelied by ﬂa,%mamufacturer 220 nade
up to contai pMledth of eATFe dBIH ed@vaaﬂanar@?ifaan&f ﬁﬁiér@%ﬁlw u® and
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met hods for used: preparing parenterally adm ni strabl e conpositions wl |

be kno or apparent 30 to those skilled in the art and are described in
nore detail in, for exanple, Rem ngton's Pharmaceuti cal Science,
15th ed., MaStemPlbl i sABHg fadnpumytes Easton, Pennsyl vania (1980).

The anti bodi sgerﬁ t hi gsb@‘f&-ﬂf hfmytean be 1yophili sed for storage and 35

reconstitute a sui arrier prior to u i S hn| ue has been
shown gt 5a8 for 1 minute, ramping up to s?ep 3 aq a

Step 3. 72°C for 1 minute, go to step 1, repeating the Ioop 30 times
20 Step 4: 72°C for § minutes

DNA sequencing was performéd using the dideoxy terminator method using
either the Sequenase v2 system (USB, Cambridge, UK) or the fluorescent dye-
terminator system (ABI).

25
Gel purification of DNA was performed by separation of the reaction on a low-
meiting point agarose gel (NuSieve GTG, FMC, Rockland, ME). The chosen
fragment was excised under UV illumination, and the DNA recovered using a
Wizard PCR Preps kit (Promega, Southampton, UK).

30

Numbering of amino-acid residues in antibody chains follows the scheme of
Kabat et al (“Sequences of proteins of immunological interest”, US Dept of
Health and Human Services, US Govt Printing Office, 1991).

35 Preparation of cDNA from C11 hybridoma




18 . to-be effective with conventional imune gl obulins. Any suitable
| yophi | i sati Q¥ 99/58679 and reconstitution techniques can be ewpPoTmEY0144

wi |l be appreciated by - those skilled in the-art that I|yophilization
and reconstitution can |ead to varying degrees of antibody activity
| oss (e.g, with conventional immune globulins, 5 | gM anti bodies tend to
have greater activity loss than 1gG anti b0(21es) and t hat use | evel s
may have to be adjusted to conpensate. Single or nultiple

adm ni strations of the conpositions can be carried out with dose

| evel s and pattern being selected by the treating physician. In any event,
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i nvent i of6 may Gleningandadquencind vf the C11 heavyahainvariabletedionm in a
container, either alone or in conjunction with
The heavy chain was cloned by a variation of the method of Bendig and Jones
(Bio/Technology 9:88-89) in which 12 forward primers specific to the signal
peptide region of the heavy chain message and 1 reverse primer specific for
20 the mouse y1 constant region are used in a PCR to amplify the entire variable
region. Rather than add all 12 forward primers to a single reaction, 12
separate PCRs were performed, each using one of the forward primers in
combination with the y1 reverse primer. These reactions were performed with
an annealing temperature of 42.5°C (Step 2 in the scheme above).
25
Samples of each reaction were analysed on an agarose gel, and a band of the
expected size seen only in the reaction that used the forward primer MHV11.
Based on this result, two PCRs using MVH11 and the y1 reverse primer were
performed using cDNA derived from mRNA and from total RNA respectively.
30 The use of two independent PCRs to serve as a source of material for cloning
is a common device well known in the art for the avoidance of sequence errors
caused by misincorporation of nucleotides by Taq polymerase.

The resulting PCR fragments were digested with Xmal and Sall, ge! purified,
35 and then cioned into pUC18. The inserts from a number of clones from each



addi tional antibodies specific for the desired cell type. The antibodi es,
whi ch wo 9958879 be conjugated to a | abel or toxin, or uRANEEYGAIHT. are
included in the kits with buffers, such as Tris, phosphate,
carbonate, etc., stabilisers, biocides, 35 inert proteins, e.g, serum
al bumn, or the like, and a set of instructions for

19 use. Generally, these naterigs will be present in |ess than
about 5% wt . based on the anpbunt of active antibody, and usually
present in total anmount of at | east about 0.001% wt. based again on
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typicdily conjugated to a | abel and formul ated in an anal ogous
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Fi gures Igure 1 shows the am no acid and nucl eoli de sequences of
the murine C11 15 heavy chain vari abl e region. Fi gure

|2i 3 Efwi h; ihﬁﬂféﬁg*lgbﬁ@ﬁtdcﬁ’éld mﬁgwrrégignwecgnw by 4 hfsﬁnﬂarr breceSs L again

| varj e r on. . I qur shows. t a 0 '

nucl eoti de 1@ W@Hcae§etcﬂ%gllt1h@“ﬂﬂﬁgﬂﬁ"§8£§ Specific for thie &gnaf'bgﬁ?[ic?g E%Eé‘qgﬁﬁ%oody

hea?/yﬂ%:_hgi Nightichain mer?g'gerand 1 reverseFprimee spesiiicvor tthe mouse xaconstant!

nucl eoti de. seque e ni.segd: . Nt iy, wpod

i ght chai r‘%ggm z%géd@eabg nq@h‘é@ b5eHi#). Additionally, as wa"hhv&BrevidiishyPody
determined that this primer set does not efficiently ampilify all mouse kappa
light chains, we included another primer, here termed MKV12 (sequence &’
ACTAGTCGACATGAAGTTTCCTTCTCAACTTCTGCTC?3') (SEQ ID 41). As

15 above, separate PCRs, each including one forward primer and the x constant

reverse primer, were performed, and analysed by agarose gel electrophoresis.

Three of the reactions produced products of the expected size. These were
separately digested with Sall and Xmal, purified, and cloned into pUC18 to

20 yield clones designated VKI, VKJ and VKK. These were partially sequenced to
_determine their identity. Partial sequence for clone VKI was found to be
identical with a known sequence, a light chain derived from the MOPC21
myeloma which has a frameshift in CDR3 (Genbank M35669), and so VKI was
discarded. Partial sequence for clone VKK, including CDR3, was found to be

25 identical with the productively rearranged MOPC21 light chain (Genbank
J00560, J00552). This of itself does not preclude the VKK clone from being the
correct C11 light chain as both light chains may share CDR3 in the germline
configuration, but given that the myeloma parent of the hyridoma was known to
be a MOPC21 derivative, and that another MOPC21 related sequence had

30 already been identified (clone VKI), clone VKK was thought unlikely to be
correct.

Clone VKJ was considered most likely to represent the true C11 light chain
variable region, as the partial sequence was not identical with any sequence in
35 Genbank. VKJ was sequenced fully, and found to be a fully-functional light




25 - Figure 5 shows the half maxi mal  bi ndi ng of chimaeric CD23 I1gGlL m
Figure 6 show e¥sseteal f naxi mal bi ndi ng of hurmani sed CD23 | g@tmcEsN01434 The

foll owi ng Exanples illustrate the invention. . Cloning and Sequenci ng
of the murine anti-CD23 nonocl onal anti body Cl1 35 Gener al

met hodol ogy _ WD 99/ 58679

PCT/ GB99/ 01434 23 20

Unl ess ot herwi se stated, the!follow ng standard procedures and conditions
were used. Manufacturers' reconmended protocols were followed where
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roceadures were er rne ssenti cripe niatl e a
E) Mol ecul ar CIQ(?HE a%ngd &Sa?Br%yWéﬂﬁgﬁgagl%o% { séﬂue@f)?d iB?l ﬁ%{npﬁ%our
Press). seqmm ther V&Jneldne sis nghovrpiiro Figumea Bl (SEQelDrd). cyclsecond
Trio; B t
(o) Brore ifdendicke s Ve e Wiha i ek ERGALCD B VR Mt w4
t he buffdr supmperfosmedy antdhegrotuct ciorad aadcsequenced [asrat)dmaam: pregiudtie
dCTP, dGTP- d
ansqnervm g)éaiﬂﬂt 'trgé ‘il?%l' Qg%tﬁfric@e&&wtﬁheﬁi b@ 78!1C Clones fr(rr)ﬁ\”ﬁ'h@t e

DNA. Unl ess o | I catl ons
used: 15 second amplification had a sequence lden cal to the original VKJ clone.

" “Definitive proof that VKJ contained the C11 light chain variable region was
10 obtained through the construction of a chimaeric antibody using this VK and
the VH described above. This antibody was shown to bind CD23.

‘Designing the chimaeric antibody

15 To verify that the correct heavy and light chain variable regions had been

~ cloned and sequenced, a chimaeric anti-CD23 was constructed. The heavy

chain variable region was amplified using the clones from the cDNA library.

The forward primer contained the 5§’ cloning site (Hind Il1), 5' untransiated

sequence including a functional Kozac signal, together with the first six

20 codons of the murine variable heavy region. The reverse primer engineers a

Spe | site into Framework 4 in frame to fuse to a human gamma | constant
region. These primers generated a 430 base pair product.

Heavy chain anti-CD23 chimaeric PCR oligos

25
5' gAT gAA gCT TTA CAg TTA CTC AgC ACA CAg gAC CTC ACC ATg gAT
TTTggg CTgATT3  SEQID 19
5" gAT ggA CTA gTg TCC CTT ggC CCC A 3SEQ ID 20

30

The primers for amplification of the anti-CD23 light chain variable region to
make chimaeric light chain were constructed containing the 5' cloning site
(Hind 1), 5 untranslated sequence including a functional Kozac signal,
together with the first six codons of the murine variable light chain. The
35 reverse primer contained a BsiW 1 site and anticodons for the indicated



Step O: 95[err]C for 5 m nutes Step 1: ‘95[err]C for 1 mnute
Step 2: veOpwsseyeT for 1 mnute, ranping up to step 3 at O é‘f‘/%hﬁﬂl&i/‘t&

Step 3: 72[err]C for 1 minute, go to step 1, repeating tﬂ | oop 30 tinmes
20 Step 4: 72[err]C for 5 mnutes DNA sequenci ng was perforned
usi ng the dideoxy term nator nethod using ei ther the Sequenase v2
system (USB, Canbridge, UK) or the fluoregcent dye- t er m nat or
system (ABlI). 25 Gel purification of DNA was performed by separation
of the reaction on a | ow mel ti ng point agarose gel (NuSieve GIG
FMC, Rockl agghind/BtidsTEhecfeduitdancy codes arostandaniasy extTigrest Kadpor'dy v

I1lum nation d vere W zard PCR Preps Kit
(Promega, SOLﬁ?Fg t(g TPN%O&%“% &djgﬁﬁ%@ﬁ ng of am no-acid residues in -
ant i body chai ns foI | ows the schene of Kabat et al ("Sequences of
prot ei ns of F@% of Heal t h and Human
Ser vi cgs gl@‘éﬁghl nflenbgzsgrﬁhgghcfﬁf 5 Pr epar at I on of cDNA from
Cl1 hyPBri dona

A grow.ng cgl Laf gi CAgPIA ETElAber ABN CAY(]

contai ni ng ?g E‘gﬁ&g cgl s werﬁP 3 | fuged a bot celqecww etggand
super nat ant 1T % The supernatant was tested for

t he presence of nurlne |nnunoglobulln of various isotypes by an

el 00 e B AL i e con OGS Sec’b 28 Tald o

10 NOS 42 to 45 and 52 and 53)

T R K | E L K T
R \Y

The heavy chain PCR products were cleaned, cut with Hind Ill and Spe |, then
cloned into a pUC vector cut with Hind Ill and Spe | containing a human
15 gamma | constant region. The human constant region used was the IgG1
heavy chain described in Reichmann L et al (1988) Nature 322, 323-327 but in
cDNA context as described in Page, M. J. and Sydenham, M. A. (1991)
Biotechnology 9, 64-68 and Crowe J. S .et al Clinical Exp Immunol (1992) 87

105.

20
The variable and constant region was removed from the pUC vector with Hind
Il and Eco R1, then cloned into the Hind Ill - Eco R1 site of the expression
vector pEE6 obtained from Celltech (Stephens & Cockett and Nucl. Acids.
Res. (1989) 17, 7110).

25

When the heavy chain chimaeric was sequenced, 100 base pairs of &'
sequence were missing. Upon examination of the murine variable heavy
chain sequence, an internal Hind Il site was observed. To create the
complete heavy chain variable sequence generated in the PCR products, the

30 PCR product was digested with Hind lll and the small 100 base pair fragment
cloned into a Hind ill digested pEEB containing the chimaeric anti-CD23 heavy
chain.

The light chain PCR products were cleaned, then cut with Hind 1l and BsiW 1,
35 then ligated into a pUC vector containing the human kappa constant region.




Messenger RNA‘was isolated fromthe cell pellet by sequential application

of a THORPSEEAN | sol ation Kit (Stratagene, Canbridge, WOT/EBodmassai ng
total RNA) and 10 then a nRNA Purification Kit (Dynal, Gslo, Norway).
Portions of both the MRNA and the total RNA Wwere then converted to
si ngl e-stranded cDNA usi ng t he Superscript Preanplification System
(BRL, Paisley, Scotland, UK). Ali quops of the resulting cDNA were
used in PCRs designed to separately anplify the variable regions of
the Cl11 i mmunogl obulin heavy and |ight chains. 15 Cl oni ng and sequenci ng

of the Cll heaVheduman kappabbrstarigiegion used was asaldsedbgd @ &eichmane ebakd

o550 i whNerbo TofE GO, | TH8Cghiethsin Wittt ang géeﬁﬁ%%%% S de
regi on of the removed frannthmpld@g‘eeqmwnh ridind rtl eanek EnerR ddiis fragment agas
t/g.(l?l gg:'l:e yl C%ﬁga%tortﬁ%mﬁd ﬂ[ ehE‘én adéﬁle ? B%%* or V\al’é pr Ic}r'T:iI}it?{2 bﬁ%med

reaction, 512 from geﬁ@ﬁ hr (Beb mt@;n wedcHeatselrlndy DNA @lonisg ﬁéolofhecbap&en@

forward primergRi PRESS 193';&)0rrb| nation with the yl reverse priner. These
reactions were perfornmed with an anneal ing tenperature of 42.5[err]C
(Step 2 in the schene above). 25 Sanpl es of each reaction were

anal ysed on anTagacrmmeegeIheaagcb}mnmaMSOi%otdt@i as a BglelpeShbd ciszetts e

only in the re 1.0 at Qrwar, Bas

P L rosul's, " CTSGRBAS BES e e 3 e RS MY b i ARG Tl
per f or medOusi ntj'lecllgh&addrl‘leaa;d cﬁamrgenélﬁmvmdnftmmsametpiasrﬁlm respectively. 30
The use of two independent PCRs to serve as a source of material for

cl oni ng is a conmon device well known in the art for the avoi dance
of sequence erTbedinal expressiqrs ptashiid mostaisivgplbeachioericr CRH23| wasi tsansigntiyTaq

pol yner ase. ?xprgssértgﬁw C@S%éﬂsn@rggfﬁdrﬁgﬁmrﬁa V&ﬂl@) ds QSlfdvﬁ‘éj Wrérﬁ]fé%@hw and

Sall, gel puri Inserts froma
nurber gof E | ontRroriega) cwas reconstituted \dp gypgggbgccordmg to the recommended

22 15 protocol of the manufacturer. On the day prior to transfection, 5.0 X 10° cells
per well were plated in a six well plate (Costar) in a total volume of 2.5 mi of
media. Medium was Dulbecco’s Modified Eagle Medium (Gibco/BRL) and
10% dialysed fetal calf serum (Hyclone). The plates were incubated overnight
at 37°C. For each well in the 6-well plate, 20uil of Transfectam was added to

20 0.5 ml of serum free media in a sterile polystyrene bijoux container, then
vortexed briefly. For each well to be transfected, 4 pg of plasmid DNA was
added to the 0.5ml of Transfectam solution in serum free media, then mixed
well and left at room temperature for about 10 minutes while preparing the
cells for transfection. Medium was aspirated from the cells to be transfected,

25 then the cells were carefully rinsed 1 or 2 times with 5 ml pre-warmed serum
free media per well, and then 0.5 mi of serum free media was added to each
well. Previously prepared 0.5.ml DNA/Transfectam solution was added into
each well and when all wells completed, the plate was gently swirled to ensure
mixing. The plate was returned to the incubator for 4 hours. Two ml of

30 complete medium (containing 1.5 times the normal serum concentration) was
added to the transfection solfution. The plates were returned to the incubator
for three days when the medium was harvested from the plates, and assayed
for antibody activity.



PCR were sequenced and found to be identical, suggesting that the.sequence
does not oamymssereerrors introduced by the PCR process. Thep&pagRbsiigs4
sequence of the variable regionis shown in Figure 1 (SEQID 1), and is a
perfect match to the Kabat Group I11C heavy chain consensus. 5

Cl oni ng and sequencing of the Cl1 |light chain variable region : The
Cl1l light chain variable region was cl oneg by a sinilar process, again
involving a set of 11 forward priners specific for the signal peptide
region of the 10 |l i ght chain nessage and 1 reverse priner specific for

L, TPuce KTt SnhaeDoond G000 i s s sy Do ISR
12010 e G033 i SRS s 5l

i ncl uded andODeul/well 0E2 pHkmiesCBRBed KM Nabgidnctd ;M Na,CO,, pH 9.3
ACTAGTCGACA T, ' ;

Separ ate PCRYEMIGHACA G BRAGS WelSwksfiel thickidirhas dith 196 mi NacPSB ¥
revers& pri feizmavbasep& t%r (W09, Tweenzath| BH cG4p(T B weean)gdlocked for 1-2

el ect rophor ° i PRASGVING SeRIABIBEMIM P TBS/Fwekn! he
expect ed si g@"?ﬁrﬁggg V\%rvgﬂ-mplgg ﬁ’:%éég%f‘t att%el y Idi ggst ed w tril ISal I an‘gll X?ral ,

purified, asddwashed ihieetimesvy WeeR,j ¢| d cl ones designated VKI, VKJ
and VKK. These were partially sequenced to determne their identity.

Partial seqyepce for, cl one VK s found to be . Ldenti cal, w,t
known sequeh@’?masquﬁﬂp%ﬂﬁtﬁﬂlﬁjﬁgm&e fyme H¥bmlcw Wete %gan@%l ch
has a f0 amesitell om dEigRBart Gfrthan@6 Malbplaite: amddditutions ofuttee chimaericiastiar ded.
Partial seq f | ' n
dent  cal wines utefy SRy oliteiied th RS RpAANS: COSReiR way
J00560, JOOG&RIEd thasotber ipastedf then86 wel piatec| Tlae Qh’_g mugine [aABodY WAei ng
the germ indiiedel Wiih, artiingis® laB (R ) e e The
hyri doma wadiavelsped th goa ffonbeSiﬁ!hm%'daWt?gti:\ijSaiﬁdSbgzgsgz&W@?e
|V|DPC211V5K§I até%ﬂ'nf}ﬁ%ﬂﬂh ﬁ)a(’ln_n | |3ﬂ1e chithderd untia3DR3 dmtibblly adag detected/Kiith
cl one was .t hought, unli to B . oneg: was
consi der ed rﬁﬂ‘f‘t‘htl’mgall?pﬁ’a 'P&%@E%&’%Pﬁg %r}q.xfég%’légll%lg%qﬂsepﬁ%wgge' '(§.g.}.4ﬁ<a]
vari abl e r egh-gripapddiluted p:50004h PBS(BEACH %as Ghimaede anticGP23iwas positive
sequence in g i s sequenced fully, and found to be a
ful'l y-funct i@ﬁ%\”‘ﬁ"@%@a% in HiPELREA.
20 The chimaeric anti-CD23 was also positive in binding membrane CD23 as
determined by FACS. These data verified that the correct murine C11 heavy
and light chain variable regions had been cloned and sequenced. These
murine sequences were then used to develop the humanised anti-CD23

antibody.
25
Construction of the humanised heavy and light chain genes
The humanised heavy and Iiéht chains were constructed following the method
of Lewis and Crowe (Gene 101, 297-302, 1991).

(i)Light Chain
The mouse framework variable region sequences were compared to human
framework sequences in the GenBank database.




LRI

23 . chai n sequence, wi thout frameshifts, nost likely using the VK167

or VK24 WOg#He89 placing it as an atypical Kabat group FCI3EENI®IM3E.
The conpl ete sequence of the VKJ clone is shown in Figure 2 (SEQ ID
2). A second i ndependent PCR using the prinmer pair that produced the
VKJ clone was also 5 perfornmed, and the product cloned and sequenced as
above to preclude the possibility thal the VKJ sequence contai ned
PCR errors. Clones fromthis second anplification had a sequence
identical to the original VKJ clone. Definitive proof that VKJ

cont ai ned t he Idght ichgin humannfremewaniseweryjicompaied for homelagy teethe imaussh
the constructi g, I?En?anc*’édllﬁégﬁ fﬁghﬂ R Uariibid hfééD%n\é%o@i@dsequence t heppdH

descri bed above. I's ant shown to Dbind ni ng
the chimaeric GATRMAK most’ homejogas WAS GPSeMeaT JePiaten &y dO‘?

chai n vari abl eeﬁggg@ﬁsnwgg been cl oned and sequenced, a chi ITB.EI’I o
anti-CD23_was constructed. The heavy chai n variabl e regi on was
anplifi eddusi ng the clones fromthe cDNA |ibrary. The forward priner
cont ai ned the Bocud: dﬂSl@KVlltéQbemRNAl) 5' untransl at ed sequence

codons of ¢ ne maPVRGR, SFAEN sosiited DRACTP Rantt dnhirBaldihithJpaderpontite, .

Spe | site intandvariableregidnin frane to fuse to a human gamma | const ant

regi on. These [ a 430 base pair pr oduct Heavy
chain antl-wzgab@n}é?ﬁé;gé’@&ﬁgll gos 25 gCT TTA CAg TTA

CTC AgC ABA caguthecs:Ciitlobesrk, ATE. getral Contribyrfign ggghumgn Arﬁtaapa il gegntipelo -
5" gAT ggA CTAqgds tbightEhamivérshty Natur-@0bD73.96, 1984,

Each amino acid that differed at the same position in the mouse and human
framework was examined. The human amino acid was kept if the antigen

15 binding is not affected because human residues should be less immunogenic
than a mouse residue. The identification of specific residues that affect binding
has to be hypothetical and based on data from other antibody-antigen
interactions. From published data, residues 71, 81, and 94 in the heavy chain
framework have been shown to interact with antigen binding (Tramontano, A.,

20 Chothia, C., and A.M. Lesk, J. Mol. Biol., 215, 175-182, 1990.; Kettleborough,
C.A., Saldanha, J., Heath, V.J., Morrison, C.J. and M.M. Bendig, Protein Eng,
4, 773-783, 1991). These residues shouid therefore, be the same in the
humanised framework as in the mouse framework. Each amino acid change is
considered for size, hydrophobicity, hydrophilicity, and charge. If the human

25 amino acid is similar to the mouse amino acid in these characteristics, then
the human amino acid is used at this site.

There were 13 differences between the amino acid sequence of the mouse

light chain variable framework sequence and the most homologous human
30 variable light chain sequence. None of the mouse residues were retained. A

humanised fight chain variable sequence was generated and a GCG program

was used to identify silent sites for the following enzymes:

Accl; Hael; Nhel; Pvull; Xbal; Xhol; Xmal



30 The prinmers for anplification of the anti-CD23 |ight chain

vari abl e nagbRsB6190 make chimaeric |ight chain were gepekidiusd
containing the 5 cloning site (Hnd Il1l), 5 wuntranslated sequence
i ncluding a functional Kozac signal, together with the first six
codons of the nurine variable light chain. The 35 reverse prinmer
contained a BsiW1 site and anticodons f t he indicated

24 am no acids. The redundancy codes are standard: Y =T or C K=T
or G V = A, Gor C The product was 420 base pairs. Li ght

hai t [ I TA
cha RggnAICA%g@,g%% d@g Kudlédtic? sewen‘ée were mdde ERIndide Wdsel Testiictibn

ACC D, 21
5' gAT gCg BReyEeysites t@lgﬂﬂigg%aﬁ‘ﬁ %qqguggc?%%@@ %ﬂ) NOS
42 to 45 a”Qhége aftds 5Were included to make Jduttifiy and pasting Fragments kof PCR
R The heavy chain PCR products were cleaned, cut with
Hond |11 an&'@l?é gasigfon cloned into a pUC vector cut with Hind Il
and Spe&s | containing a hunman 15 gama | constant region. The hunan

tant h
FonStant ¢ a4 AR AP prain was BRAIatEl A RN rbeole ighe A
in Page, M chalrarQDBydemthaan eXisting @qrgpla}e (eg HS'@Wﬂ'e&ﬂhﬂk@ . &. el1a6s and
Crowe J. S . d4)i308| 75418) \cORttnihg Qﬁ@%ﬂésé’ﬂ human I|ghl@ﬁam2@amework The

tu
vari abl e an conssant regi.on e rom-t 0
11l and Eco muenﬁemsmgcﬁfweuwﬂaP% z‘équﬁ? et aZéHPﬁ) 351 %’“51\# IH""Q

expr es$h on  the humanised light chain variable sequences were developed as follows:

A Kozac sequence for ftranscripton and a signal sequence
(MGWSCIILFLVATATGVHS - SEQ ID 15) is included in the light chain .
template sequence. A Hindlll site was added at the §' end and a Bswi | site

15 added at the 3' end of the PCR product for cloning. The oligos for PCR
overlap extension were:

A:SEQ ID NO: 23 5° gAT CAAgCT TCT CTA CAg TTA CTg AgC ACA 3

20 BL:SEQ ID NO: 24. 5' AAT CAA gTA TgT CTT CCC ATC CTT ATA CAg
gAg ACT CTT ACT CgA gCg ACA ggA gAT ggA ggC 3’

C1:SEQ ID NO: 25. 5° CgC TCg AgT AAg AgT CTC CTg TAT AAg gAT ggg
AAg ACA TAC TTg AAT Tgg TAC CTg CAg AAg 3'

25
DL:SEQ ID NO: 26. 5 TgA TgC CCg ggT ggA CAT CAA ATA gAT CAg gAg
CTg 3
E_:SEQ ID NO: 27. 5 TTg ATg TCC ACC Cgg gCA TCA ggg gTC CCT gAC
30 Agg?3

FL:SEQ ID NO: 28. 5 AgC CAC CTg ACg TTT gAT CTC CAC CTT ggT
CCC TTg
gCC gAA CgT gAA Tgg ATA CTC TAC CAg CTg TTg ACA gTA ATA AAC
35  CccC3




vector pEE6 obtained from Celltech (Stephens & Cockett and Nucl. Acids.
Res. (1989) WO9%3i86@9. 25 When the heavy chain chi maergcr/egs/01434
sequenced, 100 base pairs of 5 sequence were ni ssing. Upon

exani nation of the nurine variable heavy chai n sequence, an internal
Hnd Il site was observed. To create the conpl ete heavy chain

vari abl e sequence generated in the PCR prodggts, the 30 PCR product was
digested with Hnd Il and the small 100 base pair fragnent cl oned
into a Hnd Il digested pEE6 containing the chinmeric anti-CD23 heavy

chai n. - The light chain PCR products were cleaned, then cut with

Eiuggnl L;pggd Cgﬁg\%?ﬁa%@ 5 éﬁ%\‘ﬁ%t LI' %e%%e'ﬁgo 4%7-4{& W%%%?Qve?grb r|1r'nré ‘%hae
25 Thepmgramnmm«pé]eabmg block (Pedtin Elmee CoraArmp 26003 istngd25 mounds
constant tegi of temperatih8'cyEthe (e 5t P rihute; BRCC G2 nifiPeik 12 G, £ il
Eco R1. This ffalgwesibyadinal 5 min stepabd2iGi Bnmﬁes (at4duM concemteation %aﬁrapof
the expression V@;Sé ed)%%r@tﬁf @ﬁat& and éstEIhﬁ%e'dft Q d@ﬁhgi ! BPerk

He hel V I | RL;

Thgt i(r:n ﬁaerl c E@@%C%%)' %gsus%n agﬁa‘a‘é(’"dmsg?f PQul_withy the r%‘:ﬁ?‘gfe&rﬁf

inserted at thgddnnbiided Bithd manufactiret.he pEEL12 [ight chain plasmd, such
that 10 the light and heavy chain genes were in the same plasmd.

The final expression plasm d containing the chineric CD23 was transiently
expressed0i n CObrexeplimatg PER reantibay werdneitialbetarsiedasutf afitholGng oF ensplate am

(Promeos) vas  hef datiehy 1R Bl AGROAT, M8, LR, ARPEIEC Yyt o
10[err] cel | s respectively. The products of these PCR reactions, fragments ABL, CDy and
EF| respectively, were purified using Qiaquick PCR Purification Kit (Qiagen
Ltd, Surrey, UK, product #28104) following the protocol recommended by the
15 manufacturer. Fragments AB) and CDp were combined using one tenth of
each purified product, and subjected to recombinant PCR reactions with
primers Al and Di. The product of this reaction, fragment AD|_ was purified
as above, and one tenth of the product was combined in a recombinant PCR
reaction with one tenth of purified EF| using primers A and F. The final
20 humanised light chain recombinant PCR product, AF| , was ligated into pCR™
I from “TA Cloning Kit" (Invitrogen BV, Leek, The Netherlands, product
#K2000-01) following the protocol recommended by the manufacturer.
Plasmid isolates were sequenced using the ABI fluorescent sequencer.

25 (iiy Heavy Chain

The human framework sequence mast homologous to the mouse framework
sequence was identified for the heavy chain. The most homologous
sequence in the database for the heavy chain was:

30
Locus: HUMSIGVS 423 BP MRNA
Definition: Human Ig mu-chain mRNA V3b-D-J4 region 5’ end
Source: Homo sapiens cDNA to mRNA



per well were plated in a six well plate (Costar)-in a total volupe of 2.5
m of wo o93giea. Medi um was Dul becco' s Modified Eagle Mpghigbddasdaco/ BRL)
and 10% di al ysed fetal calf serum (Hyclone). The plates were

i ncubat ed over ni ght at 37[err]C. For each well in the 6-well plate,
20[err]l of Transfectam was added to 20 0.5 mM of serumfree nedia in a
sterile polystyrene bijoux container, th vortexed briefly. For
each well to be transfected, 4 [err]g of plasnid DNA was added to
the 0.5m of Transfectamsolution in serumfree nedia, then m xed

wel | and | effutRdrst OSEhE LI IE! WIH derfuehbe wf alﬂumaﬁJé&ﬁ)ahﬂbbﬁy(.prEW@éﬁdw the
cells for trﬁ Sfe’(Ctlﬁtg?fi'NEdl u‘reawasu@?%l rated fr mth@g%ells ;ﬁ?

transfect ed} utoapiiRodies capg Un ef Gopfes Pl 9piming, gengs. MEBOW th 5
m  pre-war mdd2s 888887, 1989. free nedia per well, and then 0.5 m of serum -
free medi a was added to each well. Previously prepared 0.5 m

DNA/ Tr ansf ect am sol uti on was added into each well and when all wells
conpl etfed, {lhergiwere seventren diffesencascbetwseanther amino acid sequenge ohthepl at e

was returnegndisd H@ai)y“%ﬁ?ﬁt\%rﬁﬂ% fAnEWOR-sehiBnB dtd e mos?%cﬁé%od%?di um

(containing 1.5 tines nornal, serum cqQncentrati on a dto

t he I was
the transfediuman yariablecheavihehaip framewg s‘?‘é’ﬁﬂ%d"% fiverrositieni 48 o 66,

for three dags 7whaid bAchansbus® \udsinb Ackewas defdied.t A€ alil RhESpositishs iRy ed
for anti bod@act i v

ity. . . .
26 THUER ARG acidasuee s dhe hueapisad heayyishain ataworkE o  he
ELI SA 10 assay to determ ne sCD23 binding, EIA/R A plates (Costar) were

75 i nazood fg ptthd hinRbisgl My Hhan Vit sBhustil iiad o tiRd BbYE 1t oo
times with B0Gnogeatn wasousad ® identifyisient sitesdor theifallowing enzyees:20, pH 7.4
(TBS/ Tween) ,Eé&irlnolqhgp X )%h‘%BX/m'PI hours at 22 Cwth 100 [err]l/well of

1 al bu i S/ Tween

2% bovi ne ser umn in : and washed three tinmes with -
TBS/ Tween. Dl utions of supernatants fromthe nurine hybridoma Cl1

were afled I®Rarides in {hey nlitléotidd sequance werd neddé e irfudéthesd aéstriatith
di lutions of_ the chimaeric ?nhi - . . .

-~ enzyme sites withoéut changing the amino acid sequence. The presence of

these sites were included to make cutting and pasting fragments of PCR

clones easier.

20 A Hindlll restriction site for cloning, a Kozac sequence for transcription
' initiation, and a murine signal sequence (MAWVWTLLFLMAAAQSAQA - SEQ -
iD 16) for protein secretion were added to the 5’ end of the humanised heavy
-chain variable region sequence. An Spel restriction site was added to the 3'
end for cloning.

25
The humanised variable heavy chain framework with mouse CDRs was buiit
by PCR using long overiapping oligonucleotides.  Eight oligos were
synthesised approximately 60 base pairs with 15 base pair overlaps. The
oligos were as follows:

30

AH:SEQ ID NO 29. 5 ACA CgA AgC TTC ACC ATg gCT Tgg gTg Tgg ACC
TTg CTA TTC CTg ATg gCg gCC gCC CAA 3’

BH:SEQ ID NO 30: 5° CTT TAC CAA gCC TCC CCC AgA CTC CAC CAg
35 CTg CAC CTC TgC TTg ggC ACT TTg ggC ggC CgC CAT &




CD23 anti body-transiently expressed in the supernatants of COS cells was
added to anotW@py/s8e7% of the 96 well plate. The Cl1 nurine ardgotiaeshs/onss
detected with anti-nouse |1 gG (whol e nol ecul e) peroxi dase conjugate

devel oped in goat from Sigma A4416, diluted 1:1000 in PBS/ BSA( bovine 15
sermal bumn) (1% . The chinmaeric anti-CD23 anti body was detected with
anti - human kappa |ight chain (bound and freg) peroxidase conjugate, (Sigm
A-7164), diluted 1:5000 in PBS/BSA (1% . Chineeric_ anti-CD23 was positive
for binding sCD23 in the ELISA. 20 The chinmaeric anti-CD23 was al so
positive in binding menbrane CD23 as determ ned by FACS. These data

! egi ons had- bee PR T B FIdata ARRCCC g00 088 TG S TARREIENGEY
then used to degAeyGA Ot Apdhogd Jd€ AGTI TRDAQYT 3’ anti body. 25

Construction of the humani sed heavy and |ight chain genes The
humani sed heavy and Ii&&t} chai ns were constructed foll ow n%the nmet hod

of Lewi s &and G@HGEQINOAR 5 LLCIHDT €60 FogAYC CTg gCg GAC Glhogbralh

The nouse frang@AGTA §CORCT JAUA mdqmqrwg@ﬂ@ere conpared to hunman
framewor k sequencés in the GenBan at abase:

27 Li ght chain human franeworks were conpared for honology to the
nouse FHISEQBINONS3:- GDgggl AAdigggheTO gy iTgal gTT g™ ATFOAgACe.
The fr %ﬁ?tgA@m%WSCWCR@R‘F%' as tenplate for PCR overl ap

extension; it
10

FH:SEQ ID NO 34: 5' ATG ATC TCT TgA gAT ggT gAA TTT CCC CTT CAC
AgA CTC CgC ATA ATg TgT TgC ATAATT 3

GH:SEQ ID NO 35. 5’ ATC TCA AgA gAT gAT TCA AAA TCT AgA CTg TAT
15 CTg CAA ATg AAC AgC CTg AAAACC gAg gAC ACA 3’

HH:SEQ ID NO 36: 5 ggT gAC TAg TgT TCC CTg gCC CCA gTC TAT gAA
ATC TgT ACAgTAATACAC ggC TgT gTCCTC ggT TTT &

20 The murine CDR's were grafted on to the template using recombinant PCR.
PCR was performed using a programmable thermal cycler (Trio; Biometra).
A 50 ul reaction contained 2.5 units of AmpliTaq polymerase (Perkin-Eimer-
Cetus, Beaconsfield, UK) in the buffer supplied by the manufacturer, a buffer
which provides the preferred pH and ionic strength for amplification (10 mM

25 Tris-HCI, pH 8.3, 50 mM KCI and 1.5 mM MgCl;), 200 uM each of dATP,
dCTP, dGTP, and dTTP, and amplification primers at 1ug/ul. The samples
were heated to 94°C for 2 minutes in a heating block, then centrifuged for 30
seconds at 16,000xG. Samples were placed on ice for 1 minute, then Taq
polymerase and a drop of mineral oil added to each sample. The samples

30 were vortexed, then centrifuged for 30 seconds at 16,000xG. Samples were
placed in the thermal cycler programmed as follows:

Step1:  94°C for 1 minute
Step2:  50°C for 2 minutes, ramping up to step 3 at 0.4°C/second
35 Step 3: 72°C for 3 minutes, go to step 1 repeating the loop 25 times



Locus: HSIGKVII 490 bp nRNA Definition: Human rearranged DNA for

kappa- i nmwoogsisséml i n | eader peptide and vari abl e r ggEB99/01434
Source: hono sapi ens 10 Aut hors: Kl obeck, H G et al. Contribution of
human V kappa 11 germline genes to Ilght chain diversity, Nature,
309, 73-76, 1984. Each amno acid that differed at the sane
position in the nouse and human fggmewor k was exam ned. The hunman
am no acid was kept if the antigen 15 inding is not affected because
human resi dues shoul d be | ess i nmunogenic than a nouse residue. The
I dentification of specific residues that affect bindi ng has to be
hypot heticzraé and based Qﬁdata .from ot her.

b
i nt er act i oriR®VeE BAMANIN IFagtions Were; 'B'H@@wplfrpoé'\i'eg hﬁéﬁ Hah pleaehy y
chain pnrﬂenapemmdctnbavnslhgdhe primer combinatiorec Ay \endhBanCy; aed Dy nEg, ng

Aot 2P, 80 and ST OADIEH O ancBE s M, gt - 8 ot
Morri son, (&d.anthdHm MA E;euldiabquqtr of éhen FEingAry PCR reaptnmaamdactsleme
These resi %&ﬁb.ﬁaﬂ%ﬁht gewgh@ raha cth {d'fh sgme ﬁbﬁ%ﬁﬁan

franework as I nt se m no aci 'S

consi der ed Q%W'@@edeqﬁf@ﬁgpfﬁbm%wf?a% Gﬁamqﬂpasﬁg Qeaﬁfﬁtéﬁhﬁélé“ langth he
human 25 éuwr@waﬁlﬁruhblesrey'érar Ptrmwér&z@mu%acﬁah thg%@érﬁs'KF.i BAGEH,,

characteristics am S site.

There were fti@rﬁ?’f‘?’mhé@g“ﬁ’é}tﬁgéﬁ ﬁ@* Mr@qﬁgﬁ:ﬂg@ t?egéé éb E rnBde

| i ght1b«|nha: rGlF:lﬂr frﬁgh&an‘ts ABYVB Dy, SEFW cBER, and AHMewmetcdmnéd@mﬂs phirige gO

vari abl e |ight i n eret ed. A

humani sed. 1AGAMSCHA niﬁf‘gé*f‘t%?%cgi%% cfiont MadBaE Al Brdtfralifighs s, Thean,

was used t diraanised\hesivy efainsvarable segionPCRIproductgdremahesdBy, GHH, and\ccl

Iz—lgel Nhel ;s ARY YeheticP@las pitfied L?Q?ﬁd Wizard PCYOPPY s BN Purification System
(Promega) following the protocol recommended by the manufacturer. The

15 purified products were cut with Hind Ill and Spe | then cloned into a pUC

vector containing a mutated IgG1 constant region (see below).

Construction of the Humanised antibody

20 The humanised heavy chain variable region PCR products were cut with Hind
Ill and Spe | then cloned into a pUC vector containing a mutated IgG1
constant region (see below). The variable region of the clones were
sequenced Figures 3 and 4(SEQ IDS 17 and 18). A clone containing the
correct humanised heavy chain variable amino acid sequence was selected.

25 This clone had one silent nucleotide change from the model humanised heavy
chain variable sequence.

An 1gG1 with mutations to eliminate C1q and Fc binding was used for the
constant region of the humanised heavy chain. These mutations were based

30 on the following two papers: Duncan, A.R. and Winter, G. Localization of the
C1q binding site on antibodies by surface scanning. Nature 332, 738-740,
1988 and Duncan, A.R., Woolf, J.M., Partridge, L.J., Burton, D.R. and Winter,
G. Localisation of the binding site for human FcR1 on IgG. Nature 332, 563-
564, 1988.

35




Changes. in the nucl eoti de sequence were nade to include these restriction
enzynme sites wobdsgshe changi ng the am no aci d sequence. The prRaatEy9/efd34
these sites were included to make cutting and pasting fragnments of PCR

cl ones easier. 5 The humani sed variabl e |ight chain was generated by
grafting the nouse |ight chain CDRs onto an existing tenplate (eg

HSI &KVI | Kl obek, H G et al Nature (4984) 309, 73-76) containing the
chosen human Ilght chai n framework sequence using splice overlap PCR
(Crowe, et al.supra.) Pl asmi'd$ encoding 10 t he *humani sed |ight chain

variabl e 5eqUe’!’ﬁésrew&sdﬁw‘(ﬁétéeegrea%é@h'l%WKabat EA. /wu NoraCP qyeREce
for transcri péﬁ a$ CP (s!:l%gﬂence é% MOWSCI | L TATGVHS, -
SEQ ID 15) is Etfea@@a i K-9heald gt & 1991, 4 P&P@s%ea e"]& of
Hndl 1l site wsmadddica mté@sb','vmndeamdagemm | site 15 added at the
3" end of the PCR product for cloning. The oligos for PCR overl ap

ext ensi on were: AL: SEQ I D NO 23 5' gAT CAA gCT TCT CTA CAg TTA CIg
AgC ACA 35 20The cBanGEsQriadeNiDlg@4 to Bfea@e\ﬁn(]g@'l istpoa daCkigr cyiGoxXICHy Wiare ATA

A e b st S R S YO

TTgAATngTA(@QH)gCAgAAg3 25 DLSEQIDNO 26. 5' TgA TgC CCg
ggT ggA CAT CAA ATA gAT CAg gAg Crg 3 EL SEQ I D NO 27. 5
TTg ATg TCC ACC Cgg gCA TCA ggg gTC CCT gAC 30 Agg FL: SEQ |

NO 28. 5 AgCllgse winiationg were rgade tzsrélteﬁ@eetﬁﬂ rggtpgeneSls of adayimag IgG1 as
gCC gAA 169T oiMloweg ATA CTC TAC CAg CTg TTg ACA gTA ATA AAC 35 ccc 3

Constant region PCR oligos used to generate 1gG1 with mutations were:

SEQID 37 A: gCT gCT CCT TTT AAg CTT Tgg ggT CAA ggC TCA CTA gTC
15 ACAgTCTCC

SEQID 38 B, TgA Cgg TgC CCC CgC gAg TTC Agg

SEQID 39 C. CCT gAA CTC gCg ggg gCA CCg TCA
20 o
SEQID 40 D, AAg CTT CCg TCg AAT TCATTT ACC Cgg AgA CAg

Oligo A. contains a Hind/Spel site. Oligos B; and C. contain the mutations at
positions 248 and 250. Oligo D. contains an Eco R1 site. Oligos A: and B.
25 were used to generate a fragment AB using the PCR conditions specified in the
General Methodology section of this application and a cloned human 1gG1
constant region as template (Reichmann, L., Clark, M., Waidmann, H., and
Winter, G. (1988) Reshaping human antibodies for therapy, Nature 322, 323-
327). Oligos C. and D, were used to generate fragment CD using the same
30 PCR conditions and template as for AB. PCR fragments AB and CD were
cleapsed using a Wizard PCR Preps DNA Purification System (Promega).
PCR fragments AB (5.0 ul) and CD. (5.0ul) were combined with oligos A; and
D. to generate a fragment AD. containing the 1gG1 constant region with
mutations. Fragment AD. was cleaned by Wizard PCR Preps DNA Purification
35 System (Promega), digested with Hindlil and Eco R1, then ligated into Hindlll-



WD 99/ 58679 : 29 . PCR
reacti ons yWégdidgeret al . Science 239, 487-491, 1988) were p (h a
programmgléeggﬁ?gzgieng bl ock (Perkin El nmer, GeneAnp 9600) us?%’aﬁy@&ﬁnds
of tenperature cycling (94[err]C for 1 mnute, 50[err]C for 2 mn, and
72[err]C for 3 mn) 5 followed by a final 5 mn step at 72[err]C
Primers (at 4QuM concentrati on each), 4 a specified anount of
tenplate, and 2.5 units of Taq pol ymarasg (Perkin El mer Cetus) were
used in a final volunme of 50ul with the reaction buffer as

reconmmendedgpyRy h&igEQfé'df pEE® gfasmiéocontaiﬁmgeﬁwé’ HutRdnisE& kR eB2 0 Rgavy’ ©
initially c&r\r,led, th 10ng of tenplate per reaction, using the

t, W
primer pair ﬂﬂW’?H'eBPSm-, Cerr] with Derr], Elerr] with FL
respectively. The products of these PCR reactions, fragnments AB[err],

‘CD[err] and EFL respecti vel r urjfi usi ng. G aqui.ck PCR
Purificati ohMKi qon@&rggrgglonpwas s?g%é,ncéﬁr E’egf’nﬁfﬂ,‘ %E?O‘EH%' S%I?Wﬂtow' ng
t he pr 6t ocotomtainimgrtmessd mMutatidres Was tramsfewéd do vare expFessiore piasmidLpBRE CDL
were conbin J: : riJ.d ct, and
subj ect ed tg&%@‘gﬁg}%ﬁ@‘%@gggﬁ%@ hﬁﬁ?ﬁ@hgﬁ’l \Hd%?? ﬁé@gH'AL and DL. The
product of this reaction, fragnment ADL was purified as above, and
one tenth o : i ' ' ; ; ction
W th one t onrh EpRARSEhobaliP CHAE ridlof PO PRANIAR Weltut with Hingigh
humani sed | ?Q%IBSM%,rﬁh‘F'éélﬂﬁ‘SF’ﬁ'éﬁﬁ’teW%‘beBl?émid REE 12, gentaining the human
ﬁecﬁ]el‘llt)] | kappa gllﬂglﬂftr@ﬁ%iﬁ-réo@tﬁﬁ% gﬁ lléht ;Heléllzﬁb’éd ré&ﬂlét .BVTI'thbe%lbne-Ethere ded
erl ands roduct . - ol |l owin e protocol reco nde
by the manpedielias using an ABf erspostt sGaudiie and. 2 HeRe sPnanig (e A
f | uor escent comecteamino acidSsequefrice) forikamyar@bed fight chain vaitieble wegion’ wagewor k
sequence ms%lfegfé?él ogous to the nouse franmework sequence was

i dentified heavy chain. The nobst honol ogous sequence in the
dat abase for the heavy chain was:

15 A Bgl Il - Sal | fragment containing the humanised heavy chain anti-CD23 from
"the pEE6 plasmid was ligated into the Bam H1 - Sal | site of the pEE12
plasmid containing the humanised 'Iight chain anti-CD23 to make one plasmid
containing both the humanised heavy and light chain anti-CD23. The
humanised heavy chain variable and constant region and the humanised light

20 chain variable and constant region in the final expression plasmid were
sequenced.

Transient Expression of Humanised Antibody

25 The plasmid with the humanised anti-CD23 was transfected into COS cells
and transiently expressed using the same protocol as described for the
‘chimaeric antibody above. The expression plasmid with the humanised anti-
CD23 was transfected into COS cells and transiently expressed as described
for the chimeric anti-CD23 transient expression.

30
The concentration of chimeric and humanised anti-CD23 antibody required for
half-maximal binding to sCD23 was assayed using the sCD23 ELISA already
described. @ Absorbance at 405 nm was plotted versus a range of
concentrations of antibody to generate a sigmoidal curve with a “goodness of

35 fit" or correlation coefficient of 1. The absorbance was read using a Molecular




30 : Locus: HUVSBI GVS 423 BP MRNA Definition: Human I g nu-chain

mMRNA V3b- D- JWworsegsem 5' end Sour ce: Hono sapi ens cDNAPCTYGBBUUL434
WD 99/ 58679 30 Aut hor s:
Sanz, |. et al. VH sequence of a human autoanti body. Evi dence t hat

autoantlbodles can be unmut ated copies of germine genes. J. |nmuno.
142, 883-887, 1989. 5 There were seventeen differences between the

am no acid sequence of the &> . nouse heawdb chain variabl e franmework
sequence and the nost honol ogous human vari abl e heavy chai n franmework
sequence. In.five positions 4 77 and 94 the nouse am no

aci d was r et aiPexicesplate T%Qdﬁ!r (M@alpt Pafs Cﬁ(éf USA) apdaSofimaxo (Melegulats

used for the hyaRE:SToPFRGiWIE 0 E4lBHBRObES 3:0 by a log%bit' gigefitdn? Sthen
humani sed heavy cha| ﬂ&\éarl abl e seﬁuence GCG

en
e oy aieriag Thes e, GoPBHon paal e BRE- CoITEIAIIoR, coRFicians A
Eagl; Nhel; Xutiscussion of ¥unle fitihg appdas¢esData AhalyBISCéﬁ@t(Dﬁb’h Qpitrgt ofver e

nadet0| clud theserst t ne_sites wtho t he
oo aci 8 sedus: Areraplicd biifier by R P EhBuBbREadls, B thadich fudps
make cutti ng aﬁnskayaadltmngfmigﬁﬁutts pablisher by Marcet Dekker, dnas.i biew Yark 19844
Hndl Il restri S n
it at o, andie, S fiing oGl A8 e 1S, G YoikalRhs R et bR
| D 16) for pr dheuhevesbezg-M@rqwdteM@timb Piscussion of thisl mathed eanbeafousddn
Y to (he JHMBrKENPARNISES G9COTTAE AN Sciodh Shfbuig by WA 1 Préssas
1 Brian P Flannery, Saul A Teukolskl and William T Vetterling, published by
‘Cambridge University Press, New York, 1988. The value for x in ng/ml was

calcutated for the following equation:

x= ¢x [a-y]1b
15 fy - d]

wheny+d-c
2
and where
20 d is the y-value corresponding to the asymptote at high values of the x-axis a
is the y-value corresponding to the asymptote at low values of the x-axis

c is the x-value corresponding to the midpoint between a and d

25 b describes how rapidly the curve makes its transition from the asymptotes in
the center of the curve, typically 1.

The half-maximat binding of sCD23 by chimaeric anti-CD23 was 16.28 ng/ml
(See Figure 5). The half-maximal binding constant for the humanised anti-

30 CD23 was 15.03 ng/ml (see Figure 6) This data shows that the humanised
anti-CD23 has equivalent binding to the chimaeric anti-CD23 which has a
complete mouse C11 variable region.

35



25 The humani sed vari abl e heavy chain framework with nouse CDRs was
built wo 9o9ysgs-R usi ng | ong overl appi ng ol i gonucl eot i dgégcggg,gm‘tol I gos
wer e synt hesi sed approxi mately 60 base pairs with 1 ase palr

overl aps. The oligos were as follows: 30 AH: SEQ I D NO 29. 5
ACA CgA AgC TTC ACC ATg gCT Tgg gTg Tgg ACC TTg CTA TTC CTg ATg gCg
gCC gCC CAA 3' BH: SEQ I D NO 30: 5 CTT TAC CAA gCC TCC CCC AgA CTC
CAC CAg 35 CTg CAC CTC TgC TTg ggC ACB6TTg ggC ggC CgC CAT 3'

31 CH SEQ ID NO 31: 5 TTg gTA AAg CCC ggg ggg TCC CTIT AgA CTC
TCC . TgT gCA gCT AgC ggA TTC ACT TTC AgT 3' 5 DH: SEQ I D NO 32: 5

CCC CTT CCC Tgg AgC CTg gCg gAC CCA ggA CAT

CCA.gTA gCC ACT gAA AgT

gAA TCC gCTsgable Expressﬁrl SEQ ID NO 33: 5' ggg AAg ggg CTC g/gg Tgg oTT gCT

gAA ATT AgA TTg AAA TCT gAT AAT TAT gCA ACA CAT 3' FH: SEQ
ID NO 34: 5' ATC ATC TCT TgA gAT ggT gAA TTT CC CTT CAC AgA CTC CgC
ATA ATg TgTSthbfe AN lINBE 8xpressin g% hurhahiSE anli-8DBH were s@&t@@ﬁuﬁﬁ@ tgéTA%ﬁT
T.CA A’% TCT Iﬁpﬁmﬂ% g%thje%se d géAphf\ c-:rﬂlon sypi%?n %ﬁa%@é 'fA‘om Q@ecllt
3
The basic system described in Bebbington et al, 1992, Biotechnology 10, 169-
175 was followed. This system describes making stable cell lines by.
introducing linearized expression vectors containing the cDNA encoding
hamster glutamine synthetase under the control of the SV40 Early promoter
10 and _SV40 splicing and polyadenylation signal and the cDNA for the antibody

15

20

25

30

heavy and light chain into mammalian cells by electroporation. Transfected
cells are then selected for the ability to grow in glutamine free medium. NSO
cells (non-immunoglobulin secreting mouse myeloma B cells) used for making
the humanised anti-CD23 stable cell lines were grown in Iscove’s Modified

Dulbecco’s Medium (Sigma) with 2 mM glutamine (GIBCO/BRL) and 10%
fetal calf serum (Hyclone) (Non-Select media). The anti-CD23 cell lines were

made as follows. The expression plasmid containing the humanised anti-
CD23 (40 ug) was linearised with FsP1 (New England Biolabs), ethanol

precipitated and resuspended in 50 pl of sterile water. Exponentially growing

NSO cell were counted. The cells (107) were centrifuged and washed once in
phosphate bufferd saline (PBS). The ceils were resuspended in 950 pl of
sterile PBS. The DNA, then cells, were added to an electroporation cuvette
(0.4 mm, Bio-Rad) on ice. The cuvette was placed in a Bio-Rad electroporator

and two consecutive pulses at 1500 volts, 3 pF were delivered. The cuvett&™

was removed and placed on ice. The cells were diluted to 10*, 10%, 102
celis/ml in Non-select media and plated in 96 well plates (Costar), 50 pliwell.
The next day 150 ul of Iscove’s Dulbecco’s Modified Medium (Sigma) with 60
ng/mi glutamic acid (Sigma), 60 pg/ml asparagine (Sigma), 7 pg/ml each of
adenosine (Sigma), guanosine (Sigma), cytidine (Sigma), uridine (Sigma), and
thymidine (Sigma), and 10% fetal calf serum (Hyclone) (Select media) was
added to each well. The plates were returned to a 37°C incubator and left
until substantial cell death had occurred and discrete surviving colonies
appeared. |




HH: SEQ I D NO 36: 5' ggT gAC TAg TgT TCC CTg gCC CCA gTC TAT gAA ATC
TgT ACA gTA Wores8Be7999C TgT gTC CTC ggT TIT 3 20 The mupeivenodbiass Wer e
grafted on to the tenplate using reconbinant PCR PCR was perfornmed
usi ng a programmabl e thermal cycler (Trio; Bionetra). A 50 [err]l
reaction contained 2.5 units of AnpliTaq pol ymerase (Perkin-El nmer-

Cet us, Beaconsfield, UK) in the buffer supplied by the manufacturer, a

buf f er whi ch provides.the preferred 4 and .i.oni c strength for
anplification (10 nmM 25 Tris- HCI pH 8.3, 50 mM KCl and 1.5 nM MQl 2) ,
200 [err] M each of dATP, P, dGTP, and dTTP, and anplification

primers at [erEplnigs WPF%t@ﬁﬁﬁﬁ@g from a copfiyent @6awel Platedaconewell ofi m2des
in a heating blyag blatbhmmaﬁéﬁsév&ﬁcﬂéy@r B8 confluent ARATRSA thé 2LOWEIPR

Sanpl laced o |

Al o T3S ised o Pphbtern B e sl Tnd Shent e Ao %&e@% Wihed

E E:nt ﬁ:pt ri f ugfrdsh Seiif) mediand perforr teaoR@xpanSiomp| Eﬁnwrreﬂasks theplcanmdasln Et .
Step 2 "Buop abpferEinebR heBledt 10, 107 cqtsral o Shgeite AfosBied clikhng
35 Step 3: (SPRYof 444 loriesuwas pedformed s epmpar@pahbodgg ptaductionpn Zachi nes
32 terey PR S R RIEReSBRAENY YBHE chlld ba!dRlcdE] LA ABbaldidn!
conbi nat i ons Alfing.r | Then SRR avas peoﬁp@neq bantalqn[geﬂﬂT celts efrorp a confiueaiiask,

g[[ er H a%eh{ }evrvraiﬁing[tﬁé 'elis Alith PBS B{h%hr&dcﬂigf 'Hfé caRdtDi 6 eﬂr ?fﬁ?@érr heﬁiggdrr]r

err err] rr
Glert] 298 M2hk bours st CoThe latboty odupies WahauPbia b B SIS Aer o
combi ned W|th pr| nmers (1 ug/ul) and subjected to the same PCR reaction
O oS des e ele P S TrIoB R el S e BF £oh,
AF[err] and El-ls*ssay as follows. EIA/RIA plates (Costar) were coated with 100 pl/well of 5
pg/mi goat anti-human IgG (Jackson Immunoresearch Labs #109-001-003) in
15 35 mM NaHCO;, 15 mM NaxCOs;, pH 9.3 overnight at 4 ° C. Plates were
washed three times with 150 mM NaCl, 50 mM Trizma base, 0.1% (v/V)
Tween-20, pH 7.4 (TBS/Tween), blocked for 1-2 hours at 22°C with 100
piiwell of 2% bovine serum albumin in TBS/Tween, and washed three times
with TBS/Tween. One hundred microliters of control Campath-1H IgG1{Page,
20 M J and Sydenham (1991) (supra)] standard ( 1000 ng/mi - 1 ng/ml) in control
media or sample supernatants were added, in ftriplicate, to wells and
incubated overnight at 4° C. Plates were washed five times with TBS/Tween
and 100 wi of a 1:5000 dilution of goat anti-human alkaline phosphatase
conjugate (Jackson Immunoresearch Labs #109-055-088) was added and
25 incubated for 2 hours at 22° C or overnight at 4° C. The plates were washed
five times with TBS/Tween and 100 p! of 3 mM pNPP in substrate buffer
(Sigma 104-0) was added and the plates read at 405 nm on a microtiter plate
reader (Molecular Devices) using a 20 minute kinetic program. Standard
curves and sample IgG concentrations were calculated and reported directly
30 by the program. The SPR was expressed as g/ 10 ° cells/ 24 hours. The
SPRs of the 144 clones ranged from 14 - 0 pg/10° cells/24 hours. Clones
expressing at least 5 ug / 10 ® cells/ 24 hours were also tested for binding to
sCD23 using the ELISA assay already described. Chimaeric CD23 was used
as the standard for these assays.
35



fragment, AHerr], fragnments ABlerr], GHerr], and AH err], fragnents
AB[err], ®i®hedssp79 EF[err], and 10 GHerr], fragnments ABb&f/khoodtide€r '],
EF[err], GHerr], and AH err] were conbined with primers Alerr] and
Herr]. All of the PCR reactions produced full length fragnents. The
humani sed heavy chain variable region PCR product fromthe ABH, GHH, and
AH err] reaction was purified using Wzard PCR-Preps DNA Purification
System (Pronmega) follow ng the pr3 ocol recomended by the

manuf acturer. The 15 purified products were cut with Hind Il and Spe |
then cloned into a pUC vector containing a nutated |1gGlL constant
regi on (se&amplement Lysis andcARGG A8SaYS of the Humani sed antibody 20
The humani sed heavy chain variable regi on PCR products were cut with H nd

o ant 7 B3t BERUES B, B St et Torobe sl ST

T o U L e e mo.oed W . 25
Sl S8l one STINES witE Bt el MdRe bl AR eRTBA ClikS2 ENHIET WEREAF A Ponyy
chai n vari &re tebeeegative for CDs; expresgj@l. Wi contrastaiVeins13d cells staireid: Clq
and Fc bi nﬁbg@’%' ﬁ?g?f‘ﬁ& nE Stri‘ée Boésagg_gg%; ant region of the humani sed

heavy chai hese i ons on the follow ng two papers:

Duncan, A.R. and Wnter, G Localization of the Clg binding site on

ant i bodi es ' P
RPMP8BSE SIS waR sithed With efirobldm disthylete tgggfln%%%n%ﬁgeg?{,éd

& T S ERTIA) Wnlsh el goh: SIS e Japsilact Rt samadumAieRyIane. 563
564, 1988. trfgminopentaacetate (Sm/DTPA) according to the methods described :
The resi dugs) K352 R18o3MOV | hBRE: & Methdls.1ds be7.PSlel Y oft M
1995.J.Immunol.Methods.184,29). A1:1 mixture of labelled Wein 133 celis
and RPMI 8866 cells were then lysed with either hCD52 or anti-CD23 in the
15 presence of NHS as a source of complement. Activation of complement
through the classical pathway by hCD52 caused a release of Sm/DTPA. No
Sm/DTPA was released in the presence of anti-CD23. The data confirms that
only hCD52 and not anti-CD23 induces lysis of Wein 133 cells. The data
further confirms that the complement pathway can be activated to cause cell
20 lysis. No Eu/DTPA from RPMI 8866 was released by hCD52 as anticipated.
Although RPMI 8866 cells express CD23, no EwWDTPA was release by anti-
CD23, demonstrating that the antibody is unable to activate complement.

Lysis of 1:1 mixture labelled Wein 133 and RPMI 8866 by antibody dependent

25 cellular cytoxicity (ADCC) was attempted with either anti-CD23 or hCD52 in
the presence of peripheral blood mononoclear cells (PBMC). A release of
Sm/DTPA by hCD52 and not anti-CD23 confirmed that only the latter was
unable to mediate ADCC lysis of Wein 133 cells. This was not surprising,
since Wein 133 cells do not express CD23. Neither of the antibodies caused

30 a release of EWDTPA. This suggested that although CD23 expression was
confirmed on RPMI 8866 cells by flow cytometry, no ADCC mediated cell lysis
was detected with anti-CD23.

Kinetic Analysis
35




GCottesman, K..S. and C. Foeller, 1991, Sequences of 'Proteins of
| mmunol ogi cadesgmgst Vol une 1, page 680. = 5 The changpetT/acmosoldys | gGl
to create an 1 gGl isotype |acking cytotoxicity were as follows: 248
Leu (CTg) to Ala (gCg) and 250 Ay (ggA) to Al a (gCA) .
These nutations were nade by site directed nutagenesis of a human 1gGl as
10 fol | ows: ' Constant region PCR oligos used to generate |gGl
with nutations were: +SEQ D 37 Ac g@B gCT CCT TTT AAg CTT Tgg ggT
CAA ggC TCA CTA ¢gTC 15 | ACA gTC TEC SEQ D 38 B[err]
TgA Cgg TgC CCC CgC gAg TTC Agg SEQ D 39 Cc CCT gAA CTC gCg ggg gCA
CCg TCA 20 The asEayistion) raee dispogiatiorcTatecng they dissgciation Tate pasiagyforgA
CAg

fh%obnﬁiiﬁg; %f ﬁ@rﬂ&ﬁib@& a%tu*&ﬁéé%?%e 5‘6[5%3 S%Hgﬁ;%%é %&él ggé-bgfgr .

Clerr] contain the I ons
contai ns an EctbeFﬁtagpteeBmengws Rrisfty,] ptmf@ sﬁeémblrmt CD32 was, ysmobi

generate a fragignd N85 UWing6r %bﬁaé@RG&B&kw ifOGpsS BACHE! dé&tl’dh %bﬁace were

const ant LS?d‘)'t&%écén%b;?Qeﬁmé%&w VIRas APl GRS in, CHCO B

\é\ggg er, 5 G (1993 mnﬂldélt(lv&tS)antﬁdugw{r@s af:tivatroherrewmbmEeDD332wa§t2ﬁ-
: |gos err err 0_genet.a usi e
sanme 30 %ﬁ?ﬁb &l’%’n@ea ‘H*chnjrﬂ Hjlt"!tia% t'O‘P’CR& Wag‘g’fmﬁ'ﬁ‘? W@s éﬁg"
wer e cI addexk tb upiengh aesiinal dcﬁ@Rngnss Bhkndhised ianditCDA3 Syitutednin

(Pronega) . f L8 [ié' er
(Promega). o?|sg§ W @i];ﬁ%gd%eﬁhg o Eﬂrf&& é.lmg(nﬁ S’f%hn‘%?s to
AD[ err] &@nt ai |mmgp1t| wamgm;tprqdelgwgal twne ffpr estlmathm@faﬂ”lﬁcﬂ%ocﬁtlagnent
ADerr] was cl 1 Zpied i bﬁﬂ% (95@8 BHE ithé SﬁﬁJGE?Z§§ I {
(Promega), di g@gefngﬁ \l/g\n)étcfly H nd ??ﬁ% ﬂ ated |(r71tge$b/ﬁ
was also monitored for estlmatlon o the dISSOCI tion rate (sec') The
dissociation constant (nM) was calculated from the dISSOCIatIOH and
association rate. For 6 batches of anti-CD23, the data shows association
15 rates in the range 1.5-1.85x10° M sec™'and the dissociation rate of 1 - 2x10°
sec’ The dissociation constant for anti-CD23 was found to be within 8-12pM.

The affinity constant was determined to be approximately 9x10'° Ka mo1™".



34 EcoRl digested pEE6 plasm d containing-the humani sed anti-CD23
heavy wo 9948890 vari abl e region. The const ant rggi

sequenced to confirmthe nutations. A fragnment 5 cont ai ﬁ.éﬁ’gﬁ?%g‘ﬁ%‘

mut ati ons was transferred to an expression plasm d pEE6 cont ai ni ng
t he humani sed anti-CD23 heavy chain vari abl e region. The humani sed
i ght chain variable region PCR products were cut with Hnd 111 and
Bsi W1, then cloned into expression plas#id pEE12 containing the human 10
kappa |ight chain constant region described above. The clones were
sequenced using an ABI fluorescent sequencer and a clone containing the
correct am no acid sequence for humafrlAIMS ght chain variable regi on was
selected. 15 ABgl Il - Sal | fragnent containing the hunani sed heavy

chain anti - 3 fro ) t he pEE lLlasm d was .li gated i nto the mHL -
Sal | sité- gﬁP‘Q ?%@QS&E‘YQ'C*‘ has s”ﬁipc!fé}%i"gt & ANiNA; acid 9eausDRe Af Lagh EHR  chai n
anéI i l—CDﬁf t showiiebelw |@ugh nthelt the antibodyt igi pap?lﬁomh biﬁdﬁm@ttﬁ&tﬁesqﬁma% .
an | c | - , e ni eav aln variabl e an
“const %t reg'?%ﬁ*ﬁﬂﬁlpPM? géarqsgaﬂBﬂ%erﬁgt&)ﬁg‘eﬁic@gabl e and const ant

region in the final expression plasmd were sequenced.

Transi ent Expr ' lm ' Antib lasmd with the
humani sed anti %@Q&g& ranmﬁed i nt %‘??@F%I—B‘ﬁ@ :% and transiently -
expressed usi n&MHERASTe protocol as de§SHIRL2ISER 1D NO: 5) chi maeri c

anti body abovegdhgeyppessi on plasm d RS QSE@IWN@?} anti - CD23
was transfected into COS cells and transiently expressedas descri bed
for t!e chineric anti-CD23 transient expression. 30 The

concentration @gywmMm®eric and humani sed GDRH1{BERD #DNOD! required for
hal f - maxi mal b'ﬁﬂL%dMﬁ@%me}SSay%#ﬁbr{%é&%1@2 1)ELI SA al ready

FID....... CDRH3 (SEQ ID NO: 13)

15 2. An antibody which binds to the CD23 (FCeRIl) type Il molecule expressed
on haematopoietic cells or soluble CD23 characterised by an affinity
constant equal to or greater than 1x10° Ka Mo1™"

3. An antibody which competitively inhibits the binding of an antibody having
20 the CDR sequences set out in claim 1, to the CD23 (FCeRIl) type i
molecule expressed on haematopoietic cells.

4. An antibody according to any of the preceding claims which is an altered
antibody.
25
5. An antibody according to claim 4 which is a humanised antibody.

6. An antibody according to any of the preceding claims in which the
framework of the heavy chain includes the amino acid residues from the
30 murine antibody at any of positions 49,66,76,77 and 94.

7. An antibody according to any of the preceding claims in which the
framework of the light chain included the amino acid residues from them
murine antibody at position 64.

35
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descri hed. Absorbance at 405 nm was plotted versus a range of
concentrati ow® ®fssemt i body to generate a signoidal curve W t PCGBYBEIAIHCSS
of 35 fit" or correlation coefficient of 1. The absorbance was read
usi ng a Mol ecul ar 35
Devi ces plate reader (Menlo Park, Calif., USA) and Softmax (Mol ecul ar

Devi ces Corp) software to calculate best fit by a log-logit algorithmthen
di splay the curve, equation_.paraneters and 4brrelation coefficient. A

di scussion of curve fitting appears in "Data Anal ysis and Quality Control
of 5 Assays: A Practical Priper", by R P Channing Rogers in Practi cal

| muno BssAp, aghady; camprising IQ"BuPt’ behinpf Shedapynaereid| seruanses

Inc., New York 19%¢bording to SEQ D NOS:< gmggu ng algorithmfor the |og-1logit
| ogi stic equati ons were based on t he Levenber g- Marquardt Met hod.

Di scussion of this nethod can be found in Nunerical Principles in C
The Art of Sci@ncAncamibsdyngompriding loam or Rssths of the anfitio adci®® Sdquuiey.

BT 2, NSNS A L Yy e S 9

cal cul ated for the fol | ow ng equati on: [err] and

where 20 d L@ ARCa Ntlﬁb%‘y“ﬁcc?&&fngsue ity %fttﬂet @%c@ﬁ%ﬁ@ptcﬁaﬁﬁsafn Wfﬁ@n {a“es

of the x-axis rrespon asynpto | ow
val ues of the x-asgnstantregion Qsant@nsmaatrmlm %Qﬁae@ﬁdmat position 26¢€ byithpoi nt

between a and d Kabat numbering system.
10
11. An antibody according to any of the preceding claims for use in human
therapy.

12. Use of an antibody according to any of claims 1-10 in the manufacture of
15 a medicament for the treatment of a disorder selected from arthritis, lupus
erythematosus, Hashimotos thyroiditis, multiple sclerosis, diabetes,
uveitis, dermatitis, psoriasis, urticaria, nephrotic  syndrome,
glomerulonephritis, inflammatory bowel disease, ulcerative colitis, Crohn’s
disease, Sjogren’s syndrome, allergies, allergic asthma, intrinsic asthma,
20 acute asthmatic exacerbation, rhinitis, eczema, GVH, COPD, insulitis,
bronchitis (particularly chronic bronchitis) or diabetes (particularly Type 1

diabetes), B-cell malignancies.

13. Use of an antibody which binds to the CD23 (FCeRII) type || molecule
25 expressed on haematopoietic cells in the manufacture of a medicament
for blocking solubte CD23 formation.

14.Use of antibody according to claim 13 wherein the antibody is an antibody
according any one of claims 1-10.

30
15.A DNA sequence encoding an antibody chain which comprises one or
more of the  sequences according fo:
CDRL1 base pair numbers 70-117 of Figure 3 (SEQ ID NOS: 4)
35 CDRL2 base pair numbers 163-183 of Figure 3 (SEQ ID NOS: 6)

AR L



25 b describes how rapidly the curve makes its-transition fromthe
asynpt ot ewo 99/58679 the center of the curve, typically 1.pcr/gBo9nisde
hal f - maxi mal bi ndi ng of sCD23 by chimaeric anti-CD23 was 16.28 ng/ m

(See Figure 5). The hal f-maxi mal bindi ng constant for the humani sed anti -
30 CD23 was 15.03 ng/m (see Figure 6) This data shows that the

humani sed " anti-CD23 has equivalent binding to the chinmaeric
anti-CD23 which has a conpl ete médse Cl1 variable region. 35

36 St abl e Expression Stabl e cell Iines expressing

humani sed .anti - 3 re sel ected i the 5 gl ut anmi ni ne synt het ase
gene anplifi caf%%-%ﬁgﬁ%n%wmmﬁpgﬁq%ﬁeﬁ%%3 (SEGhID NO®:B)syst em
descri bed in Bebbington et al, 1992, Biotechnology 10, 169- 175 was

foll d. Thi ' | t abl LT 1
[ (I‘)lt rg\élvﬁci ng : fﬁ@f?‘f‘f?&géiéi’ﬁ@ﬁ%?%@ég?%fQ?E!Sﬁ'{“g?fm ngI tn ZSE%@«NQ‘%OH})I’]Q
hanmst er gl ut anCRRH2 babke pairciumbiens 148:204b of Figiure# t he ESEQ ﬁNQS:p‘rZ)m;t er
10 d Sv40 & ' | d Of it
oo 45 b B RENMGHCSHA 00 oty anI(SER EINBL oAy e
el ectroporation. Transfected cells are then selected for the ability
to grow in1gl PNATS éﬁc@%ﬁ%ih{hn“é?@bo% chaLrFWh'ic% CORPrisEEYMRILPBYH N

& or maki

ti B cell df
secreting mugfethgyseeq%g%ces %ﬁco guo%?he sequencesngccording to SEQ ID NOS:1

and 2.
10

17.A DNA sequence encoding an antibody chain which comprises one or
both of the sequences according to SEQ ID NOS: 17 and 18

18. A pharmaceutical formulation comprising an antibody as defined in any of

15 the claims 1 to 10 and a pharmaceutically acceptable excipient.

19. A pharmaceutical formulation comprising an antibody as defined in any of
claims 1 to 10 in combination with an immunomodulatory or anti-
inflammatory agent and a pharmaceutically acceptable excipient.

20
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t he humani sed anti-CD23 stable cell lines were grown in Iscove's Mdified
15 Dul bewobxwsssradi um (Sigma) with 2 nM gl ut am ne (G BCO BRIT)GENUEG1488%
fetal calf serum (Hyclone) (Non-Select nedia). The anti-CD23 cell lines

wer e made as follows. The expression plasmd containing the

humani sed anti - CD23 (40 ug) wai gneari sed with FsP1 (New Engl and
Bi ol abs), ethanol’ preci pitated A resuspended in 50 [err]l of
sterile water. Exponentially growi ng 20 NSO cell were counted. The cells
(10[err]) were centrifuged and washed once in phosphat e bufferd
saline (PBS). The cells were resuspended in 950 [err]| of sterile
PBS. The DNA, t herﬁA@SF’F%P:CAﬁE%CTéa@&W%G%QCE%@N FATPH TERVRRTERITA
(0.4 nm Bio-Rad} OnTTe *The cuvette Was praced THa Bio-Rad ~~—~ " *

el ectropor at or J r]F
wer e delivered. Th'IéTc@%@@%&%é%&%%\%ﬁ%%ﬁ%g%%%ﬁw cells
were diluted:to 10[err}, olOferg]s #Operg]ly 7 um seld s¢my ip Nongpsel ect
media and plated in 96 well plates (Costar), 50 [err]l/well. The
next day 150 [err]l of Iscove's Dul becco's Mdified Medium (Sigma) with 60
[err]g/ m gl ut am cITEETATTSAGABEGCCECCHGAGTG AL TGARSS PRCARGAATCTGERGRRGGCTTGG
[err]g/m each &t ——-——-- ddenousi-net{-Srgma)y-guanostime - SigmayT-TytT o net20

L0 ey S e S P
were returned to a ?v?[gr ryd Cyl rtcugatgr Sanéal_ k/?frl L g g ugt id éuttstgnt\j al.
s

cell death had occurred and discrete surviving Col onie appear ed.
37 Col oni es were transferred froma confluent 96 well plate to one
wel | of a 24 TeoABttTqEAGtEICChh@mast t BICTE By IR et TR AT T TACh e TN G e Nt
wel |l fromthe 241weld--ptatie~------ +Was - tsed-t o --Rrocit-at e-a+25-chaferv ]| 180
flask. The spent nedia was included with fresh Select nedia to

perform each expamiS3ECCAGFEECTAFCTREBIREACAGGACRGATCGFRGACCTARATGHRAAGT CAREF ai ned
at between 10[err] and_10[err]_ cells/m._ The specific production rate

(SPR) of 144 cl ones Qa8 per Portel tH &orﬁ)aFe ant b%df’ pFocTucFi oh Pn each

clone so that the highest producing clone could be selected as a production

ACTGGATGTCTTGGGTCCGCCAGTCTCCAGAGAAGGGGCTTGAGTGGGTTGCTGAAATTA
18] —————m—m- pmmm e pom e ———— Fmm e ——— pm e pmmmm————e + 240

TGACCTACAGAACCCAGGCGGTCAGAGGTCTCTTCCCCGAACTCACCCAACGACTTTAAT
C WM S WV RS PE K GLEWV A ETI R -
GATTGAAATCTGATAATTATGCAACACATTATGCGGAGTCTGTGAARGGGAAGTTCACCA
241 ~mmm—meed——mm——— e e Hmmmmmmmm e Fmmmmm + 300
CTAACTTTAGACTATTAATACGTTGTGTAATACGCCTCAGACACTTTCCCTTCAAGTGGT
C L K S D NYATUHYWAZESV K GE KV FTTI -
TCTCAAGAGATGATTCCAARRAGTCGTCTCTACCTGCAAATGAACAGCTTAAGAGCTGAAG
301 ——mmm———— Fomm—m———— e m————— P ————— Fmmm—————— fommmmmm e + 360
AGAGTTCTCTACTAAGGTTTTCAGCAGAGATGGACGTTTACTTGTCGAATTCTCGACTTC
C $ R DDS K S RL YL Qg MNSL RAE D -
ACAGTGGAGTTTATTACTGTACAGATTTCATAGACTGGGGCCAAGGGACACTAGT
361 —=-mmem— S it oo oo Rt e tm———- 415
TGTCACCTCAAATAATGACATGTCTAARAGTATCTGACCCCGGTTCCCTGTGATCA

c s ¢ vYyyY CTUD D VFIDWG QG T L -

FIG. 1
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| ine. The SPR was perforned by taking 10[err] cells froma confluent flask,
washi ng t Reo o6kdeso W th PBS, then adding the cells to 10 m pef/geeasfazsedi a
for 10 24 hours at 37 C. The anti body production was quantitated by

ELI SA. The clones were first screened for production of human |IgG
usi ng an ELI SA assay as follg El AR A plates (Costar) were coated
with 100 [err]l/well of 5 [erﬁ&m goat anti-human 1gG (Jackson

| nmunor esearch L _
Na[err]CJerr] ,; ﬁa@ﬂ%@%ﬁﬁf@ﬂbﬂcﬁéﬁT%@C&i@ﬁgﬁrﬁkﬁéﬁﬁ%ﬁ t g ee
times with 150 nM NaCl, 50 mM Trizma base, 0.1% (v/v) Tween- 20, pH
7.4 (TBS/ Tween), de:amlmdTctche'rZ:dTGm'mm'GGmJIC{Gn'Aq:'ICGMAGNGmMGTCAAAGACC
[err]l/well of 2% bovine serumalbumn in TBS/ Tween, and washed three tines
with TBS/ T@een. Onk Hun@red & cfollit@erd ok onthr ok @anﬁat%- QH § g&1[ Page, 20
M J and Sydenham (1991) (supra)] standard ( 1000 ng/m - 1 ng/m) in

O At Y oy o S S T

times with TBSG/ITWEEI’I and 100 [err]l of a 1:5000 dilution of goat

anti - human al kal icBeaddas REEHGAS ETAGAGACCTCRG I AIRICE AT ATRC S RTT dGEITCIENoE $6ar ch
Labs #109-055-088) was added and 25 i ncubated for 2 hours at 22[err] C
or overniglt at 4[err] €@ Hh& platsesGweteSwadh® I V I fTve@ tPméEs Wi th
TBS/ Tween and 100 [err]l of 3 mM pNPP in substrate buffer (Si gma

readel (NI Z?Q;Sf&%ﬁ%& A g T T T C e e e €

curves and satfl € TgG Concentrations were cal cul ated and reﬁaFf—e-d"al rgg?l

30 by the pr 0Eihﬁ@&TTH&@A&E&?GM@A(@?@Tﬁ@@ﬂAﬁ:‘GTﬁ&@A@d}ﬁ!’GTé@hdA@&h’l‘Tcﬁ%hbS/ 24"
hours. The SPRs of the 144 clones ranged from14 - 0 [err]/10[err]

cells/24 hqurs. Clgnas P v T egpreesBimy &t $eastsSderr]|gy 5 10 & cel l-s/ 24
hours were also tested for binding to sCD23 using the ELISA assay

al ready described. Chinmaeric CD23 was used as the standard for these
assays. 35 TCCTQ@T@gﬁ%ﬁgAAGACATACTTGAATTGGTTTCTGCAGAGACCAGGACAATCTC
38 181 --—-wemmmmtrmmmm t-—mm————— t=mm——————— Fto——————— tomm—m————— + 240

AGGACATATTCCTACCCTTCTGTATGAACTTAACCAAAGACGTCTCTGGTCCTGTTAGAG
C L Y K D G KT YL NWFUL QR P G Q S P -
CTCAGCTCCTGATGTATTTGATGTCCACCCGTGCATCAGGAGTCTCAGACCGGTTTAGTG
241 ~—===m———- - Fom—mm———— tomm— e tm———————— tmmm—————— + 300
GAGTCGAGGACTACATAAACTACAGGTGGGCACGTAGTCCTCAGAGTCTGGCCARATCAC
C Q L LM YL M ST RAS GV S DRV F S G -
GCAGTGGGTCAGGCACAGATTTCACCCTGGARATCAGTAGAGTGAAGGCTGAGGATGTGG
301 ~=m=———=- tm—m—————— to——m————— toemm————— Fomm—————e temm——————- + 360
CGTCACCCAGTCCGTGTCTARAGTGGGACCTTTAGTCATCTCACTTCCGACTCCTACACC
Cc s 6 S G T D F T VL E I S RV KAUEDV G -
GTGTGTATTACTGTCAARCAACTTGTAGAGTATCCATTCACGT TCGGCTCGGGGACARAGT
361 -~==m———- fommm—————— L LT e et B pemmm————— + 420

CACACATAATGACAGTTGTTGAACATCTCATAGGTAAGTGCAARGCCGAGCCCCTGTTTCA

C vV Y Y C Q QL vV EY P F T F G S G T K L -
TGGARATAAAACGTACG
e FIG. 2
ACCTTTATTTTGCATGC R
C E I K R T -

SUBSTITUTE SHEET (RULE 26)
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Compl enent Lysi s and ADCC Assays FI TC | abel'l ed humani sed anti - CD23

was used tow@pd/sssya expr essi on of surface CD23 on RPWCT&IO0LB4| s by
flow cytonmetry. The sane cell were 5 stained with FITC | abel | ed

humani sed anti-CDwb62 anti body (hCD52) and found to be negative for
CD52 expression. In contrast, Wein 133 cells stained positive for
hCD52 but negative for anti-CD23. 3/6PM 8866 cells were stained with
eur opi um di et hyl ene triam nopent aaccetate 10 (Eu/ DTPA) whil st Wein 133
cells were labelled with samarium di et hyl ene triam nopent aacet ate
(Sm DTPA) according to the nethods descri bed (Bl omberg, K, 1993, J

| munol . Met hods. 168, 267; Patel et al,

1995. J. | munol . Met hods. 184, 29). Al:1 m xture of |abelled Win 133 cells
and RPM 8866 cells were then lysed with either hCD52 or anti-CD23 in the
15 presence of NHS as a source of conplenment. Activation of conpl enent
t hrough the cl assical pathway by hCD52 caused a rel ease of Sm DTPA. No
Sm DTPA was rel eased in the presence of anti-CD23. The data confirns that
only hCD52 and not anti-CD23 induces |lysis of Wein 133 cells. The data

further confirns th %EE EP(‘.”R% RS EhNEd dQceemge cell
20  lysis. No E /%%}Ewm_ ﬁ%g%%d&%m.qg e.age Cﬁ% R gﬁk c_;-__-+ 60
anticipated. Ak PaUSETASTEACTORGA T e AL B CE KO CRBACTIaREACOTR T EeE DTN NaS
rel ease by anti - CD23, pdenonstrating that the antibody is unable to

activate complenenyp 1 v MLgsie of H:1 rﬂxLurE valel IPeds W&i re 133 aind -RPM
8866 by antibody dependeré® 79 cel lul ar t OXi Ci t{sg was kitdapt ed
with either anti- CDQ'BCWCTH ?CW'}‘?TAAGAGTC? 26 SRR TPRETCAR 94,

R TR mm%g@%%%%@@a Fonce

lysis of WVeipn 133 cells. cTIH sgwas ROtg swrpfigi qg D G K si,nqe I\_{‘EI@E
cells do not express CD2 ither of the antibodi esgZpuse reI ease

of Eu/ DTPA. This suggersﬁeedcﬁdmtAadGcmwhcmmmes'MTarmmmccz\cccsscca
confirmed on RPM218866-cetts-—by-f{-ow cytonety;-no-ABCE-nedrated -cett+ g8 s
was detected with aATEGACEPEITCGGTCCCCTCAGAGBTGTECAGRACTAPATARRCTACAGGTGGGCCCGT

FR2 CDR2
A Y L Q KP G QS P QTULTL I g][@ M S TR A -
1831184
TCAGGGGTCCCTGACAGGT TCAGTGGCAGTGGATCAGGCACAGATTTTACACTGARAATC
181 ------- Fm————— e Bt T o ————— + 240
AGTCCCCAGGGACTGTCCARGTCACCGTCACCTAGTCCGTGTCTARAATGTGACTTTTAG
FR3
A é][é V PDRTFSGSGSGGTTDTFTTLTZEKTI -
2791} 280
AGCAGAGTGGAGGCTGAGGATGTTGGGGTTTATTACTG AACAGCTGGTAGAGTATCCA
241 e U MO e m e + 300
TCGTCTCACCTCCGACTCCTACAACCCCARATAATGACAGTTGTCGACCATCTCATAGGT
CDR3
A S R VEAETDVGUVYVYCfe oL veEeETY P -
306(307 335 T340
TTCACQITCGGCCAAGGGACCAAGGTGGAGATCAAACGTACGGTGGCT
301 —=-——at-- P O Hmmm e e e 348
AAGTGOAAGCCGGTTCCCTGETTCCACCTCTAGT TTGCATGCCACCGA
FR4
A F f][f G QG T KUV ETIK E] TV A -

FIG. 3
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39 The association rate, dissociation rate and the dissoci.ation,
rat e constywolookgro t he bi ndi ng of humani sed anti - CD23cirfsHotve148423
-antigen was eval uated on t he Bi acore Biosensor. Briefly, purified
reconbi nant CD23 was i nmobi l i sed onto a CVb sensor surface. Carboxyl
groups on the dextran surface were g activated by

1- et hyl - 3(3-di met hyl am nopr opyl ) car e EDCO N-

hydr oxysucci mi mide (NHS). Follow ng a i 0 reconbi nant CD23 was

passed over the surfagce saki = % ' was then
added to quench resj dpc‘%Lé&G%{yGHG%&T%s_f Eﬁ%u_s 'é%fi’fé% %&%ﬁe@ in
HBS buffer was: passed'rmea'rcl;m;\mmcccch{:meCATBvchqugccoi\GGamﬁCT@DZ3 to 10
i rmobi | i sed CD23 vva m)nltored |n re? time f@ﬁl egtga,tlgn of t]pe

association * te (MFerr]® secfefri). D s8oci aki ageof the” C23 and
the anti-CD23 conpl e>§c¢mm<tmf;_checcscATTcacwms bm'rmmmcrcmdrd"mcmxm mat i on of

the di ssociation réate-{s [T T‘l"]é%; ---- ait20nM  was
cal cul ated fromthe AFPEBETSEAT Cﬁ?ﬁﬁTGM"TC Cﬁ%gﬁ%qTéﬁG%ch%GtGgemﬁ%GrA 6 bat ches
of anti-CD23, g he datsa showa @ssocfatri ens %ﬁ Yy kaMess Em the r@ange -
1.5-1.85x10[err] MJ[err] sec and the 1dP I ation rate of 1 - 2x1 O[err]
sec[err] The di ssqg g@ﬁ‘fﬁiﬁi‘f@ﬁ‘fﬁfﬁ%ﬁﬁq‘fﬁf‘ié_ PRATERR S AL T M TR B vy fohi n
8-12pM

fo:+dEt’é'ﬂéc@d&H§5T€ﬁcc%§ @ﬁﬁfﬁh&@@ﬁe@cﬁ@rﬁ@ﬁc@i@ﬁat ely
9x10[err] Ka rml [err] . FR2 99/ 58679 CDR2

40 PGKGLEWVAFCLWMSLKSENAﬁa”nthody\A,hlch
has suff|C|ent of th%A%é&Gﬁtﬁ‘prTéﬁéH

181 —mmmemmmdmmm e e L e tommm e + 240
STAATACGCCTCAGACACTTCCC TTAAGT TAGAGTTCTC"‘ACTAAG TTTAGATCT

A HYAESVKCﬂE(FTISRDDSKSR—
CTGTATCTGCAAATGAACAGCCTGAAAACCGAGGACACAGCCGTGTATTACTGTACAGAT
241 —-—=em———e Fo———————— feemm e ——— e ———— L e Fmmmmm———— + 300
GACATAGACGTTTACTTGTCGGACTTTTGGCTCCTGTGTCGGCACATAATGACATGTCTA
FR3
A LYLQMNSLKTEDTAVYYCTIE]—

------------------ PR I ——mmm———4+ 360
GTATCT CCCCGGTCCCTTGTGATCAGTG AGAGGAGTCGGAGGTGGTTCCCGGGT

300, 301 309 310 333
LCATAGAiGGGGC CAGGGAACACTAGTCAC TCT CCT CAGCCTCCACCAAGGGCCCA

n [l cocrivi[FssasTKGSr -

"‘CGGTCTTCCCCCTGGCACCCTCCTCCAAGAGCACCTCTGGGGGCACAGCGGCCCTGGGC
361 e o ——— o m e + 420
AGCCAGAAGGGGGACCGTGGGAGGAGGTTCTCGTGGAGACCCC\.GTGTCGCCGGGACCCG

A SVFPLAPSSKSTSGGTAALG-

TGCCTGG’"CAAGGACTACTTCCCCGAACCGGTGACGGTGTCGTGGAACTCAGGCGCCCTG
421 —=mmmmeo- Fmmmmmmmee Fommmmmeee e ———-—-=+ 480
ACGGACCAGTTCCTGATGAAGGGGCT'I'GGCCACTGCCACAGCACCTTGAGTCCGCGGGAC

A ¢ LV KDY FPEU®PV TV S WNS G AL -

ACCAGCGGCGTGCACACCTTCCCGGCTGTCCTACAGTCCTCAGGACTCTACTCCCTCAGC
481 ——wwmm——- Frm e ———— Fommmm - Foem e ———— et b + 540
TGGTCGCCGCACGTGTGGAAGGGCCGACAGGATGTCAGGAGTCCTGAGATGAGGGAGTCG

A T $ 6 V H T F P AV L QS S GUL Y S L § -
AGCGTGGTGACCGTGCCCTCCAGCAGCTTGGGCACCCAGACCTACATCTGCAACGTGAAT

541 -————~--- R iatndntly e e - -+ ---+ 600
"‘CGCACCACTGGCACGGGAGGTCGTCGAACCCGTGGGTCTGGATGTAGACGTTGCACTTA

A S Vv v T VZPSSSLGTOQTZYTIT CNVN -
CACAAGCCCAGCAACACCAAGGTGGACAAGAAAGTGGAGCCCARATCTTGTGACARRACT
601 --==mm———- Frmm—————— tomr—————— tmmm tommm—————— tmm———— + 660
GTGTTCGGGTCGTTGTGGTTCCACCTGTTCTTTCACCTCGGGTTTAGAACACTGTTTTGA
a 4 K P S N T KV DX KV EZPTZ KT ST CDTI KT -

CACACATGCCCACCGTGCCCAGCACCTGAACTCGCGGGGGCACCGTCAGTCTTCCTCTTC
661 —mm—————- mm—————— o t—m—mmmmm e ittt mmmm———— + 720
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shown pel ow such that the antibody is capable of binding to the CD23 5
(FJ err] R | yweé ypessisl nol ecul e expressed on haemat opoi eti c C@CTAEBY9/01434

RSSKSLLY KDGKTYLN CDRL1 (SEQ I D NO 3) LMSTRAS

CDRL2 (SEQ I D NO 5) QQLVEYPFT CDRL3 (SEQ I D
NO 7) 10 GYWVS CDRH1L (SEQ I D NO 9)

El RLKSDNYATAYAESVKG CDRH2 (SEst)ﬁ\IO 11) FID ...
CDRH3 (SEQ I D NQ13)—158 .2 _An. antihody which.hbi Q Lhe CI23
(FC&RI1) type 11 nol e@G‘FTéT@ﬁWé%@éQFGTCGTGGACTTGAGC@ﬁlt SAGORGTSAEAEERSARR| | S Or
sol ubl e CD23 char act er b naffipnity onstant equal _to or
greater than 1%‘09 Ka I\/bsri([jcery]g A1 % EAn ant bod)gl Wmtv?h cgrrpetltlvel y

i nhibits the bindi n @ﬁCQHAAamCBMHSACMVAmgrczcrceGAccccTGAdqecmcsmquences set

out inclaiml, to [ oo +- T &80
expressed on haemat Opm% cﬁgngg&h} ;ygg iCTG"G FGERFCEE TT%%'}CE? %g to any

of the preceding claimws ssech ksoarr altereds r v ¢ = antd body. v25-

5. An anti body accordin [ umani sed anti bo dX

5 A ant! body accas oS N S AL ET AP ARG AL ERAS b
framewor k of the heaV)éAéH@&tAﬂTdG@'ﬁdc@ﬁt@@eah&&z@ﬁdﬂ@sﬁ@k‘éﬁ&&dc@@&%cﬁc&ﬁn he 30
murine anti body at any of positions 49,66, 76,77 and 94. . An
anti body according toVvary of 3t Re pr"’ec%dfl"- nb &l &i A% ¥ nYwhi ¢h ¢ he 5 -
framework of the Ii ghtGT&Q@AA@GdCMAH%&Z &%GI%HA&QG@EAA@A&%&TQ&%?GJGEW them

nmurine anti body at gpDSii4+-0A-64-~-35- et ————+ 900
CACGTA””ACGGTTCTGTTTCuGCGC CTCCTCGTCATGTTGTCGTGCATGGCACACCAo

A vV B N A KT X PREEU QYNS T Y RV YV -

AGCGTC"TCACCGTCuTGCACCA GACTGGCTGAATGGCAAGGAGTACAAGTGCAAGGTP
901 —-——~—- I e it Attt et + 960
TCGCAGGAGTGGCAGGACGTGGTCCTGACCGACTTACCGTTCCTCATGTTCACGTTCCAG

A S$ VL. TV L HQDWULNGZ KEYIKTCI KV -

TCCAACARAGCCCTCCCAGCCCCCATCGAGRARACCATCTCCAARGCCARAGGGCAGCCC
13 b m et -~—+ 1020
AGGTTGTTTCGGGAGGGTCAGGGGTAGCTCTTTTGGTAGAGGTTTCGGT TTCCCGTCAER

A S N KA L PAPIEIKTTIS KA AIKTGTZGQF?P -

CGAGAACCACAGGTGTACACCCTGCCCCCATCCCGGGATGAGCTGACCAAGAACCAGGTC
1021 --=-emm—e tommmmme - -+~ --+ 1080
GCTCTTGGTGTCCACATGTGGGACGGGGGTAGGGCCCTACTCGACTGGTTCTTGGTCCAG

A R E P Q V Y T L P P S R DEULTI KWNOGQV -

AGCCTGACCTGCCTGRTCARAGGCTTCTATCCCAGCGACATCGCCGTGGAGTGGGAGAGC
1081 ——=m=m-n - — 1140
T CGGACTGEACGGACCAGTTTCCGAAGATAGGETCOCTGTAGCGGCACCTCACCCTCTCG

$§ LT C L V X GG F ¥ P S DI & V E W E S -

3

AATGGGCAGCCGGAGAACAACTACAAGACCACGCCTCCCGTGCTGGACTCCGACGGCTCC
1141 ——=-me M Hm e + 1200
TTACCCGTCGGCCTCTTGTTGATGTTCTGETGCGGAGGECACGACCTGAGGCTGCCGAGS

A N G Q P ENDNYXTTUP P VL D S D G 8 -

TTCTTCCTCTACAGCARGCTCACCGTGGACARGAGCAGGTGGCAGCAGGGGARCETCTIC
1201 ~=—m—memm - SN VRS + 1260
AAGAAGGAGATGTCGTTCGAGTGGCACCTETTCTCETCCACCGTCGTCCCCTTGCAGRAG

A F F L Y S KL TVDI K SU RWOQQGNUV F -

TCATGCTCCGTGATGCATGAGGCTCTGCACAACCACTACACGCAGAAGAGCCTCTCCCTG
1261 -—===w—m- et tom et e e} - --+ 1320
AGTACGAGGCACTACGTACTCCGAGACGTGTTGGTGATGTGCGTCTTCTCGGAGAGGGAC

A S ¢ s vVMHEATLUBRBNZEYTOGQCZ K STL S L -
TCTCCGGGTAAATGA
1321 —mmmmmmes - 1335
AGAGGCCCATTTACT
. & CONT'D
A S P G K * -
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41 8. An anti body conprising one or both of the am no acid
sequences wo 99/58679 according to SEQ ID NOS: 1 and 2. PCT/GB99/03A84

anti body conprising one or both of the am no acid sequences 5

according to SEQ ID NOS: 17 and 18. 10. An anti body according to
any of the preceding clains in whic % constant region
contains Ala at "‘position 235 and Al A position 237 by the

Kabat nunbering syste A An anti body according to any of the
preceding clains for &Lg&%ry(H‘mC) E%D her apy. 12. Use of an
anti body accordi ng t oAs®0%1 8.3t G=6G3i k= t?'ﬂé manuf acture of 15 a
medi canent for the treatgent of a disorder selected fromarthritis, |upus
eryt hemat osus, Hashi notosjthyroiditis, nultiple s osi s, diabetes,
uveitis, dermatitis, pspriasis, urticaria, phrotic syndrone,

gl onerul onephritis, inflapmatory bowel disease’ ulcerative colitis, Crohn's
di sease, Sjogren's syndrofre, allergies, allerfyic asthma, intrinsic asthnsg,
20 acute asthmatic exacerbation, rhinifis, eczema, GVH, COPD,
insulitis, Obr ohchitis (particulafly chronic bronchitis) or

di abetes (particularly Type 1 difabet es), B-cell malignanci es.

13. Use of an anti body which binds to the 23 (FCJerr]RII) type II

nol ecul e 25 expressed on haenat opoifgtic cells in the manufacture of a
medi canment for|bl ocki ng sol ubffe CD23 formati on. 14. Use
of anti body according to ¢laim13 whergfn the anti body is an anti body
accordi ng any one of cl ad! 15. A DNA_sequence encodi ng an
anti body chai n which conpr{ses one or nore OfE4+d®@ sequences
according to: LOG SCALE OF ng/ mi

CHIMERIC CD23 1gG1m
HALF MAXIMUM BINDING=16.28ng/mi

FIG. 5

y=(A-D)/(1+(x/C)*B)+D
A=0.104 B=1.49 C=37.7 D=3.78
44

oD

% | ‘ 1E+004
LOG SCALE OF ng/ ml

HUMANIZED CD23 IgG1m
HALF MAXIMUM BINDING=15.03ng/m|

FIG. 6
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(57) Abstract

The invention relates to antibodies which bind to the CD23

treatment of autoimmune and inflammatory disorders.

(54) Title: ANTIBODIES TO CD23, DERIVATIVES THEREOF, AND THEIR THERAPEUTIC USES

antibodies which bind to the CD23 (FCeRII) type Il molecule charactetised by an affinity constant equal to or greater than 1x109 Ka Mol-},
the preparation of such antibodies, pharmaceutical compositions which contain such antibodies and their use in therapy particularly in the

(FCeRID) type II molecule particularly altered antibodies including




