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CDR-grafte les I s described I n European Patent
This numbering system is used in the present specification except where otherwise

15 indicated.

The Kabat residue designations do not always correspond directly with the linear
numbering of the amino acid residues. The actual linear amino acid sequence may contain
fewer or additional amino acids than in the strict Kabat numbering corresponding to a
shortening of, or insertion into, a structural component, whether framework or CDR, of the

20 basic variable domain structure. The correct Kabat numbering of residues may be
determined for a given antibody by alignment of residues of homology in the sequence of

the antibody with a “standard” Kabat numbered sequence.

The CDRs of the heavy chain variable domain are located at residues 31-35 (CDR-
H1), residues 50-65 (CDR-H2) and residues 95-102 (CDR-H3) according to the Kabat

25 numbering.

The CDRs of the light chain variable domain are located at residues 24-34 (CDR-
L1), residues 50-56 (CDR-L2) and residues 89-97 (CDR-L3) according to the Kabat

numbering.

Construction of CDR-grafted antibodies is described in European Patent
30 Application EP-A-0239400, which discloses a process in which the CDRs of a mouse
monoclonal antibody are grafted onto the framework regions of the variable domains of a

human immunoglobulin by site directed mutagenesis using long oligonucleotides. The
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Malignant lymphomas are a diverse group of neoplasms. The majority of cases
occur in older people. Non-Hodgkins Lymphoma (NHL) is a disease that currently affects
200,000 to 250,000 patients in the U.S. It is the second fastest rising cancer in the U.S.,

20 rising at a rate of about 55,000 new cases per year. The incidence is rising at a rate that is
greater than can be accounted for simply by the increasing age of the population and

exposure to known risk factors.

The classification of lymphoma is complex, and has evolved in recent decades. In

1994 the Revised European-American Lymphoma (REAL) classification was introduced.

25 This classification organises lymphomas of B cell (the most frequently identified), T cell
and unclassifiable origin into agreed subtypes. In everyday practice, the grouping of NHLs

into low, intermediate and high-grade categories on the basis of their general histological

appearance, broadly reflects their clinical behaviour.

NHL predominantly affects the lymph nodes but, in individual patients, the tumour
30 may involve other anatomical sites such as the liver, spleen, bone marrow, lung, gut and

skin. The disease commonly presents as a painless enlargement of lymph nodes.
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have been employed, and long-term disease-free survival may be obtained in more than
half of patients. High dose therapy with stem cell support was introduced initially for
patients with relapsed or refractory disease, but is now increasingly finding a place in first

20 line therapy for patients with poor-risk disease. The tendency in recent years for an
increasingly aggressive therapeutic approach must be balanced against the generally

elderly age and relative debility of many patients with NHL, and by the need to match the

toxicity of treatment to the individual prognosis of each patient’s disease.

Improved treatments, that are more effective and better tolerated, are needed.
25 Agents recently introduced include new cytotoxic drugs, progressively incorporated into

combinations, and the introduction of antibody-based therapies.

Non-Hodgkin’s lymphoma encompasses a range of B cell lymphomas. B cell

antigens therefore represent suitable targets for antibody therapy.

CD22 is a 135 kDa membrane glycoprotein belonging to a family of sialic acid
30 binding proteins called sialoadhesins. It is detected in the cytoplasm early in B cell
development, appears on the cell surface simultaneously with IgD and is found on most

mature B cells. Expression is increased following B cell activation. CD22 is lost with
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Monoclonal antibodies against CD22 have been described in the prior art. WO

98/41641 describes recombinant anti-CD22 antibodies with cysteine residues at V44 and
V.100. WO 96/04925 describes the Vy and V| regions of the anti-CD22 antibody LL2.

US 5686072 describes combinations of anti-CD22 and anti-CD19 immunotoxins. WO

20 98/42378 describes the use of naked anti-CD22 antibodies for the treatment of B-cell

malignancies.

A number of antibody-based therapeutics have either been recently licensed, eg.

Rituxan (an unlabelled chimeric human y1 (+my1V-region) specific for CD20), or are in
clinical trials for this disease. These rely either on complement- or ADCC- mediated

25 Kkilling of B cells or the use of radionuclides, such as "'T or *°Y, which have associated
preparation and use problems for clinicians and patients. There is a need for an antibody
molecule to treat NHL which can be used repeatedly and produced easily and efficiently.
There is also a need for an antibody molecule, which has high affinity for CD22 and low

immunogenicity in humans.

30
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15 In a second aspect of the present invention, there is provided an antibody molecule
having specificity for human CD22, comprising a light chain wherein the variable domain
comprises a CDR (as defined by Kabat ef al., (supra)) having the sequence given as L1 in
Figure 1 (SEQ ID NO:4) for CDR-L1, L2 in Figure 1 (SEQ ID NO:5) for CDR-L2 or L3in
Figure 1 (SEQ ID NO:6) for CDR-L3.

20 The antibody molecule of the second aspect of the present invention comprises at
least one CDR selected from L1, L2 and L3 (SEQ ID NO:4; SEQ ID NO:5 and SEQ ID
NO:6) for the light chain variable domain. Preferably, the antibody molecule comprises at

least two and more preferably all three CDRs in the light chain variable domain.

The antibody molecules of the first and second aspects of the present invention
25 preferably have a complementary light chain or a complementary heavy chain,

respectively.

Preferably, the antibody molecule of the first or second aspect of the present
invention comprises a heavy chain wherein the variable domain comprises a CDR (as
defined by Kabat et al., (supra)) having the sequence given as H1 in Figure 1 (SEQ ID

30 NO:1) for CDR-H1, as H2 in Figure 1 (SEQ ID NO:2) or an H2 from which a potential

glycosylation site has been removed, or an H2 in which the lysine residue at position 60
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sequences afytifemyascdail entiygns of the nmouse 5/ 44 antibody are 10 shown
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am

preferred prbadimentionts thheduse sonerlond esibpdysiés hayng fhedight and heavy
15 variable domain sequences shown in Figure 2 (SEQ ID NO:7) and Figure 3 (SEQ ID
NO:8), respectively. The light chain constant region of 5/44 is kappa and the heavy chain

constant region is IgG1.

In a second alternatively preferred embodiment, the antibody according to either of

the first and second aspects of the present invention is a chimeric mouse/human antibody

20 molecule, referred to herein as the chimeric 5/44 antibody molecule. The chimeric
antibody molecule comprises the variable domains of the mouse monoclonal antibody 5/44
(SEQ ID NOS:7 and 8) and human constant domains. Preferably, the chimeric 5/44
antibody molecule comprises the human C kappa domain (Hieter et al., Cell, 22, 197-207,
1980; Genebank accession number J00241) in the light chain and the human gamma 4

25 domains (Flanagan et al., Nature, 300, 709-713, 1982) in the heavy chain, optionally with

the serine residue at position 241 replaced by a proline residue.

Preferably, the antibody of the present invention comprises a heavy chain wherein
the variable domain comprises as CDR-H2 (as defined by Kabat et al., (supra)) an H2’ in
which a potential glycosylation site sequence has been removed and which unexpectedly

30 increased the affinity of the chimeric 5/44 antibody for the CD22 antigen and which
preferably has as CDR-H2 the sequence given as H2’ (SEQ ID NO:13).
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desired, a modified CDR) from a donor antibody (e.g. a murine monoclonal antibody)
grafted into a heavy and/or light chain variable region framework of an acceptor antibody

(e.g. a human antibody).

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

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

When the CDRs are grafted, any appropriate acceptor variable region framework
sequence may be used having regard to the class/type of the donor antibody from which
the CDRs are derived, including mouse, primate and human framework regions. Examples

75 of human frameworks which can be used in the present invention are KOL, NEWM, REI,
EU, TUR, TEL LAY and POM (Kabat et al. (supra)). For example, KOL and NEWM can
be used for the heavy chain, REI can be used for the light chain and EU, LAY and POM
can be used for both the heavy chain and the light chain. Alternatively, human germline
sequences may be used. The preferred framework region for the light chain is the human

30 germline sub-group sequence (DPK9+JK1) shown in Figure 5 (SEQ ID NO:17). The
preferred framework region for the heavy chain is the human sub-group sequence

(DP7+JH4) shown in Figure 6 (SEQ ID NO:21).
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Preferably, in a CDR-grafted antibody molecule according to the present invention,
if the acceptor light chain has the human sub-group DPK9+JK1 sequence (shown in Figure
2) (SEQ ID NO:17) then the acceptor framework regions of the light chain comprise donor
residues at positions 2, 4, 37, 38, 45 and 60 and may additionally comprise a donor residue

20 at position 3 (according to Kabat et al. (supra)).

Preferably, in a CDR-grafted antibody molecule of the present invention, if the
acceptor heavy chain has the human DP7+JH4 sequence (shown in Figure 3) (SEQ ID
NO:21), then the acceptor framework regions of the heavy chain comprise, in addition to
one or more donor CDRs, donor residues at positions 1, 28, 48, 71 and 93 and may

25 additionally comprise donor residues at positions 67 and 69 (according to Kabat et al.
(supra)).
Donor residues are residues from the donor antibody, i.e. the antibody from which

the CDRs were originally derived.

Preferably, the antibody of the present invention comprises a heavy chain wherein
30 the variable domain comprises as CDR-H2 (as defined by Kabat et al., (supra)) an H2’ in

which a potential glycosylation site sequence has been removed in order to increase the



need not have exactly the same sequence as those of the acceptor antibody.
For instance, unusual residues may be changed to nore frequently-occurring
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Alternativ e anti1 body of the present invention may
conprisgs a The antibody molecule of the present invention may comprise: a complete antibody

molecule, having full length heavy and light chains; a fragment thereof, such as a Fab,
modified Fab, Fab’, F(ab’), or Fv fragment; a light chain or heavy chain monomer or
dimer; a single chain antibody, e.g. a single chain Fv in which the heavy and light chain
variable domains are joined by a peptide linker. Similarly, the heavy and light chain

20 variable regions may be combined with other antibody domains as appropriate.

The antibody molecule of the present invention may have an effector or a reporter
molecule attached to it. For instance, it may have a macrocycle, for chelating a heavy
metal atom, or a toxin, such as ricin, attached to it by a covalent bridging structure.
Alternatively, procedures of recombinant DNA technology may be used to produce an

25 antibody molecule in which the Fc fragment (CH2, CH3 and hinge domains), the CH2 and
CH3 domains or the CH3 domain of a complete immunoglobulin molecule has (have) been
replaced by, or has (have) attached thereto by peptide linkage, a functional non-

immunoglobulin protein, such as an enzyme or toxin molecule.

The antibody molecule of the present invention preferably has a binding affinity of
30 at least 0.85x107° M, more preferably at least 0.75x10° M and most preferably at least
0.5x107°M.



heavy chain wherein the variable domain conprises as CDR-H2 (as defined by
Kabat et 5 al., (supra)) an H2" in which a lysine residue at position 60,
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Preferably, the DNA sequence encodes the heavy or the light chain of the antibody

molecule of the present invention.

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

20 thereof.

The present invention also relates to a cloning or expression vector comprising one
or more DNA sequences of the present invention. Preferably, the cloning or expression
vector comprises two DNA sequences, encoding the light chain and the heavy chain of the

antibody molecule of the present invention, respectively.

25 General methods by which the vectors may be constructed, transfection methods
and culture methods are well known to those skilled in the art. In this respect, reference is
made to “Current Protocols in Molecular Biology”, 1999, F. M. Ausubel (ed), Wiley
Interscience, New York and the Maniatis Manual produced by Cold Spring Harbor
Publishing.

30 DNA sequences which encode the antibody molecule of the present invention can

be obtained by methods well known to those skilled in the art. For example, DNA



Preferably, the antibody nolecule of the present invention conprises the
light chain variable domain 5/44-gLl (SEQ ID NO 19) and the heavy chain
vari abl e wormiops32d 44- gH7  (SEQ I D NO 27) . The sequences ofeCTiGBmsAard3abl e
domai ns of these light and heavy chains jjare shown in Figures 5 and 6,
respectively. 5 The present invention also relates to variants of the
antibody nol ecul e of the present invention, which have an inproved

affinity fé&ﬁuéﬂ@@?cocﬁhlglfb \fﬁﬁlcﬁrﬂlﬁ)f(iﬂélalhﬁ)odﬂlh%@ww&tdi lipht @hainsrbey befsyathésisedt y
mat uration protocols including nutating t Yan et al.

. Mol .
Bi ol ., 254as ®sizedicn thedeprminph DA ReFUERREr ew&h%aset gfé‘lle COTEgSRY #81M9gy
10, 779- 783,l 1992%6 use of nutator strains of E. coli (Lowet al., J. Ml.
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conpri sing one nmore DNA sequences of the present invention. Preferably,

t he cl ort ngamoplmt@resm on vector conprises two DNA sequences, encoding the
l'ight chain and the heavy chain of the antibody nolecule of the present
i nvention, respaeyisihlle A5t Gelorebor rsmﬂsmdmajaybev\medthtrhﬂé{pi?@éltoertef ?hﬁyDNé\

construct ed transfecpi ture t h
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t he
Pr eISSe nantllbno\é?f re{g(r)nnen S, Aor example, single chain Fvs. Eukaryotic, e.g. mammalian, host cell

expression systems may be used for production of larger antibody molecules, including
complete antibody molecules. Suitable mammalian host cells include CHO, myeloma or

hybridoma cells.

The present invention also provides a process for the production of an antibody

20 molecule according to the present invention comprising culturing a host cell containing a
vector of the present invention under conditions suitable for leading to expression of
protein from DNA encoding the antibody molecule of the present invention, and isolating

the antibody molecule.

The antibody molecule may comprise only a heavy or light chain polypeptide, in

25 which case only a heavy chain or light chain polypeptide coding sequence needs to be used
to transfect the host cells. For production of products comprising both heavy and light
chains, the cell line may be transfected with two vectors, a first vector encoding a light
chain polypeptide and a second vector encoding a heavy chain polypeptide. Alternatively,

a single vector may be used, the vector including sequences encoding light chain and

30 heavy chain polypeptides.



be obtai ned by nethods well known to those skilled in the art. For exanple
DNA WO 03/093320 PCT/ GB03/01934 11 sequences coding for part or all of thé
anti body weasposed |ight chains may be synthesised as de®CTagBmBooBt he
determ ned DNA sequences or on the basi g,0f the corresponding amno acid
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cul turimng antihedy irpeédiento nichi asixagthinesvect or of the present invention under
conditions suitable for leading to expression of protein from DNA encoding

th tibod f th . ' . i.0g: -
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pol ypept i dgyoift ofdRe WHiGdHyCaHSBe AR Sntidn NERY Yerph@herapsutichliih effedtieramount™ as
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15 preventative effect. For any antibody, the therapeutically effective dose can be estimated

initially either in cell culture assays or in animal models, usually in rodents, rabbits, dogs,

pigs or primates. The animal model may also be used to determine the appropriate

concentration range and route of administration. Such information can then be used to

determine useful doses and routes for administration in humans.

20 The precise effective amount for a human subject will depend upon the severity of
the disease state, the general health of the subject, the age, weight and gender of the
subject, diet, time and frequency of administration, drug combination(s), reaction
sensitivities and tolerance/response to therapy. This amount can be determined by routine
experimentation and is within the judgement of the clinician. Generally, an effective dose

25 will be from 0.01 mg/kg to 50 mg/kg, preferably 0.1 mg/kg to 20 mg/kg, more preferably
about 15 mg/kg.

Compositions may be administered individually to a patient or may be

administered in combination with other agents, drugs or hormones.

The dose at which the antibody molecule of the present invention is administered

30 depends on the nature of the condition to be treated, the grade of the malignant lymphoma



chai n pol ypeptide and a second vector encoding a heavy chai n pol ypepti de.
Alternatively, a single vector nay be used, the vector including sequences
encodi ng woghiteisb@i n and 30 heavy chai n pol ypepti des. WOPCI/@B3BPB4
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t her apeut i & meli orate or prevent a targeted
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preferably g acetates, propionates, malonates and benzoates.

Pharmaceutically acceptable carriers in therapeutic compositions may additionally
contain liquids such as water, saline, glycerol and ethanol. Additionally, auxiliary
substances, such as wetting or emulsifying agents or pH buffering substances, may be

20 present in such compositions. Such carriers enable the pharmaceutical compositions to be
formulated as tablets, pills, dragees, capsules, liquids, gels, syrups, slurries and

suspensions, for ingestion by the patient.

Preferred forms for administration include forms suitable for parenteral
administration, e.g. by injection or infusion, for example by bolus injection or continuous

25 infusion. Where the product is for injection or infusion, it may take the form of a
suspension, solution or emulsion in an oily or aqueous vehicle and it may contain
formulatory agents, such as suspending, preservative, stabilising and/or dispersing agents.
Alternatively, the antibody molecule may be in dry form, for reconstitution before use with

an appropriate sterile liquid.



about 15 ng/kg. Conpositions nmay be adnministered individually to a patient
or may be admnistered in conbination with other agents, drugs or

hor nones. wotg/og3s@ at which the antibody nol ecul e of the pCaseBw/OL¥ention
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buffering substances, nmay be 20 present in_such conmpositions. Such .carriers
enabl e the phar Risettéliely ob tsostmpesitions oviegenemlin o peamplishedhpy fgectan, | o
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ingestionﬁ ornse admni stration i nclude forns
sui t abl 5 @fteRBHANSHAERIOf a tissue. The compositions can also be administered into a lesion.

Dosage treatment may be a single dose schedule or a multiple dose schedule.

Tt will be appreciated that the active ingredient in the composition will be an
antibody molecule. As such, it will be susceptible to degradation in the gastrointestinal
tract. Thus, if the composition is to be administered by a route using the gastrointestinal

20 tract, the composition will need to contain agents which protect the antibody from
degradation but which release the antibody once it has been absorbed from the

gastrointestinal tract.

A thorough discussion of pharmaceutically acceptable carriers is available in

Remington's Pharmaceutical Sciences (Mack Publishing Company, N.J. 1991).

25 Tt is also envisaged that the antibody of the present invention will be administered
by use of gene therapy. In order to achieve this, DNA sequences encoding the heavy and
light chains of the antibody molecule under the control of appropriate DNA components
are introduced into a patient such that the antibody chains are expressed from the DNA

sequences and assembled in situ.

30 The present invention also provides the antibody molecule of the present invention

for use in treating a disease mediated by cells expressing CD22.



adm nistration, e.g. by injection or infusion, for exanple by bolus
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oily or aqueous vehicle and it may cont gisn formul atory agents, such as
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the present invention.

The antibody molecule of the present invention may also be used in diagnosis, for

example in the in vivo diagnosis and imaging of disease states involving cells that express

CD22.

20 The present invention is further described by way of illustration only in the

following examples, which refer to the accompanying Figures, in which:

Figure 1 shows the amino acid sequence of the CDRs of mouse monoclonal

antibody 5/44 (SEQ ID NOS:1 to 6);

Figure 2 shows the complete sequence of the light chain variable domain of mouse

25 monoclonal antibody 5/44;

Figure 3 shows the complete sequence of the heavy chain variable domain of

mouse monoclonal antibody 5/44;
Figure 4 shows the strategy for removal of the glycosylation site and reactive lysine
in CDR-H2;

30 Figure 5 shows the graft design for the 5/44 light chain sequence;



A thorough discussion of pharmaceutically acceptable carriers is avail able
in Rem ngton's Pharmaceutical Sciences (Mack Publishing Conpany, N.J.
1991). 25wDto3iog33ad so envi saged that the anti body of the preIaERo3i0msenti on
will be adm nistered by use of gene therfapy. In order to achieve this, DNA
sequences encodi ng the heavy and |ight chains of the antibody nol ecul e
under the control of appropriate DNA conponents are introduced into a

patient such thabutd@siis tROSMfCaighForthe SeMtieasy Elthil s@prehdee DNA  sequences
and assenbled insitu. 30 The present invention also provides the anti body

mol ecul e of th ' ok 1A$8 SMRR163t i ng a di sease nedi at ed
by cells expregg%%%ﬁsr]‘y\%{%%%é’%zo PCT/ GB03/ 01934 15 The present

I nvention furt hgr ulperi?glixo(%\?ssthée BSacR easg%y }eg\ﬂtsaﬂfttlil@&gﬁ‘xeﬁp Bﬂgftllx%ﬁaﬁﬁ"cor ding to

t he present inv ron~in’t nanufacture of a medi canent for the treatnent
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or be present in an undesirably hiPh,IeveI | ocal | sed  at artjcular site
in the body. FoFigsxahbshows the elizanealepidesasseiies Beqd te naaks tader gFT8H22 wil | be
present in B cell |ynphomas and | eukaem as. The anti body nol ecul e of the

present inventi Bigunay2 beows theicosppeiition hssay heeepy flueresesntlyilakadled nousgiSitded
by cells ex regsin 9%%%. Th% anhibody nol ecul e of the present invention is
preferably YR8 ST GtV ABRT mal i gnant | ynphonmas and | eukaeni as, nost

preferably NHL. The present inv ion al so provi des met hod. of treati
human or ani mal Fiys§ E%FQOW%WP%ﬁW@PaW‘?}PﬁaSFqW%? °§¥heagrﬁﬁ%doﬁec?¥?’ aﬁégﬁg&?ed
by cellﬁoeégiggsing CD22, the nethod 15 conprising admnistering to the
subj ect an effective anount of the antibody nol ecule of the present

i nvention. The anti body nol ecul e of the present invention may al so be used
in diagnosis, for exanple in the in vivo diagnosis and i magi ng of disease

states inveving cellisusnat aXRi&ifn 22

Example 1: Generation of Candidate Antibodies

15

A panel of antibodies against CD22 were selected from hybridomas using the
following selection criteria: binding to Daudi cells, internalisation on Daudi cells, binding
to peripheral blood mononuclear cells (PBMC), internalisation on PBMC, affinity (greater

than 10°M), mouse y1 and production rate. 5/44 was selected as the preferred antibody.

20

Example 2: Gene Cloning and Expression of a Chimeric 5/44 Antibody Molecule

Preparation of 5/44 Hybridoma Cells and RNA Preparation therefrom

Hybridoma 5/44 was generated by conventional hybridoma technology following
25 immunisation of mice with human CD22 protein. RNA was prepared from 5/44
hybridoma cells using a RNEasy kit (Qiagen, Crawley, UK; Catalogue No. 74106). The

RNA obtained was reverse transcribed to cDNA, as described below.



20 The present invention is further described by way of illustration only
in the follow ng exanples, which refer to the acconpanying Figures, in
whi ch: Fiworoa/o433ghows t he am no acid sequence of the CDRs POT/GRIASEI34
nonocl onal antibody 5/44 (SEQ ID NCS: 1 %2 6); Figure 2 shows the conplete
sequence of the light chain variable domain of nouse 25 nonocl onal

anti body 5/44; Figure 3 shows the conpl ete sequence of the heavy chain
vari abl e domain of nouse nonocl onal antibody 5/44; Figure 4 shows the
strategy for renoval of the glycosylation site and reactive lysine in

CDR- HZ; 30D'ﬂt9ﬂ)}1ﬁoﬁo? SORE afhoigSi 9n for the 5/44 light chain
sequence; WO 03/093320 PCI/ GB03/01934 16 Figure 6 shows the graft design

f he 5/ 44 h . chai i d
or the 5/44 e%}%nfsi g&é}ll?{ﬁ%@&g}bﬁ %Ese whdFRYE 1§ Q% eSmQ /gﬁd”m

pVMRR10. 1; Fi gur ssay results of t e c Imeric
nmut ant s; Hlsgumﬁloﬁ ahaunminghesicg tlgofvuélaaotctld% nfcwchbhdldamgidodead Cartrod @nt-

assenbl i es gure,. 10 shows i nter te vectors p . 1(544gH1) anpd
pCR2. 1(5 4§LD21>) yakd mtgéPe?%fngh PRES @F"Fugsﬁm@ow%é%a% &Cﬁ’g%faa% gt

make furth m fts; Figure 12 shows the conpetition assay between

fl uorescent abel I ed nouse 5/44 antibody and grafted variants; and
Figure 13 shows t f yl @[r\lﬁ K hlﬁ_ab( nd
light 10 chai nsA {&Eaétoglsp ¢ esggelrgts fi?{c)lﬁedgarn ﬁqﬁéejsg%e\?eeg%te%&%ﬁx QE}%@;%S g

Cener at i on tigf Wodtidg 8aintuldvidn AREAL cldsificpdunedystemsant i bodi es agai nst CD22
were sel ected from hybri domas using the follow ng selection criteria:

bi nding to Daudi cells, internalisation on Daudi cells, binding to
peripheral blood rmononucl ear cells (PBMC), internalisation on PBMC,

affinity,(qr eﬂhqgmgbge@%é%qe%%’%gm&ﬂa (PI’fﬁl/lW oduction rate. 5/44 was

sel ected as anti
e 4 B-CLL/small lymphocytic lymphoma (Low/A)

¢ 3 lymphoplasmacytoid/Immunocytoma (Low/A)
¢ 1 Mantle cell (Int/F)
e 14 Follicle center lymphoma (Low to Int/D)

15 e 13 Diffuse large cell lymphoma (Int to High/G,H)
¢ 6 Unclassifiable (K)

e 2T cell lymphomas

40 B cell lymphomas were positive for CD22 antigen with the 5/44 antibody at 0.1
20 pg/ml and a further 6 became positive when the concentration was increased to 0.5 ug/ml.
For the remaining 2 B cell tumours that were negative at 0.1 pg/ml, there was insufficient
tissue remaining to test at the higher concentration. However, parallel testing with another
Celltech anti-CD22 antibody 6/13, which gave stronger staining than 5/44, resulted in all

48 B cell lymphomas staining positive for CD22.

25 Thus, it is possible to conclude that the CD22 antigen is widely expressed on B cell

lymphomas and thus provides a suitable target for immunotherapy in NHL.



20 Exanple 2: Gene Coning and Expression of a Chineric 5/ 44 Anti body

Mol ecul e Preparation of 5/44 Hybridoma Cells and RNA Preparation therefrom
Hybri donewb/o4A93sas generated by conventional hybridoma te®omaBigpidsel | owi ng
25 imuni sation of mce with human CD22 4 otein. RNA was prepared from 5/ 44
hybri doma cells using a RNEasy kit (Q agen, Craw ey, UK; Catal ogue No.
74106). The RNA obtained was reverse transcribed to cDNA, as descri bed

bel ow. VO PEROSRAZ: HGTA4RA3AIPY34 17 Distribution of CD22 on NHL tumpurs

An i mmrunohi st ochem'stry study was undertaken to exam ne the incidence and

di stribution of, g;bwg{%%)cg§ lD@ink 6 ReAMriable adalRes HP5A%IHRAR apdlibRoOsH88:

Control anti- 5 ant1-CDr9a anti bodies were included in the study
to confi r nwBreconthesisehesiof revemsearscriplaseotoaprodicesgingla reranded el Aseapifiseef and

th t i sed foll b [ h ' '
REAL ol assite RSt Adewpt oie Sora o i R g aSed 6 MeRmaiaity ShsR Bl
(H gh/'1)s of Be %ngiﬁém‘{/ Lrebi¥AP QYRS {A%iﬁ@h ificL @WkMucleoBide primers by the

| ynphopl asmacyt ol d/ | nmunocyt ona ( Low/ Mantle cell (Int/F) 14

Fol | i cl e cBolymerdsyhhiorReattiowRER}¥ nt/ D) 15 13 Diffuse large cell |ynphoma
(Int to Hgh/GH) 6 Unclassifiable (K) 2 T cell I[ynphomas 40 B cell

| ynphonmas were ppsit cDNA Synthed? antigen wth the 5/44 antibody at 0.1 20
g/m and a further 6 becane positive when the concentration was increased

to 0.5 g/m. FepNh&vakeHmthvsied anBa 08l LI treddaivh Svdliat swdkaning gt i followingd. 1
ghnl, there was insufficient tissue remaining to test at the hil\gher

concent r at feogentiNeWdrTripHEChPHeS. 31 B miM &Kk, t 119 malvb ditipthreztaly 3 evWh Megfel2, €22

anti body, 6/ 13, i C ave stronger Il an 5/ 4 ul ed jin 48

= celt T nmdmstoi s drePHEo BELRRRE, RsRRY 7 it RvASRLT 45 Cnk Mrfidom
hexanucleotide primer, 2 pg 5/44 RNA and 200 units Moloney Murine Leukemia Virus
reverse transcriptase. After incubation at 42°C for 60 minutes, the reaction was terminated

by heating at 95°C for 5 minutes.
b)  PCR

15 Aliquots of the cDNA were subjected to PCR using combinations of primers specific
for the heavy and light chains. Degenerate primer pools designed to anneal with the conserved
sequences of the signal peptide were used as forward primers. These sequences all contain, in
order, a restriction site (Vi Sful; Vy HindIIl) starting 7 nucleotides from their 5° ends, the
sequence GCCGCCACC (SEQ ID NO:50), to allow optimal translation of the resulting

20 mRNAs, an initiation codon and 20-30 nucleotides based on the leader peptide sequences of
known mouse antibodies (Kabat ef al., Sequences of proteins of immunological interest, st
Edition, 1991, U.S. Department of Health and Human Services, Public Health Service,
National Institutes of Health).

The 3 primers are designed to span the framework 4 J-C junction of the antibody

25 and contain a restriction site for the enzyme BsiWI to facilitate cloning of the Vi PCR
fragment. The heavy chain 3’ primers are a mixture designed to span the J-C junction of

the antibody. The 3° primer includes an Apal restriction site to facilitate cloning. The 3’
region of the primers contains a mixed sequence based on those found in known mouse

antibodies (Kabat et al., 1991, supra).

30 The combinations of primers described above enable the PCR products for Vy and

V1 to be cloned directly into an appropriate expression vector (see below) to produce



25 Thus, it is possible to conclude that the CD22 antigen is w dely
expressed on B cell |ynphomas and thus provides a suitable target for

i mrunot hewamg/0p332NHL. WO 03/ 093320 PCT/ GB03/ 01934 18 PCRCUTGHWBNP3ef 5/ 44
VH and VL cDNA sequences coding for the yariable domains of 5/ 44 heavy and
light chains were synthesised using reverse transcriptase to produce
single stranded cDNA copies of the nRNA present in the total RNA This was

then used @fmthe (FBUR-RiBar) HeadPRhd fiighBthafs bodfort thesenpgrieneo Vereagiessed in
sequences usi ng speC| fic oligonucleotide prinmers by the Polynerase Chain
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(SEQ I D NG 50), to al,l ow
initiation codohoail§ 58y %@P K {lrggstﬂglghﬁ éﬁ%cﬁlg ﬁgér bﬂg&%%l en A1
sequences  Qfprinted PBo ﬁﬁ@ﬂﬂlgawithllﬂqm e&rt(dﬂéﬂhﬁtev&irk é.lrepladédqbke siged peptigy pimens

of |mTunoIog|caI interest, 5th Edition, 1991, t of Health
and Hurmn SeelvilhsdTagmenty wereekmed llgérQNéeSeqummgo‘fFﬁfor? nig‘? még‘%‘?mﬁ%ﬁﬁ h).

The 3" pringr % c? ﬁb@ﬁgd I %9 ﬁfae&&%d Wal iﬁe(g.lelllc@ THE ‘ElEélLQ:@d @@qdeh@e
% con

ant i body aim A Testriction SI or the enzyne Bsi W

facilitatevwekasiifigd o réﬂ’&ﬁen\z’t th@R theﬁgnﬂnprmeﬁh eeqmemwd@mmedsexn@rmwél}’ar e
a mxture designed to span t 1[unct on of
Figures 2 and 3 shows the NA/pro ein sequence of the mature light and heavy chain V-

15 regions of mouse monoclonal 5/44 respectively.
c) Molecular Cloning of the PCR Fragments

The murine v-region sequences were then cloned into the expression vectors
pMRR10.1 and pMRR14 (Figure 7). These are vectors for the expression of light and
heavy chain respectively containing DNA encoding constant regions of human kappa light

20 chain and human gamma-4 heavy chain. The V_ region was sub-cloned into the
expression vector by restriction digest and ligation from the sequencing vector, using Sful
and BsiWI restriction sites, creating plasmid pMRR10(544cL). The heavy chain DNA was
amplified by PCR using a 5’ primer to introduce a signal peptide, since this was not
obtained in the cloning strategy — a mouse heavy chain antibody leader from a different in-

25 house hybridoma (termed 162) was employed. The 5’ primer had the following sequence:

¥ GCGCGCAAGCTTGCCGCCACCATGGACTTCGGATTCTCTCTCGTGTTCCTGGC
ACTCATTCTCAAGGGAGTGCAGTGTGAGGTGCAGCTCGTCGAGTCTGG®  (SEQ
ID NO:51).

The reverse primer was identical to that used in the original Vi gene cloning. The
30 resultant PCR product was digested with enzymes HindIII and Apal, was sub-cloned, and
its DNA sequence was confirmed, creating plasmid pMRR14(544cH). Transient co-



the anti body. The 3' priner includes an Apal restriction site to facilitate
cloning. The 3' region of the prinmers contains a m xed sequence based on
t hose fouwo o3m9isaown nouse anti bodi es (Kabat et al., 199PCTsugms@)93430 The
conbi nati ons of prinmers described above abl e the PCR products for VH and
VI to be cloned directly into an appropriate expression vector (see bel ow)
to produce WO 03/093320 PCT/ GB03/01934 19 chineric (nouse-human) heavy and

l'ight chai ggnddich ¥ HollES§HrEe8 S eb@rdRtCRPIPEIR Gehbratedaliiradicadt/ 44 hiitthdde.
produce chimeric antibodies of the desired isotype. Incubations (100 I) for
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primer, 1 h1ed¥opnd 1 unit Taq pol ynerase. Reactions were incubated at 95C
for 5 mnutes and then cycled through 94C for 1 mnute, 55C for 1 mnute

and 72C §or | mnute. After 30 cycles, aliquots of each reaction were
anal ysed by el ectrophoresis on an agarose gel. For the heavy chain

V-region, m{‘ﬁ}mﬁi {){EE&O%@* gﬁyghdmgﬁt@‘fu%é%@é ai ned when 10 a primer pool

anneal ing w r amewor aced the signal peptide

primer pool. The fr .S | I tahs
DNA sequence vva?’ p%&%w&%%aégc%%&%ﬁg gétté;%f%tu%i ‘?}%%éj%%g’ggglegﬁg{mﬂgbhggl
sequence. T snslgdussd sgaueRrca-YVBS(Rigitf Bed ISPS-PAGHEenBestem tietting and
N-term nal protein sequence deterni ned ,exgeri ment al Jé‘ﬁ gh]gaigsurcﬁs 2 %%d 3
shows the PrRohydatsstiniag v mels Ard/4hends dremppty kinclidm ygeated, thgt thig
regi ons, Qf . K Ctyl A i he
PR Pr abile ATE A R0 G109 ei2d o LESART b K3Aikon o LR EHIA NS AREAE At ad
expr essi on expeskd positiphRRthih CDRAH2 pWRRh had Biegpotentid) to fEtiecseetha bindingcaffiniky pbr
the expression of |ight and heavy. chai.n respectiyvely. containin
encodi ng cdéstihody &y iRSﬂ‘é‘H@E Hl%ﬁ@%&? 1{0? (jﬁ’ﬂu%lo@h‘é T an Agey dﬁgh%@mg 4
heavy chai r&ngg'&g,r}(gyggg(%lﬁgga\g&p sub-cloned into the expression vector by
g

restriction st -and gation fromthe sequencing vector, using Sful and

R
since thbs seqmnbOlin an attempt to remove the glycosylation site and/or the reactive lysine, as
shown in Figure 4. Forward primers encoding the mutations N55Q, T57A or T57V were
used to remove the glycosylation site (Figure 4) and a fourth forward primer containing the
substitution K60R, was generated to remove the reactive lysine residue (Figure 4). A
framework 4 reverse primer was used in each of these PCR amplifications. The PCR
20 products were digested with the enzymes Xbal and Apal and were inserted into
pMRR14(544cH) (also cleaved with Xbal and Apal) to generate expression plasmids
encoding these mutants. The N55Q, T57A and T57V mutations ablate the glycosylation
site by changing the amino acid sequence away from the consensus N-X-T/S whilst the
K60R mutation replaces the potentially reactive lysine with the similarly positively

25 charged residue arginine. The resultant cH variant plasmids were co-transfected with the

cL plasmid to generate expressed chimeric antibody variants.

Evaluation of Activities of Chimeric Genes

The activities of the chimeric genes were evaluated following transient transfection

30 into CHOcells .

c) Determination of Affinity constants by BiaCore analysis.



obtained in the cloning strategy - a nouse heavy chain antibody |eader from
a different in 25 house hybridoma (terned 162) was enployed. The 5 priner
had t he fwbDloaW33g0 sequence: PCT/GB03/01934
5' GCGCGCAAGCT TGCCGCCACCATGGACTTCGGATTCTCICTCGTGTTCCTGEC
ACTCATTCTCAAGGGAGT GCAGT GTGAGGTGCAGCTCGTCGAGTCTG3"  (SEQ ID NG 51) . The
_rrﬁvergg pri rrF[a}/‘ﬁvas identical to that used in the original VH gene cloning.

e resu 8@ rivhis NwlIth il rigkid g1 1 I,
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o o s g &
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T57A or T57V were used to renove the glycosylati on site
fourth forwaptvemement @Wmﬁﬁlﬁé ok T‘@‘U%é?@tnﬂﬁ tatgn heslom &5& ﬁg‘r‘ t 15[ 0
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15 only with the T57A change. One possible explanation is that, regardless of the presence of

carbohydrate, the threonine at position 57 exerts a negative effect on binding that is
removed on conversion of threonine to alanine. The hypothesis that the small size of
alanine is important, and that the negative effect of threonine is related to its size, is
supported from the result obtained using the T57V mutation: that replacement with valine

20 at position 57 is not beneficial (results not shown).

Removal of the lysine by the K60R mutation had a neutral effect on affinity, i.e. the

introduction of arginine removes a potential reactive site without compromising affinity.

The mutations for removal of the glycosylation site and for removal of the reactive

lysine were therefore both included in the humanisation design.

25

Example 2: CDR-Grafting of 5/44

The molecular cloning of genes for the variable regions of the heavy and light
chains of the 5/44 antibody and their use to produce chimeric (mouse/human) 5/44
30 antibodies has been described above. The nucleotide and amino acid sequences of the

mouse 5/44 V, and Vu domains are shown in Figures 2 and 3 (SEQ ID NOS:7 and 8),



pMRR14( 544cH) (al so cleaved with Xbal and Apal) to generate expression

pl asm ds encoding these nutants. The N55Q T57A and T57V nutations abl ate
t he gl ycowgloanppmo site by changi ng the am no acid sequen®ETAVIB/0i93dm t he
consensus N-X-T/S whilst the K60R nutation replaces the potentially
reactive lysine with the simlarly positively 25 charged residue arginine.
The resultant cH variant plasm ds were co-transfected with the cL plasmd
to generat %esgeé&fv%gs ethis hixiRpleCdeadtited QB COR-bitigy offtha|5iéd hifbod oAtt hivhbi €S
of Chineric nes ‘The activities of the chinmeric genes were eval uated
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Affinity c t ant | anal ysis. WD 03/093320 PCT/ GB03/01934 21 The
affinities Hc%?%??%%%ﬁ’r its variants, which have had their,

gl ycosylation site or their reactive |lysine renoved, were investigated
using Bl A technology for binding to CD22-nfFc constructs. The results are
shown in Figure 8. Al binding nmeasurenents were perforned in the

Bl Acor eTM -Graftipg of 44 1pght Ghaa Bi osensor AB, Uppsal a, 5 Sweden). The
assay was performed by capture of CD22nFc via the i mohilised ant{)- nouse
Fc. The anti bodyreigin segquemrns alignmsmg v sensemapieadences Hioen hHman $HOEEM bl s
(50ul) were injecte ver | bi. ] §. bl - F o] i y
in the sol Llfﬁ?%a 6‘%&5 e&aﬁ};‘{ ellregegglc ﬁ‘kcg‘?/ag?deadtlﬁloe {S%F! ac ei:dve\:ngg{y]r' e\é\gﬁ%éreé?%g&wb{aﬁ
50ul of 40rhhdtetiiag ®OuUTDR-prafittelighti okdihc thnalcygiter iesnqrenk oregehs ushasgn t he
Bl Aeval uation 3.1 software (Pharmacia). 10 Renpval of t cosyl ati

site in cowstrﬁwdqttmhp&eﬂ( the dumangy |SPB1$W%PT&§F\%W&11%P§# S (ngn&e- The
significgn r - . 1 | € {174

i 10 et acBbrof SBoROTRRY Ronkl iE ROMTRIL £t ol M@
effect on gKflinity. This result was unexpected as it suggests that the
renoval of the carbohydrate itself apparently has no effect on binding (as
with the N55Q charggpariddieof therawied sid seuthcesasd thdSamesdrid Segiodsyofirtuhing he
T57A change. One possible explanation is_ that, regar dl ess of t?z gfresence
of car bohydthend the peceptir sedenes Breiyadndiighe 5and shovs that Reteare ¢4 dUfereRdes on
bi ndi ng that,] I Sk §

nypot hesi o PRLRny BE TBEEF pRlAGREE chART, P Jalh TRRDE, APaRIG, Uy 08 of the
negat i vesefgoestiabfoft heenniine residueltat @otilite tto sntien bipding, either directly or

indirectly, through effects on packing or at the Viy/Vy interface. If a murine residue was

considered important and sufficiently different from the human residue in terms of size,

polarity or charge, then that murine residue was retained. Based on this analysis, two

versions of the CDR-grafted light chain, having the sequences given in SEQ ID NO:19 and
20 SEQ ID NO:20 (Figure 5), were constructed.

CDR-Grafting of 5/44 Heavy Chain

CDR-grafting of 5/44 heavy chain was accomplished using the same strategy as

described for the light chain. The V-domain of 5/44 heavy chain was found to be

25 homologous to human heavy chains belonging to sub-group I (70% sequence identity) and
therefore the sequence of the human sub-group I germline framework VH1-3,DP7 was
used as an acceptor framework. The framework 4 acceptor sequences were derived from

human J-region germline sequence JH4.

A comparison of 5/44 heavy chain with the framework regions is shown in Figure 6
30 where it can be seen that the 5/44 heavy chain differs from the acceptor sequence at 22

positions. Analysis of the contribution that any of these might make to antigen binding led



supported fromthe result obtained using the T57V mutation: that

repl acement with valine 20 at position 57 is not beneficial (results not
shown) . Reomsabed the |ysine by the K60OR nutation had a_mremtGrb/oefsfhect on
affinity, i.e. the introduction of arghRi ne renoves a potentlal reactive
site without conpromsing affinity. The nutations for renoval of the
glycosylation site and for renoval of the reactive lysine were therefore

bot h i ncl li&'%dvérgioﬁ@%f MDIngﬁaﬁe@ 1d@si eHnins BGngcangiueted; hGbig Greasaquemresf
5/ 44 The nol ecul ar cl oni n enes for the var % vy
and i ght glmmamr&EQfIDtN@%?Z&E ADINBEH SHY P%éi(:)' gngég%pWé“‘iﬁrﬁﬁj;ﬁ?
(mouse/ hur@@)z ‘:‘té o 0 anti bodi es has been descri bed above. The nucl eoti de
and am no 3 g&a ¢ces of the nouse 5/44 VL and VH donmins are shown in
Figures 2 and 3 (SEQ ID NOGS:7 and 8), WO 03/093320 PCT/ GB03/01934 22
respectively. This exanple describes the CDR-grafting of the 5/44 antibody
onto human_frameworks to reduce (Potentl al i mmunogenicity in humans,
accor di Ag Censtrictieopiod ggnesfor gyafted sequgnces. g1/ 09967) 5 CDR- Grafti ng of
5/ 44 Light Chain Protein sequence alignnment with con sle nces fr
human sub- gr oupGénesegspdesigngdito enends e gdfrd sequsares 4&}” g’ﬁ]

| dentity. ?C;?? 39 ﬁgg %gﬂucie%{ld &Qx%t(feg%hécpgn& Eb}s%e@ (ﬁ%ﬁl%cb)l 'AQPCROJE&L'Iﬁblyt he
acceptor f I ons "chosen rrespon hose of the human VK
sub- group teciafdud Wﬂﬁerﬁﬂl&ym(ﬁm@ nioceCDRhgrafiod M-segmnogenes B@ap@pn cyplumes

ompar | Sonlorot: Hewgs sebunspriaaueoh e GRS ot MECEn 20 SMX G
544 angh {060 %L SRIAh. BOGYRRE EadhSddihyRBoridldobay ifipfos %Hﬁeshqwﬁolé badh bheree

are 2_7 erencés between the donof and acceptor chains. At each
posi tion, ameandlyihasWas, Thds, &1, BleBbh Wopwaleicarh of thenexiemal naipesiEle t o
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minute, for 30 cycles. The reaction products were then runon a 1. 5 % agarose gel, excised

15 and recovered using QIAGEN spin columns (QIAquick gel extraction kit, cat no. 28706).
The DNA was eluted in a volume of 30 pl. Aliquots (1 ul) of the gH1 and gl.1 DNA were
then cloned into the InVitrogen TOPO TA cloning vector pCR2.1 TOPO (catalogue no.
K4500-01) according to the manufacturer’s instructions. This non-expression vector
served as a cloning intermediate to facilitate sequencing of a large number of clones. DNA

20 sequencing using vector-specific primers was used to identify correct clones containing

gH1 and gL1, creating plasmids pCR2.1 (544gH]1) and pCR2.1(544gL1) (Figure 10).

An oligonucleotide cassette replacement method was used to create the humanised
grafts gH4,5,6 and 7, and gL2. Figure 11 shows the design of the oligonucleotide
cassettes. To construct each variant, the vector (pCR2.1(544gH1) or pCR2.1(544gL1))

25 was cut with the restriction enzymes shown (Xmal/SacIl for the heavy chain, Xmal/BstEIl
for the light chain). The large vector fragment was gel purified from agarose and was used
in ligation with the oligonucleotide cassette. These cassettes are composed of 2
complementary oligonucleotides (shown in Figure 11), mixed at a concentration of 0.5
pmoles/pl in a volume of 200 pl 12.5 mM Tris-HCl pH 7.5, 2.5 mM MgCl,, 25 mM NaCl,
30 0.25 mM dithioerythritol. Annealing was achieved by heating to 95 °C for 3 minutes in a
waterbath (volume 500 ml) then allowing the reaction to slow-cool to room temperature.

The annealed oligonucleotide cassette was then diluted ten-fold in water before ligation



polarity or charge, then that murine residue was retained. Based on this
anal ysis, two versions of the CDR-grafted Iight chain, having the
sequencesw@iosos3zn SEQ I D NO 19 and 20 SEQ I D NO: 20 ( Fi gunca/cBo3/owsn e
constructed. COR-Gafting of 5/44 Heavy ﬂmi n CDR-grafting of 5/44 heavy
chain was acconplished using the same stTategy as described for the Iight
chain. The V-domain of 5/44 heavy chain was found to be 25 honol ogous to

human heavy, chal 95,B64A89 Q8 1RtstUDDIN R URGhencHRB%waE GeN & cofliml ithy )coareet
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Figure 6 30 wRie.1iligkadhakds. seen that the 5/44 heavy chain differs from
t he acceptor 'sequence at 22  positions. Analysis of the contribution that
any of these mght make to antigen binding | ed WO 03/093320 PCT/ GB03/01934
23 to 5 versions of the CDR-grafted heavy chains being constructed, having

t he sequen iyen i I NO 24, SEQ ID NO 25, SEQID
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J 15 Th\é\?rgt?oduction of the 3 additional human residues at the end of CDR-H3 (gH5 and gH7)

does not appear to have affected binding.

The graft combination with the least number of murine residues was selected,
gL1gH7. The light chain graft gL.1 has 6 donor residues. Residues V2, V4, L.37 and Q45
are potentially important packing residues. Residue H38 is at the Vu/VL interface.

20 Residue D60 is a surface residue close to the CDR-L2 and may directly contribute to
antigen binding. Of these residues, V2, L37, Q45 and D60 are found in germline
sequences of human kappa genes from other sub-groups. The heavy chain graft gH7 has 4
donor framework residues (Residue R28 is considered to be part of CDR-H1 under the
structural definition used in CDR-grafting (se Adair et al (1991 W091/09967) ). Residues

25 E1 and A71 are surface residues close to the CDR’s. Residue 148 is a potential packing
residue. Residue T93 is present at the Viy/Vy, interface. Of these residues, E1 and A71 are
found in other germline genes of human sub-group I. Residue 148 is found in human

germline sub-group 4, and T73 is found in human germline sub-group 3.

The full DNA and protein sequence of both the light chain and heavy chain,
30 including approximate position of introns within the constant region genes provided by the

vectors, are shown in Figure 13 and are given in SEQ ID NO:29 and SEQ ID NO:28



then cloned into the InVitrogen TOPO TA cloning vector pCR2.1 TOPO
(cat al ogue no. K4500-01) according to the manufacturer's instructions.
Thi s non-wopBEsB2ON vector served as a cloning internedi ®Ca&/GR3fo0aasit] it ate
sequenci ng of a | arge nunber of clones. 20 sequenci ng usi ng
vector-specific priners was used to ide% ify correct clones containing gH
and gLlI, creating plasmds pCR2.1 (544gHl) and pCR2. 1(5449gLl) (Figure 10).
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WO 03/ 0933 GBOB/Ol 34 24 into the appropriately cut vector. DNA
sequenci nggenasttesade tell boesfiniGH@ kellsor rect  sequence, creating pl asni ds
pCR2.1 (5/44-gH4-7) and pCR2.1(5/44-gL2). The verified grafted sequences
were then sub-cloned into the expression vectors pMRR14 (heavy chain) and
pMR10.1 (light chain). 5 CD22 binding activity of CDR-grafted sequences The
vectors encoding grafted variants were co-transfected into CHO cells in a
variety of conbinations, together wwth the original chineric antibody
chains. Binding activity was conpared in a conpetition assay, conpeting

t he binding of the original nouse 10 5/44 anti body for binding to Ranos
cells (obtained fromATCC, a Burkitt's |ynphoma [|ynphoblast human cel

| i ne expressing surface CD22). This assay was considered the best way to
conpare grafts in their ability to bind to cell surface CD22. The results
are



shown in Figure 8. As can be seen, there is very little difference between
any of the grafts, all performng nore effectively than the chineric at
conpet i ngwapaias2ot he nuri ne parent. 15 The introducti on ®fCTI¢GR3B1934
addi tional human residues at the end of -H3 (gH5 and gH7) does not
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has 6 donocrmgssiues. Residues V2, V4, L37 and Q45 are potentially

i nportant packing residues. Residue H38 is at the VH VL interface. 20
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Sful sitse edaithbe ddingin %ompﬁ@&ﬂl CDR havﬁg)hhlebﬁt&gﬁ&fﬂﬂie ‘é&j&n@éscgi%‘h ianEQ DBFR

based expression vectors and enerate stable cell Iin CHO
cel | s. NO:1 for CDR-H1, SEQ ID NO 2 or SEQqID NO:13 or SEQ ID NO:15 or SEQ ID NO:16
for CDR-H2 or SEQ ID NO:3 for CDR-H3 and a light chain wherein the variable domain
comprises a CDR having at least one of the sequences given in SEQ ID NO:4 for CDR-L1,
SEQ ID NO:5 for CDR-L2 or SEQ ID NO:6 for CDR-L3.
20
4, The antibody molecule of claim 3, which comprises SEQ ID NO:1 for CDR-H1,
SEQ ID NO: 2 or SEQ ID NO:13 or SEQ ID NO:15 or SEQ ID NO:16 for CDR-H2, SEQ
ID NO:3 for CDR-H3, SEQ ID NO:4 for CDR-L1, SEQ ID NO:5 for CDR-L2 and SEQ
ID NO:6 for CDR-L3.
25
5. The antibody molecule of any one of claims 1 to 4, which is a CDR-grafted

antibody molecule.

6. The antibody molecule of claim 5, wherein the variable domain comprises human

30 acceptor framework regions and non-human donor CDRs.

7. The antibody molecule of claim 6, wherein the human acceptor framework regions

of the variable domain of the heavy chain are based on a human sub-group I consensus



10 WD 03/ 093320 PCT/ GB03/01934 26 CLAIMS 1. An antibody nol ecul e havi ng
specificity for human CD22, conprising a heavy chain wherein the variable
dormai n cowmra3ges32za CDR having at | east one of the sequenceXT/GB@ingd as Hl
in Figure 1 (SEQID NO 1) for CDR-Hl, as,4#2 in Figure 1 (SEQ ID NO 2) or

H2' (SEQ ID NG 13) or H2" (SEQ ID NG 15) or H2"' (SEQ ID NG 16) for CDR-H2
or as H3 in Figure 1 (SEQ ID NO 3) for CDR-H3. 2. An anti body nol ecul e
havi ng spegtduesitd ynd @mpriserionSOREiduesoatpokisiong 128,480 71 add 98 hisit Rombspoaid o t he
vari abl e domai n corrprl ses a CDR having_at |east one of the sequences given
as LI in Fikfies Ees(%E‘@SPIBON@OE%me G:8. as L2 in Figure 1 (SEQ I D NO 5)
for CDR-L2 or as L3 in Figure 1 (SEQID NG 6) for CDR-L3. 3. The anti body
nol ecule of claiml or claim2 conprising a heavy chain wherein the 15
vari abl e démai nThenprtibség raol@ﬁiRe hefvelagn at, dddagmabinecoaiprishe deprereselsegiaven

SEQ | D No, RESHipE SLet bptig)cosEepang PO PaPElon PTTR IRRRR.

wherein the vari abl e domai n conprises a CDR having at |east one of the
sequences given in SEQ ID NO 4 for CDR-LI, SEQID NO5 for CDR- L2 or SEQ
| D NO 6 fo. CDRTh8.anfibody, nibhesulenefi dnydgnenafl deimtseb ¢d 8¢ Miereir thevliningdn @@npuor ses

SEO | D NGO f - H1 l .13 |DN015
SEQ 1D No TemesoTersiRs 0Bt vaphiomaft, o ig-lighs Ragacsr? haRed Ot PRy
SEQ I D NG 2rd@y1 &daerdsds %tﬁle&%%dlda s€ dbRér @Buésﬁ’»a itns The, :amtmbmsund

nol ecul e of any one of clains 1 which is a rafted antlbody

mol ecul &0 &0 thaiéoummbéﬂythmm@tﬂsat Bpsepositians in YRR T%Q?ﬁe vari abl e domain
conprises human 30 acceptor franmework regi ons and non- human donor CDRs. 7.
The anti body nol ecul e of claim6, wherein the human acceptor franework

regi ons 10.  The antibody molecule of claim 9, additionally comprising a donor residue at

position 3 that corresponds to the residue at that position in SEQ ID NO:7.

15 11.  An antibody molecule having specificity for human CD22, comprising a heavy
chain according to either claim 7 or claim 8, and a light chain according to either claim 9

or claim 10.

12.  The antibody molecule of any one of claims 1 to 11, comprising the light chain
20 variable region 5/44-gL.1 (SEQ ID NO:19) and the heavy chain variable region 5/44-gH7
(SEQ ID NO:27).

13.  An antibody molecule having specificity for human CD22, comprising a light
chain, wherein the sequence of the light chain comprises the sequence given in SEQ ID

25 NO:28.

14.  An antibody molecule having specificity for human CD22, comprising a light
chain, wherein the sequence of the light chain consists of the sequence given in SEQ ID
NO:28.

30
15.  An antibody molecule having specificity for human CD22, comprising a heavy
chain, wherein the sequence of the heavy chain comprises the sequence given in SEQ ID

NO:30.



of the variable domain of the heavy chain are based on a human sub-group |
consensus WO 03/093320 PCT/ (GB03/01934 27 sequence and conprise donor

resi dues wo @@osxoons 1, 28, 48, 71 and 93 that correspond®dmGBaaIadesi dues
at those positions in SEQID NO 8. 8. Thg anti body nol ecule of claim7,
additionally conprising donor residues da 5 positions 67 and 69 that
correspond to the residues at those positions in SEQ ID NO 8. 9. The

anti body nol ecul e of any one of clains 6 to 8, wherein the human acceptor
framework regions of the variable domain of the |ight chain are based on a
human sub- 1@r oupn| angibadye mselecude hardng spegificitsnd fr hwpan 64812, cemiprsiag aheavy

posi tions -4, .37.. 45 and 0,60 that corres d to the.resi t
Phose posi (e iRfeind® redtrBiinr diontimsiin FRGHE MIRE aile Sreilini g 1B
addi ti onal Np:3mnpri sing a donor residue at position 3 that corresponds to
the residue at that position in SEQID NGO 7. 15 11. An anti body nol ecul e
havi ng specificity for human CD22, conprising a heavy chain according to

either clajsm7 Al ] =haj i o8l M hm. 9

or ol aim 15 1220 fPAR Bioldt Brih® b hRleR 3B CBopPRBALE sy U
conpri si ngcdmygridingy filie edrpience BDenani SHQ D 2YD:GR Hwddd-lghvy CBEQ ddhpdBiidheand
the heavy chain variable region 5/44-gH7 (SEQ ID NGO 27). 13. An anti body
mol ecul e hefAPFRFeEHED 10iSEQ ygmﬁ@ruman CD22, conprising a light chain,
wherein the sequence of the light chain conprises the sequence given in SEQ
ID 25 NO 28. 14. An antibody nol ecul e having specificity for human CD22,
conpri sithgl& | i dhtantibbhdy moledvde baving specsBejtyefiochumfiant ©O2R) biting halight cobasi st s

of the sequence given in SEQ I.D NO,28...30 15  An anti body. nol ecul e Vi ng
speci fi Ci t‘f/o”lslﬁmgl‘j’\ééﬂe eIPSCCCHHPT 1S ?’ﬁé e %éég?/ an@ F?g]?‘?ﬁ‘,vy\/\iﬂ‘éf’e‘ioﬁs‘tsﬂ%g QE ence
of the heay ugﬁ;@i@%vé;gm]j@mm%.sequence given in SEQ 1D NG 30. WO
03/ 093320 PCT/ GB0O3/ 01934

19. A variant of the antibody molecule of any one of claims 1 to 18, which has an

15 improved affinity for CD22.
20.  The variant of claim 19 which is obtained by an affinity maturation protocol.

21. The antibody of any one of claims 1 to 4, which is murine anti-CD22 monoclonal

20 antibody 5/44, wherein the variable domain of the light chain has the sequence given in
SEQ ID NO: 7 and the variable domain of the heavy chain has the sequence given in SEQ
ID NO: 8.

22. The antibody molecule of any one of claims 1 to 4, which is a chimeric antibody
25 molecule comprising the sequences of the light and heavy chain variable domains of the

monoclonal antibody of claim 21, recited in SEQ ID NO:7 and SEQ ID NO:8 respectively.

23.  An antibody molecule comprising a hybrid CDR comprising a truncated donor
CDR sequence wherein the missing portion of the donor CDR is replaced by a different
30 sequence and forms a functional CDR.



28 16. An anti body nol ecul e having specificity for human CD22, conprising a
heavy chain, wherein the sequence of the heavy chain consists of the
sequence w930 SEQ ID NGO 30. 5 17. An anti body nol eculreTheBisngs34
specificity for human CD22, having a Iig}?t chain conprising the sequence
given in SEQ ID NO 28 and a heavy chai n“Conprising the sequence given in
SEQ ID NGO 30. 10 18. An anti body nol ecul e having specificity for human
CD22, havi a : ' i S [ '

N 25 and 2 heapy B e B, el RGN Pul Pl LD R 30
19. A var iiarftonnfth¢ lhetibetyi froohy whizhethe| feangfwak yregioes of th¢ anniody twoletsle avki ch
has an 15, 1. (Eoved affinity for CD22. 20. The variant of claim 19 which is
obt ai ned tﬂ?“é{ affinity maturation protocol. 21. The anti body of any one of
claims 1 to 4, which is nurine anti-CD22 nonocl onal 20 anti body 5/ 44,
wherein the variable domain of the Iight chain has the sequence given in
SEQ | D RO257 ankhet dngibedy immbdcaledefrmbaim Bk, vihieecim dwvpiseingiparttra she GPRsequentee

given in SEQ .| ) 8. 22. T nti body nol ecuyl e of any.one of clains 1 to
3 ohi ch 118 R P eeER e Ray D keee te iRt et BB  sequences. o
the Iight and heavy chain variabl e domai ns of the nonoclonal antibody of
claim21, recited in SEQ ID NO 7 and SEQ I D NO 8 respectively. 23. An

anti body il ecullee ewthedy snelgede 19§ vy Preml doimsri5ihg aWbmﬁtépéhHao%ﬂle CDR
sequence rein. 1 SS| ! f.the donor CDR is replaced by a
differentvﬁ%@?g}éad%%ﬁhe@rlaﬁhﬂ%oﬁlﬁé&gp?ﬁ%gﬁebnal CDR. WD 03/ 093320

PCT/ GBQ®/ 01934 29 24. The anti body nol ecul e of claim 23, wherein the

m ssing part of the CDR sequence. is frgmthe_antibody from which thﬁ
framewor k 4%egi ohe Bttibody meksquissfaninome of pleimg &3 tca%@iﬁeeae.mshezfsvn%%na thepody

ol ecul e of,.5) 8iR R4rorii8E Qiathihd5cidd. Sssi ng part of the CDR sequence

28.  The antibody molecule of claim 27, wherein the truncation is from 4 to 6 amino
15 acids.
29. The antibody molecule of any one of claims 23 to 28, wherein the truncation is

made at the C-terminus of the CDR.

20 30. A DNA sequence encoding the heavy chain and/or the light chain of an antibody

molecule according to any one of claims 1 to 29.

31. A cloning or expression vector comprising a DNA sequence according to claim 30.
25 32. A host cell comprising a cloning or expression vector according to claim 31.
33.  An antibody molecule according to any one of claims 1 to 29 or a DNA sequence

according to claim 30 for use in therapy.

30 34. The antibody molecule of any one of claims 1 to 29 or 33, having specificity for
human CD22, or a DNA sequence according to claim 30 for use in treating a

pathology mediated by cells expressing CD22.



is derived froma gernline antibody having consensus framework regions. 26.
The anti body nol ecul e of any one of clains 23 to 25, wherein CDR-H2 of the
heavy chawo 3@essgbrid in the anti body nol ecule. 10 27. ThecantBdsmdy34

nol ecul e of any one of clainms 23 to 26, erein the truncation of the

donor CDRis from1l to 8 amno acids. 28  The antibody nol ecule of claim
27, wherein the truncationis from4 to 6 amino 15 acids. 29. The anti body

nol ecul e o85.any Aengntiodg | bleBulE Icbrddi3, towbigin@i33 b elairh UREC 8f iaODNIAS sediRA&: at
the C-termnus of the CDR 20 30. A DNA sequence _encodi ng the heavy chain

and/ or the |i ghCCORdNg toglaian3 At flpime§4, fppedoteatinewakgngt borkapaone of
clainse 1 to 29. 31. A cloning or expression vector conprising a DNA
sequence according to claim30. 25 32. A host cell conprising a cloning or
expr essi on3g.ect The andbodi awléamle bAIDNAE 1seqdSnce vl alair B3] ywiraptiactlit emalégandi ng
to any one of clai 1 to 29 or a DNA sequence according to claim30 for
use in t%erapy.lw ma ighoned ghgyy irephosit- e of any one of claims 1 to 29
or 33, having specificity for human CD22, or a DNA sequence according to
claim30 for use in treating a pathology nediated by cells expressing
CD22. WO 037.093826 oPGF @EO84Y 183<tule36f 8. omnofaclhinizotyo &9) levidgespacidvitgdifog t o

claim 33 or clajm 34 a DNA se ce accordi to claim.33 or claim 34,
for use in treat?H§" Fﬁ%zgﬂ%?ﬁe q%f(rjﬁgﬁ R IUBEe ng’ﬁttpﬁg‘b‘?_z‘?dpé]&%mén CHBREA
sequence of cl apma3RedivhifE R Br &ﬁ@tr@ﬁ%ﬂeﬁp@f‘% pa@hdlb’égphﬁqpatécﬁll)wgﬂmﬂggés%%gs

| ynphonma. 37. Use of the antibody nol ecule of any one of clains 1

havi ng EbecificCDZ2for human CD22, or use of a DNA sequence according to
claim30 in the manufacture of a nedicanent for the treatment of a

pat hol ogy nedi ated by cells expressing 10 CD22. 38. The use of claim 37,

wher ei n t heg.pat Tt agyofl Saified 7, §Rfdin IRy is malignant lymphoma.

39.  Claim 38, wherein the malignant lymphoma is Non-Hodgkin’s lymphoma.
15
40. A therapeutic or diagnostic composition comprising the antibody molecule of any

one of claims 1 to 29 or the DNA sequence of claim 30.

41. A therapeutic or diagnostic composition according to claim 40, comprising a

20 pharmaceutically acceptable excipient, diluent or carrier.

42. A therapeutic or diagnostic composition according to claim 40 or claim 41,
additionally comprising anti-T cell, anti-IFNy or anti-LPS antibodies, or non-
antibody ingredients such as xanthines.

25

43. A process for the production of an antibody molecule according to any one of
claims 1 to 29 comprising culturing a host cell according to claim 32 under
conditions suitable for leading to expression of protein from DNA encoding said
antibody molecule and isolating said antibody molecule.

30
44. A process for the preparation of a therapeutic or diagnostic composition according

to any one of claims 40 to 42, comprising admixing an antibody molecule



39. Caim38, wherein the nmalignant |ynphoma is Non-Hodgkin's |ynphoma. 15
40. A therapeutic or diagnostic conposition conprising the antibody

nol ecul e wio @wy332one of clains 1 to 29 or the DNA sequenceedfGBi3aime30. 41.
A therapeutic or diagnostic conposition gcceor ding to claim40, conprising a
20 pharnmaceutical ly acceptabl e excipient,” diluent or carrier. 42. A

t herapeutic or diagnostic conposition according to claim40 or claim4l,
addi tional |y coppidhdth #tdne bfeBlits 1ew_tz@-tbgéwer%tmgharhﬁge@mmp@@be bleOr
non- antibody ingredients ’such as xanthines. 25 43. process for the
production of aexcapienthdithyentot @eudre according to any one of clains 1 to 29
conprising culturing a host cell according to claim 32 under conditions
suitable for leading to expression of protein from DNA encodi ng said

anti body np4 ecuhg, @ tpti8Ohatihg theSido abidi egehcsRlvef ih eny 3 4ASED IDrNOLSS

for the preparation OF a therapeutic or diagnostic conposition according

to any one of cloadéer HRIB N2:30conpri sing admi xi ng an anti body nol ecul e WO
03/ 093320 PCT/ GB03/01934 31 according to any one of clainms 1 to 29
together with a pharmaceutically acceptable excipient, diluent or carrier.
45. A pol ypeptide having the ami no aci d sequence given in any one of SEQ ID
NGs:1 5 to 28 or SEQ I D NO 30.



