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3
IMMUNOGLOBULIN VARIANTS AND USES THEREQF
FIELD OF THE INVENTION
10 The invention relates to anti-CT320 antibodics and their use in the reatment of B-cell related

diseases.

BACKGROUND OF THE INVENTION
Lymphocytes are one of several populations of white blood cells: they specitically recognize and

15 respond 10 foreign antigen, The three muajor classes of lymphocytes are B lymphocytes (B cells), T
lymphocytes (T cclls) and natural killer (NK) ccllé. B lymphocytes are the cells responsible for antibody
production and provide humoral imrmunity. B cells mawre within the bone marow and leave the marrow
expressing an antigen-binding antibody on their cell surface. When a naive B ccli first cncovnters the
antigen for which its oiembrane-bound antibody is specific, the cell begins to divide rapidly and its progeny

20 differentiare into memory B cells and effector cells called “plasma cells”. Memory B cells have ionger life

span und contlinue 1o express membrane-bound antibody with the same specificity as the original parent ccll.
Plasma cells do not produce membrane-bound antibody but instead produce scereted form of the antibody.
Seercted antibodies arc the major effector molecules of humoral Immunity.
The CD20 antigen (also called human B-lymphocyte-restricted differentiation aniigen, Bp3s)isa
25 hydrophobic transmembrane protein with a molccular weight of upproximately 35 kD Tocated on pre-B and
mature 3 lymphocyles (Valentne er al. .J, Biol. Chem., 264( 19):11282-11287 (1989); and Einfeld et al
EMBOQ J, 7(3:711-717 (198R)). The antigen is also expressed on greater than 90% of B ccll non-Hodgkin's
lymphomas (NHL) (Anderson ef af. Blpod 63(6):1424-1433 (1984)), but is not found on hematopoictic stem
cells. pro-B cells, normal plasma cells or other normal tissues (Tedder et al. 1. Imtmunct. 135(2):973-979
30 (1985)). CD20 is thought to regulate an early step(s) in the acrivation process for cell cycle initiation and
differentiation (Tedder ez al., supra) and possibly functions as a calcium ion channel (Tedder et al. S, Cell
Biochem. 141:195 (1960)),
Given the expression of CD20 in B cell Jymphomas, this antigen has been a useful therapeutic

target fo treat such lymphomas. Thers are more than 300,000 peoplc in the United States with B-cell NHL

3s and more thun 56,000 new cascs are diagnosed each year. For example, the rituximab (RITUXAN®)
antibody which is a genetically engineered chimeric murine/buman monoclonal antibody direcred against
human CD20 antigen (commercially available from Genentech, Inc., South San Francisco, California, U.8.)
is used for the treatment of patients with relapsed or refractory low-grade or follicular, CD20 positive, B cel
non-Hodgkin's lymphoma, Rituximab is the antibody gelcrred to as “C2B8" jn US Patent Mo. 5,736,137

40 issued April 7, 1998 (Anderson et al.) and in US Pat No. 5,776.456. In vitre mechanism of action studies
have demonstrated that RITUXAN® binds human complcment and lyses Iynphoid B cell lincs through
cumplement-dependent cytotoxicity (CDC) (Reff er al. Blood 83(2):435-445 (1994)). Additionally, it has
significant activiry'in assays for antibody-dependent cellular cytotoxicity (ADCC). Tr vivo preclinical
studics have shown that RITUXAN® depletes 1 cells from the peripheral blood, Tvmph nodes, and bone

45 marrow uf cynomolgus monkeys, presumably through complement and cell-mediated processes (Reff er af,

1
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Blood 83 (2): 435-445 (1994)). Other anti-CD20 antibodies indicated for the
treatment of NHL include the murine antibody Zevalin™ which is linked to the
radioisotope, Yttrium-90 (IDEC Pharmaceuticals, San Diego, CA), Bexxar™ which

is another fully murine antibody conjugated to I-131 (Corixa, WA).

A major limitation in the use of murine antibodies in human therapy is
the human anti-mouse antibody (HAMA) response (see, e.g., Miller, R.A. et al.
"Monoclonal antibody therapeutic trials in seven patients with T-cell
lymphoma" Blood, 62: 988-995,1983; and Schroff, R.W., et al. "Human anti-
murine immunoglobulin response in patients receiving monoclonal antibody
therapy" Cancer Res., 45:879-885, 1985). Even chimeric molecules, where the
variable (V) domains of rodent antibodies are fused to human constant (C)
regions, are still capable of eliciting a significant immune response (HACA,
human anti-chimeric antibody) (Neuberger et al. Nature (Lond.), 314:268-
270,1985) . A powerful approach to overcome these limitations in the clinical
use of monoclonal antibodies is "humanization" of the murine antibody or
antibody from a non-human species (Jones et al. Nature (Lond), 321:522-

525,1986; Riechman et al., Nature (Lond), 332:323-327,1988).

Thus, it is beneficial to produce therapeutic antibodies to the CD20
antigen that create minimal or no antigenicity when administered to patients,
especially for chronic treatment. The present invention satisfies this and
other needs. The present invention provides anti-CD20 antibodies that
overcome the limitations of current therapeutic compositions as well as offer
additional advantages that will be apparent from the detailed description

below.

It is to be understood that, if any prior art publication is referred
to herein, such reference does not constitute an admission that the
publication forms a part of the common general knowledge in the art, in

Australia or any other country.

In the claims which follow and in the preceding description of the invention,
except where the context requires otherwise due to express language or
necessary implication, the word “comprise” or variations such as “comprises”
or “comprising” is used in an inclusive sense, i.e. to specify the presence
of the stated features but not to preclude the presence or addition of

further features in various embodiments of the invention.
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SUMMARY OF THE INVENTION

The present invention provides CD20 binding antibodies or functional
fragments thereof, and their use in the treatment of B-cell associated
diseases. These antibodies are monoclonal antibodies. In specific
embodiments, the antibodies that bind CD20 are humanized or chimeric. The
humanized 2H7 variants include those that have amino acid substitutions in
the FR and affinity maturation variants with changes in the grafted CDRs. The
substituted amino acids in the CDR or FR are not limited to those present in
the donor or recipient antibody. In other embodiments, the anti-CD20
antibodies of the invention further comprise changes in amino acid residues
in the Fc region that lead to improved effector function including enhanced
CDC and/or ADCC function and B-cell killing (also referred to herein as B-
cell depletion). Other anti-CD20 antibodies of the invention include those
having specific changes that improve stability. In a specific embodiment, the
humanized 2H7 variants with increased stability are as described in example 6
below. Fucose deficient variants having improved ADCC function in vivo are
also provided. In one embodiment, the chimeric anti-CD20 antibody has murine
V regions and human C region. One such specific chimeric anti-CD20 antibody

is Rituxan® (Rituximab®; Genentech, Inc.).

In a preferred embodiment of all of the antibody compositions and
methods of use of this invention, the humanized CD20 binding antibody is
2H7.v16 having the light and heavy chain amino acid sequence of SEQ ID NO. 21
and 22, respectively, as shown in FIG. 6 and FIG. 7. When referring to the
polypeptide sequences in Figures 6, 7 and 8, it should be understood that the
first 19 or so amino acids that form the secretory signal sequence are not
present in the mature polypeptide. The V region of all other variants based
on version 16 will have the amino acid sequences of v16 except at the

positions of amino acid substitutions
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which arc indicated in the disclosure. Unless utherwise indicated, the 2H7 variants will have the same L
chain as that of v16.

The invention provides a humanizcd antibody that binds human CD20, or an antigen-binding
fragment thereof, wherein the antibody is cffective to deplete pritnate B cells in vivo, the antibody
comprising in the H chain Varable region (Vy,) at least a CDR3 sequence of SEQ ID NO. 12 from an anti-
10 human CD20 antibody and substantially the human consensus framework (FR) residues of human hcavy
chain subgroup I (VyllD). Tn one embodiment, the primate B cells are from human and Cynomolgus
monkey. In one embodiment, the antibody further comprises the H chain CDR1 sequence of SEQ 1D NO.
10 and CDR2 sequence of SEQ ID NO. 11. In another cmbodiment, the preceding antibody comprises the L

chain U sequence of SEQ ID NO. 4, CDR? sequence of SEQ ID NO, 5, CDR3 sequence of SEQ 1D
15 NO. 6 wilh substantially the huinan consensus framework (FR) residucs of human light chain & subgroup I

(V«T), Tn a preferred embadiment, the FR region in Vi, has a donor antibody residue at position 46; in a

specific embodiment, FR2 in V, has an amino acid substitution of lcuL46pro (T.eu in the human kT

consensus sequence changed to pro which is present in the corresponding position in m2H7).

The VH region further comprises a donor antibody residue at at least amino acid positions 49, 71 and 73 in
20 the framework. In one embodiment, in the Vi, the following FR positions in the human heavy chain

subgroup 111 are substituted: Alal149Gly in FR2; ArgH71Val and AsnH73Lys in FR3. Tn other

embodiments, the CDR regions in the humanized antibody further comprise amino acid substitutions where

the residues are neither from donor nor recipient antibody.

The antibody of the preceding embodiments can corprisc the Vy sequencs of SEQ ID NO.8 of

25  v16, as shown in FIG. 1B, In a further embodiment of the preceding, the antibody further comprises the V.
sequence of SEQ ID NO.2 of v186, as shown in FIG, 1A.

In other embodiments, the hurnanized antibody is 2H7.v31 baving the light and heavy chain amino
acid sequence of SEQ TD NOQ. 21 and 23, respectively, as shown in FIG. 6 and FIG. 8; 2H7.v31 having the
icavy chain amino acid sequence of SEQ ID NO. 23 as shown in FIG. 8; 2H7.v86 with the amino agid

30  substittions of D56A and N100A in the H chain and $92A in the L chain of v16.

In scparate embodiments, the antibody of any of the preceding cmbudiments further comprises at
least one amino acid substitution in the Fe region that improves ADCC and/or CDC activity over the original
or parent antibady from which it was derived, v.16 being the parent antibody bring compared to in most
cases, and Rituxan in other cases. One such antibody with improved activity comprises the triple Alanine

35  substitution of S298A/E333A/K334A in the Fe region. One antibody having S298A/E333A/K334A
suhstitution is 2H7.v3[ having the heavy chain amino acid sequence of SEQ ID NO. 23. Antibody
24179114 and 2H7.v115 show at least 10-fold improved ADCC activity as compared o Rituxan,

In snother embadiment, the antibody further comprises at least one amino acid substitution in the

Fe region that deercases CDC activity as compared to the parent antibody from which it was derived which
40 ix v16 in most cases. One such antibody with decreased CDC activity as compared to v1( comprises at least

the substitution K322A in the H chain. The comparison of ADCC and CDC activity can be assayed as

deseribed in the examples.

3
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5 In a preferrcd embodiment, the antibudies of the invention are full length antibodies wherein the Vy
region is joined to a human IgG heavy chain constant region. Tn preferred embodiments, the 1gG is human
IsG1 or IgG3,

In ong embodiment, the CD2{) binding antibody is conjugated to a eytotoxic agent. In preferred
embndiments the cytotoxic agent is a toxin or a radioactive jsotope.

10 Tn one embodiment, the antibodies of the invention for use in therapentic or diagnostic purposes are
produoced in CHO cells.

Also provided is a composition comprising an antibody of any one of the preceding embodiments,
and a catsier. In one embodiment, the carrier is a pharmaceutically acceptable carrier. These compositions
can he provided in an article of manufacture or a kit,

15 The invention also provided a liquid formulation comprising a humanized 2H7 antibody at
20mg/mL antibody, 10mM histidine sulfate pHS.8, 60mg/nil sucrose (6%), 0.2 mg/ml pulysurbate 20

(0.02%).
The invention also provides an isolated nucleic acid that encodes any of the antibodics disclosed

herein, including an expression vector for expressing the antibody.

20 Another aspeet of the invention are host eclts comprising the preceding nucleic acids, and host cells
that produce the antibody. In a preferred embodiment of the latter, the host cell is a CHO cell. A method of
producing these antibodies is provided, the method comprising culturing the host cell that produces the
antibody and recovering the antibody from the cell culturc.

Yet another aspect of the invention is an articlc of manufacture comprising a container and &

25  composition contained therein, wherein the composition comprises an antibody of any of the preceding
emhodiments, For use in treating NHL, the article of manufacture further comprises a package insert
indicating that the composition is used to treat non-Hodgkin’s lymphoma.

A further aspect of the invention is a method of inducing apoptosis in B cells in vivo, comprising
contacting B cells with the antibody of any of the preceding, thereby killing the 13 cells,

30 The invention also provides mathods of treating the diseases disclosed hervin by administration of a
CD20 hinding antibody or functional fragment thereof. 1o a mammal such as a human paticnt suffering from
the disease. In any of the methods for treating an autoirmmune disease or a CD20 positive cancer, in onc

embodiment, the antibody is 2H7.v16 having the light and heavy chain amino acid sequence of SEQ 1D NO.
21 and 22, respectively, as shown in FIG. 6 and FIG. 7. Thus, one embodiment is a method of treating a

35  CD20 positive cancer, comprising admuinistering to a patient suffering from the cancer, a therapeutically
cffective amount of a humanized CD20 binding antibody of the invention. Tn preferred embodiments, the
CD20 positive cancer is a B cell lymphoma or leukemia including non-Hodgkin’s lymphoina (INHL) or
lymphocyte predominant Hodgkin's discase (LPHD), chronic lymphocytic leukemia (CLL) or SLL. In one
embodiment of the method of reuting a B ccll lymphoma or levkermiy, the antibody is administered at a

Ly dosage range of about 275-375mg/m”. Tn additional cmbodiments, the treatment method further compriscs
administering to the patient ar least one chemotherapeutic agent, whesein for non-Hodgkin's lymphoma

(NIiL), the chemotherapeutic agent is selected from the group consisting of doxorubicin, cyclophosphamide,

vineristine and prednisolone.

4
AMENDED SHEET
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5 Also provided is a method of treating an autoimmune diseasc, comprising administering to a patient
suffering from the autoimmune disease, a therapeutically effective amount of the hummanized C20 binding
antibody of any onc of the preceding claims. The autoimmune discase is selected from the group consisking
of rheumatoid arthritis, juvenile rheumatoid arthritis, systemic upus erythematosys (5LE), Wegencr's
disease, inflammatory bowecl disease, idivpathic thrombocytopenic purpura (I1P), thrombotic

10 thrombocytopenic purpura (TEP), autoimmune thromboeytopenia, multiple sclerosis, psoriasis, IgA
nephropathy, IgM polyneuropathics, myasthenia gravis, vasculitis, diabetes mellitus, Revnaud’s syndrome,
Sjorgen’s syndrome and glomerulonephsitis, Where the autoimmune disease is rhcumarojd arthritis, the
antibody can be administered in conjunction with a second therapeutic agent which is preferably
methotrexate.

15 In these treatment methods, the CD20 binding antibodies can be administered alone or in
conjunction with a second therapeutic agent such as a sceond antibody, or a chemotherapeutic agent or an
immunosuppressive agent. The second aslibody can be one that binds CD20 or a different B cell antigen, or
a NK or T ccll antigen. Tn one embodiment, the sccond antibody is a radiolabeled anti-CD20 antibody. In

other embodiments, the CD20 binding antibody is conjugated 0 a cytotoxic agent including a toxin or a
20  radioactive isotope.

In another aspect, the invention provides a method of treating an autoimmune discasc sclected from,
the group consisting of Dermatomyosilis, Wegner's granulomatosis, ANCA, Aplastic anemia, Autoimmune
hemolytic anemia (AIHA), factor YIII deficiency, hemophilia A, Autoimmune neutropenia, Casileman's
syndrame. Goodpasture's syndrome, solid organ transplant rejection, graft versos host disease (GVHD). 1gM

25 mediated. thrombotic thrombocytopenic purpura (TTP), Hashimoto's Thyroviditis, auteimmune hepatitis,
lymphoid interstitial pneumonitis (HIV), bronchiolitis obliterans (non-transplant) vs, NSIP, Guillain-Barre
Syndrome, large vessel vasculitis, giant cell (Takayasu's) arteritis, medium vessel vasculitis, Kawasaki's
Discase, polyarteritis nodosa, comprising administering to a paticnt suffering from the disease, a
therapeutically effective amount of @ CD20 binding antibody. Tn one embodiment of this method, the CD20

30 binding antibody ix Rituxan®.

The invention also provides an isolated nucleic acid comprising the necleotide sequence of SEQ 1Dy
NO.: 24 of the Cynomolgns monkey CID20 (shown in 1IG. 19). or a degenerate vavinnt of this sequence .
One embaodiment is an isolated nucleic acid comprising a sequence that encodes a polypeptide with the
amino acid sequence of SEQ 1D NO. 25 (shown I'IG, 20), or SEQ 1D NO. 25 (FIG. 20) with conscrvative

35 aming acid substitutions. Another embodiment is a vector comprising the preceding nucleic acid, including

an expression vector for expression in a host cell. Included as well is a host cell comprising the vector. Also

provided is an isolated polypeptide comprising the amino acid sequence [SEQ 1D NQ. 25; F1G. 20] of the
Cynomojgus monkey CD20.

40 BRIEF DESCRIPTION OF THE FIGURES
FIG, 1A is a sequence alignment comparing the amino acid sequences of the light chain variable
domain (VL) of each of murine 2H7 (SEQ ID NO. 1), humanized 2H7, v16 vasiant (SEQ 1D NO. 2 ), and
human kappa light chain subgroup 1 (SEQ ID NO. 3). The CDRs of Vi, of 2H7 and huZH7.v16 are as
follows; CDR1] (SEQ 1D NO.4), COR2 (SBQ 1D NO.5 ), and CDR3 (SEQ ID NO.6).

S
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FIG. 1B is a sequence alighment which comparcs the Vi sequences of murine 2H7 (SEQ 1D NO.
1), humanized 2H7.v16 variant (SEQ 1D NO. 8), and the human consensus sequence of heavy chain
subgroup T (SEQ TD NO. 9). The CDRs of V}; of 2H7 and hu2H7.v16 are as follow: CDR1 (SLQ ID
NQ.10). CDR2 (SEQ ID NO.11), and CDR3 (SEQ ID NO.12),

TnF1G. 1A and FIG. 1B, the CDR1, CDR2 and CDR3 in each chuin are enclosed within brackets,
flanked by the framework regions, FR1-FR4, as indicated. 2H7 refers to the murine 2H7 antibody. The
asterisks in between two rows of sequences indicate the positions that are different between the fwo
scyuences. Residue numbering is according to Kabat et al., Scquences of Immunological Tnierast, Sth Ed.
Public Health Service, National Institutcs of Health, Buthesda, Md. (1991), with insertions shows, as a, b, c,
d, and c.

FIG, 2 shows the sequence of phagemid pVX4 (SEQ TD NO.13) uscd for construction of 2H7 Fab
plasinids (sce Example 1) as well as the amino acid sequences of the L chain (SEQ 11D NO.14) and H chain
(SEQ ID NO.15) of the Fab for the CDR-grafted anti-LFN-o¢ humanized antibody.

F1G. 3 shows the sequence of the cxpression plasmid which encodes the chimeric 2H7.v6.8 Fab
(SEQ 1D NQ.16). The amino acid scquences of the L chain (SEQ ID NO.17) and H chain (SEQ TD N(.18)
are shown,

FIG, 4 shows the sequence of the plasmid plDR1 (SEQ ID NO.19; 53921 bp) for expression of
immunoglobulin light chains as deseribed in Example 1. pDRI contains sequences encoding an imclevant
antibady, the light chain of a humanized anti-CID3 antibody (Shaluby et al., 3. Exp. Med, 175: 217-225
(1992)), the start and stop codons for which are indicated in bold and underlined,

FIG. 5 shows the sequence of plasmid pDR2 (SEQ TD NO.20; 6135 bp) for expression of
immunoglobulin heavy chains as described in Example 1. pDR2 contains scquences encoding an irrelevant
antibody, the heavy chain of a humanized anti-CI?3 antibody (Shalaby et 4l., supra), the start and stop

codons for which are indicated in bold and underlined.
FIG. 6 shows the amino acid sequence of the 2H7.v16 compleie L chain (SEQ 1D NO.21). The

first 19 amino acids before DIQ are the secratory signal sequence nol present in the mature polypeptide

chain,
FIG. 7 shows the amino acid sequence of the 2H7.v16 complete H chain (SEQ T NO.22). The

first 19 amino acids before BYQ before are the secretory signal sequence not present in the mature
polypeptide chain. Aligning the Vi sequence ia FIG. 1B (SEQ ID NO. 8) with the complete H chain
sequence, the human 1 constant region is from amino acid position 114-471 in SEQ 1D NO, 22,

FIG., 8 shows the amino acid sequence of the 2H7.v31 complete H chain (SEQ TD NQ.23). The
first 19 amino acids before EVQ before are the secretory signal sequence not present in the matote
polypeptide chain. The L. chain is the same as for 2H7.v16 (sce FIG. 6).

116G, 9 shows dhe relative stability of 2H7.v16 and 2137.v73 IgG variants as described in Example 6.

Assay Tesults were normalized (o the values prior to incubation and reported as percent remaining afler

incubation.
FIG. 10 is a flow chart summarizing the amino acid changes from the murine 2H7 to a subset of

humanized versions up to v75.
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FIG. 11 i5 a summary of mean absaolute B-cell count [CD3-/CD40+] in all groups (2H7 study and
Rituxan study combined), as described in Example 10,
FIG. 12 shows the results of a representative ADCC assay on fucose deficient 2H7 varianis as
described in Example 11.
FIG. 13 shows the results of the Annexin V staining plotted as a function of antibody concentration.
10 Ramos cclls wers treated with an frrelevant Tg(31 control antibody (Herceplin®; circles), Rituximab
(squares), or thuMAb 2H7.v16 (trianglcs) in the prescnee of a crosslinking secondary antihody and were
analyzed by FACS. Figures 13-15 are described in Exatnple 13.
FIG. 14 shows the results of the Annexin V and propidium iodide doublc-staining arc plotted as a
function of antibody concentration. Ramos cells were treated with an irrelevant IgG1 control antibody
15 (Hereeprin®; circles), Rituximab (squares), or rhuMAb 2H7.v16 (riangles) in the presence of a crosslinking
secondary antibody and were analyzed by BACS,
FIG, 15 shows the counts (per 10 5) of live, unstained cells are plotted as a function of antibody
concentration. Ramos cells were treated with an jrrelevant IgG1 control antibody (Flerceptin®; circles),
Rituximab (squares), or thulMAb 2H7.v16 (triangles) In the presence of a crosslinking secondary antibody

20 and were analyzed by FACS.
FIGs. 16, 17, 18 show inhibition of Ruji ccll tunior growth in nude mice, as described in Example

14, Animals were treated weekly (as indicated by vertical arrows; n=8 mice per group) for 6 weeks with
PBS (control) or with Rituxan® or rhuMab 2H7.v16 at 5 mg/kg (FIG, 16), 0.5 mg/kg (FIG. 17). or 0.05
mg/kg (FIG. 18).

25 FIG. 19 shows the nucleotide (SEQ TD NQ. 24 ) and amine scid (SEQ TD NO. 25 ) sequences of
Cynomolgus monkey CD2(}, as deseribed in Example 15,

FIG. 20 shows the amino acid sequestce for cynomolgus monkey CID20 (SEQ 1D NO. 25). Residues
that differ from human CI>20 are underlined and the human residues (SEQ TD NQ. 26) are indicated dircetly
helow the monkey residue. The putative extracellutar domain of the moukey CD20 is in bold type.

20 FIG. 21 shows the results of Cynomolgus monkey cells expressing CD20 binding to hu2H7.v16,

w31, and Rituxan, as described in Example 15, The antibodics werc asaayed for the ability to bind and

displace FITC-conjugated murine 2H7 binding to cynomolgus CID2(.
FIG. 22 shows dose escalation schema for thevmatoid arthritis phase /1 clinical trial.
LFIG. 23 shows the vector for expression of 2H7.v16 in CHO cells.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The “CD20™ antigen is a non-glycosylated, transmembrane phosphoprotein with a molecular weight.
of approximately 35 kT3 that is found on the surface of greater than 90% of 1 cells from peripheral blood or
lymphoid organs. CD20 is expressed duting early pre-B cell development and remains until plasma cell

A differcntiation: it is not found on human stem cclls, lymphoid progenitor cells or normal plasma cells. CI320
ia present on both normal B cells as well as mafignant B cells, Other names for CD20 in the [iterature
inalude “B-lymphocyte-tastricted differentiation anfigen” and “"Bp35”°, The CD20 antigen is described in, for
sxample, Clark and Ledbetter, Adv, Can. Res. 52:81-149 (1989) and Valentine et af. J. Biol. Chem.

264(19):11282-11287 (1989).
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5 The term "antibody" is used in the broadest scnse and specifically covers monoclona) antibadies
(including full length monoclonal antibodies), multispecitic antibodies (e.g.. bispecific antjbodics), and
antibody fragments so long as they exhibit the desired biological activity or function.

The biclogical activity of the CD20 binding and humanized D20 binding antibodies of the
invention will include at least Binding of the antibody to humnan CD20, more preferably binding to husan
10 and other primate CD20 (including cynomolgus monkey, rhesus monkey, chisnpanzees), The antibodics
would bind CD20 with a K, value of no higher than | x 1075, preferably a Ky value no higher than about [ x
10°%, and be able to kill or deplete B cells in vivo, preferably by at least 20% when compared to the
appropriae negative control which is not treated with such an antibody. B rell depletion can be a result of
one or more of ADCC, CDC, apoptosis, or other mechanism, In some embodiments of diseasc treatment
15 herein, specilic cffector functions or mechanisms may be desived over others and certain variaots of the
humanized ZHT are preferred to achieve those biological functions, such as ADCC,
"Antibody fragments” comprise a portion of a full length antibody, generally the antigen binding or
variable region thercof . Examples of untibody fragments include Fab, Fab', F(ab'),, and Fv fragments;

diabedies; Encar antibodizs: single-chain antibody molecules; and multispecific antibodies formed from
20 antibody fragments.
"EFy" is the minimum antibody fragment which contains a complete antigen-recognition and -
binding site. This fragment consists of a dimer of one heavy- and one light-chain variable region domain in
tight, non-covalent association. From the folding of these two domains emanate six hypervariable loops (3
loups cach from the H and L chain) that contribute the amino acid residues for antigen hinding and conter
25 amtigen binding specificity (o the untibody. However, even a single variable domain (or half of an 1'v
comprising only three CDRs specific for an antigen) has the ability to recognize and bind antigen, although
at a lower affinity than the entire hinding site.
The term “monaclonal antibody™ as used herein refers to an antibody obtained from a population of
substantially homogeneous antibodies, i.e., the individual aniibodies comprising the population are identical
30 except for possible natrally occurring mutations that may be prescnt in minor amounts. Monoclonal

antibodies are highly specific. being directed against a single antdgenic site. Purthermore, in contrast 1o

conventional (polyclonal) intibody preparations which typically include different antibodies directed against
different determinants (epitopes), each monoclonal antibody is directed against a single deteriminant on the
antigen. The modifier "monoclonal” indicates the character of the antibody as being obtained from a
35 substantially homogencous population of antibodics, and is not to be construed as requiring production of
the antibody by any particular mcthod. For example, the monoclonal antibadies to be used in accordance
with the present invention may be made by the hybridoma method first described by Kohler ¢ af, Najure
256:495 (1975), or may be made by recombinant DNA methods (see, 2.2., U.S. Patent No. 4,816,567), The
"monoclonal antibodies" may also be isolated from phage antibody libraries using the techniques described
44 in Clackson ez al., Nature 352:624-628 (1991) und Marks ez al, J. Mol. Binl. 222:581-597 (1991), for
example.
“Functional fragments” of the CI>20 binding antibodjes of the invention are those fragments (hat
retain binding to CD20 with substantially the same affinity as the intuct full length molecule from which

8
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5 they are derived and show biological activity including depleting B cclls as meusured by in vitro or in vivo
assays such as those df:wﬁhed hercin.
The term "varjable” refers to the fact that certain scgments of the variable domajns differ

extensively in sequence among antihodies, The V domain mediates antigen binding and define specificity of
a particular antibody for its particolar antigen. Howcver, the variability is not evenly distributed across the

10 110-amino acid span of the varizble domains. Tnstead, the V regions consist of relati vely invariant stretches
called framework regions (FRs) of 15-30 amino acids scparated by shorter regions of extreme variability
called “hypervariable regions™ that are each 9-12 amino acids long. The variable domains of native heavy
and light chains each comprise fonr FRs, largely adopting a B-sheet. configuration, connected by three
hypervariabile regions, which form loops connecting, und in some cascs forming part of, the B-sheet

15 structure. The hypervariable regions in each chain are held together in glose proximity by the I'Rs and, with
the hypervariable regions from the other chain, coptribute to the formation of the antigen-binding site of .
antibudics (see Kabat et al., Sequences of Proteins of Immunological Interest, S5th Ed. Public Health Service,
National Tnstitutes of Health, Bethesda, MD. (1991)). The constant domains are not involved dircctly in

binding un untibody to an antigen, but cxhibit various effector functions, such as participation of the

20 antibody in antibody dependent cellular cytotoxicity (ADCC),

The term “hypervariable region™ when used herejn refers (o the amino acid residues of an antibody
which arc responsible for antigen-binding. The hypervariable region generally comprises amino acjd
rexidues from a “complementatity determining region” or “CDRY (e.g. around about residues 24-34 (L1).
50-56 (L2) and 89-97 (1.3) in the V|, and around about 31-35B (H1), 50-65 (H2) and 95-102 (H3) in the Vy

25 (Kabat et al,, Sequences of Proteins of immunologicat Tnterest, Sth Ed. Public Health Service, National
Institutes of Health, Bethesda, MD. (1991)) and/or those residues from a “hypervariable loop™ (e.g. residues

26-32 (1,1), 50-32 (L.2) and 91-96 (L.3) in the Vy, and 26-32 (H1), 52A-55 (H2) and 96-101 (M3) in e Vy

(Chothia and T.esk J. Mol. Biol. 196:901-217 (1987)).
As referred to herein. the “consensus sequence’ or consensus V domain sequence is an artificial

an sequence derived from a comparison of the amino acid sequences of known human immunoglobulin variable
repion sequences. Based on these comparisons, recombinant nucleic acid scquences cncoding the V domain

amino acids that are a consensus of the sequences derived from the human x and the human H chain
subgroup ITT V domains were prepared. The consensus V sequence does not have any known antibody
hinding specificity or affinity.

5 “Chimeric" antibodies (immunoglobulins) have a portion of the heavy and/or light chain identical
with or homologous to correspanding sequences in antibodies derived from a particular species or belonging
to a patticular antibody class or subclass, while the remainder of the chain(s} is identical with or homologous
{0 cormesponding sequences in antibodies derived from another species or belonging to another antibody
class ot subclass, as wall as fragments of such antibodies, so long as they exhibit the desired biological

40  activity (U.S. Patent No. 4,816,567: and Morrison e ak, Proc. Natl, Acad, Sci. USA 81:6851-6855 (1984)).
Humanized antibody as used bereis is a subset of chimeric antibodies.

"Humanized” forms of non-hurmsan (e.g., murine) antibodics are chimeric antibodies which contain

minimal scquence derived from non-human immunoglobulin. For the most part, humanized antibodies are

9
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human immunoglobulins (recipient or acceptor antibody) in which bypervariable region residues of the

recipient are replaced by hypervariable region residues from a son-human species (donor antibody) such as

muuse, rat, rabbit or nonhuman primate having the desired specificity, affinity, and capacity. In some

instances, Fv framework region (FR) residues of the human immunoglobulin are rcplaced by corresponding

non-human residues. Furthermore, humanized antibodies may comprise residues which are nut found in the

10 vecipient antibody or in the donor antibody. These modifications are made to further refine antibody
performance such as binding atfinity, Gencerally, the humanized antibody will comprise substantially all of
at Jeast onc, and typically two, variable domains, in which all or substantially all of the hypervariable loops
correspond 1o those of a non-human immunoglobulin and al) or substantially all of the FR regions arc those
of a human immunoglobulin sequence although the FR regions may include one or more amino acid

15 substitutions that improve hinding affinity. The tumbcer of these amino acid substitutions in the FR arc
typically 8o morc than 6 in the H ¢hain, and in the L chain, no more than 3. The bumanized an'tibody
optionally also will comprise at least a portion of an immunoglobulin constant region (F), typically that of a
human immunoglobulin, For further datails, see Jonces er al., Nature 321:522-525 (1986); Reichmann ef af,
Narure 332:323-329 (1988); and Presta, Curr. Op. Struct. Biol, 2:593-596 (1992),

20 Antibody “effector functions” tefer to those biologic'al activities attributable to the Fc region (a

native sequence Fc region or amino acid sequence variant Fe region) of an antibody, and vary with the
antibody isotype. Examples of antibody effector functions include: C'1q binding und complement dependent
eytotoxicity; Fe receptor binding: antibody-dependent cell-mediated cytotoxicity (ADCC): phagocytosis;
down regulation of cel] sutface reecptors (e.g. B cell receptor); and B ccll activation.

25 “Agtibody-dependent collamediated cytotoxicity” or “ADCC™ refers to a forim of cytotoxicity in
which secreted 1g bound onto Fe receptors (FeRs) present on certuin cytotoxic cells (e.g. Natvral Killer (NK)
cells, neutrophils, and macrophages) enable these cytotoxic cffector cells to bind specifically to un antigen-
hearing target cell and subsequently kill the target cell with cytotoxins. The antibodies “arm™ the cytotoxic
cells and are absolutely required for such killing. The primary cells for mediating ADCC, NK cclls, cxpress

30 FeyRIT only. whereas monocyles sxpress FeyRIE, FeyRIT and FeyRTT. FeR expression on hematopoictic
eells is summarized in Table 3 on page 464 of Ravetch and Kinet, Anms. Rev. Immunel 9:457-92 (1991). To
assess ADCC activity of a molecule of inferest, an in vitro ADDCC assay, such as that described in US Patent
No. 5,500.362 or 5,821,337 may be performed. Useful effector cells for such assays include peripheral
blood mononuclesr cells (PBMC) and Natural Killer (NK) cells.  Alernatively, or additionally, ADCC

35 activity of the molecule of interest may be assessed in vivo, ¢.g&., it a animal model such as that disclosed in

Clynes et al. PNAS (USA) 95:652-656 (1998).
"lic teceptor” or “FcR* describes a receptor that binds to the I'c region of an antibody. The

preferred FeR is a native sequence buman FecR. Moreover, a preferred FeR is onc which binds an IgG
antibody (a gamma receptor) and includes receptors of the FeyRIL FoyRII, and FoyRITT subclasses, including
40  aliclic variants and alternatively spliced formns of these recoptors. FeyRTI receptors include FeyRTIA (an
"activating receptor) and PoyRIIB (an "inbibiting receptos™), which have similar amino acid scquences that
differ primarily i the cytoplasmic domains thereof. Activating receptor FeyRILA contains an
immunorceeptor tyrosine-based activation motif (TTAM) in its cytoplasmic domain. Inhibiting receptor

FeyRTIB contains an immunoseceptor tyrosine-based inhibition motif (ITIM) in its cytoplusmic domain. (see
10
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5 review M. in Datron, Annu. Rev. Inmunol. 15:203.234 (1997)). FcRs are reviewed in Ravetch and Kinet,
Annu, Rev. Immunol 9:457-92 (1991); Capcl et al,, bnmunomethods 4:25-34 (1994); and de Haas er al, J/,
Lab. Clin, Med. 126:330-41 (1995), Other FcRs, including those 0 be identified in the future, arc
cncompassed by the term "FeR” herein, The term also includes the nconata) receptor, FeRu, which js
responsible for the teansfer of maternal 1gGs to the fetus (Guyer er al., J. Imununol. 117:587 (1976) and Kim
10 etal, S Immunol, 24:249 (1994)),
WO00/42072 (Presta) deseribes antibody variants with improved ot disminished biuding to FeRs,
The content of that patent publication is specifically incorporated herein by reference. See, also, Shields ar
al. J. Binl. Chem. 9(2): 6591-6604 (2001).
“Human effector cells™ are leukocytes which express onc or more FeRs and perform effector
15 functions, Preferably, the cells express at least FeyRTI and perform ADCC effector function. Examples of
human leakocytes which mediate ATXCC include peripheral blood mononuclear cells (PBMC), natural killer
(NK) cells, monaeytes, cytotoxic T cells and neutrophils; with PBMCs and NK cells heing preferred. The
cffector cells may be isolated from a native source, e.g. from blood.
“Complemcnt dependent cytotoxicity™ or “CDC™ refers to the lysis of a target cell in the presence

20 of complement. Activation of the classical complement pathway s inttiated by the binding of the first
component of the complement system (Cly) to antibodies (of the appropriate subclass) which are bound to
their cognate antigen. To asscss complement activation, 8 CDC assay, e.g. as described in Gazzano-Santoro
et el J. fmmunol. Merhods 202:163 (1996), may be performed.

Polypeptide variants with altered Fc region amine acid sequences and increased or decreaged Clqg

25 binding capabilily are described in US patent No. 6,194,551B 1 and WQ99/51642. The contents of those
patent publications arc specifically incorporated herein by reference. See, also, Idusogic er al. J. fmmunol.
164: 4178-4184 (2000).

The N-glycosylation site in IeG js at Asn297 in the CH2 domain. The present invention also
provides compositions of 1 CD20-binding, humanized antibody having a Fe region, wherein about 80-100%
30 (and preferably about 90-99%) of the antibody in the composition comprises a mature cors carbohydrale

structure which lucks fucose, attached to the Fe region of the glycoprotein. Such compositions were

demonstrated herein 1o exhibit a surprising improvement in binding to FoyRIITA(F158), which is not as
cffective as FeyRITIA (V158) in interacting with human IgG. Thus, the compositions herein are anficipated
to be superior 1o previously described anti-CID20 antibody compositions, especially for therapy of human
patients who express FeyRIIA. (F158). FeyRITIA (F158) is more common than FeyRIILA (V158) ,it)
normal, healthy African Americans and Caucasians. S.cc Lchrnbecher et al. Bload 94:4220 (1999). The

L]
L

present application further demonsirates the synergistic increase in FeyRIT] binding and/or ADCC funetion
that rasults from combining the glyeosylation variations herein with amino acid sequence modification(s) in
the Le region of the glycoprotein,

40 An "isolated" antibody is one which has been identified and sepurated and/or recovered from a
component of its natural environment. Contaminant components of its natural cnvironwment are matcrials
which would interferc with diagnostic or therapeutic uscs for the antibody, and may include enzymes,
hormones, and other proteinaceous of nonproteinaceous soles. 1n preferred embodiments, the antibody
will be purified (1) to greater than 95% by weight of antibody as determined by the Lowry methad, and most

11
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3 preferably more than 99% by weight, (2) (o a degree sufficient to obtain at least 15 residues of N-terminal or
internal amino acid sequence by use of 2 spinning cup sequenator, or (3) to horogeneity by SDS-PAGE
under reducing or nonrcducing conditions using Coomassie blue or, preferably, silver stain, Isolated
antibody includes the antibody in siti within recombinant cells since at least one component of the
anutibody’s natural envirenment will not be present. Ordinarily, howcever, isolated antibody will be prepared

10 by ar least onc purification step.

An "isolated" nucleic acid molccule is a nucleic acid molceule that is identified and separated from
at Jeast one contaminant nucleic acid molecnle with which it is ordinarily associated in the natural source of
the antibody nucleic acid. An isolated pucleic acid molecule is other than in the form o setting in which it is
found in nature. Jsolated nucleic acid molecules therefore are distinguished from the nucleic acid molecule

15 ay it cxists in natural cells. However, an isolated nucleic acid molecule includes a nuclcic acid molecule
contained in cells that ordinarily express the antibody where, for example, the nucleic acid molecule is in a
chromosomal location different from that of natural cells,

The e¢xpression "controf sequences” refers 10 DNA. sequences necessary for the cxpression of an

operably linked coding scquence in a patticular host organism. The control sequences that are suitable for

20  prokaryotes, for cxample, include a promioter, optionally an operator scqu;:nce, ang a ribosomne binding, site.

Eukarvotic cells are known to ulilize promoters, polyadenylation signals, and enbancers,
Nucleic acid is "operably linked" when it is placed into a functional relationship with another

nucleic acid sequence. For example, DNA for a presequence or secretory leader js operably linked to DNA,
for a polypeptide if it is expressed as a preprotein that participates in the secretion of the polypeptide; a

25 promoter or enhancer is operably linked Lo a coding sequence if it affects the transctiption of the sequence;
or a ribosome binding site is operably linked to a coding sequence if it is positioned so as to facilitate
translation. Generally, "operably linked" means that the DNA scquences being linked are contiguious, and,
in the case of a secretory leader, contiguous and in reading phasc. However, enhancers do not have to be
contiguous. Linking is accomplished by ligation at convenient restriction sites. If such sites do not exist, the

30 symthetic oligonucleotide adaptors or linkers arc used in accordance with conventional practice.

“Yactor” includes shuttle and expression vectors. Typically, the plasmid construct will also include

an origin of replication (e.g., the ColE1 origin of replication) and a selectable matker (e.g.. ampicillin or
tetracycline resistance), for replication and selection, respectively, of the plasmids in bacteria, An
“sxpression vector” refers to a vector that contains the necessary control sequences or regulatory elements

for expression of the antibodies including antibody fragment of the invention, in bacterial or eukaryotic cells,

(oS ]
i

Suilable vectors are disclosed below.
The cell that produces a humanized CD20 binding antibody of the invention will include the

bacterial and cukaryotic host cells into which nucleic acid encoding the antibodies have been introduced.

Suitable host eclls are disclosed below,
44 The word "label” when used hercin refers W a detectuble éumpuund or composition which is

conjugated dircetdy or indircctly to the antibody. The label may itsclf be detectable by itself (e.g.,
radivisatope labels or fluorcscent labels) or, in the casc of an cnzymatic Iabel, may catalyze chemical

alteration of a substrate compound or composition which is detectable,

12
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An “autoimmune disease™ herein is a non-malignant diseasc or disorder arisj g from and directed
against an individual’s own (self) antigens and/or tissucs.

As used hercin, “B cell depletion” tefers to a reduction in B cell Jevels in an animal or human after
drug or antibody treatment, as comparcd 10 ihe B cell level before treatment. B cell levels are measurable
using well known assays such as thase described in the Experimental Examples. B cell deplction can be
10 complete or partial. In one embodiment, the depletion of C120 cxpressing B cells is at Ieast 25%. Notto be

timited by any onc mechanisis, possible mechanisms of B-cell depletion include ADCC, CDC, apoptosis,
modulation of calcium {lux or a combination of two of more of the preceding.
The term "cytotoxic agent” as used herein refers to a substance that inhibits or prevents the {unction
of cells and/or causes destuctinn of eclls. The term is intended to include radioactive isotopes (e.g., 1'%,
15 1'%, Y% and Re™), chemotherapeutic agents, and toxins such as enzymatically active toxins of bacterial,
fungal, plant or animal origin, or fragments thercof.

A "chemotherapeutic agent” is a chemical compound uscful in the treatment of cancer, Exarnplcs

of chemotherapentic agents include alkalyzing or alkylating agents such as thiotcpa and cyclosphospharmide

(CYTOXANTM); alkyl sulfonates such as busulfan, improsulfan and piposulfan; aziridines such as

3
e

20 benzodopa, carboguone, meturcdopa, and uredopa; ethylenimines and methylamelamines including
altretamine, trietbylenemelamine, trictylenephosphoramide, triethylenethiophosphaoramide und
trimethylolomelamine; nitrogen mustards such as chlorambucil, chlornaphazine, cholophosphamide,
sstramustine, fosfumide, mechlorethamine, mechlorethamine oxide hydrochloride, melphalan, novembichin,
phenesterine, prednimustine, trofosfamide, uracil mustard; nitrosureas such as carmustine, chlorozotocin,

25 totemustine, lomustine, nimustine, ranimuosting; antibiotics such, as aclacinomysins, actinomycin,
anthramycin, azaserine, bleomycins, cactinomycin, calicheamicin, carabicin. carminomycin, carzinophilin,
chromomycing, duclinomycin, daunorubicin, detorubicin, 6-diazo-5-0xe-1.-norleucing, doxorubicin
(Adriamycin), epirubicin, esorubicin, idarubicin, marcellomycin, mitomycins, mycophenolic acid,
nogalamycin, olivomycins, peplomycin, potfiromycin, puromycin, quelamycin, rodorubicin, streptonigrin,

30 streptozocin, tubereiding ubenimex, Zinostatin, zorubicin; anti-metabalites such as methotrexate and 5-

fluorouracil (3-FU); folic acid analogues such as denopterin, methotrexate, pteropterin, trimetrexate; purine

analogs such as fludarabine, 6-mercaptopurine, thiamiprine, thioguanine; pyrimidine analogs such as
ancitabine, azacitidine, 6-azauridine, curmofur, cytarabine, didcoxyuridine, doxifhuridine, enocitabine,
floxuridine, 5-FU; androgens such as calusterons, deomostanolone propionate, ¢pitiostanol, mepitiostance,
45  testolactone; anti-adrensls such as aminoglutethimide, mitotane, trilostans; folic acid replenisher such as
frolinic acid; aceglatone; aldophusphamide glycoside; aminolevalinic acid; amsucring; bestrabucil;
bisantrene: edatraxate: defofamine; demecolcine; diaziquone; elfornithine; elliptinium acetate; etoglucid;
gallinm pitrate; hydroxyurea; lentinan; lonidamine; mitoguazone; mitoxantrone: mopidamol: nitracrine:
pentostating phenamet; pirarubicin; podophyllinic acid; 2-cthylhydrazide; procarbazine; PSK®; razoxane;
40 sizofiran; spirogermanium; tenuazonic acid: triaziguone; 2, 22" trichlorotriethylamine: urethan; vindesine;
dacarbazine: mannomusting; mitobronitol; mitolactol; pipohroman; gacytosine; arabinoside ("Ara-C™):
thiotepa; taxoids, ¢.g. paclitaxel (TAXOL®, Bristol-Myers Squibb Oncology. Princeton, NJ) and doxetaxel
(’I‘AXOTERE@. Rhdne-Poulenc Rorer, Antony, France); chlorambucil; gemeitabine; 6-thioguanine;

mereaptopurine; methotrexate; platinum analogs such as cisplatin and carboplating platinum; etoposide (VP-

13
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5 16); osfamide; mitomycin mitoxantrone; vineristine; vinblastine; vinorelbing: navelbine; novantronc;
teniposide; daunomycin; aminopterin; xcloda; ibandronate; CPT-11; tlopoisomerasc inhibitor RFS 2000;
difiuoromethylornithine (DMF(); retinoic acid; esperamicins; capecitabine; and pharmaceutically
acceptable salts, acids or derivatives of any of the above, Also included in this definition are anti-horaonal
agents thar act to regulate o inhibit hormone action on tumors such as anti-estrogens including for example

n moxifen, raloxifene, aromatase inhibiting 4(5)-imiduzoles, 4-hydroxytamoxiten, trioxifenc, keoxifenc,
LY 117018, onapristonc, and toremifene (Fateston); anti-androgens such as flutamide, nilutamide,
hicalutamide, leuprolide, and goserelin; other chemotherupentic agents such as prednisolone,
Pharmaceutically avceptable salts, acids or derivatives of any of the above are included.

"Treating” or “treattnent” or “alleviation” refers to both therapeuiic weatment and prophylactic or

15 preventative measares, wherein the object is to prevent or sfow down (Iessen) the targeted pathologic
condition or disorder. A subjcct is successfully “treated™ for a CD20 positive cancer or an autoimmune
diseasc if, after receiving a therapeutic amount of a CD20 binding untibody of the invention accarding to the

methads of the present invention, the subject shows observable and/or measurable reduction in ot absence of

one or marc signs and symptoms of the particular diseasce. For example, for cancer, reduoction in the number

20 of cancer cells or absence of the cancer ¢ells: reduction in the mamor size; inhibition (Le., slow to some
cxtent and preferably stop) of tumor metastasis; inhibition, to some extent, of tumor growth; increasc in
length of remission, and/or relief to some extent, one or more of the symptons associated with the specific
cancer; reduced morbidity and mortality. and improvement in quality of life issues. Reduction of the sjgms
or symptoms of a disease may alse be felt by the patient. Treatment can achisve a complete response,

25  defined as disappearance of all signs of cancer, or a partial response, wherein the size of the tumor is
decreased, preferably by more than 50 percent, morc preferably by 75%. A puticat is also considered (reated
if the paticnt cxperiences stable disease. 1n a preforred embadiment, the cancer paticats are still
progression-free in the cancer afler one yeur, preferably after 15 montbs, These paramcters for assessing
successful treatment and improvernent in the discuse are readily measurable by routine procedures familiar

30 toaphysician of appropriate skill in the art.
A “therapeutically effective amount” refers to an amount of an aniibody or a drug cffective to

“teear” a disease or disorder in a subject. Tn the case of cancer, the therapeutically ¢ffective amount of the
drug may reduce the number of cancer cells; reduce the tumor size: inhibit (i.e., slow to some exient and

preferably stop) cancer cell infiltration into peripheral organs; inhibit (Z.e., slow to some extent and
preferably stop) lumor metastasis; inhibit, to some extent, tumor growth; and/or relieve to some sxtent onc

LS ]
n

or more of the symptoms associated with the cancer. See preceding definision of “treating”.
"Chronic" administration refers to administration of the agent(s) in a continuous mode as opposed

{o an geute mode, 50 48 to maintain the initial therapeutic effect (activity) for an extended period of time.

“Intermittent” administration is treatment that is not consecutively done without interruption, but rather is

40 cyelic in nature,

Compositions and Methods of the Invention
The invention provides humanized antibodies that bind human CD20, and preferably other primate

CD20 as well, comprising a H chain having at least one, preferably two or all of the H chain CDRs of a non-

14
AMENDED SHEET
PAGE 15/67* RCVD AT 412612005 2:48:59 PM [Eastern Daylight Time] * SVR:USPTO-EFXRF-1/26 DNIS:2730827 * CSID:650 9529881 * DURATION fm-55):24-36



APR-26-2085 10:18 FROM:GENENTECH LEGAL 658 952 9881 PET/UB 0 3 / 110 ll 2 6
Attorney Docket No, P1990R3 IPENUS 1 3 J U L 2004

5 human species anti-hman CI20 antibody (donor antibody), and substantially all of the framework residucs
of'a hurnan consensus antibody as the recipient antibody. 'The donor antibody can be from various non-
human specics including mouse, rat, guinea pig, goat, rabbit, horse, primate but most frequently will be a
murinc antibody. “Substantially all* in this context is meant that the recipient FR regions in the humanized
antibody may include one or more amino acid substitutions not originally present in the human conscnsus
10 PR sequence, These FR changes may comiprise residues not found in the recipient or the donor antibody.
Tn one embodiment, the donor antibody is the murine 2H7 antibody, the V region tneluding the
CDR and IR scquences of ¢ach of the H and L chains of which are shown in FIG, 1A and 1B, In a specific
embodiment, the residues for the human Fab framework correspond to the consentsus sequence of human
Vi subgroup T and of Vy; subgroup 111, these consensus sequences are shown in Fignee 1A and Figure 1B,
15 tespectively. The humanized 2ZH7 antibody of the inveniion will have at least one of the CDRs in the H
chain of the murine donor antibody. In one cmbodiment, the humanized 2H7 antibody that binds human
CD20 comprises the CDRs of both the H and L chains of the dosor antibody.
P Tn a full length antibody, the humanized CD20 binding antibody of the invention will comprise a
;m? humanized V domain joined t0 a C domain of 4 human immunoglobulin. Tn a preferred embodiment, the H
20 chain C region is from humap IgG, preferably TgG1 or JgG3. The L chain C domain is preferably from
human « chain,
Unless indicated otherwise, a humanized 2H7 ansibody version hercin will have the V and C
domain sequences of 2H7.v16 L chain (FIG. 6, SEQ I NO. 21) and H chain (FIG 7., SEQ 1D NO. 22)
cxcept at the positions of amino acid substitutions or changes indicated in the cxperimental examples below.
25 The humanized CID20 binding antibodics will bind at least human CD20 and preferably hind other
primate CD20 such as that of monkeys including cynomolgus and rhesus monkeys, and chimpanzces. The
sequence of the cynomolgus monkey CD20 is disclosed in Example 15 and Figure 19
The biological activity of the CT20 binding antibodies and bumanized CD20 binding antibodies of
the invention will include at leass binding of the antibody to husman CD20, morc preferably hinding fo
30 human and primate CD20 (inchuding cynomolgus monkey, rhesus monkey, chimpanzees), with a Kg value of
nn higher than 1 x 10°%, preferably a Ky value 0o higher than about 1 & 10 cvuis more pelerably a Ky value

no higher than about 1 x 107'°, and be able to kill or deplete I3 cells in vitro or in vivo, proferably by at Jeast

207 when compared to the baseline level or appropriate negative control which is not treatcd with such an
antibody.

35 The desired level of B cell depletion will depend on the disease, For the treatnient of a C20
positive cancer, it may be desitable to maximize the depletion of the B cells which arc the target of the anti-
CD20 antibodies of the invention, Thus. for the treatment of a CD20 positive B ccll ncoplasm, it is desirable
that the B cell depletion be sulficient (o at least prevent progression of the discasc which can be assessed by
{he physician of skill in the art, ¢.g., by monitoring twmor growth (size), proliferation of the cancerous cell

40 type, metastasis, other signs and symptoms of the particular cancer. Preferably, the B cell depletion is
sufficient. to prevent. progression of disease for at. least 2 months, more preferably 3 months, even more
preferably 4 months, more preferably 5 wonths. even more preferably 6 or more months. In even more
preferred embodiments, the B ecll depletion is sufficient to increase the time in remission by at least 6
months, more preferably 9 months, more preferably one year, more preferably 2 years, more preferably 3

15
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3 years, cven more preferably 5 or morc years. In a most preferred embodiment, the B cell depletion is
sufficient 1o cure the disease. In preferred embodiments, the B cell depletion in a cancer patient is at least
ahout 75% and more preferably, 80%, 85%, 90%. 95% , 99% and cven 100% of the bascline level before
treatment.

Yor treatment of un aniojmmunc disease, it may be desirable to modulate the extent of B cell
10 depletion depending on the diseasc and/or the severity of the condition in the individual patient, by adjusting
the dosage of CD20 binding antibody. Thus, B ccll depletion can but does not have 1o ke complete. Or,
toral B ¢ell depletion may be desired in initial treatment but in subsequent treatments, the dosage may be
adjvsted Lo achieve only partial depletion. In one embodiment, the B cell dopletion is at least 20%, ie., 80%
or less of CD20 positive B cells remain as compared to the baseline level before treatment. Tn other
13 emhodiments, B cell depletion is 25%, 30%, 40%, 50%, 60%, 70% or greater. Prefcrably, the 3 cel]
depletion is sufficicnt to halt progression of the disease, morc preferably (o alleviate the signs and symptoms
of the particular diseass under treatment, even more preferably to cure the discase.
The invention also provides bispecific CD20 binding antibodies whercin one arm of the andbody
has 1 humanized H and L chain of the humanized CID20 binding antibody of the invention, and the pther arm
20 has Vregion binding specificity for a second antigen. In specific emhodiments. the sccond antigen is
selected from the group consisting of C1D3, CD64. CD32A, CD16, NKG2D or other NK activating ligands,
In comparison with Rituxan (rituximab), v16 exhibits about 2 to 5 fold increased ADCC potency ,

~3-4 fold decreased CIXC than Rituxan.

23 Antibody production

Moroclonal antibodies
Monoclonal antibodics may be made using the hybridoma method first described by Kohler ez al.,

Nature, 256:495 (1975), or may be made by recombinant ’NA metbods (0.5, Patent No. 4,816,567).
In the hybridoma method, a mouse or other appropriate host unimnal, such as a hamster, is
30  immunized as described above to elicii lymphecytes that produce or arc capable of producing antibodies that

will specifically bind to the protein used for immunization. Ahernatively, lymphocytes may be inuounized

in vitro. Afier immunization, lymphocytes are isolated and then fused with a myeloma cell line using a
switable fusing agent, such as polyethylene glycol, to form a hyhridoma cell (Goding, Moroclonal

Antihodies: Principles and Practice, pp.59-103 (Acadcmic Press, 1986)).
The hybridoma cells thus prepared are seeded and grown in a suitable culture medium which

12
.

medium preferably contains otie or more substances that inkibit the growth or survival of the unfused,
parcntal myeloma cells (also referred to as fusion partner). For example, if the parental myeloma cells lack
the enzyme hypoxanthing gnanine phosphoribosyl transferase (HGPRT or HPRT), the selective culture
medium for the hybridomas typically will include hypoxanthine, aminopterin, and thymidine (HAT
40  medium), which substances prevent the growth of HGPRT-deficient cells.

Prefurred fusion partner myeloma cells ang (hose (hat Suse efficiently, support stable high-level
production of antibody by the selected antibody-producing cells, and arc sensitive to a scleetive medium that
sclects against the unfused parental cells. Preferred myeloma cell lines are muring myeloma lines, such as

those derived from MOPC-21 and MPC-11 mouse tumors available from the Salk Institutc Cell Distribution
16
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5 Center, San Diggo, California USA. and SP-2 and derivatives e.g., X63-AgB-653 ceils avaitable from the
American Type Culture Collection, Rockville, Maryland USA. Human myeloma and mouse-huran
heteromycloma cell lincs also have been described for the production of hurman motioclonal antibodics
(Rozbor, L Immunol., 133:3001 (1984): and Brodeur ef al., Monoclonal Amibody Praduction Techriques
and Applications, pp. 51-63 (Marcel Dekker, Inc., New Vork, 1987)).

10 Culture medium in which hybridoma cells are growing is assayed for production of monoclona)
antibodics directed against the antigen. Preferably, the binding specificity of monoclonal antibodics
produced by hybridoma cells is determined by immunoprecipitation or by an in vitre binding assay, such as
radioimmunoassay (RIA) or enzyme-linked immunosorbent assay (ET.ISA).

The binding affinity of the monoclonal antibody can, for example, be determined by the Scatchard

15 anulysis described in Munson ez af, Anal. Binchem., 107:220 (1980).

Onee hybridoma cells that produce antibodies of the desired specificity, affinity, andfor activity arc
identified, the clones may be subcloned by limiting dilution procedures and grown by standard methods
(Goding, Monoclonal Antibodies: Principles and Practice, pp.59-103 (Academic Press, 1986)). Suitable
culture media for this purpose include, fur cxample, D-MEM or RPMI-1640 medivm. In addition, the

20 hybridoma cells may be grows i vive as ascites tumors in an animal £.g. by i.p. injection of the cells inip
mice,

The manoclonal antibodics scereted by the subclones are suitably separated from the culture
medium, ascites fluid, or scrum by conventional antibody purification prosedures such as, for example,
affinity chromatography (e.g., using proiein A or protein G-Sepharose) or ion-exchunge chromatography,

23 hydroxylapatite chromatography, gel electrophoresis, dialysis, ete.

DNA encoding the monoclonal antibodics is radily isolated and sequenced using conventional
procedures (¢.2., by using oligonucleotide probus that arc capable of binding specifically (o gencs encoding
the heavy and light chains of murine antibodics). The hybridoma cells serve as a preferred source of such
DNA. Once isolated, the DNA may be placed into cxpression vectors, which are then transfected inlo host

30 cells such as E. coli cells, simian COS cells, Chinese Hamster Ovary (CHO) cells, or myeloma cells that do

not otherwise produce antibody protein, to obtain the synthesis of monoclonal antibodics in the rccombinant

host eclls. Review articles on recombinant expression in bacteria of DNA cncoding the antibody include
Skerra et al, Curr. Opinion in fmmunol., 5:256-262 (1993) and Pliickthun, fmmunol. Revs., 130:151-188
(1992).

33 In a further cmbodiment, monoclonal antibodics or antibody fragments can be isolated from
antibody phage libraries generated using the techniques described in McCafforty ef al., Nature, 348:552-554
(1990). Clackson ef al., Nature, 352:624-628 (1991) and Marks er @i, J, Mol. Biol., 222:581-597 (1991)
describe the isolation of murine and human antibodies, respectively, using phage libearies. Subsequent
publications describe the production of high affinity (nM range) human antibodies by chain shuffling (Marks

A ¢t al., Bio/Technology, 10:779-783 (1992)), as well as combinatorial infection and in vive recombination as a
strategy for constructing very large phage libearies (Waterhouse et al.. Nuc, Acids, Res., 21:2265-2266
(1993)). Thus, thess techniques are viable alternatives to traditional monocional antibody bybridoma

techniques for isolation of monoclonal antibodies.

17
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5 The DNA that encodes the antibody inay be modificd to produce chimeric or fusion antibody
polypeptides, for example, by substituting buman heavy chain and light chain constant dormuin (Cyand Cp)
sequences for the homologous murine sequences (1.8, Patcnt No, 4,816,567; and Morrison, et al,, Proc,
Natl Acad. Sci. USA, 81:6851 (1984)). or by fusing the immunoglobulin coding sequence with all or part of
the coding sequence for a non-immunoglobulin polypeptide (heterologous polvpeptide). The nop-

10 immunoglobulin polypeptide sequences can substitte for the constant domains of un antibody, or they are
substituted for the variable domains of one antigen-combiping sitc of an antibody to creale a chimeric
bivalent antibody comprising one antigen-combining site having specificity for an anti gen and another

antigen-combining site having specificity for a different antigen.

15 Humanized antibodies
Methods for humanizing non-human antibodies have been described in the art, Preferably, a
humanized antibody has one or more amino acid residues tatroduced into it from a source which is non-

human. These non-human amino acid residues are often referred to as "import” residues, which are typically

taken from an "import” varjable domain. Humanization can be essentially performed following the methed

20 of Winter and co-workers (Tones er al., Nature, 321:522-525 (1986); Reichmann er al., Nature, 332:323-327
(1988): Verhocyen et al., Science, 239:1534-1536 (1988)), by substituting hypervariable region sequences
Jor the corresponding sequences of a human antibody. Accordingly, such "humunized” antibodies are
chimeric antibodics (U.S. Patent. No, 4,816,567) wherein substantially less than an intact human variable
domain has been substituted by the corresponding sequence from a non-human species. In practice,

25 humanized antibodies are typicafly human antibodies in which some hypervariable region residues and
possibly somc FR residues are substitated by residues from analogous sites in rodent antibodies.

The choice of human variable domains, both light and heavy, to be usced in making the humanized
antihodies is very important to reducs aptigenicity and HAMA responsc (human anti~mouse antibody) when
the antibody is intended for human therapeutic use. According to the so-called "best-fit” method, the

30 sequence of the variable domain of a rodent antihody is screened against the entire library of known human
variable domain sequences. The human V domain sequence which is closest o that of the rodent is
identificd and the human framework region (FR) within it accepted for the humanized antiboedy (Sims er al.,
. Fmmumol,, 151:2296 (1993): Chothia er al., J. Mol Biel., 196:901 (1987)). Ancther method uses a
particular framework region derived from the consensus sequence of all human antibodies of a particular

35  subgroup of light or heavy chains, The same framework may be used for several different humanized
antibodics (Carter ez al., Proc. Natl. Acad, Sci. USA, 89:4285 (1992): Presta ef al., J. Immunol., 151:2623

(1993)).

Tt is further important that antibodics be humanized with retention of high binding affinity for the
antigen and other favorable biological properties. To achieve this goal, according to a preferred method,

40 humanizcd antibodics arc preparcd by a process of analysis of the parental scquences and various conceptual
humanized products using three-dimensional models of the parental and humanized sequences. Three-
dimensional immunoglobulin models are commonly available and are familiar 1 those skilled in the art.
Computar programs are available which illustrate and display probable three-dimensional conformational

structures of selected candidate immunoglobulin sequences. Inspection of these displays permits analysis of

18
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5 thelikely rolc of the residues in the functioning of the candidate immuaoglobulin sequence, i.e., the analysis
of residues thar influence the ability of the candidate immu noglobulin to bind its antigen. Tn this way, FR
residues can be sclected and combined from the recipient and impaert sequences so that the desired antibody
characteristic, such as increased affinity for the target antigen(s), is achicved. 1n gencral, the hypervariable
region residues are dircetly and most substantially involved in influencing antigen binding,

10 The humanized antibody may be an antihody fragment, such as a Fab, which is oplionally
conjugated with one or more cytotoxic agent(s) in order 1o generate an immu noconjugate, Altcrnatively, the

humanized antibody may be an full length antibody, such as an full fength IgG| antibody.

Huwman antibudies and phage display methodology
15 As an altetnative to humanization, human antibodies can be generated. For cxample, it is now
possible to praduce transgenic animals (e.g., mice) that are capable, upon immusnization, of producing a full
repertoire of human antibodies in the abscnee of endogenous immunoglobulin production. For example, it
has been described that the homozygous deletion of the antibody heavy-chain joining region (Fy) gene in
chimeric and germ-ling mutant mice results in complete inhibition of endagenous antibody production,

20 Transfer of the human germ-line immunoglobulin gene array into such germ-line mutant mice will result in
the production of buman antibodics upon antigen challenge, See, e.g., Jakobovits ez al, Proc. Natl. Acad.
Sei. TISA. 90:2551 (1993); Jukobovits ez al., Nature, 362:255-25% (1993); Bruggemann ef ¢l, Year in
Irmuna., 7:33 (1993); U.S, Patent Nos. 5,545,806, 5,569,825, 5,591,669 (all of GenPharm); 5,545,807, and
WO 97/178352,

25 Alternatively, phage display technology (McCafferty er al., Nature 348:552-553 [1990]) can he
used 1o produce human antibodics and antibody fragments in viteo, from immunoglobulin variable (V)
domain gene repertoires from unimmunized donors, According to this technique, antihody V domain genes
are cloned in-frame into either a major or minor coal protein gene of a filamentous bacteriophage, such as
M13 or {d, and displayed as functional antibudy fragments on the surface of the phage particle. Because the

30 filamentous particle contains a single-stranded DINA, copy of the phage genome, sclections based on the
functional properties of the antibody also resul in selection of the gene cncoding the antibody exhibiting

those propertics. Thus, the phage mimics some of the propertics of the B-ccll. Phage display can be
performed in a variety of formats, reviewed in, e. gl, Johnson, Kevin 8. and Chiswell, David J., Current
Opinion in Structural Biology 3:564-571 (1993). Several sources of V-gene segments can be used for phage
35 display. Clackson et al., Nature, 352:624-628 (1991) isolated a diverse arvay of anti-oxazolone antibodies

from a small random combinatorial library of V gencs derived from the splecns of immunized mice. A
repertoire of V genes from upimmunized human donors can be constructed and antibodies to a diverse array
of antigens (including self-antigens) can be isolated essentially following the techniques described by Marks
ef al,, J. Mol. Biol, 222:581-597 (1991), or Griffith er al., EMBO J. 12:725-734 (1993), See, also, U5,

40 Pualent Nos. 5,565,332 and 5,573,805,
As discussed above, human antibodies may also be generated by in virre activated B cells (see T.S.

Patents 5,567,610 and 5,229,273).
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Antibody fragments

In certain circumstances therc are advantages of using antibody fragments, rather than whole
antibodjes. The smaller size of the fragments allows fur rapid clearance. and may lead to i mproved access to
soltd tumors,

Various fechniques have been developed for the production of antibody fragments. Traditionally,
these (ragments werce derived via proteolytic digestion of intact antibodics (see, e.g.. Marimoto et al. ,
Journal of Bivchemical and Biophysical Methods 24:107-117 (1992); and Brennan ez al,, Science, 229:81
(1985)}, However, thesc fragments can now be produced directly by recombinant host cells. Fab, Fv and
SeFv antibody fragments can all be expressed in and secreted from B, coli, thus allowing the facile
production of large amounts of these fragments. Antibody fragments can be isolated from the antibody
phage libraries discussed above. Altermatively, Fab'-SH fagmenis can be directly recovered from £, coli
and chemically coupled to form F(ab"), fragments (Carter ef al., Bio/Technology 10:163-167 (1992)).
According to another approach, F(ab'), fragments can be iselated directly from recombinant host cell enlture,
Fab und F(ab'), fragment with increased in vivo batf-life comprising a salvage receptor binding epitope
residues are described in U.S. Patent No. 5,869,046, QOther techniques for the production of antibody
fragments will be apparent to the skilled practitioner, In other embodiments, the antibody of choice is a
single chain Fv fragment (scFv). See WO 93/16185; U.S. Patent No. 5,571,894; and U.S. Patent No.
5.587,458. Fv and sFv are the only species with intact combining sites thal are devoid of constant regions;
thus, they are suitable for reduced nonspecific hinding during in vivo use. sFv fusion proteins may be
constructed 1o yield fusion of an effector protein at either the amino or the carboxy terminus of an sFv. See
Antibody Engincering, cd. Borrebaeck, supra. The antibody fragment may also be a “linear antibudy”, e.g..
as described in U.S. Patent 5,641,870 for example. Such linear antibudy fragments may be monospecific or

bispecific.

Bispecific amsibodies
Bispeeific antibodics are antibodies that have binding specificities for at least two different

gpitopes. Excmplary bispecific antibodies may bind to two different epitopes of the CD20 protein. Other
sueh antibodies may combine a CD20 binding site with a binding site for another protein, Allernatively, an
anti-CD20 arm may be combined with an arm which binds to a triggering molecule on a leukocyte such as a
T-gell receplor moleculs (e.g. CD3), or Fe recoptors for IgG (FeyR), such as FeyRT (CD64), FeyRI (CD32)
and FeyR1II (CD16), or NKG2D or other NK ccll activating ligand, so as to focus and localize cellular
defense mechanisms (o the CD20-expressing cell. Bispecific antibodies may also be used to localize
¢ylntoxic agents to cells which express CD20, These antibodies possess a CD20-binding arm and &n arm
which binds the eylotoxic agent (e.g. saporin, anti-interfcron-o, vinca alkaloid, ricin A chain, methorexate
or radioactive isotope hapten). Bispecific antibodies can be prepared as full length antibodies or antibody
frapments (.2, F(ab"), bispecific antibodies).

WO 96/16673 describes a bispecific anti-ErbB2/anti-FeyRIH antibody and U.S. Palent Ne.
5.837.234 discloses a bispecific anti-BrbB2/anti-FeYRT antibody. A bispecific anti-LirbB2/Fea antibody is
shown in WO98/02463, U.S. Patent No, 5,821,337 teaches a bispecific anti-FrhB2/anti-CD3 antibody.

20
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3 Methads for making bispecific antibodics are known in the art, Traditional production of ful
length bispecilic antibodies is based on the co-expression of two immunoglobulin heavy chain-light chain
pairs, where the two chains have diffcrent. specificitics (Millsiein ef al., Nature, 305:537-539 (1983)).
Because of the random assortment of immunoglobulin heavy and light chajns, thesc hybridomas
(quadromas) produce a potential mixture of 10 different antibody molecules, of which only one has the
10 correel bispecific structure. Purification of the correct molecule, which is usvally done by affinity
chromatography sicps, is rathet curnbersome, and the product yields are Jow. Similar procedurcs are
disclosed in WO 93/08829, and in Traunccker et al,, EMBO J., 1(:3655-3659 (1991).
Arcording to a diffetent approach, antibody variable domains with the desired binding specificities
{antibody-antigen combining sites) are fused 10 immunoglobulin constant domain scquences, Preferably, the
15 fusion is with an Ig heavy chain constant domain, comprising at Jzast part of the hinge, Cy2, and Cy3
regions. It is preferred to have the first heavy-chain constant region (Cu1) containing the site necessary for
light chain bonding, prescnt in at least one of the fusions, DNAs encoding the immunoglobulin heavy chain
fusions and, if desired, the immunoglobulin light chain, are inscried into separatc cxpression vectors, and ave

co-transfected into a suitable host ccll. This provides for greater flexibility in adjusting the mutual

20 proportions of the three polypeptide fragments in crmbodiments when unequal ratios of the three polypeptide
chains used in the construction provide the optimum yicld of the desired bispecific antibody. It is, however,
possible to insert the coding scquences for two or all threc polypeptide chains into a single expression veetor
when the expression of at least two polypeptide chains in cqual ratios results in high yields or when the
ratios have no significant affect on the yield of the desired chain combination,

25 In a preferred embodiment of this approach, the hispecific antibodics are composed of a hybrid
immunoglobulin heavy chain with a first binding specificity in one arm, and a hybrid immunoglobulin heavy
chain-light chain pair (providing a sccond binding specificity) in the other arm. Tt was found (hat this
asymmeiric structure facilitates the separation of the desired bispecific compound from upwanted
immunoglobulin chain combinations, as the presence of an immunoglobulin light chain in only one half of

30 1he bispeeific molecule provides for a facile way of separation. This approuch is disclosed in WO 94/04690,
For further details of scnerating bispecific antibodies see. for example. Surcsh et al., Methods in

Enzymology, 121:210 (1986).
According to another approach described in U.S. Patent No. 5,731,168, the interface between a pair

of antibody molecules can be engineered 0 maximize the percentage of heterodimers which ure recovered
35 from recombinant cell culture. The preferred interface comprises at Ieast a part of the 3 domain. In this
method, one or more small amino acid side chains from the imerface of the first antibody molceule arc
replaced with larger side chains (e.g. tyrosine or tryptophan). Compensatory “cavitics” of identical or
similar size to the large side chain(s) are created on the interface of the sceond antibody molecule by
replacing large amino acid side chaing with smaller ones (e.g. alanine or threonine), This provides a

41) mechanism for increasing the yield of the heterodimer over other unwanted end-products such as

homodimers.
Bispeeific antibodics include cross-linked or "heteroconjugate™ antibodies. For example, one of the

antibadics in the hetcroconjugate can be coupled to avidin, the other to biotin, Such antibodics have, for

example, been proposed to target imnune system cells 1o unwanted cells (U.S. Patent No. 4,676,980), and

21
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for reatment of HIV infcction (WO 91/00360, WO 92/200373, and EP 03089). Hcterosonjugate antibodics

muy be made using any convenient cross-linking methods. Svilable cross-linking agents are well known in

the art, and are disclosed in U, 8. Patent No, 4,676;980, along with a numbcer of cross-linking techniques,

Techniques for generating hispecific antibodies from antibody fragments have also been deseribed

in the literaturc. For example, hispecific antibodies can be prepared using chemical linkage. Brennan eral.

W0 Seience, 229: 81 (1985) deseribe a procedure wherein intact antibodies are proleolytically cleaved to
gencrate F(ab'), tragments. These fragments arc reduced in the presence of the dithiol complexing agent,
sodium arscnite, to stabilize vicinal dithiols and prevent intcrmolecular disulfide formation. The Fab'
fragments generated are then converted to thionitrobenzoate (TINB) derivatives, One of the Fab-TNB
derivatives is then reconverted to the Fab'-thiol by reduction with mercaptocthylamine and is mixed with an

13 cyquimolar amount of the other Fab'"TNE dcrivative to form thc bispecific antibody. The bispecific
antibodies produced can be used as agents for the selective immobilization of enzymes.

Recent progress has facifitated the direct recovery of Fab'-SH fragments from E. ¢oli, which can be
chemically coupled to form bispecific antihodies, Shalaby er al, J. Exp. Med., 175: 217-225 (1992) describe
the production of a fully humanized hispecific antibody F(ab"), molecule. Each Fab’ fragment was scparately

20 sccreted from £, cofi and subjected to directed chemical coupling in vitro to form the bispecific antibady.

The hispecific antibody thus formed was able to bind to cells overcxpressing the ErbB2 receptor and nommal
human T cells, as well as trigger the lytie activity of human cytotoxic lymphoceytes against human breast
fumor targets.
Various techniques for muking and isolating bispecific antibody fragments directly from

25 mcombinant cell culture have also been deseribed. For example, bispecific antibodies have been produced
using leucine zippets. Kostelny et al, J. Immenol., 148(5):1547-1553 (1992). The lcucine zipper peptides
from the Fos and Jun proteins were linked to the Fab' portions of two different antibodies by gene fusion.
The antibody homodimers were reduced ut the hinge region o form monomess and then re-uxidized to form
the antibody heterodiners. This method can alse be utilized for the production of antibody homuodimers.

30  The “diabody" technology described by Hollinger et af., Proc. Natl. Acad. Sci. USA, 90:6444-G448 (1993)

has provided an alternative mechaniam for making bispecific antihody fmgments  The fragments comprise a

Vs conneeted 10 & Vy, by a linker which is too short to allow pairing between the two domains on the same
chain. Accordingly, the Vi and Vi, domains of onc fragment are forced to pair with the complementary vy,
and Vy domains of another fragment, thereby forming two antigen-binding sites. Another strategy for

35  making bispecific antibody fragments by the use of single-chain Fv (sFv) dimers has also been reported. See
Gruber et al., J. Immuncl., 152:5368 (1994).

Antihodies with more than two valencics arc contcmplated. For example, trispecific antibodies can

he prepared, Tuts er al J. fmmunol. 147: 60 (1991).

40 Multivalent Antibodies
A multivalent antibody may be internalized (and/or catabolized) faster than a bivalent antibody by a

cell expressing an antigen t0 which the antibodies bind. The antibodies of the present inveition ¢an be

multivalent antibodies (which are other than of the IgM class) with three or more antigen binding sites (e.g.

tetravalent antibodics), which can be readily produced by recombinant expression of nucleic acid encoding
22
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3 the polypeptide chains of the antibody. The multivalent antibody can comprise 4 dimerization domain and
three or more antigen binding sites. The preferred dimerization domain comprises (or consists of) an Fc
regsion or a hinge region. In this scenario, the antibody will comprise an Fe region #nd three or more antigen
binding sites amino-terminal to the Fe rogion. The preferred multivalent antibudy herein comprises (or
consists of) three to about eight, but preferably four, antigen binding sites. The multivalent antibody

10 comprises at Jeast onc polypeptide chain (and preferably two polypeptide chains), whersin the polypeptide
chain(s) comprise two or more variable domains. For instance, the polypeptide chain(s) may comprise VDI~
(X1)-YD2-(X2),-Fe, whercin VD1 is a first variable domain, VD2 is a sceond variable domain, Ic is one
polypeptide chain of an Fe region, X | and X2 represent an amino acid or polypeptide, and n js 0 or 1. For
instance, the polypeptids chain(s) may comprise: VH-CHI1-flexible linker-VH-CH ] -Fc region chain; or VH-

15 CHI1-VH-CHI-Fc region chain, The multivalent antibody herein preferably further comprises at Icast two
(and prefcrably four) light chain variable domain polypeptides. The multivalent antibody hercin may, for
instance, comprise from about two to abont eight light chain variable domain pulypcptides. "Ihe light chain

variable domain polypeptides contcmplated here comprise a light chain veriable domain and, optionally,

further comprise a CL domain.
20
Other amine acid sequence modifications
Amine acid sequence modification(s) of the CD20 binding antibodies described hercin are
eontsimplated. For cxample, it may be desirable to improve the binding affinity and/or other biological
properties of the antibody. Amino acid sequence variants of the anti-CD20 antibody are prepared by
25 introducing appropriate nucleotide changes into the ansi-CT20 antibody nucleic acid, or by peptide
synthesis. Such modifications include, for example, deletions from, and/or insertions into andfor
subsatitutions of, residues within the amino acid sequences of the anti-CD20 antibody. Any combination of
deletion, insertion, and substitution is made to arvive at the final construct, provided that the final construct
possesses the desired characteristics. The amino acid changes also may alter post-translational processes of
30 the anti-CD20 antibody, such as changing the number or position of glycosylation sites.

A useful method for identification of cortain residues or regions of the anti CD20 antibody that are

preferred Jocations for mutagenesis is called "alanine scanning mutagenesis” as described by Cunningham
and Wells in Science, 244:1081-1085 (1989). Here, a residue or group of target residues are identified (e.g.,
charged residues such as arg, asp, his, lys, and glu) and replaced by a neutral or negatively charged amino
345 acid (most preferably alanine or polyalanine) to affect the interaction of the amino acids with CD20 antigen,
Those amino acid locations demonstrating functional sensitivity to the substitutions then are refined by
introducing further or other vatiants at, or for, the sites of substitution, Thus. while the site for introducing
an amine acid scquence variation is predetermined, the atre of the mutation per se need not be
predetermined. For oxample, to analyze the performance of a mutation at a given site, ala scanning or
4} random mutagenesis is conducted at the target codon or region and the expressed anti-CD20 antibody
variants are screened for the desired activity.
Amino acid sequence insertions include amino- and/or carhoxyl-terminal fusions ranging in length
from onc residuc to polypeptides containing a hundred or more residucs, as well a8 intrasequence inscrtions
of single or multiple amino acid residues. Examples of terminal insertions include an anti-CD2( antibody

23
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3 with an N-terminal methionyl residue or the antibody fused (o 2 cytotoxic polypeptide. Qther inscriional

variants of the anti-CD20 antibody molecule include the fusion 1o the N- or C-terminus of the anti-CD20

antibody to an enzyme (e.g. for ADEPT) or a polypeptide which increases the serum halflife of the

antibody.

Asother type of variant js an uming acid substinmion variant. These variants bave at least one

10 amino acid residue in the anti-CD20 antibody molccule replaced by a differcnt residue, The sites of greatest

interest for substitutional mutagencsis inchide the hypervariable regions, but FR alterations are also

contemplated, Conservative substitutions are shown in the Table below under the heading of "preferred

substitutions”. Xf such substitutions result in a change in biological activity, then more substantial changes,

denomipated “excmplary substitutions" in the Table, or as further described helow in reference 1o amino acid

15 classes, may be introduced and

the products sereencd.

TABLE of Amino Acid Substitutions

Original Residue lixemplary Preferred
Substilutions Substitutions
Ala (A) val; leu; ilc val
Arg (R) lys; gln; asn lys
Asn (N) gln; his; asp, lys; arg aln
Asp (D) glu; asn glu
Cys () ser; ala ser
Gin (Q) asn: glu asn
Gl (1) asp; gln asp
Gly (G) ala ala
His (H) asn; gln; lys; arg arg
Ne (D len: val: met; ala; phe: norlencine Teus
T.eu (1.) narleucine; ile; val; met; ala; phe ile
Lys (K) arg; gln; asn arg
Met (M) leu; phe; ile len
Phe (1) leu; val; ile: ala; tyr tyr
Pro (P) ala ala
Ser (8) thr thr
Thr (T) ser SET
Trp (W) tyr; phe tyr
Tyr (Y) trp; phe; thr; ser phe
Val (V) ile; len; met; phe; ala; norleucine leu

24
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Substantial modifications in the binlogical properties of the antibody are accomplished by selecting
substitutions that differ significantly in their effect on maintaining (1) the structure of the polypepride
backbone in the area of the substitution, for example, as a shees or helical conformation, (b) the charge or
hydrophobicity of the molecule at the target site, or () the bulk of the side chain, Naturally occurring

10 residucs are divided into groups bascd on commmon side-chain properties:

(1) hydrophobic: norlcucine, met, ala. val, leu, ile;

(2) neutral hydrophilic: cys, ser, thy;

(3) acidic: asp, glu:

(4) basic: asn, gln, his, lys, arg;

15 (5) residucs that influence chain orientation: gly, pro; and
(6) aromatic: trp, tyr, phc.
Non-conservative substitutions will entail exchanging a member of one of these classes for another

class,
Any cysteine residue not involved in maintaining the proper confarmation of the anti-C20

20 antthody also may be substituted, genegally with scrine, to improve the oxidative stability of the molecule
ang prevent aberrant crosslinking, Converscly, cysteine bond(s) may be added to the antibody to improve its
stability (particularly where the anlibody is an antibody fragment such as an v Gragment).

A particularly preferted type of substimtional variant invalves substituting onc or more
hypervariable region residucs of a parent antibody (e.g. 4 humanized or human antibody). Generally, the

25 resulting variany(s) sclected for further development will have improved bivlogical properties refative to the
parent antibody from which they are generated. A convenicnt way for generating such substitutional
variants involves affinily maturation using phage display, Brie¢ily, scveral hypervariable region sites (e.g. fi-
7 sites) are mutated to gencrate all possible amino substitutions at each site. The antibody variunts thus
generated are displayed in a monovalent fashion from filamentous phage particles as fusions to the gene T

30 product of M13 packaged within each particle. The phage-displayed variants are then screened for their
hiological activity (e.g. binding affinity) as herein disclosed. In order to identify candidate hypervariable
region sites for modification, alanine scannjog mutagenesis can be performed to identify hypervariable

region residucs contributing significantly fo antigen binding. Altermatively, or additionally, it may be
beneficial to analyze a crystal structure of the antigen-antibody complex Lo identify contuct points between
35  the antibody and human CT20. Such contact residues and neighboring residucs arc candidates for
substitution according to te techniques elaborated herein, Once such variants are generated, the panel of
variants is subjected to screening as described herein and antibodies with superior propetties in ofe or more
relevant assays may be selected for further development.
Another type of amino scid variant of the antibody alters the original glycosylation patietsn of the
40  antibody. By altering is meant deleting one or more carbohydrate moieties found in the antibody. and/or
adding one or more glycusylation sites that ure not present in the antibody.
Glycosylation of antibodics is typically cither N-linked er O-linked. N-linked refers (o (he
attachment of the carbohydrate moiety 1o the side chain of an asparagine restdue. The tripeptide sequences

asparagine-X-setine and asparagine-X-threonine, where X is any amino acid except proline, are the

25
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5 reeognition sequences for enzymatic attachment of the carbohydrate moiety to the asparagine side chain.
‘Thus, the presence of cither of these tripeptide sequences in a polypeptide ¢reates a potential glycosylation
site, O-linked glycusylation refers to the attachment of one of the sugars N-accylgalactosamine. galactosce,
of xylose to a hydroxyamino acid. most commeonly serine or threonine, although 5-bydroxyproline or 5-
hydroxylysine may also be uscd.

10 Addition of glveosylation sites Lo the antibiody is convenicntly accomplished by altering the amino
acid sequence such that it contaings one or more of the above-described wipeptide sequences (for N-linked
glycosylation sites). The alteration may also be made by the addition of, or substitution by, one or more
scrine of threonine residues to the sequence of the original antibody (for O-linked glycosylation sites).

Nucleic acid molecules encoding amino acid sequence variants of the anri-C1D20 antibody are

15 prepared by a vagiely of methads known i the art. These methods include, but are not litited to, isolation
from a natural source (in the case of naturally occurring amino acid sequence variants) or preparation by
oligunuclcotide-mediated (or site-directed) mutagenesis, PCR mutagenesis, and cassetfe mutagenusis of an
carlier prepared variant or a non-variant version of the anti-CID20 antibody.

1t may be desirable to modify the antibody of the invention with respect 1o effector function, .. so

20 asto enhance antigen-dependent cell-mediated cyotoxicity (ADCC) and/or complement dependent
cytotaxicity (CDC) of the antibody. This may be achicved by introducing one or more amino acid
substingtions in an Fe region of the antibody, Alternatively or additionally, cysteine residue(s) may be
introduced in the Fe region, thereby allowing interchain disulfide bond formation in this region. The
homodimeric antibody thus generaléd may have improved internalization capability and/or increased

25 complement-mediated ¢ell killing and antibody-dependent cellular cytotoxicity (ADCC). See Caron 7 af., J.
Fxp Med. 176:1191-1195 (1992) and Shopes, B. J. Immunol. 148:2918-2022 (1992). Homodimeric
antibadies with cnhanced anti-tumeor activity may also be prepared using heterobifunctional cross-linkers as
described in Wollf et al. Cancer Research $3:2560-2565 (1993). Alternatively, an antibody can be
engineered which has dual Fe regions and may thereby bave cuhanced complement mediated lysis and

30 ADCC capubilitics. Scc Stevenson ef al. Anti-Cancer Drug Design 3:219-230 (1989),

To increase the serum half life of the anlibody, onc may incorporate a salvage receptor binding
cpitope into the antibody (especially an antibody fragment) as described in U.S. Patent 5,739,277, for

cxample. As used herein, the term "salvage receptor hinding epitope” refers to an epitope of the Fe region of
an TgG molecule (e.2., 18G), 1aGy. J8Ga, or 1gGa) that is responsible for increasing the in vivo serum half-life

35 of the Tg( molecule.

Other antibody modifications
Other moditications of the antibody are contemplated herein, For example, the antibody may be
linked to one of a variety of nonproteinaceous polymers, e.g., polyethylene glycol, polypropylene glycol,
40 polyoxyalkylenes, or copolymers of polycthylenc glycol and polypropylene glycol. The antibody also may
be entrapped in microcapsules prepared, for example, by coacervation techniyues or by interfacial
palymerization (for cxample, hydroxymethylcellulose or gelatin-microcapsules and poly-

(methylmethacylate) microcapsules, respectively), in colloidal drug delivery systems (for example,

26

AMENDED SHEET
PAGE 27167 * RCVD AT 412612003 2:48:30 PM [Eastern Daylight Time]  SR:USPTO-EFXRF-1/26* DNIS:270827 * CEID:630 9329881 * DURATION (mi-55):24-56



APR-26-2005 1@:22 FROM:GENENTECH LEGAL 658 952 5881 m 03/ 4 QL26
PEAUS 13 JUL2004

Atrtorney Docker No. PT1990R3

5 liposomes, albumin microspheres, microemulsions, nano-particles and nanvcapsules), o in macroe;m!lsi(m&

Such techtiiques are disclosed in Remington's Pharmaceutical Sciences, 16th edition, Oslo, A., Ed.. (1980),

Screening for entibodies with the desired properties
Antibodies with certain biclogical characteristics may be selected as described in the Bxperimental
10 Examples,

The growth inbibitory eifects of an anti-CD20 antibody of the invention may be assessed by
methods known in the art, e.g., vsing celis which express CD20 either endogenously or following
transfection with the CID20 genc. For example, tumor cell lines and CD20-translected cells may treated with
an anli-CD20 monoclonal antibody of the invention at various concentrations for a fow days (e.g., 2-7) days

15 and stained with crystal violet or MTT or analyzed by some other colorimetric assay. Another method of
measuring proliferation would be by comparing *H-thymidinc uptake by the cells treated in the presence oF
ahsence an anti-CD20 antibody of the invention. Afier antibody trcatment, the cells arc harvested and (he
amaunt of radioactivity incorporated into the DNA quantitated in a scintillation counter. Appropriate
positive controls include weatment of a selected cell line with a growth. inhibitory antibody known to inhibit

20 growth of that cell line.
To selecet for antibodies which inducc ccll death, loss of inembranc integrity as indicated by, e.g..

propidium iodide (P1). trypan bluc or 7AAD uptake may be assessed rclative to control. A Pl uptake assay
can be performed in the absence of complement and immune effector cells, CD20-expressing tumor cells
arc incubated with medium alone or inedium containing of the appropriate monoclonal antibody at e.g, about
23 10pgfml . The cells are incubated for a 3 day time period. Following each treatment, cells are washed and
aliquoted into 35 mm strainer-capped 12 x 75 tubes (Iml per tube, 3 tubes per treatment group) for removal
of cell clumps. Tubes then receive PT (10ug/ml). Samples may be analyzcd using 2 FACSCANT™ flow
eyrometer and FACSCONVERT™ CellQuest software (Becton Dickinson). Those antibodies which induce
statistically significant levels of cell death as determined by PT uptake may be selected as cell death-inducing
30 antibodies,
To sereen for antibodies which bind to an epitope on CD20 bound by an antibody of interest, a
routine cross-blocking assay such as that described in Antibodies, A Laboratory Manual, Cold Spring Harbor
Laboratory, EQ Harlow and David Lanc (1988), can be performed.  This assay can be used to determine jf a

test antibody binds the same site or epitope as an anti«CD20 antibody of the invention. Alternatively, or

35  additionally, epitope mapping can be performed by methods known, in the art . For example, the antibody
sequence can be mutagenized such as by alunine scanning, to identify contact residucs. The mutant antibody
i injtailly tested for binding with polycional antibody to cnsure proper folding. In a different method,
peptides corresponding to ditferent regions of CD20 can be used in competition assays with the test
antibodies or with a test antibody and an antibody with a characterized or known cpitope.

40

Veetors, Host Cells and Recombinant Methods
The invention also provides an isolated nucleic acid encoding a humanized CD20 binding antibody,

veetors and host cells comprising the nucleic acid, and recombinant techniques for the production of the

antibody.
27
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3 For recombinant production of the antibody, the nucleic acid encoding it is isolared and inserted
into a replicable vector for further cloning (amplification of the DNA) or for expression, DNA encoding the
monoclonal antibody is readily isolated and sequenced using conventional procedures (e.g.. by using
oligonucleotide probes that are capable of binding specifically to genes encoding the heavy and light chains
of the antibody). Many veclots are available. The vector components generally inchude, but are not limitcd

10 ta, one or more of the following: a signal scquence, an origin of replication, one or morc marker genes, un
enhancer element, a promoter, and a transcription termination sequence.
(1) Signal sequence component
"The CD20 binding antibody of this invention may be produced recombinantly not anly directly, but
also us a fusion polypeptidc with a heterologous polypeptide, which is preferably a signal sequence or other
15 polypeptide having a specific cleavage site at the N-terminus of the mature protein or polypeptide. The
heterologous signal sequence sclected preferably is onc that is recognized and processed (ie., cleaved bya
signal peptidase) by the host cell. For prokaryolic host cells that do not recognize and process the native
D20 binding antibedy signal sequence, the signal scquence is snbstituted by a prokaryotic signal scquence
selected, for example, from the group of the alkaline phosphatase, penicillinase, Ipp, or heat-stable

20 cnterotoxin 1l leaders. For yeast secretion the native signal sequence may be substituted by, e.g., the yeast
invertasic leader, <z factor leader (including Saccharemyces and Kluyveromyees o-factor leaders), or acid
phosphatasc leader, the C. albicans glucoarnylase leader, or the signal deseribed in WO 90/13646, 1n
mammalian cell expression, mammalian signal sequences as well as viral scorctory leaders, for exawple, the
herpes simplex gD signal, are available.

25 The DNA for such precursor region is ligated in reading frame to DNA enceding the CD20 binding
antibody,

(it} Origin of replication
Both expression and cloning vectors contain a nucleic acid sequence that enables the vector to
replicate in one or more selected host cells. Generally, in cloning vectors this sequence is onc that enables

30 the vector to replicate independently of the host chromosomal DNA, and includes origins of replication or
autonomously replicating sequences. Such sequences are well known for a vasiety of bacteria, yeust, and
viruses. The origin of replication from the plasmid pBR322 is suitable for most Gram-negative bacteria, the
2y plasmid origin is suitable for yeast, and variovs viral origins (SV40, polyorma, adenovirus, VIV or BPV)

are usclul for cloning vectors in mammalian cells. Generally, the origin of replication component is not

35 needed for mammalian expression vectors (the SV40 origin may typically be used only because it containg
the early promoter).
(iif) Selection gene component
Fxpression and cloning vectors may contain a sclection gene, also termed 4 scleetable marker.
Typical sclection genes encode proteins that (a) confer resistance to antibiotics or other toxins, e.g.,
4D ampicillin, ncomycin, methotrexate, or tetracycline, (b) complement anxotrophic deficiencies, or (c) supply
critical nutrients not available from complex media, e.g., the gene enceding D-alanine racemase for Bacilli.
One example of a selection scheme urilizes a drug o aest growth of a host cell. ‘Those cells that

are successfully transformed with a heterologous gene produce a protein conferring drug resistance aud thus
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5 survive the selection regimen. Examples of such dominant selection use the drugs neomycin, mycophenolic
acid and hygromycin,

Another example of suitable selectable markers for mammalian cclls are those thut cnable the
idensification of cells competent to take up the CD20 hinding antibody nucleic acid, such as DHFR,
thymidinc kinase, metallothioncin-I and -T1, preferably primate metallothionein genes, adenosine deaminase,

16 arnithine decarhoxylase, ete.

For example, cells transformed with the DHFR selection gene are first identifizd by culturing all of
the transformants in a culture niedinm that containg methotrexate (Mtx}. a competitive antagonist of DHFR.
An appropriate host cell when wild-type DHFR js employed is the Chinese hamster ovary (CHO) cell line
deficient in DHFR activily (e.g., ATCC CRL-9096),

15 Alernatively, host cells (particularly wild-type hosts that. contain endogenous DHFR) transformed
or co-transformed with DNA, sequences encoding CD20 binding antibody, wild-type DHFR proiein, and
another selectable marker such as aminoglycoside 3-phosphotransferase (APH) can be selected by cell
growth in medivm containing a selection agent for the selectable marker such as an aminoglycosidic

antibiotic, e.g., kanamycin, peomycin, or G418, See U.5. Patent No. 4,965,199,

20 A suitable selection gene for use in yeast is the rpl genc present in the yeast plasmid YRp7
(Sringhcomb ¢f af., Nature, 282:39 (1979)). The &rpl gene provides a selection marker for a mutant strain of
yeast lacking the ability to grow in tryptophan, for example, ATCC No, 44076 or PLP4-1. Jones, Genetics,
85:12 (1977). The presence of the trp1 lesion in the yeast hast cell genome then provides an cffeetive
cnvironment for detecting transformation by growth in the absence of irypiophan, Similarly, Leu2-deficient

23 yeast strains (ATCC 20,622 or 38,626) are complemented by known plasmids bearing the Leu2 gene.

Tn zddition, vectors derived from the 1.6 pm circular plasmid pKID1 can ba used for transtormation
of Kiuyveromyces yeasts. Alternatively, an cxpression system for large-scale production of recombinant calf
chymuosin was reported for X lactés. Van den Berg, Bio/Technology, 8:133 (1990). Stable muhi-copy
expression vectors for secretion of mature recombinant human serwun alburin by industrial strains of

30 Kluyveromyces have also been disclosed. Lleer et al., Bio/Technology. 9:968-975 (1991).

(iv) Promoter component

Expression and cloning vectors usually contain a promater that is recognized by the host organism
and is operably linked to the nucleic acid encoding the CD20 binding antibody. Promoters suitable for nse
with prokaryotic hosts include the phoA promoter . B-lactamasc and lactose promoter systems, alkaline

33 phasphatase promoter, a tryplophan (irp) prowsoier system, and hybrid promoters such as the tac promoter.
However, other knovwn bacterial promoters are suitable. Promoters for use in bacterial systems also will
contain a Shine-Dalgarno (S.1.) sequence operably linked to the DNA encoding the CD20 binding antibody.

Promoter sequences arc known for cukaryotes, Virtually all cukaryotic genes have an AT-rich
region located approximately 25 to 30 bases upstream from the sitc where transcription is initiated. Another

44 sequence found 70 to 80 bases upstream from the start of transcription of many genes is a CNCAAT region
where N may be any nucleotide. At the 3' end of most eukaryotic genes is an AATAAA sequence that may
he the signal for addition of the poly A tail to the 3' end of the coding sequence. All of these sequences arc

suitably inserted into eukaryotic expression vectors.

29

AMENDED SHEET
PAGE 30167 * RCYD AT 412612005 2:48:50 P [Eastern Daylight Time]  SVR:USPTO-EFXRF-1/26 * DNIS: 2730827 * CSID:650 8529881 * DURATION {rm-5s):24-36



APR-26-2005 10:23 FROM: GENENTECH LEGAL 658 952 9881 F cﬂ,ms ﬁ3 / 4 O 4 26
Attarney Docket No. P1990R3 lPENUS, 1 3 JUL 2004

5 Fixamnples of suitable promoter sequences for yse with veast hosts include the promoters for 3-
phosphoglycerate kinase or other glycolytic enzymes, such as enolase, glyceraldehyde-3-phosphate
dehydrogenase. hexokinasc, pyruvate decarboxylase, phosphofructokinase. glucose-6-phosphate isomerase,
3-phosphoglycerate mutase, pyrovate kinase, triosephosphate isomerase, phosphoglucoss jisomerase, and
glucokinase,

10 Other veast promoters, which. are inducible promoters having the additional advaniage of
transcription conirofled by growth conditions, rc the promoter regions for alcoho! dehydrogenase 2,
isocytochrome C, acid phosphatasc, degradative enzymces associated with nitrogen metabolism,
metallothionein, glyceraldehyde-3-phosphate dehydrogenase, and enzymes responsible for maltose and
salactose utilization. Suitable vectors and promoters for use in yeast expression are further described in EP

15 73,657, Yeast enhancers also are advantageously uscd with yeast promoters.

CD?20 binding antibody transcription from vectors in mammalian host cells is controlled, for
example, by promoters obtained from the genomes of viruses such as polyoma vitus, fowlpox virus,
adenovirus (such as Adenovirus 2), bovine papilloma virus, avian sarcoma virus, cytomegalovirus, a
) retrovirug, hepatitis-B virus and most preferably Simian Virus 40 (5V40), from heterologous mammalian
20 promolers, .4, the actin promoter or an immunoglobulin promoter, from heat-shock promoters, provided
such promotets are compatible with the host cell systems.

The carly and late promoters of the SV40 vitus are conveniently obtained as an SV40 restriction
fragment that also contains the SV40 viral origin of replication. The inupediate early promoter of the human
cytomegalovirus is conveniently obtained as a HindIll E restriction fragment. A system for expressing DNA

25 in mammalian hosts using the bovine papilloma virus as a vector is disclosed in 1.8, Patent No. 4,419,446,
A modification of this system is described in U.S. Patent No. 4,601,978. See also Reyes ef al.. Nature
207:598.601 (1982) on expression of human B-intcrfcron cDNA in mouse cells under the control nf a
thymidine kinase promoter from herpes simplex virus. Alternatively, the Rous Sarcoma Virus long terminal
repeal can be vsed as the promaoter.

30 (v} Enhancer element component

Transcription of a DNA encading the CD20 binding antibody of this invention by higher

rukaryotes is often increased by inserting an enhancer sequence into the vector. Mary enhaticer sequences
are iow known from manmmalian genes (globin, elastase, albumin, or-fotoprotein, and insulin). Typically,
however. one will use an cnhancer from a eukatyotic cell virus. Examples include the SV40 cohancer on the
35 late side of the replication origin (bp 100-270), the cytomegalovirus early promoter enhancer, the polyoma
anhancer on the late side of ths replication origin, and adenovirus enhancers. Sce also Yaniv, Nature
297:17-18 (1982) on enhancing clements for activation of eukaryotic promoters. The enhancer may be
spliced intu the vector at a position ' or 3' to the CD20 binding antibody-encoding sequence, hut is
preferably Tocated at a site 5' from the promoter.
40 (vi) Transcriptior lermination component
Expression vectors used in enkaryotic host cells (ycast, fungi, insect, plant. animak, human, or
aucleated cells from other multicellular organisms) will also contain sequences neccssary for the termination
of transcription and for stabilizing the mRNA. Such scquences are cominosnly available from the 5° and,
occasionally 3', untranslated regions of eukaryotic or viral DNAs or cDNAs. These regions contain
30
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3 nucleotide segments transcribed as polyadenylated fragments in the untranslated portion of the mRINA,
encoding CP20 binding antibody. Onc usclul transcription termination componcnt is the bovine growth
hormone polyadenylation region, See W(094/11026 and the expression vector disclosed therein.

(vii) Selection and transformation of host cells
Suitable host cclls for cloning or expressing the DNA in the vectors herein are the prokaryote,
10 yeast, or higher eukaryote cells described above, Suitable prokaryotes for this purpose include subacteria,
such as Gram-pegative or Gram-positive organisms, for example, Enterobacteriaceae such as Escherichia,
a.g.. E. coli, Enterobacter, Erwinia, Klebsiella, Proteus, Satmonella, ¢.g., Salmonella typhimurivm, Serratia,
&.8.. Serratia marcescans, and Shigella, as well as Bacilli such as B. subtilis and B. licheniformis (e.g., B.
licheniformis 41P disclosed in DT 266,710 published 12 April 1989), Pscudomonas such as P. aeruginosa,
15 and Streptomyces. Onge preferred E. coli cloning host is £, coli 294 (ATCC 31 446), although other strains
such as & coli B, E. coli X1776 (ANTCC 31,537), and E. coli W31 10 (ATCC 27,325) are suitable. These
cxaimples are illustrative rather than limiting.
Full length antibody, antibody fragments, and antibody fusion proteins can be produced in bacteria,

in particnlar when glycosylation and Fe effcetor fonction are not needed, such us when the therapeutic

20 antibody is conjugated (o a cytotoxic agent (c.g., & LOXin) and the immunoconjugate by itself shows
offectivencss in tumor cell destruction. Full length antibodies have greater half Yife in circvlation.
Production in E. coli is faster and more cost efficicnt. For expression of antibody fragments and
pulypeptides in bacteria, scc, c.g., U.S. 5,648,237 (Carter ct. al.), U.S. 5,789,199 (Toly et al.), and U.5.
5,840,523 (Simmons et al.) which describes transfation initiation rcgion (TIR) and signal sequences for

25 optimizing expression and secretion, these patenis incorporared hercin by reference. After expression, the
antibody is isolated from the E. coli cell paste in a soluble fraction and can be purified through. e.3., a
proicin A or G column depending on the isotype. Final purification can be carried out similar to the prucess
for purifying antibody expresscd e.g., in CHO cells.

In addition to prokaryotes, cukaryotic migrobes such as filamentous funngi or yeast are suitable

30  cloning or exprossion hosts for CD20 binding antibody-encoding vectors. Saccharomyces cerevisiae, or

common baker's yeast, is the most commonly uscd amonyg lower evkaryotic host microorganisms. However,
y B

a nurnber of other gencra, species, and strains are commonly available and nseful herein, such as
Sehizosaccharomyces pombe; Kluyveromyces hosts such as, e.g.. K lactis, K, fragilis (ATCC 12,424), K.
butgaricus (ATCC 16,045), K. wickerantii (ATCC 24,178), K. waltii (ATCC 56,500), K. drasophilarum

a5 (ATCC 36.906), K . thermotolerans, and X, marxianus; yarrowia (EP 402,226); Pichia pastoris (EP
183,070); Candidar: Trichoderma reesia (EP 244,234): Neurospora crassa; Schwanniomyces such as
Schwanniomyces occiderntalis; and filamentons fungi such as, e.2., Neutospora, Penicillium, Tolypocladium.
and Aspergillus hosts such as A. nidubuns and A. riger.

Suitable host cells for the expression of glycosylated CD20 binding antibody are derived from

40  multicellular organisms. Examples of invertebrate cells include plant and insect cells. Numerous
baculoviral strains and variants and corresponding permissive insect host cells from hosts such as
Spodoptera frugiperda (caterpillar), Aedes acgypti (mosquito), Aedes alhopictus (mosyuito), Drosophila
melanoguster (froitfly), and Bombyx mori have been identificd. A variety of viral strains for ransfection are

publicly available, e.g., the L-1 variant of Autographa californice NPV and thc Bm-5 strain of Bombyx sort

3
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5 NPV.and such viruses may be used as the virus herein according ro the present invention, particularly for
translection of Spodaptera frugiperda cells.
Plant cell cultures of cotton, com, potato, soybean, petunia, tomato, and tobacco can also be utilized
as hosts.
IHowever, intercst has been greatest in vertebrate cells, and propagation of vertehrate cells in culture
10 {tissue culturc) has become a soutine procedure. Examples of useful mammalian host cell lines are monkcy
kidncy CV 1 ling transformed by SV40 (COS-7, ATCC CRL. 1651): human cmbryonic kidney line (293 or
263 cells subcloned for growth in suspension culture, Graham ef al., J. Gen Virol. 36:59 (1977)) « baby
hamster kidney cells (BHK, ATCC CCT. 10); Chinese hamster ovary cclls~DHFR (CHO, Utlaub ef al.,
Proe. Natl. Acad. Sci. USA 77:4216 (1980)) ; mouse scrtoli cells (TM4, Mather, Biol, Reprod. 23:243-251
15 (1980)); monkey kidney cells (CV1 ATCC CCL 70); African green monkey kidney cells (VERO-76, ATCC
CRL-1587); human cervical carcinoma cells (LA, ATCC CCL 2); canine kidney cells (MDCK, ATCC
CCL. 34); buffalo rat liver cells (BRL 35, ATCC CRL [442); human lung cells (W138, ATCC CCL 75);
human liver cells (Hep G2, MB 8065); moust mammary tumor (MMT 060562, ANCC CCLS1); TRI cclls
(Mather et af., Annals N.Y, Acad. Sci. 383:44-68 (1982)); MRC 5 cclls; F54 cells; and a human hepatoma
20 line (Hep G2).
Host cells are transformed with the above-described expression or cloning vectors for CD20

binding antibody production and eultured in conventional nutrient media modificd as appropriate for
inducing promoters, selecting transformants, or amplifying the genes cncoding the desired sequences.
(viii) Culturing the host cells

25 The host cells used to produce the CD20 binding antibody of this invention may be cultured in a
variety of media. Comumercially available media such as Ham's F10 (Sigma), Minimal Esscntial Medium
((MEM), (Sigma), RPMI-1640 (Sigina), and Dulbecco's Modified Eagle's Medium ((DMEM), Sigma) are
suitable for culturing the host cclls. In addition, any of the media described in Ham er al, Meth, Enz, 58:44
(1979), Barnes e al., Anal. Biochem.102:255 (1980), U.S. Pat. Nos. 4,767,704, 4,657,866; 4,927,762;

30 4.560,655: or 5,122,469, WO 90/03430; WO 87/00195; or U.S. Patent Re. 30,985 may be used as culture

media for the host cells. Any of these media may be supplemented us necessary with hormones and/or other

growth factors (such as insulin, transferrin, or cpidermal growth factor), salts (such as sodium chloride,
ealeium, magnesium, and phosphate), buffers (such as HEPES), nuclcotides (such as adenosine and
thymidine), antibiotics (such as GENTAMYCIN™ drug), trace elements (defined as inorganic compounds
a5 uxually present at final concenirations in the micromolar range), and glucose or an equivalent energy source.
Any other necessacy supplements may also be included at appropriate concentrations that would be known o
those skilled in the art. The culture conditions, such as temperaturc, pH, and the likc, are thase previously
used with the host cell selecied for expression, and will be apparent to the ordinarily skilled artisan,
(ix) Purification of antibody
40 When using recombinant techniques, the antibedy can be produced intracellulurly, in the
periplasmic space, or directly secreted into the mediun. if the antibody is produced intracellularly, as a first
step, the particulate debris, cither host cclls or Iysed fragments, are removed, for cxample, by centrifugation
ar ultrafiltration. Carter et al., Bio/Technology 10:163-167 (1992) describe a procedure for isolating

antibodies which are secreted to the periplasmic space of £. coli. Briefly, cefl paste is thawed in the
32
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prescnce of sodium acctate (pH 3.5), EDTA, and phenylmethylsulfonylfluoride (PMSF) over about 30 min.
Cell debris can be renioved by centrifugation. Where the antibody is scereted into the medium, supermatanss
from such expression systeins are generally first concentrated using a commercially availubic proiein
concentration fifter, for example, an' Amicon or Millipore Pellicon ultrafiltration unit. A protease inhibitor
such as PMSF may be included in any of the foregoing steps 10 inhibit proteolysis and antibiotics may bhe
included 1o prevent the growth of adveatitious contaminants.

The antibody composilion prepared from the cells can be purificd using, for example.
hydroxylapatite chromatography, gel electrophoresis, dialysis, and affinity chromatography, with affinity
chromatography being the preferred purification technigue. The suitability of protein A as an aflinily ligand
depends on the species and isotype of any iromunoglobulin Fe domain that is present in the antibody.
Protcin A can be used to purify antibodies that are based on human ¥1, ¥2, or v4 heavy chains (Lindmark ez
al., J. Immanol. Meth. 62:1-13 (1983)). Protein G is rccommended for all mouse isotypes and for human 43
(Guss et al, EMBQ J. 5:15671575 (1986)). 'The matrix 1o which the affinity ligand is attached is most often
agarose, but other matrices are available. Mechanically stable matrices such as controlied pore glass or
poty(styrenedivinyl)benzene allow for faster flow rates and shorter processing times than can be achieved
with agarose, Where the antibody comprises 1 Cyy3 domain, the Bakerbond ABX™resin (1. T. Baker,
Phillipsburg, NJ) is usetul for purification. Other techniques for protein purification such as fractionation on
an ion-cxchange colussm, ethanol precipitation, Reverse Phasc HPLC, chromatography on silica,
chromatography on heparin SEPHARQSE™ chromatography on an anion or cation exchange resin (such as
a polyaspartic acid column), chromatofocusing, SDS-FAGE, and ammonium sulfate precipitation arc also
available depending on the antibody to be recovered,

Following any preliminary purification step(s), the mixture comprising the antibody of intcrost and
contaminants may be subjected to low pH hydrophobic interaction chromatography vsing an clution buffer
at a pH between about 2.5-4.5, preferably performed at Jow salt concentrations (e.2., from about 0-0.25M

salt).

Antibody conjugates

The antibody may be conjugated to a cytotoxic agent such as a toxin or a radicactive isotope. In
certain cmbodiments, the toxin is calicheamicin. a maytansinoid, a dolastatin, auristatin 12 and analogs or
derivatives thereof, are preferable,

Preforred drugsftoxing include DNA damaging agents, inhibitors of microtubule polymerization or
depolymerization and antimetabolites. Preferred classes of eytotoxic agents include, for example, the
enzyme inhibitors such as dihydrofolate reductase inhibitors, and thymidylate synthase inhibitors, DNA
intercalators, DNA cleavers, lopoisomerase inbibitors, (he anthracycline family of drugs, the vinca drugs, the
mitomycins, the hleomycins, the cyrotoxic nucleosides, the preridine family of drugs, diynenes, the
poduphyllotoxins and differentiation inducers. Pacticularly vseful members of those classes include, for
example, metholrexate, methopterin, dichioromethotrexate, S-fluorouracil, 6-mercaptopurine, cytosine
arabinoside, melphalan, levrosine, lenrosideine, actinomycin, daunorubicin, doxorubicin, N-(3,5-
diacetox ypentyl)doxorubicin, morpholino-doxorubicin, 1-(2-choroehthyl)-1,2-dimethanesulfony] hydrazide,

Nk—aceryl spermidine, aminopterin methepterin, esperamicin, mitomycin C, mitomycin A, actinomycin,
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5  bleomyein, carminormycin, aminopterin, tallysomycin, podophyllotoxin and podophyllotoxin derivatives
such as etopuside ur ctoposide phosphate, vinblastine. vincristing, vindesine, taxol, taxotere, retinoic acid,
butyric acid, N*acety) spérm.idine, camptotheein, calicheamicin, bryostating, cephalostating, ansamitocin,
actosin, maytansineids such as DM- 1, maytansine, maytansinol, N-desmethyl-4,5-desepoxymaytansinol, C-
19-dechioromaytansinol, C-20-hydroxymaytansinol, C-20-demethoxymaytansinol, C-9-SH mavtansinol, C-

10 14-alkoxymethylmaytansinol, C-14-hydroxy or acetyloxymethlmaytansinol, C-15-
hydroxy/acetyloxymayranginol, C-15-methoxymaytansinol, C-18-N-demethylmaytansinol and 4,5-
deoxymaytansinol, auristating such as auristatin E, M, PHE and PE: dolostatins such as dolostatin A,
delostatin B, dolastatin C, dolostatin D, dolostatin E (20-epi and 1 1-epi), dolostatin G, dolostatin H,
dalostatin 1, dolostatin 1, dolostatin 2, dolostatin 3, dojostatin 4, dolostatin 5, dolostatin 6, dolostatin 7.

15 dolostalin 8, dolostatin 9, dolostatin 10, deo-dolostatis 10, dolostatin 11, dolostatin 12, dolostatin 13,
dolostatin (4, dolostatin 15, dolostatin 16. dolostatin 17, and dolostatin [8; cephalostating such as
cephalostatin 1, cephalostatin 2, cophalostatin 3, cephalostatin 4, cephalostatin 5, cephalostatin 6,
cephalostatin 7, 25 -epi-cephalostatin 7, 20-epi-cephalostatin 7, cephalostatin 8, cephalostatin 9,

R cephalostatin 10, cephalostatin 1),cephalostatin 12,cephalostatin 13,cephalostatin 14, cephalostatin

20 15.cephalostatin 16,cephalostatin 17. cephalostatin 18, and cephalostatin 19..
Maytansinoids are mitototic inhibitors which act by inhibiting tubulin polymerization. Maytansine
was first isolated from the sast Afcican shrub Mayteany servata (U.S. Patent No. 3,896,111). Subscqucnily,
it was discovered that certain microbes also produce maytansinoids, such as maytansinol and C-3
maylansinol esters (U.8. Patent No. 4,151,042). Synthetic maytansinol and derivatives and analogues
25 thercof are disclosed, for example, in 1.8, Patent Nos. 4,137,230; 4,248,870; 4,256,746; 4,260,608,
4,265 814; 4,294,757; 4,307,016; 4,308.268; 4,308.269; 4.309,428; 4,313 ,946; 4,315,929; 4,317,821,
4,322,348 4.331.598; 4,361,650; 4,364,366; 4,424,.219; 4.450,254; 4,362,663; and 4,371,533, the
disclosures of which are hereby expressly incorporated by veference.
Maytansine and maytansinoids have been conjugated to antibodies specifically binding to tumor
30 cell antigens. Immuncconjugates comaining maytansinoids and their therapeutic use are disclosed, for
example, in 11.5. Paten! Nos. 5,208,020, 5,416,064 and Furapean Patent 1°P 0 425 235 R1, the disclosures of

which are herehy cxpressly incorporated by reference. Liu er al., Proc. Natl. Acad. Sci. USA 93:83618-8623

(1996) described immunoconjugares comprising a maytansinoid designated M1 linked to the monoclonal
antibody €242 directed against human colorectal cancer. The conjugate was found 10 be highly cytotoxic

35 towands cultured colon cancer cefls, and showed antitmmeor activity in an in vive mmor growth assay. Chari
¢t al. Cancer Rescurch 52:127-131 (1992) describe immunoconjugates in which a maytansinoid was
eonjugated via a disulfide linker to the murine antibody A7 binding to an antigen on human colon cancer cell
lines, or to another murine monoclonal antibody TA. 1 that binds the HER~2/rer oncogenc.

There are many linking groups known in the art for making antibody-maytansinoid conjugates,

4() ingluding, for example, those disclosed in U.S. Patent No. 5,208,020 or EP Patent O 425 235 B, and Charl
et af, Cancer Research 52: 127-131 (1992). The linking groups include disufide groups, thioether groups,
acid Jabile groups, photolahile groups, peptidase labile groups, or esterase labile groups, as disclosed in the

above-identified patents, disulfide and thioether groups being preferred.

34
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3 Conjugates of the antibady und maytansinoid may be made vsing a variety of bifunctional protein
coupling agents such as N-succinimidyl-3-(2-pyridyldithio) propionate (SPDP), succinimidyl-4-(N-
maleimidomethyl) cyclohexane-I-carboxylate, iminothiolane (I1), bifunctional derivatives of imidoesters
(such as dimethy] adipimidate HCL), active esters (such as disuccinimidy! subcratc), aldchydes (such as
glutareldehyde), his-azido compounds (such as bis (p-azidabenzoyl) hexanediamine), bis-diazonium

10 derivatives (such as bis-(p-diazoniumbenzoyl)-cthylenediatine). diisocyanates (such as toluene 2,6-
diisocyanate), and bis-active fluorine compounds (such as 1,5-difluoro-2.4-dinitrobenzene), Particularly
prefermcd coupling agents include N-succinimidyl-3-(2-pyridyldithio) propionate (SPDP) (Curlsson et al.,
Rinchent J. 173:723-737 |1978]) and N-succinimidyl-4-(2-pyridylthio)pentancate (SPP) to provide for a
disulfide linkage.

15 The linker may be attached to the saytansinoid molecule at various positions, depending on the
type of the link. For example, an ester linkage may be formed by reaction with a hydroxyl group using
gonventional coupling techniques. The reaction may occur at the €0-3 position having a hydroxyl group, the
C-14 position modificd with hyrdoxymethyl, the C-15 position modified with a hydroxyl group, ard the C-
20 position having a hydroxyl group. In a preferred embodiment, the linkage is formed at the C-3 position

20 of maytansinol or a maytansinol analogue,

Calicheamicin
Another immunoconjugaie of interest comprises an CD20 binding antibody conjugated to onc or
more calichcamicin molecules. The calicheamicin family of antibietics are capable of praducing doublc-

25 stranded DNA breaks at sub-picomolar concenirations. For the preparation of conjugates of the
calicheamicio family, see 11.8. patents 5,712,374, 5,714,586, 5,739,116, 5,767,285, 5,770,701, 5,770,710,
5,773,001, 5,877.296 (all to American Cyanamid Company). Structural analognes of calicheamicin which
may be used include, but are not limited to, 71", &', &', N-acetyl-y,', PSAG and 0", (Hinman ez al. Cancer
Research 53: 3336-3342 (1993), Lodc et al. Cancer Research 58: 2925-2928 (1998) and the aforsmentioned

o U.S. patents to American Cyanamid). Another anti-tumor drug lhat.thc antibody can be conjugated is QFA

which iz an antifolate  Roth ealicheamicin and QFA have intracellular sitex of action and da not readily

cross the plasma membrane. Therefore, collular uptake of thess agents theough antibody mediated

internalization greatly enhances their eytotoxic elfects.

35 Radipactive isotopes
For selective destruction of the tumor, the antibody may comprise a highly radioactive atom, A
varicly ol radioactive isotapes are available for the production of radivconjugated anti-CD20 antibodics.
Examples include AL | B2 LT Re!¥®, Re!¥ gm!™ Bizn, F*2, Pb*" and radioactive isotopes of Lu.
When the conjugate is used for diagnosis, it may comprise a radioactive atom for scintigraphic studies, for
40 example te™™ or I'®, or a spin label for nuclear magnetic resonapce (NMR) imaging (alse known as
magnetic resonance imaging, mri), such as jodine-123 again, iodine-~131, indivm-111, fluorine-19. carbon-
13, nitrogen-15, oxygen-17, gadolinium, manganese or iron.
The radio- or other labels may be incorporated in the conjugate in known ways, For example. the
peptide may be biosynthesized or may be synthesized by chemical amino acid synthesis using suitable amino

35
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5  acid precursors involving, for example, fluorine-19 in place of hydrogen. Labels such as 167" or 1'3, Re'®,
Re'® and In'""! can be amached via a cysteine residue in the peptide. Ytirium-90 can be attached via a fysine
residuc. The JODOGEN mcthod (Fraker et al (1978) Biochem. Biophys. Res. Commun. 80: 49-57 can be
used 1o incorporate indine-123. "Monoclunal Antihodies in inmunoscintigraphy” {Chatal.CRC Press 1989)
deseribes other methods in detail,

10 Conjugates of the antibody and cytotaxic agent iay be made using a vasiety of bifunctional protein
coupling agents such as N-succinimidyl-3-(2-pyridyldithio) propionate (SPDF), succinimidyl-4-(N-
maleimidomethyl) cyclohexane-]J-carboxylate, iminothiolane (IT), bifunctional derivatives of tinidoesters
(such as dimethyl adipimidate HCL), active esters (such as disuccinimidyl suberate), aldehydes (such as
glutarcldehyde), bis-azido eompounds (such as bis (p-azidobenzoyl) hexanediaminc), bis-diazonium

15 derivatives (such as bis-(p-diazonivmbenzoyl)-cthylenediamine), diisocyanates (such as tolyene 2,6-
diisocyanate), and bis-active fluorine compounds (such as 1,5-difluero-2.4-dinitrobenzene). For example, a
rigin immunotoxin can be preparced as deseribed in Vitetta er al. Science 238; 1098 (1987). Carbon-14-

o labeled J-isothiocyanatobenzyl-3-methyldiethylene triaminepentaacetic acid (MX-DTPA) is an exemplary
Led chelating agent lor conjugation of mdionocleotide to the antibody. See WOR4/11026. The linker may be a
20 “gleavable linker” facilitating release of the cytotoxic dsug in the cell. For example, an acid-labile linker,
pepridase-sensitive linker, photolabile linker, dimethyl linker or disulfide-containing linker (Chari ef al.
Caneer Research 52: 127-131 (1992); ULS. Patent No. 5,208,020) may be used.

Therapentic Uses of the CD240 binding Antibodies

25 . The CD20 binding antibodics of the invention arc useful to treat a number of maligaant and non-
malignant discascs including sutoimmune discases and related conditions, and CD20 positive cancers
including B cell lymphomas and leukemias. Stem cells (B-cell progenitors) in bone marrow lack the CID20
antigen. allowing healthy B-cells to regenerate after treaiment and return to normal levels within several
months.

30 Autoimmune diseases or autoimmune related conditions include arthrits (rtheumatoid arthritis,

juvenile rheumatoid arthritis, ostcourthritis, psoriatic arthritis), psoriasis, dermatitis including atopic

dermatitis; chronic autoimmune urticaria, polymyositis/dermatomyosits, toxic epidermal necrolysis,
systemic scleroderma and sclerosis, responses associated with inflammatory bowel disease (1BD) (Crohn's
disease, ulcerative colitis), respiratory distress syndrome, adult respiratory distress syndrome (ARDS),

35 meningitis, allergic rhinitis. encephalitis, uveitis, colitis, glomerulonephritis. allergic conditiens, eczema,
asthma, conditions involving infiltration of T cells and chronic inflammatory responscs, atherosclerosis,
autoliamune myocarditis, lenkocyte adhesion deficiency, systemic lupus erythematosus (S1.E), lupus
(including nephritis, non-renal, discoid, alopecia), juvenile onset diabetes, multiple sclerosis, allergic
encephalomyelitis, immune responses associated with acute and delayed hypersensitivity mediated by

40  eytokines and T-lymphocytes, luberculosis. saccoidosis. granulomatosis including Wegenet's
granulomatosis, agranulocytosis, vascoliis (including ANCAY), aplastic ancmia, Coombs positive uncnia,
Diamond Blackfan anemiz, imniune hemolytic anemia including autoimmune hemolytic anemia (ATHA),
pernicious anemia, pure red cell aplasta (PRCA), Factor VI deficiency, hemophilia A, avtoimntune

neutropenia, pancytopenia, leukopenia, diseases involving leukocyte dizpedesis, CNS inflammatory
36
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5 disorders, multiple organ infury syndrome, myasthenia gravis, antigen-antibody complex mediated diseascs,
anti-glomerular basement membrane disease, anri-phospholipid antibody syndrome, allergic neuritis, Bechet
disease, Castleman’s syndrome, Gouodpasiure's Syndrome, Lambert-Eaton Myasthenic Syndrome, Reynaud’s
syndrome. Sjorgen's syndrome, Stevens-Johnson syndrome, solid organ transplant rejection (including
pratreatment [or high panel reactive antibody titers, TgA deposit in tissucs, etc), graft versus host disease

10 (GVHD), pemphigoid bullous, pemphigus (al) including vulgaris, foliaceus), autoimmune
polyendocrinopathics, Reiter's disease, stiff-man syndrome, giant cell arteritis, immune complex nephritis,
IgA nephropathy, IeM polyncuropathies or TgM mediated neuropathy, idiopathic thrombocytopenic purpura
(TTP), shrombotic throboeytopenic purpura (TTP), antoitnmunc thrombocytopenia, antoimmunc discase of
the testis and ovary including autoimune orchitis and oophoritis, primary hypothyroidism; autoimmune

15 endocrine discascs including autoimmune thyroiditis, chronic thyroiditis (Hashimoto’s Thyroiditis), subacute
thyroiditis, idiopathic hypothyroidism. Addison’s discasc, Grave's disease, avtoitnmunc pulyglandular
syndromes (or polyglandular enducrinopathy syndromes), Type I diabetes also referred to as insulin-
dependent diabetes mellitus (JDDM) and Sheehan's syndrome; autoimmune hepatitis, Lyniphoid interstitial
pncamonitis (HIV), bronchiolitis obliterans (non-transplant) vs NSTP, Guillain-Barre’ Syndrome, Large

20 Vessel Vasculitis (including Polymyalgia Rheumatica and Giant Cell (Takayasu’s) Arteritis), Medium
Vessel Vasculitds (including Kawasaki’s Disease and Polyarteritis Nodosa), ankylosing spondylitis, Berger’s
Disease (1gA nephropathy), Rapidly Progressive Glomeruloncphritis, Primary biliary cirrhosis, Celiac sproe
(gluten enteropathy), Cryoglobulinemia, ALS, coronary artery diseasc.

(D20 positive cancers are those comprising abnormal proliferation of cells thar express CDD20 on

25 the cell surface. The CD20 positive B cell neoplasms include CI20-positive Hodgkin's disease including
lymphocyte predominant Hodgkin®s disease (.PHD); non-Hodgkin’s lymphoma (NML); follicular center
cell (FCC) lymphomas; acute lymphacytic leukemia (ALL); chronic lymphocytic Jewkemia (CLL); Mairy
cell leukemia, The non-Hodgking lymphoma include low grade/ffollicular non-Hodgkin's fymphoma (NHL),
small lymphocytic lymphoma (S1.1.), intermediate grade/follicular NHL, intermediate grade diffuse NHL.

30 high grade immunoblastic NHI.., high grade lymphoblastic NHL, high grade small nen-cleaved cell NHL,

butky disease NHI ., plasmacyloid lymphocytic lymphoma, mantle cell lymphoma, ATDS- related lymphoma

and Waldensrom's macroglobulinemia. Trcatment of rclapses of these cancers are also contemplated.
LPHD is a type of Hodgkin's disease that tends 1o relapse frequently despite radiation or chemotherapy
reatment and is characterized by CT320-positive malignant cells. CIL. is one of four major types of

35 leukemnia, A cancer of mature B-cells called lymphocytes, CLL is manifested by progressive accumulation
of eclly in blood, bone marrow and lymphatic tissues,

In specific embodiments, the huranized CD20 binding antibodies and fuoctional fragments thereof
are nsed o treat non-Hodgkin’s lymphoma (NHL), lymphocyte predominant Hodghin’s disease (LPHD),
small lymphocytic lymphoma (SLL), chronic lymphocytic leukemia, theumatoid arthritis and juvenile

40 rheumatoid arthritis, systermic lupus erythcmatosus (SLE) including lupus nephritis, Wegener's disease,
inflammatory bowel disease, idiopathic thrombocytopenic purpura (TTP), thrombetic throbocytopenic
purpura (TTP), autoimmune thromhacytopenia, multiple sclerosik, psoriasis, IgA ncphropathy, IgM
polyneuropathies, myasthenia gravis, vasculitis, diabetes mellitus, Reynaud’s syndrome, Sjorgen’s syndrome
and glomerdonephritis,
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"The humanized CD20 binding antibodies or functional fragments theréof are useful as a single-

a

agent treatment in, ©.g., for relapred or refractory low-grade or follicelar, CD20-positive, B-ccll NHL, or can
he administered to patients in conjunction with other drugs in a multi drug regimen.

Indolent lymphoma is a slow-growing, incurable disease in which the average patient survives
hatween six and 10 years following numerous periods of remission and relapse. In one embodiment, the

10 humanized CD20 binding antibodies or functional fragments theteof are used to treat indolent NHL.

The parameters for assessing efficacy or success of treatment of the neoplasm will be known to the
physician of skill in the appropriatc disease. Generally, the physician of skill will look for reduction in the
signs and symptoms of the specific disease. Parameters can include median time to disease progression,
tirke In remission, stable disease.

15 The following references describe lymphomas and CLL, their diagnoses, treatment and standard
medieu] procedures for measuring treatment efficacy. Cancllos GP, Lister, TA, Sklar JL: The Lymphomas.
W.B.Saunders Company, Phitadelphia, 1998; van Besien K and Cabanillas, 1 Clinical Manifestations,
Staging and Treatment of Non-Hodgkin's Lymphoma, Chap. 70, pp 1293-1338, in: Hemartology , Basic
Principles ard Practice, 3rd ed. Hoffman et al. (editors). Churchill Livingstone, Philadelphia, 2000; and Rai,

20 K and Patel, D:Chronic Lymphoecytic Leukemia, Chap. 72, pp 13501362, in: Hematology , Busic Principles
and Practice, 3rd ed. Hoffman et al. (editors). Churchill Livingstone, Philadelphia, 2000,

The parameters for assessing éfﬁcacy or suceess of treatment of an autoimmune or autoimmunc
related disease will be known to the physician of skill in the appropriate discase. Generally, the physician of
skill will look for reduction in the signs and symptoms of the specific disease. The following are by way of

25 examples.

Tn one embodiment, the antibodics of the invention are useful to treat theumnatoid arthritis. RA is
characterized by inllarnmation of multiple joints, cartilage Joss and bone crosion that teads to joint
destruction and ultimatcly reduced joint function. Additionally, since RA is a systemic disease, it can have
effects in other tissues such as the lungs, eyes and bone marrow. Fewer than 50 pereent of patients who

30 have had RA for more than 10 yoars can continuc to work or function normally on a day-to-day basis.
The antibodies can be used as first-line therapy in patients with carly RA (i.c., methotrexate (MT)

naive) und as monotherapy, or in combination with. ¢.g,, MTX ur cyclophosphamide. Or, the aptibodies can
be used jn treatment as second-line therapy fur paticats who were DMARD and/or MTX refractory, und as
manotherapy or in combination with, e.g., MTX. The humanized CT)20 binding antibodies are uscful to

35 prevent and caonitrol joint damage, delay structural damage, decrease pain associated with inflammation in
RA, and generally reduce the signs and symptoms in moderate to severs RA. The RA paticnt can be treated
with the humanized CD20 antibody prior to, after or together with treatment with other drugs used in
treating RA (see combination therapy below). It one embodiment, paticnts wha had previously failed
discasc~modifying antithcumatic drugs and/or had an inadequate response to methotrexate alone are treated

46} with a humanized CD20 binding antibody of the iovention. In one embodiment of this trcatment, the patients
are in 4 17-day treatment regimen recciving humanized CD20 binding antibody alone (12 iv infusions on
dayz | and 15); CD20 binding antiboady plus cyclophosphamide (750mg iv infusion days 3 and 17); ox CD20

binding antibody plus mcthotrexate.
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5 One method of evaluating treatment efficacy in RA is based on Ametican College of Rheumatology
(ACR) eriteria, which mcasures the percentage of improvement in tender and swollen joints, among other
things. The RA paticnt can be scored at fur cxample, ACR 20 (20 pereent improvement) compared with no
antibody troatment (e_g,, baseline before treatment) o treatment with placebo. Other ways of evaluating the
efficacy of antibody treatment include X-ray scoring such as the Sharp X-ray score used (0 score structural

10 damage such as bone crosion and joint spuce narrowing. Patients can also be evaluated {or the prevention of
or improvement in disability based on Health Assessment Questionnaire [HAQ] score, AIMS score, SI-36 at
time periods during or after treatment. The ACR 20 criteria may include 20% improvement in both wnder

{painful) joint count and swollen joint count plus a 20% improvement in at least 3 of 5 additional measures:

1. patient’s pain assessment by visual analog scale (VAS),
15 2. patient's gloha] assessment of discase activity (VAS),
3. physician’s global assessment of disease activity (VAR),
4, paticnt's self-assessed disability measurcd by the Health Assessinent Questionnaire,
and
5. acute phase reactants, CRP or ESR,
20
The ACR 50 and 70 are defined analogously. Prefcrably, the patient is administered an amount of a CD20
binding antibody of the invention effective to achieve at least a score of ACR 20, preferably at least ACR 30,
morc preterably ar least ACRS0, even more prelerably at least ACR70, most preferably at least ACR 75 and
higher.
25 Psariaric arthritis has unique and distinet radiogsaphic features. For psoriatic arthritis, joint erosion

and joint space narrowing can be evaluated by the Sharp scorc as well. The humanized CD20 bindiog
antibodies of the invention can be used to prevent the joint damage as well as reduce disease signs and
symptoms of the disorder.
Yet unother aspect of the invention is 2 method of treating Lupus or SLE by administering to the
30 paticnt suffering from SLE, a therapeutically effective amount of a humanized CD20 binding amibody of the
invention. SLEDAI scores provide a numerical quantitation of disease activity. The SLEDAT is a weighted
index of 24 clinical and laboratory parameters known to correlate with discase activity, with a numcrical
range of 0-103, see Bryan Gescuk & John Davis, “Novel therapeutic agent for systemic Jupus
erythematosus” in Current Opinion in Rhenmatology 2002, 14:515-521. Antibodies to donble-stranded DINA,
35 are believed w cause renal flares and other manifestations of lupus. Patients undergoing antibody treatment

can be monitored for time to renal flare, which is defined as a significant, reproducible increase in serum

creatinine. urine protein or bload in the urine. Alternatively or in addition, paticnts can be monitored for
levels of antinuclear antibodies and antibedies to double-stranded DINA. Treatments for ST.E include high-
dose corticosteroids and/or cyclophusphumide (HDCC).

40 Spandyloarthropathics are a group of disorders of the joints, including ankylosing spondylitis,
psoriatic arthritis and Crohn's discasc. Treatment success can be determined by validated patient and
physician global assessment measuring tools.

Various medications are used 1o treat psoriasis; treatment differs directly in relation io disease
severity, Patients with a more mild form of psoriasis typically utilize topical treatments, such as topical

45 steroids, anthralin, caleipotriene, clobetasol, and tazavotene, 10 manage the disease while patients with

moderate and severe psoriasis arc more likely to employ systesmic (methotrexate. retinoids, cyclosporine,
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5 PUVA and UVB) therapies. Tars are also vsed. These therapies have a combination of safety concerns, time
consuniing regirpens, Or inconvenient processes of treatment. Furthermore, some tequire expensive
equipment and dedicated space in the office setling. Systemic medications can, produce scrious side effects,
including hypertension, hypetlipidemnia, hone marrow suppression, liver discasc, kidney disease and
gastrointessinal upsel. Also, the use of phototherapy can increase the incidence of skin cancers. In addition

10 tothe inconvenience aud discomfort associated with the use of topical therapies, phototherapy and systemic
treatments require ¢ycling patients on and off therapy and monijtoring lifetime exposure due to their side
cffects.

Treatment efficacy for psoriasis is assessed by monitoring changes in clinical signs and symptoms
of the disease including Physician’s Global Asscssment (PGA) changes and Psoriasis Area and Severity

15 Index (PAST) scores, Psoriasis Symptom Assessment (PSA), compared with the baseline condition. The
patient can be measured periodically throughout treaiment on the Visual analog scale nsed to indicate the
degree of ilching expericneed at specific time points.

Paticnts may cxperience an infusion reaction ot infusion-rclated symptoms with their first infusion
~/ \3 of a therapeutic antibody. These symptoms vary in severity and gencrally are reversible with medical

20 intervention. These symptoms jnclude but are not lintited to, flu-like fever, chills/rigors, navsea, urlicaria,
headache, bronchospasit, angioedema. It would be desirable for the disease treatment methods of the
present invention to minimize infusion reactions. Thus, another aspect of the invention is a method of
treating the diseases disclosed by administering a humanized CI20 binding antibody whercin the antibody
has reduced or no complement dependent cytotoxicity and results in reduced infusion relatcd symptoms as

25  compared to treatment with Rifuxan®. In one embodiment, the humanized CD20 binding antibody is

2H7.v116.

Dosage
Depending on the indication 1o be reated and factors relevant to the dosing that a physician of skill

3N in the field would be familiar with, the antibodies of the invention will be administered at a dosage that is

effieacions for the treatment of that indication while: minitizing toxicity and =ide effects. For the treatment

of a CD20 positive cancer or an autoimmunc disease, the thetapeutically effective dosage will be in the
range of about 250mg/m” to about 400 mg/m’ or 500 mg/m”, preferably about 250-375mg/m’. In one
embodiment, the dosage range is 275-375 my/m®, In one embodiment of the treatment of 4 CD20 positive 13
25 cell neoplasm, the antibody is administered at a range of 300-375 mg/m?. For the treatment of patients
suffering from B-cell lymphoma such as non-Hodgkins lymphoma, in a specific embodiment, the anti-CD20
antihodies and humanized anti-CD20 antibodics of the invention will be administered to a human patient at a
dosage of 10mg/kg or 375mg/m?, Tor treating NHL, one dosing regimen would be to administet one dose of
the antibody composition a dosage of 10mg/skg in the first weck of treatment, followed by a 2 week interval,
40 then a second dose of the same amount of antibody is administered, Generally, NHL patients receive such
treatiment once during a year bur npon reeurrence of the lymphoma, such treatment can be repeated. In
another dosing regimen, patients treated with low-grade NHL rceeive four weeks of version of humanized
U7, preferably v16 (375 mg/m2 weekly) followed at week five by threc additional courses of the antibody

plus standard CHOP (cyclophosphamide, doxorubicin, vineristine and prednisone) or CVP
40

PAGE 41/67* RCVD) AT 412612005 2:48:50 PM [Eastern Daylight Time]* SVR-USPTO-EFXRF-1/26  DNIS:2730827 * CSID:650 9529881 * DURATION from-55):24-36



APR-26-P0E5 1@:28 FROM:GENENTECH LEGAL 658 952 9881 mm 03 / 4 D 4 2 6
Attorney Docker No, PI9YOR3 'PEA/US 1 3 . JUL 2004

5  (uyclophosphamide, vincristing, prednisone) chemotherapy, which was given every three weeks for threc
cycles.

For weating rheumatoid arthritis, in one embodiment, the dosage range for the humunized antibody
is 125mg/m” (equivalent to about 200mg/dose) to 600mg/m?, given in two doses, e.g., the first dose of
200y is administered on day one followed by a second duse of 200ma on day 15. In different

10 cibodiments, the dosage is 250mg/dose, 275mg. 300mg. 325mg, 350mg, 375mg, 400mg, 425mg. 450mg,
475mg, 500mg, 523mg, 550mg, 575mg, 600mg,

In treating discase, the C120 binding antibodies of the invention can be administesed to the patient
chranicatly or intermittenily, as determined by the physician of skill in the disease.

A patient administered a drug by intravenous infusion or subcutaneously may experience adverse

15 events such as fover, chills, burning sensation, astbenia and headache. ‘Lo alleviate or minimize such
adverse events. the patient may receive an initial conditioning dose(s) of the antibody followed by a
therapeutic dose. The conditioning dose(s) will be Tower than the therapeutic dose to condition the patient to

tolerate higher dosages.

20 Route of administration
The CD20 binding antibodies are administered to a human patient in accord with known methods,
such as by intravenous administration, e.g., as a holus or by continuous infusion over a period of timme, by
subcutancous, intramuscular, intraperitoneal, intracerobrospinal, intra-articular, intrasynovial, intrathecal, or
inhalation routes, gencrally by intravenous or subcutaneous administration.

25 In on embodiment, the humanized 2H7 antibody is administered by intravenous infusion with 0.9%

sodium chloride solution as an infusion vehicle.

Combination Therapy
In treating the B cell neoplasms described above, the patient. can be treated with the CD20 binding
30 antibodies of the present invention in conjunction with one or more therapeutic agents such as a
chemotherapeutic agent in u multidrug regimen, The CD20 binding antibody ean be administercd

concusrently, sequentially, or alternating with the chemotherapentic agent, or after non-responsivencss with

other therapy, Standard chemotherapy for lymphoma treatment may include cyclophesphamide, cytarabine,
melphalan and mitoxantrone plus melphalan. CHOP is one of the most common chemotherapy regimens
35 for treating Non-Hodgkin's lymphoma. The following arc the drugs used in the CHOP regimen:
evclophosphamide (brand names cytoxan, #ieosar); adriamycin (doxorubicin / hydroxydoxorubicin);
vineristine (Oncovin); and prednisolone (sometimnes called Deltasone or Orasone). In particular
embodiments, the CD20 binding antibody is administered to 4 patient in veed thereof in combination with
one or more of the following chemotherapeutic agents of doxorubicin. cyelophosphamide, vincristine and
40 prednisolone. Tn a specific cmbodiment, a patient suffering from a lymphoma (such as a non-Hodgkin’s
lymphorna) is treated with an anti-CD20 antibody of the present invention in conjunction with CHOP
(cyclophosphamide, doxorubicin, vincristine and prednisone) therapy. In another embodiment, the cancer
patient can be treated with a humanized CD20 binding antibody of the invention in combination with CVP
(cyclophosphamide, vineristine, and prednisone) chemotherapy. Ina specific embodiment, the palient
41
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5 suffering from CD20-positive NHL is treated with humanized 2H‘f.v16 in conjunction with CVP. Tna
speeific cmbodiment of the treatment of CLL, the €20 biading antibody is administered in conjunction
with chemotherapy with one or hoth of fludarabinc and cytoxan.

1n treating the autoimmune diseases or autoimmunc related conditions described above, the patient
can be treated with the CD20 binding antihodies of the present invention in conjunction with a sccond

10 therapeutic agent, such as an immunosuppressive agent, such as in a multi drug regimen. The CD20 hinding
antibody can be administered concurrently, sequentially or alternating with the immunosuppressive agent o
upon non-responsiveness with other therapy. The immunosuppressive agent can be administered at the
same or lesser dosages than as set forth in the art. The preferred adjunct immunosuppressive agent will
depend on many factors, including the type of disorder being treated as well as the paticnt’s history.

15 “Immunosuppressive agent” as used hercin for adjunct therapy refors to substances that act to
suppress or mask the immune system of a patient. Such agents would include substances that suppress
cytokine production, down regulate or suppress self-antigen expression, or mask the MHC antigens.
LExamples of such agents include steroids such as glucocorticosteroids, e.g., prednisone, methylprednisolone,

and dexamethasone; 2-amino-G-aryl-5-substituted pyrimidines (see U.S. Pat. No. 4.665,077), azathioprine

20 (or eyclophosphamide, if there is an adverse reaction to azathioprine); bromocryptine; glutasaldehyde (which
masks the MHC antigens, as deseribed in U.S. Pat. No. 4,1 20,649); anti-idiotypic antibodics for MHC
antigens and MHC fragments; cyclosporin A; cytokine or cytokine receptor antagonists including anti-
interferon-v, -B, or -e antibodies; anti-turnor necrosis factor-a antibodies; anti-tutnor necrosis factor-f
antibodics; anti-interlcukin-2 antibodics and anti-IL-2 receptor antibodics; anti-L3T4 antibodics;

23 heterologous anti-lymphocyte globulin; pan-T antibodies, preferably anti-CD3 or anti-CD4/CDdu
antibodics; soluble peptide containing a LFA-3 binding domain (WO 90/08187 published 7/26/90);
streptokinase; TGF-B; streptodornase; RMA or DNA from the host; FK306; RE-61443; deoxyspergualing
rapamycin; T-cell receptor (U5, Pat, No. 5,114,721); T-cell receptor fragments (Offner ¢t azl, Science
251:430.432 (1991); WO 90/11294; and WO 91/01133); and T cell receptor antibodies (EP 340,109) such as

30 TI0BS.
For the troatment of theumatoid arshritis, the patient can be treated with a CD20 antibody ol the

invention in conjunction with any one or more of the following drugs: DMARDS (disease-modifying anti-
rheumatic drugs (€.g.. methotrexate), NSAL or NSAID {non-sterpidal anti-inflammatory drugs),
HUMIRA™ (adalimumab; Abbatt Laboratorics), ARAVA® (leflunomide), REMICADE® (infliximab:

35 C'antocor Tne., of Malvern, Pa), ENBREL. (etancrcept; Limmunex, WA), COX-2 inhibitors. DMARDs
commonly used in RA arc hydroxycloroguine, sulfasalazine, methotrexate, leflunomide, etanercept.
infliximab, azathioprine, D-penicillamine, Gold (oral), Gold (intramuscular), minocycling, cyclosporine,
Sraphylococcal protein A immuncadsorption. Adalimumab is 2 human monoclonal antibody that binds to
TNFe. Infliximab is a chimeric monoclonal antibody that binds to TNFe. Btanercept is an

A “immunoadhesin” fusion protein consisting of the extracellular ligand binding portion of the huinan 75 kD
(p75) tumor necrosis factor receptor (INFR) linked to the Fe portion of a human TgG1. For conventional
treatment of RA, see, ¢.g., “Guidelines for the management of vheumatoid arthritis” Arthritis & Rheumatism

46(2): 328-346 (Fehruary, 2002). In a specific embodiment, the RA patient is treated with a CD20 antibody
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3 of the invention in conjunction with methotrexate (MTX). An exemplary dosage of MTX is about 7.5—
25 mgfkg/wk, M1IX cun he administered orally and subcutancously.

For the freatment of ankylosing spondylitis, psoriatic arthritis and Crohn's discase, the patient can
he treated with 2 CD20 binding antibudy of the invention in conjunction with, for example. Remicade®
(infliximub; from Centocor Inc., of Malvern, Pa.), LNBREL (ctanercept; mmuncx, WA),

10 Treatments for SLE include high-dose corticosteroids and/or cyclophosphamide (HDCC).

For the treatment of proriasis, patients can be administered a CD20 binding antibody in conjunction,
with topical reatments, such as topical steroids, anthralin, calciputricne, clobetasol, and tazarotene, or with
methotrexate, retinoids, cyclosporinc, PITVA and UVB therapies. Tn one embodiment, the psoriasis paticnt
is treated with the CD20 hinding antibody sequentially or concurrently with cyclosporine.

15
Pharmaceutical Formulations

Therapeuiic formulations of the CD20-binding antibodies uscd in accordance with (he prescnt

invention are prepared for storage by mixing an antibody having the desired degree of purity with optional

pharmaceutically acceptable carricrs, excipienss or stabilizers (Remington's Pharmacentical Sciences 16th

20 cdition, Osol, A. Ed. (1980)). in the form of lyophilized formulations or aqueous solutions. Acccptable
carriers, excipients, or stabilizers are nontoxic to recipients ar the dosages and concentrations employed, and
include buffers such us phosphate, citrate, and other organjc acids: antioxidants including ascorbic acid and
methionine; preservatives (such as octadecyldimethylbenzyl ammonium chloride; hexamethonivm chloride;
benzalkonium chloride, benzethonium chloride; phenol, butyl or benzyl aleohol; alky! parabens such as

23 methyl or propyl paraben; catcchol; resorcinol; cyclohexanol; 3-pentanol; and m-cresol); low molecular
weight (Iess than about 10 residues) polypeptides; proteins, such as scrum albumin, gelatin, or
immunogtobuoling; hydrophilic polymers such as olyvinylpymrolidonc; amino acids such as glycine,
glutamine, asparagine, histidine, arginine, or lysine; monosaccharides, disaccharides, and other
carbohydrates including glucose, mannose, of dextring; chelating agents such as EDTA; sugars such as

a0 sucrosc, mannitol, trehalose or sorbitol; salt-forming counter-ions such as sodium; mctal complexes (e.g. Zn-
protein complexes); and/or non-ionic surfactants such as TWEENTM, PLURCGNICS™ or polyethylenc glycol

(PEG).
Exemplary anti-CD20 antibody formulations are described in WO98/564 18, expressly incorporated

herein by reference. Another formulation is a liquid muitidose formulation comprising the ani-CD20

35  antibody at 40 mg/mL, 25 mM acetate, 150 mM trehalose, 0.9% benzyl alcohol, 0.02% polysarbate 20 at pH
5.0 that has a minimum shclf life of two years storage ar 2-8°C. Another anti-CD20 formulation of interest
comprises [Omg/mL antibody in 9.0 mg/ml. sodium chloride, 7,33 mg/ml sodium citrate dihydrate,
0.7mg/ml. palysarbatc 80, and Sterile Water for Tnjection, pH 6.5, Yet another aqueous pbarmaceutical
formulation compriscs 10-30 mM sodjum acetate from about pH 4.8 to about pH 5.5. preferably at pHS.5,

40 polysorbate as a surfactant in a an amount of about 0.01-0.1% v/v, irehalose at an amount of about 2-10%
wiv, and benzy] alcohol as a prescrvative (U.S. 6,171,586). Lyophilized formulations adupted for
subentancous administration are described in WO97/04801. Such lyophilized formulations may be
teconstinned with a suitable dituent to a high protein concentration and the reconstituled forinulation may be
administered subcutansously 1o the mammal to be treated herein,
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5 One formulation for the humanized 2H7 varianis s antibody at 12-14 mg/ml. in 10 mM histidine,
6% sucrosc, 0.02% polysorbate 20, pH 5.8.

Tn a specific cmbodiment, 2H7 variants and in particular 2H7.v16 is formulated at 20mg/mL
antibody in 10mM histidine sulfate. 60mg/m1 sucrose,, 0.2 mg/ml polysorbate 20, and Sterilc Water for
Injeetion, al pHS5.8.

1 The formulation hercin may also contain more than one aclive compound as necessary for the
particular indication being tredted, preferably those with complementary activities that do not adversely
affoct each other. For cxample, it may be desirable to further provide a cytotoxic agent, chemotherapeutic
agent, cylokine or immunosuppressive agent {€.g. one which acts on T cells, such as cvelosporin or an
antibody that binds T cells, e.g. one which binds LFA-1). The effective amount of such other agents

15  depends on the amount of antibody present in the formulation, the type of disease or disorder or treatment.
and other faciors discussed above. These are generally used in the same dosages and with administration
routes as described herein ur about from 1 t0 99% of the herctofore cmployed dosages,

The active ingredicnts may also he entrapped in microcapsules prepared, for example, by

coacervation techniques or by interfacial polymerization, for example, hydroxymethyleellulose or gelatin-

20 microcapsules and poly-(methylmethaeylate) microcapsules, respectively, in colloidal drug delivery systems
(for cxample, liposomes, albumin microspheres, microcmulsions, nano-particles and nanocapsules) or in
macroemulsions. Such technigues arc disclosed in Remington's Pharmacentical Sciences 16th edition, Osol,
A, Bd. (1980).
Sustuincd-releusce preparations may be prepared. Suitable examples of sustaincd-relcasc
25 preparations include semi~permeable matrices of solid hydrophebic polymets containing the antagonist,
which matrices are in the form of shaped articles, e.g. films. os microcapsules. Examples of sustained-
relcase utrices include polycsters, hydrogels (for cxample, poly(2-hydroxyethyl-methacrylate), or
poly(vinylalcohol)), polylactides (U.5. Pat. No. 3,773,919), copolymers of L-glutamic acid and ethyl-L-
glutamate, non-degradable ethylene-viny] acetate, degradable lactic acid-glycolic acid copolymers such as
30 the LUPRON DEPOT™ (injectable microsphetes composed of lactic acid-glycolic acid copolymer and
P leuprolide acctatc), and poly-D-(-)-3-hydroxybutyric acid.
= The formulations to be used for in vive administration must be sterile. This is readily accomplished

hy filration through sterile filtration wiembranes.

35 Articles of Manufactoxe and Kits
Another smbodiment of the invention is an article of manufacture containing materials useful for

the treatment of autpimmune discascs and related conditions and CD20 positive cancess such as pon-
Hodgkin's lymphoma. The article of manufacture comprises a container and a label or package insert onor
associated with the container. Suitable containers include, for cxample, botlles, vials, syvinges, etc, The

40 containcrs may be formed from a varkety of materials such as slass or plastic. The container holds &
composition which is effective for trzating the condition and muy have a sterile sceess port (lor example the
container may be an intravenous solution bag or a vial having a stopper pierceable by a hypodermic injection

needle). At least one active agens in the compnsition is a CD20 binding antibody of the invention. The labsl
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5 or package insert indicates that the composition is used for treating the particular condition. The Tabel or
package insert will further comprise instructions for administering the antibody composition to the patient.
Package insert refers to instructions cvstosmarily included in commercial packages of therapeutic products,
that contain information about (he indications, usage, dosage, administration, contraindications and/or
warnings concerning the use of such therapeutic products. Tn one embodiment, the package insert indicates

10 that the compesition is used for treating non-Hodgkins® lymphoma.

Additionally, the article of manufacture may further comprise a second container comprising a
pharmaceutically-acceptable buffer, such as bacteriostatic water for injection (BWFT), phosphate-buffered
zalinc, Ringer's solution and dextrose solution, It may further include other materials desirable from a
commercial and vser standpoint. including other buffers, dilucnts, filters, needles, and syringes.

15 Kits are also provided that are uselul for vatious purpuses , c.g., fur B-cell killing assays, as a
positive control for apoptosis assays, for purification or immunoprecipitation of CD20 from cells. For
isolation and purification of CD20, the kit can contain an anti-CD20 antibody coupled 1o beads (e.g.,
sepharose beads). Kits can be provided which contain the antibodies for detection and quantitation of CD20
in vitro, ¢.g. in an ELISA or a Western blot. As with the article of manufacture, the kit comprises u

20 container and a label or package insert on or associated with the container. The container holds a
composition comprising at Jeast one anti-CD20 antibody of the invention. Additional containers may be
included that contain, e.g., diluents and buffers, control antibodics, The Tubel or package insert may provide

a description of the composition as well as instructions for the intended in vitro or diagnostic use.

25 Cynomolgus monkey CD20
The invention alse provides an isolated nucleic acid comiprising the nuclcotide sequence of SEQ 1D
NO,: 24 of the Cynomolgus monkey CD20 as shown in FIG. 19. Tn one embodiment, the nucleic acid is a
cDNA. In one embodiment, the nueleic acid encoding the monkey CI20 is in an expression vector for
expression in a host cell. The nucleotide sequence of SEQ I NO.: 24 in the expression vector is operably
30 linked to an exptession control sequence such as a promoter or promoter and enhancer, The cxpression
contral sequence can be can be the native scquence normally associatad with the Cynomolgus CD20 gene, or

heterologous to the gene. Also provided is an isolated polypeptide comprising the amino acid sequence

1SEQ 1D NO. 25; FIG, 19 & 20] of the Cynomolgus monkey CD20, as well as host cells containing the

Cynomolgus CD20 nucleic acid, In one aspect the host cells are eukaryetic cells, e.g., CHO cells. Fusion
35 proteins comprising the Cynomolgus CD20 amino acid sequence or fragments of the scquence are also

contemplated.

Lxperimental Examples

Example 1

40
Huormanization of 2H7 anti-CD2Z0 murine monoclonal antibody

Humanization ol the murine anti-human CD20 antibody, 2H7 (also referred to herein as m2H7, m
for murine), was carricd out in a series of site-directed mutagenesis steps. The murine 2H7 antibody
variable region sequences and the chimeric 257 with the mouse V and human C have been desenibed, scc,

45  c.g., ULS, patents 5.846.818 and 6.204,023. The CDR residues of 2H7 were identified by comparing the
45
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amino acid sequence of the murine 2H7 variable domains (disclosed in 1.5, 5,846,818) with the sequences
of known antibodies (Kabat et al., Sequences of protcins of immunological intcrest, Fd. 5, Public Health
Serviee, National Institutes of Health, Bethesda, MD (1991)). The CDR regions for the light and heavy
chains were defined based on sequence hypervariability (Kabat et al., supra) and are shown in Fig. 1A and
Iig. 1B, respectively. Using synthetic oligonucleotides (Tabilce 1), site-directed mutagenesis (Kunkel, Proc,
Natl. Acad. Sei, 82:488-492 (1985)) was used (o introduce all six of the murinc 2H7 CDR regions into a
complete human Fab framework cotresponding to a consensus sequence VIVl (v, kappa subgroup 1, Vy;
subgroup 111) contained on plasmid pvX4 (Fig. 2).

The phagemid pVX4 (lig, 2) was used for mmutagenesis as well as for expression of Feab)s in 15,
coli, Based on the phagemid pb0720, a derivative of pB0475 (Cunningham et al., Scicnce 243: 1330-1336
(1989)), pVX4 contains a DNA fragment encoding 2 humanized consensus k-subgroup T light chain (Vx1-
Cy) and a humanized consensus subgroup IIT heavy chain (Vulli-Cy1) anti-TPN-¢ (interferon o) antihody.
pVX4 also has an alkaline phosphatase promotor and Shine-Dalgame sequence both derived from another
previousty described pUCT 19-based plasmid, pAK2 (Carter et al., Proc. Natl. Acad. Scj. USA 89: 4285
(1992)). A unique Spel restriction sitc was introduced between the DNA encoding for the F(ab) light and
heavy chains, “The first 23 amino acids in both anti-UFN-o heavy and light chains are the SiT secretion
signal sequence (Chang et al., Gene 55: 189-196 (1987)).

To construct the CDR-swap version of 2H7 (2H7.v2), site-directed mutagenesis was performed on
4 deoxyuridine-containing template of pVX4; all six CDRs of anti-IFN-ot wete changed to the murine 2H7
CDRs. The resulting molccule is referred to as humanized 2H7 version 2 (2H7.v2), or the “"CDR-swap
version” of 2H7; it has the m2H7 CDR residucs with the consensus human FR residues shown in Figures 1A
and 1B. Humanized 2H7.v2 was vsed for further hurnanization.

Table 1 shows the oligonucleotide scquence used to create each of the murine 2H7 (n2H7) CDRs
in the H and 1. chain. For example, the CDR-HI oligonuclcotide was used 10 recreate the m2H7 H chain
CDR1, CDR-HIL, COR-HZ and CDR-H3 refers to the H chain CDR 1, CDR2 and CDR3A. respectively;
similarly, CDR-L1, CDR-L2 and CDR-L3 refers to cach of the L chain CDRs. The substitutions in CDR-H2
were done in two steps with two oligonuclcotides, CDR-H2A and CDR-H2B.

Table 1. Qligonucleotide sequences nused for construction of the CDR-swap of murine 2H7 CDRs into a

human framework in pV.¥4., Residues changed by each oligonucleotide are underlined.

Substifution Qligonucleotide sequence

CDR-H3 C TAC ACC TTC ACG AGC TAT AAC ATG CAC TGG GTC CG
(SEQ ID NO. 27)

CDR-H2A G ATT AAT CCT GAC AAC GGC GAC ACG AGC TAT AAC CAG AAG
TTC AAG GGC CG (SEQ TD NO. 28)

CDR-H2B GAA TGG GTT GCA GCG ATC TAT CCT GGC AAC GGC GAC AC
(SEQ ID NO. 29)

CDR-H3 AT TAT TGT GCT CGA GTG GTC TAC TAT AGC AAC AGC TAC TGG
TAC TTC GAC GIC TGG GGT CAA GGA (SEQ 1D NO. 3(0)

CDR-1.1 CTGC ACA GCCAGCTCT TCT GTC AGC TAT ATG CAT TG
(SEQTD NO. 31)

CDR-L2 AA CLIA CTG ALT TAC GCY CCA TCG AAC CLTC GCG TCT GGA GTC C
(SEQ ID NQ. 32)

CDR-L3 TAT TAC TGT CAA CAG TGG AGC TTC AAT CCG CCC ACA TTT GGA.
CAG (51Q 1D NO. 33)
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Foy comparison with humanized constructs, a plasmid expressing a chimeric 2H7 Fab {containing
murine Vi, and Vy domains, and human Cp, and CH| domains) was constructed by site-directed mutagenesis
(Kunkel, supre) using synthetic oligonucleotides to introduce the murine framework residues into 2H7.v2,
The sequence of the resulting plasmid construct for expression of the chimerie Fab known as 2H7.v6.8. is

10 shown in Fig. 3. Each encoded chain of the Fab has a 23 amino acid SeI secretion signal sequence as
dascribed for pVX4 (Fig.2) above.

Based on a sequence comparison of the murine 2ZH7 framework residucs with the human VoI, VI
consensus frumework (Figures 1A and 1B) and previously humanized antibodics (Carter et al., Proc. Natl.
Acad, Sei. USA 89:4285-4289 (1992)), several framework mutations were intoduced into the 2H7.v2 Fab

15 construct by site-directed mulagencesis. These mutations result in a change of certain humnan consensus
framcwork residues to those found in the murine 2H7 framework, at sites that might alfect COR

conformations or antigen contacts. Version 3 contained VH(R71V, N73K), version 4 contained Vy(R71V),

version 5 contained Vg{R71V, N73K) and V(LA6P), and version 6 contained Vi(R71V, N73K) and

Vi{L46T, TATW),

20 Humanized and chimerie Fab versions of m2H7 antibody were cxpressed in E. coli and purified as
follows. Plasmids were transformed into E. coli strain XL~1 Blue (Stratagene, San Dicgo, CA) for
preparation of double-and single~stranded DNA. For each varjant, both light and heavy chains were
completely sequenced using the dideoxynucleotide method (Sequenase, U.8. Biochemical Corp.). Plasmids
were transformed into E. coli strain 1609, a derivative of MM2924, plated onto LB plates containing 5 |Lg/ml]

25 carbenicillin, and a single colony selected for protein expression. The single colony was grown in 5 ml LB-
100 pg/mi carbenicillin for 5-8 h at 37° C. The 5 ml culture was added to 500 ml AP5-1 00 pg/mi
carbenicillin and allowed to grow for 16 h in a 4 L baffled shake flask at 37°C. APS media consists of: 1.5g
glucose, 11.0 Hycase SF, 0.6g yeast cxtract (certitied), 0.19g anhydrous Mz804, 1.07g NH4Cl, 3.73g KCL,
1.2 NaCl, 120 m} } M triethanolamine, pH 7.4, to 1 L water and then sterile filtered through 0.1 ym

30 Sealkeen filter.
Cells were harvested by cenwifugation in a 1 L centrifuge bottle (Nalgene) at 3000xg and the

supcrnatant removed. After freezing for 1 h, the pellet was resuspended in 25 ml cold 10 mM MES-10 mM
LIYTA. pH 5.0 (buffer A). 250 pl of 0.1M PMSF (Sigma) was added to inhibit proteolysis and 3.5 ml of
stock 10 mg/ml hen egg white lysozyme (Sigma) was added to aid lysis of the bacterial cell wall. After

25  gentle shaking on ice for 1 b, the sample was centrifuged at 40,000xg for 15 min. The supernatant was
browughs to 50 ml with buffer A and loaded onto a 2 ml DEAE column equilibrated with buifer A. The flow-
through was then applicd to a protein G-Sepharose C’L-412 (Pharmacia) column (0.5 ml bed volume)
equitibrated with buffer A. The column was washed with 10 ml buffer A and eluted with 3 i 0.3 M
glycine, pH 3.0, into 1.25 ml ) M Tris, pH 8.0. The F(ah) was then buffer exchanged into PBS using a

A Centricon-30 (Amicon) and concentrated to a fimal volume of 0.5 ml. SDS-PAGE gels of all F(ab)s were run

to asccrtain purily and the molocular weight of each variant was verified by electrospray mass specirometry.
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] In cell-based CLISA binding assays (described below), the binding of Fabs, including chimeric 2H7
Fab, to CD20 was difficult 1o detect. Therefore, the 2H7 Fub versions were reformatted as full-length IsG1
antibodics for assays and further tnutagenesis,

Plasmids for expression of full-length TgG’s were constructed by subcloning the Vi and Vi

domains of chimeric 2H7 (v6.8) Fab as well as hwnanized Fab versions 2 to 6 into previovsly deseribed

19) pRK vectors for mammalian cell expression (Gorman et al., DNA Prot. Eng. Tech. 2:3-10 (1990)). Briefly,
cuech Fab construct was digested with EcoRV and Bipl to excisc a Vy, fragment, which was cloned into the
EraRV/{BIpl sites of plasmid pDR1 (Fig. 4) for expression of the complete light chain (Vi -CL domaius).
Additionally, each Fab construct was digested with Pvudl and Apel to excisc a Vi fragment, which was
cloncd into the PvullApal sites of plasmid pDR2 (Fig. 5) for expression of the complete heavy chain (V1i-

15 CHy-hinge-CHz-CHj3 domains). For cach TgG variant, transient transfections were performed by
cotransfecting a light-chain expressing plasmid and a heavy-chain expressing plasmid into an adenovirus-
transformed human embryonic kidney cell line, 293 (Graham et al., J, Gen. Virol., 36:59-74, (1977)).

Bricfly, 293 cells were split on the day prior to transfeetion, and plated in serum-containing medium. On the

following day. double-stranded DINA prepared as a calejum phosphate precipitate was added, followed by

20 pAdVAntage™ DNA (Promega, Madison, W), and cells were incubated overnight at 37°C. Cells were
cultured in scsum-free medium and barvested after 4 days. Antibodies were purified from culture
supernatants using protein A-Sepharose CL~41B, then buffer cxchanged into 10 soM sodium succinate, 140
mM NaCl, pH 6.0, and concentrated psing a Centricon-10 (Amicon). Protein concentrations were
determined by quantitaiive amino acid analysis.

25 To measure relative binding affinities to the CD20 antigen, a cell-based BLISA assay was
developed. Human B-lymphoblastoid WIL2.8 cclls (ATCC CRL 8885, Ametican Type Culture Collection,
Rockyville, MD) were grown in RPMIT 164Q supplemented with 2 mM L-glutamine, 20 mM HEPES, pH 7.2
and 109 heat-inactivated fetal bovine serum in 2 homidifted 5% CQ; incubator. The cells were washed with
PRS containing 1% FBS (assay buffer) and seeded at 250-300,000 cell/well in 96-well round bottom plates

30 (Nunc, Roskilde, Denmark). Two-fold serially diluted standard (15.6-1000 ng/ml of 2H7 v6.8 chimeric 1gG)
and threefold serially diluted samples (2.7-2000 ng/mi) in agsay buffer were added 1o the plates. ‘The plates
were buried in ice and incubated for 45 min. Ta remove the upbound antibody, 0.1 mL assay buffer were

added to the wells. Plates were centrifuged and supernatants were removed, Cells were washed two more
times with 0.2 mL assay buffer. Antibody bound to the plates was detceted by adding peroxidase conjugated

35 goat anti-human Fe antibody (J ackson ImmunoResearch, West Grove, PA) to the plates. After a 43 min
incubation, cells were washed as described before. TMB substrate (3,3',5,5'-tetramethyl benzidine;
Kirkegaard & Perry Laboratories, Gaithersburg, MD) was added to the plates, Jhe reaction was stopped by
2dding 1 M phosphoric acid. Titration curves were fit with a four-parameter nonlinear regression curve-
fitting program (KaleidaGraph, Synergy software, Reading, PA). The absorbance at the midpoint of the

40 titration curve (mid-OD) and its corresponding concentration of the standard were determined. Then the
concentration of each variant at this mid-OD was determined, and the concentration of the standard was

divided by that of cach vatiant, Hence the valucs are a ratio of the binding of cach variant relative to the

48
AMENDED SHEET
PAGE 49/67 * RCVD AT 412612005 2:48:59 PM [Eastern Daylight Time] * SVR:USPTO-EFXRF-126 * DNIS:2730827 * CSID:630 932 9881  * DURATION (mm-s):24-56



2003301079 23 Nov 2007

10

15

20

- 49 -

standard. Standard deviations in relative affinity (equivalent concentration)

were generally +/-10% between experiments.

As shown in Table 2, binding of the CDR-swap variant (v.2) was
extremely reduced compared to chimeric 2H7 (v.6.8). However, versions 3 to 6
showed improved binding. To determine the minimum number of mutations that
might be required to restore binding affinity to that of chimeric 2H7,
additional mutations and combinations of mutations were constructed by site-
direct mutagenesis to produce variants 7 to 17 as indicated in Table 2. In
particular, these included V, mutations A49G, F67A, I69L, N73K, and L78A; and
V, mutations M4L, M33I, and F71Y. Versions 16 and 17 showed the best relative
binding affinities, within 2-fold of that of the chimeric version, with no
significant difference (s.d. = +/-10%) between the two. To minimize the
number of mutations, version 16, having only 4 mutations of human framework
residues to murine framework residues (Table 2), was therefore chosen as the

humanized form for additional characterization.

Table 2. Relative binding affinity of humanized 2H7 IgG variants to CD20
compared to chimeric 2H7 using cell-based ELISA. The relative binding is
expressed as the concentration of the chimeric 2H7 over the concentration of
the variant required for equivalent binding; hence a ratio <1 indicates
weaker affinity for the variant. Standard deviation in relative affinity
determination averaged +/-10%. Framework substitutions in the variable
domains are relative to the CDR-swap version according to the numbering

system of Kabat (Kabat et al., supra).

2H7 version | Heavy chain(V,) substitutions Light Chain(V,) substitutions Relative binding
6.8 {Chimera) (Chimera) -1-
2 (CDR swap) {CDR swap) 0.01
3 R71V, N73K (CDR swap) 0.21
4 R71V (CDR swap) 0.21
5 R71V, N73K L46P 0.50
6 R71V, N73K L46P, L47W 0.58
7 R71V L46P 0.33
8 R71V, L78A L46P 0.19
9 R71V, F67A L46P 0.07
10 R71V,F67A, I69L L46P 0.12
11 R71V, F67A, L78A L46P 0.19
12 R71V L46P, M4L 0.32
13 R71V L46P, M33I 0.31
14 R71V L46P, F71Y 0.25
15 R71V L46P, M4L M331 0.26
16 R71V, N73K, A49G L46P 0.65
17 R71V, N73K, A49G L46P, L4T7W 0.67
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5 Table 3 Oligonucleotide sequences used for construction of mutations VH(A4YG, R71 V, N73K) and
VI(LAGP) in humanized 2H7 version 16 (2H7.v16). Underlined cadons cneode the indicated amino acid
substitutions. For Vi (R71V, N73K) and Vi, (LAGP), the oligos are shown as the sensc strand since these
were used for mutagenesis on the Fab template, while for Vi (A49G), the oligo is shown as the anti-scnse
strand, since this was used with the pRK (g heavy chain) template. The protein sequence of version 16 is

10 shown in Fig. 6 and Fig. 7.

Substitution Qligopucleotide sequence
Vi (R7T1V, N73K) GTITC ACT ATA AGT GTC GAC AAG TCC AAA AAC ACA TT
(SEQ TD NO. 34)
Vi (A49G) GCCAGGATAGATGGCGCCAACCCATTCCAGGCC (8EQ ] NO. 35)
V, (LA6P) AAGCTCCGAAACCACTGATTTACGCY (SEQ ID NO. 36) ]
Example 2

Antigen-binding determinants (paratope) of 2H7
Alanine substitutions (Cunningham & Wells, Science 244: 1081-1085 (1989 were made in
15 2H7.v16 or 2H7.v17 in order to test the contributions of individual side chains of the antibody in binding to
(D20. JgG variants were cxpressed in 293 cells from pDR1 and pDR2 vectors, purified, and assayed for

relative binding affinity as described above. Scveral alanine substitutions resulted in significant decreases in
relative binding to CD20 on WIL-28 cells (Table 4).

20 Tahle 4, Effects of alanine substitutions in the CDR regions of homanized 2H7.v16 measored using cell-
based RLISA (WIL2-8 cells). The relative binding is expressed as the concentration of the 2H7.v16 parent
aver the concentration of the variant required for equivalent binding: hence a ratio < | indicates weaker
affinity for the variant; a ratio >1 indicates higher affinity for the variant. Stundard deviation in relative
affinity determination averaged +/- 10%, Framework substitutions in the variable domains are relative to

25 217916 according to the numbering system of Kabat (Kuabat ot al., supra). NBD means no detectable

binding. The two numbcers for version 45 arc from scparate experiments.

oH7 CDR eavy chain___|Lipht chain [Relative binding
version  flocation  |substitutions substitutions
16 - - - -1
140 H1 G264, - 0.63
141 H1 Y27A, - 0.47
34 H1 T28A - 0.86
35 H1 [F29A - 0.07
36 - [HI 1304 - 0.81
37 H1 5314 - 0.97
142 111 [Y32A - 0.63
143 H1 IN33A - NDEB
144 H1 M34A - 1.2
145 H1 H3SA - <<().25
146 H2 IASOG - 0.3]1
147 H2 I151A - .65
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38 12 Y52A - 0.01

148 H2 P522A - 0.66

39 H2 G53A - 0.89

67 H2 INSAA . 1.4

40 H2 GSSA - 0.79

41 H2 ID56A - 2.0

R9 H2 157A - 0.61

90 H2 S58A - 0.92

91 F2 Y50A - 0.74

o2 B2 NGOA - 0.80

03 H2 Q614 - 0.83

04 H2 K62A " 0.44

05 112 F63A, . 0.51

23 H2 V71A - 0.96

149 H2 K64A - 0.82

150 F2 GG5A . 1.2

153 H3 VOSA - 0.89

42 H3 VU6A - 0.9%

43 H3 Y97A - 0.63

44 F13 YO8A - 0.40

45 F3 590A - 0.84: 0.92

46 H3 N100A. - 0.81

47 H3 5100aA - 0,85

48 H3 Y 100bA - 0.78

49 H3 [W100cA - 0.02

59 H3 Y100dA - 0.98 .

60 H3 17 100eA - NDJB =

61 H3 D101A - 0.31

151 H3 V10ZA - 1.1

117 L1 . R24A 0.85
T . 118 L1 - 425G 0.86
iy 119 L1 - S26A 0.98

120 L1 - S27A 0.98

121 L1 - S28A 1.0

122 L1 - V294 .41

50 1.1 - S30A 0.96

151 .1 - YV 32A 1.0

123 L1 - M33A 1.0

124 L1 - H34A 0.21

125 .2 - AS0G 0.92

126 L2 - P51A 0.83

157, .2 - S52A 0.80

53 1.2 - IN53A 0.76

54 L2 - LS4A 0.60

127 L2 - A55G 1.1

128 L2 - S56A 1.1
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129 1.3 - 0Q39A 0.46
130 L3 - Q20A (0,22
55 1.2 - WOTA 0.88
56 13 - S92A 1.1
57 1.3 - FO3A 0.36
58 .3 - INO4 A 0.61
131 1.3 - POSA INDB
132 L3 - POGA. 018
133 L3 - T97A <0.22
5
Example 3

Additional mutations within 2H7 CDR regions
Substitutions of additional residucs and combinations of substitutions at CDR positions that were
identified as important by Ala-scanning were also tested. Several combination variants, particularly v.94

10 appeared to hind more tightly than v_16.

Table 5. Effects of combinations of mutations and non-alaninc substitutions in the CDR regions of
humanized 2H7.v16 measurcd using cell-based BLISA (WIL2-8 calls), The relative binding to CD20 is
expressed as the concentration of the 2H7.v16 parcnt over the concentration of the variant requited for

15 equivalent binding; hence a ratio <1 indicates weaker affinity for the variang; a ratio >1 indicates higher
affinity for the variant. Standard deviation in relative affinity determination averaged +/- 10%. Framcwork
substitutions in the variable domains are relative to 287.v16 according to the numbering systemn of Kabat

(Kahat et al,, supre).

2H7 Heavy chain ight chain IRelative: binding
version Jsubstitutions substimtions
16 - - -1-
i8] D56A, W100A BU2A 3.5
97 S99T, N10OG, Y100bY - 0.99
98 899G, N1008, Y100bl - 1.6
DY N100G, Y 100bL - .80
_I 01 N548. D5GA - 1.7
102 [N54K, D56A - 0.48
103 D5OA. NIOOA n 2.1
104 SO9T, N100G - 0.81
105 599G, N10OS - 1.1
106 N100G - b 1
167 S100aG, Y1008S -
136 D564, N100A S56A, SO2A 2.6
137 D56A, N100A AS55G, S92A 2.1
156 D36A, NTODA S26A, 856A, 892A 2.1
107 D5OA, NT1OOA, Y100bI S92A not expressed
182 Y2TW -
52
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183 |y27F -
184 [r29y ;
185 [loow -
186G [yaw -
187 |Y32W ;
188 [N33Q ;
189 [N33D -
190 |N33Y -
191 [N338 _
208 _[H355 _
209 |A50S ;
210 |ASOR ;
211 . IASOV -
212 |ASOL -
168 |Y52W ;
169 [v52F . 0.75
170 |NS4D - 0.25
171 |N548 - 12
172 |Dsék - 1
173 |D56R .
174 __|D56H . 15
175 |Dsép - 1.2
213, [D36S -
214 |D56G -
215 |DS6N -
216 [DS6Y -
176 |Y59W -
177 |v50F -
180 |K62R -
181 [K62D -
178 [F63W -
179 [Feay -
157 |[yorw . 0.64
158 [Y97F - 12
159 |[V98W - 0.64
160 |vogF - 0.88
06 IN100G -
161 [W100cY - 0.05
162 [W100cK - 0.27
163 [F100eY - 0.59
164 [FIO0CW - 0.71
165 [DI0IN - 0.64
166 |S99G, N100G, $100aD,Y 100b defeted - 0.99
217 |viozy - 1.0
207 |- H34Y
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192 - ()89E
193 - Q89N
194 - QY0E
183 - QOON
196 - ' WolyY
197 - WOl
205 - S92N
206 - 592G
198 u Fa3Y
199 - FO3W
204 - U35, No4Y
200 - POGL
201 - PYeY
202 - POEW
203 - POER
5
/’*} Example 4
b Mutations at sites of framework humanization subsiitutions

Substitutions of additional residuoes at framework positions that were changed during humanization
10 were also tested in the 2H7,v16 background. In particular, alternative framework substitutions thal were
neither found in the murine 2H7 parcnt nor the humnan conscnsus framework were made at Vi (P46) and
Viu(G49, V71, and K73),
These substitutions generally led to little change in refative binding (Table 6), indicating that there

ix some [exibility in ftamework residues at these positions.

Tahle 6. Relative binding in a ccll-based (WIL2-8) assay of framework substitutions. IgG variants are
shown with mutasions with respect to the 2H7.v16 backgsound. The relative binding is cxpressed ss the
concentiation of the 2H7.v6.8 chimera over the concentration of the variant requited for cquivalent binding;
lienee 4 ratio <1 indicates weaker affinity for the variant; a ratio »1 indicates higher affinity for the variant.

20  Standard deviation in relative affinity determination averaged +/~ 10%. Framework substitutions in the

variable domains are relative to 2H7.v16 according to the numbering systém of Kabat (Kabat et al., supra).

(") Variants that wens assayed with 2H7.v16 as the standard comparator; relative values are normalized to

that of the chimera.

2H7 tleavy chain Light chain Rclative binding
vergion  |substitutions substitutions

6.8 (t;hjmera)_m_ (chimera) -1-
16 - - .64
78 K73R - 0.72
79 K73H - .49
B0 K73Q - N.58
21 V71 - n.42
B2 VvIIT - .58
83 V71A “

34 Q498 0.32
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R5 (G491 -

R6 - PAGE (.22

87 - P46V (.51

88 - P4GT

108 G49A, V71T, K73R S92A. M32L, P46T 0.026%

10y G4A9A, Ad9G, VTIT. K73R S92A, M32L. P461 0.026%

110 K73R, DS6A, N10DA. S92A, M321. INot cxpressed
111 G49A, V71T, K73R - 10.46%

112 G494, AS0G, V71T, K73R - 10.12%*

(*) Varian(s that were assayed with 2H7.v16 a5 the standatd comparator;
relative valucs are normalized 1o thas of the chimera,

Example 5
Humanized 2H7 variants with exhaoced effector functions

Bcreanse 2H7 can mediate lysis of B-cells through hoth complement-dependent cytotoxicity (CDC)
and antibody-dependent. cellular cytotoxicity (ADCC), we sought to produce variants of humanized 2H7.v16
with improved CDC and ATDCC activity. Mutations of certain residues within the Fc regions of other
antibodies hava been deseribed (Idusogie et al., f. Jaumunol, 166:2371-2575 (2001)) for inproving CDC
through enhanced binding to the complement component Clg, Mutations have also been deseribed (Shiclds
ctal., J. Biol, Chent, 276:6591-6604 (2001); Presta ¢t al., Bivchem. Soc, Trans. 30:487-490 (2002)) for
improving ADCC through enhanced EgG binding to activating Foy receptors and reduced TgG binding to
inhibitory Licy receptors, Jn particular, three muiations have heen identified for improving CDC and ADRCC
activity: S298A/E333A/K334A (also referred 1o herein as a triple Ala mutant or variant: numbering in the Fe
region is sceording to the EU numbcering system; Kabat et al.. supra) as described (Idusogie et al.. supra
(2001): Shiclds ct al., sugra).

Tn order to enbance CDC and ADCC activity of 2H7, a tniple Al mutant of the 2H7 Fo was
constructed, A humanized variant of the anti-HER?2 antibody 4d5 has heen produced with mutations
S298A/E333AIK334A and is known as 4D51¢110 (Le., anti-p ™ HER2 1gG1 (5298A/H333A/K334A);
Shiclds ef al., supra). A plasmid, p4D5Hc110 encoding antibody 4D5Fe110 (Shields et al., supra) was
digested with Apal and firdIlL, and the lic-fragment (containing mutations S298A/E333A/K334A) was
ligated into the Apal/fiindil sites of the 2H7 heavy-chain vector pDR2-v16, ta produce pDR2-v31. The
amino acid sequenee of the version 31 complete X chain is shown in Fig. 8. The T, chain is the same as that
of viG,

Although the constant domains of the Fe region of I2G1 antibodies are relatively conserved within
a given specics, allelic variations exist (reviewed by Leftanc and Lefranc, in The Auman lgG subclasses:
medecufar analysis of structure, funcsion, and regulation, pp. 43-78, F, Shakib (ed.), Pergaunmon Press,

Oxford (1990)).

Table 7. Effects of substitutions in the Fe region on CD20 binding. Rclative binding to CD20 was
measured in g cell-based (WIL2-8) assay of framework substitutions. Fe mutations (*) are indicated by EU

nombering (Kabat, supra) and are relative to the 2H7.v16 parent. The combination of three Ala changes in
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5 the Fe region of v.31 is described as “Fel 10" Tg( variants are shown with mutations wilh respeet to the
2H7.v16 background, "Uhe relative binding is expressed as the conceniration of the 2H7.v6.8 chimera over
the concentration of the variant required for equivalent binding; hence a ratio <1 indicates weaker affinity

for the variant, Standard deviation in relative affinity detcrmination averaged +/- 10%.

2H7 Fc Relative
version Substitutions™® binding
6.8 - -1-

16 . 0.65

31 S5298A, E333A, K334A 0.62

10
Example 6
Humanized 2H7 variants with enhanced stability

For development as therapeutic proteins, it is desirable to choose vagiaits thal xemain stable with
respect Lo oxidation, deamidation, or other processes that may affect product quulity, in a suitable

15  formulation buffer. Tn 2H7.v16, several residues were identified as possible sources of instability: V1.

(M32) and VH (M34, N100), Yherefore, mutations were introduced at these sites for comparison with v16.

Tahle &. Relative binding of 2H7 variants designed for enbanced stability andfor effeclor {unction, to CD20
in a ecll-hased (WTT.2-S) assay. JaG varjants are shown with mutations with respect (o the 2H7.v16
20 background, The refative binding is expressed as the concentratioi of the 2H7.v6.8 chimera over the
concentration of the variant required for equivalent binding; henee 4 vatio <1 indicates weaker affinity for
the variant. Standard deviartion in relative affinity determination averaged +/- 10%. Framework
substinztions in the variable domains are relative w 2H7.v16 according to the numbering system of Kabat
and Fe mutations (*) are indicated by BU numbering (Kabal et al., supra), (*¥) Variants that were measured
25 with 2H7.v16 as the standard comparator; relative values are normalized to that of the chimera,
Additional Fe mutations were combined with stability or affinity-enbancing mutations to alter or
enhance effector functions based on previnusly reported mutations (Idusogic ct al. 2000y
Idusogie et al. (2001); Shields et al. (2001 ). These changes include 5298, E333A, K3344 as described in

Example 5; K3224 to reduced CDC activity; D265A to reduce ADCK activity; K3Z6A or K326W
30 enhance CDC activity; and E356D/M338L (o test the effects of allotypic changes in the Fe region. None of
these mutations caused significant dilferences in CD20 binding affinity,

E!—ﬁ Hcavy chain  {Light chain  {Fc changes * Relative
version (Vi) changes  {(Vy) changes binding
6.8 (chimera) (chimera) - -1-
16 - - - .65
62 - IM32L - 0.46
63 M4l - - 0.49
64 IN100A “ .
65 INTOOA L4TW - (.74
66 SO0A LATW - .62
67 N34A - -
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58 - M3Z1 - 0.48
69 - M32L - 0.52
70 N100A - 52084, 43334, K334A 0.80
71 N 100D - S208A, B333A, K3HA. 0.44
72 NI10OA M321 - 0.58
73 N10OA M32L - 0.53
74 N10UA M321 S208A, F333A, K334A 0.61
75 N1GDA M32L 5298A, F333A, K334A 0.60
113 - - IE356D, M358]. 0,60
114 D36A, NI0OA [M32L, S92A  [S298A, E333A, K334A 1.2%%
115 Ds6A, NIOOA [M32L, 592A  [S298A, E333A, K334A, F356D, M358L 1.4
116 N56A, N100A [M32L. S924  [$298A. K3344, K322A 1.0
134 D56A, N10DA [M32L, 892A  [R3561D, M358L., 2654 1.5%%
135 DS6A, N10OA |[M32L, 892A  [E356D, M358L, D265A, K326W 0.05%
148 D564, N100A [M32L. S92A [$298A, 3334, K324A, K326A 1.2
139 D56A, NT00A |[M32L. 892A  [S2984, 3334, K334A, K326A, E356N, M358L {1.1%+
154 . - D265A, 0.70%*
155 - - S298A, K322A, K3344 0,704

{**) Variants thar ware meagured with 2H7.v16 as comparator;
relative hinding values are normalized to that of the chimera.

"Fo test the effects of stability mutations on the rate of protein degradation, 2ZH7.v16 and 2H7.v73
were formulated at 12-14 mg/mL in 10 mM hisddine. 6% sucrose, 0.02% polysorbate 20, pH 5.8 and
incubuted at 40°C for 16 days. The incubated samples were then assuyed for changes in chasge variants by
jon exchange chromatography, aggregation and fragmentation by size cxclusion chirornato graphy, and

10 relative hinding by testing in a cell-based (WIL2-5) assay.

The results (Fig. D) show that 2H7 v.73 has greater stahility compared to 2H7 v.16 with respect to

Josses in the fraction of main peak by ion exchange chromatography under accelerated stability conditions.

No significant differences were seen with respect to aggregation, fragmentation, or binding affinity.

15 Example 7
Seatchard analysis of antibody binding to CD20 on WIL2-S cells

Equilibrivm dissociation constants (Ky) were determined for 2H7 TgG variants binding to WTL2-5
cclly using radivlabeled 2H7 1gG. 1gG variants were produced in CHO cells. Rituxan® (source for all
experiments is Genentech, 8. San Lraneisco, CA) and murine 257 (BI> PharMingen, San Diego, CA) were

20 used for comparison with humanized variants, The murine 2HT ansibody is also available from other
sources, c.g., cBioscience, and Calbiochem (both of San Diego, CA), Accurate Chemical & Scientific Corp.,
{Westhury, NY), Anccll (Bayport, MN), and Vinci-Biochem (Vinci, 1taly). All dilutions were performed in
binding assay buffer (JMEM media containing 1% bovine serum albumin, 25 mb HEPES pH 7.2, und
0,01% sodium azide). Aliguots (0.025 mL) of 125 917 416 (lodinated with lactoperoxidase) at a

25 concentratian of (0.8 "M were dispensed into wells of a V-bottom 96-well microassay plate, and serial
dliutions ¢0.05 rl.) of cold antibody were added and mixed. WIL2-8 cells (60,000 cclls in (.025 mL) were
then added. The plate was sealed and incubated at room temperature for 24h, then centrifuged for 15 min at
3,500 RPM. ‘The supernatant was then aspirated and the cell pellet was washed and centrifuged. The
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supcTnatant was again aspirated, and the pallets were dissolved in 1N NaOH and transferred to tubes for
pamina counting, "The data were used for Svawhard analysis (Munson and Rodbard, Aral, Biochem,
107:220-239 (1980)) using the program T.igand (McPherson, Comput. Programs Biomed. 17: 107-114
(1983)). The resulis, shown jo Table 9, indicate that humanized 2H7 variants had similar CID20 binding
affinity as compared to mutine 2H7, and similar binding affinity to Rituxan®. It is expected that 2H7.v31

will have very simijlar X4 10 v.16 on the basis of the binding shown in Table 7 above,

Table 9. Equilibrium binding affinity of 2H7 variants from Scatchand analysis

Antibody variant Ky (nM) n
Rituxan 0.99+049 |3
2H7 (murine) 1.234029 |3
2H7.vI6 0.84+0.37 | 4
207473 1.2240.39 1 4
2H7.575 1.09+0,17 | 4
Example 8

Complement Dependent Cytotoxicity (CDC) Assays

2H7 1gG variunts were assayed for their ability to mediate complement-dependent lysis of WIL2-8
cells, 1 CD20 cxpressing lymphoblastoid Bcell line, esseatially as described (Idusagie et al., J. Immunol,
164:4178-41854 (2000); Idusogic ot al., J. Inwnunol. 166:2571-2575 (2001)). Antibodics were serially diluted
1:3 from a 0.1 mg/mk stock solution. A (.05 mL aliguot of each dilition was added (o a 96-well tissuc
culture plate (hat contained 0.05 mL of a solution of normal human complement (Quidel, San Dicgo, CA)
T'o this mixture, 50,000 WIL2-S cells were added in a 0.05 mL volume. Afier incubation for 2h a1 37°C,
(.05 mL of a zolution of Alamar blue (Accumed Tniernational, Westlake, OH) was added, and incubation
was continued for an additional 184 a1 37°C. Covers were then removed from the plates, and they were
shaken for 15 min at room erperalure on an orbital shaker. Relative fluorescent units (REU) were read
using a 330 nm excitation filter and a SY0 nm ¢mission flter. An ECsp was calculated by fitting RFU as a
fuaction of concentration for each antibody using KaleidaGraph software.,

"T'he results (Lable 10) show surprising improvernent in CDC by humanized 2H7 antibadies, with
relative potency similar to Rituxan® for v.73, 3-fold morc potent than Ritnxan® for v.75, and 3-fold weaker
than Rituxan® for v.16.

Table 10, CDC activity of 2H7 antibodies compared to Rituxan, Numbers =1 indicate less potent CDC
activity thun Rituxan® and numbers <1 indicate more potent activity than Rituxan®. Antihadies were
produced from stable CHO lines, cxcept that thuse indicated by (%) were produced transiently .

Antibody variant [n lEan( varianlyECsy(Rituxan)
Rituxan® 4 |-1-

2H7.vI6 4 |3.72; 4.08

2H7. v31* 4 221

217 .73 4 11.05

2H7NTS 4 10.33

58

AMENDED SHEET
* DURATION 50748



APR-26-2085 12:084 FROM:GENENTECH LEGAL 65B 952 9881 PCTAJS 0 3 l 4 D 4 2 6

20

25

35

IPEA/US 13 JuL 2004

Aoroncy Docket No. P1990R3

ZH7.v96% 1.936
2H7.v114* 4 10.378
2H7.vii5* 4 10475
ZH7.v116* 1 100
2H7. v[35% 2 1042

Example 9
Amntibody Dependent Cellulax Cytotoxicity (ADCC) Assays

2ZH7 1gG variangs were assayed for their ability to medjate Natural-Killer eclt (NK ccll) lysis of
WIL2-8 cclls, 1 CD20 cxpressing lymphoblasioid B-cell line, essentially as described (Shiclds et al., J. Blol.
Chen, 276:6591-6604 (2001)) vsing a lactate dehydrogenase (LDH) readout. NK cells were prepared from.
100 mL of heparinized blowd, diluted with 100 mL of PBS (phosphate buffered saling), obtained from
normal human donors who had been isotyped for FeyRIIIL also known as CD16 (Koenc ot al., Blond
90:1109-1114 (1997)). Ia this experiment, the NK cells were from human donors heternzygous for CD16
(F158/V158). The diluted blood was layered over 15 mL of tymphocyte separation medium (JCN
Biovhemical, Aurora, Ohio) and centrifuged for 20 min at 2000 RPM., 'Whitc cclls at the interface between
layers were dispensed to 4 clean 50-mL tubes, which were filled with RPMI medium coutaining 15% fotal
calf serum. Tubes were centrifuged for 5 min at 1400 RPM and the supernatant discarded. Pellets were
resuspended in MACS huffer (0.5% BSA, 2miM EDTA), and NK cells were purified using beads (NK Cell
Isolation Kit, 130-046-502) according to the mamufacturer’s protocol (Miltenyi Biotech,), NK. cells were
diluted in MACS buffor to 2x10° celis/mL.,

Serial dilutions of antibody (0.05 mL) in assay mediven (1F12/DMUM 50:50 without glyeine, 1 mM
HEPLES buller pil 7.2, Peonicillin/Strapiomycein (100 unite/mL; Gibco), glutamine, and 1% heat-inactivated
fetal bovine ssrum) were added to a 96-well round-bottom tissue culture plate. WIL2-S cells were diluted in
assay buffer Lo a concentration of 4 X 10°mL, WIL2-S cells (0.05 ml. per well) were mixed with diluted
antibody in the 96-well plate and jncubated for 30 inin at room temperature to allow binding of antibody to
CN20 (apsonization).

The ADCC reaction was inifiaterd by adding 0 1 mT. of NK cells to cach well, In control wells, 29
Triton X-100 was added. 'The plaie was then incubated for 4h at 37°C. Levels of LDH releascd were
measured vsing a cytotoxicity (LDH) detection kit (Kith1644793, Roche Dingnostics, Indianuapolis, lndians.)
following the manufacturers inswuctions. 0.1 mL of LDH developer was added to each well, followed by
mixing for 10s. "The plate wasg then covered with aluminum foil and incubated in the dark at room
temperature for 15 min. Optical density at 490 nm was then read and use to calenlate % lysis by dividing by
the tota) LDH measured in control wells. Lysis was plotted as a function of antibody concentration, and a 4~
parameter curve fit (KaleidaGraph) was used to determine ECs concentrations.

The results showed that humanized 2H7 antibodies were active in ADCC, with relative potency 20-
fold higher than Rituxan® for v.31 and v, 73, 5-fold more potent than Rimuxan® for v.16, and atmose 4-fold
higher than Rituxan® for v.73,
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Table 11, ADCC activity of ZH7 antihodies on WI1L2-8 cells comparcd to 2H7.v16, based on n

experiments. (Values > indicate lower potency than 2ZH7.v 16, and valves <1 indicate greater putency.)

Antibody variant, n ECso{variant)/ECsn(2H7.v16)
Rituxuan® 4 5.3

2H7.vIG 5 |

2H7.v31 1 0.24

2A7.v73 5 1.4

2H7.v75 4 0.25

Additional ADCC assays were carried out to compare combination-vasiants of 2F7 with Rituxan®,
The results of these assays indicaled that 2ZH7.v114 and 2H7.v1 15 have > 10-fuld improved ADCC potency
as compared to Rituxan® (Lable 12).

Table 12. ADCC activity of 257 antibodies on WIL2Z-5 cells compared to Rituxan®, based on n

cxpariments (Values >} indicate lower potency than Rituxan®, and values <1 indicate greaier potency).

Antibody variant | EC50(variant)/EC50(Rituxan)
Rituxan® 2 {-1-
2H7 v.16 2 052
FH7 v.96 2 (.58
2H7.v114 2 10.093
ZH7.v115 2 j0.083
2H7.v116 2 10.30
Exomple 10

In vive effects of 2H7 variants in a pilot study in cynomolgus monkeys

2H7 variants, produced by transient transfection of CLO cells, were tested in normal male
eynomolpus (Macaca fascicularis) monkeys in order to evaluate their in vivo activities, Other anti-CD20
antibodies, such as C2B8 {Rituxan®) have demonstrated an ability to deplete B-cells in normal primates
(Reff et al., Blood 83: 435-445 (19940).

In onc study, humanized 2H7 varianis were compared. Tn a parallel study, Rituxan® was also
tested in cynomolaus monkeys. Four monkeys were used in each. of five dose groups: (1) vehicle, (2) 0.05
mp/kg huzH7.v16, (3) 10 mg/kg hu2H7.v16, (4) 0.05 mgfkg hu2K7.v31, and (5) 10 mg/kg bu2H7.v31.
Aitthodies were administered intravenously at a concentration of 0, 0.2, or 20 mg/mL, for a total of two
doses, one on day 1 of the study, and another on day 8, The first day of dosing is designated day 1 and the
previous day is designated day —1: the first day of recavery (for 2 unimals in cach group) is designated as
day 11, Binod samples were collected on days =19, -12, 1 (prior to dosing), and at 6h, 24h, and 72h
following the first dose. Additional samples were taken on day 8 (prior to dosing), day 10 (prior to sacrifice
of 2 animals/group), and on days 36 and 67 (for recovery animals).

Peripheral B-cell concentrations were determined by a FACS method that counted CD3./CD40+
eclls. The percent of CD3-CD404+ B cells of rotal lymphocytes in monkey samples were abtained by the
following gating strategy. The lymphocyte population was marked on the forward scatter/ side seatter
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scattergram to define Region 1 (R1). Using events in R1, fluorescence intensity dot plots were displayed for
CD40 and CD3 markers, Fluorescently labeled isotype controls were used to determing respective cutoff
points for C40 and CD3 pusitivity.

‘The results indicatod that hoth 2H7.v16 and 2H7.v31 were capable of producing full peripheral B-
ccll depletion at the 10 mg/kg dose and partial peripheral Bocell depletion at the 0.05 mg/kg dose (Fig. 11).
The time course and extent of B-cell depletion measured during the first 72k of dosing were similar for the
two antibodies, Subsequent analysis of the recovery animals indicated that animals treated with 2H7.v31
showed a prolonged depletion of B-cells as compared (o those dosed with 2H7.v16. In particular, recovery
animals treated with 10 mg/kg ZH7.v16, B-cells showed substantial B-cell recovery at some time between
sampling un Day 10 and on Day 36. However, for recovery animals treated with 10 mgfkg 2H7.v31, B-cells
did not show recovery until some time between Day 36 and Day 67 (Fig. 11). This suggesis a greater
duration of full depletion by abeut one month for 2H7.v31 compared o 2H7.v16.

No toxicity was observed in the monkey study at low or high dose and the gross pathology was
normal. 1o other studies, v16 was well toletated up to the highest dose cvaluated of (100mg/kgx2 = 1200
meg/m? x2) following i.v. administration ol 2 doses given 2 weeks apart in these monkeys.

Data in Cynomolgus monkcys with 2H7.v 16 versus Rituxan® suggests thata 5-fold reduction in
CDC activity does not adversely affect potency. An antibody with potent ADCC activity but reduced CDC
activity may have more favorable safety profile with regard 1o first infusion reactions than one with greater

CIC activity,

Example 11
Fucose deficient 2ZH7 variant antibodies with enhanced effector function

Normal CHO and HEK293 cells add fucase to IgG oligosaccharide to a high degree (97-98%). IgG
from sera are also highly fucosylated.

P12, a dihydrofolate reductase minus (DHFR?) CHO cell linc that iy fucosylation compelent, and
Lecl 3, & celf line that is deficient in protein fucosylation were used to produce antibodies for (his study, The
CHO celt line Pro-Lec13.6a (Lec 13), was obtained {rom Professor Pamela Stanley of Albert Einstein
College of Medicine of Yeshiva University, Parental fines are Pro- (proline auxotroph) and Gat- (glycine,
adenosine, thymidine auxotroph). The CHO-DPI2 cell linc is & derivative of the CHO-K1 cell line (ATCC
#CCL-61), which is dihydrofolate reductase deficient, and has a reduced requirement for insulin. Cell lines
were transfected with ¢DNA using the Superfect wethod (Qiagen, Valencia, CA). Selection of the Lec13
cells expressing transfected antibadies was performed using puromyein dibydrochioride (Calbiochem, San
Dicgo, CAY at 10 pg/ml jn growth medium containing: MEM Alpha Medium with L-glulamine,
ribonucleosides and deoxyribonucleasides (GIBCO-BRL, Gaithersburg, ME?), supplemented with 10%
inactivated 1BS (GIBCO), 10 mM AEPES, and 1X penicillin/streptomycin (GIBCQO). The CHO cells were
similarly selected in growth medium containing Ham's F12 without GHT: 1.ow Glucose DMEM without
Glycine with NaHCO3 supplemented with 5% FBS (GIBCO), 10 mM BEPES, 2 mM L-glutamine, 1X
GHI'(glycine, hypoxanthine,thymidine), and IX peunicillin/streptomycin,

Colonics formed within two to thtee weeks and were pooled for expansion and protein expression.

The cell pools were seeded initially at 3 x 10° cells/10 cm plate for small batch protein expression. The cells
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5 were converied (o serum-free media ance they grew 10 Y0-95% confluency and after 3-5 days ccll
supernatants were collected and tested ist an Fe 1gG- and intact TaG-ELISA (o cslimate protein expression
levels. Lecl3 and CHO cells were sceded at approximately 8 x 10° cells/15 cm plate one day priot o
converting to PS24 production medium, supplemented with 10 mg/LL recombinant human insulin and 1 mg/L
trace elements,

10 Lec!3 celis and DP (2 eells remained in serum-free production medium for 3-5 days. Supetnatants
wers collected and clarificd by centrifugation in 150 md conical tbes to remove cells and debris. The
protedse inhibitors PMISF and aprotinin (Sigma, St. Louis, MO) were added and the supernatants were
concentrated 5-fold on stitred cells using MWCO30 filters (Amicon, Beverly, MA) prior to immediate
purification using protein G chromatography (Amersham Pharmacia Biotech. Piscataway, NJ)). All protcing

15 ware buffer exchanged into phasphate-buffered saline (P1258) using Centripricp-30 concenrators (Amicon)
and apalyzed by SDS-polyserylamide ge! electrophoresis. Protein concentrations were determined using
AZ80 and verilied using amino acid composition analysis.

The CHO ¢ells were tmansfeeted with vectors cxpressing humanized 2ZH7v16, 2H7v.31 and selected
as described, "The 2H7v.16 antibody retams the wild (ype Fe region while v.31 (scc Example 5, Tahle 7

20 above) has an Fe region wherein 3 amino scid changes were mude (S2984, E333A, K334A) which results in

higher affinity for the FeyRMTa recepror (Shields et al. J. Biol. Chem. 276 (9):6591-G604 (2001)). Following

transfeetion and sclection, individual colonics of cells were isolated and evaluated for protein expression

level and the highest producers were subjected to methotrexate sclection to select for cells that had amplified
the plasmid copy number and which therefore produced higher levels of antibody. Cells were grown,

25 reansfermed 10 serwm frec medivm for a period of 7 days, thea (he medium was collecled, loaded onto a
protein A column and the antibody was cluted using standard techniques. The linal concentration of the
antihady was determined using an Elisa that measures intact antibody. All proteins were buller exchanged
into phosphate-buffered saline (PBS) using Centripriep-30 concentrators. (Amicon) and analyzed by $DES-
polyacrylamide gel electrophoresis.

30 Matriz-Assisted Laser DesorprionfTonization Tirne-af-flight (MALDI-TQF) Mass Spectral Analysis
of Aspuragine-Linked Oligosaccharides: N-linked oligosaccharides were released from recombinang
glycoprolcins using the procedure of Papac ef al., Glycobiology 8, 445-454 (1998). Briefly. the wells ofa 96
well PVDF-lined microtitre plate {Millipore, Bedford, MA) were conditioned with 100 p) methanol that was

drawn through the PDVE membranss by applying vacuum to the Millipore Multiscreen vacuum manifold.

35  The conditioned PVDF membrancs were washed with 3 X 250 pl water. Betweso all wash steps the wells
wete drained completely by applying gentle vacuum to the manifold. The membranes were washed with
reduction and carbosymethylation buffer (RCM) consisting of & M gnanidine hvdrochlaride, 360 mM Tris, 2
mM EDTA, pH 8.6. Glycoprotein samples (30 ug) were applied to individual wells, again drawn. through the
PVDF membranes by gentle vacuum and the wells were washed with 2 X 50 nf of RCM buffer. The

40  immobilized samples were reduced by adding 50 ul of a 0.1 M dithiothreitol (D1T) solution fo each well
and incubating the micratitre platc at 37°C for | tr. D1T was reinoved by vacuum and the wells were
washed 4 x 250 §l water, Cysteine residues were carboxylmethylated by the addition of 50 pl of a 0.1 M
jodoucetic ucid (IAA) solution which was freshly prepared in 1 M NaQH and diluted te 0.1 M with RCM
buffer, Carhoxymethylation was uccomplished by incubation for 30 min in the dark at sunbient temperature,
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5 Vacuun was applied to the plate to remove the TAA solution and the wells were washed with 4 x 250 pl
purificd water. The PVDE membranes were blocked by the addition of 100 1l of 1% PYP360
(pulyvinylpyirolidine 360,000 MW} (Sigma) solution and incubation for 1 hr at ambienl temperature. The
PYP-360 solution was removed by genile vacuum and the wells were washed 4 x 250 ] water. ‘The PNGasc
F (New Lingland Biolabs, Beverly, MA) digest solution, 23 ul of a 25 Unit/ml solution in 10 mM Tris

10 scewste, pH 8.4, was added to cach well and the digest proceeded for 3 br at 37°C. Afier digestion, the
samples were transferred to 500 wl Bppendor! tubes and 2.5 wIL of a 1.5 M acetic acid solulion was added to
cach sample. The acidified samples were incubated for 3 hr at ambicnt temperatie to ¢onvert the
oligosaccharides from glycosylamines to the hydroxy! form. Prior to MALDI-TOF mass spectral analysis,
the released oligosaccharides were desulted using a 0.7-ml bed of cation exchange resin (AG50W-X2 resin

15 in the hydrogen form) (Bio-Rad, Hereules, CA) slurried packed into compact reaction tubes (US
Bigchemical, Cleveland, OH).

For MALDI-TOF mass spectral analysis of the samples in the positive mode, the desalted
oligosaccharides (0.5 pl aliquots) were applied 5o the stainless lurget with 0.5 pl of the 2.5 dihydroxybenzoic
acid mairix (sTYHB) that was preparcd by dissolving 2 mg 2,5 dihydroxybenzoic acid with 0,1 mg of 5-

20 methoxyslicylic acid in 1 mil of ethunol/10 mM sodium chlorids 1:X (v/v). The sample/matrix. mixture was
driced Ty vacuumi. Lor analysis in the negative mode, the desalted N-linked oligosaccharides (0.5 pl aliquots)
were applied to the stainless target along with 0.5 wl 2°,4°,6"-trihydroxyacctophcnone matrix (THAP)
propared in 1:3 (v/v) acetonitrile/13.3 mM ammonium citrate buffer. The sample/matrix mixture was
vacuurn dried and then allowed o absorh atmospheric moisture prior 1o analysis. Released oligosaccharides

25 were analyzed by MALDI-TOF on a PerSeptive BioSystems Voyager-DFE mass spectroteter. The mass
apectrometer was operated at 20 kV either in the positive or negative mode with the linear configuration and
utilizing delayed extraction. 1ata wete acquired using & luser power of 1300 and in the data summation
mode (240 scang) to Improve the signal to noise, The instrument was culibrated with a mixture of standard
aligosaccharides and the data was smootbed using a 19 point Savitsky-Gulay algorithm before the masses

30 were assigned. Integration of the mass speectral data was achieved using Cacsar 7.0 data analysis software
packuge (SciBridge Software).

Nataral kitler (NK) cell antibody dependent cytoxicity assays.
ADCC assays were performed as described io Hxample 9. NK to target cell (WIL2-5) ratio was 4
10 1, assays were tun for 4 hours, and toxicity was measured as before using lactose debydrogenase assuy.

35  Target colls were opsonized with the concenirations of antibody indicated for 30 mia prios o addition of NK

cells. The Rituxan® antibody used was from Genentech (8. San Francisco. Ca). Figure 12shows the results

of a representative ADCC assay.
The results show that underfucosylated anthodies mediate NK cell target cell killing more

efficiently than do antibudies with a full complement of fucose. The underfucosylated anibody, 2H7v.31, is

4 most efficient at mediating target ccll killing. This antibody is effcctive at lower concentrations and is
capable of mediasing killing of a greater percentage of target cells at higher concentrationg than are the other
antihodics. The activity of the antibodics is as follows: Lec13-derived 2H7 v315> Lec 13 derived 2H7v16z>
Tp12 derived 2H7v3 15> Dp12 derived 2H7v16 > or = to Rituxan. The protein and carhohyrdrate alterations
are additive. Compatison of the carbohydrate found on native IgG from the Lec13-produced and CHO-
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5 produced JgG showed no appreciable differences in the extent of galactosylation and hence the results can be

atiribured solely 1o the presence/ubsence of fucose.

Example 12
Fucose-deficient 2H7 varciant antibodies with enhanced ADCC in vivo

0 This example describes ADCC activity in vivo of the fucose-delicient humanized 217 variants
including v. 16 and v.31 produced in Leel3 compared to normal fucosylated counterparts produced in DP12,
in mice expressing human CD16 [FeRyll] and human CD20.

Generation of huCD20Tg* huCDI16Tg" mCDI6" mice
Human CD20} transgenic mice were generaled from human D20 BAC DNA (Invitrogen, Carlsbad,
15 CA). Mice were scrconed hased on the FACS analysis of human CD20 expression, HuCD20 Tg" mice were
then ¢rossed with huCDH6Tg mCDI6™ mice 1o generate huCD20Tg huCD16 T mCD 167 mice.
In vivo treatmert
Ten to 100 pg of cach of the 2H7 variants or Rimxan® js administrated to
huCD20TE uCD16Tg mCD16™" mice via intraperitoneal injections. Rqual amount of isotype-matched
20 antibodies will be applied similarly to the nogative control group of animals,
Mouse lymphocytes preparation
Mouse lymphioeytes firoin whole bloud, spleen, lymph nodes and bone marrow are preparcd
according to standard protocol described in “Current Protocols in Tmmunology, edited by John Coligan, Ada
Kruisheek, Mavid Margulies, Lithan Shevach and Warren Strober, 1994™.
25 FACS analysis
Half million cclls are washed and resuspended in 100 pl of FACS bufler, which is phosphate
bulfered saline with 1% BSA, containing 5 ul of staining or contral antihody. Al the staining antibodies,
inchiding isatype controls, are abtained from PharMingen, San Diego, CA, Humar CD20 expression is
asgessed hy staining with Rimxan® along with FITC-conjugated antl-human 1gG1 secondary antibody.

30 FACS analysis is conducted using FACSean and Cell Quest (Becton Dickinson Inuunocytometry Systems,

San Jose, CA), All the lymphacytes ave definad in the forward and side light scatterings, while all the B

lymphocytes are defined with the expression of B220 on the cell surface.

B cell depletion and recavery are assessed by analyzing pesipheral B cell counts and analysis of
hCT204+ B cells by FACS in the spleen, lymph nodc and bone marrow on a daily basis for the first week
after injection and thereafter on a weekly basis. Serum levels of the injected 2H7 variang antibody are

35
wonitored,

The resolts of this in vivo assay conflrms the In vitro findings on the increased ADCC activity and
ereater B cell depletion of fucose-deficient 2107 variants over wild-type (with resepect 1o fucosylation)
glycosylation counterparts.

40
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S Example 13
Apoptosis Activity
Ami-CTx20 antibodies including Rituxan® have been shown to induce apoptasis in vitra when
crosshinked by a sccondary antibody or by chemical means (Shan ct al., Blood 9:1644-1652 (1998): Byrd et

10 al.. Blood 99:1038-43 (2002); Pederson ct al., Blood 99:1314-19 (2002)). When chemically crosslinked,
mourine 2117 dimers induced apoptosis of Daudi cclls (Ghetie et al., Prog Natl Acad Sci USA 94:7509-14
(1997)). Crosslinking with a secondary antibody also induced apoprasis with the murine 2H7 antibody (Shan
ct al., 1998). Thesc activities are believed 10 be physinlogically relevant because & variety of mechanisms
could lead to crosslinking of anti-CD20 antibodies bound (o cell-surface CD20 in vive.

15 RhuMADb 2H7.v16 |humanized 2H7 v16; RhuMAD stands for recombinant human monoclonal
antibody| and Rituxan® were compared in apoptosis assays in vitro using a secondary crosslinking antibody.
Ramos cells (CRL-1596, ATCC, Manassas, VA), a CI20-expressing. human B Iymaphocyte ccll line, were
wsed to measure the ability of the anti-CCI>20 monocional antibodies rhuM Ab 2047.v16 and Rituximab versus
4 negative-control antibody, Trastuzumah (Ferceptin®, Genentech, South San Francisco, CA), 1o induce

20 apoptosis as measured through Annexin V staining and propidium iodide dye exclusion (Vybrant®
Apuptosis Assay Kit, Molccular Probes, Scatde, WA). The Ramos cells were cultured in RPMI-1640
medium (Gibeo, Rockville, MDY containing 10% fctal bovine serum (Biosowrce Intcrnational, Camarillo,
CA) and 2 mM L-glutanine (Gibeo), Prior to being assayed, the cells were washed (wice in fresh media and
then adjusted to a cell concentration of 2 X 10° pet L., Cells (150 UL wers added to 96-well assay plates

25 (Recton Dickinson, Palo Alto, CA) which contained 150 pL of 4 predetermined amount of control IgGl,
rhulViAb 2H7.v16, or Rituximab, along with F(ah)'2 goat anti-human Fe (Pierce Biowcchnology, Rockford,
IL). The final 1gG soncentrations were 100, 10, 1.0, 0.1, 0.01 and 0.001 nM, and the F(ab)'2 goat anti-
human Lic antibody concentration was set at twice the respective sample antibody concentration, Each
dilmion was sct up in triplicate, After a Z4-howr incubation at 37° C, the cells werc washed twice with PBS

30  and then stained with Annexin V and propidium iodide according to the manufactures’s recommendations.
The wtwining patterns of the Ramos cells were analyzod by tlow cytomelry using a FACscan Ilow Cytometer
(Becton Dickinson, San Jose, CA), and duta were collected for 10 s-periods. The data were reduced using
the Cellquest Pro softwarc (Beeton Dickinson). Ramos cells that wers positive for (1) Annexin 'V staining,
{2) Annexin V and propiduim iodide double-staining. and (3) the number of unstained live cells, were

35  coonted and plotted using KaleidaGraph software (Synergy Software, Reading, PA).

Both thuMAb 2H7,v16 and Rifuximab induced apoptosis of Ramos cells when ¢rosslinked with

anti-human Fc and as compared to an irrelevant 1gGL control antibody (Figures 13-135). The apoptotic

activity of (thuMAb 2H7) was slightly Tower than thut of Rituximab. At 10 nM concentrations of

crosslinked rhuMAb 2H7, Rituximab, and control IgG] antibody, fractions of Annexin V stained cells were
40 18.5, 16.5, 2.5%, respectively, fractions of doubly labeled cells were 29, 38, and 16%, and numbers of live

eells counted per 10 5 were 5200, 3100, and 8600.
These in vitro data deanonstate that apoprosis is one potential mechanism for in vive B cell
depletion. Tn vive crosslinking of rhuMAb 2H7 or Rituximab bound to cell-surface CD20 may occur

through FeyR un the surfaces of immune effector cells.
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3 Example 14
1n ¥Vivo Suppression of Tumor (Growth
The ability of rhuMAb 2H7.v16 to inhibit the growth of the Ruji human B-cells, a lymphoma ccll
line (ATCC CCL 86), was cvaluated in Balb/c bude (athymnic) mice. The Raji cells express CD20 and have
been reported to grow in pude inice, producing metastatic disease; tumor growth is inhibited by Rituxan®

10 (Clynes et al.. Nature Medicine 6, 443-446 (2000)), Fifty-six 8-10 week old, Balb/c nude mice were divided
inwe 7 groups (A-G) with each group consisting of 8 mice. On day 0, each mouse received a subcutaneous
injestion of 5 X 108 Raji B-lymphuma cclls in the flank. Beginning at day 0, cach mouse received either 101)
ul, of the pegalive-control sulution (PBS; phosphatc-buffered saline), Rituxan® or ZH7.v16. Dosage was
dependent on weight and drug delivery was intravenously via the tajl vein, Group A mice reecived PBS.

15  Groups B-D received Rituxan® at 5.0, mgikg, 0.5 mg/kg, and 0,05 mg/kg respectively. Groups E-G mice
reccived 2H7 v.16 a1 3.0 mg/ka, 0.5 mefkg, and 0.05 mp/kg respectively. The injcetions were repeated every
woek for 6 weeks. At weekly intervals during treatment, cach mousc was inspected for the presence of
palpable tumors at the site of injccﬁon, and the volume of the umors if present were measured and recorded.

A final inspection was made at week 8 {after a two-week interval of no treatments).

20 The results of this study showed that both rhuMAb 2H7.v16 and Rituxan® and were effective at
inhibiting subcutaneous Raji-cell tumor growth in nude mice (FIGs. 16-18). Tumor growth was observed in
the PRS control gronp beginning at. 4 weeks. However, no twmor growth was observed in groups treated
with Rituxant® or 2H7.v16 at 5 mg/fkg or 0.5 mg/kg for the §-week duration of the study. In the low-dose
0.05 mg/kg treatment 2roups, IMors were ohserved in one animal in the 2H7 group and in one animal in the

25 Rituxan® group (FIG. 18).

Exaraple 13
Cloning of Cynomolgus monkey CDZ0 and antibody binding

The CD20 DNA sequence {or cynomolgus monkey (Macaca fascicularis) was determined upon the
30 isolation of cDNA cncoding CD20 from a cynomolgus spleen cDNA library. A SUPERSCRIPT™ Plasmid
System for cDNA Synthesis und Plasmid Cloning {Ca#18248-013, Invitrogen, Carlshad, CA) was used with
slight modifications to construct the library. The cDNA library was ligawed into a pRESE vector using

restriction sites Xho l-and Not L mRNA was isolated from spleen tissue ((California Regional Research
Primate Center, Davis, CA). Primers to amplify cDNA encoding CD20 were designed based on non-coding
35 roguenees of luman CD20, N-termival region primer 5" AGTTTITGAGAGCAAAATG-3 (SEQ 1D NO. 37)
and C-icrminal region primer 5-AAGCTATGAACACTAATG-3' (SEQ TD NO. 38) were used to clone by
polymerase chain reaction (PCR) the CDNA encoding cynomolgus monkey CD20. The PCR rcaction was
cartied out using Platinum Tag DNA Polymerase High Fldelity according to the manufacturers
reeommendation (Gibeo, Rockville, MD). The PCR product was subcloned into pCR ®2.1-TOPO ® Vector
40  (Invitrogen) and transformed into XL-1 bluc E. coli (Stralagene. La Jolla. CA). Plasmid DNA containing
ligated PCR products was isolated from individual clones and sequenced.
The aming acid sequence for cynomolgus monkey CD20 is shown in Ligure 19, Vigure 20 shows a
comparison of cynomalgus and human CD20. The cynomolgus monkey CD20 is 97.3% similar o human
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5 CD20 with 8 differences. The exwacellulur domain containg one change at VIS7A, while the remaining 7
residucs can be fouad in the cytoplasmic or transmembrane regions.

Antibodics directed against human CD20 were assayed for the ability to bind aund displace FITC-
sonjugatcd murine 2H7 binding to cynomolgus monkey cells expressing CD20. Twenty milliliters of blood
were drawn from 2 cynomolgus munkeys (California Regional Research Primate Center, Davis, CA) into

10 sodium heparin and shipped dircetly to Genentech Tnc., On the same day, the blond samples were pooled and
diluled 1:1 by the addition of 40 ml of phosphate buffered saline (PBS). 20 mil of diluted blood was layered
on 4 x 20 ml of Ficoll-Paqus "™Plus (Amersham Biosciences, Uppsala, Sweden) in 50 ml conical tubes
(Cat#352098, Lalcon, Franklin Lakes, NJ) and centvifuged at 1300 tpin for 30 minutes R.T. ina Sorval 7
centrifuge. (Dupont, Newtown, CT), The PBMC layer was isolated and washed in PBS. Red blood cells

15 were lysed in a 0,29 NaCl solution, restored 1o isotonicity with an cquivalent volume of a 1.6% NaCl
solution, and centrifuged for 10 minutes at L000 RFM, The PBMC pellot was resuspended in RFMT 1640
(Gileo, Rockville, MID) containing 5% fetal bovine serum (FBS) and dispensed into 2 10 om tissue culture
dish for 1 hour at 37° €. The non-adherent B and T cell populations were removed by aspiration,

centrifuged and counted. A total of 2.4 x 107 cells were recovered. The resuspended PBMC were distributed
20 into twenty 12 x 75 mm culture tubes (Cat#352053, Falcon), with each tube containing 1 x 109 cells in a
volume of 0.25 ml. Tubes were divided into four sets of five tubes. To each set was added cither media
(RPM11640, 5% FBS), tirated anounts of control human 1G5, antibody, Rituxan®, 2H7.v16, or ZH7.v31,
The final concensration of each antibody was 30, 10, 3.3 and 1.1 aM. In addition, each tube also received 20
ul of Fluorescein Tsothiocyanate (FITC)-conjugated anti-hurnan CD20 (Cat#555622. BD Biosciences, San
25 Disgo, CA). The cells were gently mixed, incubated for 1 hour on ice and then washed twice in cold PBS.
The cell surface staining was analyzed on a Epic XIL-MCL (Coulter, Miami, FL), the geometric means
derived, plotted (KaleidaGraph™, Synergy Software,, Reading, PA) versus antibody concentrations.
Data in Figure 21 showed that 2H7 v.16 and 2H7 v.31 competitively displaced 1ITC-murine 2107
binding fo cynomolgus monkey cells. Furthermore, Rituxan® also displaced FYTC-murine 2H7 bioding thus
30 demonstrating that both 2H7 and Riluxan® bind to an overlapping epitope on CD20. Tn addition, the data
show that the TCsy value for ZH7 v.16, 2HT7 v.31 and Rituxan are similar and fall in the 4-6 nM range.

Example 16
Phase VI siudy of rhuMAD 2ZH7 (2H7.v1{) in moderate to severe rhenmatoid arthritis
)
Protocol Synopsis
A randomized, placebo-controlled, multicenter, blinded phase /4, study of the safety of escalating doses of
PROTOTG9 (FuMAD 2H7) in subjects with moderate to severe rheumatoid arthritis receiving stable doses of
concomitant methotrexate.
4)

QObjectives
The primary objective of this study is to evaluatc the safcty and tolerability of esealating intravenous (IV)

doses of PRO70769 (thuMAb 2H7) in subjects with moderate to sever theumatoid arthritis (RA).
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5  Study Design
This is a randomized, placcho-controlled, multicenter, blinded Phasc /11, investigator- and subject-blinded
study of the safety of escalating dases of PRO7076Y in combination with MTX in subjects with moderate to
zever RA, The study consists of a dose escalation phase and a second phasc with enrolliment of a lasger
number of subjects. The Sponsor will remain unblended to treatment assignment,

10 Subjects with moderate to severe RA who have failed one to five disgasc-moditying antitheumatic
drugs or biolopics who curtently have unsatisfactory clinical responses 1o teatment with MTX will be
enrolled, .

Subjects will be required to receive MTX in the range of 10-25 mg weekly for at least 12 weeks
prior to study entry and to be o a stable dose for at least 4 wecks before receiving their initial dose of study

15 drg (PRO70769 or placebo). Subjects may also reccive stable doses of oral corticosteroids (up to 10 mg
daily or prednisone cyuivalent) and stable doses of nonsteroidal anti-inflanamatory drugs (NSAIDs).
Subjcets will receive two TV infusions of PROTOTE9 or placebo equivalent at the indicated dosc on Days 1

and (5 accarding to the following dose escafation plan (see Figure 22),

/i
s ‘3 Dosc cscalation will oceur according to specific criteria and after review of safety data by an

20 internal safety data review committee and assessment of acute toxicity 72 houys following the second
infusion in the last subject treated in each cohort. After the dose escafation phase, 40 additional subjects (32
active and 8 placebo) will be randomized to each of the following dose levels: 2x50 myg, 2x200 mg, 2x500
mg, and 2x 1000 meg, if the dose levels have been demonstrated o be tolerable during the dosc escalation
phase. Approximately 205 subjects will be cnrolled in the study.

25 B-cell counts will be obtained and recorded. B-cell counts will be cvaluated using flow cytometry
in u 48-week follow-up period beyond the 6-monih efficacy evaluation. 13-cefl depletion will pot be
considered 4 dosc-limiting toxicity (DLC), but rather the expected pharmacodynamic outcome of PRO70769
treatmcnl.

Tn an optional substudy, blood for scrum and RNA analyses, as well as utine samples will be
a0 obtained from subjects at vartous timepoints. These sumples may be used to identify biomarkers thut may be

predictive of response to PRO70769 meatment in subjecis with maderate 10 severe RA.

Qutcome Measures
‘I'he primary outcome measure for this sfudy is the safety and tolerability of PRO70769 in subjcots with

35 maderatc (0 severs RA,

Study Treatment
Cohorts of subjects will receive two 1V infusions of PROT0O769 or placebo equivalent at the indicated dose
on Days | and |5 according 1o the Tollowing escalation plan:

44 - 10 mg PRO7076Y or placebo equivalent: 4 subjects active diug, 1 control
- 350 mg PROTO769 or placebo equivalent: 8 subjects active drug, 2 control
- 200 mg PRO70769 or placebo equivalent: 8 subjects active drug, 2 control
- 500 mg PRO7T0769 or placebo cyuivalent: 8 subjects active drug, 2 control
- 1000 mg PROT0T69 or placebo equivalent: § subjects active drug, 2 control
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3 Efficacy
The efficacy of PRO7076% will be measured by ACR responses. The percentape of subjects wha
achieve an ACR20, ACR50, and ACR7() response will be summiarized by treatment group and 95%
confidence intervals will be generated fur cach group. The components of these response and their change
from baseline will be summarized by treatment and visit,
1§

Coneclusion

‘The data above demonstrated the suceess in producing bumanized CD20 hinding antibodies, in

particular humanized 2H7 antibody variants, that maintained and even cohanced their hiologival properties.
The humanized 2H7 antibodics of the invention hound to €D20 at affinities similar to the murine donor and

153 chimeric 2H7 antibodies and were effective at B cell killing jn a primate, leading tw B cell depletion, Certuin
varjants showed enhanced ADCC vver a chimerie anti-CD20 antibody curreatly used to treat NHL, favoting
the use of luwer doses of the therapeutic antibody in paticats. Additional, whereas it may be necessary for a
ehimeric antibody that has murine FR residucs to be administered at a dose effective 1o achicve complete B
ecll depletion to obviate an antibody responsc against it, the present humanized antibodics can be

20 administered al dosuges that achieve partial or complete B cell depletion, and for different durations of ti e,
as desired for the particular disease and patient. Tn addition, these antibodies demonstrated stability in
solution. These propertics of the humanized 2H7 antibodies make them ideal for use as immunotherapeutic
agent in the treatment of CD20 pusitive cancers and autoimmaune discases; these antibodies are not, expecied
W b immunoegenic or will at least be less immunogenic than fully nmurine or chimeric antj-CID20 antibodies

25 in human patients.

References
References cited within this application, including patents, publishcd applications and other
publications, are hereby incorporated by reference.
‘The practice of the present invention will employ, unless otherwise indicated, convemional

30 rechniques of molecular biology and the like, which are within the skill of the art. Such techniques are
explained fully in the literature, Ses e.g., Molecular Cloning: A Laboratory Manual, (7. Sambrook ef «i,,
Cold Spring Harbor Laboratory, Cold 8pring Harbor. N, Y., 1989): Cutrent Protocols in Molecular Biology
(F. Ausuhel ef al., eds., 1987 updated); Esscntial Molccular Biology (T. Brown cd., IRL Press 1991); Gene
Lxpression Technology (Goeddel ed., Academic Press 1991); Methods for Cloning and Analysis of

35 Eukaryotic Genes (A, Bothwell ez oL eds., Bartlett Publ. 1990); Gene Transfer and Expression (M. Kriegler,
Stockion Press 1990); Recombinant DN A Methodology TT (R. Wu ef ai. cds., Academic Press 1995); PCR:
A Practical Approach (M, McPherson et al., IRL Press at Oxford University Press 1991); Qligonuclentide
Synthesis (M. Gait ed., 1984); Cell Culiure for Biochemists (R. Adams ed., Rlsevier Science Publishers
1990); Gene Transfer Vectors for Mummalizn Cells (J. Miller & M. Calos eds., 1987): Mammalian Cell

40  Biotechnology (M. Butler ed., 1991); Animat Cell Cultuye (1. Pollard &t al. eds., Homana Press 1990);
Culture of Animal Cells, 2™ Ed. (R. Freshney ef af. eds,, Alan R, Liss 1987): IMow Cytometry and Sorting
(M. Mclamed er al. eds., Wiley-Liss 1990); the series Methods in Fnzymoloey (Academic Press, Inc.):Wirth
M, and Hauser H. (1993); Immunochemistry in Practice, 3rd edition, A. Johnstone & R. Thorpe, Blackwell
Scignce. Cambridge, MA, 1996; Technigues in Immunocytochemistry, (G. Bullock & P. Potrusz eds.,
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Academic Press 1982, 1983, 1985, 1989); Handbook of Experimental Immunology, (I, Weir & C.
Blackwell, eds.); Current Pratocols in Tmmunslogy (1. Coligan et al, eds, 1991): Immunoassay (E. P,
Diamandis & T.K. Cluistopoulos, eds.. Academic Press, Inc.. 1996); Goding (1986) Monoclonal Antibodics:
Principles and Practice (2d ed) Academic Press, New York; Ed Harlow and David Lane, Antibodies A
laboratory Manual, Cold Spring Harbor Laboratory, Cold Spring Harbor, New York, 1988; Antibody

10 Engincering, 2™ cdition (C. Borrebaeck, ed., Oxford University Press, 1995); and the series Annval Review

v

of ITmmunology; the serics Advances in Tmmunology.
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The claims defining the invention are as follows:

1. A humanized antibody that binds human CD20, or an antigen-binding fragment
thereof, the antibody comprising the Vi sequence of SEQ ID NO. 8 and the V| sequence of
SEQ ID NO. 2.

2. An antibody or an antigen-binding fragment according to claim 1, wherein the
antibody comprises the heavy and light chain amino acid sequence of SEQ ID NO. 39 and
40, respectively.

3. An antibody or an antigen-binding fragment according to claim 1, wherein the
antibody comprises the heavy and light chain amino acid sequence of SEQ ID NO. 39 and
40, respectively, and further comprising at least one amino acid substitution in the Fc region
that improves ADCC and/or CDC activity.

4. An antibody or an antigen-binding fragment according to claim 3, wherein the amino
acid substitutions are S298A/E333A/K334A.

5. An antibody or an antigen-binding fragment according to claim 3 or 4, wherein the

amino acid substitution in the Fc region improves CDC activity.

6. An antibody or an antigen-binding fragment according to claim 5, wherein the amino
acid substitution is K326A or K326W.

7. An antibody or an antigen-binding fragment according to any one of claims 3 to 6,

wherein the Fc further comprises the amino acid substitution K326A.

8. An antibody or an antigen-binding fragment according to claim 3, further comprising

at least one amino acid substitution in the Fc region that decreases CDC activity.

9. An antibody or an antigen-binding fragment according to claim 8, comprising at least
the substitution K322A.
10.  An antibody or an antigen-binding fragment according to any one of the preceding

claims conjugated to a cytotoxic agent.

9565454_1 (GHMatters) P76023.AU 9-Oct-17
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11.  An antibody or an antigen-binding fragment according to claim 10, wherein the

cytotoxic agent is a radioactive isotope or a toxin.

12. A composition comprising an antibody or an antigen-binding fragment according to

any one of the preceding claims, and a pharmaceutically acceptable carrier.

13.  An article of manufacture comprising a container and a composition contained
therein, wherein the composition comprises an antibody or an antigen-binding fragment

according to any one of claims 1 to 11.

14. An article of manufacture according to claim 13, further comprising a package insert
indicating that the composition can be used to treat non-Hodgkin’ s lymphoma or an

autoimmune disease.

15. A method of inducing apoptosis in B cells in vivo, comprising contacting B cells with
an antibody or an antigen-binding fragment according to any one of claims 1 to 11, thereby
killing the B cells.

16. A method of treating a CD20 positive cancer, comprising administering to a patient
suffering from the cancer, a therapeutically effective amount of a humanized CD20 binding

antibody or an antigen-binding fragment according to any one of claims 1 to 11.

17. A method according to claim 16, wherein the CD20 positive cancer is a B cell

lymphoma or leukemia.

18. A method according to claim 17, wherein CD20 positive cancer is non-Hodgkin’ s
lymphoma (NHL) or lymphocyte predominant Hodgkin’ sdisease (LPHD).

19. A method according to claim 16, wherein the cancer is chronic lymphocytic leukemia

or small lymphocytic lymphoma.

20. A method according to any one of claims 16-19, wherein the antibody comprises the

light and heavy chain amino acid sequence of SEQ ID NO. 40 and 39, respectively.

21. A method according to any one of claims 16 to 20, wherein the antibody or the

antigen-binding fragment is administered at a dosage range of about 275-375mg/m’.
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22. A method according to any one of claims 16 to 20, wherein the antibody or the
antigen-binding fragment is administered at a dosage range of about 250mg/m” to about 500

mg/m”’.

23. A method according to any one of claims 16 to 20, wherein the patient is administered

at least two doses of the antibody or the antigen-binding fragment at 375 mg/m2 per dose.

24. A method according to claim 23, wherein the two doses are administered two weeks
apart.
25. A method according to any one of claims 16 to 24, further comprising administering

to the patient at least one chemotherapeutic agent.

26. A method according to claim 25, the cancer is non-Hodgkin’ s lymphoma (NHL) and
the chemotherapeutic agent is selected from the group consisting of doxorubicin,

cyclophosphamide, vincristine, prednisolone, and CHOP.

27. A method of treating an autoimmune disease, comprising administering to a patient
suffering from the autoimmune disease, a therapeutically effective amount of a humanized
CD20 binding antibody or an antigen-binding fragment according to any one of claims 1 to
11.

28. A method according to claim 27, wherein the autoimmune disease is selected from the
group consisting of rheumatoid arthritis, juvenile rheumatoid arthritis, systemic lupus
erythematosus (SLE), lupus nephritis, ulcerative colitis, Wegener’ s disease, inflammatory
bowel disease, idiopathic thrombocytopenic purpura (ITP), thrombotic thrombocytopenic
purpura (TTP), autoimmune thrombocytopenia, multiple sclerosis, psoriasis, IgA
nephropathy, IgM polyneuropathies, myasthenia gravis, vasculitis, ANCA vasculitis, solid
organ transplant rejection, graft versus host disease, diabetes mellitus, Reynaud’ s syndrome,

Sjorgen’ s syndrome and glomerubnephritis.

29. A method according to claim 28, wherein the autoimmune disease is rheumatoid

arthritis.
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30. A method according to claim 29, wherein the patient is suffering from moderate to
severe rheumatoid arthritis and has failed treatment with at least one disease-modifying

anti-rheumatic drug.

31. A method according to claim 29 or 30, further comprising administering to the patient

a second therapeutic agent.

32. A method according to claim 31, wherein the second therapeutic agent is an

immunosuppressive agent.

33. A method according to claim 32, wherein the immunosuppressive agent is

methotrexate.

34. A method according to claim 29, wherein the humanized CD20 binding antibody
comprises the heavy and light chain amino acid sequence of SEQ ID NO. 39 and 40,

respectively.

35. A method according to claim 34, wherein the antibody or the antigen-binding
fragment is administered at a dosage selected from 2x10mg, 2x50mg, 2x 200mg and
2x500mg.

36. A method according to any one of claims 27-35, wherein the antibody or the antigen-

binding fragment is administered by intravenous infusion or subcutaneous administration.

37. A method according to claim 28, wherein the autoimmune disease is multiple
sclerosis.
38.  An isolated nucleic acid that encodes an antibody or an antigen-binding fragment

according to any one of claims 1 to 9.

39.  An expression vector encoding an antibody or an antigen-binding fragment according

to any one of claims 1 to 9.

40.  An isolated host cell comprising a nucleic acid according to claim 39.
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41. A host cell according to claim 40, that produces the antibody or the antigen-binding

fragment encoded by the nucleic acid.

42. A host cell according to claim 41, which is a CHO cell.

43. A method of producing a humanized antibody or an antigen-binding fragment,
comprising culturing a cell that produces the antibody or the antigen-binding fragment

according to any one of claims 1-9.

44. A method according to claim 43, further comprising recovering the antibody or the

antigen-binding fragment produced by the host cell.

45.  An antibody or an antigen-binding fragment produced by a method comprising
expressing a nucleic acid encoding an antibody or an antigen-binding fragment according to
any one of claims 1 to 9 in a host cell and recovering the antibody or antigen-binding

fragment produced by the host cell.

46. A vector comprising a nucleic acid comprising (i) the nucleotide sequence of SEQ ID
NO. 24 of the Cynomolgus monkey CD20, or a degenerate variant of this sequence, or (ii) a
sequence that encodes a polypeptide with the amino acid sequence of SEQ ID NO. 25, or

SEQ ID NO. 25 with conservative amino acid substitutions.

47. A vector according to claim 46, which is an expression vector wherein the nucleic

acid is operably linked to an expression control sequence.

48.  An isolated host cell comprising a nucleic acid comprising (i) the nucleotide sequence
of SEQ ID NO. 24 of the Cynomolgus monkey CD20, or a degenerate variant of this
sequence, or (i1) a sequence that encodes a polypeptide with the amino acid sequence of SEQ
ID NO. 25, or SEQ ID NO. 25 with conservative amino acid substitutions.

49. An isolated polypeptide comprising the amino acid sequence of SEQ ID NO. 25 of
the Cynomolgus monkey CD20.

50. A liquid formulation comprising a humanized 2H7 antibody at 20mg/mL, 10mM

histidine sulfate at pH5.8, 60mg/ml sucrose, and 0.2 mg/ml polysorbate 20 which antibody
comprises the heavy and light chain sequence of SEQ ID NO. 39 and 40, respectively.
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51. A method of treating rheumatoid arthritis (RA) in a human subject comprising
administering a CD20 antibody to the subject at a dosage selected from the group consisting
of 2x50mg, 2x200mg, and 2x500mg.

52. A method according to claim 51, wherein the dosage is 2x50mg.

53. A method according to claim 51, wherein the dosage is 2x200mg.

54. A method according to claim 51, wherein the dosage is 2x500mg.

55. A method according to claim 51, wherein the CD20 antibody is a humanized
antibody.

56. A method according to claim 51, wherein the CD20 antibody is a humanized 2H7
antibody.

57. A method according to claim 51, wherein the CD20 antibody is rituximab.

58. A method according to claim 51, wherein the RA is moderate to severe RA.

59.  Use of a therapeutically effective amount of a humanized CD20 binding antibody or
an antigen-binding fragment according to any one of claims 1 to 11 in the manufacture of a

medicament for treating a CD20 positive cancer in a patient suffering from the cancer.

60.  The use according to claim 59, wherein the CD20 positive cancer is a B cell

lymphoma or leukemia.

61.  The use according to claim 60, wherein CD20 positive cancer is non-Hodgkin’ s
lymphoma (NHL) or lymphocyte predominant Hodgkin’ sdisease (LPHD).

62.  The use according to claim 59, wherein the cancer is chronic lymphocytic leukemia or

small lymphocytic lymphoma.
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63.  The use according to claim 61 or 62, wherein the antibody or the antigen-binding
fragment comprises the light and heavy chain amino acid sequence of SEQ ID NO. 40 and
39, respectively.

64.  The use according to any one of claims 59 to 63, wherein the antibody or the antigen-

binding fragment is administered at a dosage range of about 275-375mg/m>.

65.  The use according to any one of claims 59 to 63, wherein the antibody or the antigen-

binding fragment is administered at a dosage range of about 250mg/m? to about 500 mg/m’.

66. The use according to any one of claims 59 to 63, wherein the patient is administered

at least two doses of the antibody or the antigen-binding fragment at 375 mg/m” per dose.

67. The use according to claim 66, wherein the two doses are administered two weeks
apart.
68.  The use according to any one of claims 59 to 67, further comprising administering to

the patient at least one chemotherapeutic agent.

69.  The use according to claim 68, the cancer is non-Hodgkin’ s lymphoma (NHL) and the
chemotherapeutic agent is selected from the group consisting of doxorubicin,

cyclophosphamide, vincristine, prednisolone, and CHOP.

70.  Use of a therapeutically effective amount of a humanized CD20 binding antibody or
an antigen-binding fragment according to any one of claims 1 to 11 in the manufacture of a
medicament for treating an autoimmune disease in a patient suffering from the autoimmune

disease.

71. The use according to claim 70, wherein the autoimmune disease is selected from the
group consisting of rheumatoid arthritis, juvenile rheumatoid arthritis, systemic lupus
erythematosus (SLE), lupus nephritis, ulcerative colitis, Wegener’ s disease, inflammatory
bowel disease, idiopathic thrombocytopenic purpura (ITP), thrombotic thrombocytopenic
purpura (TTP), autoimmune thrombocytopenia, multiple sclerosis, psoriasis, IgA
nephropathy, IgM polyneuropathies, myasthenia gravis, vasculitis, ANCA vasculitis, solid
organ transplant rejection, graft versus host disease, diabetes mellitus, Reynaud’ s syndrome,

Sjorgen’ s syndrome and glomerulonephritis.
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72. The use according to claim 71, wherein the autoimmune disease is theumatoid
arthritis.
73.  The use according to claim 72, wherein the patient is suffering from moderate to

severe rheumatoid arthritis and has failed treatment with at least one disease-modifying

antirheumatic drug.

74.  The use according to claim 72 or 73, further comprising administering to the patient a

second therapeutic agent.

75.  The use according to claim 74, wherein the second therapeutic agent is an

immunosuppressive agent.

76.  The use according to claim 73, wherein the immunosuppressive agent is

methotrexate.
77.  The use according to claim 72, wherein the humanized CD20 binding antibody
comprises the heavy and light chain amino acid sequence of SEQ ID NO. 39 and 40,

respectively.

78.  The use according to claim 77, wherein the antibody or the antigen-binding fragment

is administered at a dosage selected from 2x10mg, 2x50mg, 2x 200mg and 2x500mg,

79.  The use according to any one of claims 70-78, wherein the antibody or the antigen-

binding fragment is administered by intravenous infusion or subcutaneous administration.
80.  The use according to claim 71, wherein the autoimmune disease is multiple sclerosis.
81.  Use of a CD20 antibody in the manufacture of a medicament for treating rheumatoid
arthritis (RA) in a human subject, wherein the CD20 antibody is administered to the subject
at a dosage selected from the group consisting of 2x50mg, 2x200mg, and 2x500mg.

82.  The use according to claim 81, wherein the dosage is 2x50mg.

83.  The use according to claim 81, wherein the dosage is 2x200mg.
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84.  The use according to claim 81, wherein the dosage is 2x500mg.

85.  The use according to claim 81, wherein the CD20 antibody is a humanized antibody.

86.  The use according to claim 81, wherein the CD20 antibody is a humanized 2H7
antibody.

87.  The use according to claim 81, wherein the CD20 antibody is rituximab.

88. The use according to claim 81, wherein the RA is moderate to severe RA.

89. A humanized antibody that binds human CD20, or an antigen-binding fragment
thereof, wherein the antibody comprises the heavy and light chain amino acid sequence of
SEQ ID NO. 41 and 40, respectively.

90. A humanized antibody that binds human CD20, or an antigen-binding fragment
thereof, wherein the antibody comprises the heavy and light chain amino acid sequence of
SEQ ID NO. 42 and 43, respectively.

91. A humanized antibody that binds human CD20, or an antigen-binding fragment
thereof, wherein the antibody comprises the Vi sequence of SEQ ID NO.51 and the Vi,
sequence of SEQ ID NO.52.

92. The humanized antibody of claim 91, wherein the antibody comprises the heavy and

light chain amino acid sequence of SEQ ID NO. 44 and 45, respectively.

93. A humanized antibody that binds human CD20, or an antigen-binding fragment
thereof, wherein the antibody comprises the Vi sequence of SEQ ID NO.51 and the Vi,
sequence of SEQ ID NO.53.

94. A humanized antibody according to claim 93, wherein the antibody comprises the

heavy and light chain amino acid sequence of SEQ ID NO. 46 and 47, respectively.

95. A humanized antibody according to claim 93, wherein the antibody comprises the

heavy and light chain amino acid sequence of SEQ ID NO. 48 and 47, respectively.
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96. A humanized antibody according to claim 93, wherein the antibody comprises the

heavy and light chain amino acid sequence of SEQ ID NO. 49 and 47, respectively.

97. A humanized antibody according to claim 93, wherein the antibody comprises the

heavy and light chain amino acid sequence of SEQ ID NO. 50 and 47, respectively.

98. A humanized antibody according to claim 91 or 93, wherein the Vi region is joined to

a human IgG chain constant region.

99.  An antibody according to claim 98, wherein the human IgG is IgG1 or IgG3.

100.  An antibody according to claim 99, wherein the human IgG is IgG1.

101.  An antibody according to claim 100, wherein the IgG1 Fc region comprises the amino
acid substitutions S298A/E333A/K334A.

102. A composition comprising a humanized antibody or an antigen-binding fragment

according to any one of claims 89-101, and a pharmaceutically acceptable carrier.

103.  An isolated nucleic acid that encodes an antibody or an antigen-binding fragment

according to any one of claims 89-101.

104.  An expression vector encoding an antibody or an antigen-binding fragment according

to any one of claims 89-101.

105.  Anisolated host cell comprising a nucleic acid of claim 103.

106.  The host cell of claim 105 which is a CHO cell.

107. A method of producing an antibody or an antigen-binding fragment comprising
culturing a host cell that produces the antibody or the antigen-binding fragment according to

any one of claims 89-101.

108.  The method of claim 107, further comprising recovering the antibody or the antigen-

binding fragment produced by the host cell.
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109.  An antibody or an antigen-binding fragment produced by a method comprising
expressing a nucleic acid encoding an antibody or an antigen-binding fragment according to

any one of claims 89-101 in a host cell and recovering an antibody expressed by the host cell.
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TTCGAGCTCGCCCGACATTGATTATTGACTAGTTATTAATAGTAATCAATTACGGGGTCA
TTAGTTCATAGCCCATATATGGAGTTCCGCGTTACATAACTTACGGTAAATGGCCCGCCT
GGCTGACCGCCCAACGACCCCCGCCCATTGACGTCAATAATGACGTATGTTCCCATAGTA
ACGCCAATAGGGACTTTCCATTGACGTCAATGGGTGGAGTATTTACGGTAAACTGCCCAC
TTGGCAGTACATCAAGTGTATCATATGCCAAGTACGCCCCCTATTGACGTCAATGACGGT
AAATGGCCCGCCTGGCATTATGCCCAGTACATGACCTTATGGGACTTTCCTACTTGGCAG
TACATCTACGTATTAGTCATCGCTATTACCATGGTGATGCGGTTTTGGCAGTACATCAAT
GGGCGTGGATAGCGGTTTGACTCACGGGGATTTCCAAGTCTCCACCCCATTGACGTCAAT
GGGAGTTTGTTTTGGCACCAAAATCAACGGGACTTTCCAAAATGTCGTAACAACTCCGCC
CCATTGACGCAAATGGGCGGTAGGCGTGTACGGTGGGAGGTCTATATAAGCAGAGCTCGT
TTAGTGAACCGTCAGATCGCCTGGAGACGCCATCCACGCTGTTTTGACCTCCATAGAAGA
CACCGGGACCGATCCAGCCTCCGCGGCCGGGAACGGTGCATTGGAACGCGGATTCCCCGT
GCCAAGAGTGACGTAAGTACCGCCTATAGAGTCTATAGGCCCACCCCCTTGGCTTCGTTA
GAACGCGGCTACAATTAATACATAACCTTATGTATCATACACATACGATTTAGGTGACAC
TATAGAATAACATCCACTTTGCCTTTCTCTCCACAGGTGTCCACTCCCAGGTCCAACTGC
ACCTCGGTTCTATCGATTGAATTCCACCATGGGATGGTCATGTATCATCCTTTTTCTAGT
AGCAACTGCAACTGGAGTACATTCAGATATCCAGATGACCCAGTCCCCGAGCTCCCTGTC
CGCCTCTGTGGGCGATAGGGTCACCATCACCTGCCGTGCCAGTCAGGACATCCGTAATTA
TTTGAACTGGTATCAACAGAAACCAGGAAAAGCTCCGAAACTACTGATTTACTATACCTC
CCGCCTGGAGTCTGGAGTCCCTTCTCGCTTCTCTGGTTCTGGTTCTGGGACGGATTACAC
TCTGACCATCAGTAGTCTGCAACCGGAGGACTTCGCAACTTATTACTGTCAGCAAGGTAA
TACTCTGCCGTGGACGTTCGGACAGGGCACCAAGGTGGAGATCAAACGAACTGTCGCTGC
ACCATCTGTCTTCATCTTCCCGCCATCTGATGAGCAGTTGAAATCTGGAACTGCCTCTGT
TGTGTGCCTGCTGAATAACTTCTATCCCAGAGAGGCCAAAGTACAGTGGAAGGTGGATAA
CGCCCTCCAATCGGGTAACTCCCAGGAGAGTGTCACAGAGCAGGACAGCAAGGACAGCAC
CTACAGCCTCAGCAGCACCCTGACGCTGAGCAAAGCAGACTACGAGAAACACAAAGTCTA
CGCCTGCGAAGTCACCCATCAGGGCCTGAGCTCGCCCGTCACAAAGAGCTTCAACAGGGG
AGAGTGTTAAGCTTGGCCGCCATGGCCCAACTTGTTTATTGCAGCTTATAATGGTTACAA
ATAAAGCAATAGCATCACAAATTTCACAAATAAAGCATTTTTTTCACTGCATTCTAGTTG
TGGTTTGTCCAAACTCATCAATGTATCTTATCATGTCTGGATCGATCGGGAATTAATTCG
GCGCAGCACCATGGCCTGAAATAACCTCTGAAAGAGGAACTTGGTTAGGTACCTTCTGAG
GCGGAAAGAACCAGCTGTGGAATGTGTGTCAGTTAGGGTGTGGAAAGTCCCCAGGCTCCC
CAGCAGGCAGAAGTATGCAAAGCATGCATCTCAATTAGTCAGCAACCAGGTGTGGAAAGT
CCCCAGGCTCCCCAGCAGGCAGAAGTATGCAAAGCATGCATCTCAATTAGTCAGCAACCA
TAGTCCCGCCCCTAACTCCGCCCATCCCGCCCCTAACTCCGCCCAGTTCCGCCCATTCTC
CGCCCCATGGCTGACTAATTTTTTTTATTTATGCAGAGGCCGAGGCCGCCTCGRCCTCTG
AGCTATTCCAGAAGTAGTGAGGAGGCTTTTTTGGAGGCCTAGGCTTTTGCAAAAAGCTGET
TAACAGCTTGGCACTGGCCGTCGTTTTACAACGTCGTGACTGGGAAAACCCTGGCGTTAC
CCAACTTAATCGCCTTGCAGCACATCCCCCCTTCGCCAGCTGGCGTAATAGCGAAGAGGC
CCGCACCGATCGCCCTTCCCAACAGTTGCGTAGCCTGAATGGCGAATGGCECCTGATGCG
GTATTTTCTCCTTACGCATCTGTGCGGTATTTCACACCGCATACGTCAAAGCAACCATAG
TACGCGCCCTGTAGCGGCGCATTAAGCGCGGCGGGTGTGGTGGTTACGCGCAGCGTCACC
GCTACACTTGCCAGCGCCCTAGCGCCCGCTCCTTTCGCTTTCTTCCCTTCCTTTCTCGCC
ACGTTCGCCGGCTTTCCCCGTCAAGCTCTAAATCGGEGGGCTCCCTTTAGGCTTCCGATTT
AGTGCTTTACGGCACCTCGACCCCAAAAAACTTGATTTGGGTGATGGTTCACGTAGTCGE
CCATCGCCCTGATAGACGGTTTTTCGCCCTTTGACGTTGGAGTCCACGTTCTTTAATAGT
GGACTCTTGTTCCAAACTGGAACAACACTCAACCCTATCTCGGGCTATTCTTTTGATTTA
TAAGGGATTTTGCCGATTTCGGCCTATTGGTTAAAAAATGAGCTGATTTAACAAAAATTT
AACGCGAATTTTAACAAAATATTAACGTTTACAATTTTATGGTGCACTCTCAGTACAATC
TGCTCTGATGCCGCATAGTTAAGCCAACTCCGCTATCGCTACGTGACTGGGTCATGGCTG
CGCCCCGACACCCGCCAACACCCGCTGACGCGCCCTGACGGGCTTGTCTGCTCCCGGCAT
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CCGCTTACAGACAAGCTGTGACCGTCTCCGGGAGCTGCATGTGTCAGAGGTTTTCACCGT
CATCACCGAAACGCGCGAGGCAGTATTCTTGAAGACGAAAGGGCCTCGTGATACGCCTAT
TTTTATAGGTTAATGTCATGATAATAATGGTTTCTTAGACGTCAGGTGGCACTTTTCGGG
GAAATGTGCGCGGAACCCCTATTTGTTTATTTTTCTAAATACATTCAAATATGTATCCGC
TCATGAGACAATAACCCTGATAAATGCTTCAATAATATTGAAAAAGGAAGAGTATGAGTA
TTCAACATTTCCGTGTCGCCCTTATTCCCTTTTTTGCGGCATTTTGCCTTCCTGTTTTTG
CTCACCCAGAAACGCTGGTGAAAGTAAAAGATGCTGAAGATCAGTTGGGTGCACGAGTGE
GTTACATCGAACTGGATCTCAACAGCGGTAAGATCCTTGAGAGTTTTCGCCCCGAAGAAC
GTTTTCCAATGATGAGCACTTTTAAAGTTCTGCTATGTGGCGCGGTATTATCCCGTGATC
ACGCCGGGCAAGAGCAACTCGGTCGCCGCATACACTATTCTCAGAATGACTTGGTTGAGT
ACTCACCAGTCACAGAAAAGCATCTTACGGATGGCATGACAGTAAGAGAATTATGCAGTG
CTGCCATAACCATGAGTGATAACACTGCGGCCAACTTACTTCTGACAACGATCGCAGGAC
CGAAGGAGCTAACCGCTTTTTTGCACAACATGGGGGATCATGTAACTCGCCTTGATCGTT
GGGAACCGGAGCTGAATGAAGCCATACCAAACGACGAGCGTGACACCACGATGCCAGCAG
CAATGGCAACAACGTTGCGCAAACTATTAACTGGCGAACTACTTACTCTAGCTTCCCGGC
AACAATTAATAGACTGGATGGAGGCGGATAAAGTTGCAGGACCACTTCTGCGCTCGGCCC
TTCCGGCTGGCTGGTTTATTGCTGATAAATCTGGAGCCGGTGAGCGTGGGTCTCGCGGTA
TCATTGCAGCACTGGGGCCAGATGGTAAGCCCTCCCGTATCGTAGTTATCTACACGACGE
GGAGTCAGGCAACTATGGATGAACGAAATAGACAGATCGCTGAGATAGGTGCCTCACTGA
TTAAGCATTGGTAACTGTCAGACCAAGTTTACTCATATATACTTTAGATTGATTTAAAAC
TTCATTTTTAATTTAAAAGGATCTAGGTGAAGATCCTTTTTGATAATCTCATGACCAAAA
TCCCTTAACGTGAGTTTTCGTTCCACTGAGCGTCAGACCCCGTAGAAAAGATCAAAGGAT
CTTCTTGAGATCCTTTTTTTCTGCGCGTAATCTGCTGCTTGCAAACAAAAAAACCACCGC
TACCAGCGGTGGTTTGTTTGCCGGATCAAGAGCTACCAACTCTTTTTCCGAAGGTAACTG
GCTTCAGCAGAGCGCAGATACCAAATACTGTCCTTCTAGTGTAGCCGTAGTTAGGCCACC
ACTTCAAGAACTCTGTAGCACCGCCTACATACCTCGCTCTGCTAATCCTGTTACCAGTGG
CTGCTGCCAGTGGCGATAAGTCGTGTCTTACCGGGTTGGACTCAAGACGATAGTTACCGG
ATAAGGCGCAGCGGTCGGGCTGAACGGGGGGTTCGTGCACACAGCCCAGCTTGGAGCGAA
CGACCTACACCGAACTGAGATACCTACAGCGTGAGCATTGAGAAAGCGCCACGCTTCCCG
AAGGGAGAAAGGCGGACAGGTATCCGGTAAGCGGCAGGGTCGGAACAGGAGAGCGCACGA
GGGAGCTTCCAGGGGGAAACGCCTGGTATCTTTATAGTCCTGTCGGGTTTCGCCACCTCT
GACTTGAGCGTCGATTTTTGTGATGCTCGTCAGGGGGGCGGAGCCTATGGAAAAACGCCA
GCAACGCGGCCTTTTTACGGTTCCTGGCCTTTTGCTGGCCTTTTGCTCACATGTTCTTTC
CTGCGTTATCCCCTGATTCTGTGGATAACCGTATTACCGCCTTTGAGTGAGCTGATACCG
CTCGCCGCAGCCGAACGACCGAGCGCAGCGAGTCAGTGAGCGAGGAAGCGGAAGAGCGCC
CAATACGCAAACCGCCTCTCCCCGCGCGTTGGCCGATTCATTAATCCAGCTGGCACGACA
GGTTTCCCGACTGGAAAGCGGGCAGTGAGCGCAACGCAATTAATGTGAGTTACCTCACTC
ATTAGGCACCCCAGGCTTTACACTTTATGCTTCCGGCTCGTATGTTGTGTGGAATTGTGA
GCGGATAACAATTTCACACAGGAAACAGCTATGACCATGATTACGAATTAA

FIG._4B




2003301079 23 Sep 2011

P1990R3 )

~—r

14/25

ATTCGAGCTCGCCCGACATTGATTATTGACTAGTTATTAATAGTAATCAATTACGGGGTC
ATTAGTTCATAGCCCATATATGGAGTTCCGCGTTACATAACTTACGGTAAATGGCCCGCC
TGGCTGACCGCCCAACGACCCCCGCCCATTGACGTCAATAATGACGTATGTTCCCATAGT
AACGCCAATAGGGACTTTCCATTGACGTCAATGGGTGGAGTATTTACGGTAAACTGCCCA
CTTGGCAGTACATCAAGTGTATCATATGCCAAGTACGCCCCCTATTGACGTCAATGACGG
TAAATGGCCCGCCTGGCATTATGCCCAGTACATGACCTTATGGGACTTTCCTACTTGGCA
GTACATCTACGTATTAGTCATCGCTATTACCATGGTGATGCGGTTTTGGCAGTACATCAA
TGGGCGTGGATAGCGGTTTGACTCACGGGGATTTCCAAGTCTCCACCCCATTGACGTCAA
TGGGAGTTTGTTTTGGCACCAAAATCAACGGGACTTTCCAAAATGTCGTAACAACTCCGC

- CCCATTGACGCAAATGGGCGGTAGGCGTGTACGGTGGGAGGTCTATATAAGCAGAGCTCG

TTTAGTGAACCGTCAGATCGCCTGGAGACGCCATCCACGCTGTTTTGACCTCCATAGAAG
ACACCGGGACCGATCCAGCCTCCGCGGCCGGGAACGGTGCATTGGAACGCGGATTCCCCG
TGCCAAGAGTGACGTAAGTACCGCCTATAGAGTCTATAGGCCCACCCCCTTGGCTTCGTT
AGAACGCGGCTACAATTAATACATAACCTTATGTATCATACACATACGATTTAGGTGACA
CTATAGAATAACATCCACTTTGCCTTTCTCTCCACAGGTGTCCACTCCCAGGTCCAACTG
CACCTCGGTTCTATCGATTGAATTCCACCATGGGATGGTCATGTATCATCCTTTTTCTAG
TAGCAACTGCAACTGGAGTACATTCAGAAGTTCAGCTGGTGGAGTCTGGCGGTGGCCTGE
TGCAGCCAGGGGGCTCACTCCGTTTGTCCTGTGCAGCTTCTGGCTACTCCTTTACCGGCT
ACACTATGAACTGGGTGCGTCAGGCCCCAGGTAAGGGCCTGGAATGGGTTGCACTGATTA
ATCCTTATAAAGGTGTTACTACCTATGCCGATAGCGTCAAGGGCCGTTTCACTATAAGCG
TAGATAAATCCAAARACACAGCCTACCTGCAAATGAACAGCCTGCGTGCTGAGGACACTG
CCGTCTATTATTGTGCTAGAAGCGGATACTACGGCGATAGCGACTGGTATTTTGACGTCT
GGGGTCAAGGAACCCTGGTCACCGTCTCCTCGGCCTCCACCAAGGGCCCATCGGTCTTCC
CCCTGGCACCCTCCTCCAAGAGCACCTCTGGGGGCACAGCGGCCCTGGGCTGCCTEGTCA
AGGACTACTTCCCCGAACCGGTGACGGTGTCGTGGAACTCAGGCGCCCTGACCAGCGGCG
TGCACACCTTCCCGGCTGTCCTACAGTCCTCAGGACTCTACTCCCTCAGCAGCGTGGTGA
CTGTGCCCTCTAGCAGCTTGGGCACCCAGACCTACATCTGCAACGTGAATCACAAGCCCA
GCAACACCAAGGTGGACAAGAAAGTTGAGCCCAAATCTTGTGACAAAACTCACACATGCC

'CACCGTGCCCAGCACCTGAACTCCTGGGGGGACCGTCAGTCTTCCTCTTCCCCCCAAAAC

CCAAGGACACCCTCATGATCTCCCGGACCCCTGAGGTCACATGCGTGGTGGTGGACGTGA
GCCACGAAGACCCTGAGGTCAAGTTCAACTGGTACGTGGACGGCGTGGAGGTGCATAATG
CCAAGACAAAGCCGCGGGAGGAGCAGTACAACAGCACGTACCGTGTGGTCAGCGTCCTCA
CCGTCCTGCACCAGGACTGGCTGAATGGCAAGGAGTACAAGTGCAAGGTCTCCAACAAAG
CCCTCCCAGCCCCCATCGAGAAAACCATCTCCAAAGCCAAAGGGCAGCCCCGAGAACCAC
AGGTGTACACCCTGCCCCCATCCCGGGAAGAGATGACCAAGAACCAGGTCAGCCTGACCT
GCCTGGTCAAAGGCTTCTATCCCAGCGACATCGCCGTGGAGTGGGAGAGCAATGGGCAGC
CGGAGAACAACTACAAGACCACGCCTCCCGTGCTGGACTCCGACGGCTCCTTCTTCCTCT
ACAGCAAGCTCACCGTGGACAAGAGCAGGTGGCAGCAGGGGAACGTCTTCTCATGCTCCG
TGATGCATGAGGCTCTGCACAACCACTACACGCAGAAGAGCCTCTCCCTGTCTCCGGGTA
AATGAGTGCGACGGCCCTAGAGTCGACCTGCAGAAGCTTGGCCGCCATGGCCCAACTTGT
TTATTGCAGCTTATAATGGTTACAAATAAAGCAATAGCATCACAAATTTCACAAATAAAG
CATTTTTTTCACTGCATTCTAGTTGTGGTTTGTCCAAACTCATCAATGTATCTTATCATG
TCTGGATCGATCGGGAATTAATTCGGCGCAGCACCATGGCCTGAAATAACCTCTGAAAGA
GGAACTTGGTTAGGTACCTTCTGAGGCGGAAAGAACCATCTGTGGAATGTGTGTCAGTTA
GGGTGTGGAAAGTCCCCAGGCTCCCCAGCAGGCAGAAGTATGCAAAGCATGCATCTCAAT
TAGTCAGCAACCAGGTGTGGAAAGTCCCCAGGCTCCCCAGCAGGCAGAAGTATGCAAAGC
ATGCATCTCAATTAGTCAGCAACCATAGTCCCGCCCCTAACTCCGCCCATCCCGCCCCTA
ACTCCGCCCAGTTCCGCCCATTCTCCGCCCCATGGCTGACTAATTTTTTTTATTTATGCA
GAGGCCGAGGCCGCCTCGGCCTCTGAGCTATTCCAGAAGTAGTGAGGAGGCTTTTTTGGA
GGCCTAGGCTTTTGCAAAAAGCTGTTAACAGCTTGGCACTGGCCGTCGTTTTACAACGTC
GTGACTGGGAAAACCCTGGCGTTACCCAACTTAATCGCCTTGCAGCACATCCCCCCTTCG
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CCAGTTGGCGTAATAGCGAAGAGGCCCGCACCGATCGCCCTTCCCAACAGTTGCGTAGCC
TGAATGGCGAATGGCGCCTGATGCGGTATTTTCTCCTTACGCATCTGTGCGCTATTTCAC
ACCGCATACGTCAAAGCAACCATAGTACGCGCCCTGTAGCGGCGCATTAAGCGCGGCGGE
TGTGGTGGTTACGCGCAGCGTGACCGCTACACTTGCCAGCGCCCTAGCGCCCGCTCCTTT
CGCTTTCTTCCCTTCCTTTCTCGCCACGTTCGCCGGCTTTCCCCGTCAAGCTCTAAATCG
GGGGCTCCCTTTAGGGTTCCGATTTAGTGCTTTACGGCACCTCGACCCCAAAAAACTTGA
TTTGGGTGATGGTTCACGTAGTGGGCCATCGCCCTGATAGACGGTTTTTCGCCCTTTGAC
GTTGGAGTCCACGTTCTTTAATAGTGGACTCTTGTTCCAAACTGGAACAACACTCAACCC
TATCTCGGGCTATTCTTTTGATTTATAAGGGATTTTGCCGATTTCGGCCTATTGGTTAAA
AAATGAGCTGATTTAACAAAAATTTAACGCGAATTTTAACAAAATATTAACGTTTACAAT
TTTATGGTGCACTCTCAGTACAATCTGCTCTGATGCCGCATAGTTAAGCCAACTCCGCTA
TCGCTACGTGACTGGGTCATGGCTGCGCCCCGACACCCGCCAACACCCGCTGACGCGCCC
TGACGGGCTTGTCTGCTCCCGGCATCCGCTTACAGACAAGCTGTGACCGTCTCCGGGAGC
TGCATGTGTCAGAGGTTTTCACCGTCATCACCGAAACGCGCGAGGCAGTATTCTTGAAGA
CGAAAGGGCCTCGTGATACGCCTATTTTTATAGGTTAATGTCATGATAATAATGGTTTCT
TAGACGTCAGGTGGCACTTTTCGGGGAAATGTGCGCGGAACCCCTATTTGTTTATTTTTC
TAAATACATTCAAATATGTATCCGCTCATGAGACAATAACCCTGATAAATGCTTCAATAA
TATTGAAAAAGGAAGAGTATGAGTATTCAACATTTCCGTGTCGCCCTTATTCCCTTTTTT
GCGGCATTTTGCCTTCCTGTTTTTGCTCACCCAGAAACGCTGGTGAAAGTAARAGATGCT
GAAGATCAGTTGGGTGCACGAGTGGGTTACATCGAACTGGATCTCAACAGCGGTAAGATC
CTTGAGAGTTTTCGCCCCGAAGAACGTTTTCCAATGATGAGCACTTTTAAAGTTCTGCTA
TGTGGCGCGGTATTATCCCGTGATGACGCCGGGCAAGAGCAACTCGGTCGCCGCATACAC
TATTCTCAGAATGACTTGGTTGAGTACTCACCAGTCACAGAAAAGCATCTTACGGATGGC
ATGACAGTAAGAGAATTATGCAGTGCTGCCATAACCATGAGTGATAACACTGCGGCCAAC
TTACTTCTGACAACGATCGGAGGACCGAAGGAGCTAACCGCTTTTTTGCACAACATGGGG
GATCATGTAACTCGCCTTGATCGTTGGGAACCGGAGCTGAATGAAGCCATACCAAACGAC

:GAGCGTGACACCACGATGCCAGCAGCAATGGCAACAACGTTGCGCAAACTATTAACTGGC

GAACTACTTACTCTAGCTTCCCGGCAACAATTAATAGACTGGATGGAGGCGGATAAAGTT
GCAGGACCACTTCTGCGCTCGGCCCTTCCGGCTGGCTCGTTTATTGCTGATAAATCTGGA
GCCGGTGAGCGTGGGTCTCGCGGTATCATTGCAGCACTGGGGCCAGATGGTAAGCCCTCC
CGTATCGTAGTTATCTACACGACGGGGAGTCAGGCAACTATGGATGAACGAAATAGACAG
ATCGCTGAGATAGGTGCCTCACTGATTAAGCATTGGTAACTGTCAGACCAAGTTTACTCA
TATATACTTTAGATTGATTTAAAACTTCATTTTTAATTTAAAAGGATCTAGGTGAAGATC
CTTTTTGATAATCTCATGACCAAAATCCCTTAACGTGAGTTTTCGTTCCACTGAGCGTCA
GACCCCGTAGAAAAGATCAAAGGATCTTCTTGAGATCCTTTTTTTCTGCGCGTAATCTGC
TGCTTGCAAACAAAAAAACCACCGCTACCAGCGGTGGTTTGTTTGCCGGATCAAGAGCTA
CCAACTCTTTTTCCGAAGGTAACTGGCTTCAGCAGAGCGCAGATACCAAATACTGTCCTT
CTAGTGTAGCCGTAGTTAGGCCACCACTTCAAGAACTCTGTAGCACCGCCTACATACCTC
GCTCTGCTAATCCTGTTACCAGTGGCTGCTGCCAGTGGCGATAAGTCGTGTCTTACCGGG
TTGGACTCAAGACGATAGTTACCGGATAAGGCGCAGCGGTCGGGCTGAACGGGGEETTCG
TGCACACAGCCCAGCTTGGAGCGAACGACCTACACCGAACTGAGATACCTACAGCGTCAG
CATTGAGAAAGCGCCACGCTTCCCGAAGGGAGAAAGGCGGACAGGTATCCGGTAAGCGGC
AGGGTCGGAACAGGAGAGCGCACGAGGGAGCTTCCAGGGGGAAACGCCTGGTATCTTTAT
AGTCCTGTCGGGTTTCGCCACCTCTGACTTGAGCGTCGATTTTTGTGATGCTCGTCAGGG
GGGCGGAGCCTATGGAAAAACGCCAGCAACGCGGCCTTTTTACGGTTCCTGGCCTTTTGC
TGGCCTTTTGCTCACATGTTCTTTCCTGCGTTATCCCCTGATTCTGTGGATAACCGTATT
ACCGCCTTTGAGTGAGCTGATACCGCTCGCCGCAGCCGAACGACCGAGCGCAGCGAGTCA
GTGAGCGAGGAAGCGGAAGAGCGCCCAATACGCAAACCGCCTCTCCCCGCGCGTTEGCCG
ATTCATTAATCCAACTGGCACGACAGGTTTCCCGACTGGAAAGCGGGCAGTGAGCGCAAC
GCAATTAATGTGAGTTACCTCACTCATTAGGCACCCCAGGCTTTACACTTTATGCTTCCG
GCTCGTATGTTGTGTGGAATTGTGAGCGGATAACAATTTCACACAGGAAACAGCTATGAC

CATGATTACGAATTA FIG. _ 5B

I




2003301079 23 Sep 2011

—

) P1990R3 |

16/25

MGWSCIILFLVATATGVHSDIQMTQSPSSLSASVGDRVTITCRASSSVSYMHWYQQKPGK
APKPLIYAPSNLASGVPSRFSGSGSGTDFTLTISSLQPEDFATYYCQQWSFNPPTFGQGT
KVEIKRTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQSGNSQES
VTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC

FIG._6

MGWSCIILFLVATATGVHSEVQLVESGGGLVQPGGSLRLSCAASGYTFTSYNMHWVRQAP
GKGLEWVGAIYPGNGDTSYNQKFKGRFTISVDKSKNTLYLOMNSLRAEDTAVYYCARVVY
YSNSYWYFDVWGQGTLVTVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTV
SWNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTQTY ICNVNHKPSNTKVDKKVE
PKSCDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFN
WYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPTEKTI
SKAKGQPREPQVYTLPPSREEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPP
VLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGK

FIG._7

MGWSCIILFLVATATGVHSEVQLVESGGGLVQPGGSLRLSCAASGYTFTSYNMHWVRQAP
GKGLEWVGAIYPGNGDTSYNQKFKGRFTISVDKSKNTLYLOMNSLRAEDTAVYYCARVVY
YSNSYWYFDVWGQGTLVTVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTYV
SWNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTQTY ICNVNHK PSNTKVDKKVE
PKSCDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFN
WYVDGVEVHNAKTKPREEQYNATYRVVSVLTVLHODWLNGKEYKCKVSNKALPAPIAATT
SKAKGQPREPQVYTLPPSREEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPP
VLDSDGSFFLY SKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGK

FIG._8
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23/25
ATGACAACAC CCAGAAATTC AGTAAATGGG

METThrThrPro ArgAsnSer ValAsnGly
ATTGCTATGC AACCTGGTCC AAAACCACTC
IleAlaMETGln ProGlyPro LysProLeu
ACGCAAAGCT TCTTCATGAG GGAATCTAAG
ThrGlnSerPhe PheMETArg GluSerLys
CTCTTCCACA TTGCCCTGGG GGGTCTTCTG
LeuPheHisIle AlaLeuGIy GlyLeuLeu
TGTGTGACTG TGTGGTACCC TCTGTGGGGA
CysValThrvVal TrpTyrPro LeuTrpGly
CTGGCAGCAA CGGAGAAARAA CTCCAGGAAG
LeuAlaAlaThr GluLysAsn SerArgLys
TCATTGAGCC TCTTTGCTGC CATTTCTGGA
SerLeuSerLeu PheAlaAla IleSerGly
ATTAAAATTT CCCATTTTTT AAAAATGGAG
IleLysIleSer HisPheLeu LysMETGlu
TATATTAACA TATACAACTG TGAACCAGCT
TyrIleAsnIle TyrAsnCys GluProAla
CAATACTGTT ACAGCATACA ATCTCTGTTC
GlnTyrCysTyr SerIleGln SerLeuPhe
GCCTTCTTCC AGGAACTTGT AATAGCTGGC
AlaPhePheGln GluLeuVal IleAlaGly
TCCAGACCCA AATCTAGCGT AGTTCTCCTG
SerArgProLys SerSerVal ValLeuleu
GAAATAAAAG AAGAAGTGGT TGGGCTAACT
GluIleLysGlu Gluvalval GlyLeuThr
GCCATTGAAA TTATTCCAAT CCAAGAAGAG
AlaIleGluIle IleProlIle GlnGluGlu
GAACCTCCCC AAGATCAGGA ATCTTCACCA

GluProProGln AspGlnGlu SerSerPro

ACTTTCCCAG CAGAGCCAAT GAAAGGCCCT
ThrPheProAla GluProMET LysGlyPro
CTCAGGAGGA TGTCTTCACT GGTGGGTCCC
LeuArgArgMET SerSerLeu ValGlyPro
GCTTTGGGGG CTGTCCAGAT TATGAATGGG
AlaLeuGlyAla ValGlnIle METAsnGly
ATGATCCCAG CAGGGATCTA TGCACCCATC
METIleProAla GlyIleTyr AlaProlIle
GGCATTATGT ATATTATTTC CGGATCACTC
GlyIleMETTyr IlelleSer GlySerLeu
TGTTTGGTCA AAGGAAAAAT GATAATGAAT
CysLeuVallLys GlyLysMET IleMETAsn
ATGATTCTTT CAATCATGGA CATACTTAAT
METIleLeuSer IleMETAsp IleLeuAsn
AGTCTGAATT TTATCAGAGT TCACACACCA
SerLeuAsnPhe IleArgval HisThrPro
AATCCCTCTG AGAAAAACTC TCCATCTACT
AsnProSerGlu LysAsnSer ProSerThr
CTGGGCATTT TGTCAGTGAT GCTGATCTTT
LeuGlyIleLeu SerValMET LeullePhe
ATCGTTGAGA ATGAATGGAG AAGAACATGC
IlevalGluAsn GluTrpArg ArgTthys
TCAGCTGAAG AAAAAAAAGA ACAAGTCATT
SerAlaGluGlu LysLysGlu GlnvValiile
GAAACATCTT CCCAACCAAA GAATGAAGAA
GluThrSerSer GlnProLys AsnGluGlu
GAAGAAGAAG AAACAGAGAC AAACTTTCCA
GluGluGluGlu ThrGluThr AsnPhePro
ATAGAAAATG ACAGCTCTCC T

IleGluAsnAsp SerSerPro

FIG._19
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<110> Adams ET AL.
<120>
<130> P1990R3C1
<140> US 11/147,780
<141> 2005-06-07
<150> uUs 60/434,115
<151> 2002-12-16
<150> uUs 60/526,163
<151> 2003-12-01
<150> PCT/US03/40426
<151> 2003-12-16
<160> 53
<210> 1
<211> 107
<212> PRT
<213> Mus musculus
<400> 1
Gln Ile val Leu Ser
1 S
Gly Glu Lys val Thr
20
Tyr Met His Trp Tyr
35
Trp Ile Tyr Ala Pro
Phe Ser Gly Ser Gly
65
Arg val Glu Ala Glu
80
Ser Phe Asn Pro Pro
95
Lys Arg
<210> 2
<211> 107
<212> PRT

GlIn Ser Pro
Met Thr Cys
Gln GIn Lys
Ser Asn Leu
Ser Gly Thr
Asp Ala Ala

Thr phe Gly

<213> Artificial sequence

<220>

<223> Sequence 1is synthesized

<400> 2

1

Gly Asp Arg val Thg Ile Thr Cys Arg Ala
2

Ala

Arg

Pro

Ala

ser

Thr

Ala

Asp Ile GIn Met Thr Gln Ser Pro Ser
5

Ile
10

Ala
25

Gly
40

ser
55

Tyr
70

Tyr
85

Gly
100

ser
10

25

Leu Ser

Ser Ser

Ser Ser

Gly val

Ser Leu

Tyr Cys

Thr Lys

Ala

ser

Pro

Pro

Thr

Gln

Leu

ser

val

Lys

Ala

Ile

Gln

Glu

Pro
15

Ser
30

Pro
45

Arg
60

Ser
75

Trp
90

Leu
105

Leu Ser Ala Ser val

15

Ser Ser Ser val Ser

30

Tyr Met His Trp Tyr GIn GIn Lys Pro Gly Lys Ala Pro Lys Pro
Page 1




O

35

Leu Ile Tyr Ala Pro Ser Asn Leu
50

Phe ser Gly Ser Gly Ser Gly Thr
65

Ser Leu GIn Pro Glu Asp Phe Ala
80

ser Phe Asn Pro Pro Thr Phe Gly
95

LysS Arg

<210> 3

<211> 108

<212> PRT

<213> Artificial Sequence

2003301079 23 Nov 2007

<220>
<223> Sequence is synthesized

<400> 3
Asp Ile GIn Met Thr Gln Ser Pro
1 5

Gly Asp Arg val Thr 1le Thr Cys
20

Asn Tyr Leu Ala Trp Tyr Gln GlIn
35

| Leu Leu Ile Tyr Ala Ala Ser Ser
50
I

Arg phe ser Gly ser Gly ser Gly
65

ser Ser Leu GIn Pro Glu Asp Phe
80

Tyr Asn Ser Leu Pro Trp Thr pPhe
95

Ile Lys Arg

<210> 4

<211> 10

<212> PRT

<213> Mus musculus

<400> 4
Arg Ala Ser Ser Ser val Ser Tyr
5

<210> 5

<211> 7

<212> PRT

<213> Mus musculus

<400> 5
Ala Pro Ser Asn Leu Ala Ser
S

40

Ala ser Gly
55

Asp Phe Thr
70

Thr Tyr Tyr
85

GIn Gly Thr
100

Ser Ser Leu
10

Arg Ala ser
25

Lys Pro Gly
40

Leu Glu Ser
55

Thr Asp Phe
70

Ala Thr Tyr
85

Gly GIn Gly
100

Met His
10

Page 2

val

Leu

Cys

Lys

Ser

GIn

Lys

Gly

Thr

Tyr

Thr

P76023.AU - Sequence Listing.

Pro

Thr

Gln

val

Ala

Ser

Ala

val

Leu

Cys

Lys

txt

Ser

Gln

Glu

ser

Ile

Pro

Pro

Thr

Gln

val

45

Arg
60

Ser
75

Trp
90

Ile
105

val
15

Ser
30

Lys
45

Ser
60

Ile
75

GIn
90

Glu
105
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<210>
<211>
<212>
<213>

<400>

6
9
PRT

Mus musculus

6

GIn GIn Trp Ser Phe Asn

<210>
<211>
<212>
<213>
<400>
1

Ala

ser

Glu

Asn

ser

ser

Tyr

Ser

<210>
<211>
<212>
<213>

<220>
<223>

7
122
PRT

5

Mus musculus

7

ser val

Tyr Asn

Trp Ile

Gln Lys

Ser Thr

Ala val

Trp Tyr

Ser

8
122
PRT

Lys
Met
Gly
Phe
Ala
Tyr

Phe

Gln Ala Tyr Leu Gln
5

Met
20
His
35

Ala
50

Lys
65

Tyr
80

Phe
95

Asp
110

Gln

ser

Trp

Ile

Gly

Met

Cys

val

P76023.AU - Sequence Listing.txt

Pro Pro

ser Gly
Cys Lys
val Lys
Tyr Pro
Lys Ala
GIn Leu
Ala Arg

Trp Gly

Artificial sequence

Sequence 1is synthesized

<400> 8

Glu
1

Gly

val Gln

Ser Leu

Ser Tyr Asn

Glu Trp val

Asn GIn Lys

Lys Asn Thr

Leu val Glu

Arg

Met

S

Leu
20
His
35

Gly Ala

Phe

Leu

50
Lys
65

Tyr
80

Ser

Trp

Ile

Gly

Leu

Ser Gly
Cys Ala
val Arg
Tyr Pro
Arg Phe

GIn Met

Thr

Ala

Ala

Gln

Gly

Thr

Ser

val

Thr

Gly

Ala

GIn

Gly

Thr

AsSn

Glu Leu
10

ser Gly
25

Thr Pro
40

Asn Gly
55

Leu Thr
70

Ser Leu
85

val Tyr
100

Gly Thr
115

Gly Leu
10

Ser Gly
25

Ala Pro
40

Asn Gly
55

Ile Ser
70

ser Leu
85

Page 3

val

Tyr

Arg

Asp

val

Thr

Tyr

Thr

val

Tyr

Gly

Asp

val

Arg

Arg

Thr

GIn

Thr

Asp

Ser

Ser

val

Gln

Thr

Lys

Thr

Asp

Ala

Pro

Phe

Gly

ser

Lys

Glu

Asn

Thr

Pro

Phe

Gly

Ser

Lys

Glu

Gly
15

Thr
30

Leu
45

Tyr
60

sSer
75

Asp
90

ser
105

val
120

Gly
15

Thr
30

Leu
45

Tyr
60

ser
75

Asp
90




P76023.AU - Sequence Listing.txt

N
E% Thr Ala val Tyr ng Cys Ala Arg val XS& Tyr Tyr Ser Asn igg
(Q\
> Tyr Trp Tyr Phe Asp val Trp Gly GIn Gly Thr Leu val Thr val
@) 110 115 120
Z Ser Ser
™M
(Q\/
| <210> 9
<211> 119
o) <212> PRT
R~ <213> Artificial Sequence
\C—)I <220>
| o <223> Sequence 1is synthesized
M 4005 9
| ™ Glu val GIn Leu val Glu Ser Gly Gly Gly Leu val GIn Pro Gly
Q 1 5 10 15
o
N Gly Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly phe Thr phe Ser
20 25 30
Ser Tyr Ala Met Ser Trp val Arg GIn Ala Pro Gly Lys Gly Leu
35 40 45
Glu Trp val Ala val 1Ile Ser Gly Asp Gly Gly Ser Thr Tyr Tyr
50 55 60
Ala Asp Ser val Lys Gly Arg phe Thr Ile Ser Arg Asp Asn Ser
65 70 75
Lys Asn Thr Leu Tyr Leu Gln Met Asn Ser Leu Arg Ala Glu Asp
80 85 90
Thr Ala val Tyr Tyr Cys Ala Arg Gly Arg val Gly Tyr Ser Leu
95 100 105
Tyr Asp Tyr Trp Gly GIn Gly Thr Leu val Thr val Ser ser
110 115
<210> 10
<211> 10
<212> PRT
<213> Mus musculus
<400> 10 )
Gly Tyr Thr Phe Thr Ser Tyr Asn Met His
5 10
<210> 11
<211> 17
<212> PRT
<213> Mus musculus
<400> 11
Ala Ile Tyr Pro Gly Asn Gly Asp Thr Ser Tyr Asn Gln Lys Phe
1 5 10 15
Lys Gly
<210> 12
<211> 13
<212> PRT

<213> Mus musculus
Page 4
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<400> 12

P76023.AU - Sequence Listing.txt

val val Tyr Tyr Ser Asn Ser Tyr Trp Tyr Phe Asp val
5 10

<210> 13
<211> 5679
<212> DNA

<213> Artificial Sequence

<220>

<223> sSequence is synthesized

<400> 13
gaattcaact

tcattgctga
gaactgtgtg
tcgcaatatg
gggcgctgta
gagctgctgc
aaaagttaat
atagtcgctt
tcggtacccg
atcgcatttc
gtacgctgat
tgggcgatag
agctcttata
gaaactactg
gcttctctgg
ctgcagccag
tccgegeaca
ctgcaccatc
ggaactgctt
caaagtacag
agagtgtcac
accctgacgc
cgaagtcacc
ggggagagtg
acgcaagttc
aaagaatatc

caaacgcgta

tctccatact
gttgttattt
cgcaggtaga
gcgcaaaatg
cgaggtaaag
gcgattacgt
cttttcaaca
tgttrttatt
gggatcctct
ttcttgcatc
atccagatga
ggtcaccatc
gctatatgca
atttactatg
atccggttct
aagacttcgc
tttggacagg
tgtcttcatc
ctgttgtgtg
tggaaggtgg
agagcaggac
tgagcaaagc
catcagggcc
ttaagctgat
acgtaaaaag
gcatttcttc

cgctgaggtt

ttggataagg
aagcttgccc
agctttggag
accaacagcg
cccgatgcca
aaagaagtta
gctgtcataa
ttttaatgta
agaggttgag
tatgttcgtt
cccagtcccc
acctgcagag
ctggtatcaa
ctagcaacct
gggacggatt
aacttattac
gtaccaaggt
ttcccgecat
cctgctgaat
ataacgccct
agcaaggaca
agactacgag
tgagctcgcec
cctctacgec
ggtatctaga
ttgcatctat

cagctggtgg

aaatacagac
aaaaagaaga
attatcgtca
gttgattgat
gcattcctga
ttgaagcatc
agttgtcacg
tttgtaacta
gtgattttat
ttttctattg
gagctccctg
ccagtcagag
cagaaaccag
cgagtctgga
tcactctgac
tgtcaacact
ggagatcaaa
ctgatgagca
aacttctatc
ccaatcgggt
gcacctacag
aaacacaaag
cgtcacaaag
ggacgcatcg
ggttgaggtg
gttcgttttt
agtctggcgg

Page 5

atgaaaaatc
agagtcgaat
ctgcaatgct
caggtagagg
cgacgatacg
ctcgtcagta
gccgagactt
gaattcgagc
gaaaaagaat
ctacaaacgc
tccgectctg
cgtgtcgact
gaaaagctcc
gtcccttctce
catcagcagt
cttggggtat
cgaactgtgg
gttgaaatct
ccagagaggc
aactcccagg
cctcageagce
tctacgcectyg
agcttcaaca
tggccctagt
attttatgaa
tctattgcta

tggcctggtg

100
150
200
250
300
350
400
450
500
550
600
650
700
750
800
850
900
950
1000
1050
1100
1150
1200
1250
1300
1350
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cagccagggg
caccgaatat
aatgggttgc
cgcttcaagg
atacctgcag
gtgctcgatg
gtcaccgtct
accctcctec
tcaaggacta
ctgaccagcg
ctactccctc
agacctacat
aagaaagttg
tgcaccagta
gctagegecg
atggagccgg
cggattcacc
tgaatgcgca
tccagcagec
ggtgcgcatg
gttgccttac
agcgactgct
cttcggtttc
gcaccattat
ggaacaccta
ttttctctgg
gttccagtaa
ctctctcgtt
acacggaggc
ccgctttatc
tggacgcgga
gatgagcttt
aaattcgcgt

cgaaatcggc

gctcactccg
atcatccact
atcgattaat
gccgtttcac
atgaacagcc
gatcagcgat
cctcggectc
aagagcacct
cttccccgaa
gcgtgcacac
agcagcgtgg
ctgcaacgtg
agcccaaatc
tcgtccattc
ccctatacct
gccacctcga
actccaagaa
aaccaaccct
gcacgcggeg
atcgtgctcc
tggttagcag
gctgcaaaac
cgtgtttcgt
gttccggatc
catctgtatt
tcccgecgea
ccgggcatgt
tcatcggtat
atcaagtgac
agaagccaga
tgaacaggca
accgcagcat
taaatttttg

daaaatccctt

P76023.AU
tttgtcctgt

gggtccgtca
cctgactacg
tataagtcgc
tgcgtgctga
ttcttcgact
caccaagggc
ctgggggcac
ccggtgacgg
cttcccgget
tgaccgtgcce
aatcacaagc
ttgtgacaaa
cgacagcatc
tgtctgectc
cctgaatgga
ttggagccaa
tggcagaaca
catctcgggce
tgtcgttgag
aatgaatcac
gtctgcgacc
aaagtctgga
tgcatcgcag
aacgaagcgc
tccataccgce
tcatcatcag
cattaccccc
caaacaggaa
cattaacgct
gacatctgtg
ccggaaattg
ttaaatcagc

ataaatcaaa

- Sequence Listing.txt

gcagcttctg
ggccccgggt
acatcacgaa
gacgattcca
ggacactgcc
actggggtca
ccatcggtct
agcggecctg
tgtcgtggaa
gtcctacagt
ctccagcagce
ccagcaacac
actcacacat
gccagtcact
ccegegttge
agccggeggc
tcaattcttg
tatccatcgc
agcgttgggt
gacccggcta
cgatacgcga
tgagcaacaa
aacgcggaag
gatgctgctg
tggcattgac
cagttgttta
taacccgtat
atgaacagaa
aaaaccgccc
tctggagaaa
aatcgcttca
taaacgttaa
tcatttttta

agaatagacc

Page 6

gctacacctt
aagggcctgg
ctataaccag
aaaacacatt
gtctattatt
aggaaccctg
tcccectgge
ggctgcctgg
ctcaggcgece
cctcaggact
ttgggcaccc
caaggtggac
gaccaccgca
atggcgtgct
gtcgeggtgc
acctcgctaa
cggagaactg
gtccgecatc
cctggccacg
ggctggcggg
gcgaacgtga
catgaatggt
tcagcgcect
gctaccctgt
cctgagtgat
ccctcacaac
cgtgagcatc
attcccectt
ttaacatggc
ctcaacgagc
cgaccacgct
tattttgtta

accaataggc

gagatagggt

1400
1450
1500
1550
1600
1650
1700
1750
1800
1850
1900
1950
2000
2050
2100
2150
2200
2250
2300
2350
2400
2450
2500
2550
2600
2650
2700
2750
2800
2850
2900
2950
3000
3050
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tgagtgttgt
tccaacgtca
tgaaccatca
taaatcggaa
ccggcgaacg
tagggcgctg
ccgcgettaa
ttcggtgatg
cacagcttgt
cgtcageggy
agcgatagcg
gtactgagag
gagaaaatac
tgcgctcggt
gtaatacggt
agcaaaaggc
cgtttttcca
tcaagtcaga
tcccectgga
ccggatacct
agctcacgct
gggctgtgtg
gtaactatcg
gcagcagcca
tacagagttc
tatttggtat
ggtagctctt
tgtttgcaag
ctttgatctt
taagggattt
tttaaattaa
cttggtctga
atctgtctat

aactacgata

tccagtttgg
aagggcgaaa
ccctaatcaa
ccctaaaggg
tggcgagaaa
gcaagtgtag
tgcgccgceta
acggtgaaaa
ctgtaagcgg
tgttggcggag
gagtgtatac
tgcaccatat
cgcatcaggc
cgttcggctg
tatccacaga
cagcaaaagg
taggctccgc
ggtggcgaaa
agctccctcg
gtccgecttt
gtaggtatct
cacgaacccc
tcttgagtcc
ctggtaacag
ttgaagtggt
ctgcgctctg
gatccggcaa
cagcagatta
ttctacgggg
tggtcatgag
aaatgaagtt
cagttaccaa
ttcgttcatc

€gggagggct

P76023.AU
aacaagagtc

aaccgtctat
gttttttggg
agccecccgat
ggaagggaag
cggtcacgct
cagggcgegt
cctctgacac
atgccgggag
tgtcggggceg
tggcttaact
gcggtgtgaa
gctcttccgce
<ggcgagcgg
atcaggggat
ccaggaaccg
ccecectgacy
cccgacagga
tgcgetctec
ctcccttegg
cagttcggtg
ccgttcagcec
aacccggtaa
gattagcaga
ggcctaacta
ctgaagccag
acaaaccacc
cgcgcagaaa
tctgacgctc
attatcaaaa
ttaaatcaat
tgcttaatca
catagttgcc

taccatctgg

- Sequence
cactattaaa

cagggctatg
gtcgaggtgc
ttagagcttg
aaagcgaaag
gcgcgtaacc
ccgcatcctg
atgcagctcc
cagacaagcc
cagccatgac
atgcggceatc
ataccgcaca
ttcctcgetce
tatcagctca
aacgcaggaa
taaaaaggcc
agcatcacaa
ctataaagat
tgttccgacc
gaagcgtggc
taggtcgttc
cgaccgctgce
gacacgactt
gcgaggtatg
cggctacact
ttaccttcgg
gctggtagceg
aaaaggatct
agtggaacga
aggatcttca
ctaaagtata
gtgaggcacc
tgactccccg

ccccagtgcet

Page 7

Listing.txt
gaacgtggac

gcccactacg
cgtaaagcac
acggggaaag
gagcgggegc
accacacccg
cctecgegegt
cggagacggt
cgtcagggcg
ccagtcacgt
agagcagatt
gatgcgtaag
actgactcgc
ctcaaaggcg
agaacatgtg
gcgttgctgg
aaatcgacgc
accaggcgtt
ctgccgetta
gctttctcat
gctccaagcet
gccttatccg
atcgccactg
taggcggtgc
agaaggacag
aaaaagagtt
gtggtttttt
caagaagatc
aaactcacgt
cctagatcct
tatgagtaaa
tatctcagcg
tcgtgtagat

gcaatgatac

3100
3150
3200
3250
3300
3350
3400
3450
3500
3550
3600
3650
3700
3750
3800
3850
3900
3950
4000
4050
4100
4150
4200
4250
4300
4350
4400
4450
4500
4550
4600
4650
4700
4750
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cgcgagaccc
gccggaaggg
ccagtctatt
atagtttgcg
tcgtegtttg
agttacatga
ctccgatcgt
atggcagcac
ttctgtgact
ggcgaccgag
catagcagaa
aaaactctca
ctcgtgcacc
gggtgagcaa
gacacggaaa
gcatttatca
tagaaaaata
acctgacgtc
ggcgtatcac
<210> 14
<211> 241
<212> PRT
<213>

<220>
<223>

<400> 14
Mei Lys

Ser Ile

Pro Ser
Cys Arg
His Trp
Tyr Tyr

Gly Ser

Ala

Ser

Ala

Tyr

Ala

Gly

acgctcaccg
ccgagcgceag
aattgttgcec
caacgttgtt
gtatggcttc
tcccccatgt
tgtcagaagt
tgcataattc
ggtgagtact
ttgctcttgc
ctttaaaagt
aggatcttac
caactgatct
aaacaggaag
tgttgaatac
gggttattgt
aacaaatagg
taagaaacca

gaggcccttt

5

Thr Asn

20

ser
35

Leu

GIn
50

Ser

Gln
65

Gln

Ser Asn

80

Gly
95

Ser

Ala

Ala

Ser

Lys

Leu

Thr

P76023.AU

gctccagatt
aagtggtcct
gggaagctag
gccattgctg
attcagctcc
tgtgcaaaaa
aagttggccg
tcttactgtc
caaccaagtc
ccggcgtcaa
gctcatcatt
cgctgttgag
tcagcatctt
gcaaaatgcc
tcatactctt
ctcatgagcg
ggttccgcgce
ttattatcat

cgtcttcaa

Artificial Sequence

Sequence is synthesized

Lys Asn Ile Ala Phe Leu

Tyr Ala

Ser val
val Sser
Pro Gly
Glu Ser

Asp Phe

tatcagcaat
gcaactttat
agtaagtagt
caggcatcgt
ggttcccaac
agcggttagc
cagtgttatc
atgccatccg
attctgagaa
cacgggataa
ggaaaacgtt
atccagttcg
ttactttcac
gcaaaaaagg
cctttttcaa
gatacatatt
acatttcccc
gacattaacc

5679

Leu Ala
10

Ser

Ile GIn

25

ASp

Gly Asp

40

Arg

Thr Ser Ser

55

Ala
70

val
85

Lys Pro

Gly Pro

Thr Leu Thr

100

Page 8

- Sequence Listing.txt

aaaccagcca
ccgectecat
tcgccagtta
ggtgtcacgc
gatcaaggcg
tcctteggtc
actcatggtt
taagatgctt
tagtgtatgc
taccgcgeca
cttcggggeg
atgtaaccca
cagcgtttct
gaataagggc
tattattgaa
tgaatgtatt
gaaaagtgcc

tataaaaata

Met Phe val

Met Thr GlIn

val Thr Ile

Tyr Ser Tyr

Lys Leu Leu

Ser Arg Phe

Ile Ser Ser

4800
4850
4900
4950
5000
5050
5100
5150
5200
5250
5300
5350
5400
5450
5500
5550
5600
5650

Phe
15

ser
30

Thr
45

Met
60

Ile
75

ser
90

Leu
105
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GIn

Ile

Thr

Gln

Phe

Leu

Lys

Ala

Gln

cys

<210>
<211>
<212>
<213>

<220>
<223>

<400>

Pro

Pro

val

Leu

TYyr

Gln

Asp

Asp

Gly

15

248

Glu

Arg

Ala

Lys

Pro

ser

Ser

Tyr

Leu

PRT
Artificial Sequence

Asp
Thr
Ala
ser
Arg
Gly
Thr
Glu

ser

Phe
110

Phe
125

Pro
140

Gly
155

Glu
170

Asn
185

Tyr
200

Lys
215

ser
230

P76023.AU - Sequence

Ala Thr Tyr Tyr Cys

Gly

Ser

Thr

Ser

Ser

His

Pro

Gln Gly
val Phe
Ala Ser
Lys val
Gln Glu
Leu Ser
Lys val

val Thr

Sequence is synthesized

15

Met Lys Lys Asn
1

Ser

Gly

Ala

Arg

Pro

Phe

Met

Arg

val

Ile

Gly

Ala

Gln

Asp

Thr

Asn

Trp

Thr

Ala

Gly

ser

Ala

Tyr

Ile

ser

Ile

val

Thr

Leu

Gly

Pro

ASp

ser

Leu

ser

ser

Ile Ala Phe Leu

5

Asn
20

val
35

Tyr
50

Gly
65

Ile
80

Arg
95

Arg
110

Asp
125

ser
140

Ala

Gln

Thr

Lys

Thr

ASp

Ala

Phe

Ala

Tyr Ala

Pro Gly

Phe Thr

Gly Leu

Asn Tyr

Asp Sser

Glu Asp

Phe Asp

Ser Thr

Thr

Ile

val

Gln

Ser

Ser

Tyr

Lys

Leu

Glu

Gly

Glu

Glu

Asn

Lys

Thr

Tyr

Lys

115

LysS
130

Phe
145

val
160

Trp
175

val
190

Thr
205

Ala
220

Ser
235

Ala
10

val
25

ser
40

Tyr
55

Trp
70

Gln
85

Asn
100

Ala
115

Trp
130

Gly
145

Gln

val

Pro

Cys

Lys

Thr

Leu

Cys

Phe

Ser

Gln

Leu

Ile

val

Arg

Thr

val

Gly

Pro

Page 9

Listing.txt

His

Glu

Pro

Leu

val

Glu

Thr

Glu

Asn

Met

Leu

Arg

Ile

Ala

Phe

Leu

Tyr

GlIn

ser

sSer

Ile

ser

Leu

Asp

GIn

Leu

val

Arg

Phe

val

Leu

His

ser

Lys

Tyr

Tyr

Gly

val

Trp

Lys

Asp

AsSn

Asn

Asp

Ser

Thr

Gly

val

Glu

ser

Trp

Ile

Gly

Leu

Cys

Thr

Phe

Gly
120

Arg
135

Glu
150

Asn
165

Ala
180

Ser
195

Lys
210
His
225

Glu
240

Phe
15

ser
30

Cys
45

val
60

Asn
75

Arg
90

GlIn
105

Ala
120

Leu
135

Pro
150




2003301079 23 Nov 2007

Leu Ala

Gly Cys

Trp Asn

val Leu

val Pro

AsSn His

Lys Ser

<210>
<211>
<212>
<213>

16
5678
DNA

<220>
<223>

<400> 16
gaattcaact

tcattgctga
gaactgtgtg
tcgcaatatg
gggcgctgta
gagctgctgce
aaaagttaat
atagtcgctt
tcggtacccyg
tcgcatttct
tacgctcaga
tggcgagaag
tgcattggta
gctccatcga
ttctgggact
ccgcaactta
gccggcacca
catcttcccg

tgtgcctgct

Pro

Leu

Ser

Gln

Ser

Lys

Cys

ser
155

ser

val Lys

170

Ala
185

Gly

ser Ser

200

Ser
215

ser

ser
230

Pro

Asp LysS

245

tctccatact
gttgttattt
cgcaggtaga
gcgcaaaatg
cgaggtaaag
gcgattacgt
cttttcaaca
tgtttttatt
gggatcctct
tcttgcatct
tagtactgtc
gtcactatga
tcaacagaaa
acctcgegtc
agttactctc
ttactgtcaa
agctggagct
ccatctgatg

gaataacttc

ASp
Leu
Gly
Leu
Asn

Thr

P76023.AU - Sequence

Tyr Phe

Thr ser

Leu Tyr

Gly Thr
Thr Lys

His Thr

Artificial Sequence

Sequence is chimeric

ttggataagg
aagcttgecc
agctttggag
accaacagcg
cccgatgceca
aaagaagtta
gctgtcataa
ttttaatgta
agaggttgag
atgttcgttt
ccagtccccg
cctgcagagce
ccaggaagct
tggagtccct
tgaccatcag
cagtggagct
caaacgaact
agcagttgaa

tatcccagag

Lys Ser Thr Ser Gly Gly

160

Glu
175

Pro Pro

val His

190

Gly

Leu
205

Ser Ser

Thr
220

Gln Tyr

val Asp Lys

235

aaatacagac
aaaaagaaga
attatcgtca
gttgattgat
gcattcctga
ttgaagcatc
agttgtcacg
tttgtaacta
gtgatttatg
tttctattge
gctatcctgt
cagctcttct
ctccgaaacc
gcgcgettct
cagagtggag
tcaatccgcec
gtggctgcac
atctggaact

aggccaaagt
rPage 10

Listing.txt

Thr Ala Ala

val Thr val

Thr Phe Pro

Ser val val

Ile Cys Asn

Lys val Glu

atgaaaaatc
agagtcgaat
ctgcaatgct
caggtagagg
cgacgatacg
ctcgtcagta
gccgagactt
gaattcgagc
aaaaagaata
tacaaacgcg
ccgecctctec
gtgagctata
atggatttac
ctggatccgg
gcagaagacg
cacatttgga
catctgtctt
gcttctgttg
acagtggaag

Leu
165

ser
180

Ala
195

Thr
210

val
225

Pro
240

100
150
200
250
300
350
400
450
500
550
600
650
700
750
800
850
900
950
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gtggataacg
ggacagcaag
aagcagacta
ggcctgagcet
tgatcctcta
aaagggtatc
cttcttgcat
ggcttatctg
tcaagatgtc
cattgggtca
ctatcctggc
ccactctgac
agcctgactt
ctatagcaac
tcaccgtctc
ccctecteca
caaggactac
tgaccagcgg
tactccctca
gacctacatc
agaaagttga
gcaccagtat
ctagcgccge
tggagccggyg
ggattcacca
gaatgcgcaa
ccagcagecg
gtgcgcatga
ttgccttact
gcgactgctg
ttcggtttcc
caccattatg
gaacacctac

tttctctggt

ccctccaatc
gacagcacct
cgagaaacac
cgcececgtcac
cgccggacgce
tagaggttga
ctatgttcgt
cagcagtctg
ctgtaaagct
agcagacacc
aacggcgaca
tgtggacaag
ctgaggacag
agctactggt
ctcggectcec
agagcacctc
ttccccgaac
cgtgcacacc
gcagcgtggt
tgcaacgtga
gcccaaatct
cgtccattcc
cctatacctt
ccacctcgac
ctccaagaat
accaaccctt
cacgcggegce
tcgtgectect
ggttagcaga
ctgcaaaacg
gtgtttcgta
ttccggatct
atctgtatta

ccecgecgeat

P76023.AU
gaggtaactcc
acagcctcag
aaagtctacg
aaagagcttc
atcgtggccc
ggtgatttta
tttttctatt
gcgccgaget
tctggctaca
gaggcaaggc
cgagctataa
tccagcagta
cgctgtctac
acttcgacgt
accaagggcc
tgggggcaca
cggtgacggt
ttccecggcetg
gaccgtgccc
atcacaagcc
tgtgacaaaa
gacagcatcg
gtctgcctcec
ctgaatggaa
tggagccaat
ggcagaacat
atctcgggca
gtcgttgagg
atgaatcacc
tctgcgacct
aagtctggaa
gcatcgcagg
acgaagcgct

ccataccgcec

- Sequence
caggagagtg
cagcaccctg
cctgcgaagt
aacaggggag
tagtacgcaa
tgaaaaagaa
gctacaaacg
ggtgcggcca
ccttcaccag
ctggaatgga
ccagaagttc
ctgcctacat
ttttgtgctc
ctggggtacc
catcggtctt
gcggcectgg
gtcgtggaac
tcctacagtc
tccagcagcet
cagcaacacc
ctcacacatg
ccagtcacta
ccgegttgeg
gccggeggea
caattctigc
atccatcgceg
gcgttgggtc
acccggetag
gatacgcgag
gagcaacaac
acgcggaagt
atgctgctgg
ggcattgacc

agttgtttac
Page 11

Listing.txt
tcacagagca
acgctgagca
cacccatcag
agtgttaagc
gttcacgtaa
tatcgcattt
cgtacgctca
ggagctageg
ctataacatg
ttggagcgat
aagggcaagg
gcaactgagc
gcgtggtcta
ggaaccacag
cccecctggea
gctgcctggt
tcaggcgcecc
ctcaggactc
tgggcaccca
aaggtggaca
accaccgcat
tggcgtgctg
tcgeggtgcea
cctcgctaac
ggagaactgt
tccgecatct
ctggccacgg
gctggcgggg
cgaacgtgaa
atgaatggtc
cagcgccectg
ctaccctgtg
ctgagtgatt

cctcacaacg

1000
1050
1100
1150
1200
1250
1300
1350
1400
1450
1500
1550
1600
1650
1700
1750
1800
1850
1900
1950
2000
2050
2100
2150
2200
2250
2300
2350
2400
2450
2500
2550
2600
2650
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ttccagtaac
tctctegttt
cacggaggca
cgctttatca
ggacgcggat
atgagcttta
aattcgegtt
gaaatcggca
gagtgttgtt
ccaacgtcaa
gaaccatcac
aaatcggaac
cggcgaacgt
agggcgctgg
cgcgcttaat
tcggtgatga
acagcttgtc
gtcagcgggt
gcgatagegg
tactgagagt
agaaaatacc
gcgcteggtce
taatacggtt
gcaaaaggcc
gtttttccat
caagtcagag
ccccctggaa
cggatacctg
gctcacgctg
ggctgtgtgc
taactatcgt
cagcagccac
acagagttct

atttggtatc

cgggcatgtt
catcggtatc
tcaagtgacc
gaagccagac
gaacaggcag
ccgcageatc
aaatttttgt
aaatccctta
ccagtttgga
agggcgaaaa
cctaatcaag
cctaaaggga
ggcgagaaag
caagtgtagc
gcgcecgetac
cggtgaaaac
tgtaagcgga
gttggcgggt
agtgtatact
gcaccatatg
gcatcaggcg
gttcggetgc
atccacagaa
agcaaaaggc
aggctccgec
gtggcgaaac
gctccctegt
tccgectttc
taggtatctc
acgaaccccc
cttgagtcca
tggtaacagg
tgaagtggtg
tgcgctctge

P76023.AU - Sequence Listing.txt

catcatcagt
attaccccca
aaacaggaaa
attaacgctt
acatctgtga
cggaaattgt
taaatcagct
taaatcaaaa
acaagagtcc
accgtctatc
ttttttgggg
gcccccgatt
gaagggaaga
ggtcacgctg
agggcgegtc
ctctgacaca
tgccgggage
gtcggggcgc
ggcttaacta
cggtgtgaaa
ctcttcecget
ggcgagcggtr
tcaggggata
caggaaccgt
cccctgacga
ccgacaggac
gcgctctect
tccctteggg
agttcggtgt
cgttcagccc
acccggtaag
attagcagag
gcctaactac

tgaagccagt

aacccgtatc
tgaacagaaa
aaaccgccct
ctggagaaac
atcgcttcac
aaacgttaat
cattttttaa
gaatagaccg
actattaaag
agggctatgg
tcgaggtgcec
tagagcttga
aagcgaaagg
cgcgtaacca
cgcatcctgce
tgcagctccc
agacaagccc
agccatgacc
tgcggceatca
taccgcacag
tcctcgctca
atcagctcac
acgcaggaaa
aaaaaggccg
gcatcacaaa
tataaagata
gttccgaccc
aagcgtggcg
aggtcgttcg
gaccgctgceg
acacgactta
cgaggtatgt
ggctacacta

taccttcgga
Page 12

gtgagcatcc
ttceccectta
taacatggcc
tcaacgagct
gaccacgctg
attttgttaa
ccaataggcc
agatagggtt
aacgtggact
cccactacgt
gtaaagcact
cggggaaagc
agcgggeget
ccacacccgc
ctcgecgegtt
ggagacggtc
gtcagggcgc
cagtcacgta
gagcagattg
atgcgtaagg
ctgactcgct
tcaaaggcgg
gaacatgtga
cgttgctggc
aatcgacgct
ccaggcgttt
tgccgcettac
ctttctcata
ctccaagctg
ccttatccgg
tcgccactgg
aggcggtgct
gaaggacagt

aaaagagttg

2700
2750
2800
2850
2900
2950
3000
3050
3100
3150
3200
3250
3300
3350
3400
3450
3500
3550
3600
3650
3700
3750
3800
3850
3900
3950
4000
4050
4100
4150
4200
4250
4300
4350
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gtagctcttg
gtttgcaagc
tttgatcttt
aagggatttt
ttaaattaaa
ttggtctgac
tctgtctatt
actacgatac
gcgagaccca
ccggaaggge
cagtctatta
tagtttgcgce
cgtcgtttgg
gttacatgat
tccgatcgtt
tggcagcact
tctgtgactg
gcgaccgagt
atagcagaac
aaactctcaa
tcgtgcaccce
ggtgagcaaa
acacggaaat
catttatcag
agaaaaataa
cctgacgtct
gcgtatcacg
<210> 17

<211> 236
<212> PRT

atccggcaaa
agcagattac
tctacggggt
ggtcatgaga
aatgaagttt
agttaccaat
tcgttcatcc
gggagggctt
cgctcaccgg
cgagcgcaga
attgttgccg
aacgttgttg
tatggcttca
cccccatgtt
gtcagaagta
gcataattct
gtgagtactc
tgctcttgece
tttaaaagtg
ggatcttacc
aactgatctt
aacaggaagg
gttgaatact
ggttattgtc
acaaataggg
aagaaaccat

aggccctttce

P76023.AU - Sequence

caaaccaccg
gcgcagaaaa
ctgacgctca
ttatcaaaaa
taaatcaatc
gcttaatcag
atagttgcct
accatctggc
ctccagattt
agtggtcctg
ggaagctaga
ccattgctgce
ttcagctccg
gtgcaaaaaa
agttggccgc
cttactgtca
aaccaagtca
cggcgtcaac
ctcatcattg
gctgttgaga
cagcatcttt
caaaatgccg
catactcttc
tcatgagcgg
gttccgegea

tattatcatg

ctggtagcgg
aaaggatctc
gtggaacgaa
ggatcttcac
taaagtatat
tgaggcacct
gactccccgt
cccagtgctg
atcagcaata
caactttatc
gtaagtagtt
aggcatcgtg
gttcccaacg
gcggttagcet
agtgttatca
tgccatccgt
ttctgagaat
acgggataat
gaaaacgttc
tccagttcga
tactttcacc
caaaaaaggg
ctttttcaat
atacatattt
catttcceccg

acattaacct

gtcttcaa 5678

<213> Artificial sequence

<220>

<223> Sequence is chimeric

<400> 17

Met Lys Lys Asn Ile Ala Phe Leu Leu Ala Ser Met Phe val Phe
1 5

Listing.txt

tggttttttt
aagaagatcc
aactcacgtt
ctagatcctt
atgagtaaac
atctcagcga
cgtgtagata
caatgatacc
aaccagccag
cgcctccatce
cgccagttaa
gtgtcacgct
atcaaggcga
cctteggtec
ctcatggtta
aagatgcttt
agtgtatgcg
accgcgcecac
ttcggggcga
tgtaacccac
agcgttrtctg
aataagggcg
attattgaag
gaatgtattt
aaaagtgcca

ataaaaatag

4400
4450
4500
4550
4600
4650
4700
4750
4800
4850
4900
4950
5000
5050
5100
5150
5200
5250
5300
5350
5400
5450
5500
5550
5600
5650

15

ser Ile Ala Thr Asn Ala Tyr Ala GIn Ile val Leu Ser Gln Ser

Page 13
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Pro
Cys
Lys
Leu

Thr

Gly
ser
Thr
Ala
ser
Ser
His
Pro

<210>
<211>
<212>
<213>

<220>
<223>

<400>

Ala

Arg

Pro

Ala

Ser

Thr

Ala

val

Ala

Lys

GlIn

Leu

Lys

val

18
253
PRT

Ile

Ala

Gly

Ser

Tyr

Tyr

Gly

Phe

Ser

val

Glu

Ser

val

Thr

Leu
ser
ser
Gly
ser
Tyr
Thr
Ile
val
Gln
ser
Ser
Tyr

Lys

20

ser
35

Ser
50

ser
65

val
80

Leu
95

cys
110

Lys
125

Phe
140

val
155

Trp
170

val
185

Thr
200

Ala
215

ser
230

Ala

Ser

Pro

Pro

Thr

Gln

Leu

Pro

Cys

Lys

Thr

Leu

Cys

Phe

P76023.AU - Sequence

ser Pro
val Ser
Lys Pro
Ala Arg
Ile ser
Gln Trp
Glu Leu
Pro ser
Leu Leu
val Asp
Glu GlIn
Thr Leu
Glu val

Asn Arg

Artificial sequence

Sequence is chimeric

18

Met Lys Lys Asn Ile Ala Phe Leu
1

5

Ser Ile Ala Thr Asn

20

Gly Ala Glu Leu val

35

Lys Ala Ser Gly Tyr

50

Lys Gln Thr Pro Arg

65

Ala

Arg

Thr

Gln

Tyr Ala

Pro Gly

Phe Thr

Gly Leu

Gly

Tyr

Trp

Phe

Arg

Ser

Lys

ASp

AsSn

AsSn

Asp

Ser

Thr

Gly

Leu

GlIn

Ala

ser

Glu

25

Glu
40

Met
55

Ile
70

ser
85

val
100

Phe
115
Ar

130
Glu
145

Asn
160

Ala
175

ser
190

Lys
205
His
220

Glu
235

Ala
10

Ala
25

ser
40

Tyr
55

Trp
70

Lys
His
Tyr
Gly
Glu

Asn

g Thr

GIn

Phe

Leu

Lys

Ala

Gln

Cys

Ser

Tyr

val

AsSn

Ile

Page 14

Listing.

val

Trp

Ala

ser

Ala

Pro

val

Leu

Tyr

Gln

Asp

Asp

Gly

Met

Leu

Lys

Met

Gly

Thr
Tyr
Pro
Gly
Glu
Pro
Ala
Lys
Pro
ser
Ser
Tyr

Leu

Phe
Gln
Met
His

Ala

txt

Met

Gln

ser

Ser

Asp

Thr

Ala

ser

Arg

Gly

Thr

Glu

Ser

val

Gln

Ser

Trp

Ile

30

Thr
45

Gln
60

Asn
75

Gly
90

Ala
105

Phe
120

Pro
135

Gly
150

Glu
165

Asn
180

Tyr
195

Lys
210

Ser
225

Phe
15

ser
30

Cys
45

val
60

Tyr
75
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P76023.AU - Sequence Listing.txt

Pro Gly Asn Gly Asp Thr Ser Tyr Asn Gln Lys Phe Lys Gly
80 85
Ala Thr Leu Thr val Asp Lys Ser Ser Ser Thr Ala Tyr Met
95 100
Leu Ser Ser Leu Thr Ser Glu Asp Ser Ala val Tyr phe Cys
110 115
Arg val val Tyr Tyr Ser Asn Ser Tyr Trp Tyr Phe Asp val
125 130
Gly Thr Gly Thr Thr val Thr val Ser Ser Ala Ser Thr Lys
140 145
Pro Ser val Phe Pro Leu Ala Pro Ser Ser Lys Ser Thr Ser
155 160
Gly Thr Ala Ala Leu Gly Cys Leu val Lys Asp Tyr Phe Pro
170 175
Pro val Thr val Ser Trp Asn Ser Gly Ala Leu Thr Ser Gly
185 190
His Thr phe Pro Ala val Leu Gln Ser Ser Gly Leu Tyr Ser
200 205
Ser Ser val val Thr val Pro Ser Ser Ser Leu Gly Thr GIn
215 220
Tyr Ile Cys Asn val Asn His Lys Pro Ser Asn Thr Lys val
230 235
Lys Lys val Glu Pro Lys Ser Cys Asp Lys Thr His Thr
245 250
<210> 19
<211> 5391
<212> DNA )
<213> Artificial sequence
<220> )
<223> Sequence 1is synthesized
<400> 19
ttcgagctcg cccgacattg attattgact agttattaat agtaatcaat
tacggggtca ttagttcata gcccatatat ggagttccgc gttacataac
ttacggtaaa tggcccgcct ggctgaccgc ccaacgaccc ccgcccattg
acgtcaataa tgacgtatgt tcccatagta acgccaatag ggactttcca
ttgacgtcaa tgggtggagt atttacggta aactgcccac ttggcagtac
atcaagtgta tcatatgcca agtacgcccc ctattgacgt caatgacggt
aaatggcccg cctggcatta tgcccagtac atgaccttat gggactttcc
tacttggcag tacatctacg tattagtcat cgctattacc atggtgatgc
ggtrttggca gtacatcaat gggcgtggat agcggtttga ctcacgggga
tttccaagtc tccaccccat tgacgtcaat gggagtttgt tttggcacca
aaatcaacgg gactttccaa aatgtcgtaa caactccgecc ccattgacgc
aaatgggcgg taggcgtgta cggtgggagg tctatataag cagagctcgt

Page 15

Lys
90

Gln
105

Ala
120

Trp
135

Gly
150

Gly
165

Glu
180

val
195

Leu
210

Thr
225

Asp
240

50

100
150
200
250
300
350
400
450
500
550
600
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ttagtgaacc
ccatagaaga
ttggaacgcg
gtctataggc
cataacctta
catccacttt
acctcggttc
tttttctagt
cagtccccga
ctgcecgtgec
aaccaggaaa
tctggagtcc
tctgaccatc
agcaaggtaa
atcaaacgaa
tgagcagttg
tctatcccag
tcgggtaact
ctacagcctc
acaaagtcta
acaaagagct
cttgtttatt
atttcacaaa
aaactcatca
gcgcagcacce
accttctgag
tggaaagtcc
tcaattagtc
agaagtatgc
cctaactccg
cgcceccatgg
tcggectctg
aggcttttgce

acgtcgtgac

gtcagatcgc
caccgggacc
gattccccgt
ccacccectt
tgtatcatac
gcctttctct
tatcgattga
agcaactgca
gctccctgtce
agtcaggaca
agctccgaaa
cttctcgett
agtagtctgc
tactctgccg
ctgtggctgce
aaatctggaa
agaggccaaa
cccaggagag
agcagcaccc
cgcctgcgaa
tcaacagggg
gcagcttata
taaagcattt
atgtatctta
atggcctgaa
gcggaaagaa
ccaggcteccc
agcaaccagg
aaagcatgca
cccatcccge
ctgactaatt
agctattcca
aaaaagctgt

tgggaaaacc

P76023.AU - Sequence Listing.txt

ctggagacgc
gatccagcct
gccaagagtg
ggcttcgtta
acatacgatt
ccacaggtgt
attccaccat
actggagtac
cgcctctgtg
tccgtaatta
ctactgattt
ctctggttct
aaccggagga
tggacgttcg
accatctgtc
ctgcctctgt
gtacagtgga
tgtcacagag
tgacgctgag
gtcacccatc
agagtgttaa
atggttacaa
ttttcactgc
tcatgtctgg
ataacctctg
ccagctgtgg
cagcaggcag
tgtggaaagt
tctcaattag
ccctaactcc
ttttttattt
gaagtagtga
taacagcttg

ctggcgttac

catccacgct
ccgcggecegg
acgtaagtac
gaacgcggct
taggtgacac
ccactcccag

gggatggtca
attcagatat

ggcgataggg
tttgaactgg
actatacctc
ggttctggga
cttcgcaact
gacagggcac
ttcatcttcc
tgtgtgcctg
aggtggataa
caggacagca
caaagcagac
agggcctgag
gcttggccgce
ataaagcaat
attctagttg
atcgatcggg
aaagaggaac
aatgtgtgtc
aagtatgcaa
ccccaggcetc
tcagcaacca
gcccagttcec
atgcagaggc
ggaggctttt
gcactggccg

ccaacttaat
Page 16

gttttgacct
gaacggtgca
cgcctataga
acaattaata
tatagaataa
gtccaactgc
tgtatcatcc
ccagatgacc
tcaccatcac
tatcaacaga
ccgcctggag
cggattacac
tattactgtc
caaggtggag
cgccatctga
ctgaataact
cgccctccaa
aggacagcac
tacgagaaac
ctcgcecgtc
catggcccaa
agcatcacaa
tggtttgtcc
aattaattcg
ttggttaggt
agttagggtg
agcatgcatc
cccagcaggc
tagtcccgcec
gcccattctc
cgaggccgec
ttggaggcct
tcgttttaca

cgccttgcag

650

700

750

800

850

900

950

1000
1050
1100
1150
1200
1250
1300
1350
1400
1450
1500
1550
1600
1650
1700
1750
1800
1850
1900
1950
2000
2050
2100
2150
2200
2250
2300
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cacatccccc
cgcccttecc
gtattttctc
gcaaccatag
tggttacgcg
cctttcgett
tcaagctcta
ggcacctcga
ccatcgccct
ctttaatagt
cgggctattc
ttaaaaaatg
attaacgttt
ccgcatagtt
cgccccgaca
ctcccggeat
gtgtcagagg
gaagacgaaa
ataataatgg
cggaacccct
tcatgagaca
agtatgagta
attttgcctt
atgctgaaga
aacagcggta
gatgagcact
acgccgggea
ttggttgagt
agtaagagaa
ccaacttact
ttgcacaaca
gctgaatgaa
caatggcaac

gcttcececgge

cttcgccagc
aacagttgcg
cttacgcatc
tacgcgccct
cagcgtgacc
tcttcecttc
aatcgggggc
ccccaaaaaa
gatagacggt
ggactcttgt
ttttgattta
agctgattta
acaattttat
aagccaactc
cccgecaaca
ccgcttacag
ttttcaccgt
gggcctcgtg
tttcttagac
atttgtttat
ataaccctga
ttcaacattt
cctgtttttg
tcagttgggt
agatccttga
tttaaagttc
agagcaactc
actcaccagt
ttatgcagtg
tctgacaacg
tgggggatca
gccataccaa
aacgttgcgce

dacaattaat

P76023.AU - Sequence

tggcgtaata
tagcctgaat
tgtgcggtat
gtagcggcge
gctacacttg
ctttctcgec
tccctttagg
cttgatttgg
ttttcgecct
tccaaactgg
taagggattt
acaaaaattt
ggtgcactct
cgctatcgcet
cccgetgacg
acaagctgtg
catcaccgaa
atacgcctat
gtcaggtggc
ttttctaaat
taaatgcttc
ccgtgtcgec
ctcacccaga
gcacgagtgg
gagttttcgc
tgctatgtgg
ggtcgccgea
cacagaaaag
ctgccataac
atcggaggac
tgtaactcgc
acgacgagcg
aaactattaa

agactggatg

gcgaagaggc
ggcgaatggc
ttcacaccgc
attaagcgceg
ccagcgcect
acgttcgeeg
gttccgattt
gtgatggttc
ttgacgttgg
aacaacactc
tgccgatttc
aacgcgaatt
cagtacaatc
acgtgactgg
cgccctgacg
accgtctecg
acgcgcgagg
ttttataggt
acttttcggg
acattcaaat
aataatattg
cttattccct
aacgctggtg
gttacatcga
cccgaagaac
cgcggtatta
tacactattc
catcttacgg
catgagtgat
cgaaggagct
cttgatcgtt
tgacaccacg

ctggcgaact

gaggcggata
page 17

Listing.txt
ccgcaccgat
gcctgatgeg
atacgtcaaa
gcgggtgtgg
agcgcceget
gctttececccg
agtgctttac
acgtagtggg
agtccacgtt
aaccctatct
ggcctattgg
ttaacaaaat
tgctctgatg
gtcatggctg
ggcttgtctg
ggagctgcat
cagtattctt
taatgtcatg
gaaatgtgcg
atgtatccgc
aaaaaggaag
tttttgcgge
aaagtaaaag
actggatctc
gttttccaat
tcccgtgatg
tcagaatgac
atggcatgac
aacactgcgg
aaccgctttt
gggaaccgga
atgccagcag
acttactcta

aagttgcagg

2350
2400
2450
2500
2550
2600
2650
2700
2750
2800
2850
2900
2950
3000
3050
3100
3150
3200
3250
3300
3350
3400
3450
3500
3550
3600
3650
3700
3750
3800
3850
3900
3950
4000
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accacttctg
ctggagccgg
gatggtaagc
aactatggat
ttaagcattg
gatttaaaac
tgataatctc
cgtcagaccc
ctgcgcgtaa
ggtttgtttg
gcttcagcag
ttaggccacc
gctaatcctg
ccgggttgga
tgaacggggg
cgaactgaga
aagggagaaa
gagcgcacga
tgtcgggttt
caggggggcg
ttcctggect
ccctgattct
ctcgccgeag
gaagagcgcc
ttaatccagc
gcaacgcaat
cactttatgc
atttcacaca
20

6135
DNA

<210>
<211>
<212>
<213>

<220>
<223>

<400> 20

cgctcggecc
tgagcgtggg
cctcccgtat
gaacgaaata
gtaactgtca
ttcattttta
atgaccaaaa
cgtagaaaag
tctgctgett
ccggatcaag
agcgcagata
acttcaagaa
ttaccagtgg
ctcaagacga
gttcgtgcac
tacctacagc
ggcggacagg
gggagcttcc
cgccacctct
gagcctatgg
tttgctggcc
gtggataacc
ccgaacgacc
caatacgcaa
tggcacgaca
taatgtgagt
ttccggctcg

ggaaacagct

P76023.AU
ttcecggetgg
tctcgeggta
cgtagttatc
gacagatcgc
gaccaagttt
atttaaaagg
tcccttaacg
atcaaaggat
gcaaacaaaa
agctaccaac
ccaaatactg
ctctgtagcea
ctgctgcecag
tagttaccgg
acagcccagc
gtgagcattg
tatccggtaa
agggggaaac
gacttgagcg
aaaaacgcca
ttttgctcac
gtattaccgc
gagcgcageg
accgcctctc
ggtttcccga
tacctcactc
tatgttgtgt

atgaccatga

Artificial sequence

Sequence is synthesized

attcgagctc gcccgacatt gattattgac

- Sequence
ctggtttatt
tcattgcagc
tacacgacgg
tgagataggt
actcatatat
atctaggtga
tgagttttcg
cttcttgaga
aaaccaccgc
tctttttecg
tccttctagt
ccgcctacat
tggcgataag
ataaggcgcea
ttggagcgaa
agaaagcgcc
gcggcagggt
gcctggtatc
tcgatttttg
gcaacgcggc
atgttctttc
ctttgagtga
agtcagtgag
ccegegegtt
ctggaaagcg
attaggcacc
ggaattgtga

ttacgaatta

Listing.txt
gctgataaat
actggggcca
ggagtcaggc
gcctcactga
actttagatt
agatcctttt
ttccactgag
tcctttrttt
taccagcggt
aaggtaactg
gtagccgtag
acctcgecrct
tcgtgtctta
gcggtcgggc
cgacctacac
acgctrccceg
cggaacagga
tttatagtcc
tgatgctcgt
ctttttacgg
ctgcgttatc
gctgataccg
Ccgaggaagcg
ggccgattca
ggcagtgagc
ccaggcttta
gcggataaca
a 5391

4050
4100
4150
4200
4250
4300
4350
4400
4450
4500
4550
4600
4650
4700
4750
4800
4850
4900
4950
5000
5050
5100
5150
5200
5250
5300
5350

tagttattaa tagtaatcaa 50

Page 18
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ttacggggtc
cttacggtaa
gacgtcaata
attgacgtca
catcaagtgt
taaatggccc
ctacttggca
cggttttggc
atttccaagt
aaaatcaacg
caaatgggcg
tttagtgaac
tccatagaag
attggaacgc
agtctatagg
acataacctt
acatccactt
cacctcggtt
ctttttctag
ggagtctggc
gtgcagcttc
caggccccag
aggtgttact
tagataaatc
gaggacactg
cgactggtat
cggcctccac
agcacctctg
ccccgaaccg
tgcacacctt
agcgtggtga
caacgtgaat
ccaaatcttg

ctcctggggg

attagttcat
atggcccgcec
atgacgtatg
atgggtggag
atcatatgcc
gcctggcatt
gtacatctac
agtacatcaa
ctccaccceca
ggactttcca
gtaggcgtgt
cgtcagatcg
acaccgggac
ggattccccg
cccaccccct
atgtatcata
tgcctttctc
ctatcgattg
tagcaactgc
ggtggcctgg
tggctactcc
gtaagggcct
acctatgccg
caaaaacaca
ccgtctatta
tttgacgtct
caagggccca
ggggcacagc
gtgacggtgt
ccecggetgtc
ctgtgccctc
cacaagccca
tgacaaaact

gaccgtcagt

P76023.AU
agcccatata

tggctgaccg
ttcccatagt
tatttacggt
aagtacgecc
atgcccagta
gtattagtca
tgggcgtgga
ttgacgtcaa
aaatgtcgta
acggtgggag
cctggagacg
cgatccagcec
tgccaagagt
tggcttcgtt
cacatacgat
tccacaggtg
aattccacca
aactggagta
tgcagccagg
tttaccggct
ggaatgggtt
atagcgtcaa
gcctacctge
ttgtgctaga
ggggtcaagg
tcggtettcc
ggccctgggce
cgtggaactc
ctacagtcct
tagcagcttg
gcaacaccaa
cacacatgcc

cttcctcecttc

- Sequence
tggagttccg

cccaacgacc
aacgccaata
aaactgccca
cctattgacg
catgacctta
tcgctattac
tagcggtttg
tgggagtttg
acaactccgc
gtctatataa
ccatccacgc
tccgeggecg
gacgtaagta
agaacgcggce
ttaggtgaca
tccactccca
tgggatggtc
cattcagaag
gggctcactc
acactatgaa
gcactgatta
gggccgtttc
aaatgaacag
agcggatact
aaccctggtc
ccctggcacc
tgcctggtca
aggcgeectg
caggactcta
ggcacccaga
ggtggacaag
caccgtgccc

cccccaaaac

Page 19

Listing.txt
cgttacataa

cccgeccatt
gggactttcc
cttggcagta
tcaatgacgg
tgggéctttc
catggtgatg
actcacgggg
ttttggcacc
cccattgacg
gcagagctcg
tgttttgacc
ggaacggtgc
ccgcctatag
tacaattaat
ctatagaata
ggtccaactg
atgtatcatc
ttcagctggt
cgtttgtcct
ctgggtgcgt
atccttataa
actataagcg
cctgecgtgcet
acggcgatag
accgtctecct
ctcctccaag
aggactactt
accagcggcg
ctccctcage
cctacatctg
aaagttgagc
agcacctgaa

ccaaggacac

100
150
200
250
300
350
400
450
500
550
600
650
700
750
800
850
900
950
1000
1050
1100
1150
1200
1250
1300
1350
1400
1450
1500
1550
1600
1650
1700
1750
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cctcatgatc
gccacgaaga
gtgcataatg
ccgtgtggtc
aggagtacaa
aaaaccatct
cctgccccca
gcctggtcaa
aatgggcagc
cgacggctcc
ggcagcaggg
aaccactaca
acggccctag
ttattgcagc
acaaataaag
catcaatgta
gcaccatggc
ctgaggcgoa
agtccccagg
tagtcagcaa
tatgcaaagc
ctccgeccat
catggctgac
ctctgagcta
tttgcaaaaa
gtgactggga
cccecectteg
ttcccaacag
ttctccttac
catagtacgc
acgcgcageg
cgctttctte
ctctaaatcg

ctcgacccca

tcccggaccc
ccctgaggtce
ccaagacaaa
agcgtcctca
gtgcaaggtc
ccaaagccaa
tcccgggaag
aggcttctat
cggagaacaa
trtcttcctct
gaacgtcttc
cgcagaagag
agtcgacctg
ttataatggt
catttttttc
tcttatcatg
ctgaaataac
aagaaccatc
ctccccagea
ccaggtgtgg
atgcatctca
cccgececta
taattttttt
ttccagaagt
gctgttaaca
aaaccctggce
ccagttggcg
ttgcgtagcc
gcatctgtgc
gccctgtagce
tgaccgctac
ccttcctttce
ggggctccct

aaaaacttga

P76023.AU
ctgaggtcac

aagttcaact
gccgcgggag
ccgtcctgea
tccaacaaag
agggcagccc
agatgaccaa
cccagcgaca
ctacaagacc
acagcaagct
tcatgctecg
cctecteectg
cagaagcttg
tacaaataaa
actgcattct
tctggatcga
ctctgaaaga
tgtggaatgt
ggcagaagta
aaagtcccca
attagtcagc
actccgccca
tatttatgca
agtgaggagg
gcttggcact
gttacccaac
taatagcgaa
tgaatggcga
ggtatttcac
ggcgcattaa
acttgccagc
tcgccacgtt
ttagggttcc
tttgggtgat

- sequence
atgcgtggtg

ggtacgtgga
gagcagtaca
ccaggactgg
cccteccage
cgagaaccac
gaaccaggtc
tcgcecgtgga
acgccteccg
caccgtggac
tgatgcatga
tctccgggta
gccgecatgg
gcaatagcat
agttgtggtt
tcgggaatta
ggaacttggt
gtgtcagtta
tgcaaagcat
ggctccccag
aaccatagtc
gttccgecca
gaggccgagg
cttttttgga
ggccgtegtt
ttaatcgcect
gaggcccgea
atggcgectg
accgcatacg
gcgcggcggg
gcecctagege
cgccggettt
gatttagtgc
ggttcacgta

Page 20

Listing.txt
gtggacgtga

cggcgtggag
acagcacgta
ctgaatggca
ccccatcgag
aggtgtacac
agcctgacct
gtgggagagc
tgctggactc
aagagcaggt
ggctctgeac
aatgagtgcg
cccaacttgt
cacaaatttc
tgtccaaact
attcggcgea
taggtacctt
gggtgtggaa
gcatctcaat
caggcagaag
ccgecectaa
ttcteccgecc
ccgectcgge
ggcctagget
ttacaacgtc
tgcagcacat
ccgatcgecc
atgcggtatt
tcaaagcaac
tgtggtggtt
ccgctecttt
ccccgtcaag
tttacggcac

gtgggccatc

1800
1850
1900
1950
2000
2050
2100
2150
2200
2250
2300
2350
2400
2450
2500
2550
2600
2650
2700
2750
2800
2850
2900
2950
3000
3050
3100
3150
3200
3250
3300
3350
3400
3450
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gccctgatag
atagtggact
tattcttttg
aaatgagctg
cgtttacaat
tagttaagcc
cgacacccgce
ggcatccgcet
agaggttttc
cgaaagggcc
aatggtttct
cccctatttg
agacaataac
gagtattcaa
gccttcctgt
gaagatcagt
cggtaagatc
gcacttttaa
gggcaagagc
tgagtactca
gagaattatg
ttacttctga
caacatgggg
atgaagccat
gcaacaacgt
ccggcaacaa
ttctgcgetc
gccggtgage
taagccctcc
tggatgaacg
cattggtaac
aaaacttcat
atctcatgac

gaccccgtag

acggtttttc
cttgttccaa
atttataagg
atttaacaaa
tttatggtgc
aactccgcta
caacacccgc
tacagacaag
accgtcatca
tcgtgatacg
tagacgtcag
tttatttttc
cctgataaat
catttccgtg
ttttgctcac
tgggtgcacg
cttgagagtt
agttctgcta
aactcggtcg
ccagtcacag
cagtgctgcc
caacgatcgg
gatcatgtaa
accaaacgac
tgcgcaaact
ttaatagact
ggcccttecg
gtgggtctcg
cgtatcgtag
aaatagacag
tgtcagacca
ttttaattta
caaaatccct

ddaagatcaa

P76023.AU - Sequence

gccctttgac
actggaacaa
gattttgccg
aatttaacgc
actctcagta
tcgctacgtg
tgacgcgccc
ctgtgaccgt
ccgaaacgcg
cctattttta
gtggcacttt
taaatacatt
gcttcaataa
tcgcccttat
ccagaaacgc
agtgggttac
ttcgceccga
tgtggcgcgg
ccgcatacac
aaaagcatct
ataaccatga
aggaccgaag
ctcgecttga
gagcgtgaca
attaactggc
ggatggaggc
gctggctggt
cggtatcatt
ttatctacac
atcgctgaga
agtttactca
aaaggatcta
taacgtgagt

aggatcttct

gttggagtcc
cactcaaccc
atttcggcct
gaattttaac
caatctgctc
actgggtcat
tgacgggctt
ctccgggage
cgaggcagta
taggttaatg
tcggggaaat
caaatatgta
tattgaaaaa
tccctttttt
tggtgaaagt
atcgaactgg
agaacgtttt
tattatcccg
tattctcaga
tacggatggc
gtgataacac
gagctaaccg
tcgttgggaa
ccacgatgcc
gaactactta
ggataaagtt
ttattgetga
gcagcactgg
gacggggagt
taggtgectc
tatatacttt
ggtgaagatc
tttcgttcca

tgagatcctt

Page 21

Listing.txt
acgttcttta

tatctcgggc
attggttaaa
aaaatattaa
tgatgccgea
ggctgcgecc
gtctgctecc
tgcatgtgtc
ttcttgaaga
tcatgataat
gtgcgcggaa
tccgeteatg
ggaagagtat
gcggcatttt
aaaagatgct
atctcaacag
ccaatgatga
tgatgacgcc
atgacttggt
atgacagtaa
tgcggccaac
cttttttgca
ccggagctga
agcagcaatg
ctctagcttc
gcaggaccac
taaatctgga
ggccagatgg
caggcaacta
actgattaag
agattgattt
ctttttgata
ctgagcgtca

tttttctgeg

3500
3550
3600
3650
3700
3750
3800
3850
3900
3950
4000
4050
4100
4150
4200
4250
4300
4350
4400
4450
4500
4550
4600
4650
4700
4750
4800
4850
4900
4950
5000
5050
5100
5150
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cgtaatctgc
gtttgccgga
agcagagcgc
ccaccacttc
tcctgttacc
ttggactcaa
ggggggttcg
tgagatacct
agaaaggcgg
cacgagggag
ggtttcgcca
gggcggagcec
ggccttttgce
attctgtgga
cgcagccgaa
gcgcccaata
ccaactggca
gcaattaatg
tatgcttccg
acacaggaaa
<210> 21

<211> 232

<212> PRT

<213>

<220>
<223>

<400>
Met
1

21
Gly

Gly val
Ser Ala
ser Ser
Ala Pro
val Pro

Leu Thr

Trp Ser

His

Ser

val

Lys

ser

tgcttgcaaa
tcaagagcta
agataccaaa
aagaactctg
agtggctgct
gacgatagtt
tgcacacagc
acagcgtgag
acaggtatcc
cttccagggg
cctctgactt
tatggaaaaa
tggccttttg
taaccgtatt
cgaccgagceg
cgcaaaccgc
cgacaggttt
tgagttacct
gctcgtatgt

cagctatgac

ser Asp

20

Gly
35

val

ser Tyr

50

Leu
65

Pro

Phe
80

Arg

ser Ser

Cys Ile
5

Ile

Asp

Met

Ile

ser

Leu

P76023.AU
caaaaaaacc

ccaactcttt
tactgtcctt
tagcaccgcc
gccagtggceg
accggataag
ccagcttgga
cattgagaaa
ggtaagcggc
gaaacgcctg
gagcgtcgat
cgccagcaac
ctcacatgtt
accgcctttg
cagcgagtca
ctcteceecge
cccgactgga
cactcattag
tgtgtggaat

catgattacg

Artificial sequence

Sequence is synthesized

Ile Leu
GIn Met
Arg val
His Trp
Tyr Ala
Gly Ser

Gln Pro

Phe

Thr

Thr

Tyr

Pro

Gly

Glu

- Sequence
accgctacca

ttccgaaggt
ctagtgtagc
tacatacctc
ataagtcgtg
gcgcageggt
gcgaacgacc
gcgccacgcet
agggtcggaa
gtatctttat
ttttgtgatg
gcggectttt
ctttecctgeg
agtgagctga
gtgagcgagg
gcgttggccg
aagcgggcag
gcaccccagg
tgtgagcgga
aatta 6135

Leu val

10

Gin
25

ser

Ile Thr

40
GIn Gln
55
Ser Asn
70
ser Gly
85

Asp Phe
Page 22

Listing.txt
gcggtggttt

aactggcttc
cgtagttagg
gctctgctaa
tcttaccggg
cgggctgaac
tacaccgaac
tcccgaaggg
caggagagcg
agtcctgtcg
ctcgtcaggg
tacggttcct
ttatccectg
taccgctegce
aagcggaaga
attcattaat
tgagcgcaac
ctttacactt

taacaatttc

Ala Thr Ala

Pro Ser Ser

Cys Arg Ala

Lys Pro Gly

Leu Ala Ser

Thr Asp Phe

Thr Tyr

5200
5250
5300
5350
5400
5450
5500
5550
5600
5650
5700
5750
5800
5850
5900
5950
6000
6050
6100

Thr
15

Leu
30

Ser
45

Lys
60

Gly
75

Thr
90

Tyr
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Cys

Lys

Phe

val

Trp

val

Thr

Ala

ser

<210>
<211>
<212>
<213>

Glin

val

Pro

Cys

Lys

Thr

Leu

Cys

Phe

22

GlIn

Glu

Pro

Leu

val

Glu

Thr

Glu

AsSn

471
PRT
Artificial sequence

<220>

<223>
<400>

Trp

Ile

Ser

Leu

ASp

Gln

Leu

val

Arg

95

ser
110

LYyS
125

Asp
140

Asn
155

Asn
170

Asp
185

Ser
200

Thr
215

Gly
230

P76023.AU - Sequence

Phe Asn Pro

Arg

Glu

Asn

Ala

Ser

Lys

His

Glu

Thr

GIn

Phe

Leu

Lys

Ala

GIn

Cys

val

Leu

Tyr

GlIn

Asp

Asp

Gly

Sequence is synthesized

22

Met Gly Trp Ser Cys Ile Ile Leu
1 5

Gly

val

Tyr

Gly

Asp

val

Arg

Tyr

Leu

val

Gln

Thr

Lys

Thr

Asp

Ala

Ser

val

His

Pro

Phe

Gly

ser

Lys

Glu

Asn

Thr

ser

Gly

Thr

Leu

Tyr

Ser

Asp

Ser

val

Glu
20

Gly
35

Ser
50

Glu
65

Asn
80

Lys
95

Thr
110

Tyr
125

ser
140

val

sSer

Tyr

Trp

Gln

Asn

Ala

Trp

ser

Gln

Leu

Asn

val

Lys

Thr

val

Tyr

Ala

Leu

Arg

Met

Gly

Phe

Leu

Tyr

Phe

Ser

Pro

Ala

Lys

Pro

ser

Ser

Tyr

Leu

Phe

val

Leu

His

Ala

Lys

Tyr

Tyr

Asp

Thr

100

Thr
115

Ala
130

ser
145

Arg
160

Gly
175

Thr
190

Glu
205

Ser
220

Leu
10

Glu
25

Ser
40

Trp
55

Ile
70

Gly
85

Leu
100

Cys
115

val
130

Lys
145

Phe
Pro
Gly
Glu
Asn
Tyr
Lys

ser

val
Ser
cys
val
Tyr
Arg
Gln
Ala
Trp

Gly

Page 23

Listing.

Gly

Ser

Thr

Ser

Ser

His

Pro

Ala

Gly

Ala

Arg

Pro

Phe

Met

Arg

Gly

Pro

Gln

val

Ala

Lys

Gln

Leu

Lys

val

Thr

Gly

Ala

Gln

Gly

Thr

Asn

val

GIn

ser

txt

Gly

Phe

Ser

val

Glu

Ser

val

Thr

Ala

Gly

Ser

Ala

Asn

Ile

Ser

val

Gly

val

105

Thr
120

Ile
135

val
150

Gln
165

ser
180

Ser
195

Tyr
210

Lys
225

Thr
15

Leu
30

Gly
45

Pro
60

Gly
75

ser
90

Leu
105

Tyr
120

Thr
135

Phe
150




Pro

Leu

Ser

Ala

Thr

val

Pro

Pro

2003301079 23 Nov 2007

Pro

val

Trp

Arg

Thr

Lys

ser

| Pro

Cys

Glu

val

val

val

Ser

Leu
Gly
Trp
val

val

Asn
Lys
Glu
Lys
val

Tyr
Glu
val

val

Lys
Pro
Leu
Ser
Leu
Asp
Met

Leu

<210> 23

<211> 471

Ala

cys

AsSn

Leu

Pro

His

Ser

Leu

Asp

val

val

Glu

Leu

Ser

Ala

Ser

val

AsSn

Asp

Lys

His

Ser

Pro

Leu

Ser

GlIn

Ser

Lys

Cys

Leu

Thr

ASp

Asp

Gln

His

AsSn

Lys

Arg

Lys

Gly

ser

ser

Glu

Pro

Ser
155

val
170

Gly
185

ser
200

Ser
215

Pro
230

Asp
245

Gly
260

Leu
275

val
290

Gly
305

Tyr
320

GIn
335

Lys
350

Gly
365

Glu
380

Gly
395

Gln
410

Asp
425

Arg
440

Ala
455

Gly
470

Ser

Lys

Ala

Ser

Ser

Ser

Lys

Gly

Met

ser

val

Asn

Asp

Ala

Glin

Glu

Phe

Pro

Gly

Trp

Leu

Lys

P76023.AU - Sequence Listing.

Lys Ser

Asp Tyr

Leu Thr

Gly Leu

Leu Gly

Asn Thr

Thr His

Pro Ser

Ile Ser

His Glu

Glu val

Ser Thr

Trp Leu

Leu Pro

Pro Arg

Met Thr

Tyr Pro

Glu Asn

ser Phe

Gln Gln

His Asn

Thr ser
160

Phe Pro
175

Ser Gly
190

Tyr Ser
205

Thr Gln
220

Lys val
235

Thr Cys
250

val Pphe
265

Arg Thr
280

ASp Pro
295

His Asnh
310

Tyr Arg
325

Asn Gly
340

Ala Pro
355

Glu Pro
370

Lys Asn
385

ser Asp
400

Asn Tyr
415

Phe Leu
430

Gly Asn
445

His Tyr
460

Gly
Glu
val
Leu
Thr
ASp
Pro
Leu
Pro
Glu
Ala
val
Lys
Ile
Gln
Gln
Ile
Lys
Tyr
val

Thr

Page 24

Gly
Pro
His
Ser
Tyr
LyS
Pro
Phe
Glu
val
Lys
val
Glu
Glu
val
val
Ala
Thr
Ser
Phe

Gln

Thr

val

Thr

ser

Ile

Lys

Cys

Pro

val

Lys

Thr

Ser

Tyr

Lys

Tyr

Ser

val

Thr

Lys

Ser

Lys

txt
Ala

Thr

Phe

val

Cys

val

Pro

Pro

Thr

Phe

Lys

val

Lys

Thr

Thr

Leu

Glu

Pro

Leu

Cys

Ser

Ala
165

val
180

Pro
195

val
210

Asn
225

Glu
240

Ala
255

LysS
270

Cys
285

Asn
300

Pro
315

Leu
330

Cys
345

Ile
360

Leu
375

Thr
390

Trp
405

Pro
420

Thr
435

ser
450

Leu
465
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P76023.AU - Sequence Listing.

<212> PRT

<213> Artificial sequence

<220>

<223> Sequence is synthesized

<400> 23

Met Gly Trp Ser Cys Ile Ile Leu Phe Leu val Ala Thr
1 5 10

Gly val His ser Glu val GIn Leu val Glu Ser Gly Gly
20 25

val Gln Pro Gly Gly Ser Leu Arg Leu Ser Cys Ala Ala
35 40

Tyr Thr Phe Thr Ser Tyr Asn Met His Trp val Arg Gln
50 55

Gly Lys Gly Leu Glu Trp val Gly Ala Ile Tyr Pro Gly
65 70

Asp Thr Ser Tyr Asn Gln Lys Phe Lys Gly Arg Phe Thr
80 85

val Asp Lys Ser Lys Asn Thr Leu Tyr Leu Gln Met Asn
95 100

Arg Ala Glu Asp Thr Ala val Tyr Tyr Cys Ala Arg val
110 115

Tyr Ser Asn Ser Tyr Trp Tyr Phe Asp val Trp Gly Gln
125 130

Leu val Thr val Ser Ser Ala Ser Thr Lys Gly Pro Ser
140 145

Pro Leu Ala Pro Ser Ser Lys Ser Thr Ser Gly Gly Thr
155 160

Leu Gly Cys Leu val Lys Asp Tyr Phe Pro Glu Pro val
170 175

Ser Trp Asn Ser Gly Ala Leu Thr Sser Gly val His Thr
185 190

Ala val Leu GIn Ser Ser Gly Leu Tyr Ser Leu Ser Ser
200 205

Thr val Pro Ser Ser Ser Leu Gly Thr Gln Thr Tyr Ile
215 220

val Asn His Lys Pro Ser Asn Thr Lys val Asp Lys Lys
230 235

Pro Lys Ser Cys Asp Lys Thr His Thr Cys Pro Pro Cys
245 250

Pro Glu Leu Leu Gly Gly Pro Ser val phe Leu Phe Pro
260 265

Pro Lys Asp Thr Leu Met Ile Ser Arg Thr Pro Glu val
275 280

val val val Asp val Ser His Glu Asp Pro Glu val Lys
290 295

Trp Tyr val Asp Gly val Glu val His Asn Ala Lys Thr
Page 25

txt

Ala

Gly

Ser

Ala

AsSn

Ile

ser

val

Gly

val

Ala

Thr

Phe

val

Cys

val

Pro

Pro

Thr

Phe

Lys

Thr
15

Leu
30

Gly
45

Pro
60

Gly
75

ser
90

Leu
105

TYyr
120

Thr
135

Phe
150

Ala
165

val
180

Pro
195

val
210

Asn
225

Glu
240

Ala
255

Lys
270

Cys
285

Asn
300

Pro
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P76023.AU

305
Arg Glu Glu GIn Tyr Asn Ala Thr
320
Thr val Leu His Gln Asp Trp Leu
335
Lys val Ser Asn Lys Ala Leu Pro
350
Ser Lys Ala Lys Gly GIn Pro Arg
365
Pro Pro Ser Arg Glu Glu Met Thr
380
Cys Leu val Lys Gly Phe Tyr Pro
395
Glu Ser Asn Gly Gln Pro Glu Asn
410
val Leu Asp Ser Asp Gly Ser Phe
425
val Asp Lys Ser Arg Trp Gln Gln
440
val Met His Glu Ala Leu His Asn
455
Ser Leu Ser Pro Gly Lys
470
<210> 24
<211> 891
<212> DNA
<213> Macaca fascicularis
<400> 24
atgacaacac ccagaaattc agtaaatggg
gaaaggccct attgctatgc aacctggtcc
tgtcttcact ggtgggtccc acgcaaagct
gctttggggg ctgtccagat tatgaatggg
gggtcttctg atgatcccag cagggatcta
tgtggtaccc tctgtgggga ggcattatgt
ctggcagcaa cggagaaaaa ctccaggaag
gataatgaat tcattgagcc tctttgctgc
caatcatgga catacttaat attaaaattt
agtctgaatt ttatcagagt tcacacacca
tgaaccagct aatccctctg agaaaaactc
acagcataca atctctgttc ctgggcattt
gccttcttcc aggaacttgt aatagctggc
aagaacatgc tccagaccca aatctagcgt

- Sequence
310
val

Tyr Arg

325

Gly
340

Asn Lys

Ala Pro Ile

355
Gln

Glu Pro

370
Asn Gln
385

Lys

Ser Asp Ile

400
Asn Tyr
415

Lys

Phe Leu

430

Tyr

Asn val

445

Gly

His Tyr Thr

460

actttcccag
aaaaccactc
tcttcatgag
ctcttccaca
tgcacccatc
atattatttc
tgtttggtca
catttctgga
cccatttttt
tatattaaca
tccatctact
tgtcagtgat
atcgttgaga

agttctcctg
Page 26
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val Ser val

Glu Tyr Lys

Ala Ala Thr

val Tyr Thr

val Ser Leu

Ala val Glu

Thr Thr Pro

ser Lys Leu

Phe Ser Cys

Gln Lys Ser

cagagccaat
ctcaggagga
ggaatctaag
ttgccctggg
tgtgtgactg
cggatcactc
aaggaaaaat
atgattcttt
aaaaatggag
tatacaactg
caatactgtt
gctgatcttt
atgaatggag

tcagctgaag

315

Leu
330

Cys
345

Ile
360

Leu
375

Thr
390

Trp
405

Pro
420

Thr
435

Ser
450

Leu
465

100
150
200
250
300
350
400
450
500
550
600
650
700
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P76023.AU - Sequence

aaaaaaaaga acaagtcatt gaaataaaag aagaagtggt

gaaacatctt cccaaccaaa gaatgaagaa gccattgaaa

ccaagaagag gaagaagaag aaacagagac aaactttcca

aagatcagga atcttcacca atagaaaatg acagctctcc

<210>
<211>
<212>
<213>

<400>

Met

1
Pro
Leu
Met
Leu
Ile
Gly
LYyS
Ser
Met
ser
Asn
Gln
val
Ile
Ser

Glu

Pro

25
297

PRT
Macaca

25
Thr

Met

Arg

Arg

Phe

Tyr

Ile

Asn

Leu

Asp

Leu

Cys

Tyr

Met

val

val

Ile

Lys

Thr

Lys

Arg

Glu

His

Ala

Met

Ser

Ser

Ile

AsSn

Glu

cys

Leu

Glu

val

Lys

Asn

fascicularis

Pro Arg Asn Ser val Asn Gly Thr
5 10

Gly Pro Ile Ala Met GIn Pro Gly
20 25

Met Ser Ser Leu val Gly Pro Thr
35 40

Ser Lys Ala Leu Gly Ala val Gln
50 55

ITe Ala Leu Gly Gly Leu Leu Met
65 70

Pro Ile Cys val Thr val Trp Tyr
80 85

Tyr Ile Ile Ser Gly Ser Leu Leu
95 100

Arg Lys Cys Leu val Lys Gly Lys
110 115

Leu Phe Ala Ala Ile Ser Gly Met
125 130

Leu Asn Ile Lys Ile Ser His Phe
140 145

Phe Ile Arg val His Thr Pro Tyr
155 160

Pro Ala Asn Pro Ser Glu Lys Asn
170 175

Tyr Ser Ile GIn Ser Leu Phe Leu
185 190

Ile Phe Ala Phe Phe Gln Glu Leu
200 205

Asn Glu Trp Arg Arg Thr Cys Ser
215 220

Leu Leu Ser Ala Glu Glu Lys Lys
230 235

Glu Glu val val Gly Leu Thr Glu
245 250

Glu Glu Ala Ile Glu Ile Ile Pro
260 265

pPage 27

Listing.txt

tgggctaact 750

ttattccaat 800

gaacctcccc 850

t 891

Phe
Pro
GlIn
Ile
Ile
Pro
Ala
Met
Ile
Leu
Ile
ser
Gly
val
Arg
Glu
Thr

Ile

Pro

Lys

Ser

Met

Pro

Leu

Ala

Ile

Leu

LysS

AsSn

Pro

Ile

Ile

Pro

GIn

Ser

GIn

Ala

Pro

Phe

Asn

Ala

Trp

Thr

Met

ser

Met

Ile

ser

Leu

Ala

Lys

val

ser

Glu

Glu
15

Leu
30

Phe
45

Gly
60

Gly
75

Gly
90

Glu
105

Asn
120

Ile
135

Glu
150

Tyr
165

Thr
180

Ser
195

Gly
210

ser
225

Ile
240

Gln
255

Glu
270
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Glu Glu Glu Glu Thr

275

GIn Glu Ser Ser Pro

<210>
<211>
<212>
<213>

<400>

Met

1
Pro
Phe
Met
Leu
Ile
Gly
Lys
Ser
Met
Ser
AsSn
Glin
val
Ile
Asn
Glu
Pro

Glu

26

297
PRT )
Homo sapiens

26
Thr

Met

Arg

Arg

Phe

Tyr

Ile

Asn

Leu

ASp

Leu

Cys

Tyr

Met

val

Ile

Ile

Lys

Glu

290

Thr Pro Ar%

Lys

Arg

Glu

His

Ala

Met

Ser

ser

Ile

Asn

Glu

Cys

Leu

Glu

val

Lys

AsSn

Glu

Gly

Met

Ser

Ile

Pro

Tyr

Arg

Leu

Leu

Phe

Pro

Tyr

Ile

Asn

Leu

Glu

Glu

Glu

Pro
20

ser
35

Lys
50

Ala
65

Ile
80

Ile
a5

Lys
110

Phe
125

Asn
140

Ile
155

Ala
170

ser
185

Phe
200

Glu
215

Leu
230

Glu
245

Glu
260

Thr

Glu

Ile

Asn

Ile

Ser

Ala

Leu

Cys

Ile

cys

Ala

Ile

Arg

Asn

Ile

Ala

Trp

ser

val

ASp

Glu

P76023.AU - Sequence

Thr Asn Phe Pro

Glu Asn

Ser val

Ala Met

Leu val

Leu Gly

Gly Gly

val Thr

Ser Gly

Leu val

Ala Ile

Lys Ile

Ala His

Pro Ser

GIn Ser

Phe Phe

Lys Arg

Ala Glu

val Gly

Ile Glu

Thr Asn

Asp

Asn

Gln

Gly

Ala

Leu

val

Ser

Lys

ser

ser

Thr

Glu

Leu

Gln

Thr

Glu

Leu

Ile

Phe

280

Ser
295

Gly
10

ser
25

Pro
40

val
55

Leu
70

Trp
85

Leu
100

Gly
115

Gly
130

His
145

Pro
160

Lys
175

Phe
190

Glu
205

Cys
220
Lys
235
Thr
250

Ile
265

Pro

Glu

Ser

Thr

Gly

Thr

GlIn

Met

Tyr

Leu

Lys

Met

Phe

Tyr

Asn

Leu

Leu

Ser

Lys

Glu

Pro

Glu

Page 28
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Pro Pro GIn Asp

Pro

Phe

Pro

Gln

Ile

Ile

Pro

Ala

Met

Leu

Ile

Ser

Gly

val

Arg

Glu

Thr

Ile

Pro

Pro

Lys

Ser

Met

Pro

Leu

Ala

Ile

Leu

Lys

Asn

Pro

Ile

Ile

Pro

Gln

Ser

Gln

Pro

Ala

Pro

Phe

Asn

Ala

Trp

Thr

Met

ser

Met

Ile

Ser

Leu

Ala

Lys

Thr

Ser

Glu

GlIn

285

Glu
15

Leu
30

Phe
45

Gly
60

Gly
75

Gly
90

Glu
105

Asn
120

Ile
135

Glu
150

Tyr
165

Thr
180

ser
195

Gly
210

Ser
225

Ile
240

GlIn
255

Glu
270

Asp
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285

Gln Glu Ser Ser Pro Ile Glu Asn Asp Ser Ser Pro

<210>
<211>
<212>
<213>

<220>
<223>

<400>

275
290
27
36
DNA
Artificial sequence

Sequence 1is synthesized

27

ctacaccttc acgagctata acatgcactg

<210>
<211>
<212>
<213>

<220>
<223>

<400>

28
51
DNA
Artificial sequence

sequence is synthesized

28

295

ggtccg 36

gattaatcct gacaacggcg acacgagcta taaccagaag ttcaagggcc 50

g 51

<210>
<211>
<212>
<213>

<220>
<223>

<400>

29
38
DNA
Artificial sequence

Sequence 1s synthesized

29

gaatgggttg cagcgatcta tcctggcaac

<210>
<211>
<212>
<213>

<220>
<223>

<400>

30

65

DNA

Artificial sequence

Sequence 1is synthesized

30

ggcgacac 38

attattgtgc tcgagtggtc tactatagca acagctactg gtacttcgac 50

gtctggggtc

<210>
<211>
<212>
<213>

<220>
<223>

<400>

aagga 65

31
36
DNA
Artificial sequence

Sequence is synthesized
31

ctgcacagcc agctcttctg tcagctatat

<210>
<211>
<212>
<213>

32

42

DNA

Artificial sequence

gcattg 36

Page 29




<220>
<223>

<400>

<210>
<211>
<212>
<213>

<220>
<223>

<400>

<210>
<211>
<212>
<213>

2003301079 23 Nov 2007

<220>
<223>

<400>

P76023.AU

Sequence is synthesized

32

daactactgat ttacgctcca tcgaacctcg

33

45

DNA

Artificial sequence

Sequence is synthesized

33

tattactgtc aacagtggag cttcaatccg

34

37

DNA

Artificial sequence

Sequence 1is synthesized

34

gtttcactat aagtgtcgac aagtccaaaa

<210>
<211>
<212>
<213>

<220>
<223>

<400>

35

33

DNA

Artificial sequence

Sequence is synthesized

35

gccaggatag atggcgccaa cccattccag

<210>
<211>
<212>
<213>

<220>
<223>

<400>

<210>
<211>
<212>
<213>

<220>
| <223>

<400>

36
26
DNA
Artificial sequence

Ssequence is synthesized

36

aagctccgaa accactgatt tacgct 26

37

18

DNA

Artificial Sequence

Sequence is synthesized

37

agttttgaga gcaaaatg 18

<210>
<211>
<212>
<213>

<220>

38
18
DNA
Artificial Sequence

- Sequence Listing.txt

cgtctggagt cc 42

cccacatttg gacag 45

acacatt 37

gcc 33
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<223> Sequence is synthesized

<400> 38
aagctatgaa cactaatg 18

<210> 39

<211> 452

<212> PRT

<213> artificial sequence

<220>
<223> sequence is synthesized

<400> 39
Glu val GIn teu val Glu Ser
1 5

Gly Ser Leu Arg Leu Ser Cys
20

Ser Tyr Asn Met His Trp val
35

Glu Trp val Gly Ala Ile Tyr
50

Asn GIn Lys Phe Lys Gly Arg
65

Lys Asn Thr Leu Tyr Leu Gln
80

Thr Ala val Tyr Tyr Cys Ala
95

Tyr Trp Tyr Phe Asp val Trp
110

Ser Ser Ala Ser Thr Lys Gly
125

Ser Ser Lys Ser Thr Ser Gly
140

val Lys Asp Tyr Phe Pro Glu
155

Gly Ala Leu Thr Ser Gly val
170

Ser Ser Gly Leu Tyr Ser Leu
185

Ser Ser Leu Gly Thr GIn Thr
200

Pro Ser Asn Thr Lys val Asp

215

Asp Lys Thr His Thr Cys Pro
230

Gly Gly Pro Ser val Phe Leu
245

Leu Met Ile Ser Arg Thr Pro
260

Gly

Ala

Arg

Pro

Phe

Met

Arg

Gly

Pro

Gly

Pro

His

ser

Tyr

Lys

Pro

Phe

Glu

Gly

Ala

GIn

Gly

Thr

Asn

val

Gln

ser

Thr

val

Thr

Ser

Ile

Lys

cys

Pro

val

Gly Leu
10

Ser Gly
25

Ala Pro
40

Asn Gly
55

Ile Ser
70

ser Leu
85

val Tyr
100

Gly Thr
115

val Phe
130

Ala Ala
145

Thr val
160

Phe Pro
175

val val
190

Cys Asn
205

val Glu
220

Pro Ala
235

Pro Lys
250

Thr Cys
265

Page 31

val

Tyr

Gly

Asp

val

Arg

Tyr

Leu

Pro

Leu

Ser

Ala

Thr

val

Pro

Pro

Pro

val

Glin

Thr

Lys

Thr

Asp

Ala

ser

val

Leu

Gly

Trp

val

val

Asn

Lys

Glu

Lys

val

Pro

Phe

Gly

Ser

Lys

Glu

Asn

Thr

Ala

Cys

Asn

Leu

Pro

His

sSer

Leu

Asp

val

Gly
15

Thr
30

Leu
45

Tyr
60

ser
75

Asp
90

ser
105

val
120

Pro
135

Leu
150

ser
165

Gln
180

ser
195

Lys
210

Cys
225

Leu
240

Thr
255

ASp
270
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val ser His Glu Asp Pro Glu val Lys Phe Asn Trp Tyr val Asp
275 280 285

Gly val Glu val His Asn Ala Lys Thr Lys Pro Arg Glu Glu GlIn
290 295 300

Tyr Asn Ser Thr Tyr Arg val val Ser val Leu Thr val Leu His
305 310 315

GIn Asp Trp Leu Asn Gly Lys Glu Tyr Lys Cys Lys val Ser Asn
320 325 330

Lys Ala tLeu Pro Ala Pro Ile Glu Lys Thr Ile Ser Lys Ala Lys
335 340 345

Gly GIn Pro Arg Glu Pro Gln val Tyr Thr Leu Pro Pro Ser Arg
350 355 360

Glu Glu Met Thr Lys Asn GIn val Ser Leu Thr Cys Leu val Lys
365 370 375

Gly Phe Tyr Pro Ser Asp Ile Ala val Glu Trp Glu Ser Asn Gly
380 385 390

GIn Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro val Leu Asp Ser
395 400 405

Asp Gly Ser Phe Phe Leu Tyr Ser Lys Leu Thr val Asp Lys Ser
410 415 420

Arg Trp GIn GIn Gly Asn val Phe Ser Cys Ser val Met His Glu
425 430 435

Ala Leu His Asn His Tyr Thr Gln Lys Ser Leu Ser Leu Ser Pro
440 445 450

Gly Lys

<210> 40

<211> 213

<212> PRT

<213> Artificial sequence

<220> )
<223> sequence is synthesized

<400> 40
Asp Ile GIn Met Thr GIn Ser Pro Ser Ser Leu Ser Ala Ser val
1 5 10 15

Gly Asp Arg val Thr Ile Thr Cys Arg Ala Ser Ser Ser val Ser
20 25 30

Tyr Met His Trp Tyr GIn GIn Lys Pro 615 Lys Ala Pro Lys Pzg
35 4

Leu Ile Tyr Ala Pro Ser Asn Leu Ala Ser Gly val Pro Ser Arg
50 55 60

Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser
65 70 75

Ser Leu GIn Pro Glu Asp Phe Ala Thr Tyr Tyr Cys Gln Gln Trp
80 85 90

Ser Phe Asn Pro Pro Thr Phe Gly GIn Gly Thr Lys val Glu Ile
95 100 105
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Lys
Asp
AsSn
Asn
Asp
ser
Thr
Gly

<210>
<211>
<212>
<213>

<220>
<223>

<400>

Arg

Glu

Asn

Ala

ser

Lys

His

Glu

41

452

Thr

GlIn

Phe

Leu

Lys

Ala

Gln

cys

PRT' o
Aartificial sequence

sequence 1s synthesized

41

val

Leu

Tyr

Gln

Asp

ASp

Gly

Glu val Gln Leu

1
Gly

ser
Glu
Asn
Lys
Thr
Tyr
ser
ser
val

Gly

Ser

Tyr

Trp

GIn

Asn

Ala

Trp

Ser

ser

Lys

Ala

Leu

Asn

val

Lys

Thr

val

Tyr

Ala

LysS

ASp

Leu

Arg

Met

Gly

Phe

Leu

Tyr

Phe

ser

ser

Tyr

Thr

Ala
110

Lys
125

Pro
140

Ser
155

ser
170

Tyr
185

Leu
200

P76023.AU - Sequence

Ala Pro Ser val Phe Ile

Ser

Arg

Gly

Thr

Glu

ser

Gly
Glu
Asn
Tyr
Lys

Ser

Thr

Ala

Ser

Ser

His

Pro

val Glu ser Gly

5

Leu
20

His
35

Ala
50

Lys
65

Tyr
80

Tyr
95

Asp
110

Thr
125

Thr
140

Phe
155

ser

Ser

Trp

Ile

Gly

Leu

cys

val

Lys

Ser

Pro

Gly

Cys

val

Tyr

Arg

GIn

Ala

Trp

Gly

Gly

Glu

val

Ala

Arg

Pro

Phe

Met

Arg

Gly

Pro

Gly

Pro

His

Ala

Lys

Gln

Leu

Lys

val

Gly

Ala

GIn

Gly

Thr

Asn

val

Gln

ser

Thr

val

Thr

115

ser
130

val
145

Glu
160

ser
175

val
190

Thr
205

Gly
10

ser
25

Ala
40

Asn
55

Ile
70

Ser
85

val
100

Gly
115

val
130

Ala
145

Thr
160

Phe

val

GIn

Ser

Ser

Tyr

Lys

Leu

Gly

Pro

Gly

Ser

Leu

Tyr

Thr

Phe

Ala

val

Pro

Page 33
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Phe

val

Trp

val

Thr

Ala

Ser

val

Tyr

Gly

Asp

val

Arg

Tyr

Leu

Pro

Leu

ser

Ala

Pro

Cys

Lys

Thr

Leu

Cys

Phe

Gln

Thr

Lys

Thr

Asp

Ala

Ser

val

Leu

Gly

Trp

val

txt

Pro

Leu

val

Glu

Thr

Glu

Asn

Pro

Phe

Gly

Ser

Lys

Glu

ASn

Thr

Ala

Cys

AsSn

Leu

Ser
120

Leu
135

Asp
150

Gln
165

Leu
180

val
195

Arg
210

Gly
15

Thr
30

Leu
45

Tyr
60

Ser
75

Asp
90

ser
105

val
120

Pro
135

Leu
150

ser
165

Gln
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170 175 180

Ser Ser Gly Leu Tyr Ser teu Ser Ser val val Thr val Pro Ser
185 190 195

Ser Ser Leu Gly Thr GIn Thr Tyr Ile Cys Asn val Asn His LysS
200 205 210

Pro ser Asn Thr Lys val Asp Lys Lys val Glu Pro Lys Ser Cys
215 220 225

Asp Lys Thr His Thr Cys Pro Pro Cys Pro Ala Pro Glu Leu Leu
230 235 240

Gly Gly Pro Ser val Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr
245 250 255

Leu Met Ile Ser Arg Thr Pro Glu val Thr Cys val val val Asp
260 265 270

val Ser His Glu Asp Pro Glu val Lys Phe Asn Trp Tyr val Asp
275 280 285

Gly val Glu val His Asn Ala Lys Thr Lys Pro Arg Glu Glu Gln
290 295 300

Tyr Asn Ala Thr Tyr Arg val val Ser val Leu Thr val Leu His
305 310 315

GIn Asp Trp Leu Asn Gly Lys Glu Tyr Lys Cys Lys val Ser Asn
320 325 330

Lys Ala Leu Pro Ala Pro Ile Ala Ala Thr Ile Ser Lys Ala Lys
335 340 345

Gly GIn Pro Arg Glu Pro GIn val Tyr Thr Leu Pro Pro Ser Arg
350 355 360

Glu Glu Met Thr Lys Asn GIn val Ser Leu Thr Cys Leu val Lys
365 370 375

Gly Phe Tyr Pro Ser Asp Ile Ala val Glu Trp Glu Ser Asn Gly
380 385 390

Gln Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro val Leu Asp Ser
395 400 405

Asp Gly Ser Phe Phe Leu Tyr Ser Lys Leu Thr val Asp Lys Ser
410 415 420

Arg Trp GIn GIn Gly Asn val Phe Ser Cys Ser val Met His Glu
425 430 435

Ala Leu His Asn His Tyr Thr GIn Lys Ser Leu Ser Leu Ser Pro
440 445 450

Gly Lys

<210> 42

<211> 452

<212> PRT

<213> Artificial sequence

<220> ‘ )
<223> sequence is synthesized

<400> 42
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Glu

Gly

ser

Glu

Asn

Lys

Thr

Tyr

ser

ser

val

Gly

ser

Ser

Pro

Asp

Gly

Leu

val

Gly

Tyr

Gln

Lys

val

Ser

Tyr

Trp

GIn

Asn

Ala

Trp

ser

ser

Lys

Ala

ser

Ser

ser

Lys

Gly

Met

ser

val

Asn

Asp

Ala

GIn

Leu

Asn

val

Lys

Thr

val

Tyr

Ala

Lys

ASp

Leu

Gly

Leu

Asn

Thr

Pro

Ile

His

Glu

Ala

Trp

Leu

Leu

Arg

Met

Gly

Phe

Leu

Tyr

Phe

ser

ser

Tyr

Thr

Leu

Gly

Thr

His

ser

Ser

Glu

val

Thr

Leu

Pro

val
Leu
20

His
35

Ala
50

Lys
65

Tyr
80

Tyr
95

Asp
110

Thr
125

Thr
140

Phe
155

ser
170

Tyr
185

Thr
200

Lys
215

Thr
230

val
245
Arg
260
Asp
275

His
290

Tyr
305

Asn
320

Ala
335

Glu

Ser

Trp

Ile

Gly

Leu

Cys

val

Lys

sSer

Pro

Gly

ser

Gln

val

Cys

Phe

Thr

Pro

AsSn

Arg

Gly

Pro

P76023.AU - Sequence

Ser

Cys

val

Tyr

Arg

Gln

Ala

Trp

Gly

Gly

Glu

val

Leu

Thr

Asp

Pro

Leu

Pro

Glu

Ala

val

Lys

Ile

Gly
Ala
Arg
Pro
Phe
Met
Arg
Gly
Pro
Gly
Pro
His
Ser
Tyr
Lys
Pro
Phe
Glu
val
Lys
val
Glu

Ala

Gly Gly Leu
10

Ala ser Gly
25

Gln Ala Pro
40

Gly Asn Gly
55

Thr Ile Ser
70

Asn Ser Leu
85

val val Tyr
100

Gln Gly Thr
115

ser val phe
130

Thr Ala Ala
145

val Thr val
160

Thr Phe Pro
175

Ser val val
190

Ile Cys Asn
205

Lys val Glu
220

Cys Pro Ala
235

Pro Pro Lys
250

val Thr Cys
265

Lys Phe Asn
280

Thr Lys Pro
295

Ser val Leu
310

Tyr Lys Cys
325

Ala Thr Ile
340
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val

Tyr

Gly

ASp

val

Arg

Tyr

Leu

Pro

Leu

Ser

Ala

Thr

val

Pro

Pro

Pro

val

Trp

Arg

Thr

Lys

Ser

GlIn

Thr

Lys

Thr

AsSp

Ala

ser

val

Leu

Gly

Trp

val

val

AsSn

Lys

Glu

Lys

val

Tyr

Glu

val

val

Lys

txt
Pro

Phe

Gly

Ser

Lys

Glu

Ala

Thr

Ala

cys

AsSn

Leu

Pro

His

Ser

Leu

Asp

val

val

Glu

Leu

ser

Ala

Gly
15

Thr
30

Leu
45

Tyr
60

ser
75

ASp
90

ser
105

val
120

Pro
135

Leu
150

Ser
165

Gln
180

ser
195

Lys
210

cys
225

Leu
240

Thr
255

ASp
270

Asp
285

GlIn
300
His
315

Asn
330

Lys
345




Gly

Glu

Gly

GlIn

ASp

Arg

Ala

2003301079 23 Nov 2007

Gly

<210>

<211> 213

GlIn

Glu

Phe

Pro

Gly

Trp

Leu

Lys

43

Pro

Met

Tyr

Glu

ser

Gln

His

<212> PRT
<213> Artificial sequence

<220>
<223>

<400>

sequence is synthesized

43

Arg

Thr

Pro

Asn

Phe

Gln

ASn

Glu
350

Lys
365

ser
380

Asn
395

Phe
410

Gly
425
His
440

P76023.AU - Sequence

Pro GIn val Tyr Thr Leu

AsSn

Asp

Tyr

Leu

Asn

TYyr

Gln

Ile

Lys

Tyr

val

Thr

val

Ala

Thr

ser

Phe

Gln

Asp Ile GIn Met Thr GIn Ser Pro
1 5

Gly

Tyr

Leu

Phe

Ser

ser

Lys

Asp

Asn

Asn

ASp

ASp

Leu

Ile

Ser

Leu

Phe

Arg

Glu

Asn

Ala

ser

Arg

His

Tyr

Gly

Gln

Asn

Thr

GIn

Phe

Leu

Lys

val

Trp

Ala

ser

Pro

Pro

val

Leu

Tyr

Gln

Asp

Thr
20

Tyr
35

Pro
50

Gly
65

Glu
80

Pro
95

Ala
110

LysS
125

Pro
140

ser
155

ser

Ile

Gln

Ser

Ser

Asp

Thr

Ala

ser

Arg

Gly

Thr

Thr

Gln

ASn

Gly

Phe

Phe

Pro

Gly

Glu

Asn

Tyr

cys

Lys

Leu

Thr

Ala

Gly

Ser

Thr

Ala

ser

ser

ser

val

Thr

Lys

Ser

Lys

ser

Arg

Pro

Ala

Asp

Thr

Gln

val

Ala

Lys

Gln

Leu

355

Leu Thr
370

Glu Trp
385

Pro Pro
400

Leu Thr
415

Cys ser
430

ser Leu
445

ser Leu
10

Ala Ser
25

Gly Lys
40

ser Gly
55

Phe Thr
70

Tyr Tyr
85

Gly Thr
100

Phe Ile
115

Ser val
130

val GIn
145

Glu Ser
160

Ser Ser
Page 36
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Pro

cys

Glu

val

val

val

Ser

ser

Ser

Ala

val

Leu

cys

Lys

Phe

val

Trp

val

Thr

Pro

Leu

ser

Leu

Asp

Met

Leu

Ala

Ser

Pro

Pro

Thr

Gln

val

Pro

cys

Lys

Thr

Leu

txt

Ser

val

Asn

Asp

Lys

His

Ser

Ser

val

Lys

Ser

Ile

Gln

Glu

Pro

Leu

val

Glu

Thr

Arg
360

Lys
375

Gly
390

Ser
405

ser
420

Glu
435

Pro
450

val
15

ser
30

Pro
45

Arg
60

Ser
75

Trp
90

Ile
105

Ser
120

Leu
135

Asp
150

Gln
165

Leu
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170

P76023.AU - Sequence Listing.txt

Ser Lys Ala Asp Tyr Glu Lys His Lys
185

Thr His Gln Gly Leu Ser Ser Pro val

Gly Glu Cys

<210>

44

<211> 452
PRT
<213> Artificial sequence

<212>
<220>
<223>
<400>
1
Gly

Ser

Glu

Asn

Lys

Thr

Tyr

Ser

ser

val

Gly

Ser

Ser

Pro

Asp

sequence is synthesized

44

ser

Tyr

Trp

Glin

AsSn

Ala

Trp

Ser

Ser

Lys

Ala

Ser

ser

Ser

Lys

Leu

Asn

val

Lys

Thr

val

Tyr

Ala

Lys

ASp

Leu

Gly

Leu

AsSn

Thr

Arg
Met
Gly
Phe
Leu
Tyr
Phe
ser
Ser
Tyr
Thr
Leu
Gly
Thr

His

200

Leu
20
His
35

Ala
50

Lys
65

Tyr
80

Tyr
95

Asp
110

Thr
125

Thr
140

Phe
155

Ser
170

Tyr
185

Thr
200

Lys
215

Thr
230

ser

Trp

Ile

Gly

Leu

Cys

val

Lys

ser

Pro

Gly

ser

Gln

val

Cys

cys

val

Tyr

Arg

Gln

Ala

Trp

Gly

Gly

Glu

val

Leu

Thr

ASp

Pro

Glu val GIn Leu val Glu Ser Gly
5

Ala

Arg

Pro

Phe

Met

Arg

Gly

Pro

Gly

Pro

His

ser

Tyr

Lys

Pro

Gly

Ala

GlIn

Gly

Thr

ASN

val

Gln

Ser

Thr

val

Thr

Ser

Ile

Lys

Cys

val
190

Thr
205

Gly
10

ser
25

Ala
40

Asn
55

Ile
70

Ser
85

val
100

Gly
115

val
130

Ala
145

Thr
160

Phe
175

val
190

cys
205

val
220

Pro
235

Tyr Ala Cys Glu

180

val
195

Lys Ser Phe Asn Arg

Leu
Gly
Pro
Gly
Ser
Leu
Tyr
Thr
Phe
Ala
val
Pro
val
AsSn
Glu

Ala

Page 37

val

Tyr

Gly

Ala

val

Arg

Tyr

Leu

Pro

Leu

Ser

Ala

Thr

val

Pro

Pro

GlIn

Thr

Lys

Thr

Asp

Ala

Ser

val

Leu

Gly

Trp

val

val

Asn

Lys

Glu

Pro

Phe

Gly

Ser

Lys

Glu

Ala

Thr

Ala

cys

Asn

Leu

Pro

His

Ser

Leu

210

Gly
15

Thr
30

Leu
45

Tyr
60

ser
75

ASp
90

Ser
105

val
120

Pro
135

Leu
150

Ser
165

Gln
180

Ser
195

Lys
210

Cys
225

Leu
240




o

P76023.AU - Sequence Listing.txt
Gly Gly Pro Ser val Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr
245 250 255

Leu Met Ile Ser Arg Thr Pro Glu val Thr Cys val val val Asp
260 265 270

val Ser His Glu Asp Pro Glu val Lys Phe Asn Trp Tyr val Asp
275 280 285

Gly val Glu val His Asn Ala Lys Thr Lys Pro Arg Glu Glu Glin
290 295 300

Tyr Asn Ser Thr Tyr Arg val val ser val Leu Thr val Leu His
305 310 315

GIn Asp Trp Leu Asn Gly Lys Glu Tyr Lys Cys Lys val Ser Asn
320 325 330

Lys Ala Leu Pro Ala Pro Ile Glu Lys Thr Ile Ser Lys Ala Lys
335 340 345

2003301079 23 Nov 2007

Gly GIn Pro Arg Glu Pro GIn val Tyr Thr Leu Pro Pro Ser Arg
350 355 360

Glu Glu Met Thr Lys Asn GIn val Ser Leu Thr Cys Leu val Lys
365 370 375

Gly Phe Tyr Pro Ser Asp Ile Ala val Glu Trp Glu Ser Asn Gly
380 385 390

Gln Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro val Leu Asp Ser
395 400 405

Asp Gly Ser Phe Phe Leu Tyr Ser Lys Leu Thr val Asp Lys Ser

410 415 420

Arg Trp GIn GIn Gly Asn val Phe Ser Cys Ser val Met His Glu
425 430 435

Ala Leu His Asn His Tyr Thr GIn Lys Ser Leu Ser Leu Ser Pro
440 445 450

Gly Lys

<210> 45

<211> 213

<212> PRT

<213> Artificial sequence

<220> )

<223> sequence is synthesized

<400> 45

Asp Ile Gln Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser val

1 ) 10 15

Gly Asp Arg val Thr Ile Thr Cys Arg Ala Ser Ser Ser val Ser
20 25 30

Tyr Met His Trp Tyr GIn GIn Lys Pro Gly Lys Ala Pro Lys Pro
35 40 45

Leu Ile Tyr Ala Pro Ser Asn Leu Ala Ser Gly val Pro Ser Arg
50 55 60

Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser
65 70 75
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Ser

Ala

Lys

Asp

ASn

AsSn

Asp

Ser

Thr

Gly

<210>
<211>
<212>
<213>

<220>
<223>

<400>

Glu

1
Gly
Ser
Glu
ASn
Lys
Thr
Tyr

Ser

ser

Leu

Phe

Arg

Glu

Asn

Ala

ser

Lys

His

Glu

46

452

GIn

Asn

Thr

GlIn

Phe

Leu

Lys

GIn

Cys

PRT_ L
Artificial sequence

Pro

Pro

val

Leu

Tyr

GlIn

Asp

ASp

Gly

Glu
80

Pro
95

Ala
110

Lys
125

Pro
140

Ser
155

ser
170

Tyr
185

Leu
200

Asp

Thr

Ala

Ser

Arg

Gly

Thr

Glu

Ser

P76023.AU - Sequence

Phe Ala Thr Tyr Tyr
85

Phe
Pro
Gly
Glu
Asn
Tyr
Lys

Ser

Gly

ser

Thr

Ala

ser

Ser

His

Pro

sequence is synthesized

46
val

Ser

Tyr

Trp

GIn

Asn

Ala

Trp

Ser

ser

Gln

Leu

Asn

val

Lys

Thr

val

Tyr

Ala

Lys

Leu

Arg

Met

Gly

Phe

Leu

TYyr

Phe

ser

ser

val
5

Leu
20

His
35

Ala
50

Lys
65

Tyr
80

Tyr
95

Asp
110

Thr
125

Thr

Glu

Ser

Trp

Ile

Gly

Leu

cys

val

LyS

Ser

ser

Cys

val

Tyr

Arg

Gln

Ala

Trp

Gly

Gly

Gly

Ala

Arg

Pro

Phe

Met

Arg

Gly

Pro

Gly

Gln

val

Ala

Lys

GlIn

Leu

Lys

val

Gly

Ala

GIn

Gly

Thr

Asn

val

GIn

ser

Thr

Gly Thr
100

Phe Ile
115

Ser val
130

val GIn
145

Glu Ser
160

Ser Ser
175

val Tyr
190

Thr Lys
205

Gly Leu
10

ser Gly
25

Ala Pro
40

Asn Gly
55

Ile ser
70

Ser Leu
85

val Tyr
100

Gly Thr
115

val Phe
130

Ala Ala
Page 39
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Cys

Lys

Phe

val

Trp

val

Thr

Ala

Ser

val

Tyr

Gly

Ala

val

Arg

Tyr

Leu

Pro

Leu

Gln

val

Pro

Cys

Lys

Thr

Leu

Cys

Phe

Gln

Thr

Lys

Thr

ASp

Ala

Ser

val

Leu

Gly

Gln

Glu

Pro

Leu

val

Glu

Thr

Glu

Asn

Pro

Phe

Gly

Ser

Lys

Glu

Ala

Thr

Ala

cys

Trp
90

Ile
105

ser
120

Leu
135

Asp
150

GlIn
165

Leu
180

val
195

Arg
210

Gly
15

Thr
30

Leu
45

Tyr
60

ser
75

ASp
90

ser
105

val
120

Pro
135

Leu
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val

Gly

Ser

ser

Pro

ASp

Gly

Leu

val

Tyr

Gln

Lys

Gly

Glu

Gln

Asp

Arg

Ala

Gly

Lys

Ala

Ser

Ser

Ser

Lys

Gly

Met

Ser

val

Asn

ASp

Ala

GIn

Glu

Phe

Pro

Gly

Trp

Leu

Lys

<210> 47

<211> 213
<212> PRT

Asp

Leu

Gly

Leu

ASn

Thr

Pro

Ile

His

Glu

Ala

Trp

Leu

Pro

Met

Tyr

Glu

Ser

Tyr

Thr

Leu

Gly

Thr

His

ser

ser

Glu

val

Thr

Leu

Pro

Arg

Thr

Pro

Asn

Phe

Gln

AsSn

140

Phe
155

ser
170

Tyr
185

Thr
200

Lys
215

Thr
230

val
245

Arg
260

Asp
275
His
290

Tyr
305

Asn
320

Ala
335

Glu
350

Lys
365

ser
380

Asn
395

Phe
410

Gly
425
His
440

Pro

Gly

Ser

Gln

val

Cys

Phe

Thr

Pro

Asn

Arg

Gly

Pro

Pro

Asn

Asp

Tyr

Leu

Asn

Tyr

P76023.AU - Sequence Listing.txt

Glu

val

Leu

Thr

ASp

Pro

Leu

Pro

Glu

Ala

val

Lys

Ile

Gln

Gln

Ile

Lys

Tyr

val

Thr

Pro

His

Ser

Tyr

Lys

Pro

Phe

Glu

val

LyS

val

Glu

Ala

val

val

Ala

Thr

Ser

Phe

GlIn

val

Thr

Ser

Ile

Lys

Cys

Pro

val

Lys

Thr

ser

Tyr

Ala

Tyr

ser

val

Thr

Lys

ser

Lys

145

Thr
160

Phe
175

val
190

Cys
205

val
220

Pro
235

Pro
250

Thr
265

Phe
280

LysS
295

val
310

Lys
325

Thr
340

Thr
355

Leu
370

Glu
385

Pro
400

Leu
415

Ccys
430

ser
445

val Ser Trp

Pro

val

Asn

Glu

Ala

Lys

Cys

Asn

Pro

Leu

Cys

Ile

Leu

Thr

Trp

Pro

Thr

ser

Leu

Page 40

Ala

Thr

val

Pro

Pro

Pro

val

Trp

Arg

Thr

Lys

ser

Pro

Cys

Glu

val

val

val

Ser

val

val

Asn

Lys

Glu

Lys

val

Tyr

Glu

val

val

Lys

Pro

Leu

ser

Leu

ASp

Met

Leu

Asn

Leu

Pro

His

ser

Leu

ASp

val

val

Glu

Leu

ser

Ala

Ser

val

Asn

Asp

Lys

His

Ser

150

ser
165

Gln
180

ser
195

Lys
210

Cys
225

Leu
240

Thr
255

ASp
270

ASp
285

Gln
300
His
315

Asn
330

Lys
345

Arg
360

Lys
375

Gly
390

ser
405

Ser
420

Glu
435

Pro
450
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<213> Artificial sequence

<220>

<223> sequence is synthesized

<400> 47

Asp Ile Gln Met Thr GIn Ser Pro Ser Ser Leu Ser Ala Ser val
1 5 10 15

Gly Asp Arg val Thr Ile Thr Cys Arg Ala Ser Ser Ser val Ser
20 25 30

Tyr Leu His Trp Tyr GIn GIn Lys Pro Gly Lys Ala Pro Lys Pro
35 40 45

Leu Ile Tyr Ala Pro Ser Asn Leu Ala Ser Gly val Pro Ser Arg
50 55 60

Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser

65 70 75
Ser Leu GIn Pro Glu Asp Phe Ala Thr Tyr Tyr Cys Gln Gln Trp
80 85 90
Ala Phe Asn Pro Pro Thr Phe Gly GlIn Gly Thr Lys val Glu Ile
95 100 105
Lys Arg Thr val Ala Ala Pro Ser val phe Ile Phe Pro Pro Ser
110 115 120
Asp Glu GIn Leu Lys Ser Gly Thr Ala Ser val val Cys Leu Leu
125 130 135
Asn Asn Phe Tyr Pro Arg Glu Ala Lys val GIn Trp Lys val Asp
140 145 150
Asn Ala Leu GIn Ser Gly Asn Ser GIn Glu Ser val Thr Glu GIn
155 160 165
Asp Ser Lys Asp Ser Thr Tyr Ser teu Ser Ser Thr Leu Thr Leu
170 175 180
Ser Lys Ala Asp Tyr Glu Lys His Lys val Tyr Ala Cys Glu val
185 1390 195
Thr His GIn Gly Leu Ser Ser Pro val Thr Lys Ser Phe Asn Arg
200 205 210
Gly Glu Cys
<210> 48
<211> 452
<212> PRT
<213> Artificial sequence
<220>
<223> sequence is synthesized
<400> 48
Glu val GIn Leu val Glu Ser Gly Gly Gly Leu val Gln Pro Gly
1 5 10 15

Gly Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Tyr Thr Phe Thr
20 25 30

Ser Tyr Asn Met His Trp val Arg Gln Ala Pro Gly Lys Gly Leu
35 40 45
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Glu

Asn

Lys

Thr

TYyr

Ser

Ser

val

Gly

ser

ser

Pro

Asp

Gly

Leu

val

Lys

Gly

ASp

Gly

Trp

Gln

Asn

Ala

Trp

Ser

Ser

Lys

Ala

Ser

ser

Ser

Lys

Gly

Met

Ser

val

ASN

Asp

Ala

GIn

Glu

Phe

val

Lys

Thr

val

Tyr

Ala

Lys

ASp

Leu

Gly

Leu

ASnN

Thr

Pro

Glu

Ala

Trp

Leu

Pro

Leu

Tyr

Gly

Phe

Leu

Tyr

Phe

ser

Ser

Tyr

Thr

Leu

Gly

Thr

His

Ser

Ser

Glu

val

Thr

Leu

Pro

Arg

Thr

Pro

Ala
50

Lys
65

Tyr
80

Tyr
95

Asp
110

Thr
125

Thr
140

Phe
155

Ser
170

Tyr
185

Thr
200

Lys
215

Thr
230

val
245
Arg
260

ASp
275

His
290

Tyr
305

Asn
320

Ala
335

Glu
350

LyS
365

ser

P76023.AU - Sequence

Ile Tyr Pro Gly Asn Gly
55

Gly

Leu

Cys

val

Lys

ser

Pro

Gly

Ser

GlIn

val

Cys

Phe

Thr

Pro

Asn

Arg

Gly

Pro

Pro

Asn

Asp

Arg
Gln
Ala
Trp
Gly
Gly
Glu
val
Leu
Thr
Asp
Pro
Leu
Pro
Glu
Ala
val
Lys
Ile
Gln
Gln

Ile

Phe
Met
Arg
Gly
Pro
Gly
Pro
His
ser
Tyr
Lys
Pro
Phe
Glu
val
Lys
val
Glu
Ala
val
val

Ala

Thr

Asn

val

Glin

Ser

Thr

val

Thr

ser

Ile

Lys

Cys

Pro

val

Lys

Thr

ser

Tyr

Ala

Tyr

Ser

val

Ile
70

ser
85

val
100

Gly
115

val
130

Ala
145

Thr
160

Phe
175

val
190

Cys
205

val
220

Pro
235

Pro
250

Thr
265

Phe
280

Lys
295

val
310

Lys
325

Thr
340

Thr
355

Leu
370

Glu

Ser

Leu

Tyr

Thr

Phe

Ala

val

Pro

val

Asn

Glu

Ala

Lys

Cys

AsSn

Pro

Leu

Cys

Ile

Leu

Thr

Trp
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Ala

val

Arg

Tyr

Leu

Pro

Leu

Ser

Ala

Thr

val

Pro

Pro

Pro

val

Trp

Arg

Thr

Lys

Ser

Pro

Cys

Glu

Thr

Asp

Ala

ser

val

Leu

Gly

Trp

val

val

Asn

Lys

Glu

Lys

val

Tyr

Glu

val

val

Lys

Pro

Leu

ser

txt

Ser

Lys

Glu

Ala

Thr

Ala

Cys

Asn

Leu

Pro

His

Ser

Leu

Asp

val

val

Glu

Leu

Ser

Ala

Ser

val

ASnN

Tyr
60

ser
75

ASp
90

ser
105

val
120

Pro
135

Leu
150

ser
165

GlIn
180

ser
195

Lys
210

Cys
225

Leu
240

Thr
255

Asp
270

Asp
285

Gln
300

His
315

Asn
330

Lys
345

Arg
360

Lys
375

Gly
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380

P76023.AU - Sequence

Gln Pro Glu Asn Asn Tyr Lys Thr Thr
395

Asp Gly Ser Phe Phe Leu Tyr Ser Lys

410

Arg Trp GIn Gln Gly Asn val Phe Ser

425

Ala Leu His Asn His Tyr Thr GIn Lys
440

Gly

<210>
<211>
<212>
<213>

<220>
<223>

<400>

Glu

1
Gly
Ser
Glu
Asn
Lys
Thr
Tyr
Ser
Ser
val
Gly

ser

ser

Lys

49
452
PRT

Artificial sequence

sequence is synthesized

49
val

ser

Tyr

Trp

Gln

Asn

Ala

Trp

ser

Ser

Lys

Ala

ser

ser

Gin

Leu

Asn

val

Lys

Thr

val

Tyr

Ala

Lys

Asp

Leu

Gly

Leu

Leu

Arg

Met

Gly

Phe

Leu

Tyr

Phe

Ser

ser

Tyr

Thr

Leu

Gly

val Glu Ser Gly

5

Leu
20
His
35

Ala
50

Lys
65

Tyr
80

Tyr
95

Asp
110

Thr
125

Thr
140

Phe
155

Ser
170

Tyr
185

Thr
200

Ser

Trp

Ile

Gly

Leu

Cys

val

Lys

Ser

Pro

Gly

Ser

Gln

Cys

val

Tyr

Arg

GIn

Ala

Trp

Gly

Gly

Glu

val

Leu

Thr

Ala

Arg

Pro

Phe

Met

Arg

Gly

Pro

Gly

Pro

His

ser

Tyr

Gly

Ala

Gln

Gly

Thr

Asn

val

Gln

Ser

Thr

val

Thr

Ser

Ile

385

Pro
400

Leu
415

Cys
430

ser
445

Gly
10

ser
25

Ala
40

Asn
55

Ile
70

Ser
85

val
100

Gly
115

val
130

Ala
145

Thr
160

Phe
175

val
190

Cys
205

Pro

Thr

ser

Leu

Leu

Gly

Pro

Gly

ser

Leu

Tyr

Thr

Phe

Ala

val

Pro

val

Asn
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Listing.

val

Leu

val Asp

val

ser

val

Tyr

Gly

Ala

val

Arg

Tyr

Leu

Pro

Leu

ser

Ala

Thr

val

Met

Leu

Gln

Thr

Lys

Thr

ASp

Ala

Ser

val

Leu

Gly

Trp

val

val

Asn

Xt

Asp

Lys

His

Ser

Pro

Phe

Gly

Ser

Lys

Glu

Ala

Thr

Ala

Cys

Asn

Leu

Pro

His

390

ser
405

Ser
420

Glu
435

Pro
450

Gly
15

Thr
30

Leu
45

Tyr
60

Ser
75

Asp
90

ser
105

val
120

Pro
135

Leu
150

Ser
165

Gln
180

ser
195

Lys
210
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Pro

Asp

Gly

Leu

val

Gly

Tyr

Gln

Lys

Gly

Glu

Gly

Gln

ASp

Arg

Ala

Gly

<210>
<211>
<212>
<213>

<220>
<223>

<400>

ser
Lys
Gly
Met
ser
val
Asn
Asp

Ala

Glu
Phe
Pro
Gly
Trp
Leu
Lys

50
452
PRT

AsSn

Thr

Pro

Ile

His

Glu

Ala

Trp

Leu

Pro

Met

Tyr

Glu

ser

Gln

His

Thr

His

Ser

ser

Glu

val

Thr

Leu

Pro

Arg

Thr

Pro

Asn

Phe

GIn

Asn

Lys
215

Thr
230

val
245

Arg
260

ASp
275
His
290

Tyr
305

Asn
320

Ala
335

Glu
350

Lys
365

Ser
380

Asn
395

Phe
410

Gly
425
His
440

val
Cys
Phe
Thr
Pro
Asn
Arg
Gly
Pro
Pro
Asn
Asp
Tyr
Leu
Asn

Tyr

P76023.AU - Sequence

Asp

Pro

Leu

Pro

Glu

Ala

val

Lys

Ile

GlIn

Glin

Ile

Lys

Tyr

val

Thr

Artificial sequence

sequence is synthesized

50

Lys

Pro

Phe

Glu

val

Lys

val

Glu

Glu

val

val

Ala

Thr

Ser

Phe

G1In

Lys

Cys

Pro

val

Lys

Thr

Ser

Tyr

Ala

Tyr

Ser

val

Thr

Lys

ser

Lys

Glu val GIn Leu val Glu Sser Gly Gly

1

5

Gly Ser Leu Arg Leu Ser Cys Ala Ala
20

Ser Tyr Asn Met His Trp val Arg Gln

35

val
220

Pro
235

Pro
250

Thr
265

Phe
280

Lys
295

val
310

Lys
325

Thr
340

Thr
355

Leu
370

Glu
385

Pro
400

Leu
415

Cys
430

Ser
445

Gly
10

ser
25

Ala
40

Glu Pro
Ala Pro
Lys Pro
Cys val
Asn Trp
Pro Arg
Leu Thr
Cys Ala
Ile Ser
Leu Pro
Thr Cys
Trp Glu
Pro val
Thr val
ser val

Leu Ser

Listing

Lys

Glu

Lys

val

Tyr

Glu

val

val

Lys

Pro

Leu

Ser

Leu

Asp

Met

Leu

LITXT
ser

Leu

Asp

val

val

Glu

Leu

ser

Ala

Ser

val

Asn

Asp

Lys

His

ser

cys
225

Leu
240

Thr
255

ASp
270

ASp
285

Gln
300
His
315

Asn
330

Lys
345

Arg
360

Lys
375

Gly
390

ser
405

ser
420

Glu
435

Pro
450

Leu val GIn Pro Gly

15

Gly Tyr Thr phe Thr

30

Pro Gly Lys Gly Leu
45
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Glu

Asn

Lys

Thr

Tyr

Ser

Ser

val

Gly

Ser

Ser

Pro

ASp

Gly

Leu

val

Gly

Tyr

GIn

Ala

Trp val

GIn Lys

Asn Thr

Ala val

Trp Tyr

Ser Ala

ser Lys

Lys Asp

Ala Leu

Ser Gly

Ser Leu

ser Asn

Lys Thr

Gly Pro

Met Ile

Ser His

val Glu

Asn Ala

Asp Trp

Ala Leu

Gln Pro

Glu Met

Phe Tyr

Gly
Phe
Leu
Tyr
Phe
ser
Ser
Tyr
Thr
Leu
Gly
Thr
His
Ser
Ser
Glu
val
Thr
Leu
Pro
Arg
Thr

Pro

Ala
50

Lys
65

Tyr
80

Tyr
95

Asp
110

Thr
125

Thr
140

Phe
155

Ser
170

Tyr
185

Thr
200

Lys
215

Thr
230

val
245

Arg
260

Asp
275

His
290

Tyr
305

Asn
320

Ala
335

Glu
350

LysS
365

Ser

P76023.AU - Sequence

Ile Tyr Pro Gly Asn Gly
55

Gly
Leu
Cys
val
Lys
Ser
Pro
Gly
Ser
Gln
val
Cys
Phe
Thr
Pro
Asn
Arg
Gly
Pro
Pro
Asn

ASp

Arg

GlIn

Ala

Trp

Gly

Gly

Glu

val

Leu

Thr

Asp

Pro

Leu

Pro

Glu

Ala

val

Lys

Ile

GIn

GIn

Ile

Phe

Met

Arg

Gly

Pro

Gly

Pro

His

ser

Tyr

Lys

Pro

Phe

Glu

val

Lys

val

Glu

Ala

val

val

Ala

Thr

Asn

val

GlIn

Ser

Thr

val

Thr

ser

Ile

Lys

Cys

Pro

val

Lys

Thr

Ser

Tyr

Ala

Tyr

ser

val

Ile Ser
70

ser Leu
85

val Tyr
100

Gly Thr
115

val Phe
130

Ala Ala
145

Thr val
160

Phe Pro
175

val val
190

Cys Asn
205

val Glu
220

Pro Ala
235

Pro Lys
250

Thr Cys
265

Phe Asn
280

Lys Pro
295

val Leu
310

Lys Cys
325

Thr Ile
340

Thr Leu
355

Leu Thr
370

Glu Trp
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Listing.

Ala

val

Arg

Tyr

Leu

Pro

Leu

Ser

Ala

Thr

val

Pro

Pro

Pro

val

Trp

Arg

Thr

Lys

Ser

Pro

Cys

Glu

Thr

ASp

Ala

ser

val

Leu

Gly

Trp

val

val

Asn

Lys

Glu

Lys

val

Tyr

Glu

val

val

LYyS

Pro

Leu

ser

txt

Ser

Lys

Glu

Ala

Thr

Ala

cys

Asn

Leu

Pro

His

ser

Leu

Asp

val

val

Glu

Leu

Ser

Ala

ser

val

AsSn

Tyr
60

ser
75

Asp
90

ser
105

val
120

Pro
135

Leu
150

ser
165

GlIn
180

ser
195

Lys
210

Cys
225

Leu
240

Thr
255

Asp
270

ASp
285

Gln
300

His
315

Asn
330

LyS
345

Arg
360

Lys
375

Gly




Gln

Asp

Arg

Ala

Gly

<210>
<211>
<212>
<213>

<220>
<223>

<400>
Glu
1
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Gly

Ser

Glu

Asn

Lys

Thr

Tyr

Ser

<210>
<211>
<212>
<213>

<220>
<223>

<400>

Asp Ile GIn Met Thr Gln Ser Pro Ser Ser

1

Gly Asp Arg val Thr Ile Thr Cys Arg Ala
20 25

Pro

Gly

Trp

Leu

Lys

51
122
PRT

380

Glu Asn Asn

Ser

GIn

His

Phe

GlIn

Asn

395

Phe
410

Gly
425
His
440

P76023.AU - Sequence

Tyr Lys Thr

Leu Tyr Ser

Asn val Phe

Tyr Thr Gln

Artificial sequence

sequence is synthesized

51
val

ser

Tyr

Trp

Gln

AsSn

Ala

Trp

Ser

52
107
PRT

Gln

Leu

Asn

val

Lys

Thr

val

Tyr

Leu

Arg

Met

Gly

Phe

Leu

Tyr

Phe

val
S

Leu
20
His
35

Ala
50

Lys
65

Tyr
80

Tyr
95

Asp
110

Glu

Ser

Trp

Ile

Gly

Leu

Cys

val

Ser

Cys

val

Tyr

Arg

Gln

Ala

Trp

Artificial sequence

sequence 1is synthesized

52

5

Gly

Ala

Arg

Pro

Phe

Met

Arg

Gly

Thr

Lys

Ser

Lys

Gly

Ala

GlIn

Gly

Thr

AsSn

val

GIn

385

Pro Pro
400

Leu Thr
415

Cys ser
430

Ser Leu
445

Gly Leu
10

Ser Gly
25

Ala Pro
40

Asn Gly
55

Ile Ser
70

ser Leu
85

val Tyr
100

Gly Thr
115

10
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val

Leu

val Asp

val

ser

val

Tyr

Gly

Ala

val

Arg

Tyr

Leu

Met

Leu

Gln

Thr

Lys

Thr

Asp

Ala

Ser

val

txt

Asp

Lys

His

ser

Pro

Phe

Gly

ser

Lys

Glu

Ala

Thr

Leu Ser Ala Ser

Ser Ser Ser val

390

Ser
405

Ser
420

Glu
435

Pro
450

Gly
15

Thr
30

Leu
45

Tyr
60

Ser
75

Asp
90

ser
105

val
120

val
15

Ser
30
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Tyr

Leu

Phe

Ser

Ala

Lys

<210>
<211>
<212>
<213>

<220>
<223>

<400>

Asp

1
Gly
Tyr
Leu
Phe
Ser

Ala

Lys

Met His Trp

Ile Tyr Ala

Ser Gly Ser

Leu Gln Pro

Phe Asn Pro

Arg

53
107

PRT' L
Artificial

35

Pro
50

Gly
65

Glu
80

Pro
95

Ser

ser

Asp

Thr

P76023.AU - Sequence
Tyr GIn GIn Lys

Asn Leu

Gly Thr

Phe Ala

Phe Gly

sequence

sequence is synthesized

53
Ile

Asp

Leu

Ile

Ser

Leu

Phe

Arg

GlIn

Arg

His

Tyr

Gly

Gln

Asn

Met

val

Trp

Ala

Ser

Pro

Pro

Thr
5

Thr
20

Tyr
35

Pro
50

Gly
65

Glu
80

Pro
95

Gln

Ile

Gln

Ser

ser

Asp

Thr

ser Pro
Thr Cys
Gln Lys
Asn Leu
Gly Thr
Phe Ala

Phe Gly

Pro

Ala

Asp

Thr

GIn

Ser

Arg

Pro

Ala

ASp

Thr

GIn

Gly Lys
40

Ser Gly
55

Phe Thr
70

Tyr Tyr
85

Gly Thr
100

ser Leu
10

Ala ser
25

Gly Lys
40

Sser Gly
55

Phe Thr
70

Tyr Tyr
85

Gly Thr
100
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Ala

val

Pro Lys

Pro Ser

Leu Thr Ile

Cys

Lys

Ser

ser

Ala

val

Leu

Cys

Lys

GIn Gln

val Glu

Ala Ser

Ser val

Pro Lys

Pro Ser

Thr Ile

Gln GIn

val Glu

Pro
45

Arg
60

Ser
75

Trp
90

Ile
105

val
15

Ser
30

Pro
45

Arg
60

ser
75

Trp
90

Ile
105
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