
5 IlvlMUNOGLOBULIN VARIANTS AND USES THEREOF  FIELD OF
THE INVENTION 10 The invention relates to anti-CD20
antibodies and their use in the treatment ofB-cell
related  diseases. BACKGROUND OF THE INVENTION
Lymphocytes arc one of several populations of whits
blood calla; they specifically recognize and  15
respond to foreign antigen. The three major classes of
lymphocytes are B lymphocytes (B cells), T
lymphocytes (T cells) and natural killer (NK) cells. B
lymphocytes are the cells responsible for antibody
production and provide humors] immunity. B cells
mature within the bone marrow and leave the marrow
expressing an antigen-binding antibody on their cell
surface. When a naive B cell first encounters the
antigen for which its membrane-bound antibody is
specific, the cell begins to divide rapidly and its
progeny 20 differentiate into memory B cells and
effector cells called "plasma cells". Memory B cells
have a longer life  span and continue to express
membrane-bound antibody with the same specificity as
the original parent cell  Plasma cells do not produce
membrane-bound antibody but instead produce secreted
form of the antibody.  Secreted antibodies are the
major effector molecules of Immoral immunity. The CD20
antigen (also called human 13-lymphocyte-restricted
differentiation antigen, Bp35) is a  25 hydrophobic
transmembrane protein with a molecular weight of
approximately 35 kD located on pre-B and  mature B
lymphocytes (Valentine at at J. Biol. Chem.
264(19):11282-11287 (1989); and Einfeld et at.  EMBO
J. 7(3):711-717 (1988)). The antigen is also expressed
on greater than 90% of B cell non-Hodgkin's  lymphomas
(NHL) (Anderson et at Blood 63(6):7424-1433 (1984)),
but is not found on hematopoietic stem  cells, pro-B
cells, normal plasma cells or other normal tissues
(Tedder et al. J. Inmtunol. 135(2):973-979 30 (1985)).
CD20 is thought to regulate an early step(s) in the
activation process for cell cycle initiation and
differentiation (Tedder et al., supra) and possibly
functions as a calcium ion channel (Tedder at al, J.
Cell.  Biochem. 14D:195 (1990)). Given the expression
of CD20 in B cell lymphomas, this antigen has been a
useful therapeutic  target to treat such lymphomas.
There are more than 300,000 people in the United
States with B-cell NHL  35 and more than 56,000 new
cases are diagnosed each year. For example, the
rituximab (RITUXAN(D) antibody which is a genetically
engineered chimeric murine/human monoclonal antibody
directed against  human CD20 antigen (commercially
available from Genentech, Inc., South San Francisco,
California, U.S.)  is used for the treatment of
patients with relapsed or refractory low-grade or
follicular, CD20 positive, B cell  non-Hodgkin's
lymphoma. Rituximab is the antibody referred to as
"CM" in US Patent No. 5,736,137 40 issued April 7,1998
(Anderson at al.) and in US Pat No. 5,776,456. In
vitro mechanism of action studies  have demonstrated
that RTTUXAN(r) binds human complement and lyses
lymphoid B call lines through  complement-dependent
cytotoxicity (CDC) (Reffet at. Blood 83(2):435-445
(1994)). Additionally, it has  significant activity in
assays for antibody-dependent cellular cytotoxicity
(ADCC). hr vivo preclinical  studies have shown that
RITUXAN(r) depletes B cells from the peripheral blood,
lymph nodes, and bone 45 marrow of cynomolgus monkeys,
presumably through complement and cell-mediated
processes (Reff et al.  1 5 Blood 83(2):435-445
(1994)). Other antiCD20 antibodies indicated for the
treatment ofNIR, include the  



murine antibody Zevalin which is linked to the
radioisotope, Yttrium-90 (IDEC Pharmaceuticals, San
Diego, CA), Bexxar' which is a another fully murino
antibody cogiugated to 1-131 (Corixa, WA). A major
limitation in the use of marine antibodies in human
therapy is the human anti-mouse  antibody (HAMA)
response (see, e.g., Miller, R.A. of at, "Monoclonal
antibody therapeutic trials in seven  10 patients with
T -cell lymphoma" Blood, 62;988.995,1983; and Sobroff,
LW., et At, "Human anti-muriae immunogtobuttn response
is patients receiving monoclonal antibody therapy"
Cancer Ras., 45;879.885,  1985). Even chimeric
molecules, where the variable (V) domains oftodent
antibodies are fused to human  constant (C) regions,
are still capable of eliciting a significant immune
response (HACA, human antl- cbimorio antibody)
(Neuberger at al, Nature (Loud.), 314,.268-270,1985).
A powerful approach to 15 overcome these limitations
in the clinical use of monoclonal antibodies is
"bumanlzation" of the marine  antibody or antibody
from a non-human species (Jones st al. Nature (Loud),
321:522-525,1986; Ricelunan  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 20 satisfies this and other needs.
The present invention provides anti-CD20 antibodies
that overcome the  limitations of cumnt therapeutic
compositions as well as offer additional advantages
that will be apparent  from the detailed description
below. S tMMARY OP T TNVLNTION 25 The present
invention provides CD20 binding antibodies or
funodonal fragments thereof, and their  use in the
treatment ofB-cell associated diseases. These
antibodies are monoclonal antibodies. to specific
embodments, the antibodies that bind CD20 are
humanized or chimeric. The humanized 2H7 variants
include those that have amino acid substitutions in
the PR, 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
30 donor or recipient antibody. in other embodiments,
the anti-CD20 antibodies of the invention Author
comprise changes in amino acid residues in the Pc
region that lead to improved effbotor function
including  enhanced CDC and/or ADCC Amction 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
35 below. Fucose deficient variants having improved
ADCC function in vivo are also provided. In one
embodimect, the obimo ro and-CD20 antibody has marine
V regions and human C region. One such  specific
eiimorio ant-( 20 antibody to Ritoxen(r) (Rituxbnab0;
Oeoenteoh, Inc.). In a preibrred embodiment of all of
the antibody oompositlom and methods of use of this
invention,  the hnratanized CD20 binding antibody is
2H7.v16 having the light and heavy chain amino sold
sequence of  40 SBQ ID NO.21 and 22, respectively, as
shown in FlO.6 and A10.7. When referring to the
polypeptide sequences in Figures 6,7 and 8, It should
be understood that the Srst 19 or so amino acids that
form the  secretory signal sequence an not present In
the mature polypepddo, Therefore SEQ ID Nos. 40 and 39
represent the mature light and heavy chain amino acid
sequences  of 2H7.v16 minus the secretory signal
sequence. 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 2 



5 which are indicated in the disclosure, Unless
otherwise indicated, the 2H7 variants will have the
same L  chain as that of vi 6. The Invention provides
a humanized antibody that binds human CD20, or an
antigen-binding  fragment thereof, wherein the
antibody is effective to deplore primate, B coils in
vivo, the antibody  comprising in the H chpiq Variable
region (Via at least a CDR3 sequence of SEQ ID NO. 12
from an anti 10 human CD20 antibody and substantially
the human consensus framework (PR) residues of human
heavy  chain subgroup Ili (VII). In one embodiment,
the primate B coils are from human and Cynomolgus
monkey. In one embodiment, the antibody further
comprises the N chain CDRI sequence of SBQ II) NO.  10
and CDR2 sequence of SBQ ID NO. It. In another
embodiment, the preceding antibody comprises the L
chain CDR1 sequence of SEQ ID NO.4, CDR2 sequence of
SEQ ID NO, 5, CDR3 sequence of SEQ ID 15 NO.6 with
substantially the human consensus framework (FR)
residues of human light chain tt subgroup I  (WI). In
s preferred embodiment, the PR region in Vt, bas a
donor antibody residue at position 46; in a  specific
embodiment, FM in Vt. has an amino acid substitution
of leuL46pro (Lou in the human xI  consensus sequence
changed to pro which is present in the corresponding
position in n12H7), The VH region flutter comprises a
donor antibody residue at at least amino acid
positions 49, 71 and 73 in  20 the framework. In one
embodiment. In the Vn, the following PR positions In
the human heavy chain  subgroup mare substituted:
AtaH49Qly in FR2; ArgH7 tVal and AsaI73Lya in FR3. In
other  embodiments, the CDR regions in the humanized
antibody further comprise amino add substitutions
where  the residues are neither from donor nor
recipient antibody. The antibody of the preceding
embodiments can comprise the VH sequence of SBQ ID
N0.8 of 25 v16, as shown In FIG, ID. In a further
embodiment of the preceding, the antibody further
comprises the V1,  sequence of SEQ ID NO.2 of v16, as
shown In FIG. LA. In other embodiments, the humanized
antibody is 2H7.v$I having the light and heavy chain
amino  sold sequence of SEQ ID NO.2 and 23,
respectively, as shown In FIQ, 6 and PIQ. 8; 2II7.'e31
having the  heavy chain amino acid sequence of SBQ ID
NO.23 as shown In Tfa. 8; 2H7-v96 with the amino Sold
30 substitutions of D56A and N100A in the H chain and
S92A in the L chain of v16. SEQ IDNo.  41 represents
the mature heavy chain amino acid sequence of 2H7.v31
minus the secretory signal  sequence. In separate
embodiments, the antibody of any of the preceding
embodiments further  comprises at least one amino acid
substitution in the Fc region that improves ADCC
and/or CDC  35 activity over the original or parent
antibody from which it was derived, v.16 being the
parent antibody  being compared to in most cases, and
Rituxan in other cases. One such antibody with
improved activity  comprises the triple Alanine
substitution of S298A/E333A/K334A in the Fc region.
One antibody having  S298A/E333A/K334A substitution is
2H7.v31 having the heavy chain amino acid sequence of
SEQ 40 ID NO. 23. Antibody 2H7.v114 and 2H7.v115 show
at least 10-fold improved ADCC activity as compared
To Rituxan. In another embodiment, the antibody
further comprises at least one amino acid substitution
in  the Fc region that decreases CDC activity as
compared to the parent antibody from which it was
derived  which is v16 inmost cases. One such antibody
with decreased CDC activity as compared to v16  



comprises at least the substitution K322A in the H
chain. The comparison of ADCC and CDC activity  can be
assayed as described in the examples. 3 5 In a
preferred embodiment, the embodiment of the invention
am full length antibodies wherein the Va  region is
joined to a human IgG heavy chain constant region. In
preferred embodiments, the JgO is human  1901 arigO3.
In one embodiment, the CD20 binding antibody is
conjugated to a cytocxin agent. In preferred
embodlanents the cytoroxic agent is a toxin or a
radioactive isotope. 10 in one embodhnent, the
sntibdies of the invention fm use in therapeutic or
diagnostic purposes arc  produced in CHO cells. Also
provided is a composition comprising an antibody of
any one of the preceding embodiments,  and a Cartier.
in one embodiment, the carrier is a pharmaceutically
acceptable carrier. Mme compositions  can be provided
In an article of manufacture or a Wt. IS The invention
also provided a liquid formulation comprising a
humanised 2117 antibody at  20mghnL antibody, I0mM
histidine sulfate pHS.g, 6fhnglod sucrose (6%). 0.2
mgfotl polysorbatc 20  (0.02%). The invention also
provides an isolated nucleic acid that encodes any of
the antibodies disclosed  herein, including an
expression vector for expressing the antibody. 20
Another aspect of the invention are host cells
comprising the preceding nu leic acids, and host cells
that produce the antibody. In a preferred embodiment
of the latter, the host cell is a C HO cell. A method
of  producing these antbodiex is provided, this method
comprising culturing the host cell that produces the
antibody and recovering the antibody from the cell
culture. Yet another aspect of the Invention is an
article of manufacture comprising a container and a
2$ composition contained therein, wherein the
composition comprises an antibody of any of the
preceding  embodi marts. For use in treating NHL, the
article of manufacture further comprises a package
insert  indicating that the composition is used to
treat non-fodgkin'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,
1 calls. 30 The invention also provides methods of
treating din diseases disclosed herein by
administration of e  C1a20 binding antibody or
functional fragment thereof. to a manurial such as a
human patient suffering from  the disease, in any of
the methods for treating an autoimmune disease or a
CD20positivc cancer, in one  embodiment, the antibody,
is 2H7.v16 having the light and heavy chain amino
uccbl sequence of SEQ ID NO.  21 and 22, respectively,
as shown in FIG. 6 and FILL. Titus, one embodiment is
a method of treating a 35 CD20 positive cancer.
comprising administering to a patient suffering from
the cancer, a therapeutically  effective amount of a
humanized CD2O binding antibody of the invention. In
preferred embodiments, the  C 02t) positive cancer is
a B cell lymphoma or leukemia Including nonh odgkin's
lymphoma (NHL) or  lymphocyte predominant Hodgkiri s
disease (LPHD), chronic lymphocylic leukemia (Cld.) or
SLL. In one  embodiment of the method of treating a B
colt lymphornu or leukemia, the antibody is
administered at a 40 dosage range of about
275-37$mghot. In additional embodiments, the treatment
toothed further comprises  administering to the
patient at least ow chemotherapeutic agent, wherein
for non-Hodgkin's lymphoma  



(NJIL). the chemotherapeutic agent is selected from
the group consisting of doxorubicin, cyclophosphamide,
vincristinc and prcdnisolone. 4 5 Also provided is a
method of treating on auroimmune disease, comprising
administering to it patient  suffering from the
autohnmune disease, a therapeutically effective amount
of the humanlaad CD20 binding  antibody of any one of
the preceding claims. The nutolmmone disease is
selected from the getup consisting  of rheumatoid
arthritis, juvenile ncmmaroid arthritis, systemic
Lupus erytbcmatosus (SLE). Wegencr's  disease,
inflammatory bowel disease. idiopathic throtnboa)l
opeak putpura (!14'), thrombotic to thronrtmcyropnmk
purpura (TT?. autoimmune thrumbacywpetday multiple
sclervalk psnxiasls, IgA  naphmpathy, IBM
pnlyueuropathins, myasthenia gravis, vaseulitis,
diabstes mellitus, Reynaud's syw1wme,  Sjorgen'a
syndrome and gknnemloneplaitis. Where the sutoimmuae
disease Is tbcwnatoid arthritis, the  antibody can be
administered in conjunction with a second therapeutic
agent which is ps+efarably  methotrcxam 1$ In these
treatment methods. the CD20 binding antibodies can be
administered alone of in cot unction with a second
therapeutic agent such as a second antibody, or a
cbamotherapetnic agent or an  immunosupprassive agent
The second antibody can be one that binds C20 or a
different B ccli antigen, or  a NK or T cell antigen.
In one embodiment, the second antibody is a
racliotabeled anti-CD20 antibody. In  other
embodiments, the =0 binding antibody is conjugated to
a cytoto de agent including a toxin or a 20
radioactive isotope. In another aspect, the invention
provides a method of heating an autoimmuae disease
selected from  the group cxmsiating of
1)ermatomyoshis, Wegncrs granulomatoels. ANCA,
Aplastic anemia, Autolmutunc  hemolytic anemia (ARIA),
factor VIII deficiency. hemophilia A. Autoimmunc
ncutmpenia, Caalemaa's  syndrome.
Coodpastuw'ssyndrome, solid organ transplant
rejection, gnat versus host disease (CVED).IgM 25
mediated. thrombotic thrombocytopenia pupura (TTP),
Iiashimoto's Thyroiditis, autoimmune hepatitis,
lymphoid Interstitial pneutttoaith (HIV),
bronchiolitis obliterans (non-transplant) vs. NEW,
Ouillain.'Barre  Syndrome, large vessel vascutitis,
giant, cell (Takayasu's) arteritis, indium vessel
vasculitis, Kawasaki's  Divcaaa, polyarteritis nodose,
comprising administering to apadent suffering from the
diseases a  therapeutically effective amount or n CD20
binding antibody. in oua embodiment of this method,
One CD20  30 binding antibody is Rituxan0. The
invention also provides an Isolated nucleic acid
composing the nucluotido sequence of SEQ ID  NO.: 24
of the Cymonolgus monkey CD20 (shown to 140. 19). or a
degenerate variant of this sequence - One eotbodbueot
is so Isolated nuclek acid comprising a sequence that
encodes a polypeptide with the  amino acid sequence of
SEQ !D NO.25 (shown FIG. 20), or Si1Q ID NO. 2S (FIO.
20) with conservative 35 amino acid suhstitutions.
Another embodiment is it vector comprising the
preceding nucleic acid, including  an expression
vector for expression in a host call. Included as well
Is a host ceg comprising the vector. Also  provided is
an isolated polypep6de comprising the amino acid
sequence (SEQ iD NO. 25; FIG. 20) of the  Cynomolgus
monkey CD20. 40 BRIEF DESCRIPTION OF THE FIGURES FIG.
IA is a sequence alignment competing the amino acid
sequences of the light chain variable  domain (VI) of
each of murine 2117 (SEQ ID NO. I), humanized 2117.
v16 variant (SW ID NO.2 ). and  



human kappa light chain subgroup I (SEQ ID NO. 3). The
CDRs of Vt. of 2137 and hu2H7.vl6 are as  follows: CDR
I (SIIQ II) NO.4), CDR2 (SCR ID NO.5 ), and CDR3 (S8Q
ID NO-6). 5 5 J IG. I D is a sequence afgomem which
compares the VH sequences of mtrine 2X37 (.4EQ 1D NO.
7), humanized 2H7.v 16 variant (SEQ ID NO.8). and the
human consensus sequence of heavy chain  subgnmp Hl
(SEQ ID NO. 9). The CDR, of Va of 2H7 and hu287.v16
are as Rdlow: CDR! (SIJQ ID  NO, t0). CDR2 (SBQ ID
N0.11), and CDR3 (SEQ ID NO.12), in NO. I A and nG.
ID. the CDR t, CDR2 and CDR3 in each chain are
enclosed within brackets.  10 flunked by the framework
regions, Fit)-X414, as indicated. 21x7 rofen to the
marine 2H7 antibody. The  asterisks in between two
rows of sequences indicate the positions that are
different bet wen the two  sequences. Residue
numbering is according to Kist at at.. Sequences of
Imnunwlogkai Tnterest. Sib Ed.  Public Health Service,
National Institutes of l'Tes)th. Bethesda, Md. (1991),
with insertions shown as sib, c,  d, and c. 15 FIC, 2
shows the sequence of phagemid pVX4 (SEQ 1D NO.13)
used for construction of 2117 Pab  plasmids (acs
Example 1) as well as the amino acid sequences of the
L chain (SEQ II) NO.14) and H chain  (SEQ ID NO. 15)
of the Fab for the CDR-grafted anti-IFN-a humanized
antibody. FIG. 3 shows the sequence of the expression
ptasnild which encodes the chimeric 2H7.v6.8 Fab  (SEQ
ID NO.16). The amino acid sequences of the L chain
(SEQ 1D NO.17) and H chain (SEQ 1D NO.18)  20
areshown. 1+IG. 4 shows the sequcnco of the plasmid
p17R1 (SEQ ID NO.19, 5,391 bp) for exprussitm of
immunoglobulin light chains as described in Example I.
pDRI contains sequences encoding an itrctevunt
antibody, the light chain of a humanized anti-CD3
antibody (Shehuby ct al., I. Rxp. Mad. 175: 217-225
(1992)1 the Stan and stop codons for which at
Indicated in bnJd and underlined. 2.5 M.G. S shows the
sequence of plasmid pDR2 (SEQ 11) NO.21k 6135 bp) for
expression of  immuncglobulin hoary chains as
described in Example 1. pDR2 Contains scqucnees
enoodina an inelevent  antibody, the heavy chain of a
humanized artti-CD3 antibody (Shalaby et ai., supra),
the start and stop  cottons for which are indicated in
bold and underlined. FIG. 6 shows the amino acid
sequence of the 2H7.v16 complete L chain (SEQ IV
XO-20- 1120  30 first 19 amino acids before DIQ are
the secretory signal sequence not present in the
malatc poly peptide  chain. FIG. 7 shows the actin
acid sequence of the 2H7.v16 complew H chain (SEQ TD
NO.22). The  first 19 amino acids before LVQ before
arc the secretory signal sequence not present In the
'nature  palypcptide chain. Aligning the Vn sequence
in PIG. 1B (SEQ ID NO, 8) with the complete H chain 35
sequence, the human yl constant region is front amino
add position 114-471 In SLQ ID NO. 22. FIG. 8 shows
the amino acid sequence of the 21T1.v31 complete H
chain (SEQ TI) W0.25)- The  first 19 amino acids
before EVQ before are the secretory signal sequence
not present In the mature  potypepride chain. The L
chain 1s the some as for 2H 7.v 16 (ace FIG. 6). P10.
9 shows die relative stability of 2H7.v16 and 2H7.v73
IgG variants as described in Example 6,  40 Assay
results were normalised to the nines prior to
incubation and reported as percent remaining after
incubation. 



FHG. 10 is a flow chart summarizing the amino acid
changes from the marine 2H7 to a subset of  humanized
version; up to v75. 6. F I G . I l l s a summary of
mean absolute U-cell count (CD3-/CD40+) in all groups
(2H7 study and  Rituxan study combined), as descrjbtxl
in Example 10. FIG. 12 shows the results of a
representative ADCC assay on Amuse de9eirnt 2147
variants as  described in Example 11. FIG. 13 shows
the results of the Annemn V staining plotted as a
function of antibody concentration.  10 Ramos cells
were beaded with an irrelsvant IgOl control antibody
(Heroepdn W, circles), Rhuximab  (squares). or rhuMAb
2H7.vl6 (trlanglot) in tie presence of a cmaslinking
ondary antibody and were  analyicd by FACS. Figures
13.15 are described in 6cxnple 13. 17I4.14 shows the
results of the Anmeltle V and propidium iodide doubIc
amiuiap arc plotted as a  function of antibody
concentration. Ramos cells were treated with an
irraievant IgOl control antibody 15 (Hcreeprin(:
cirelca), Ritaximab (squares), or rIwMAb 2H7.v16
(dangles) in the presence of a crosslinking  secondary
antibody and were analyzed by FACS. PIG, 15 shows the
counts (per 10 s) of live, unstained cells are plotted
as a function of antibody  concentration. Ramos cells
were boated with an irrelevant TgCtI control antibody
(Rerceptin(r); circles),  Rituximab (squares), or
rhuMAb 2H7.v16 (triangles) in the presence of a
crosslinking secondary antibody  20 and were analyzed
by PAC,S. FIGS. 16, 17, 18 show inhibition of Rap dill
mmorgrowth in nude mice, as described in Example  14,
Animals were treated weekly (as Indicated by vertical
arrows; rt--8 mice per group) for 6 weeks with  PAS
(control) or with Rimxan(r) or rhuMAb 2H7.v 16 at 5
mg/kg (FIC. 10,05 mg/kg (FIG. 17). cr 0.05  mg/kg
(FIG. III). 25 FIG. 19 shows the nucleotide (SEQ ID
NO.24) and amino acid (SEQ 1D NO.25) sequences of
Cynomolgus monkey CD20, as described in Example 15.
FIG. 20 shows the amino acid sequence fot cynomolgus
monkey 01720 (SIEQ ID NO.25). Residues  that differ
fmm human CC)20 are underlined and the human residues
(SEQ ID 740.26) are indicated directly  below the
monkey residue. The putative extracellular domain of
the monkey CD20 Is in bold type. 30 FIO. 21 shows the
results of Cynomo)gus monkey cells expressing CD2O
binding to hu2Tf7.v16,  .v31rand Rituxan, as described
in iMampie 1S. The anfibodics were nwaeycd fer the
ability to NO and  displace 1-ITC-conjugated marine
2H7 binding to cynomolgus C.D20. PIG. 22 shows dose
escalation schema for rdieuntatoid arthritis phase Ml
clinical trial.  14G. 23 shows the vector for
expression of 2H7.vI0 in CHO cells. 35 DETAILED
DESCRIPTION OF THE PREFERRED EMBODIMENTS The "CD20"
antigen is a on-glycosylated, tansmcmbrane
phosphoprotein with a molecular weight  of
approximately 35 kn that is found on the surface of
greater than 90% of R cells from peripheral blood or
lymphoid organs. CD20 is expressed during early pre-A
cell development and rot ains until plasma tell 40
differentiation: it is not found on human stem cells,
lymphoid progenitor cells or normal plasm cells. 0)20
is present on both normal B cells as well as malignant
B cells. Other names for CD20 in the literature  



include "$-lymphocyte-restricted differentiation
sutige" and "Bp35".'!lie CV20 antigen is described in,
fur  example. Clark and Ledbetter, Auto. Can. Res.
52:81-149 (1989) and Valentine et at J. $iuL G7rem.
264(19):l 121!2.11287 (1989). 7 5 The term "antibody"
is used in the broadest sense and specifically covers
monoulonai antibodies  (including full length
monoclonal antibodies), multispettifio antibody s
(e.g., bispecific antibodies), and  antibody fragments
so long as they exhibit the desired biological
activity or fnnetdot. The biological activity of the
CD20 binding and humanized CD20 binding antibodies of
the  invention will include at least binding of the
antibody to human CCD20. more preferably binding to
buman  10 and other primate CD20 (inducting eynomotgus
monkey, rhesus monkey, cbimpanren). The antibodies
would bled CD20 with a ICs value of no nigher than I x
10, preferably at X,t value no higher than about I it
104. and he able to 1611 or deplete H calk in viva
prefe ably by at WA 209h when compared to clot
appropriate negative control wblck Is not treated with
such no antibody. A cell depiction can be a result of
one or more ofADCC, CDC, apopmals, or other mechanism.
In some embodiments of disease treatment 15 herein,
specific cffactor functions or mechanisms may be
desired over others and certain variants of the
hutnaninai 2H7 are preferred to achieve those
biological functions, such as ADCC. "Antibody
fragmcnts" comprise a portion of a full length
antibody, generally the an Lilian binding or  variable
region thereof. Bxaorples of antibody fragments
include Fab, PAW, 17101;)2, and Fv fragments;
dlabodles; linear antibodies: single-chain antibody
molecules; and mullispecifie antibodies formed from 20
antibody fmgatents. "Fv" Is the minimum antibody
fragment which contains a complete antigen-recognition
and - binding site. This fragment consists of a dieter
of one heavy- and one lighttchadn variable region
domain in  tight. non-covalent association. From the
folding of those two donalns emanale six hypervariable
loops (3  loops each from the if and 1, chain) that
contribute the amino acid residues for antigen binding
and confer 25 antigen binding speclf city to the
antibody_ Anwaver, even a single variable domain (or
half of an Pv  comprising only three CDs specific for
an antigen) has the ability to rcctgnixc and bind
antigen, although  at a lower affinity than the entire
binding site. The term "monoclonal antibody' us ii sod
herein refers to an antibody, obtained from a
population of  substantially bomogeneous antibodies,
ie, the individual antibodies comprising the
population are identical  31) cxcapt for possible
nawrally occurring mutations that may be provcnt in
minor amrnmt,. Monoclonal antlbodie sera idgtdy
specific. being directed against a single antigenic
she. Puntwmmore, In contrast ro  conventional
(polyclonal) antibody preparations which typically
include different antibodies directed against
different determinants (epitopeu), each monoclonal
antibody is directed ataitnst a single determinant on
the  antigen. Tice modifier "monoclonal" Indicates the
character of the antibody as being obtained from a 35
substantially homcgcncous population of antibodies,
and is not to be construed on requiring production of
the antibody by any particular method. For example,
the monoclonal antibodies to be used in accordance
with the present Invention may he made by the
hybridoma method first described by Kohler er al.,
Miriam  256:495 (1975), or maybe made by recombinant
DNA methods (see, e.g.,1i.S. Patent No. 4,816,567).
The  "monoclonal antibodies" may also be Isolated from
phage antibody libraries using the techniques
described 40 In Clacksan eta(,, Namra 352:624'628
(1991) and Marks et aL, J. Mot Dial. 222:5111-597
(1991), for  



example. 'Functional fragments" of the CD20 binding
antibodies of the Invention are those fragments that
retain binding to CD20 with substantially the same
affinity as the intact full length molecule from which
8 5 they are derived and show biological activity
ha:luding depleting B ccllsas measured by in vitro or
in vivo  assays such as those described heroin. The
term "variable" refers to the fast that certain
segments of the variable domains differ  extensively
In sequence among antibodies, The V doumin mediates
antigen binding and define specificity of  a
particular antibody for its particular antigen.
However, the variability is mot evenly dinributed
across the 10 I l0-amino acid spun of the variable
domains Instead, the V regions consist of relativey
invtdant etches  called framework nogiona (Itltu) of
13-30 amino acids separated by shorter teglons of
extreme variability  called "1(ypervaiable regionf
that are each 9-12 amine acids king. The variable
domains of native heavy  and light chains each
comprises four FRs, largely adopting a 5-sheet
confaguratioon, connected by three  hypetvariablc
reglona, which form lonpa connecting. and In acne
cases farming port of, the P-sheet 15 structure. The
hypervariable regions in each chain are bold together
in close proximity by the FRS and, with  the
hypervariablc regions from the oil= chain. cootrlbvto
to the formation of the antigen-binding site of
antibtxlics {see Kahan et al., Srxi of Proteins of
Immunotoaicnl Merest 5th Fd. Public Health Service,
National Institutes of Health, Bethesda, MD. (1991)).
The constant domains are not involved directly in
binding an antibody to an antigen, but exhibit various
effector functions, such as perticlpatiun of the 20
antibody in antibody dependent cellular cytrmxicity
(ADCC`). The term'hypervariablc region" when used
herein refers to the amino acid residues of an
antibody  which are responsible for antigen-binding.
The hypervariable region generally comprises amino
acid  residues from a ' cogiplementailly determining
region" or "CDR" (e.g, around about residues 24-34
(L1).  90.56 (L2) and 89.97 (L3) in the VL, anal
around about 31-35B (H 1), 50.65 (H2) and 95-302 (H3)
in the VH 25 (Kahat er ah., Sao moos Of Proteins Of
Immunoksaical Interevv 5th 13d. Public Health Service,
National  Institutes of Health, Betide, MD. (1991))
ancVor those residues from a "hypcrvmiablc loop" (el.
residues  26-32 (Li), 50-52 (1.2) and 91.96 (L3) in
the VL, and 26-32 (H1), 52A-55 (HZ) and 96-101 (113)
in the Vx  (Chothia and Talc 1. Mal. B1o1. 196:901-917
(1987)). As relarred to herein, the "consensus
sequence" or consensus V domain sequence is an
artificial 30 sequence derived from a eompaditon of
this amino acid sequences of known human
immunoglobuiin variable  region sequences. Based on
these comparisons, recombinant nucleic acid sequences
encoding the V domain  amino acids that ore a
consensus of the sequences derived from the human, is
aitd the human H chain  subgroup UT V domains were
prepared. The consensus V xcqucnce does not have any
known antibody  binding specificity or affinity. 35
"Chimeric" antibodies (immu noglobulins) have a
portion of the heavy andior right chain identical
with or homologous to corresponding sequences in
antibodies derived from a particular species or
be)onging  to a particular antibody Wass or subclass,
while the remainder of the chain(s) is identical with
or homologous  an coresponding$equences in antibodies
derived from another species or belonging to another
antibody  class or subclass, as we)) as fragments of
such antibodies, so long as they exhibit the desired
biological 40 activity (U.S. Patent No. 4,816,567: and
Morrison er aL, Frrc. Narf. AcwL ScL USA 81:655I-6855
(1984)).  



Humanized antibody as used hereist is a subset of
chimeric antibodies. "Humanized" terms of non-human (c
., murine) untibudics are chimeric antibodies which
contain  minimal srqucnre derived from non-human
immunoglobulin. For the most part, humanized
antibodies are  9 3 human immunoglabulins (recipient
or accepter antibcxly) in which hypervarlable region
residues of the  recipient are replaced by
hypervarlabic region residues from a non-human species
(donor antibody) such as  mouse, rat, rabbit or
nonhuman primate having the desired specificity,
affinity, and capacity. In some  Instances, Fv
framework region (FR) residues of the human
Immunogiubulin are replaced by corresponding  mm-human
residues. Furthermore, humanized antibodies may
comprise residues which are not found In the 10
recipleat antibody or In the donor antibody. Those
modlfieadnna an made to Author refine antibody
performance such as binding affifirnity. Generally,
the humanized antibody will comprise substantially all
of  at leap car, and typically two, variable domains,
In which all or substantially all of the hypcrvarlable
loops  correspond to those ofa non-human
immunoglobelin sad all or substantially all of Me FR
regions arm those  of 's, hums" immunoglobulln
sequence although the FR regions may include one or
more amino acid 15 suhathutlons that improve binding
affinity. The number of these amino acid substitutions
in the 11t arc  typically no more than 6 in the H
chain, and In the L chain, no more than 3. The
humanized antibody  optionally also will comprise at
least a portion of an immuanglobulin constant region
(Fe), typically that of a  human immunoglobulin. Fur
farther details. we loots rt aL. Nature 321:522-525
(1986); Reichmann at at,  Nature 332:323-329 ()988);
and Presta, Curr. Op. Struct. Biel, 2593.596 (1492).
20 Antibody "effector functions" refer to those
biological activities attributable to the Fc region (a
native sequence Fe region or amino acid sequence
variant Fc region) of an antibody, and vary with the
antibody isotype.Examples of antibody effector 1Lnc
ion incude! C.1 q bltrdin g and uemptemem. dependent
cytmcaicity; Fr receptor binding; antibody-dependent
cell-mediated cytoroxici y (ADC C); phagocytosis;
down regulation of cell surface receptors (e.g. B cell
receptor); and B cell activation. 25
"AJttibodydepcndcnt call-mediated eytotoxlelty" or
"ADCC" refers to a form of cyurtoxichy in  which
secreted 18 bound onto P receptors (FcRs) present on
certain cytotoxic cells (e.g. Natural Killer (NK)
cells. ncuuuphiis, and macrophages) enable Hasse
cytotoxic effector cells to bind specifically to an
antigen- bearing target call and subsequently kill the
target cell with cyuxoxins. The antibodies "arm" the
cytotoxie  cells and are absolutely required for suc'h
killing. The primary cells for medlatipg ADCC. NK
cells, express 30 FcyRR7 only. whereas monocytes
express FuyRl, Fc)RH and FcIR17L Felt expression on
hematopuictic  calls is summarized in Table 3 on page
464 of Ravetch and K1net. Anmr. Rev. Innnnn0l9 457-92
(1991). To  assess ADCC activity of a molecule of in
rarest, an in vitro ADCC assay, such as that described
in 17F Patent  Nn. 5,500362 or 5,821,337 may be
performed. Useful effecter cells fur such assays
include peripheral  blood mononuclear calls (PBMC) and
Natural Killer (NK) cells. Alternatively, or
additionally, ADCC 3$ activity of the molecule of
Interest may be assessed In vivo. e.g.. in a animal
model such as that disclosed in  Clynes es at PNAS
(USA) 95:652-1136 (1998). "It receptor" or "FIR."
describes a receptor that binds to the 1'c region of
an antibody. The  profened FcR Is a native sequence
human PcR. Moreover, a preferred RR is one which
;rinds an Igo  antibody (a gamma receptor) and
includes r ceptors of the FcyRI, FcyRll, and IMRITi
subclasses, including 40 audio variants and
alternatively spliced Rams of these rccciptuts. FcyRll
receptors include FcyRTIA (an  



"activating receptor") and Pcy4RIB (an
"inhibltingreceptor"), which have similar amino acid
sequences that  differ primarily In the cytoplasmic
domains thereof. Activating receptorFeyRllA contains
an  immunoecepmr tyrosine-based activation motif (;
TAM) in its cytoplasmic domain. Inhibiting receptor
Will) contains has Immunoreoaptor tyrosine-based
Inhibition motif (ITIM) in its cytoplasmic domain.
(sea 10 5 review M. in Da&ron, Anna, Rev. Immunol.
15:203.234 (1997)). Fells arereviewed in Ravctch and
Met,  Anna. Rev. ltnmunwl 9:457-92 (1991); Capol er
at, Jmmunomelhods 4:23-34 (1994): and de aaas er aL,1.
Lab. Cifi& McrL 126330.41 (1995). Other Fens,
including those to be identified in the future, arc
encompassed by the term "FCR" herein, The Serra also
includes the neonatal receptor. F&Rn, which is
responsible for the a nstcr of maternal IgGs to the
fetus (Guyer er aL, J fmnumnt. 117 87 (1976) and Kim
10 at at. J. In twot 24:249 (1994)). WOOW42072 (Preps)
describes antibody variants with Improved or
diminished binding to FIRS.  The content of that
patent publication Is specifically incorporated herein
by mfcreacs. See, site, Shields at  aL J. Mlal. Chen.
9(2): 6591-6604 (2001). "Humtm effector calk" are
hnikocytes which express one or mote Fcks and parfonl
ef8:ctor 15 functions. Prefirably, the cells express
at least PcyR1II and perform ADCC ef&ctur function.
Examples of  human leukocytes which mediate AI)CC
Include peripheral blood mononuclear cells (PBMC),
natural killer  (NY.) calls, monocytes, cylotuxic T
calla and neutrophils; with PBMCs and NK cells bet ng
prolcrtcd. The  effector cells otay be isolated from a
native source, &g. from blood. "Complement dependent
cytotoxicity^ or "CDC- refiers to the lysis of a
target cell in the presence  20 of complement.
Activation of the classical complement pathway is
initiated by the binding of the Pull  component of the
complement system (Clq) to antibodies (of the
apprcprimc subclass,) which arc bound to  their
cognate antigen. To assess complement activation. a
(MC assay, e .g. as described in Ga-nano-Santoro  rl
at" J. Intras nt. Methods 202:163 (1996), may be
perfwmal Polypeptide variants with altered Fe region
amino acid sequences and increased or decreased Ciq
25 binding capability are described in US patent
No.6,194,551BIsadWO99/51642. The contents of those
patent publications lac specifically incorporated
herein by reference. See; also, Idusugic Brat J. fmnan
of  164:4171-4184 (2000). The N-glycosylation sits in
J40 is at Asn297 in the CH2 domain. The present
invention also  provides compositions of a
CD20-biading, 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 core carbohydralo avucturc which tucks f uc
are, a tsched to the Po regian of the giyooprntcin.
Surdr comp titions wen  demonstrated herein to exhibit
at surprising improvement in binding to
FcyRiIIA(F158), which is not as  effcctivc ua FcyRAIA
(V 158) in interacting with human IgG. Thus, the
compositions herein are anticipated  to be superior to
previously described anti-CD20 antibody compositions,
especially for therapy of berme 35 patients who
express FcyRJJIA (PISS), FcyRIIIA (P158) is more
common than FoyR JIA (V 158) in  normal, healthy
African Americans and Caucasians. Scc Lchmbechcr et at
Blood 94:4220 (1999). The  present application fbrtber
demonstrates the synergistic increase in FcyR11I
binding and/or ADCC function  that results *oin
combining theglycosylation variations herein with
amino acid sequence modification(s) in  the Ire region
of the g)ycoprotatn. 



40 An 'isolated" antibody is one which has been
identified and separated and/or recovered from a
componcnl of its natural environment, Contaminant
components of its natural environtrent are materials
which would interfere with diagnostic or therapeutic
uses for the antibody, and may include enzymes,
Icnnones, and other protelnaceous or nonproteinaceous
solutes. In preferred embodiments, the antibody  will
be purified (1) to greater than 95% by weight
ofantibody as determined by the larwry method, and
most 11 5 preferably more than 99% by weight, (2) to a
degree sufficient to obtain at team 13 residues of
N-terminal or  Internal amino acid sequence by use of
a spinning cup sequceaeor, or (3) to homogeneity by
SDS-PAOB  under reducing or nonreducing conditions
using Ceoniassie blue or, preferably, silver stain.
Isolated  antibody includes the antibody in sill
within recombinant cells since at least on component
of the  antibody's natural environment will not be
prceerit Ordinarily, however, isolated antibody will
be prepared  10 by at least one purification slap. An
'isolated" nucleic acid molecule is a nucleic acid
molecule that is identified and separated from  al
least ono contaminant suckle add molecule with which
it is ordinarily associated in the natural source of
the antibody nucleic acid. An isolated nucleic acid
molecule Is miter than In the form or setting In which
It in  found in norm. Isolatei nadeic acid molecules
therefore are distinguished from the nudcic acid
molecule 15 as h exists in natural ceps. However, an
isolated nucleic acid molecule includes a nucleic 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 coils. TIM expression "control
sequences" refers to DNA sequences necessary for the
expression of an  operably linked coding sequence In a
particular host organism. The control sequences that
are suitable for  20 prokaryotes, for example, include
a promoter, optionally an operator sequence, and a
ribosome binding site.  $uk uyotic cells are known to
utilize promoters, polyadeaytalhm signals, and
enhancers. Nucleic add is 'operably Linked" when It Is
placed into a functional relationship with another
nucleic acid sequence. For example, DNA. for a
ptesequcucc or secretory leader is operably linked to
DNA  lira polypcptide if it is expressed as a
preprotein that participates in the secretion of the
polypepdde; a 25 promoter or enhancer is operably
linked to a coding s quence if it affects the
transetiption of the sequence;  or a ribosome binding
site is operably linked to a coding sequence if it is
positioned so as to facilitate  translation.
Crenerally, "operably linked' theses that the DNA
sequence being linked are contiguous, and,  in the
case of a secretory leader, contiguous and in feuding
phase However, enhancers do not have tabu  contiguous,
Linking Is accomplished by ligation at convenient
resuicdon sites. It such sites do not exist, the 30
synthetic oiigonucleotidc adaptors or linkona are used
in accordance with eonvendonal practice. "Vector"
includes shunt and expression vectors. Typically, the
plasmid construct win also include  an origin of
replication (e.g., the ColBl origin of replication)
and a selectable marker (eg.. atapicillin or
tetracycline resistance), for repllcadon and
selection, respectively, of the plosrnids in bacteria.
An  "expression vector" refers to a vector that
contains the necessary control sequences or regulatory
oleutenis 33 for expression of the antibodies
including antibody fiagment of the Invention, in
bacterial or eukaryotic ceps.  Sail able vectors tut
disclosed below. The cell that produces a humanized
0)20 binding antibody of the invention will include
the  bacterial and eukaryolic host coils into which
nucleic acid encoding the antibodies have been
Introduced.  



Suitable host calls are disclosed below. 40 The word
"label" when used herein refers to a detectable
compound or composition which is  (ag.,  conjugated
directly or indirectly to the antibody. The label may
itself be detectable by itself  radioisotope labels or
fluorescent labels) or, in the case of an enzymatic
label, may catalyze chemical  alternation of a
substrate compound or composition which is detectable.
12 5 An "autoimmune disease" herein is a non-malignant
disease or ddsordcr arising from and directed  against
an individual's own (sell) antigens and/or tissues. As
used heroin, "B cell depletion" refers to a reduction
in 8 cell levels in an animal or human after  drug or
antibody treatment. as compared to the 13 cell level
befine treatment. B cell level; are measurable  using
wolf known assays such av those described in the
Hxperitnentai Examples. B caU depiction can be 10
complete or partial. In one embodiment, the depiction
of Cl)20 expressing B calls Is at Ice 25%. Not to be
limited by any one monism, possible mechanism of
B-cull depletion include ADCC, CDC, apoptosix,
modulation of calcium flux or a combination of two or
more of Ne encoding. The Man "cytotoxie agent" as used
herein rakes to asubstamx that inNbits or prevents
tiro function  of cells and/orcauses destruction of
cells The term Is intended to loclude radioactive
Isotupcs JS I's, Yxe and Rc&"). chemotha'apeutic
agents, and toxins Such as enzymatically active toxins
of bacterial,  fungal, plant or animal origin, or
fragments thereof. A "chemotherapeutic agent" is it
chemical compound useful in the treatment of cancer.
lixamplcs  of chemotherapeutic agents include
aikalyring or alkylating agents such as Uuotcpa and
cyelosphosphamide  (CYTOXANTS9; alkyl sulfooatcs such
as busulfaa, Luprosulfan and piposulfan; aziridines
such as 20 henrndopa, carboquone mctundopa, and
uredopa; ethylonlmincs and methylamclamducs including
altrutamine, triethylenemnhtmine, t
ictylenephosphoramlde. triethyicoethiophosphaoramide
and  trimethylolom elaminc; nitrogen mustards such as
cblorambucil, chitin aphazine, cholophosphanddc,
ostrantastine, ifosfamide, mechkxathamioe, meoblo
athamine oxide hydrochloride, mclphalan, uovcmbichin,
phcncstcrinc, prednimustine, troibsfamide, until
mustard; nitrtsureas such as c<'umtslno, chlomzotocin,
25 fotcmustdne, lomustine, nlmustine, runimustino;
antibiotics such as aclacinomysins, actinomyci%
avlhramycla, azaseu ne, bloomycins, cactinomycin,
calicheamicin, carabic1a. cieminomycin, carzinophilin,
chromomycins,dacfnumycixy daunorubicin, dcwmbicin,
6-flexes-oxo-l,.norJeucine, doxorubicin
(Adriantycin), epirubloin, esorubicin, idarubicin,
marcollomycin, mitomycins, mycophenollc acid.
nogalamyein, otivomycins, pepiomycin, pvtfiromycia,
purumycin, quclamycin, mdorubicin, strept(Mjvia, 30
strcpttrutcdu, tubercidin, ubonimox, zinoxtatin,
zorubicin; and-metabolites such as medtutrexate and 5-
tiuomuracil (5-FU); folic acid analogues such as
denopterin, ntethovexote, pteropterin, irlmeuexaltg
patina  analogs such as fludarabine, 6-mercaptopurlne,
thiamiprine, thioguenino pyrimidinu analogs such as
ancitabinc, azacitidinc, 6-azauridinc, cermofur,
cytarabinc, didcoxyuridinc, doxillmidir e,
enocitabine,  fluxuridinc, 5-17U; andtvgcns such as
culuatnrune, dromostanolono propionate epitioalanol,
mepitiustane, 33 tastolactonc; anti-adrenals such as
aminoglulet6lmide, mltotane, trilostane; folio acid
replenishes such as  frolinic acid; aceglatone;
aldophosphamidc glycoside; aminolevulinlu acid;
noaacrine; bcstrabucil;  bisantre c: edatrsxate;
defefowine: demecolcine; diaziquons; elfornithine;
elliptinimm acetate; etoglucid;  



gallium nJrrate; hydroxynira; lentinaa looldamine;
mitoguazone; mitoxantroae: mopidamol: nitracrine:
pentostatin; phenamet; pirambicin; podophyllinic acid;
2-cthyllrydrazidc; prtcatbazinc; PSK(r); raxoxane; 40
sizofiran: sphogernlaalum; temtazonlc acid:
triazlquone; 2, 2',2'! trlchlomtrietitylentinet
urethan; vindesinc;  dacarbazine. nutooomtssrlne;
nrhobroxhol; rmtolactol; pipobroman; gacytosloe:
atabinoside ("Ara-(""):  thiosepa; tnxoids, &g.
paclitaxel (TAXOI,s'. Bristol-Myers Squibb Oncology.
Yrineeton, NJ) and doxeta'tel  Cl'AXO'1'L'RU0,
Rh3no-YouJenc Rarer. Antony, France): cftlorambttciJ;
gerncifabine; 6-tbicguaninc;  mcrcaptopurinc;
metbutrcxate; platinum analogs such as cisplatin and
emboplatin; platinum; stoposide (VP 13 5 16):
ifbHFauide; tnitonlycin C; mitoxantrone; vincristine;
vinblastine: vinorclbine; navelbine; tmvantrone;
reniposidc; daunomycin; atninopteritt: xeloda;
ibandmnate: CPT-11: topoisonterasc inhibitor RFS 2000;
difluo nmathylonnhhins (DMFO); ,odinoic acid:
espernmkinr, capeckabine; and pharmaceutically
acxcptnblo salts, acids or derivatives of any of the
above. Also Included in this definition are
and-hormonal  agents That act to regulate or inhibit
hormone action on tumors such as anti-estrogens
including ft example 10 tamnxif . raktxil ne, nomatsse
inhiidting4(5)4tnidaaoles, 4-hydnrzyfatnoxifen.
trioxlfe%kaoxifeoe,  LY117018, onapristonc, and
toaemifans (Faroston); anti-androgens such as
tlutsmido, nilutam)de,  blcahiu mlde, leuprofdo, and
gow*Sa; other ehernotl omissu o agents such as
prednisolone.  Pharmaceutically acceptable asks, a" or
derivatives of any of the above are included. heating"
or 1reatmrtst or "alleviation" refers to both
therapeutic heattneatand prophylactic or  1$
ptevematve measures, wherein the object is to provcnt
or slow down (lessen) the targeted pathologic
condition or disorder. A subject is
atceessf(tlly'trcatcd" for a CD20positive cancer or an
autoimmune  disravc if, after receiving a therapeutic
amount of a Lh20 binding antibody of the invention
according to the  methods of the present invention,
the subject shows observable and/or measurable
reduction in or absence of  one or more signs and
symptoms of the particular disease. For example, for
tanccr, reduction In the number 20 of cancer cells or
absents: of the cancer cells: reduction in the tumor
size; inhibition (Le., slow to some  extent and
preferably stop) of tumor metastasis; inhibition, to
some extent, of tumor growth: increase in  length of
remission, and/or relief to some extent, one or more
of the symptoms associated with the specific  cancer;
reduced morbidity and mortality, and improvement in
quality of life issues. Redsctinn of the signs  or
symptoms of a disease may also be felt by the patient.
Truatme nt can achieve a complete response, 25 defined
as disappearance of all signs of cancer, or a partial
response, wherein the sire of the rwnor is  decreased,
preferably by more than 50 percent. more preferably by
754% A patient is also considered treated  it the
patient experiences stable disease. In a pretend
embodiment, the cancer puticnls are still
pmgrccssion-Rea in the cancer after one year,
preferably after 15 months. These parameters for
assessing  successfbl treatmeot nod Improvement in the
disease we readily measurable by routine procedures
familiar  30 to a physician of appropriate skiU In the
art. A "therapeutically effective amount" refers to an
amount of an antibody or a drug effective to  'treat"
a disease or disorder in a subject. In the case of
cancer, the therapeutically ettectivc amount of the
drug may reduce the number of cancer cells; reduce the
tumor size: Inhibit (4 a., slow to some extent and
preferably stop) cancer cell infiltration Into
peripheral organs, inhibit (i.e., slow to some extent
and 35 preferably stop) tumor metastasis; inhibit, to
some extent, tumor growth; and/or relieve to some
extent one  or more of the symptoms associated with
the cancer. See preceding definition of'treadng". 



"Chronic" administration rcfcrs to administration of
the agent(s) in a continuous node as opposed  to an
acute mode, so as to maintain the initial therapeutic
effect (activity) for an extended period of time.
'Tniermittem" administration is treatment that Is not
consecutively done without interruption, but rather is
40 cyclic 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 it chain having at least
one, prcibrably two or all of the Ti chain CURS of a
non- 14 S human species anti-human 0020 antibody
(donor antibody), and substantially All of the
framework residucs  of a human consensus antibody as
the incipient antibody. 'lire donor antibody can be
front various non- human species including moum rot,
guinea pig. goat, rabbik horse, primate but meat
frequently will boa  murinc antibody. "Substantially
all" In this context is meant that the recipient PR
region in the bumaaixed  ant body may include one
urmore amino acid substitutions not originally present
In the human consensus 10 FR sequence. Them FR changes
way comprise residues not found to the recipient or
ttia donoranliboay.  In one embodiment the dance
antibody is the murira 207 antibody, the V region
including the  Clot and 1R ncquences of each of this H
and L chains of which are shown in PFC. IA mid I R.
Ina specific  embodiment, the residues for the human
Frob framework conespond to the consensus sequence of
human V IC subgroup ! and of V,1 subgroup Ill . those
censer sus sequences are shown in Figure 1A and Figure
IB.  15 respectively. The humanized 2117 antibody of
the Invention win have at least one of the CDR$ In the
H  chain of the murlne donor antibody. In one
embodiment the humanized 207 antibody that WAS human
C17Z0 comprises the CDRs of both the li and L chains
of the donor antibody. In a fall length antibody, the
humanized CD20 binding antibody of the invention will
comprise a  humanized V domain joined to a C domain of
a human immunoglobulin. In a preferred embodiment, the
H  20 chain C region is from human IgQ, preferably
TgCil or IgC3. The L chain C domain Is preferably from
human it chain. Unions indicated otherwise, a
humanized 2117 antibody version herein will have the V
and C  domain sequences of 2I;?.v16 Lebaln (F10.6, SEQ
ID NO, 21) and H chain (FIG 7., S15Q ID NO. 22)
except at the positions of amino acid substitutions or
changes indicated in the experimental examples below.
25 The humanized CD20 binding antibodies will bind at
least human CD20 and prcfcrnbly bind other  primate
CD20 such as that of monkeys Including cynomolgus and
rhesus monkeys, and chimpanzees. The  sequence
oftheeynomolgus monkey CD20 is disclosed in Example 15
and Figure 19 The biological activity of the 0.620
binding Antibodies and humanized CD20 binding
amibodies of  the invention will include at least
binding of the antibody to human CD20, snore
preferably binding to 30 human and primate CD20
Qacludtog cynomolgus monkey, rhesus monkey,
chimpanzees), with a 1(r value of  no higher than I x
boa, preferably a Ka value a* higher than about I A
147, evuu unnu prcreralrly a Tit value  no higher than
about I x 10, and be able to kill or deplete b cells
in vitro or in vivo, preferably by at )cast  20% when
compared to the baseline level or appropriate negative
control which is not treated with such an  antibody.
35 The desired level of B cell depletion will depend
on the disease. For the treatment of a CD20  positive
cancer, It may be desirable to maxhniza the depletion
of the B cells which we the target of the and- 



CD20 antibodies of the Invention. Thus. for the
treatment of a CD20 positive B cell neoplasm, it is
desirable  That the B cell depletion be sufficient to
at least prevent progressiom of the disdsc which can
be assessed by  the physician of skill in the an,
nag., by monitoring tumor growth (size), proliferation
Of the cancerous Mil 40 typo, metastasis, other signs
and symptoms of the particular cancer. preferably, the
B celd depletion is  sufficient to prevent pros ession
of disease for atleast2 months, more preferably 3
months, even more  preferably 4 months, more
preferably 5 mouths. even more preferably 6 or more
months. In even more  preferred cmbrxiimcnts, the B
cell depletion in sufficient to increase the time in
remission by at least 6  months, were preferably 9
months, more preferably one year, more pmfcrably 2
years, more preferably 3  15 5 years, even more
preferably 5 or More years. In a most preferred
embodiment, the S cell depletion is  sufficient to
cure the disease. In preferred embodiments, the S cell
depletion In a cancer patient is at least  nbout 75%
and tnorc preferably, 80%, 85%, 90%. 93%,99% and even
10096 of the baseline level before  treatment. For
treatment of an autoimmune disease, it may be
desirable to modulate the extent of 8 cell IA
depletion depending on the disease and/or the severity
of the condition is the individual) patient. by
adjusting  the dosage of CD20 binding antibody. Thus.
B cell depletion can but does not have to be complete.
Or,  total 8 cell duplcton may be desired in Initial
treatment but in subsequent treatments, the dosage may
be  adjusted to achieve only partial depletion. In one
embodiment tip 13 cell depletion hat least 20%. i.e.,
80%  or less of CD20 positive B cells remain as
compared to the baseline level before treatment. Jn
other 15 embodiments, B call depletion is 25%.30%,
40%, 50%, 60% 70% or greater. Preferably, the]) cell
depletion Is sufficient to halt progression of the
disease, more preferably to alleviate the signs and
symptoms  of the particular disease under treatment,
even more preferably to cure the disease. The
invention also provides bispecific CD20 binding
antibodies wherein one arm of the antibody  has a
humanized U and L chain of the humanized CD20 binding
antibody of the invention, and the other arm  20 has V
region binding specificity for a second actigea, in
specific embodiments, the second antigen Is selected
from the group consisting of CD3, CD64. CD32A, CD16,
NKC20 or other NK activating ligands.  In comparison
with Riluxan (rituximab), v16 exhibits about 2 to 5
fold increased ADCC potency,  -3-4 fold decreased CDC
than Itituxan. 25 Antibodyprodaction  Monockmat
rntibodim Monoclonal antibodies may be made using the
hybridoma method first described by Kohler at at.,
Natrere, 256:495 (1975), or may be made by recombinant
DNA methods (U.S. Patent No. 4,816,567). In the hybrid
oma me hod, a mouse or other appropriate host animal,
such as a hamster, is 30 immunized as described above
to elicit lymphocytes that product or arc capable of
producing antibodies that  will upecifreally bind to
the protein used far immunixation. Alternatively,
lymphocytes may be immunized  to vitro. After
immuniratlon, lymphocytes are isolated and than fixed
with a myeloma cell tine using a  suitable fusing
agent, such as polyethylene glycol, to fort a
hybridoma cell (Coding, Monoclonal  Aaribodier,
Principks and Practice, pp.59.103 (Academic Press,
1986)). 35 The hybridoma calls thus prepared are
seeded and grown In a suitable culture medium which
medium preferably contains one or more substances that
Inhibit the growth or survival of the unfused,  



parental myeloma cells (also relined to as fusion
partner). For example, if the parental myeloma cells
lack  the enzyme hypoxanthine guanine phosphoribosyl
transfarase (JJCPRTor JIPRT), the selective culture
medium for do hybridomas typically will include
hypoxantbine, aminopterin, and thymidinc (HAT 40
medium), which substances prevent the growth of
HGPRTdcfcicnt cells. Preferred fusion partner mycloanv
cells are those that fuse efficiently, support stable
high-level  production of antibody by the selected
antibody-producing cells, and we sensitive to a
selective medium that  selects against the unfused
parental cells. Preferred myeloma cell lines are
murine myeloma lines, such as  those derived from
MOPC-21 and MPC-11 mouse tumors available from the
Salk Institute Cell Distribution  16 5 Center, San
Diego, California USA, and SP-2 add derivatives e.g.,
X63-Ag$-653 trolls available from the  American Type
Culture Collection, Rockville, Maryland USA. Human
nmyeluma and mouse-human  hereromyclorns cell lines
also have been described for the production of human
monoclonal antibodies  (Kw.hnr, 1.
hnmunot,1333001(1984): and Bmeur of ate Monoclanai
AAtiborly Production Techniques  and Applicattaas, pp.
51-63 (Marcel Dekker, Inc., Now York, 1987)). 10
Culture medium in which hybridoma calls are growing Is
assayed for production of monoclonal  antibodies
directed against the antigen. Preferably, the binding
specificity of monuukmal antibodies  pnduced by
bybridoma cells Is dctcrmitrod by lmmaeopraclpliation
or by as in van, binding assay, such as
radloiatawnoassay (RIA) or enzyme-linked immminsgrbeat
wary (01254). The binding affinity of the Monoclonal
antibody can, for example, be determined by the
Scatchard  15 analysis described In Munson at at, AnaL
Btoehem.,107:220 (1980). Once hyhridorna cells that
produce antibodies of the desired specificity,
affinity, and/or activity at  identified, the clones
may he subeloned by limiting dilution procedures and
grown by standard methods  (Coding, Monoctonat
AnrTodtes; Pri,tetpka and Practice, pp39.103 (Academic
Press, 1966)). Suitable  culture media for this
purpose Include, for example, D-M)3M or RPMi-1440
medium. In addition, the 20 hybridoma cells may be
grown in vivo as aseites tunu:rs to an animal e.g. by
J.P. injection of the cells into  mice. The monoclonal
antibodies secreted by the subclones are suitably
separated from the culture  medium, ascites fluid, or
sawn by conventional antibody purification procedures
such m, for example.  adrmity chromatography (all.,
using protein A or protein G-Sephatose) or
ion-exchange chromatography,  25 hydroxylapatire
chromatography, gel electrophornisis e, dialysis, etc.
DNA encoding die monoclonal antibodies is readily
isolated and sequenced using conventional  procedures
by using oligonucleotide probes (tat arc capable of
binding specifically to genes encoding  the heavy and
light chains of aturlne antibodies). The hybridoma
cells serve as a preferred source of such  DNA. Once
Isolated, the DNA may be placed into expression
vectors, which are then transfected Into boat 30 cells
such as E caul cads, simian COS cells, Chinese Hamster
Ovary (CEO) colls, or rnyeloma eelis that do  not
otherwise produce anti body protein, to obtain the
synthesis of monoclonal antibodies in the recombinant
host cells. Review articles on recombinant expression
in bacteria of DNA encoding the antibody include
Skews at at, Clint Opinion In 7mmunot, 3:25&262 (1993)
and Pleclcthun, tmmunot. Revx.,120:151-f 8$  ((992).
35 In a further embodiment, momoclcmal antibodies [r
antibody fragments can be isolated from  



antibody phage Libraries generated using the
techniques described in McCafferty at al, Nature,
348:552-554  (1990). Clackson at at, Nature,
352:624-628 (1991) and Marks et al, J. Mot Blot,
222:581-597 (1991)  describe the isolation of murine
and human antibodies, respectively, using phage
libraries. Subsequent  publications describe the
production of high affinity (nM range) human
antibodies by chain sbuf ing (Marks 40 at at, Hfa/t
echnatagy, 10:779-783 (1992)), as well as
combinatorial Infection and in vivo recombination as a
strategy for constructing very large phage libraries
(Waterhouse at at.. Nuc. Acids. Rea. 21:2265-2266
(1993)). 71ws. these techniques are viable
alternatives to traditional monoclonal antibody
hybridoma  techniques for isolation ofmonoolonal
antibodies. 17 5 The bNA that encodes the antibody may
be modified to produce chimeric or fusion antibody
polypeptides, for example, by substituting human heavy
chain and light chain constant domain (Ca and Ct)
sequences for the homologous murine sequences (U.S.
Patent No. 4,816,567: and Morrison, a at, Prot.  Narf
AcurS ScL tl,SA, 81:6851(1984)). or by fSSa1 tits
immunogtobuiin coding sequemx with all or part of  the
coding sequence torn. non-hnmunoglobufin polypeptlde
(hcterologous pnlypeptide). 7%n. non 10 immmtoglobulin
polypeptide sequences am substitute fordo constant
domains of an antibody, orthey are  substituted for
the variable 4oinNru of one antigen-combining site
afan antibody to create achimeric  bivalent antibody
cons rising one antigen-ormbining site having specef
ccry for as antigen and another  antigen-combining
site having specificity for a different antizen. 15
Hwaanlzedanlibodias Methods for humanizing non-human
antibodies have been described In the an. Preferably,
a  humanized antibody has one or more amino acid
residues Introduced into it from a source; which is
non- human. These non-human amino acid residues are
often refcrrod to as "Import" residues, which are
typically  taken from no "import" variable domain.
Humanization can be essentially performed following
the method 20 of Winter and co-workers (Jones eral.
Nalgre, 321:522-525 (1986); ltelehmaen araL, Nature,
332:323-327  (1988j: Vcrhocyca at aL, Sefexce,
239:15:4-1536 (1988)), by substituting hypervariabic
region sequences  for the canupomding sequences of a
human antibody. Accordingly, such "humanized"
antibodies are  ubimeric antibodies (U S. Patent No.
4,816,567) wherein substantially less than an intact
human variable  domain has been substituted by the
corresponding scqucnca fmm a nom-human species. In
practice, 25 humanized antibodies are typically human
antibodies in which some ltypervariablc rcghrn
residues and  possibly somc FR residue s are
substituted by residues from analogous sites in rodent
antibodies. The choice of human variable domains, both
light and heavy, to be used in making the humanized
antibodies is very important to reduce aotigenk(ty and
HAMA response (human and-mouse antibody) when  the
antibody is Intended for human therapeutic use.
According to the so-called "best-fit" method, the 30
acquenee of the variable domain of a rodent antibody
is screened against the entire library of known human
variable domain sequences. The human V domain sequence
which Is closest to that of the rodent is  identified
and the human Rvmework region (FR) within it accepted
tier the humanized antibody (Sims et at,  J. lmmtwo!.,
151:2296 (1993); Uwthia ar aL, I. MOL Siat,196:901
(1987)). Another method uses a  particular framework
regtoo derived from the consensus sequence of all
human antibodies of a particular 35 subgroup of light
or heavy chains. The saint framework may be used for
several different humanized  antibodics (Carter at at,
Prat. Natl. Acad. ScL USA, 89:4285 (1992): Presto et
aL, J. lmmanat, 151:2623  



(1993)). ft is further important that antibodies be
humanized with retention of high binding affinity for
the  antigen and other favorable biological
properties. To achieve this goal, according to a
preferrod method, 40 humanized antibodies are prepared
by a pnicuss of analysis of the parental sequences and
various conceptual  humanized products using
three-dimensional models of the parental and humanized
sequences. Three- dimensional immuneglobulin models
are commonly available and are fallliliar to those.
skilled In the rut.  Computer programs are available
which illustrate and display probable
three-dimensional conformational  structures of
selected candidate inununoglobulin sequences,
lospeetion of these displays permits analysis of 18 5
the likely role of the residues in the functioning of
the candidate immunoglebulin ttegaence, Le., the
analysis  of residues that influence the ability of
the candidate lam inoglobulin to bind its antlgon. In
this way, Fit  residues can be selected and combined
from the recipient and import sequences so that the
desired antibody  charuterisua, such as increased
affinity for the target an$gen(a), Is achieved. In
genend, the bypervariable  region residues are
directly and mast substantially Involved in
influencing antigen binding. 10 T u humanized antibody
may be an antibody fragment, such as a Fab, which Is
optionally  conjugated with one or nonm eytotwde
agent(s) In order to generase an immuaoarnjugate.
Alternatively, the  humanized antibody may be an tall
length antibody, such as an full length 1s 1 antibody.
Nwnan awfbatias and phase display mathatlalagy IS An
an alternative to humanization, human antibodies can
be generated. For example, it )s now  possible to
produce transgcnic animals mice) that are e"blo, upon
immunization, of producing a full  repertoire of human
antibodies in rte absence of endogenous immunoglnbulin
production. For example. it  has been described that
the homozygous; deletion of the antibody
heavy-chainjoining region (Jr) gene In  cblmedc and
germ-Itnetaufaat mice results in complete inhibition
of endogenous antibody production. 20 Transfer of the
human germ-line immumoglobulin gene array into such
germ-line nmtaot mice will result in  the production
of human antibodies upon antigen challenge. See, mg.,
Sakobovits al aL, Frye. NatL Acad.  Set USA. 902551
(1993), Jakobovbs eta[, Nature, 362255-258 (1993);
Bruggemanu at aL, year in  Jmmana., 7:33 (1993); U.S.
Patent Nos. 5,545,806,5,569,825,5,591,669 (all of
Genjhmm); 5,545,807; and  WO 97117852. 25
Alternatively, phase display technology (McCafferty at
aL, Nature 348:552-553119901) can be  used to produce
human antibodies and antibody fragments in vitro, from
imnnunogtobuiiu variable (V)  domain gene repertoires
from unimmunized donors, According to this technique,
antibody V domain gnus  are cloned in-frame into
eithera major or minor coal protein gene of a
filamentous bacteriophage, such as  M 13 or fd, and
displayed as functional antibody fragments on the
amfhcc of the phase particle. Because the 30
frtareatous particle contains a single-stranded DNA
copy of the phase genome, selectIons based on the
functional properties of the antibody also result in
selection of the gene crowding the antibody exhibiting
those properties. Thus, the pbage mimics sonic of the
properties of the B-coil. Phagc display can be
performed in a variety of formats, reviewed in, r -g.,
Johnson, Kevin S. and Chiswell, David 7., Current
Opinion in Srnw rural Biology 3:564-571(1993). Several
sources of V-gene segments can be used for phase 35
display. Clackson et aL, Nature, 352.624-628 (1991)
isolated a diverse array of anti-oxacolone antibodies
from a small random combinatorial library of V
gcncs.dcrived from the spleens of immunized mice- A  



repertoire of v genes from uolatmun)zed human donors
can he constructed and antibodies to a diverse Wray
of antigens (including self-antigens) can be isolated
essentially following the techniques described by
Marks  el ai,,J. ti2o1. RiaL 222581-597 (1991), or
Griffith erat, Er1IR0! 12:725-734 (1993). See, also,
U.S. 40 Patent Nos. 5565,332 and 5,573,905. As
discussed above, human antibodies may also be
generated by in vitro activated )3 cells (see U-S.
patents 5,567,610 and $.229,275). 19 5
Anibodyfragmenrs in certain circumstances that are
advantages of using antibody fragments, rather than
whole  antibodies. The smaller size of the fragments
allows kr rapid elemance. and may kart to Improved
access to  solid tumors. . Various techniques have
been developed for the production of antibody
ftagmcnts. Traditionally.  10 these fragments were
derived via prnteolytk digestion of Intact antibodies
(see. s g.. maim" a at ,  doarwal eirOkwbamkral and
Blnphyrhdf Medmdx 24:107-117 (t992); and Braman or at,
Seimne, 229:81  (1985)). However, these *agmenis can
now be produced directly by recombinant bag cilia.
Pab, Fv and  SePV antibody fragments can all be
expressed in and secreted from $ ct4 thus afowlwg the
facile  production of large amounts of than fragments.
Antibody fragments can be isolated from the antibody
15 phage libraries discussed above. Alternatively,
ltab'-SH fragments can be directly recovered from kZ
cofi  and chemically coupled to form F(ab%fragments
(Carter eraL, Blo/Technology 10:163-167 (1992)).
According to another approach, F(ab)t fragments can be
isolated directly from recombinant host cell culture.
Fab and F(ab)s fragment with increased in vivo half
life comprising is salvage receptor binding epitope
rctiduos are described in U.S. Parent No. 5,869,046.
Other techniques for the production of antibody 20
fragments will be apparent to the skilled
practitioner. In other embodiments. the antibody of
choice is a  single chain Fv fragment (acFv). See WO
93116185; U.S. Patent No. 5,571.894; and U.S. Patent
No.  5387.458, Fv and sFv are the only species with
intact combining also that arc devoid of constant
regions;  thus, they are suitable fir reduced
nonspecific binding during in vivo use. s)1v fusion
proteins may he  constructed to yield fusion of an
effector protein at either Did amino or the carbosy
terminus of an sFv. See 25 Antibody Engine dng, cd.
Borrebaeck, supra. lbe. antibody fragment may also be
a, "]hear antibody", e.g.,  as described in U.S.
Patent 5,641,871) for example. Such linear antibody
fragments may be tnonospecifc or  bispocific.
Bfxpeclflc antibodies 30 Bispccifka antibodies are
antibodies that have binding speelflcities for at
least two different  cpitopcs. Exemplary
bispecificantibodiesmaybindtotwodifferenttpitopesofthe
CD20protein. Other  such antibodies may combine a CD20
binding site with a binding site for another protein.
Allernadvcly. an  anti-Cl)20 arm may be combined with
an arm which binds to a triggering molecule on a
leukocyte auoh as a  T-oell receptor molecule (e g.
CD31 or lb rccpto s fur lg0 (Fe:7R), such a$ FcyR7
(C)X4), FoyRll (CD32) 35 and Fa7Rl li (CDI6), or NKG2D
or other NK cell activating ligand, an as to focus and
localize cellular  defense mechanisms to the
020-expressing cell. Bispe clfic antibodies may also
be used to localize  cytotoxic agents to cells which
express CD20. These antibodies possess a C020-binding
arm and an ruin  which binds the cylotoxic agent (e.g.
sapurin, anti-inierlbrou-ci, vines alkaloid, ricin A
chain, methctrexate  



or radioactive isotope haptsn). Rispecific antibodies
can be prepared as full length antibodies or antibody
40 fragments (e.R..F(ab')2 bispocific antibodies). WO
96/16673 describes a bispecific anti-ErbB2/ami-Fe71tlU
antibody and U.S. Patent No.  5.837.234 discloses a
bispecifie anti-ErbB2/anti-FcyRI antibody. A
hispecific anti-LirbD2/Fcct antibody is  shown in
WO98f02463. U.S. Patent No. 5:921,337 teauht:s a
bispccific anti-ArbB2lanti-CM antibody. 20 5 Methods
for making hispeeific antibodies are known in the an,
Traditional production of full  length hispecific
anutrndias is based on the ooexpresaion of two
immunoglobulin heavy chain-light chain  paint' where
the two chains have different specitlcitit* CMillstein
etaL, Narare. 305537-$39 (1983)).  Bea use of the
random assortment of immufoglobulb heavy and light
chains, those hybvidomas  (quadrornes) produce a
potential mixture of 10 different antibody molecules,
of which only one has the 10 correct biapecific
structure. purification of the oorretx moiectria.
which is usually done by afiirity  chromatography
steps, is rather eumbenouu, and the product yields are
low. Similar procedures are  disclosed in WO 93)8829,
and in Trauncukeretas, EMBO L., 10.3635-3W(091).
Aocording m a diffetont approach, antibody variable
doma ins with the desired binding spccif cities
(antibody antigen combining sites) are fused to
immunoglobulin constant domain scyuences. Prekrably,
the  15 fusion Is with on IS heavy chain constant
domain, comprising at least part of the hinge, Cat,
and Cs3 regions. It is preferred to have the first
heavy-chain constant region (Cat) containing the site
necessary for  light chain bonding, present in at
least one of the fusions. DNAs encoding the
immunoglobulin heavy chain  fissions and, If desired,
the immmioglobulin light chain, are inserted into
separate expression vectors, and are  co-transfeeted
into a suitable host cell. This provides fir greater
flexibility in adjusting the mutual 20 proportions of
the three polypeptide fragments in embodiments when
unequal ratios of the three polypeptide  chains used
In the construction provide the optimum yield of the
desired bispecific antibody. It is, however,  possihlo
to insect the coding sequences for two or all three
potypepside chains into a single expression vcctot
when the expression of at least two polypeptlde chains
in equal ratios results In high yields or when the
ratios have no significant affect on the yield of tho
desired chain combination. 25 In a prclbntd embodiment
of this approach, the bispecific antibodies we
composed of a hybrid  immunoglohulin heavy chain with
a first binding specificity In one arm, and a hybrid
iaununoglobulin heavy  chain-light chain pair
(providing a second binding specificity) in the other
arm. it was found that this  asymmetric structure
facilitates the separation of the desired bispe cifie
compound from unwanted  immunuglobulin chain
combinations, as the presence of an immunuglobulia
light chain in only one ballot 30 the biapccifiu
molecule provides fora facile way of separation, 'ibis
approach is disclosed In WO 94/04690.  Per furthor
details of generating bispecifrc antibodies see. for
example. Suresh at at. Merhadr In  Enaynaology,
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 to maximize the percentage of hetorodinlers
which arc recovered  3$ from recombinant cell culture.
The preferred interface comprises at least a part of
the Co3 domain. In this method, one or more small
amino acid side chains from the interface of the first
antibody molecule we  replaced with larger side chains
(e g. tyrosine or tryptophan). Compensatory "crvidcs"
of identical m  similar size to the large side
chain(s) are created on the interface of the second
antibody molecule. by  



replacing large amino acid side chains with smaller
ones (e.g. alanine or thxeooi ne), 'psis provides a 40
mechanism (or increasing the yield of the heterodimer
over other unwanted end-products such as
hontodhtters. Bispccitic antibodies include
cross-linked or "heteroconjugate"cntibodies. For
example, one of the  antibodies in the hctcrnconjugate
can he coupled to avidin, the other to biotin. Such
antibodies have, for  example, been proposed to target
Immune system cells to unwanted culls (U.S. Patent No.
4,676,980), and 2f 5 for treatment of HIVinfection
(W091/00360, W092/200373, and H P01089).
Heteroconjugate antibodies  may he made using any
convenient cross linking =thud;. Suitable
cross-linking agents are well known in  the nit, and
are disclosed in U.S. Patent No. 4,676,980, along with
a number of oross-linking techniques. Techniques for
generating blapecific andbodlta from antibody
fragments have also been described  in the literature.
For example, bispeciflc antibndfes can be prepare/
using chemical linkage. Brennan a at.  10 Science,
229:81 (1985) describe a procedure wherein intact
antibodies are pttlonlytically cleaved to genera Fl
ab'h fragments. Hose fragrown are reduced In the
presoom of the dithiol caovplaxing agent,  sodium
aocnite, to stabilize vioinal dilhlub and prevent iat
nnoleeular disulfide f0stnatinn. The drab'  fregmonrs
generated are them converted to tblooltntbenzoate
(170) derivatives. One of the Fab'-7NB  derivatives is
then reconverted to the IW-thiol by reduction with
merceptoctbyhmine and is mixed with an 13 cquitnolar
amount of the other Mb=idles derivative to foam the
biapeclflc antibody. The blspet ifio  antibodies
produced can be used as agents for the selecdve
latmobilization of enaymos. Recent progress has
facilitated the dfrectrecovery of Fab.Sli fragments
from E 4014 witch can be  chemically coupled to form
bispocific antibodies. Shalaby at aL, J. b'xp. Med.,
175: 217-225 (1992) describe  the prexluction of a
fitly humanircd hispecifro antibody F(ab')t molecule.
Each Fab' fragment was separately 20 secreted from G'
rx,G and subjected to directed chemical coupling in
vitro to farm the bispeciffc antibody.  The bispccific
antibody thus formed was able to bind to coils
overexpressing the Erb112 receptor and annual  human T
cells, as well as trigger the lytic activity of human
cyiotoxic lymphocytes against human breast  tumor
target. Various techniques for making and isolating
bispeeitic antibody fragments directly from 25
rccombinaot cell culture have also been described. For
example, blspecific antibodies have been produced
using leucine zippers, Kostclny et at, J. lmnumoL,
148(5):1547-1553 (1992). The loucine sipper peptides
from the Pas and Jun proteins were linked to the Pab'
portions of two different antibodies by genie fusion.
The antibody foatoditrers were reduced at the hinge
region to form monomers and then re-ttxidixcd to form
the antibody heterodinurs, This method can also be
utilized for the production of antibody homtodimers.
30 The 'diubody" technology described by Hollinger a
eat, Prue. NarL Acad Set USA, 90:6444-6448 (1993)  has
Provided as alternative mechanism for making hispecifc
antibody fmgmnnts Th. fmwnrrta aomprire a  Vo,
connected to a Vr, by a linker which is too short to
allow pairing bctwcen the two domains on the setae
chain. Accordingly, the VII and Vr, domains of one
fragment are forced to pair with the complementary Vt.
and Vx domains of another fragment, thereby forming
two antigen-binding sites. Another strategy for 35
making bispeccife antibody fragments by the use of
single chain Pv (sFv) dithers has also been reported.
See  C,rubcr eta[.., J. inurumut, 152:5368 (1994).
Antibodies with more than two valencica arc cc
miamplated. For example, trispecific antibodies can  



be prepared. Tamer al .J. lmnrunol. 147: 60 (1991). 40
Mulrivakitf Artttbodixr A multivalent antibody may be
intcrnaliacd (and/or catabolized) faster than a
Trivalent antibody by a  cell expressing an antigen to
which the antibodies bind The antibodies of the
present invention can be  muhivalent antibodies (which
are other than of thelgM class) with twee or mom
antigen binding sites (e.g.  tetravalent antibodies),
which can be readily produced by recombinant
expression of nucleic acid encoding 22 5
thepatlypepddechains oftheantibody. The multivalent
antibody can comprise adimarizationdomain and  three
or more Antigen binding sites. Tic preferred
dimerlration domain comprises (orumaists of) an Pc
region or a hinge region. in this scenario, the
antibody Will comprise an Fc region and three or more
antigen  binding sites amine-terminal to the Pc
region. 'fit. prcfctrad multivalent antibody herein
comprises (or  consists of) three to about eight, but
preferably four, antigen binding sites, 'Me
multivalent antibody 10 comprises atleast one
polypepdda chain (and p> ly two polypeptide chains),
wheels tuts polypepdde  chain(s) comprise two or more
variable domains. For instance, the polypeptide
chant(s) may comprise VD I- (X0"VD2-(X2)a-Pe, wherein
VDl is a first variable domain, VD2Is a second
variable domain, It is one  pulypeptklo chain of an Fc
region, X d ant( X2 represent an amino acid or
polypeptido, and n is 0 or 1. For  instance, the
polypept(de chain(s) may comprise VH-CHI-flexible
linker-VH-CHI-Fc region chain; or VH 15
GIl1-VH-Ci1I-Ile region chain, The mulelvalent
antibody herein preferably further comprises at least
two  (and prclbrably four) light chain variable domain
polypepddes. The multi valent antibody herein may, for
instance, comprise from about two to about eight 1101
chain variable domain polypcptides. The light chain
variable domain polypeptides coatcmplated here
comprise a light chain variable domain and,
optionally,  further temptise a CL domain. 20 Other
amino acid requerice moddfcarions Amino acid sequence
modification(s) of the CD20 binding antihpdies
described herein arc  contemplated. For example, it
maybe desirable to improve the binding affinity and/or
other biological  properties of the antibody. Amino
acid sequence variants of the and-CD20 antibody are
prepared by 25 introducing apptopriatc nuoleatide
changes into the anti-CD2O antibody nucleic aci(L or
by peptide  synthesis. Such modifuarions include, for
example, deletions front, and/or Insertions into
and/or  xubmitutions of, residues within the amino
acid sequences of the anti-CD20 antibody. Any
combination of  deletion, insertion, and substitution
Is made to arrive 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 uaaful method for
identification ofeortabt residues or region. of the
and CD2n antibody that are  preferred locations for
rnuhagenesis is called "alaniuc scanning mutagenesis"
as described by Cunningham  and Wells In Science,
244:1081-1095 (1999). Here, a residue orgroup 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 35
acid (most preferably alardae or polyalanine) to
affect the interaction of the amino acids with CD20
antigen.  Those amino acid locations demonstrating
functional sensitivity to the substitutions than are
refined by  introducing further or other vadanta at,
or for, the sakes of substltutlon. '17tus. while the
site for Introducing  



an amino acid sequence variation is predetermined, the
nature of the mutation per se need not be
predetermined. Per example, to analyze the performance
of a imitation at a given site, ale scanning or 40
random mutagenesis is conducted at the target cation
or region and the expressed anti-CD20 antibody
variants are screened for the desired activity. Amino
acid sequence insertions include amino- and/or
carboxyl-terminal fusions ranging in length  from one
residue to polypcptidcs containing a hundred or more
residues, as well as intntscqucnce insertions  of
single or multiple amino acid residues. Examples
ofterminal insertions include an anti-('D20 antibody
23 S with an N-terminal methionyl residue or the
antibody fused to a cyrotoxie pollypeptlde.
Odieriascrtional  variants of the anti-CD20 antibody
molecule include the fusion to the N. at Gtctminus of
the and-CD20  antibody to an enzyme (a. g. far ADEPT)
ore polypepdde which increases the seruot half-life of
the  antibody. Another type of variant is an amino
acid substitution variant These variants have at least
one 10 amino acid residue In the anti-M20 antibody
molecule replaced by a different residue. The sites of
gnat  inictcat for wbsiitudonal mutagencsa Include the
hypavariable regions. but FR alterations are aim
contemplated. O,aservatlve substitutions are shown in
the Table below under the heading of "prcfbrred
substitutions". If such subsfit remelt in a change In
bhrk)gical activity, than mere sulstantialchanges,
denominated csamplary subsiituduns' in the Table, or
as further desarlbed below In reference to amino acid
15 classes, may be introduced and the products
screened. TABLE efAdrbwAcidSrrbslaa(ons Original
Residue Exemplary Preferred  Sabstltutions
substitutions  Ala (A) val; leu; lie Vol Arg (R) lys;
gln; awn lys  Asn (N) gin; his, asp, lys; ars at"  Asp
(D) glu; acn giu  Cys (C) set; ale sec  Gin (Q) riot
glu asn  Clot (R) asp; gun asp  Cly (G) alt ale  His
(H) -%R; gin; Tyr. erg At$  no (1) low. val; met; ala;
phe; mcwleucine lea  Lou (T) nnrfeacine; ile; val;
met; ale; phe Ile  T.ys ([Q ag; aim; asn arg  met (M)
lea; phe; its lea  Phe (17) lee; vat; its: ale; tyr
tyr  Pro (P) Ala Ala  Scr(S) the thr  Thr (-) sa sec
Trp(W) tyr;phe tyt  



Tyr (1') trp; phe; the, sec phe  Va} (V) He; leu; met;
phe; ala; norleucine let'  24 5 Substantial
modifications in the biological properties of the
antibody arc accomplished by selecting  substftutitms
that differ significantly in their effect on
maintaining (a) the structure of the patypeptide
backbone in the area of the substitution, for exanple,
as a shear or helical confirmation, (b) the charge or
hydrophobicity of the molecule at the target site, or
(c) the bulk of the side chain, Naturally occurring I
D residues are divided into groups bated on common
side-olrain properties:  (1) hydrophobic: ntrlaucine,
met, ale. vat, ice, lie; (2) neutral hydrophilic; cys,
sat, thr,  (3) addle: asp, ghu; (4) besic; was, gin,
his, lye, argi t5 (5) residues that influence chain
orientation: Sly, pro; and  (6) aromatic; trp, tyr,
phe. Noa-conservative substitutions will entail
exchanging a member of one of these classes for
another  class. Any cystcinc residue not Involved in
maintaining the pup" omformation of the anti-C D20 20
antibody also may be substituted, generally with
swine, to Improve the oxidative stability of the
molecule  and prevent aberrant emrxalinking.
Conversely, cysteine bond(s) may be added to the
antibody to improve its  stability (particularly where
the antibody is an antibody fragment such as an Irv
fragment). A particularly preferred type of
substitutional variant involves substituting one or
more  hypervariable region residues of a parent
antibody (eg. a humanized or human antibody).
Generally, the  25 resulting variant(s) selected for
flrrther development will have Improved biological
properties relative to the parent antibody from which
they are generated. A convenient way for generating
such substitutional  variants Involves affinity
maturation using phage display, Briefly, several
hypervarlable region sites (,--g. 4- 7 sites) are
mutated to generate all possible amino substitutions
at each site. The antibody variants thus  generated um
displayed in it monovalent fashion from filamentous
phage particles as fusions to the gene Ill 30 product
of M13 packaged within each particle. The
phage-displayed variants are then screened for their
biological activity (e.g. binding affinity) as herein
disclosed. In order to identify, candidate
hypervariable  region sites for modification, adenine
scanning mutagenesis can be performed to identify
hypervariable  region residues contributing
significantly to antigen binding. Alternatively, or
additionally, it may be  beneficial to analyze a
crystal structure of the antigen-antibody complex to
identify contact points between 35 the antibody and
human Ci}20. Such contact residues and neighboring
residues arc candidates for  substitution according CO
the techniques elaborated herein. Once such variants
are generated, the panel of  variants is suhjcotcd to
screening as described herein and antibodies with
superior properties in one or more  relevant assays
may be selected for f Ater development. Another type
of marine, acid variant of the antibody alters the
original glycosylation pattern of the  40 antibody, By
altering is meant deleting one or more carbohydrate
moieties found in theantitwdy. taxi/or  addleg one or
more glycusylaliun sites that are not present in the
antibody. 



Gfycusylation of antibodies is typically either Winked
or 0-linked. N-finked refers to flit  attachment of
the carbohydrate moiety to the side chain of an
asparaglne residue, The tripcptide sequences
asparagine-X-serlne and asparagine-X-threonine, where
Xis any amino acid except prolins, are the 25 S
nxrognipon sequences for enzymatic attachment of the
carbohydrate moiety to the asparaginc side chain.
Thus, the presents of either of these tripeptide
sequences in a polypeptide creates a potential
glycosylation  sits, 0-finked glytxtsylation refers to
the attachment of one of the sugar
N-w'cylgalactosamine, galactose,  or xyloxe to a
hydmxyamino acid. most commonly serine or threonina,
although 5-hydroxyproline or 5- hydroxylynine may also
be used. 10 Addition ofglycosylatioa sites io the
antibody is conveniently accomplished by altering the
amino  acid sequence such that it contains one or more
of the abovr+described tripeptide acqucrx;es (for
N-linked  glyeosylation sties). The alteration may
also be made by the addition of, or substitution by,
one or man  scrim or Uatonine residues to the sequence
of the original antibody (Sr Wicked g)ycosyladoa
sits). Nucleic acid molecules encoding amino said
sequence variants of the anti-CD20 antibody are 1$
prepared by it variety of methods known in the art.
These methods include. but am not limited to,
isolation  from a natural source (in the case of
naturally occurring amino acid sequence variants) or
preparation by  oligunuclcmida-mediated (or
site.-directed) nwtagenesis, PCR rutttagenesis, and
caxsene mutagenusis of an  earlier prepared variant or
a nos-vatiaat version of the and-CD20 antibody. It may
be desirable to modify the antibody of the invention
with respect to effector function, e.g. so  20 as to
enhance antigen-dependent cell-mediated cyotoxicity
(ADCC) and/or complement dependent  cytotnxleity (CDC)
of the antibody. This may be achieved by Introducing
one or more ante acid  suhstitudons in an Fc region of
the antibody. Altcmativeiy or additionally, cysteine
residue(s) may be  introduced in (ha Fb mginn, thereby
allowing intcrchain disulfide bond fmmatton in this
region. The  hodtodimcria antibody thus generated may
have improved Internalization capability and/or
increased 25 cstmplcmcnt-mediated Cell kitbag and
antibody-dependent cellularcytotoxicity(ADC(,'). Sc.
Caron drat., J.  F )T Med. 176:1191-1195 (1992) and
$hopes, A. J. lmmwtoL 148:2918-2922 (1992).
Homodimeric  antibodies with enhanced anti-tumor
activity may also be prepared using heteroblfunctional
cross-inkers as  described in WolifcraL
C'ancerResearch53:2560-2565 (1993). Alternatively, an
antibody can be  engineered which has dual Fc regions
and may thereby have enhanced complement mediated
lysis and 30 ADCC capabilities. Sec Stevenson et at
Anti-Cancer-D g Devign 3:219-2.30 (1989). To increase
the serum half life of the antibody, one may
incorporate a salvage receptor binding  opitopo Into
the antibody (especially an antibody fragment) as
described in U.S. Patent 5,739,277, for  example. As
used herein, the term "salvage receptor binding
epitopo" refers to an epitope of the Be region of  an
IgO molecule (e g., TgC,, 7AGe. tgC,. or 1g04) that Is
responsible for increasing the do vivo sedum halt-life
35 of the igC} molecule. Other anrfbudy irvidifteadoru
Other modifications of the antibody are contemplated
herein. For exttntple, the antibody may be  linked to
one of a variety of nonproteinaceous polymer, e g.,
polyethylene glycol, polypropylene glycol,  40
polyoxyalkylenes, or copulymoro, of polyethylene
glycol and polypropylene glycol. The antibody also may
be entrapped in microcapsulex prepared, for example,
by coacervatlon techniques or by interfacial  



polymerization (lbr example, hydroxymethyleellulose or
gelatin-mlcroeapsules and pol y- (mcthylmcthacylatc)
microeapxulex, respectively), in colloidal drug
delivery systems (for example, 26 5 liposona i,
albumin microsphcres, microemulsions, nano-particles
and nanncapsutes), or in macroemulsions.  Such
techniques an disclosed in Remhtgton's Pharmaceutical
Sciences, 16th edition, Oslo, A., Ed., (1980).
Srrrenlag for wuibodtra with Me desired propenfav
Antibodies with certain biological characteristics may
be selected as described in the Experimental  10
Examples, The growth tnhlbhory effects of an anti-CDZA
antibody of the invention may be assessed by  methods
known in the art e4j., using cells which express CD20
either emhtgeswusly or following  transfection with
the CD20 gear. Pot example, tumor cell Meet and
CD20-transfectcd calls may treated with  an and-CM
monoclonal antibody of the invention at various
concentrations fur u few days (e.g.. 2-7) days t5 and
stained with crystal violet or MTl' or analyzed by
some other calorimetric assay. Another method of
measuring proliferation would be by comparing
s7-tbyniidinc uptake by the calls heated in the
presence or  absence an anti-CD20 antibody of the
invention. After antibody treatment, the cells arc
harvested and the  amount of radioactivityiocorporatod
into the DNA quantitated in a scintillation counter.
Appropriate  positive controls include treatment of a
selected cell line with a growth Inhibitory antibody
known to inhibit  20 growth of that cell ling. To
select for antibodies which Induce cell death, loss of
membrane integrityas indicated by, e.g.,  propidium
iodide (P1). trypan blue or 7AAD uptake may be
assessed relative to control. A PI uptake assay  can
be performed in the absence of etimplcmcnt and immune
effector culls. CD20.expressiug tumor cells  are
incubated with medium alone or medium containing of
the appropriate monoclonal antibody at e.g. about 25
10pgtml. The cells are incubated fora 3 day time
period. Fallowing each treatment, cells are washed and
aliquoted into 35 mm strainer-dapped 12 x 75 tubes (I
ml per tube. 3 tubes per trcatmcot group) for removal
of cell clumps. Tubes than receive Pi (lOytghni).
Samples stay be analyzed using a FACSCAN7M flow
cytometer and FACSCONVERITM CellQuest software (Becton
Dickinson). Those antibodies which induces
statistically significant levels of call death as
dctcmincd by Pf uptake may be selected as cell
death-inducing  10 antibodies. To screen for
antibodies which bind to no 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, Ed
Harlow and David Lane (1988), can be performed. This
assay can be used to determine if a  test antibody
binds the same site or epitope as an antiCD20 antibody
of the invention. Alternatively, or 35 additionally,
epitope mapping can be performed by methods known In
the art. For example, the antibody  "ounce can be
muttgenized such as by alanine scanning, to identify
conutet rt:bidues. The mutant antibody  is Inimiily
tested for binding with polyclonal antibody to ensure
proper folding. In a different method,  peptides
corresponding to different regions of CD20 can be used
in competition assays with the last  nnribodies or
with a test antibody and an antibody with a
churactcriacd or known cpitope. 40 vectors, Bost Cells
and Recombinant Methods The invention also provides an
inolated nucleic acid encoding a humanized CD20
binding antibody,  



vcoton and host culls comprising the nucleic acid, and
recombinant techniques fur the production of the
antibody. 27 5 For recombinant production of the
antibody, the nucleic acid encoding it Is isolated and
inserted  into a replicable vector for further cloning
(amplflcation of the DNA) or for expression. DNA
encoding the  monoclonal antibody is rendily isolated
and sequenced using conventional ptvicedures (e g., by
using  nligoauclcotida probes mat ate capable of
binding specifically to genes encoding the heavy and
light chains  of the antibody). Many vectors are
available. Tim vector components generally include,
but are not limited 10 to, one or more of the
following: a signal acquenoe, an origin of replieador4
one or more marker genes, an  enhanecr clement, a
promoter, and a transcription termhtalion sequence.
(l) Signal sequence con4Mr or 'ilte (M20 binding
antibody of this invention may be produced ra
combipamly not only directly, but  also as a fusion
polypeptidc wilt a heterologous polypeptide, which is
preferably a signal sequence or other  15 polypeptide
laving a specific cleavage site at the N-terminus of
the mature protein or polypeptidn. The heteroingoua
sigea) sequence selected preferably is one that is
recognized and processed (i.e., cleaved by a  signal
peptidase) by the bust cell. For prokaryolie host
cells that do not recognize and process the native
CD20 binding antibody signal sequence, the signal
sequence is substituted by a prokaryotic signal
sequence  selected, for example, from the group of the
alkaline pbusphatase, peniciltlnase, lpp, or
heat-stable 20 enterotox)a ll leaders. For yeast
secretion the native signal sequence may be
substituted by, e.g., the yeast  invutasc leader, rz
factor leader (including Saccharaeces and
Kluwerom)hcas [-factor leaders), or acid  phosphataw:
lcader, the C atbicansglucoamylasc )cadet or the
signal described in WO 90/13646. In  mammalian cell
expression, mammalian signal sequences as well as
viral secretory leaders, for example, the  herpes
simplex gD signal, are available. 25 The DNA for such
precursor region is ligated in reading frees to DNA
encoding the CD20 binding  antibody. (ii) Origin
ofrcplicesion Both expression and cloning vectors
contain a nucleic acid sequence that enables the
vector to  replicate in one or mom selected host
cells. Generally, in clooing vectors this sequence is
one that enables  30 the vector to replicate
independently of the best chronmsomai ONA, and
includes origins of replication or autonomously
replicating sequences. Such sequences are well known
for a variety of bacteria, yeast, and  viruses, The
origin of replication from the plasmid pOR322 is
suitable for most Cram-negative bacteria, the  21&
plasmid origin Is suitable for yeast, and various
viral origins (S V40, polyoma, adenovirus, YSV or BFV)
ate useful 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 contains
the early promoter). (iii) Selection gene component
Rxpression and cloning vectors may contain a selection
gone, also termed a selectable marker.  Typical
selection genes encode proteins that (a) confer
resistance to antibiotics or other toxins, e.g., 40
ampicillin, neomycin, methntrcxate, or tciracyclinc,
(b) complement auxotrophic deficiencies, or (c) supply
critical nutrients not available from complex media,
a.g_, the gone encoding D-alanine recemase for
Racillt.  



One example of a selection scheme urilires a drug to
arrest growth of a host cell. Those cells That are
successfully transformed with a heterologous gone
produce a protein conferring drug resistance and thus
28 :5 survive the selection regimen. B:ramples of such
dominant selection use the drugs neomycin,
mycophenolic  acid and hygrormycln. Another example of
suitable selectable markers for mammalian aillx arc
them that enable the  identification of cells
competent to take up the CD20 binding antibody nucleic
add, such as DHPR,  thymidine kinaso,
mctallothiuncin-l and 11, preferably primate
metallothinnein genes, adenosine deaminnse,  to
ornithlne docarbnxylum, &w. For example, cells
transformed with the DHPR selection gene are first
identified by culturing all of  the transformattts in
a culture median that contains mahotrexate (M.tx). a
eonipeddve amagotdst of DHFR.  An appropriate bat cell
whoa wl)d-type OHM Is employed is the Chinese hamster
ovary (CHO) call line  deficient in DHPR activity
(e.g., ATCC CRL-9096). 15 Alternatively, host cells
(particularly wild-type hero that contain endogenous
DHFR) transformed  or en-rra tsfornad with DNA
sequences encoding CD20 binding antibody, m'Iddypc
DRFR protein, and  soother selectable marker such as
andnoglycoside V-pbosphutransferasc (APH) can be
selected by cell  growth In medium containing a
selection agent for the selectable marker such as an
aminoglycosidic sot blod0. eg., kanamyc3n, neomycin.
ur C418. See U.S. Patent No. 4,965,399. 20 A suitable
selection genet for use in yeast Is the 1rpI gent
present in the yeast plasmid YRp7  (Sthtchcomb a aL,
)Valare, 282.39 (1979)). The irpl gene provides a
selection marker fora mutant strain of  yeast lacking
the ability to grow in tryptophan, for example, ATCC
No. 44076 or ?131'4-1. Jones, Genetics,  85:12 (1977).
The presence of the rrpl lesion in the yeast host cell
genorne then provides an effective  environment for
detecting transformation by growth In the absence of
tryptophan. Similarly, Leu2deficieat 25 yeast trains
(ATCC 20,622 or 38,626) arc complemented by known
plasmids bearing the Lct2 gene. In addition, vectors
derived from the 1.6m circular plasrnid pKL)l can be
used for trans)brmadon  of Kluyvernatyces yeasts.
Alternatively, an expression system for large-scale
production of fecombioron calf  chymosin was reported
far K. ac&. Vanden Berg, Blr:d1'echnotagy, 8:135
(1990), Stable multi-copy  expression vectors for
secretion of mature recombinant human serum albumin by
industrial strains of 30 Khryservmycas have also been
disclosed, Miter as aL. BtWFechuo(oogy, 9:968-975
(1991).  (iv) Promoter n srq onattr ' Expression and
cloning vectors usually contain a promoter that is
recognimrl by tits host organism  and is operably
linked to the nucleic acid encoding the CD20 binding
antibody. Promoters suitable for use  with prokaryotic
hosts include the plwA promoter, P-lactamaso and
lactose promoter systems, alkaline 35 phtsphalaso
promoter, a tryptopban (asp) promoter system, and
hybrid promoters such an the tae promoter.  However,
other known bacterial promotes arc suitable. Prmnoterx
for use in bacterial systems also will  contain a
Shine-Dalgarno (SD.) 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 drum the site
where transcription is initiated. Another  40 sequence
found 70 to 80 bases upstream from the start of
transcription of many genes is a CNCAAT region whore N
may be any nucleotide. At the 3' end of truest
eukaryotic genesis an AATAAA sequence that may  



be 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 eukaryotlo expression
vectors. 29 5 Fxamples of suitable promoter sequencers
for use with yeast hosts Include the promoters for 3-
phosphoglycerate kinase or other glyealytic enzymes.
such as enolase, glyceraldehyde-3-Phosph302 dchydr
gimase. bexokinase, pyruvete decorhoxylem
phosplmfivctokinase. glucos *6-phosphate isomerasc,
3-phosphoglycewte musses, pyruvatc kinaae,
triosephospbuto isonxrase, plunphoglueoseisomerase,
and  glucokinase. 10 Other yeast promowrs, which are
inducible promoters having the additioMS advantage of
tmmc iptiod controlled by growth conditions, are the
promoter regions feu akwhol dehydtognase 2,
Isncytocisrumo C. acid phosphateso, degradative
aarymcs associated with nitrogen mslabofism,
motailothinncin, glyceraidehhyde-3"~phasphate
debydrogetmaso, and entyames responsible for maltose
and  galacsoao utilization. Suitable vectors and
promoters for use in yeast expression are farther
described in BP 15 73,657. Yeast enhancers also are
advantageously used with yeast promrners. CD20 binding
antibody transcription from vectors in mammalian host
cells Is controlled, for  example, by proaloten
obtained from the Semmes of vinises such as potyoma
virus. fowl pox vims,  adcnovirus (such as Adenovirus
2), bovine papjlloi ns vlru , avian samima virus,
cytomegalovirus, a  rctrovirus, hepatitis-11 virus and
must preferably Simian Virus 40 (SV40), hum
heterologous mammalian 20 promoters, e.g. the actin
promoter or an inmwooglobulin promoter, from
heat-shock promoters, provided  such promoters are
compatible with the host cell systems. Tbc curly and
late promoters of the SV40 virus are conveniently
obtained as an SV40 restriction  fragment that also
contains the SV40 viral origin of replication. The
Immediate early promoter of the human  cytnmegalovirus
is conveniently obtained as a NindiE E restriction
fragment. A system for expressing DNA 25 In mammalian
hosts using the bovine papilloma virus as a vactur is
disclosed in U.S. Patent No. 4,419,446.  A
modification of Ibis system is described in U.S.
Patent No. 4,601,978. See also Reyes et aL, Nature
29759&601 (1982) on tupress)on of human (i-intcrtbron
eDNA In mouse cells under the control of a  thymidhne
Manse, promoter from herpes simplex virus.
Alternatively, the Rous Sarcoma Virus long terminal
repeat can be used as the promoter. 30 (v) Enhancer
elewiticompanent Transcription of a DNA encoding the
CD20 binding antibody of this invention by higher
oukaryotex is often incased by Inserting an enhancer
sequence into the vector. Many enhancer sequences  era
now known from mammalian genes (giobin, eiastase,
albumin, tx'fctopruteim and Insulin). Typically,
however, one will an an enhancer from a ebkaryotlo
cell virus. Examples include the SV40 enhancer on the
33 late side of the replication origin (hp 100-270),
the cytomegalovirus early promoter enhancer, the
polyoma  enhancer on the kilo side of the replication
origin, and adenovirus enhancers. See also Yaniv,
Nature  297:17-18 (1982) no enhancing elements for
activation of eukaryotic promoters. The enhancer may
be  spliced into the vector at a position 5' or 3' re
the CD20 binding antibody-encoding sequence, but. is
preferably located at a site 5' from the promoter. 40
NO Transcription termination component Expression
vectors used in eukaryotic host calls (yeast, fungi,
insect, plant. animal, human, or  



nucleated calls from other multicellular organisms)
will also contain sequences necessary for the
termination  of iranscripion and for stabilizing the
mRNA. Such sequences are commonly available from the
5' and,  occasionally 3, untranslated regions of
eukaryotjc or viral DNAs or eDNAs. These regions
euntaiu 30 5 nucleotide segments tmnscribod as
polysdenylated fragments in the unransfated portion of
the mRNA  encoding CT)20 binding antibody. One useful
transcripthm etuntination tomponcntis the bovine
growth  hormone polyadearylatiod region. See
W094/11026 and theexprossion vector disclosed therein.
(vif) Seiscstott and tmusfarmddon of boat Calls
Suitable het calls for clotting or expressing the DNA
In the vectors herein are the prokaryote, 10 yeast, or
higher eukatyote cells described above. Suitable prow
yoles for this purpose include eubacteria,  such as
onutrncg+aive or Cram-positive orgardgnro, for
example, Enlaobaatsriaatee such as.Bscherfchla.  e.g.,
6. colt, Entarobq Gtr, A.rwinla, KlebsieUa, Prover,
SsMonalla, e.g., Salmonella typhtmvriwn, Serratla,
e.g.. &wrratia marcescuma, and Shigeo as well a BMW
such as B. subtULr and B. lichenlfmmtr (e.g., B.
ttahemjormis 41 P disclosed In DD 266,710 published 12
April t989), Psaudanwras such as P. aetvgMosa, t5 and
Streptomyces. One preferred B. call cloning host is K.
colt 294 (ATCC 31,446), although other strains  such
as E. cal! B, B. call 7[1776 (ATCC 31,537), and P coil
W3110 (ATCC 27,325) are suitable. These  examples are
illustrative rather than limiting. Full length
antibody, antibody fragments, and and body fusion
proteins can be produced in bacteria,  in particular
when glycosyiation and Fe effector function are not
needed, such as when the therapeutic 20 antibody Is
conjugated to a cytotoxic agent (cg., a toxin) and the
immuntxcotjjugato by itself shows  effectiveness in
tumor cell destruction. Full length antibodies have
greater half life In circulation.  Production in a
coli is faster and more cost efficient. For expression
of antibody fragments and  pulypeptides in bacteria,
sec, cg., U.S. 5.648,237 (Cvarter et. al.), U.S.
5,189.199 (Toly et aT.), and US.  $.440,523 (Simmons
et al.) which describes translation initiation region
(TIR) and signal sequences for 25 opdmiang cxpeesslon
and secretion, these patents incorporated herein by
reference. After expression, the  antibody Is Isolated
from the B. cell cull paste in a soluble fraction and
can be purified through, e.g., a  protein Ace 0 column
depending on the lsotype. Final purification can be
carried out similar to the process  fur purifying
antibody expressed og" in CHO calls. In addition to
prokaryotes, cukaryotic microbes such am filamcnhns
fungi or yeast are suitable  30 cloning or expression
hosts for CD20 binding antibody-encodin8 vectors.
Saccharnsnyces cerovisk ie, or  common baker's yeast.
is the most commonly used among lower eukaryotie host
microorganisms. However,  a number of other gerara
species and strains are commonly available and useful
herein, such as  Sehkosaackaromyeet pombe;
Kluyvernmyces hosts such as, e.g.. K. hhaafs.
K,frAgildr (ATCC 12,424). K.  butgar msS (ATCC
16,045), K wkkeramii (ATCC 24,178), K wahsi (ATCC
56,500), K drosophitarum 35 (ATCC 36.906). K.
thermamleruns, and K martian,; yarrowia (BP 402,226x
Pickle p storis (EP  143,070); Crtndfdts Trichodertw
reesia (EP 244,234): Neurospom crassa; Schwamtiemyces
such am  Schwauaion yces occidentaULr; and filamentous
fungi such as, e.g., Nearospom, Penir.illium,
Tolypoc'lotrnm- and Aspergilus hosts such as A.
nkhdlms and A. nfger. Suitable host cells for the
expression of glycosylated CD20 binding antibody are
derived from  40 nnulticellular organisms. Examples of
invertebrate cells include plant and insect cells.
Numerous  



baeulovlral strains and variants and corresponding
permissive insect host cells from hosts such as
Spodoptem frugiperda (caterpillar), Aedet aegypti
(mosquito), Aedes albaplcrar (mosquito). Deosnphtla
nrel nogusRtr (fmitfly), and Bombyx mod have been
identified. A variety of viral strains for
transfcxtion are  publicly available, mg., the L-)
variant of Autograplw eaipralca NPV and the Bm-5
strain of Bontbyxinort  31 5 NPV. and such viruses may
be used as the virus herein according to the present
invcntitm, particularly for  uansfecdon of Spddnpram
frugiperda calls. Plant cell Cultures of cotton, corn,
porno, soybean, petunia, tomato, and tobaccu can also
be utilized  as hosts. However, interest has been
greatest in vertebrate cells, and propagation of
vertebrate cells in culture  10 (tissue culture) has
become a routine pmotxlura. Example; ofnseful
mammalian hewn coil lines at monkey  kidney CV 1 line
transformed by SY40 (COS-7, AT CR);1451)2 bunion
ombrytndc kidney line (293 or  293 cells subcloned for
growth in suspension culture, Graham at at, .1. Gan
VhvL 3659 (1977)) t baby  hamster kidney coils (BBR,
ATCC OCf.10); Chinese hamster only calls/-DHPR (CHs
liriasb at at.  Pmc. Nott Acad. Sd. WA 77:4216 (1980))
; mouse settoll cells (TM4. Mather, RioL Rsprod.
2&2443.251 1.5 (1980) ); monkey kidney cells (CV I
ATCC CCL 70); African green monkey kidney cells
(VFtRO-76, ATCC  CRL 1587); human cervical carcinoma
cells (IWLA. ATCC CCL 2); canine kidney cells (Mlx:1c,
ATCC  CCL 34): buffalo rat liver calls (BRL 3A, ATCC:
CRL 1442); human lung cells (W 138, ATCC CCL 75);
human liver cells (Hop 02,1113 8065) mouso mammary
turner (MM1' 060562. A:I'CC CCLSI); TRl calls  (Mather
et of, Aanalr N Y. Acad. ;Cc. 383:44.68 (1982)); MRC 5
cells; FS4 cells; and a human bepalonla 20 IIne (Rep
G2). Host cells are transformed with the
above-described expression or cloning vectors for CD20
binding antibody production and cultured in
Conventional nutrient media modified as appropriate
for  Inducing promotem selecting traasfornlants, or
amplifying the Scares cm:oding the desired sequences.
(viii) Culturing the host cal& 25 The host calls used
to produce the CD20 binding antibody of this invention
may he cultured In a  variety of media. Comunercial(y
available media such as Hanes F10 (Sigma), Minimal
Essential Medium  ((MUM). (Sigma). RPM-] 640 (Sigma),
and Dulbecco's Modified Eagle's Medium ((DMEM), Sigma)
arc  suitable for culturing the host calls In
addition, any of the media described in Ham at CL,
Meth, Ent. 58:44  (t 979), Barnes of aL, AnaL Riochem.
102!255 (1980), U.S. Pat. Nos. 4,767,7G4;4,657,86&,
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 calls. Any of these media
may be supplemented as newswvy'with hermonon and/or
other  growth factors (such as insulin, trunsfcmn, or
epitknmal growth factor), salts (such as sodium
chloride,  calcium, magnesium, and phospbat$), buffers
(such as HEPES), male otidcs (such as adonosinc and
thymidinc), antibiotics (such as GENTAMYCINT drug),
trace elements (defined as inorganic compounds 35
usually present at final concentrations in the
micnumolar rnnge), and glucose or an equivalent energy
source.  Any other necessity supplements may also be
included at appropriate concentrations that would be
known to  those skilled in the art. The culture
Conditions, such as temperature, pH, and the like, arc
those previously  used with the host call selected for
expression, and will be apparent to the ordinarily
skilled artisan. fix) Pu47 eatkm rrfanriboddv 



40 When using recombinant techniques, the antibody can
be produced imtracellularly, in the  periplasmic
space. or directly secreted into the medium. if the
antibody is produced intrnxllularly, as a first  step,
the particulate debris, either dust cells or lysed
fragments, are removed, for example, by centrifugation
or ult rafiltration. Carter et at, Ria/Technology
10:163-167 (1992) describe a procedure for isolating
antibodies which are secreted to the periplasmie space
of C. colt Briefly, cell paste is thawed in the 32 5
prraenee of sodium acetate (pH 3.5), EDTA. and
phenylmethy]suifony(fluodde (PMSF) over about 30 min.
CcU debris can be removed by centrifugation. Where the
antibody is secreted into the medium, supernatants
tinm such expression systems am generally, first
concentrated using a commercially available protein
concentration filter, for example, areAmkon or
Milfpore Pell icon ultraflltratiun unit A protean
Inhibitor  much m PMSFinay be included in any of the
foregoing steps to inhibit proteolysis and antibiotics
may he 10 included to prevent the growth of
adventitious c ontaminants. The antibody composition
prepmrod, from the calls can be purified using, for
example.  hydroxylapatito chromatography, Sol
eleetrnphoresis, dialysis, and affinity
ciaamatography, with affinity  chrotratography being
the preferred purification exhtdgne. The suitability
of protein A as an affinity ligami  depends an the
species and isotype of any lmamnoglobulin Fe domain
that Is present in the antibody. 15 Protein A can be
used to purify antibodies (bat arc basal on human
yt,12, or y4 heavy chains (Lindmark er  A. I. bnnrrmwL
Meth. 662:1-13 (1983)). Protein 0 is recommended for
all mouse isotypes and for human 73  (Otis etaL,
F.MBOJ. 5:15671575 (1986)). The matrix to which the
affinity ligand is attached is most often  agarnco,
but other matrices are ava0able. Mechanically stable
matrices such as controlled pore glass or
poly(styrenedivinyl)beuzene allow for faster flow
rates and shorter processing times than can be
achieved 20 with agarose. Where the antibody comprises
a Q,3 domain, the Bakerbond ABXT*iresin (i. T. Baker,
Phillipsburg. NJ) is useful for purification. Other
techniques ftir protein purification such as
fractionation on  an ion-exchange column, edema]
precipitation, Reverse Phase HPLC, chromatography on
silica,  chmmmngraphy on heparin SBPFIAROSFrM
chromatography on an anion or cation exchange resin
(such as  a polyaspatk acid colwno), chromatofocusing,
SDS-PACB, and amntanlum sulfate precipitation are also
25 available depending on die antibody to be
recovered. Following any preliminary purification
step(s), The mixture comprising the antibody of
interest and  contaminants may be subjected to low pH
hydrophobic interaction chromatography using an
clution buffer  at a pH between about 2.5-4.5,
preferably performed at low salt concentrations (eg.,
from about 0-01SM  salt). 30 Antibody conjugates The
antibody may be coqjugated to a cytotoxic agent such
as a toxin or a radioactive isotope. in  certain
embodiments, the toxin is cal amlcia a uaytanslnoid, a
dolastatin. auristatln 13 and analogs or  derivatives
Thereof, are preferable. 35 Prctcrrcd drugs(toxins
include DNA damaging agents, inhibitors of microwbule
polymerization or  dcpolyrneri?ation and
andmctaboliuw. Preferred classes ofeytotoxic agents
include, for example, the  enzyme inhibitors such as
dihydrofolate reductase inhibitors, and thymidylate
synthase inhibitors, DNA  imcrcalatorx, DNA cleavers,
topoisomerase Inhibitors, the anthracycline family of
drugs, the vines drugs, the  



mlromycins, the bleomycins, the cyroroxic nucleosides,
the pteridine family of drugs, diynenes. the 40
poduphyllotoxins and differentiation inducers.
Particularly useful members of those classes include,
for  example, metholrexale, methopterln,
dkb(oromethorrexafe, 5-fluorouracil,
lyntercaptopurine, cytosine  arabinoside, nielphalan,
leurosine, Jeurosideine, actinomycin, daunoruhicin,
doxorubicin, N-(5.5- diucctoxypuntyl)doxorubkin,
morpholino-doxorubicin,
1-(2-choroehttyl)-1,2-dimethanesulfonyl Itydrazide,
Na-acetyl spermidine, aminoptarin mathopterin,
esperamicin, mitomycin C, mitomyein A, actinornycin,
33 5 hlennrycin. carminomycin, aminopterin,
tallysontycin, podephyuotojia and podophyltotoxin
derivatives  such as etoposidc or cutposide phosphate,
vinblastine, vincrisdoe, vindesinc, taxot, taxotere,
retinoic acid,  butyric acid; test etyl npermidiae,
cawpto hccin, calicheasnkin. bryustatina,
cephalostatins, ansomlmcin,  acrosln, maytanstoelds
such as DM. I, maytansine, maytansinul,
N-denmathyl4.5-desepuxymaytansinol, C-
19-dechloromaytansinol, C-20-hydroxytnaytensinot,
C-20demeihtncymaytamdmtl, C-9-$H maytansinol, C- 10
14-alkoxymethy1maytensinol, C-14-hydroxy or
acetyloxymrahhimaytansinol, C-13
hydroxyhex:tyloxymaytensinol, C-iS
madtoxymayta"atatti, C-ib-N-dm"ethyhnaytatedani and
4,5- deexymayransino), atuistadns such as aiwlsUuia B,
M, PH11 and P2: dolostatias such as dolossiia A.
doloetatin B. dolostatin (" doluatadn D, dntttstatin B
(20-e(d and i 1-qtly, duNntntio Ci doloswtin H.
doiostatin 1, dolustatin I, dolosmtia 2, dolosttatin
3, dotostatia 4, dolustatin 5, dolttatatin 6,
dotosaala 7. 15 dolostatin S. dotuctatin 9, dolostatin
10, deo-dolostatlo 10, dolostatin 11, dolostatin 12,
dolosratin 13.  dolostatin 14, dniauatin 15,
dolostatin it, dolostatin 17, and dolostatin 18,
cephalostatins such as  cephalostatin 1, cephatostatin
2, ccphalootadn 3, cephalostatin 4, cephalostatla 5,
cephalostatin 6,  cephalastatin 7,
25t-epi.cepba)ostatin 7, 20-epi-cephaiostadn 7,
eephaluetatin 8, cephalosratin 9,  cephaiostatin 10, c
ephalostndn 11,cephalostatin 12,cephalostatin
13,ccphalostetin 14, cephalostatin  20 1Stephalostatin
)6,cepttalostadn 17. cephalostalin I8. and
cephalushdln 19.. Maylansinolds are mhototic
inhibitors which act by inhibiting tubulin
polymerization. Maytansine  was first isolated from
the cast African shrub Maytenru serrates (U.S. Patent
No. 3,896,111). Subsequently,  it was discovered that
certain microbes also produce maytansinoids, such as
maytausinol and C-3 maytaavinol eatorx (U.S. Patent
Nu. 4,151,(42). Synthetic mayumsimd and derivatives
and analogues  25 thereof are disclosed, for example,
in U.S. Patent Not 4,137,730; 4,248,870: 4,256.746;
4,260.608.  4.265,914; 4,294,757; 4,307,016;
4,308,268; 4,309,269; 4'30.9,428; 4313.94(i;
4.315,929; 4,317,821;  4322,348; 4,331,598,4,361,650.
4,3M,Wo, 4,424,219; 4,450,234; 4,362,663; and
4,371,533, the  disclosures of which are hereby
expressly incorporated by reference. Maytanalne and
ntayransinoids have been conjugated to antibodies
specifically binding to tumor  30 cell natigens,
Inununocpnjugates containing mayctnsinoids and their
therapeutic use are disclosed, for  example., in 1
I.S. patent Pins. .i,20RO20, 5,4163.064 and Ruropean
Patent RP 0 4112.15 Ft 1. the diminturres of  which
are hereby expressly incorporated by reference. lie at
aL, Prue. Natl. Acad. Sol. USA 91.8618-8623  (1996)
described immanoconjugares comprising a maytansinoid
designated DM1 linked to the monoclonal  antibody C242
db> ewd against human colorectal cancer. The conjugate
was found to be highly cyroroxic 35 towards cultured
colon cancer cells, and showed antitumor activity in
an in Wan tumor growth assay. Chari  et at.
CancerRcscuroh S.127-I31(I992) describe
lmmuiulconjugates in which a maytanshnold was
conjugated via a disulfide linker to the murine
antibody A7 binding to an antigen on human colon
cancer cell  



lints, or to another marine monoclonal antibody TA. i
that binds the HER-2/ncre encogc a. There are many
linking groups known in the an for makiag
antibody-maytanslnoid conjugates,  40 Including, for
example, those disclosed in U.S. Patent No. 5,208,020
or i? Patent 0 425 235 Si, and Chari  of aL Cancer
Research 52! 127-131 (1992). The linking groups
include disufide group, thicether groups,  acid labile
groups, photolabile groups, peptidase labile groups,
or esterase labile grows, as disclosed in the
above-identified patents, disulfide and
thioethergroups being preferred. 34 5 Conjugates of
the antibody and maytansinoid may be made using a
variety of bifunctional protein  coupling agents such
asN-succlnlmIdyl-3-(2-pyrldyldithio) propionas (SPDP),
succinimidy)-4-(N- male)midontethyl) eyclohsxane-
l-cvbnxylate, Itrdaothiulane (EL), biflatctionad
derivatives of imidoesters  (such as dimethy)
adipimidea HC1,), active atxen (such as disuceiaimidyl
aubwato), aldehydes (such as  glutareldehyde),
his-azido compounds (such at bit (p-azldobenzoyl)
hexanedlaredne), bis-diaxonimn 10 derivatives (such as
his-(Rdiazoniumbomm)l)-sltyleedisadae). diisocyanatas
(suh as tolnena 2,6- dilsocyanate), and bit-active
fluorine compounds (math es 1"ffiWo4A4hdWob*n=").
Particularly  preferred coupling agents include
N-saacltdmidyl.342-pyridyldithio) proplonat (SPDP)
(Cur(saon as at.  Rixrhem. J. 173:M-737 111x78)) fad
N-suocinknidy1442-pyridyiddo)penraaom (SPP) to provide
fir a  disulfide linkage, IS The linker may be
attached to the atayransinoid molecule at various
posidmaa, depending on the  type of the link. For
example, an ester Linkage may be formed by reaction
with it hydroxyl group using  conventional coupling
techniques. The reaction nay occur at the C-3 position
having a hydroxyl gr)up, the  C-14 position modified
with hyaloxymethyl, the C-i5 position nlodWed with a
hydroxyl group, and the C- 20 position having a
hydroxyl group. In a preferred embodiment, the linkage
in formed at the C-3 position  20 of maytansinot
oramaytansinol analogue. Calk4cerm(cin  Another
immuaocot((ugate of interest comprises an CD20 binding
antibody conjugated to unc or  more calichcamicin
molecules, 'his catleheamicin family of antibiotics
are capable of producing doublc 25 stranded DNA breaks
at sub-pleomolar conceatmtions. For the preparation of
conjugates of the  calicheamicln fami ly, sea 1J 4.
patents 5.712,374, 5,7J4,5136, 5,739,] 16, 5,767,235,
5,770.701, 5,770,710,  5,773.001, 5,377,296 (aft to
American Cyanamid Company). Structural analogues of
calicheamicin which  may be used include, bot are not
limited to, 7r , 041,04t, N-acetyl-y', MAO and 8't
(Hinman et aL Cancer  Rcsea,rh 53:33363342 (1493),
Late ataL CancorRasearch 59; 2925-2928 (1998) and the.
aforentwttioaed 30 U.S. parents to American Cyanamid).
Another anti-tumor drug that the antibody can be
conjugated is QFA  which is an andfolata Rnth
nmlinhramicin and OFA have intmrallmlr.r silos
araction anal dfn not refulity  cross the plasma
membrane. Thcrefbm, cellular uptake of these agents
through antibody mediated  infernafisation greatly
enhances their cytatoxic effects. 35 Radlaactive irate
pas For selective destruction of the tumor, the,
antibody may comprise a highly radioactive atom. A
variety of radioactive isotopes are available for the
production of radioconjugatcd anti-CD20 antibodies.
Futampics include At?", 1131,1121. Ysa, Ralf' 1tQQM,
Smra, D1212 Pat, Pbs't and radioactive isotopes of Lu.
When the conjugate is used for diagnosis, It may
coroprlse a radioactive atom for sci ntigraphic
studies, for 



40 example tc99in or I1e'', or a spin label for
nuclear magnetic resonance (NMR) Imaging (also known
as  magnetic resonance imaging, tend), such as
iodine-i23 again, iodine-131, indium-111. fluorine-19.
carbon- 13. nitrogen-] 5, oxygen-17, gadolinium,
manganese or iron. The radio- or other labels may be
incorporated in the conjugate in known ways. For
example, the  peptlde may be biosynthesized or may be
synthesized by chemical amino acid synthesis using
suitable amino  35 5 acid prccururm involving, for
example, tluorjne-19 in place of hydrogen. Labtds such
as ton" or I'll, .Reis',  Rc"s and In" ' can he
attached via a cysteim residue in the peptide.
Yttrium-90 can be attactced via a lysine  residue. The
JODOCEN method (Fraker et a1(1978) Binehem. Biophys.
Res. Commun. 80: 49-37 can be  used to incorporate
indine-123. "Monoclonal Antibodies lit lmmunosuin
igmphy" (Chatai.CRC Press 1989)  describes other
methods In detail. 10 Conjugates of the andbtxty and
cytotoxic agent may be made using a variety
ofbilbnclional protein  coupling agents such as
N-succinimidyl-3-(2-pyddyidiWo) propionate (SPDP),
sucdnimidyl-4-(N- maleimidomcthy)) cyalohexano-l
carboxylate iminothiolane (M, blAtncdenS derivatives
oflmidoeaten  (such as dimethyl adipimidate HIM),
active esters (such as dsuecinimidyl subemre),
aldehydes (such as  glutaruldchydc), bis-azido
compounds (such as his (p-azidabcrncyt)
hexanediamino), bis.dl ntnhun I3 derivatives (such as
bis-(p-diazoniumbcnzoyl)-cthylenedianiine),
diisocyartales (such as tolyene 2,6- diisncyanate),
and bis-active fluorine compounds (such as
1,S-difluoro-2.4-dinitrobenzcnc). Par example, a
ricin immunotoxin can be prepared as described in
Viteuart at Science 238: 1098 (1987). Carbon-l4-
labeled 7 isottiiocyanatobonzyl-3-mcthyldiethylene
triaminapentaacede sold (MX-D'IPA) is an exemplary
chelatng agent for conjugation of radionuclootide to
the antibody. See W 094111026. The linker may be a 20
"clcnvabk linker" t stilitating release of the
cytotoxic drug in the cell. For example, an
acid-labile linker,  pcpridase-sensidve linker,
photolabile linker, dimethyl linker or
disuliideeontaining linker (Charl stint
CemeetResearch52: 127.131 (1992); tt.S.
PatcntNo.5,20R,020) may housed. Therapeutic Uses of
the CD20 binding Antibodies 25 The CD20 binding
antibodies of the invention arc useful to treat a
number of malignant and non- malignant diseases
including autoimmunc diseases and related conditions,
and CD20 positive cancers  including B cell lymphomas
and leukemias. Stem calls (B-cell progenitors) in bone
marrow lack the CD20  antigen. allowing healthy
B-cells to iegenorrate after treatment and return to
normal levels within several  months. 30 Autoimmunc
diseases or autdmmume related conditions include
arthritis (rheumatoid arthritis,  juvenile rheumatoid
arthritis, outcourthritis, psoriatic arthritis),
psoriasis, dermatitis including atopie  dermatitis:
chronic autuimmun: urticuria,
polyrnyosids/dermalomyositis, toxic epidermal
neaolysls,  systemic seleraderma and sclerosis,
responses associated with Inflammatory bowel disease
(1BD) ((koltn's  disease, ulcerative colitis),
respiratory distress syndrome, adult respiratory
distress syndrome (ARDS), 35 meningitis, allergic rhi
nitis. encephalitis, uveitis, colitis.
gfomerulonepfeltls. allergic conditions, eczema,
asthma, conditions involving infiltration of T culls
and chronic inflammatory responses, athnmselerasis,
autoinulune inyocarditis, leukocyte adhesion
deficiency, systemic lupus erythematosus (S1.P.),
lupus  (Including oephrltls, non-renal, discoid,
alopecia), juvenile onset diabetes, multiple
sclerosis, allergic  eneeplmlootyellts, )n,mtme
responses associated with acute and delayed
hypersensitivity, mediated by 



40 cytokiacs and T-lymphocytes. tuberculosis.
sarcoldosis, granulomatosis Including Wegener's
granulomam"is, agranulc oyttnis, vasculitis (including
ANCA), aplastiu ancmity Coombs positive unamia,
Diamond Blackfan anemia, immune hemolytic anemia
includingautoimmune hemolytic anemia (ATHA),
pernicious anetnla, pure red cell aplasla (PRCA),
Factor V111 deficiency, hemophilia A, autoltnmune
neurrapenia, pancyropenia, Tcukopenia, diseases
involving leukocyte diapedesis, CNS inflammatory 36 S
disorders. multiple organ injury syndrome, myasthenia
gravls, antigen-antibody complex mediated diseases,
sorb-&iomcralar basement membrane distao,
anti-phosphulipid antibody syndrome, allergic noruiis.
Bathet  disease. Castleman's syndnmte, Goodpasturo'n
Syndrome, Larnberbllaton Myasthenia Syndrome,
AcYnaud's  syndrome, Sjorgeab syndrome, StcvensJobnsoe
syndnarrs, solid organ transpiantreJection (Including
protreabneat for high panel reactive antibody titers,
IgA deposit in tissues, etc), graft versus host
disease 10 (G V HD), pemphigoid bailout, pomphigas (aN
Including vulgaris, follaceus), autolmmurte
polyendoainupat ice. Roller's disease, stiff-men
syndrome, aim cell artaltia, Immune complex acphritis,
1gA ncphropathy,1gM polyneumpulMen or fgM mediated
neuropagry, idiopathic thrombuoytoponi s purpura
(ITT), thrombotic ibrobo :ytnpenie p urpura (17?%
autoimmuno thrembocytopanla, autoimmune disease of
the testis and every including au toimune orchit s and
oophuritia, primary hypothyroldistnl nutoitmnnne 15
endocrine diseases including autoimmune thyroiditis,
tdtronio thyroiditis (Hashimoto's Thyroiditis),
subacute  thyroiditis, idiopathic hypothyroidism.
Addison's disease, Graves disease, autolmmunc
polyglandular  syndromes (or polyglandular
endocrinopathy syndromes), Type I diabetes also
referred toes insulin- dcpandent diabetes mellitus
(LADM)and Sheahan's syndrome; aumimmune hepatitis.
Lyutphold interstitial  pnoumonitis (HIV),
broncltioiltis obllterans (non-transplant) va NSWP,
Gnillain-Rorre' Syndrome. Largo 20 Vessel Vasculids
(including Polymyalgia Rhoumadca and Giant Call
(Takayasu's) Arteritis), Medium  Vessel Vnsculkis
(Including Kawasaki's Disease and Pulynrtcritis
Ntxiosa}, ankylosing spondAtis, Berger's  Disease (tgA
naphyopathy), Rapidly Progressive Olomcrulcncphritis,
Primary biliary cirrhosis, Celiac sprue  (gluten
ecteropathy), Cryoglobulinemia. ALS, coronary artery
disease. CD20 positive cancers arc those comprising
abnormal proliferation of cells that express CD20 on
25 the cell surface. The C:D20 positive B call
neoplasms include CD20-posirlvs Hodgkin's disease
including  lymphocyte predominant Hodgkin's disease
(I-PM); non-Hodgkin's lymphoma (NAIL); follicular
center  call (FCC) lymphomas; scuts lymphoeytlc
leukemia (Alai ); chronic lymphocytic JaukomJa (CLL):
flaky  cell leukemia The non-Hodgkins lymphoma include
low gradelfollieular non-Hodgkin's lymphoma (N.HL).
small lyinphocytic lymphoma (SF:-J,), intermediate
grade/follicular NHL. Intermediate grads diffuse NAIL.
.10 high grade Jmmunoblastle NIH, high grade
lymphoblastic NHL, high grade small non-cleaved cell
NHL,  bulky di.mnm N141.. plastnaryrnld lymphncytio
lymphoma, mantle call Iymphnma, AIDS- ralatnrl
lymphoma  and Waldenstrom's macroglubulincmia.
Treatment of relapses of theta cancers arc also
contemplated.  LP13D is a typo of Hodgkins disease
that tends to relapse frequently despite radiation or
chemotherapy  treatment and Is characterized by
CD20-positive malignant cells. CLI. is one of four
major types of 39 lcukcrnia. A cancer of mature
13-calls called lympbocytes, CLI. is manlfasoed by
progressive accumulation  of cells in blued, bone
marrow and lymphatic tissues. In specific embodiments,
the humanized CD20 binding antibodies and functional
fragments thereof  ate used to treat non-Hodgkin's
lymphoma (NHL), lymphocyte predominant Hodgkin's
disease (LPHD),  



small Iymphocytic lymphoma (SLL), chronic lymphocyric
leukemia, rheumatoid arthritis and juvenile 40
rheumatoid arthritis systemic lupus crythctoatosus
(Sly) including lupus nephritis, Wegener's disease,
Inflammatory bowel disease, idiopathic
thrombncytopenie purpura (TM, thrombotic
throhtcytopenic  purptun ('171)), autoimmune
thromhocytopenia, multiple sclerosis, psoriasis, I!A
nephropntby, IgM  polyneuropathies, myastbenia gravis,
vasculitix, diabetes mellitus, Rcynaud's syndrome,
Sjorgcn's syndrome  and glomerulonephritis, 37 5 The
hmnanized CD20 binding antibodies or functional
fragments thereof are useful as a single- agent
treatment in, e.g., llfor relapsed or refractory
low-grade or fol lieular, CD20postlivo, B-cell NHL, or
can  be administered to patients its conjunction with
other drugs in a multi drug regimen. Indolent lymphoma
is a slow-growing, incurable dlseaso in which the
average patient survives  between six and 10 years
following numerous periods of remission and relapse.
In one embodiment, the  10 humanuccd CD20 binding
antibodies or functional fragments thereof are used to
but insolent NFL. no parameters foe assesalag eficacy,
or success of treatment of tine neopktsm will be known
to the  physician of skill in the appropriate disease.
Gene aily, the physician of skin will look for
reduction in the  signs and symptoms of the speeifio
disuse. Parameters can include median time to disuse
proanesslon,  time In rerission, stable disease. 15
The following references describe lympbomas and CLI,
their diagnoses, treatment and standard  medical
procedures for measuring treatment efficacy. Canufos
OF, Linter, TA, Sklar J), 7h, Lymphomas.  W,B.Saunders
Company. Philadelphia, 1998; van Besien K and
Cabanillas,14: Clinical Manifestations,  Staging and
Treatment of Nkm-Hodgkin's Lymphoma, Chap, 70, pp
1293-1338, in: Asmotulogy, Desk  Prhtciples and
Pracrke, 3rd ed. Huffman at al. (editors). Churchill
Livingstone, Philadelphia, 2000: and Rai, 20 K and
Patel, D:Chronic Lymphocytic Leukemia, Chap. 72, pp
1350.1362, in: Remarofogy, , #ask Principles  and
Practice, 3rd ed. Huffman or of. (editors). Churchill
Livingstone, Philadelphia, 2000. The parameters fur
assessing efficacy or success of treatment of an
auroimmune or autoimmune  related disease will be
known to the physician of skill in the appropriate
disease. Generally, the physician of  skill will look
for reduction in the signs and symptoms of the
specific disease. The following arc by way of  25
examples. In one embodiment, the antibdlics of the
invention are useful to treat rheumatoid arthritis. RA
is  characterized by Inllamma&m of multiple joints,
cartilage loss and bone crosicn that leads to joint
destruction and ultimately 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. keworr than 50 percent of patient who
30 have bad RA for more than 10 years can continuo to
work or function normally on a day-to-day basis. The
antibodies can be and as first-line therapy in
patients with early RA (i.e., methotrexate OM)  naive)
and as momotherapy, or In combination with. e.g., MTX
or cyclophoxpbamide. Or, the antibodies can  be used
in treatment as second-line therapy or palicnts who
were DMARI) and/or MTh refractory, and as  mnnotherapy
or in combination with, e.g., llMTX. The humanized
CD20 binding antibodies we useful to 35 prevent and
control joint damage, delay structural damage.
decrease pain associated with inflammation in  RA, and
generally reduce the signs and symptoms in moderate to
severe RA. The RA patient can be treated  with the
humanized CI)20 antibody prior to, after or together
with treatment with other drugs used in  



treating RA. (see combination therapy below), in one,
embodiment, patients who had previously failed
disease-modifying antinccumatio drugs and/or had an
inadequate response to methotre, nto alone are treated
40 with a humanized CD20 binding antibody of the
invention. In one embodiment of this treatment, the
patients  are in a 17-day treatment regimen receiving
humanized CD20 binding antibody alone (ill iv
Infusions on  days l and 15); CD20 binding antibody
plus eyclophosphamide (750mg iv infusion days 3 and
17): or CD20  binding antibody plus mcthotrcxutc. 3g 5
One method ofevalhating treatment efficacy in RA is
based of American Cmillege of Rheumatnlogy  (ACR)
criteria, which measures the percentage of lmprovanent
In tender and swollen joinet, among other  things,
'vi'be RA patient can be scored at Air example, ACR.
20 (20 percent improvement) compared with no  antibody
treatment (a g" baseline befotn trntmeot) or
oncatrnoat with placebo. Other ways of evaluating the
efficacy of antibody treatment include X-ray scoring
each as the Sharp X-ray aeon used to score structural
I0 damage such as bona erosion and joint spasc
narrowing. Patients can ilea hot evatu,ued for the
prevention of  or Improvement In disability based on
Health A*senmant Questionnaire IRAQI soon, AIMS score,
SP-36 at  time (ariuds during or after treatment. The
ACR 20 criteria may Include 20% Improvement in both
tender  (painful) joint count and swol)an joint count
plus a 20% Improvement in at least 3 of 5 additional
measuredt  1. patient's pain assessment by visual
analog scale (VAS), 15 2. patient's global assessment
of disease activity (VAS). 3. physician's global
assessment of disease activity (VAS), 4, patient's
self-assessed dlsablflty measured by the Henttb
Assessment Questionnaire,  and S. acute phase
reactants, CRP or ESP- 20 The ACR 50 and 70 are
defined analogously. Preibrably, the patient Is
administered an amount of a CD20  binding antibody of
the invcrtti)n effective to achieve at least a were of
ACR 20, preferably at least ACR 30.  more preferably
at least ACRSO, even more preferably at least ACR70,
most preferably at icu4ACR 75 and  higher. 25 psoriadc
arthritis has unique and distinct radiographic
fbatures. For psoriatie aMluitis, joint erosion  and
joint space narrowing can be evaluated by the Sharp
score an wall. The humanized CD20 binding  antibodies
of the invention can be used to prevent the joint
damage as well as reduce disease signs and  symptoms
of the disorder. Yet another aspect of the invention
is a method of treating Lupus or SL E by administering
to the 30 patient suffering farm STS, a
therapeutically effective amount of a humanized CD20
binding antibody of the  Invention. SLBDAI scorns
provide a numerical quaotitatlon of disease activity.
The SLEDAT is a weighted  index of 24 clinical and
laboratory parameters known to correlate with disease
activity, with a numerical  range of 0-103. see Bryan
Qescuk & John Davis, "Novel therapeutic agent for
systemic lupus  erythematosus" In Current Opinion in
Rheumatology 2002,14:515-521. Antibodies to
double-stranded DNA 35 am believed to 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 scrum
creatinine, urine protein or blood in the urine.
Alternatively or in addition, patients can be
monitored for  



Icvcia of antinuclear antibodies and antibodies to
double-stranded DNA. Treatments for ST.A Include high-
dnso corticosteroids and/or cyeloplttuphamide (HDCC).
40 Spondylnatthropathlcs are a group of disorders of
disjoints, including an)cylosing spondylitis,
psorlatic arthritis and Crohn's disease. Treatment
success can be determined by validated patient and
physician global assessment nieasuring toots. Various
medications arc used to treat psoriasis; treatment
differs directly In relation to disease  Ncvcrity.
Patients with a more mild farm of psorinsis typically
utilize topical treatments, such as topical  45
steroids, anthralin, tmleipotriene, ololretnsol, and
tazarotene, to manage the disease white patients with
moderate curd severe psoriasis are more likely to
employ systemic (methotrexate, retinoids,
cyclottporine,  39 S PUPA and UVR) therapies. Tam are
also used. Thew therapies have a combination of safety
concerns, time  consuming regimens, or inconvenient
processes of treatment. Furtherotam, some require
expensive  equipment and dedicated spate in the office
setting. Systemic medications can produce serious
stole effects,  including hypertension, bypodipldemia,
bone marrow supptcasion, liver disease, kidney disease
and  gastrointestinal upset. Also, the use of
photothenpy can increase the incidence of skin
cancers. In addition J O to the thconvenioace and
disrom*xt associated with the use of topical
therapies, phototherapy nod systemic  side  treatments
require cycling patients on and off therapy and
monitoring lifetime exposure due to their effects.
Treatment efficacy for psoriasis is assessed by
monitoring changes in clinical signs and symptoms  of
the disease including Physician's Global Amscscmem
(POA) changes and Psorlasis Area and Severity 15 Index
(PAST) scores, Psoriasis Symptom Assessment (PSA),
compared with the baseline condition. The  patient can
be measured periodically throughout neatweaton the
Visual analog scale used to indicate the  degree of
Itching espezzicnccd at specific time points. Patients
may experience an infusion reaction or
infusion-rotated symptoms with their first infusion
of a thompcutiu antibody. These symptoms vary In
severity and generally are reversible with teedici d
20 intcrventlan. These symptoms Include but are not
limited to, flu-like favor, ehilTs/rigons, nausea,
emicatia,  headache, bronchospasm, angiocdema 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 CD20 binding antibody wherein the antibody
her reduced or no complement dependent cytotoxichy and
results In reduced infusion related symptoms ac 2$
compared to treatment with Rituxancls. In one
embodiment, the humaitlxed CD20 binding antibody is
2H7.v 116. Dotage  Depending on the indication io be
treated and factors relevant to the dosing that a
physician of SId11  30 In the field would be familiar
with, the antibodies of the Invention will be
administered at a dosage dust is efficacious far the
rremmanr of ihnt indication while minimizing toxicity
and side effects. For the treatment  of a 0)20
positive cancer or an autoimmunc disease, the
tberspeutieaily effective dosage will be in the  range
of about 250mg/mt to about 400 mg/ms or 500 mg/mz.
preferably about 250-375rnWm'. been  embodiment, the
dosage range is 275-375 nrghatt. In one embodiment of
the treamnant of a C020 positive 13 



35 coil neoplasm, the antibody is admitstered at a
range of 300-375 mgfmt. For the treatment of patients
suffering from 13-call lymphomu such as non-Hodgkins
lymphoma, in a specific cmbodhneot, the onti-CD20
antibodies and humanized ant-CD20 antibodica of the
Invention will be administerod to a human patient at a
dussge of lotug/kg or 375mghus. ltor treating NHL, one
dosing regimen would be to administer one dose of  she
antibody composition a dosage of 10mg/kg in the first
week of treatment, followed by a 2 week interval. 40
then a second dose of Ole same amount of antibody in
administered. Generally, Ni-L patients receive such
treatinent once during a year but upon recurrence of
the lymphoma, such treatment can be repeated in
another dosing regimen, patients treated with
IOW-grade NHL receive four weeks of a version of
humanized  2H7. preferably v16 (375 mghn2 weekly)
followed at week five by three additional courses of
the antibody  plus standard CHOP (cyclophosphamide,
doxrmubicin, vincristinc and prednisone) or CVP 40 5
(cyciophosphamida, vincrisline,
prednisone)chemotherapy, which was given every dutc
weeks for three  cycles. For treating rheumatoid
anhritix, in one embodiment, the dosage range for the
humanised antibody  is f 25mgfirt (equivalent to about
200mg/dosc) to 600 mglms, given in two doses, e.g.,
the first dose of  200nrg is administered on day one
followed by a second dune of 200mg on day IS. In
different 10 embodiments, this dosage Is 230mg/duas,
273mg, 300mg. 325 sg, 350mg, 375mg, 400mg, 421mg.
450mg,  475mg, 500mg, 525mg, 55(hng, 575mg, 600mg. In
treating discuss, the rM binding antibodies of the
invention can be administered to the patient
chronically or intermittently, as determined by the
physician of skill in the disease. A patient
administered a drug by intravenous infusion es,
subcutaneously may experience adverse  I S events such
as fever, chills, bursting sensation, axthcuia and
headache. To alleviate or minimize such  adverse
events, the patient may receive an initial auditioning
dose(s) of the antibody followed by a  thorapeutic
dose. Ill* conditioningdose(s) will he lower thaw the
therapeutic dose to condition the patient to  tolerate
higher dosages. 20 Route of administratton The CD20
binding antibodies an administered to a human patient
in accord with known methods,  such as by intravenous
athniuishrstion, e.g., as a bolas or by continuous
infusion over a period of time, by  subcutaneous,
intramuscular, intraperitoneal, intracerobrospinal,
iutra-ruiicular, hurasynovial, intrathecal, or
inhalation routes, generally 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 adl 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 ebornoi wrepoado agent in
a multidnigrbgimon. The CD20 binding antibody can he
administered  concurrently, sequentially, oraltcmating
with the chemothorapeudc agent, or after
non.resptmsivcncss with  other therapy, Standard
chemotherapy for lymphoma treatment may include
cyclophosphamidc, cytarabine.  mclphalun and
mhoxamrone plus melphulan. CHOP Is one of the most
common chemotherapy regimens  3.5 for treating
Non-Hodgkin's lympbotna. The following are the drugs
used In the CHOP regimen: 



cycfophosphamide (brand names cytoxen, neosar);
adriamycin (doxanibicin / hydroxydoxorublrbi)t
vincristine (Oneovin); and prodnisolone (sometimes
called Deltasone or Orarsnte). In particular
embodiments, the CD20 binding antibody is administered
to a patient In need thereof in combination with  one
or more of the following chenrotheropeutic agents of
doxorubicln. cyclophosphamide, vine ristinc and 40
prednisolone, in a specific embodiment, a patient
suffering iiom a lymphoma (such an a non-Hodgkin's
lymphoma) Is treated with an anti-CD20 antibody of the
present invention in conjunction with CHOP
(oyclophoxpbamide, doxonibicin, vineristine and
prednisone) therapy. In another embodiment, the cancer
patient con he treated with it humanize d M20 binding
antibody of the invention in combination with CVP
(cyctophnuphamide, vh)cristine, and prednisone)
chemotherapy. In a specific embodiment, the patient 41
5 suffering from CD20-positive NHL is treated with
humanized 2H7,vl6 In colijunction with CVP. In a
spccific embodiment of the treatment of CLL, the CD20
binding antibody I$ administered in conjunction  with
chemotherapy with one or both of fludarabinc and "
ytoxaa. In treating the autoimmune diseases or
aumimntune related conditions described above, the
patient  can be treated with the CU20 binding
antibodies of the present invention in conjunction
with a second 10 therapeutic agent, such as as
hwmtnosttpptttosiw agent. such as in a multi drug
ragiman. The CT)20 binding  antibody can be
administered concurrently, sequentially or alternating
with the imnwaoaupprossiva agent at  upon
non-responsiveness with other therapy. The
intmunosnppresaive agent can he adminiamrod at the
some or laser dosages than as set forth In the at, The
preferred adjunct lmmutasuppressive agent will  depend
on many fact r;, including the type of disorder being
trained an well as the patient's history. 15
'Rmmanoauppressive agent" as used herein for adjunct
therapy refers to substances that act: to  suppross or
mask the immune system of a patient Such agents would
include substances that suppress  eytoklne production,
down regulate or suppress self antigen expression, or
mask the MHC antigens.  thxamples of such agents
include steroids such as glucocorticosteroids, e.g.,
prednisone, methylprednisolone,  And dexametbasone;
2-omino-6-aryls-suhatituted pyrimidines (see U.S. Pat.
No. 4,60,077), arathioprine 20 (or cyoloplasphamide,
if there Is an adverse reaction to azathioprine);
bromooxyptiite: glutamidehyde (which  masks the MRC
antigens, as desnibcd in U.S. Pat. No. 4,120,649);
anti-idiotypic antibodies For MI-IC  antigens and MHC
fragments; cyclospo r n A; cytokinc or cytnkine
receptor antagonists including anti- interferon-y,
-ji, or -a antibodies: anti-tumor necrosis factor-a
antibodies; anti-tumor necrosis factorp  antibodies;
antiinter1cukin-2 antibodies and anti-m-2 receptor
antibodies; anti-LST4 antibodies; 25 hetcrologous
anti-lymphocyte globulin; pan-T antibodies. preferably
anti-CD3 or anti-CD4/CD4a  antibodies; soluble ptptide
containing a LFA-3 binding domain (WO 90108) 87
published 7/26/90);  nreptnkinase TGP.ji;
streptodomasc; RNA or DNA from the host; FK506;
RS-61443; dcoxyapergualln;  rapamycin: T-cell receptor
(U.S. Pat. No. 5,114,721): T-ce)lreceptor fiagments
(Offner et al., Scicit e  25J:4-9(),432 (1991); WO
90/11294: and WO 91/01133): and T co11 receptor
antibodies (HP 340,109) such an  30 T 1009. For the
troatnhent of rheumatoid arthritis, the patient can be
treated with a CD20 antibody of the  invention in
conjunction with any one or more of the following
drugs., DMARDS (diseasamodliying anti- rheumatic drugs
(e.g., mcthotrcxate), NSAI or NSATD (non-steroidal
anti.inflummatory drugs),  HUMIRA'c*r (adalimumab;
AbbottLaboramrics), ARAVAa4 (lefluaonide),
RF-MTCADEtt) (inflixintabi 



35 Ccntacnr Inc., of Malvern, Pa), ENBRBT.
(etancrccpt; Immunex, WA), COX-2 Inhibitors. DMARDs
commonly used in RA am hydrwcycltrogoine,
sulfavalaninc, muthotfe)LAte, lefiunomida, etanercept,
infliximab, azathioprlne, D-panicillaminc, Gold
(oral), Cold (intramuscular). atinocycibne.
cyclosporine,  Staphylococcal protein A
Jarmmnnadsorptitn, Adallmtsntab Is & human monoclonal
antibody that binds to  TNPct. Inilixitnab is a
chimeric monoclonal antibody that binds to TNPa.
Jitanercept is an 40 "Jmmunoadbecin" fusion proleln
consisting ofthc cxtracellular iigond binding portion
of the human 75 kD  (p75) turner necrosis fhawo
receptor ('fNFR) linked to the Fe portion of human TgG
i. Par conventional t eatment of RA, see, e.g..
"Guidelines for the management of rheumatoid
trihrltis" Arthritis & Rhtumatlsm  46(2); 328-346
(February, 2002). In a specific embodiment, the RA
patient is treated with a CD20 antibody  42 5 of the
invention in conjunction with tmetbotrexate (MTX). An
exemplary dosage of MTX is nbotlt 7.5- 25 mg/kg/wk.
MTX Can he administemd orally and subeutamnusly. tat,r
the treatment of ankylosing spondylids, paorlatic
arthritis and Crohnk discern, the patient can  be
treated with a CD20 binding antibody of the invention
in conjunction with, her example. Remlutdedb
(lnfJlximab; from Centocor Inc., of Malvern, Pa.),
LNBREL (etanercept; immunex, WA). 10 Trearmwo for SLE
include high-dote cw oida *Oat cyclopbosphamids
(HDCC). Tor the treatment ofpamlasis, patients taw be
administered a CD20 binding antibody in conjunction
with topical ucaurrcntx, such as topical slgoids,
atdrralln, alcipinrica alobNasol. and taxamans, or
With  met obuxate, rednolda, cyclosporlnc, PUVA and
UVB therapies. in one embodiment, the psoriasis
patient  is treated with the CD20 binding antibody
sequentially or oonounently with cyclosporied. 15
Pharmaceutical Formulations Therapeutic formulators of
the CIY2O-binding antibodies used In accordance with
the present  invention are prepared for storage by
mixing an antibody having the desired degree of purity
with optional  phannaceudcnlly acceptable carrion,
exdplente or stabilizers (Romingmn's Pharmatatrrical
Sciences 16th 20 edition, osol, A. Ed. (1980)), In the
form of lyophllized formulations or aqueous solutions.
Acceptable  carriers. exeipients, or stabilizers ate
nontoxic to recipients at the dosages and
concentrations employed, and  include buffos such as
phosphate, citrate, and other organic acids;
aPIioxidaots including ascorbic acid and  methioninc;
preservatives (such to octadccyldimothylben yl
ammonium chloride; henametltoaiumcbloride;
benzalkuntum chloride, benzethonnium chloride; pheno),
butyl or benxyl alcohol; alkyl parabens such as 25
methyl or propyl paraben; catcchul; resorcinol;
cyclohcxanol; 3-pentanol; and m-cresol); low molecular
weight pest than about 10 residues) poiypeptdes;
proteins, such as scrum albumin, gelatin, or
immunoglohulin., hydrophilic polymers such as
olyvinylpymflidonc; amino acids such as glycinc,
glutarnlne, asparagine, bistidlne, arglnine, or
lysine; monnsacchatdes, disaceharides, and other
carbohydrates including glucose, mannose, or descries;
chelating agents such as EDTA; sugars such as 30
sucrose, mannitol, 6ehalose or sorbitoi; salt-forming
counter-ions such as sodium; metal complexes (e g.
Zft- protein camplcxcsk andlor non-ionic soffactants
such as TWR.T1N'M- PLURONTCS'msr crpolyethylene glycol
(PT?CT). Exemplary anti-CD20 antibody formulations are
described in W098156418, expressly incorporated
herein by raferance. Another formulation is a liquid
multidose formulation comprising the anti-CD20 



3,4 antibody at 40 mglutL, 25 mM acetate, 150 mM
trehalose, 0.9% betnyl alcohol, 0.02% palysorbate 20
at pH  5.0 that has a minimum shelf lift of two years
storage at 2-8C. Another ant-CD20 formulation of
interest  comprises iOmgfmL antibody in 9.0 mg/ml.
sodium chloride, 7.35 mend, sodium citrate dehydrate,
0.7mglmT. polysorbatc 80, and Sterile Water for
Injection, pH 6.5. Yet another aqueous pbarmoceutical
formulation comprises 10-30 told sodium acetate from
about pH 4.8 to about pH 5.5. preferably at p85-S, 40
polysorbnte as a surfactant in a an amount of about
0.01-0.1 % v/v, trehaloxc at an amount of about 2-10%
wlv, and beazyl alcohol as a preservative (U.S.
6,171,586). Lyoph)lize d formulations adapted for
subcutaneous administration are described in
W0979)4t{o1. Such lyophilized formulations may be
roeonstinned with a suitable diluent to a blgb protein
concentration and the rccunslituted formulation may be
administcrud subcutaneously to the mammal to be
treated heroin. 43 5 One formulation for the humanized
2H7 variants Is antibody at 12-14 mgfmT, in 10 mM
histidtne,  696 sucrose, 0.02% polyswbate 20. pH 9.8.
In a specific: cmbodanent, 2H7 variants and in
particular 2H7.v16Is formulated at 20ntglmL  antibody
in 10mM histddine sulfate, 60mg/m1 xucrose, 0.2 mgtml
polysorbato 20, and Sterile Water for  Tnjoaton, at
pH5.8. to the formulation herein may also contain men
than one active compound as nceesaary for the
particular indication being treated, preferably those
with complementary activities that do not adversely
affect each other. Pit axampls, it may be desirable to
further provide a cytotoxie Wet, chemaiwnpeudu  aaea6
cyloidne or immunos pprosstve agent (a g, one which
acts an x cells, such as eyclosporbt or an  antibody
that binds T cells, e.g. one which binds LFA. t). no
affective moon of such other agcnta 13 depends on the
amount of antibody present in the formulation, the
type of disease of disorder or treatment.  and other
factors discussed above. These are generally used in
the same dosages and with adminlsnation  routox as
described herein w about from I to 99% of the
heretofore employed dosages. The active ingredients
may elan be entrapped in micro capsules prepared, for
example, by  coacervatlon techniques or by interfacial
polymerization, for example, hydroxymethyJoellulose or
gelatin- 20 mlorocapsules and poly-(methybnerhacylnto)
nolerocapsules,respectively, in colloidal drug
delivery systems (for example. lipasomes, albumin
mierosphares, mierucmulsiorw, nano-particles and
nanocapsules) or in  macroomulsions. Such uxchndqucs
arc disclosed in Remingtort'sPharmaceurfcat Menem 14th
edition, Osol,  A.10.(3980X Sustained-release
pmparadnns may be prepared. Suitable esamplea
ofsustained-release 25 preparations include
semi-permeable matrices of solid hydrophobic polymers;
containing the antagonist.  which matrices am in the
form of shaped articles, a.$. films, or microcapsules.
Examples of sastained- rclease matrices include
polyesters, hydrogcls (fw example,
poly(2.hydroxyethyl-methacrylate), or
poly(vinylalcohol)), potylactides (U.S. Pat. No.
3,773,919), copolymers of L-glntatnie acid and
ethyl-L- glutamate, non-degradable ethylene-vinyl
acetate, degradable lactic add-glycolic acid
copolymers such ua 30 the LIJPRON DEPOTtw (iiVeetablo
miaospberes composed of lactic acid-glycolic acid
copolymer and  icuprolidc acetate), and
Puffy-D-(-)-3-hydroxybotyrle acid. The formulations to
be used for in vivo administration must be sterile.
This is readily accomplished  by filnadcm through
sterile filtration nsembraaes. 



33 Articles of Manufacture and Kits Another ombodimenl
of the Invention is an article of manufacture
containing materials useful for  the treatment of
autoimmunc discaus and related conditions and CD20
positive cancers such as non- Hodgkin's lymphoma. The
article of manufacture comprises a container and a
label. or package Insert on or  assuciated with the
container. Suitable containers include, fcr example,
bottles, vials, syringes, eta The 40 container may be
formed from a variety of materials such as glass or
plastic, The container holds a  composition which is
effective for treating the condition and may have a
Medic access port (for example the  container may he
an intravenous solution bag or a vial having a stopper
pierceabie by a hypodermic injection  needle)- At
least one active agent in the composition is a CD20
binding antibody of the invention, The label  44 S or
package insert indicates that the composition is used
for treading the particular condition. The label or
package insert will tnrtbar comprise iostructions for
administering the antibody composition to the patient
Package insert refers to instructions customarily
included in commercial packages of therapeutic
products,  that contain 1nfOnnati0n about the
indications, usagq dWMj% adnt*Mradoa, c
attrairdieatiasa and/or  warnings concerning the use
of such therapeutic products. Tn one ernhndimeny the
package insert indicates 10 that the composition is
used for treating ac e-Hodgkin;' Iymphonsa.
Additionally, the article of martufActurs may furliax
comprim a second container comprising a
pharmacaudealiy-acceptable buff, such as bacicrio
stafic water for injection (IWF7), phospfawbuffered
saline, Ringer's solution and dexvose solutio)L It may
further include other maaxfals desirable from a
cornmeraiai and user standpoint. including other
buffets, dilurna, filters, needles, and syringes. 15
Kits are also provided that are useful lbr various
purposes, e.g., for B-cel I lulling assays, as a
positive control for apoptosis assays, for
purification or bnmunoprccipiiation of CD20 from call;
. For  isolation and purification of CDZO, the kit can
contain an anti"CD20 antibody coupled to bends (e g.,
sepharose beads). Kits tan be provided which contain
the antibodies for detection and quaniltai(on of CD20
in vitro. C.& in an EUSA or a Wcstcrn blot. As with
the article of manufacture, the kit comprises a 20
container and a label or package insert on or
associated with the container. The container holds a
composition comprising at least one anti-CD20 antibody
of (ha invention. Additional containers may be
included that contain, e.g" dblueots and buffers,
control antibodies. The label or package insert may
provide  a description of the composition as well as
instructions for the Intended in vitro or diagnostic
use. 2i Cynomolgps monkey CD20 The invention also
provides an isolated nucleic acid comprising the nu
clcrdide sequence of SEQ 1D  NO.: 24 of the Cynomolgus
monkey CD20 as shown in FIO.19. To one embodiment, the
nucleic acid is a  eDNA. In one embudirncnt, the
nucleic acid encoding the monkey CD20 is In an
expression vector for  expression in a best cclL The
nucleotide sequence of SEQ ID NO,: 24 in the
expression vector is operably 30 linked to an
expression control sequence such as a promoter or
promoter and enhancer. The expression  control
sequence can be Wean be the native sequence normally
associated with the Cynomolgus CD20 gene, or
hoterologous to the gene. Also provided is on isolated
polypeptide comprising the amino acid sequence (SEQ ID
NO. 25; FIG. 19 & 201 of the Cynomolgua monkey CD20,
as well as boat cells containing the  Cynomolgus CD20
nucleic acid, 1a one aspect the boat ache am
eukaryotie cells, e.g., CI1O cells. Fusion  Al
proteins comprising the Cynomolgus CD20 amino acid
sequence or lingatents of the sequence are also  



contemplated. Experimental Examples Exsmvle I  40
Bumaniraticn of 2H7 antlCD20 mut4tac monoclonal
antibody Hunnnlzntion of the marine anti-human CD20
antibody, 2117 (also referred to harcin as m2H7, at
for routine), was carried out in a series of
site-directed mutagenesis steps. The murine 2H7
antibody  variable region sequences and the chimeric
2117 with the mouse V and human C have been described,
see, 45 e.g.. U.S. patents 5,846,818 and 6,204,023.
The CDR residues of 2H7 were identified by comparing
the  45 5 amino acid sequence of the marine 217
variable domains (disclosed in U.S. 5,846,818) with
the sequences  of known antibodies (Kabat et al.,
Sequences of proteins of immunological interest, Rd.
S. Public Health  Service, National Institutes of
Health, Bethesda, MD (1991)). The CDR regions for the
light and heavy  chains weirs defined based on
sequence hypervariability (Rabat at al, supra) and are
shown In Mg. IA and  !q([- I B, rcapcGively. tieing
synthetic oligonucteerides ('f'able 1), site-d irected
mulagmcsin (Kunkel, Proc. I U AWL Aead. Scr,
82:488-492 (1986)) was used to introduce all six of
the marine 2117 CDR regions Into a  complete human Pub
framework corresponding to a consensus sequence V,
T.VNIII (V j- kappa subgroup L Vu  subgroup 111)
contained on pMsmid pVX4 (Fig. 2). The phagernld pVX4
(14g. 2) was used for muhtgenesix as well as for
expression of F(ab)s In I3,  co11. Based on doe
phagemid pbO72U, a derivative of p00475 (Cunningham et
al.. Science 243: 1330-1336  15 (1989)), pVX4 contains
a DNA fragment encoding it humanized consensus
K-subgroup T light chain (VyK1 CJ and a humanized
consensus subgroup BT heavy chain (Valli-Cu 1)
and-IPN-cz (interferon a) antibody.  pVX4 also has an
alkaline phoaphntass promoter and Shinc-Dalgamo
sequence both derived from another  previously
described pUCI19-based plasmid, pAR2 (Carter at al.,
Proc. NM. Acad. Sci. USA x34: 4285  (1992)). A unique
Spel restriction site was introduced between the DNA
encoding for the F(ab) light and 20 heavy chains. T.he
first 23 amino acids in both anti-1FN-a heavy and
light chains art the Siff secretion  signal sequence
(Chung et al., Gene 55: 189-196 (1987)). To construct
the CDR-swap versloo of 2117 (2H7,v2), cite-directed
mutagenesis was performed on  a dcoxyuridine-conminiog
template of pVX4; all six CDRs ofanti-WN-a were
changed to the murine 297  CI)Rs. Vie resulting
molecule is referred to as humanized 2117 version 2
(2H7.v2), or the 'CDR-swap 25 version" of 2117; it has
the m2H7 CDR residues with the consensus human FR
residues shown in Figures I A  and IA. Humanized
2H7,v2 was used for further humanization. Table I
shows the oligonuclcoildc sequence used to create each
of the marine 2117 (m2H7) CDRn  In the H and 1, chain.
For exantpte. the CDR-Hi uligonuelcatide was used to
recreate The m2H7 H chain  CI)R1. CDR-iii, CDR-lit and
CDR-N3 refers to the H chain CDR 1, CDR2 and O.M.
respectively; 30 similarly, CDR-LI, CDR-L2 and CDR-L3
rcftrs to each of the L chain CDRs. The substJttnioas
in CDR-H2  ware done in two steps with two
allgantuleotides, CDR-H2A and CDR-H2R. Table 1.
Oiigonucleotide sequences used for construction of the
CDR-swap of murine 2117 CDR$ into a  human framework
in pVX4. Residues changed by each oligonncleotide are
underlined. SubsdinUon Oll onucleoeide uenee 



CUR-li I C TAC A TTC ACO AC TAT A&C AT CAC TOO OTC CO
S ID NO. 27 CDR-1,12A G ATT AAT CC T GACJM QQQ QAO ACO
AGC TAT AAC. CAG Ab,C  TIC AAG OOC CG SE ID NO.2R
CDR-H213 GAA TOG OTT OCA QQg ATC TAT CCT,QQQ AAC OOC
GAC AC  (SEQ ID NO. 29 CDR-H3 AT TAT TOT OCT COA OTG
Vj=TAC TAT AP-C AAG ASu 169 _T  J&Q CIAO , " -1.00 GGT
CAA GGA (SEQ ID NO. 30) CDR-LI
CTCCCACAC,CCAOCTCTTCTQTCACTCTATATO CATTO  S ID NO, 31)
CDR-L2 AA (TA CIO A ' 1 T TAC Q CC IQ AAC C1 'C QS Q
ItT GGA OTC C  SE ID NO.32 CDR-L3 T A T T A C T O T
CAA CAO TCO MA M=A=4AT CC,O = ACA TIT' GCA CAG SEQ 1D
N0, 33 46 5 For comparison with humanized constructs,
a plasmid exprosshrg a ebimsdc 2H7 Fab (containing
marine VL and VH domains, and human CL and CHi
domalcs) wus eonsttucted by site-directed mutagenesis
(ltunkW, supra) using synthetic ollgoaucleofdcs to
introduce the routine framcwcwk residues into
21f17.v2.  The sequence of the resulting plasmld
construct for expression of the chimeric Fab known as
2H7.v6.8. is 10 shown in Pig. 3. Such encoded chain of
the Fab has a 23 amino acid Stn secretion signal
sequence as  described for pVX4 (17g,2) above. Based
on a sequence comparison of the murine 2117 framework
residues with the human Vx1,Vallt  consensus framework
(Rigors IA and I B) and previously humanized
antibodies (Carter at al., Prat. Nall.  Aced Sci. USA
59.,4285.42S9 (1492)), several framework mutations
were introduced into the 2117.v2 Fab 15 construct by
site-directed mutagoncsis. 71eae mutations result in a
change of certain human consensus  framework residues
to those frond in the routine 21,17 framework, at sane
that MIght alfcc CDR  cnnflnmations or nmigea
contacts. Version 3 contained VH(R71 V, N73 n version
4 contained VH(R71 V),  vcmion 5 contained V"(8.71 V.
N731C) and VL(L4CP), and version 6 contained VH(R71 V,
N73K) and  Vt,(L46P,147W). 20 Humanized and chimeric
Fab versions of m2H7 antibody were expressed in 1i.
coli and purified as  follows, Plasmids were
transformed into B. ctdi strain 3(1,4 Blue (Stratagem,
San Diego, CA) for  preparation ofduublc-and
single-stranded DNA. For each variant, both light and
heavy chains were  completely sequenced using the
dideoxynuclentide method (Sequenase, U.S. Biochemical
Corp.). Plasmids  were trunsfirmcd into ti cal strain
MC9, a derivative of MM294, plated onto LB plates
containing 5 g/ml 25 carbenicillin. and a single
colony selected for protoda expression. The single
colony was grown in .5 ml 1.B- 100 pg/nt)
carbealciilin for 5-8 bat 37 C. The 5 ml culture was
added to 500 ml AP.S-100 pgfml  earbenlcillln and
allowed to grow for 16 h in a 4 L baffled shake flask
at 371C, APS media consists of: 1.5g  glucose. 11.0
Hycase SF, O.6g yeast extract (certified). O.19g
anhydrous MgSOe,1.07g NH.CI, 3.73g KCI,  i.2g NaC7.
120 ml ) M triethanotamino, pH 7.4, to I L water and
then sterile filtered through 0.1 pm 



30 Sealkccn filter. Cclix were harvested by
centrifugation in a I L centrifuge bottle (Nalgone) at
3000xg and the  supernatant removed. After freezing
fir 1 it, the pellet was resuspended in 25 ml cold 10
mM MF.S-10 mu  LiD'FA. pH 5.0 (natter A), 250 l of
O.1M PMSF (Sigma) was added to inhibit proteolysis and
33 ml ul'  stock to mg/ml hen egg white lysozymo
(Sigma) was added to aid lysis of the bacterial cell
wall. After 35 gentle shaking onice for 1 h, the
sample was centrifuged at 40,000x$ for 15 min. 7110
supernatant was  brought to 50 rot with bufer A and
loaded onto a 2 all PEAS column equilibrated with
buffet' A. The flow- through was then applied to a
protein Ci-Sapharosc C1.413(Pbarmaci0) column (0.5 ml
bed volume)  equilibrated with buffer A. The column
was washed with 10 ml buffer A and eluted with 3 ins
0,3 M  gtyc)ne, pH 3.0, into 2.25 mi I M Tris, pH H.O.
The Fish) was than buster exchanged into PBS using a
40 Ccntricun-30 (Amieon) and concentrated to a final
volume of 0.5 nil. SDS-PAGE gels of nil F(ab)$ were
run  to ascertain purity and the molecular weight of
each variant was verified by elcctrospray mass
spectrometry.  47 5 In cell-based BLISA binding assays
(described below), the binding of Fabs, including
chimeric 2H7  Fab, to CD20 was difficult to detect.
Therefore, the, 2H7 Fah versions wets ref) matted as
MI-length Igol  antibodies for assays and further
mutagauesis. Plasmids for expression of full4ength
lgC's were c:onstrrmsed by subuloning the VL and Vm
domains of chimeric 2H7 (v6,8)Fab as well as humanized
Fab versions 2 to 6 into previously described If) pRK
vcctcrs for mammalian cell expression (Gunman at at.,
DNA Prat Eng. Tech. 2:3-10 (1990)). Briefly,  each Fab
construct was dipped with EcnRV and Dipl to eacire a
Vt fragntent, which was cloned into the  lu aRV/Dip!
alias of pinxmid pDR1(11g 4) fin expression of the
complete light cbain (VL-CL domains).  Additionally,
each Fah construct wait digested with Pvull and Apal
to excise a Vx fragment, which was  clamed into the
Pvrdi/Apal sites of plasm ld pDRZ (Fig. 5) for
expression of the complete heavy chain (Vii IS
Cill-hinge-CHrCHH domobts). Fix each 1 G variant,
transient transfectioos were performed by
cotranafuuting a Ilghr cbaiu expressing plasmid and a
heavy-chain expressing plasmid Into an adenovirm-
trandarmed human enibryonic kidney call line. 293
(Graham at al., J. Gen, Viral, 36:59-74, (1977)).
Briefly, 293 cells were split on the day prior to
transfccdon, and plated in scrum-containing medium. On
the  following day, double-stranded DNA prepared as a
calcium phosphate precipitate was added, tihllowed by
20 pAdVAntago"m DNA (Prumcga, Madison, Wi), and cells
were incubated overnight at 370C. Cells were  cultured
in serum-frce medium and harvested after 4 days.
Antibodies were purified from culture  supernatants
using protein A Sepharose CL-413, then buff" exchanged
into 10 mM sodium succinate, 140  mM NeCI, pH 6.0, and
concentrated using a Centricon-10 (Amimn). Protein
concentrations wore  determined by quantitative
notice, acid analysis. 2$ To measure relative binding
affinities to the C20 antigen, a cell-based BUSA assay
was  developed, Human B-lympitoblastoid WIL2-S ucils
(ATCC CRT, $885, American Typo Culture Collection,
Rockville, MD) wort grown in RPMI 1640 supplemeoted
with 2 mM L-glutaminc, 20 mM HEPES, pH 7.2  and 10%
hem-inactivated fear) bovine serum In a humidified 5%
CO2 incubator. The calls were washed with  PBS
cimwining 1 %FES (assay buffer) and seeded at
250-300,000 cellhvell in 96-well round bottom plates
30 (Nunc, Roskilde, Denmark). Two-fold serially
diluted standard (15.6.1000 ng/ml of 2H7 v6,8
chimericlgG)  and threefold serially difated samples
(2.7-2000 rig/ml) In assay buffer were added to the
plates. The plates  



were buried in ice and incubated for 45 at. To remove
the unbound antibody, 0.1 ad, assay buffer were  added
to the wells. Plates were centrifuged and supernatants
were removed. Cells were washed two more  times with
0.2 inL assay buffer. Antibody bound to the plates was
detected by adding peroxidase conjugated 35 goat
anti-human Fc antibody (Jackson lmntunoResearch, West
Grove, PA) to the plates. After a 45 min  incubation,
cells were washed as described before. TM1J substrate
(3,3',S,S'-tetra)1etltyl bcnzldlne;  Kirkegaald &
Perry Laboratories, Gaithersburg, MD) was added to
this plates. The reaction was stopped by  adding I M
phosphoric acid. Titration curves were fir with a
four-parameter nonlinear regression curve- fitting
program (KoleldaGraph, Synergy software, Reading, PA).
The absorbance at the midpoint of the 40 titration
curve (mid-OD) and Its correspondingconcent'ation of
the standard were determined. Then the  cancentranon
of each variant at this mica-OD was determined, and
the concentration of the standard wait  divided by
that of each variant, Hence the values are a ratio of
the binding of each variant relative to the  41? 5
standard. Standard deviations in relative affinity
(equivalent concentration) were generally +/- I O%
between  experiments. As shown in Table 2, binding of
the CDR-swap variant (v.2) was extremely reduced
compared to  chimeric 2E7 However, versions 3 to 6
showed Improved binding. To determine the minimum.
number of mutations that might be required to restore
biadtgaflixz;tyto tbatofchimerie 2W, additional 10
mutations and combinations ofmutatious were
constructed by site-direct mutagenesis to produce
variants 7  to 17 as indicated in Tablet Iaparticular,
these included Vn twdad9as 4490, F67A, 1691., N73 Jr,
and  L78A; and Vt mutations M4L, W3I, and F71Y.
Versions 16 aced 17 showed the best relative binding'
affinities, within 2-fold ofthat of the chimeric
version; with no signiBcatt diffieeraco (s.d. m+/_
10%)  between the two. To mi timize the number of
mutations,.versioa 16; bxviajonly 4-mutations of human
15 Framework residues to murine framework residues
(Tablet), was theref e. chosen as the humanized form
for additional characterization. Table ! Relative
binding affinity bfhumanized 21I7IgO vatiattts to'CD20
compared to chimeric 2137  using cell-based ELISA. The
relative bindingis expressedss t1 corlcentradpa?othe
chimeric 21{7 over the  20 coacentrationof the vatiant
required for equivaent binding; hencea ratio'<l
indicates wealotr affinity for the variant Standard
deviation in relative afliaity determination averaged
+/-10%. Framework- substitutions in the variable
domains are rotative to the CDR-swap version according
to the numbering  system bfJCabat(Kabat etaL, supra):
2117 Reayy chair, (V, Idgi}tChain (`/.) Relative
version substitutions substitutions binding  6.8
CiiiSera G4iimeta -I-.  .2 .. CDKs .. . CDR.. _ 0:01 3
R7IV N73IC (CDR 0.21  4 R71 V CDR 0.21  5 R7IV N73K
,)SfbP 0:50  6 R71V N73K . L46P L47W 0.58  7 R71V L46P
033  



8 R7LV L78A .146P . 0.19  9 . R71V F67A LA6P 0.07.  10
R71 ir-F67 169L 6I! 0:12  11. If11 V .FGT ..L78A LA6P
... .. 0.49  ;12.. .A71:V .a16P M!4L 2  13 R71V M33I
031  14 117.1 V L446P F71Y : 0.25  .15  R71V .
941vf33I 026  16 R71V N7 A490 . L46P 0.65  17 R7IV,N73
A490. L46P L47W 0;67  25 . 49 5 Table 3
GligonucJeutide sequences used for construction of
mutations VH(A490, R71 V, N73K) and V l,(iA6P) In
humanized 2H7 version 16 (2H7.v 161 Underlined codons
encode the Indicated amino acid  substitutions. For
VII (R71V, N73K) and VC, (I,46P), ti>c aligns are
shown as the sense strand since thane  were used for
mutngenesls on the Fab template, while for Va (A49G),
the oligo is shown as the anti-sense  strand, since
this was used with the pRJC (ISO heavy chain)
template. The prolein sequence of version 16 is  10
shown in Pig. 6 and Flg, 7. Subslitutitm Oil do Vtt
(R71 V. N73K) ITC ATA mr OAC TCC AAA A TT  S W NO, 34
V A4 GCCAGt3ATAGA CCCATTCCAGGCC NO.35  V L46p
MGCTCC(IAAA ATITACGCr 3 1DJ .. Ibramille
Andgenbinding determinants (paratope) of 2H7 Alanine
substitutions (Cunningham & Wells, Science 244:
1081-1085 (I989) were made h) 15 2H7.v16 or 2117,v17
in unkrto test the contributions of individual side
chains of the antibody In binding to  CD20. IgC
variants were expressed in 293 cells from pDRI and
pDR2 vectors, purified, and assayed for  relative
binding affinity as described above. Several atanine
substitutions resulted in signiicdot decreascs in
relative binding to CD20 on WIL-23 cells (Table 4). 20
TahMM 4. Affects of alanino substitutions in the CDR
regions of humanized 2H7.v16 measured using cell-
based ALTSA (W)L2-S cells). The rctative binding is
expressed as the concentration of the 2H7.v16 parent
over the conccntradon of the variant required for
equivalent binding; hence a ratio <I indicates weaker
affinity for the variant a rut >1 indicates higher
affinity for the variant. Standard deviation in
relative  affinity determination averaged -4- 10%.
Framework substitutions in its: variable domains are
relative to 25 2117.vl6 according to the numbering
system of Kabat (Kabul ct at., .rupra). NBD means no
detectable  binding. The two numbers for version 45
are from separate experiments. Ti) R Iuenv chain Li ht
chain lativc bindin  version location bstitutiuns
substitutions 140 HI 26A 0.63  



141 HI 7A 0.47  HI 8A .86  3S 91 9A ,07  36 H1 130A
0.81  7 in S51A .97  142 III 2A 0.453  143 Ht .3A DB
1.2  0.2.5  0.31  WH2511AA 0,65  50 8 32 Y52A 411  14R
P52aA ,66  .9 H2 53A ,89  67 1142 54A 1.4  40 132
C355A .79  141 H2 56A 2.0  189 H2 t57A .61  0 2 IWSA
.92  91 59A .74 A2 A .80  13 lit 1A .83  194 132 K62A
A4  95 12 63A 3I  9 H2 IV71A 0.96  149 H2 K64A 0.82
1150 C65A 1.2  153 H3 V95A .89  12 F13 V96A 0.98  3 3
Y97A .63  4 H3 98A 40  45 43 899A .84.0.92  B 13 IOOA
.81 147 13 5100aA .85  48 13 YIOO5A 78  49 H3 100eA 02
59 H3 IOOCJA 10.98  



60 H3 IUOeA s  161 H3 IOIA .31  151 133 V102A 1.1  117
L1 24A 85  118 11 G 86  t 19 r 26A .98  120 Lt 827A
1.98  121 1 A 1.0  !22 t 29A .41  50 1 S3 A .96  51 .1
32A 1.0  123 1 33A 1,0  124 1 34A 0.21  125 2 Oc3 0.92
126 2 1A 0.88  52 2 352A 0.80  53 2 53A 0.76  54 12 A
0.60  127 L2 55Ci 1.1  128 2 56A 1.1  51 129 IL3 A
OA-46  130 3 90A <0.22  5 2 9IA ICL88  06 IL3 I. 92A
1.1  7 3A 0.36  58 C3 A 0.61  131 A iB  132 ?96A P.18
5 133 3 1197A 22  Examoie 3 Additloaai mutations
witbIa 2H7 CDR rcgioas Substitutions of additional
residues and combinations of substitutions at CDR
positions that were  identifled as important
hyAia-saatntins were also tasted. Several combination
variants, particularly v.96  10 appeared to bind more
tightly than v.16. Table 5. Effects of combinations of
mutations and nonalaninc substhutlons in the CDR
regions of  humanized 2H7.v16 measured using
cell-based ELISA (W1L2.3 cells). The relative binding
to Cl)20 is  expressed as the concentration of the
2E17,v16 parent over the concentration of the variant
requited for 15 equivalent bluding; hence a ratio e1
indicates weaker affinity for the variant; a ratio >1
indicates higher  affinity For the variant. Standard
deviation in relative affinity determination averaged
+/- 10%. Fnuncwnrk  



substitutions in the variable domains are relative to
2117.v16 according to the numbering system of Kabat
(Icabat at at,, supra), 2H7 eavychain 'ghtchain
elativebinding  version tiwtions Esubstitutions 116
-1- 96i 056A. NtOOA 392A 9..5  97 997 N100Ci YWOObi
.99  8 '990Nloos YI Ww 1.6  9 Ni YX 1 .80  101 N54S
DSGA 1.7  102 N54K 056A .48  1103 D56 NHOA 2.1  1104
599T NIDO0 .81  10,5 99f N10OS 1.1  106 N1000 1  167
StOOa[I YlOObS 136 56A NIOOA $56A S92A 2.6  137
D56A.N300A A55G 392A .1  156 056A, N100A
,926A,S56A,392A I 107 056A, N100A TI OIM 992A nt ox
ressed  382 Y27W 52 I R3 Y27F  J84 129Y  185 N29W 1R6
Y32I _  IR7 Y$2W 1188 33  189 N33D  190 3Y  191 .33
Ox .5S  fN3 0503 1210 OR  111 JA$OV  J2 SOi.  168 Y52W
169 Y52F 7S  170 N54D .25  



171 N54S 1.2  172 D56JC I  173 56R 174 6H 1.5  175
05611 1.2  11 D56. 214 0560  15 D56N  Id A56Y  176 59W
177 Y59F  180 IC62R  181 1C62D  178 F63W  179 F63Y
I157 97W .64  158 Y97F 1.2  139 98W .64  1 f.,0 8F 88
106 N100G 161 W I OOcY .0.5  J62 W100CL4 .27  163
100eY ,59  164 PI(IOCW .71  165 1)101N .64  166 599G
N]WC3 S)00a1YJOObdeleted .99  217 V I02Y 1.0  207 H34Y
33 193 N  194 E  192 12IN Y  197 N  15 Kr 920 198 P93Y
1+19 w  2U4 p935 N94Y  2t10 6L )I 6Y  



a 6w  203 5 Exam 1 Mutations at situ of framework
humanization substitutions Subsdtations of additional
residues at framework positions that were changed
dtring humanization  10 were also tested is the
2H7,v16 background. In panEcuiat, alternative
framework substitutions that were  neither found in
the marine 2H7 purent nor the human consensus
framework were made at V,746) and  Vn(049. V71, Had
K73). These substitutions generally led to little
change In relative btndiug (fable 6), indicating that
there  is some flexibility in framework tesiditas at
these positions. 15 Table ik Relative binding in a
=11-based (WIL2S) assay of framework substitution, i G
variants are  shown with mutations with respect to the
2H7.v l6 background. The relative binding is uxpmsscd
as the  concentration of the 2H7.v6.8 chimer over the
coriaantradon of the variant required for equivalent
binding;  hence a ratio <1 indicates weaker affinity
fnrthe variant, a ratio >1 Indicates higher affinity
for the variant 20 Standard deviation in relative
affinity determination averaged +f- 10%. Framework
substitutions in the  variable domains are relative to
2fi7.v16 awarding to the ntmnbcring system of Kabat
(Kabat e(a1.. 4wpru).  (*) Variants that were essayed
with 2fl7.v 16 as the standard comparator; relative
values are normalized to  that of the chimera. 12H7
Iaavy chain ight chain Rclalivc binding  version
ubstitutions ubst)mtlons chimer chimera -1- 16 U.64
7R K73R 0.72  19 K73H 0.49  80 K73 058  81 V711 .42
82 V71T 0.58  83 71A 84 0493 0.32  54 05 349L ti
P4tSFs 0.22  87 11 46V 1  as 46T  108 f749A V71 K73R
392A 2L P461 0.026'  109 249A, A49C V71T. K73R S92A
M32 P461 6' 110 K73R. DS 14TOOA 9 M32L Mat rand  111
9A V71T K73R .46' 



112 9A.ASOC V71T K73R .I2+  (') Variants that were,
essayed with 2147,v16 ac the standard comptaxtrhr;
rclhUve values arc normdixai to that of the chimera,
5 Example  Humanized 2117 variants with enhanced
effector functions 13acauvte 2137 can mediate lysis of
8-cells through both complement-dependent cytotoxtcity
(CDC)  10 and antibtxly-dependent cellular
cytotoxicity (AD(:C), we sought to produce variance of
humanized 2H?.vl6  vrith Improved CDC and ADCC
activity. Mutations of certain residues within the Pc
regions of other  antibodies have been described
(Idusogia ei ai.. /. fmtmv ol.166:2571-2375 (200I))
for improving CDC  through enhanced binding to the
complement component Clg. Mutations have also been
described (Shields  ct at., /. Bird. Cite a.
276:6591-6W4 (2001 )-, Pasta et al., Biochatm Sam
Trans. 30:487-490 (2002)) for 11 improving ADCC thmugh
enhanced ISO binding to activating Pay receptors and
reduced ISO binding to  inhibitory lhcyrxceptOts. )n
lauteolor, three munitions have been identified for
improving C)C and ADCC  activity: S298A/H333A/K334A
(also referred to herein as a triple Ala mutant or
variant numbering is the Pc  region is according to
the Eli numbering system; Kabat et al.. supra) as
described (ldusogie et al.. supra  (2(X11); Shields ct
al., supra), 20 To order to enhance CDC and ADCC
activity of 2H7, a triple Ala mutant of the 2H7 Pc was
constructed. A huroanked variant of the anti-HER2
antibody 4d5 has been produced with mutations
S298A/E333A/K334A and is known as 41)3Vol10 (Is.,
anti-ptaaHKR2 I&Cl ($298A/R333A/K334A);  Shlcids ci
al., supra). A plnstttid, p4D3kc110 encoding antibody
4DSFc110 (Shields et al., saps) was  digcatcd with
Apal and 11rndltt, and The Pc-fragm nt (containing
mutation S298A1R333A/K334A) was 25 8ga ed into the
ApalJLWid 111 sites of the 2H7 heavy-chafe vector
pDR2-v16, to produce pDR2-v31. The  amino :u;id
icqucnce of the version 31. complete 11 chalo is shown
in Fig. 8. The T. chain is the same as that  ofvl6.
Although the constant domains of die Pc region of I&01
antibodies are relatively conserved within  a given
spcaics, alIclic variations exist (reviewed by
i.efrano and f efranc, in :fhe human lgG subdtusas  30
inalecalaranalystx of'struciura, funclfon, and
regulatlaa, pp, 43.78, F. Shakib (ed.), Pergatnmoa
Pass.  Oxford (1990)) Table 7. Effects of nuhittudans
in the Pts region on CD20 Winding. Relative binding to
CD20 wee  mcaaurcd in a call-based (WIL2-S) assay of
framework suubstituUoos. Pc mutations ('h are
indicated by BU  35 numbering (Kabat, supra) and am
relative to the 2H7.v 16 parent. The combination of
three Alit changes in 55 5 the Ile region of v.31 is
described as "Ful I0." TgQ varients are shown with
mutatloos with rcapcat to the  2H7.v I d background.
'ive relative binding is expressed u d ie t
nncemratlon of the 2H7.v6.R chimera over  the
tvtncentmtion of the Variant roquited for epulvaleul
binding; bent a ratio <t indicates weaker affinity
+/- 1095. for the variant, Standard deviation in
relative affinity determination averaged  2H7 Pe
Relative  version SubxUtut  Inx  



16 0.63  31 329 2333A K334A 0.62 JO Jamie 6 Humanized
2117 variants with enhanced stability For developatent
as therapeutic proteins, it is desirable to
ehocsevariants that terrain stable with  respuct to
oxidation, deamidation, or other processes that natty
affect product quality, in a suitable 1.1 formulation
buffer. In 2J(7.v16, several residues were Jdentif ed
as possible suuroca of instability: VI.  (M32) and VH
(MM, NI 00, 'rberefore, mutations were Lmroduced at
duet silts forcvmpariann with vi &  Table S. Relative
binding of 207 variants designed for enhanced
stability and/or effeUOr function, to CD20  In
acefl.haaed(WR.2 S) assay. iga variams are shown with
mutations with respect to the 2H7.v16 20 background,
no reativo binding is expressed as the concentration
of the 227.v6.$ chimera over the  ccnccnlrxtkm of the
variant roquircd far cgaivalent binding, hence a ratio
<I indicates weaker affinity for  the variant.
Standard deviation In relative affinity determination
averaged +/- 1096. Framework  atdwdtutionr in the
variable domain, are relative to 2H7.vl6 according to
the numbering system of Kabat  and Fc mutsdons (") are
indicated by SU numbering (Kabra of at, supra. (')
Variants that were mcesurcd 25 with 21,17.06 Out the
btundard comparator, relative values arenwmalizcd to
that of the cffimcra.  Additional Fe mutations were
combined with stability or affinity-cnhuncing
mutations to alter ur  enhance effector functions baud
nn previously reported mutations (idusoide ct al.
(25100); Idusogie ct al. (2001); Shields etaL (2001)).
These changes include $298,13333A, K334A as desc ibed
in  Firtemplc 5; K322A to reduced CDC activity; D265A
to reduce ADCC acdvIty; K326A or K326W to 30 enhance
CDC activity; and 23560/M358L to Lest the effects of
nllotypk changes In the Ye region. Neat of  them
netutionna caused significant differences In CD20
binding aftitiity. H7 Heavy chain 'ghtchain changes
elahve  vemion (Vt)chan s thanes iodin  .ti 1(chimera)
chimera -1- 16 .65 21 .46  .49 .74  7W ,62  q4A 56 6R
M321 0.43  F2 M32! a2  70 1100A 529 2333 X334A I IGDD
S298 8333, IN334A 0.41  2 NIOOA 432I 0.59  3 HIOOA 2L
.53  4 4100A 4321 29 R3 K334A 141  75 IOOA 432L 2
IC334A 040  



t I3 61) M$S8T. 6000  114 NIOOA 592A 29R 3 K334A 1.2**
115 6A N l WA 43 592A 298A -- ]t344A P3 M lA"*  116 A
NIOOA 432L $92A 298A 1034 X322A 1.244  334 56 NIQCA
432T S A 356A M3587 TY265A 15"*  135 I)56A N100A 432L
$924 3561) M358 1132654K326W 0.95** 1.2"*  138 6.4.
N1004 32L $92A 298A L333 1(334413264 139 SGA, NTOOA
32L. S92A S29 I5M X334A 1(326A B356N M358L 1.1**  154
D26SA .70.0  155 -., 29841(3224, K334A 0.70"*  (0*)
Variants that were measured with 2H7.v16 as eompamror;
relative binding values are nnrmallizcd to that of the
chimera.  .5 To test the affects of stability
mutations on the auto of protein degradation, 2H7,v 16
and 2H7,v73  were formulated at 12.14 ingfnL in 10 mM
WWaddles. 6% suaosa, 0,02%po1ysorbate 20, pH 3.8 and
Incubated at 40C for 16 days. The Incubated samples
were than assayed for cliangus in charge variants by
inn exchange chrnmutngmphy, aggregation and
fragmentation by size exclusion chromatography. and 10
relative binding by testing in a toll-based (WIT2-S)
assay. z11e xsuits (Fig. 9) show that 2A7 v.73 has
greater stability compared to 2117 v.16 with respect
ro  losses In the 0acilon of main peak by Ion exchange
chromatography under sceeleratcd stability conditions.
No significant differences were seen with respect to
aggregation, fragmentation, orbinding affinity. 15
Examv[o 7 Scatchard aaalysTn of antibody binding to
CD20 on WILZS cells 13quBibrium dissociation constaats
(ICs) wnm; delennined for 2H7 TgC) variants binding to
WIL2-S  cells using radiulabeled 2H7 40. Igo variants
were produced In CHOcalls. Rituxan(r) (solace for all
cxpcrimants is Gcnenicob, S. San Prandsoo, CA) and
marine 2H7 (AD PharMtn&on, San Diego. CA) were 20 used
1'wcumparisoA with humanized variants, The marine 2H7
antibody is Also available from other  soureas, eg.,
cBiuscience, and Caiblochetn (both of San Diego, CA).
Accurate Chemical & ScleatI .c Corp..  (Wcxtbury, NY),
Anccil (Bayport, MN), and Vinci-Siocheat (Vinci,
itdy). All dilutions were performed In  binding assay
buffer (DMEM media containing i %bovine sorum albumin,
25 mM HEPES pH 7.2, and 0.01 % xodium undo). Aliquots
(0.025 nd.) of 2ssl'21I7.vl(i (iodhtated with
iactoperoxidase) at a 25 conconmstinn of 0.8 nM were
dispensed into wells of a V bottom 96-wclT micrnassry
plate, and serial  dilutions (0d)5 ml.) of cold
antibody were added and mixed. WILl-S calls (60,000
colTs In 0.025 mL) ware  than added. The plate was
sealed and Incubated atroom temperature for 24h, then
centrifuged for 15 min at  3,500 RPM. 'The supernatant
was then, aspirated and the call pellet was washed and
centrifuged. The 57 5 supernatant was again aspirated,
and the pellets were dluoLved in IN Na0H and
iramiforrcd to tubes for  gamma counting. The data
were used ft r Scauthssd analysts (Munson and Rodbtud,
Anat. Skscham.  107:220.239 (1980)) using the program
tJgand (hfcPherson. Camp" !'r Insists Blamed 17:
107-114  



(1983)). The results, shown Is Table 9, Indicate that
humanizzd 2H7 variants had similar CD20 blading
nffinity as compared to murlne 2H7, and simikv bir
ding affinity to Rituxane9. Ii is expected that
2H7.v31 10 will have very slmtinr Kg to v.16 on an
basis of the biadingshown in Table 7 above.  Table 0.
Equilibrium binding affinity of 2117 variants from Sam
lent analysis  Antibody vas' ant K,t (rM) n Ritusan
0.9 049 3  2117 (marine) l 3f0, 3  2H7.v16 0.84,;0.37
4  2 .v73 1,22039 4  2H7.v75 1. _ Exumple8  15
Complement Dependent Cytotordaity (CDC) Assays
21-17180 variants were assayed for their ability to
mediate complement-dependent lysis of. WIL2'S  cells,
a CD20 expressing lymphoblastold B-cell line, essemla
lly as described (Tdusngie et of, J. ImmweoL
164:417&4184 (2000); Idusugic et al" J. ImmanoL
1662571-2575 (2001)), Antibodies were serially diluted
1:3 from n 0.1 urgilml, stock solution. A 0.1)5 mL
allyirot of each dilution was added to a 96-well
tisruc 20 culture plate that contained (A5 mL era
notation of normal human complement (Quldel, San
Diego, CA)  To this' mixture, 50,000 WIL2.S calls ware
added in a 0.05 mL volume, After Incubation for2h at
3rC,  11.05 mL of a solution of Alamar blue (Accunwd
)nrernatloaat, Weedake, OH) was added, and incubation
was continued for an additional I8h 4137T. Covers were
then removed from the plates, and they were  shaken
for 15 min at room temperature on an orbital shaker.
Relative fluorescent unite (RFU) were read 25 using
s,1$0 tun excJtatlon llltccsad a 590 nm emission
filter. An ECae was calculated by fitting RFU as a
function of concentration for each antibody using
RGde)daGraph software. '1'he results ('fable 10) show
surprising Improvement in CDC by humanized 2H7
antibodies, with  relative potonq similar to
Rituaran(r) for v.73,3-fold more patent than RituxanO
for v.75, and 3-fold weakar  than Rituxan(r) for v.16.
30 Table 10, CDC activity of 219'7 antibodies compared
to Altman. Numbers >1 indicate less potent CDC
activity than RituxanM and numbers <t Indicate morn
patent activity than Ritrrxun(r). Andbodiae were
produced Worn stable CHO lines, except that thuse
Indicated by (") were produced transiently . Antibod
variant variant C Rfuxan  1 ran -1 H7.v16 b.72; 4.08
12If7.v31+ 4 2.21  II7.v73 11.05  H7.v7.5 4 .13 58
12H7.v96* .956  287.v314 378  2H7.v1S 4 0.475 7.v116*
1 100  



5 H7.v 13S* .42 4  yommyto Antibody Depaudmtt Cellular
Cytotmdwsy (ADCQ Assays 2117 ISO variants were assayed
for their ability to mediate N atu nl-KiUcr OCR (NK am
lyaa of 10 W [L2.3 eclh n 0920 exp rcnsing tytnp
hoblssold A cell fi g a codahly at desc bed (Sbiokts
at ai, J. Biel  Chant, 276.6591-6604 (2001)) using a
lactate dehydrogonaxe (LDH) readout NK calls were
Voluted ftm  100 mL of haparinized blond, diluted with
100 mL of PBS (phosphate bufkred saline), obtained
from  normal human donors who had been isoiyped for
PcyR11i. also known as (MI6 (Kounc et al., Blood
90:1109-1114 (1997)). In this experiment, the NK arils
were from human donors harerozygous for CD16 15
(F158NI58). The diluted blood was layered over 15 mL
of lymphocyte separation medium (ICN  Diochemcal,
Aurora, Ohio) and centrifuged fur 20 min at 20( RPM,
White cells at the Interface between  layers were
dispensed to 4 clean 50-mL tubes, which wore tHIIcd
with RPMI medium eeutuinng 15% fetal  calf serum,
Tubes were centrifuged for S min at 1400 RPM and the
supernatant discarded. Pellets were  rosuspended in
MACS buffer (05% RSA, 2mM F.DTA), and NK cells were
purified using buds (NK Cell 20 isolation
3)4130.046-502) aecarding to the manufacturer's
protocol (Milienyi Biotech,). NK cells were  diluted
in MACS balyor to 2xI0 celis/mL. Serial dilutions of
antibody (0.03 niL) In assay medium (l'12/DML'M 30:50
without glycias. 1 mud  HDP1iS butler pin 7.2,
PeanlcilIinlStreptomycin (100 units(mL; Cihcn),
gtmarniit, and 1% heat-Inactivated  fetal bovine
scrum) were added to a 96-well round-bottom tissue
culture plate. W1L2-S calls were diluted in 25 away
bufbr to a eeneentrailon of4 x I(MnL. WCL2-S cells
(0.05 M per wall) were mixed with diluted  antibody in
the 96-wc11 plato and inaubalal for 30 ails at room
temperature to allow binding of antibody to  CI)20
(apsnnn'vtuion). 'llte ADCC reaction was inlrintml by
adding n I ml. of NK calla to nach wall. In ,mntml
walla, 756  Triton X100 was added. 'fbe plate was than
incubated for 4h at 37C. Levels of LDH released were
30 measured using a cytotoxicity (LDH) detection kit
(KSt*1644793, Roche Diagnostics, Indianapolis,
biJiaan.)  following the manufacturers tneanctions.
0.1 mL of LDH developer was added to each well,
followed by  mixing for I Os, The pate was then
covered with aluminum foil and incubated in the dark
at mom  temperatum far IS min. Optical density at 490
tea was then read and use to calculate Tn lysis by
dividing by  the total LDTH measured in control wells.
Lysis was plotted us a function of antibody
concentration, and a4 35 parameter curve fit
(KaleldaCiapli) was used to determine F.Cso
concentrations. The roautis showed that humatilxed12H7
aotibodles were active to AMC', with relative potency
20- told higher than RituxanS 1'tr v.31 and v.75,
5-fold more potent than Rita,en(r) for v.16. and
abnost 4-land  higher than RituxanO for v.73, 59 S
Table It ADCC activity of 2H7 untbodies on WIL24 calls
compared to 2H7.vl6, based on to  oxperldtonis.
(Values at Indicate lower potency than 2H7.v 16, and
values <1 Indicate greater potently.)  B oily
mt)/HGn(2Fi7.v1 Antibody variant It Riluxun(r) 4 5.3  



2R7,vl6 5 t  2 vim- 1 0,24  2H7.v73 5 1A  2H7.v75 4
0.25 Additional ADCC assays ware carried nut to
cunipse eombinod n vardunta of 2H7 with Rltuxanrt.  10
The tcauita of these assays Indicated that 2H7.v t 14
and 2R7.vl 15 have a l0-fokl improved ADCC potency  ax
compared to RhuxanO ('t'able 12). 'rabic 12, ADCC
activity of 2H7 antibodies on W1L2 3 calls compared to
Ritoxantq, based on a  experiments (Values >1 Indicate
lower potency than RituxunCP, and values <i Indicate
greater potency).  15 ntihnd variant FiC50 variant ,50
'luxatt  Rltuxnnll) 2H7 Y.16 2 062 217 v.96 1.58
H7.v114 2 093  2H7.v115 10083  2H7,vl16 0.30 1tramnle
10 7n to effects of 2H7 variants In a pilot study In
cynomolgus monkeys 207 variants, produced by transient
traasfaufon of CIIO cells, were tested In normal male
20 cynomolgus (Maraca faartrularfs) monkeys in order
to evaluate their in vivo activities, Other anti-CD20
antibodies, such as C2B8 atltuxanD) have demonstrated
an ability to deplete B-cells in normal primates
(Rcifce of.. BNavd 83:435-445 (1994)). In one study,
humanized 2H7 variants were compared. In a pmnliel
study, Rituxan(r) was also  tested in cynomo)gus
monkeys. Four monkeys were used in each of five dose
groups: (1) vehicle, (2) 0.05  25 mg/kg 14121-11M 6,
(:3)10 mg/kg huZR7,v16, (4) 0.05 mg/lyg hu2H7.v31, and
(5) 10 mg/kg hu207.v31. Antibodies were administered
intravenously at a concentration of 0, 0.2, or 20
rag/ml, for a total of two  doses, one on day I of the
study, and another on day S. The first day of dosing
Is designated day 1 and the  previous day is
designated day-1( the firstday of recovery (fart
animals in with group) Is designated as  day 11. Blond
samples were collected on days -19,-12, 1 (prior to
dosing), and at 6h, 24h, and 72h 30 following the
first dose. Additional samples wen: taken on day 8
(prior to dosltt&,day 10 (pilot to sacrifice  or2
animals/group), and on days 36 and 67 (for recovery
animals). Peripheral 11-cell concantratlons were
determined by a PACS method that counted CDa /CD40+
coils. The percent o(C03CD40+13 cells of t ia1
lymphocytes in monkey samples were obtained by the
ti,linwing gating strategy, The lymphocyte population
was marked on the forward seaucr/ side scatter 60 5
tcuttergram to define Region I (R I). Using events In
AI, flanrascance intensity dot plate were displayed
for  CD4O and C)3 markers. Fluorescently labeled
Isotype controls werre used to dete n lne respected
cutoff  points ror C040 and 0)3 positivity. The
results indicated that both 2H7.v16 and 2H7.v31 were
copmbis of producing full peripheral B- cal depletion
at the 10 mg/kg dose and partial peripheral B-cell
depletion at the OM mg/kg drug (Mg- I IN  



10 The dmc =Wage and extent of B-cell depletion
measured during the first 72h of dosing wits similar
for Ufa two antibodies, Subsequent analysis of the
recovery animals indicated that attitude treated with
2H7.v31  showed a proMagol depletion of B-cells as eo
{pared to time date{ with 21V.v16, In particular,
recovery  animals treated wish 10 mg/kg 2H7.06,
9-cells showed substantial 1i-cell recovery, at some
time between  sampling un Day 10 end on Day 36.
However, for recovery animals treated with 10 mgfg
2H7.v3 t, B-cells 15 did nut show rcuuvcry until some
time between Day 36 and Day 67 (leg. I1). Two suggests
a greater  dumtfnn of full depletion by about one
month for 2H7.v31 compared to 2H7.v16. No toxteity was
observed to rhs monkey study at low or high dose and
the gross pathology was  normal, In other $tudies, v16
was well tolerated up to the highest dose evaluated of
0 06mg/kgx2 a 1200  mg/m2 x2) following 1.r.
adnnitdsiradOn of 2 doses given 2 was apart in these
monkeys. 20 Data in Cynomolgus monkeys with 2H7.v 16
vague RituxanS suggests that a 5-fold reduction In
CDC activity does not adversely affect potency. An
antibody with potent A.DCC activity but reduced CDC
activity may have more favorabis safety profile with
regard to first btfrtslon t'eaetletls than one with
greater  CDC activity. 25 ICXFn wit 7I Viscose
deficient 217 variant antibodies with enhanctd
effector function Normal CRO and HEK293 coils add
ibcose to 40 ollgosaceharldo to a high degree
(97-98%). lgG  from saro are also highly fucnsylatcd.
DP12, a dihydrofolata reduetase minus (DHFR-) CHO cell
the that is Aucosylatun competent, and  30 I-ea13. a
cell One that is deficient in protein fucnsyladoa were
used to produce antibodies for this Study. The  CJ-10
call line Pro. eai 3.6a (1.cc 13), was obtained item
Professor Patuela Stootey of Albert Einstein  College
of Medicine of Yeshiva University. Parental fins are
Pro- (prolins auxotroph) and Q. fgiycine,  adenosine,
thyrnldbte auxotroph) 7ha CHO DP 12 ccli line is a do
ivativc of the C1IO-KI cell line (ATCC  #CCL-6) ),
which is d1hydrofolate reductase deficient, and has a
reduced requirement far insulin. Coil lines 35 were
transfcotcd with uDHA using the Superleot method
(Qlagen, Valencia, CA). Selection of the Lec13  cells
expressing tmnsfected antibodies was portimned using
poromycin dihydrochloride (Calblochem, San  Diego, CA)
at 10 sg/nd in growth medium containing: MEM Alpha
Medium with L-glutamitte.  ribonucleosldes and deoxyn1
onuclensidcs (GIBCO-BRL, Qaidae'sburg, MD),
supplemented with 10%  inactivated ttl1S (GJDCO), 10
mM HIM';, and 1X penicillin/streptomycin (C1SCO). The
CEO cells were 40 similarly selected in growth
mediumcontnioing Ham's F12 without OTM. I.ow OIucaw
DMEM without  Glyclna with NaHCO3 aupplemcnted with 5%
PBS (OIBCO),10 tnM RUPIIS. 2 mM L-glutamine, IX
GIIT(glyclae, hypoxanthine,thytnidlne), and IX
punlcilIin/Stra plomyein. Colonies formed within two
to three weeks and were pooled for expnnainn and
protein expression.  The cat t pants were seeded
initially at 3 x 101 cells/10 cm plate for small butch
protein expression. The calls  61 3 were converted to
serum-free media trace they grew to 90.95%smfluenoy
and after 3-5 days cell  supernatants were collected
and tested ht as Pe It()- and Intact Tg0.13L13A to
estimate protein expression  Ievcha. lael3 and CHO
cells were aceded at approximataty S x 100 colW d5 can
plate one day prior to  converting hr PS24 production
medium. sapplamcotcd with 10 mg/Lrecotnbinanl human
insulin and 1 M&4,  trace elements. 



10 lAc13 ceIk and DP l2 cotta remained in sw w fln
prodwthtn nwdktm fix 3.3 days. Suptanatants  were
collected and clarified by nantiflugatioa fn 150 m1
eonkd Mahan to remove cells and debtie. 'The  prom=
tnbiidom a PMSF and eprodahe (Sigma. St. Louis, MO)
were added and the suparoatants were  concentrated
S-fold on stirred ells using MWCO30 filters (Amictrn,
Beverly, MA) prior to 1=mediate  purification using
protein 0 chmmatogrephy (Amereham Pharmacist Biotech.
Piscataway, NJ)). All proteins 15 were buffer
exchanged into phosplw s-buffered satin (PBS) using
Centripricp-30 cancantrawrs (Anton)  and analyzed by
SUS-poiYaaylauide gel clccuopbtresic Protein
concentrations were detelnnlned estng  A280 and
verified using amino said composition analysis. The
CHO Cells were transkotcd with vectors expressing
humanized 21`17v16, 2117v.31 and selected  as
described, The 2H7vj 6 antibody retains the wild typo
Fe region while v31 (sec Example 5, Table 7 20 above)
bas an Pe region wherein 3 anrtno acid changes were
made (S298A, E333A,1C334A) which results in  higher
affinity for the Fe?RliTa receptor (Shields et al. 1.
Riot. Chem. 270 (9):6591-6604 (1001)). Fotlowina
transfectien and aclceticn, individual colunics of
cuBs were iaclutcd and evaluated furproxin expressinn
level and the highest producers were subjected to
mcthontxate adecticn to select fm echo that had
amplified  the plaamid copy number and which Uuwefura
produced higher levels of antibody. Cella were grown,
2$ tmnxfcrtcd to scrum fits: medium for a period till
days, then the medium was colkcWd, loaded unto a
protein A column and eta antibody was eiukd using
standard technignw. The final concentration of the
antibody was determined using an Elise that measures
Intact antibody. All proteins were buffer exchanged
into phosphate-bufTered online (PBS) using Ccntriprig
-30 concentrators. (Amleon) and analyrad by SDS-
polyncrylamlde get efecrrophoreefa. 30 Matrix-Assluad
LairDesorptioMonirarlon Thne.of}14ht (MALA J7OP) Mars
Spectra, Analysis  nfAaparagine-Linked Cfl osaccbadd s
N-linked oligosaceharides were released from
recombinant  gtyarprutcins using the procedure otPspac
at at, GfycobloIORY 8.441.454 (1998). Briefly, the
wells of a 96  well PVDF-lined microtlire plate (Mi
lpora, Bedloni, MA) were conditioned with 1001(1
methanol that was  drawn th r ugh the PDVV membranes
by applying vacuum m the Millfpom Multinemen vacuum
maniftld. 35 Tito conditioned PVDF membranes were
washed witll3 X 250 pd water, Between all wash steps
the wells  were dralued completely by applying gentle
vacuum to the manifold. The membranes were washed with
reductiun and earboxymethylatlon buffer (RCM)
consisting of 6 M guanidine hydrnohhnide. 360 mM
Tria.2  mM RTYTA, pH F.A. Glyeopmtcdn aamplas (50 pg)
were applied to individual wells, agate drawn tbrovsh
the  PVI)F membranes by gentle vacuum and the wells
were washed with 2 X 50 K of RCM buffer. 'the 40
lmmnhihsed maples were reduced by adding 50 l Ole 0,1
M dithiothrsltol (DTI) solution to each well  and
Incubating the micmtitre plate at 37C for 1 hr. f t
was removed by vacuum and the was were  washed 4 a 250
pl water. Cysteine residues were carboxylmathytatcd by
the addition of 50 p1 of a 0.1 M  indoacetic aid (IAA)
solution which was freshly prepared in I M NaOH and
diluted to 0.1 M with RCM  buffer. Carboxymethylation
was accomplished by incubation for 30 train in the
dark at ambient tomperatue. 62 5 vacuum was applied to
the plate to remove the TAA solution and the wells
wore washed with 4 x 250 l  puriilod wear. The PVDF
membranes was blocked by the addition of 100 sI of 1%
PVP360  (pulyvinylpynoldlne 360,000 MW) (Signor)
sohttlon and incubation for I brat ambient iampeaata.
The  PVR360 solution was removed by geniis vacuum and
the wells wore washed 4 x 250 pi wow. 'The PNDwic  



P (New Unglued Bialabs, Beverly. MA) digest solution.
25 Id of a 25 Unit/ml solution is 10 mM Tr1s 10
acetate, pH 8.4, was added to each well and diedigesi
proceeded for 3 be at 37'C. After OISOVioa, the
samples were tram fcmed to $00 p1 Dppeadod'tubcs and
2.3 dL of a 1,$ h1 seeds add solution was added to
each sample. The acidified samples wore Invubetod for
3 brat ambient tomperanse to coavett the
oiigosaaiharidca from glycosylandnea to the hydroxyl
Eons,. Prior to MAUN-TOP mar spat teal analysisv  the
released ollgosaccbarldcs were desalted using it
0.7-eat bad of canon exchange resin (AGSOW NO resin 1$
in the hydrogen form) (Blo-load, Uurculca, CA)
slurried packed into =impact reaction tubes (US
Alochomloal Cleveland, OH). Pox MAT.DT-TOP tunas
spectral analysis of the samples In the positive mode,
the dosailed  ultgowaccharides (0.5 l aliquots) were
applied to the stainless target with 0$ i of the 2.3
dihydroxybonxoic  acid matrix (sDJ3B) that was
prepared by diasolving 2 mg 2,5 dihydrvxybonzoie acid
with 0.1 mg of 5 20 medtnxyalicylic acid In 1 nil of
ethanul/l0 mM sadium chloride 1:1 (v/v), The
sample/mntdx mixture was  dried by vacuum. 1Nr
analysis in the negative made, the desalted N-iinkud
oligosaccharides (0.S pl aliquots)  were applied to
the stainless target long with 0.5 t
2',4',6'-rf)ltydroxyacetophcrione matrix (MAP)
prepared In 1:3 (v/v) acetonit le/133 mM ammonium
citrate bu$'.er. Thosatitpic/mablx mixture was  vacuum
dried and then allowed to absorb atmospheric moisture
prior to analysis. Released oligosaeebarldos 25 were
analyzed by MALDI--TOPon a PerSeptivu BluSyatems
Voyager-DR man spectrometer. The mass  spectrometer
was operated at 20 kV either to the positive or
negative mode with the linear eonfigtiradou and
utilizing delayed extroetlon, Data were acquired using
a laser power of 1300 and In the data sottinudlon
mode (240 scans) to improve the signal to noise. The
Instrument was calibrated with a mixture of standard
oligosnecharides and the data was smoothed using a 19
point Savituky-delay algorithm beibre the mass" 30
were asslgaed, Integration of the mass specral data
was achieved using Closer 7.0 duty analysis software
package (SeiBridge Software). Natural killer (NK) cell
awlbady dependmf cytoxtciry arsayr. ADCC assays were
performed as described lu 13xampls 9, NK to target
tell (WIL2-S) ratio was 4  to t, assays were run for 4
hours, and toxicity was measured as before using
lactose detlydrogentue iusay. 35 Target cells were
opsonized with the concentrations of antibody
Indicated for 30 rub prior to addition of NK  calls.
The RituxanS antibody used was from Genentech (S. San
Ftancitw.CA). figure l2shows the results  of a
representative ADCC assay. The results show that
underfitcosylated antbodies mediate NK cell target
cell killing inane  efflaiemly than do antibodies with
a hell complement of fucose. The underMosylated
antibody, 2H7v.31, is  40 most efficient at medating
target cell killing. This antibody is effective at
lower eoncenuaiiona and is capahle of mediating
killing of a greater percentage of target cells at
higher coneanuatloiis than are the other  amihodiea.
The activity of the antibodies is an hallows: Lou
I3-derived 2117 v31> Leo 13 derived 2T`1?vl6>  Dpl2
derived 2R7v3l> Dpl2 derived 2H7v16> or is to Rituxan.
The protein and carbohydrate alterations  are
additive. Comparison of die carbohydrate found on
native IgC from the Loci 3-produced and CHO 63 S
produced igO showed no apprcclable diffa enc s in the
extent of galaotosyfailon and boron the results can be
surihurcd solery to the preseacefabounc s offueost
Example I 



Vucnawdeficiant 2H7 vationt antibodies with a lsned
ADCC in vivo Ill This example describes ADCC activity
In viva afthe ttgWedsfklimst humanized 2117 variants
including v.16 and v.31 produced its Lee13 comps ad to
eotmai fucueylaud noun esputs produced In DP12,  in
mice expressing human M14 PcflU) and human CD20.
Generation ofhuCD20'fk'huCC horW16Fx*nrCD1O mice Human
CD20 tranagenkt mice wan generated from human 020 BAC
DNA (Invitrogan. Carlsbad  15 CA). Mice ware scrccood
based on the 7ACS analysis of human CD20 expression.
}iuCD20 T( mice were  then Moved with huCD I6TemCDLe
rtllce to gensrato huCD20Tg'huCDl 6'fg'mCD l6't' mica.
In vivo tretunant Ten to 100 jig of each of the 2H7
variants or Rituxan(P is administrated to huCDW
g'huCD16Tg'mCD16' mice via latrapultoneal injections.
Equal amount of isotypo-matched  20 andlxtdies will be
npplied similarly to the ncgadvc cnntroi group of
animals. Morse lympitocyton prapaWiua Mouse
lymphocytes from whole blood, sploon, lymph nodar and
bone marrow an prepared  accooiing to standard
protocol described in "Current Pr)tovols in
Immunology, edited by John Wigan, Ada  Kruisbeek,
))avid Margvllos, Ltthaa Shevach and Warren Strabor,
1994". 2..1 PACS anaiyrfs Ralf million cells are
washed and resuspended In 100 pl of PACS buffer, which
is phosphate  buffered saline with l% BSA, containing
5 pi ofntaining or control antibody. All rho stabdng
antibodies,  licluding lsorype comrols, argobtahwd
from PhsrMingetb San Diego, CA. Humex CD2D expression
is  aswcvwd by staining with RiwxsnS along with
VflC-conjugated and-human igoi secondary antibody. 30
FACS analysis Is conducted using FACSeai and Call
Quest (Becton Dickinson Lmtlunoeytometry Systotm,  San
,tone, CA), All the lynaphocytae u. defined in the
forward mat o)do light ooatterla;o. while all the B
lymphocytes are defined with the exprassloe of B220 on
the cell surface. B cell depletion and recovery are
assessed by analyzing peripheral B cell counts and
analysis of  liCD20+ R cells by FAC4 in the spleen,
lymph node and bone marrow on a daily howls for the
first week  35 after injection and thereafter on a
weakly basis. Serum laveie of the injected 2137
variant antibody are  tnoaltoted. The results of this
in to assay confirms the In vivo findings on the
increased ADCC activity and  Stutter B cell depletion
of fuooss-deficient 2117 variants over wild-type (with
resepot to fucosylatloa)  glycctsylation Counterparts.
b0 64 5mn4e 13  Apopteds Activity And-CD20 antibodies
Including Rituxan(r) have been shown to Induce
Wrrprnxls in al" when  crosslinked by a xc:ondury
antibody or by chemical means (Shan at al., Blood
9:1644-1652 (1998): Byrd el  10 nl.. Blond 99:1038-43
(2002); Pederson at al, Bind 99:1314-19 (2002)). When
ehernloatiy cresslinkcd, marine 2117 dluiers induced
apoptoxk of lamdi alts Cabals at al, Pico Nall Maid 3d
USA 94:1509.14  (1997)). Crosslink)ng with a secondary
antibody also induced apoptcsis with du irate 2117
antibody (Sbam  



in it., 1991n. 77e se eedvltles are believed to be
physiologically relevant because a variety of
mcchaniame  could lead to croasltnking of anti-Ci)20
antibodies bound to cell-surtax C D20 In vivo. 15
RhvMAb 2H7.v16 [humanised 2117 v16; RhuMAb stench for
recombinant human intentional  antbrdyl and Rituxand)
were compared in spopmsis assays in virtu using it
scooodary CYOSSJinking antibody.  Ramos calls
(CRL-1596, ATCC, Manassas. VA), a CD20.expresslag.
human 3 lymphocyte cclt ling, were  uatd to measure
the ability of the and-CM monoclonal antibodies rboMAb
2117.v16 and RJtuxitnab versus  a nagadve-control
antibody, 7'rastuzumab (Herceptini, Genentech, South
San Francisco, CA), to Induce 20 apoptosls as measured
through Annexin V staining and propidium iodide dye
exclusion (Vybrart(r)  Apopubsds Assay Kit, Mo1ccular
Probes, Sevilla, WA). The Ramos cells were cultured In
RPMI.I640  medium (Clihcn, Rockville, MD) containing
10% fetal bovine scrum (Biosource International,
Camarillo,  CA) and 2 AN L-givaunihte (Giboo). Prior
to being assayed, the calk were washed twice in fresh
media and  then adjurncl to a cell concentration of 2
X 1v per oiL. Cells (150 pt) were added to 96-well
assay plates 25 (Becton Dickinson, Palo Alto, CA)
which contained 1S0 LLL of a predetermined amount of
conbol 1801,  rhuMAb 2u7,v16, or Rltvxh7wb, along with
F(ah)'2 goat ant-human Fc (Pierce Blmcchnology,
Racktibrd,  IL). The Anal IgG concentrations were 100,
10,1 A 0.1, 0.01 and 0.001 nM, and the F(ab)'2 gnat
and- human 1rc antibody concentration was Sc at twits
the raxpcctivc Kemple antibody concentration. Each
dilution was WA up In triplicate. After a 24-hour
incubation at 37 C. the calla were washed twice with
PBS 30 and than stained with Annexin V and propidium
iodide according to the manufaetura's recommendations.
The staining patterns of the Ramos cells were analyzed
by flow cytometry using a NACscan Flow Cytorneter
(Iloc(on Dlckinsnn, San Jose, CA), and data were
collected for 10 s-periods. The data were reduced
using  the Cellguest Pro software (Steam Dickinson).
Raman cells that were positive for (1) Annexin V
staining.  (2) Anres:in V and pmplduim iodide
double-staining. std (3) tiro number of unstained live
calls, were 35 counted and plotted using KalcidaC3raph
software (Synergy Software, Rending, PA). Both rhuMAh
2117,v16 trod RltuxJmab induced apoptusds of Ramts
tolls when crossiinked with  ontl-.buman Peand as
compared in an irrelevant IgG1 control antibody
(Plgutes 13-15). The apoptolic  activity of (rhuMAb
2if7) was slightly lower than that ofRiluximab. At 10
nM concentrations of  crosslinked rhuMAb 2R7,
Rituximab, and control lgUI antibody, tractions of
Annexin V stained calk were 40 18.5, 16.5, 2,59b,
respectively, fractions of doubly labeled coils were
29, 38, and 1696, and numbers of dive  cells counted
per I U s were 5200, 3100, and 8600. 7'huw0 in vitro
data detnenscate that apoptosis Is one potential
mechanism for in vivo B call  depiction. In vivo
crowlinking of rhuMAb 2H7 orRituxbnab bound to
cell-surface CD20 may occur  through FayR on the
surfaces of immune effector cells. 65 5 Rxanmle 14 In
Vivo Suppression, of Tumor Grind, The ability of
rlwMAb 21t7.v16 to hddbit the growth of the Rsji human
B-calls, a Iymphaua cull  line (ATCC CCL 66), was
evaluated in Balbfc trade (athymic) mica. The Raji
coils express CD20 and have  been reported m grow in
suds take, producing mctaatatio disease: rumor growth
Is Whined by RimurN 10 (Clynos al at. Haim Madlcfne 6,
443-444 (2000)). Paley-six g-10 week old. BaIt nods
,oleo was divided  into 7 groups (A-G) with aach group
oonahting of I mks, day 0, each mouse neeaivcd a
subeutanaow  



Injocdon of 5 x i01 itg j B-lympbnrlo oath, in the
tank. Aeginaieg at by 0. oaab mouse reedvad Zither 100
ul, of the negative-control solution (PBS; phosphate
buffered saline), Rkuxao(r) or ZW.v)6. Doter wan
dependent on weight and drug dolivary was
intravenously via the tail vein. Croup A mice received
PBS 13 Groups B-D received Rituxan(r) at 5.04 mg/kg,
0.5 mg/kg, and 0.05 mg/kg rospecilvely. Groups B-G
mica  received 2H7 v.16 at5.0 mg/kg, 0.$ nig/kg, and
0.03 mg/kg respectively. The injections were repeated
every  week for 6 weeks. At weekly livervals during
treatmcm, arch mousy was inspected for the presence of
palpable tummy at the site ofinjeatinn. and the.
volume of the tumors if present were Dtetreured and
recorded.  A final inspection was made at week 8
(after a two-week interval of no treatments} 21) 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 maw (PIGS.
16.1 R). Tumor growth was observed in  the PBS control
group beginning a4 weeks. However, no tumor growth was
observed in groups treated  with Rltuxan(9 or 2R7.v16
at 5 mg/kg or 0_7 mg/kg for the R-week duration of the
study. In the low-dose  0.05 mg/t(g Utaount groups,
tumors were observed in one animal in the 2R7 group
and in one animal in the  25 Itituxan@ group (PIG.
18). x3mall 13 Cloning of CyuouwiguZ monkey CD20 and
antibody binding The CD20 DNA xuqueaco for eynontolgus
monkey (Macaen fascicularis) was determined upon rho
30 Isolation of eDNA encoding CD20 from a eynowolgus
spleen ,:ANA library. A Si1PBRSCRIPTCM Piasmid  System
for eDNA Synthesis and Plasmid Clotting
(Cat#18248-0I3. Invitrogen1 Carlsbad. CA) was used
with  slight modiflcedons to construct the library.
The eDNA library was ligated into a pRKSi3 vocmr using
rosrriction ,cites Xbu 1-and Not 1. mRNA was isolated
from spleen tissue ((Colifornia Regional Research
Primate Ccnmr, Davis, CA). Prbrters to amplify eDNA
enending CD20 were designed based on ton-coding 35
sequences of human 020. N-terminal region primer
5'.AGTTITGAGAGCAAAATC-3' (SEQ ID NO. 37)  and
C-terminal region primer 5'-AAOCIATGAACACTAATG-3' (SBQ
ID NO.38) wcro used to elune by  polytnnrase chain
reaction (PCR) the eDNA encoding cynotnolgus monkey
CD20. The PCR reaction was  carried out using Platinum
Taq DNA Polyrnoraso High Ptdollly according to the
manufacturers recommondution (Gibed. Rockville. MD).
The PCR product was suhelnned into pCR 02.1-TOPO d
Vector  40 (lnvllrogcn) and transformed into XL-I Mac
B. cola (Stralagene. La Jolla. CA). Ptasntid DNA
containing  llgated VCR products was isolated from
individual clones and sequenced. The amino said
sequence for eynontdlgus monkey CD20 is shown In
lrignre 19, 1*igure 20 shows a  eompsrlson of
cynomolgus and human CDZO. The cynomolgus monkey CD20
is 97.3% similar to human  66 S CD20 with H
difTercaus. The extra coiiular domain contains one
change at V 157A, while the remaining 7  rasdduoa can
be found In the cytoptaamic at transmembrane regions,
Antibodies directed against human CD2 were assayed for
the ability to bind and displace Fl'fC- conjugaicd
marine 2137 binding to cynumolgun monkey calls
expressing CD20. Twenty milliliters of blood  were
drawn from 2 cynoutolgus monkeys (Califnmia Regional
Research Primate Canter, Davis, CA) Into 10 sodium
heparla and shipped diteedy to Cdenntsch loo.. On the
soma day, the bland samples as pooled and  diluted 1;1
by the addition of 40 nil of pbospdate buffored souse
A'BS). 20 ml of diluted blood was layced  on 4 x 20 nd
otPicdl-knee flint (Amcnham Biarclerrcex, UppaeI,
Sweden) In SO ml conical tubes  



(CntM352091,1 slcon, Franklin Lakes, NJ) and
centrifuged at 1300 rpm lbr 30 minutes R.T. in a Sono)
7  centriRrgo. (Dupont, Newtown. CT). The P11MC layer
was Isolated and washed in PBS. Red blood cells 15
warc tysed in a 0.2%NaCI soludoo,restored to
isotuntcity, with an equivalent volume of a 1.654 MaCI
solution, and convittiaed for 10 ndatttes at 1000 RPM,
The PBMC pullet was resuspended in RPMT 1640  (Glbco.
Rockville, MD) containing 3%fe al bovine scrum (PBS)
and dispensed into a 10 cm tissue culture  dish for 1
hour at 37' C. '1110 non-adherent B and T cell
populations were removed by aspiration.  centrifbged
and counted. A total of 2,4 x Id cells wem recovered.
The rcauspendcd PBMC were distributed 20 Into twenty
12 x 75 mm culture tubes (Cat0M52053, Falcon), with
each tube containing I X 106 cells In a  volume of
0,25 ml. Tubes were divided into four sets of five
tubes. To each sot was added either media
(RPM11640.5%PBS), dirated amounts of control human 12C
antibody. Riiuxan.2137.vlb, or2H7.v31,  The final
concentration of each antibody was 30,10, 3.3 and 1,1
nM. In addition, each tubs also received 20  td of
Floorsaceln Isothloeyanate (NTC)-conjugated and-human
CD20 (Cat#555622. SD Binsciences. San 25 Diego, C;
A).The cells were gently mixed, incubated for 1 hour
on ice and then washed twice in cold PBS.  Tlic cell
surface stalolnil was analysed on a Spit 7R MCI.
(Coulter, Miami, PT.), the geometric means  derived,
plotted (lCahddaGrapht". Synergy Software,. Reading.
PA) versus antibody concentrations. Dam in Figtmn 21
showed that 2137 v.16 and 2117 v.31 competitively
displaced 1'1'1'C oarless: 2117  binding to cynomolgua
monkey cells. Furthermore, Riluxan6' also displaced
IM-unirine 2117 blading thus  30 dmn orwtrating that
both 2H7 and Rltuxan bind to an overlapping ep)rope on
CD20. In addition, the data show that the ICsivalue
nix 2H7 v.16, 2117 v.31 and Rltwaa are similar and
fall to the 4-6 nM range.  Example 16 Phase 1m study
of rhLMAb 2117 (2)37.vl6) In moderate to satvane
rheumatoid arthritis  35 Protocol Synopsis A
randomlrad, placebo-ccntrollcd, multiccntor, blinded
phase 1/11 study of the satiety of escalating doses of
PR070769 (rhuMAb 2H7) in nubjects with moderate to
severe rheumatoid arthritis receiving stable doses of
concomitant methotraxare. 40 objectives  'ilia
prlrnary objective of this study is to evaluate the
safety and tolerability of escalating intravenous (IV)
dusts of PRD70769 (rJwMAb 2437) In subjecm with
moderate to saver Thcumatoid arthritis (RA). 67 3
Study Design We is n randondaal, pihcctmwrntmiled
mukicentte. blinded Pbaso WI, Invcadgntor. aud
subject-blinded  study of the safety of caenlatlag
doses of PRU70769 to combination with M'RX Is subjeabt
with moerate to  .ever RA. The study consists of a
duae escalation phase and a second phase with
enmllment of a larger  number of subjects. The $pontpt
will remade unb(endusd to trcatnrsni apignmant 10
Subjects with moderate to severe RA who have failed
tee to five dken a-muditying andrheametlo  drugs or
biologies who currently bow unsatisfactory elision
responses to bwhlledt with MTX will be  enrolled.
Subjects will be required to receive MTX in the range
of 10-25 dug weekly for at least 12 weeks  



prior to study entry and to be on a stable dose for at
least 4 wccka before receiving their Initial dose of
study  15 drug (PRO70769 or placebo). Subjects may
also receive stable dawn of oral cortlcosmrolds (tip
to 10 mg daily or prednisunu equivalent) and stable
doses of nonataroidal and-inflammatory drugs (NSAlDa).
Subjects will receive two IV Infusions of PRO70769 or
placebo equivalent at the indicated dose on Days I
and 15 according to the fallowing dose eacaJation plan
(see l4gure 22). Doac osculation will scour according
to specific criteria and after review of safety data
by an  20 internal safety data review committee and
assessment of acute toxicity 72 hours following the
second  infusloe to the last subject treated In each
cohort. After the dose escalation phase, 40 additional
subjects (32  active and 8 placebo) will be randomized
to each of the following dose ]ovals: 2x50 mg, 2x200
mg, 2x500  mg, and 2x 1000 mg, It the dose levels have
been demonstrated to be tolerable during the dote
ususlatbm  phase. Approximately 205 subjects will be
enrolled in the study. 25 B-cell counts will be
obtained and reourdod. B-coil counts will be evaluated
using flow cytuactry  in it48-week fupuw-up period
beyond the 6-mouth $loney ovalualloa. 1$-40l depletion
will not bo  considered u dust-litnitlng toxicity
(DLC), but rather the expeeted pbatmacodynanic outcome
of PRO70769  treatment. In an optional substudy,
blrxxl fir serum and RNA analysts, as well as urine
samples will be 30 obtained from subjects at various
timcpoints. These samples may be used to identify
biotnarkas that may be  pr dicdvn of response to
PR070769 treatment in subjects with moderate to severe
RA. Outcome Mtasures The primary outcome measure for
this study is the safety and tolerability of PRO70769
in subjects with  35 moderate to severe RA. Study
Treatment Cohorts ut'subjects will receive two IV
lafuslotts of PRO70769 or placebo equivalentat the
indicated dose  on Dayn I and 15 according to the
following escalation plan: 40 - 10 rag PRO70769 or
placebo equivalent: 4 subjects active drug. I control
- 50 mg PRO70769 or placebo equivalent 8 subjects
active drug, 2 coot ,l  - 200 mg PR070769 or placebo
equlvntenr: 8 subjects active drug, 2 control  - 500
mg PRO70769 or plaebo cquivalent: 8 subjects active
drug, 2 control 1000 mg PRO70769 to placebo
equivalent: 8 subjecra active drug, 2 control  45 63 3
Meaty The efficacy of PRO70769 will be measured by Act
responses. The paeenwge of subjects who  achieve an
ACR20, ACRSO, and ACR70 zusponse will be sumronrlrcd
by tmatmaat group and 95%  confidence lnlorvala will
be gaserated for each group. The compancnfa of these
response and their change  ream baseline will be
smmnarizod by treatment and visit. IO CR4duslo31  '!be
date above demonstrated the success in producing
bumanized CV0 binding antibodies, in  particular
humanlud 21.17 antibody variants, that malamfr"d and
even enhanced their bliologivat properties.  



The humanized 2347 antibodies of t e invention bound
to Cl)20 at affinities similar to the murlde dam and
15 chimcrk 2747 and bodies and were of 1butivo at B
call killing in a primate, leading to B call
depletion. Certain  variants showed enhance! ADCC aver
a chimeric anti-CD20 antibody anrcnOy used to treat
74111" favoring  the use of lowcrdoses of the
rhempeutlo antibody in patients. Additional, whereas
it maybe aoeoesary for a  chimeric antibody that has
mtrJae PRtcsWuca to be administered at a dose effecdvo
to achieve complete B  cell depletion to obyJato an
antibody response against it, the present humanized
antibodies can be 20 administered at dossgcs that
achieve partial or complete B C411 depletion, and for
different durations of time,  as duxired for the
particular disease and patient in addition, thesis
antibodies demonstrated stability is  woh)tiun. Those
properties of the humanized 2747 antibodies make them
Ideal for use as immanotheuipoutie  agent In the
treatment of CD20 positive mounts and suto immunc
diseases; these antibodies we not expected  to be
immunogenic or will at least be less Immunogenic than
fully murtne or chimeric anti-CD20 antibodies  25 In
human patients. Refereotes  Rerereaces cited within
this application, Including patents. published
applications and other  publications, are hereby
incorporated by reference. The practice of rue present
Invention will employ, unless otherwise indicated,
conventional  30 tedmiques of molecular biology and
tbelike, which are within the skill of Out art. Such
techniques are  explained fully in the lllerature, See
e g., Molecular Cloning: A Laboratory Manua[. (),
Sambrook at at,  Cold Spring Harbor Laboruttry, Cold
Spring Harbor. MY, 1989); Current Protocols In
Molecular Biology  (F. Ausubel in at, eds., 1987
updated); 13es .n sal Molecular Blolouv (T. Brawn cd.,
iRL Press 1991); Qens  Exa_r"sslon Teetmoloav (Goeddel
ed., Academic press 1991); Methnds fnrCloning and
Analysis of 33 ,fatht}rvo4ie c3enrs (A. Bothwell.) ei
at ads., Bartlett Publ. 1990); fleas Mransfie- Hxh
melee (M. Kriegler,  Slock(un Press J990); onrbinant
Dh1A Mg-thndolaw Ti (R. Wu as of. eds., Academic Press
1995); PCR:  A Pracicul roach (M. McPherson er at.
IRLProse at Oxford Vniversiry Press 1991);
QijgguygkQQ4s  &Uubmb (M. Gait oil., 1984); CCell
Culture for B locbemi is (P. Adams ad., Risevier
Science Publishers  1990);S709 Transfer rhaturs
fi)rMnmmali C fi. (3, Millar & M. Cabs ads., I987);
Maamtaitan Cell 40 )lrotac_ h_ nobev (M. Butler ed.,
1991); Animal Cell Collura (3. Pollard .tat eds.,
Hrm+ana Press 1990);  Cuin{ro of Anh it Bs 20 Ed. (1L
Preshnvy, et at eds., Alan it, U sa 1987); 14ow
Cvtometty and Sorting  (M. Mclamcd erar, cdt,
Wilcy-Liss 1990); the series Met Js Jn +rnzvm foe
(Academic Prose, Jac.);Wirth  M, and Hauser H. (1993);
[mmtmpcbMnff Jn Practice, 3rd edition. A. Johnstone &
R. Thorpe, Blackwell  Sciences Cambridge, MA, 1996;
Tcebnigaes in_ lmmr ,avto hr am' _try, (0. Bullock &
P. Pctrusz cis., 69 5 Academic Press
1982.1983,1985,19M Handbook of ExpalJmental
immunology, (D. W elr 4 C.  T3Inckweif, eds.); Curren
Premcols in Tmmunolorv (I. Colig&n at aloft 1991)1
Immu (I3, P.  Pinrnnndis &7.K. Clulstopoulos, eds..
Academic Press, Inc.. 1996); Oodiag (1986)
NoWdMOLAWilaWlas  !rrinrole. and Pra +'i (2d ai)
Academia Proas, Now York; Ed Harlow and David Lana,
jaboramry Manual Cold Spring Harbor Laburatmy, Cold
Spring Harbor, New York, 1988, An6bodv JO Jan incc
inn, 2nd edition (C. Brrrsbasak, ed., Oxford Univwxfty
press, 1995); and ibs scabs Move! Review
QP1rnmuw4ogy; tha nerk:s Advances in Immunology. 70 



WHAT IS CLAIMED IS: 1. A humanized antibody that binds
human CD20, or an antigen-binding  fragment thereof,
the antibody comprising the heavy and light chain
amino acid  5 sequences of SEQ ID NO. 39 and 40,
respectively. 2. A humanized antibody that binds human
CD20, or an antigen-binding  fragment thereof, wherein
the antibody comprises the light and heavy chain amino
acid  sequence of SEQ ID NO. 40 and 41, respectively.
3. An antibody of claim 1 or claim 2, further
comprising at least one amino  10 acid substitution in
the Fc region that improves ADCC and/or CDC activity.
4. An antibody of claim 3, wherein the amino acid
substitutions are  S298A/E333A/K334A. 5. An antibody
of claim 3, wherein the amino acid substitution in the
Fc  region improves CDC activity. 15 6. An antibody of
claim 5, wherein the amino acid substitution is K326A
or K326W. 7. An antibody of claim 3, wherein the Fc
region further comprises the  amino acid substitution
K326A. 8. An antibody of any one of claims 1 to 7,
further comprising at least one  20 amino acid
substitution in the Fc region that decreases CDC
activity. 9. An antibody of claim 8, comprising at
least the substitution K322A. 10. An antibody of any
one of claims 1 to 9 conjugated to a cytotoxic agent.
11. An antibody of any one of claims I to 10 wherein
the cytotoxic agent is  a radioactive isotope or a
toxin. 25 12. A composition comprising an antibody of
any one of claims 1 to 11 and  a pharmaceutically
acceptable carrier. 13. An article of manufacture
comprising a container and a composition  contained
therein, wherein the composition comprises an antibody
of any one of claims  1 to 11. 30 14. An article of
manufacture of claim 13, further comprising a package
insert indicating that the composition can be used to
treat non-Hodgkin's lymphoma. 71 15. Use of an
antibody of any one of claims 1 to 11 in the
manufacture of a  medicament for inducing apoptosis in
B cells in vivo, comprising contacting B cells  with
the antibody of claim 1, thereby killing the B cells.
16. Use of an antibody of any one of claims 1 to 11 in
the manufacture of a  5 medicament for treating a CD20
positive cancer. 17. A use of claim 16 wherein the
CD20 positive cancer is a B cell  lymphoma or
leukemia. 18. A use of claim 17 wherein CD20 positive
cancer is non-Hodgkin's  lymphoma (NHL) or lymphocyte
predominant Hodgkin's disease (LPHD). 



10 19. A use of claim 16 wherein the cancer is chronic
lymphocytic leukemia  or SLL. 20. A use of claims 18
or 19 wherein the antibody is selected from the group
consisting of 2H7.v16, v31, v75, v96, v114, v115, and
v138 comprising the respective  amino acid sequences
as shown in the figures and tables. 15 21. A use of
claim 20 wherein the antibody comprises the heavy and
light  chain amino acid sequence of SEQ ID NO. 39 and
40, respectively, or is the antibody  of claim 3. 22.
A use of any one of claims 17 to 21, wherein the
antibody is to be  administered at a dosage range of
about 275-375mg/m2. 20 23. A use of any one of claims
17 to 21, wherein the antibody is to be  administered
at a dosage range of about 250mg/m2 to about 500
mg/m2. 24. A use of claim 21 wherein the patient is to
be administered at least two  doses of the antibody at
375 mg/m2 per dose. 25. A use of claim 24 wherein the
two doses are administered two weeks  25 apart. 26. A
use of any one of claims 17 to 21, wherein the
medicament further  comprising at least one
chemotherapeutic agent. 27. Use of an antibody of any
one of claims 1 to 11 in the manufacture of a
medicament for treating an autoimmune disease. 30 28.
A use of claim 27, wherein the autoimmune disease is
selected from the  group consisting of rheumatoid
arthritis, juvenile rheumatoid arthritis, systemic
lupus  72 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, 5 ANCA vasculitis,
solid organ transplant rejection, graft versus host
disease, diabetes  mellitus, Reynaud's syndrome,
Sjorgen's syndrome and glomerulonephritis. 29. A use
of claim 28, wherein the autoimmune disease is
rheumatoid  arthritis. 30. A use of claim 29 wherein
the patient is suffering from moderate to  10 severe
rheumatoid arthritis and has failed treatment with at
least one disease-modifying  antirheumatic drug. 31. A
use of claim 29, wherein the medicament further
comprises a second  therapeutic agent. 32. A use of
claim 31, wherein the second therapeutic agent is an
15 immunosuppressive agent. 33. A use of claim 32,
wherein the immunosuppressive agent is  methotrexate. 



34. A use of claim 29, wherein the humanized CD20
binding antibody  comprises the heavy and light chain
amino acid sequence of SEQ ID NO. 39 and 40,  20
respectively. 35. A use of claim 34, wherein the
antibody is to be administered at a  dosage selected
from 2x10mg, 2x50mg, 2x 200mg and 2x500mg. 36. A use
of claim 34 or claim 35, wherein the antibody is to be
administered by intravenous infusion. 25 37. Use of a
therapeutically effective amount of a CD20 binding
antibody or  functional fragment thereof in the
manufacture of a medicament for treating an
autoimmune disease selected from the group consisting
of Dermatomyositis, Wegner's  granulomatosis, ANCA
vasculitis, Aplastic anemia, Autoimmune hemolytic
anemia  (AIHA), factor VIII deficiency, hemophilia A,
Autoimmune neutropenia, Castleman's 30 syndrome,
Goodpasture's syndrome, Hashimoto's Thyroiditis,
autoimmune hepatitis,  lymphoid interstitial
pneumonitis (HIV), bronchiolitis obliterans
(non-transplant) vs.  73 NSIP, Guillain-Bane Syndrome,
large vessel vasculitis, giant cell (Takayasu's)
arteritis,  medium vessel vasculitis, Kawasaki's
Disease, and polyarteritis nodosa. 38. A use of claim
37 wherein the CD20 binding antibody is rituximab. 39.
An isolated nucleic acid that encodes an antibody of
any one of claims 1  5 toll. 40. An expression vector
encoding an antibody of any one of claims 1 to 11.
41. A host cell comprising a nucleic acid of claim 39.
42. A host cell of claim 41 that produces a humanized
2H7 antibody  selected from 2H7.v16, v31, v75, v114,
v115, vl 16, and v138. 10 43. A host cell of claim 42
which is a CHO cell. 44. A method of producing a
humanized 2H7 antibody selected from the  group of
antibodies comprising the heavy and light chain
sequence pairs of SEQ ID  NO. 39 and 40; SEQ ID NO. 41
and 40; SEQ ID NO. 42 and 43; SEQ ID NO. 44 and  45;
SEQ ID NO. 46 and 47; SEQ ID NO. 48 and 47; SEQ ID NO.
49 and 47; and SEQ 15 ID NO. 50 and 47; comprising
culturing the cell that produces the antibody and
recovering the antibody from the cell culture. 45. An
isolated nucleic acid comprising the nucleotide
sequence of SEQ ID  NO.: 24 of the Cynomolgus monkey
CD20, or a degenerate variant of this sequence. 46. An
isolated nucleic acid comprising a sequence that
encodes a  20 polypeptide with the amino acid sequence
of SEQ ID NO. 25, or SEQ ID NO. 25 with  conservative
amino acid substitutions. 47. A vector comprising the
nucleic acid of claim 46. 48. The vector of claim 47
which is an expression vector wherein the  nucleic
acid of claim 46 is operably linked to an expression
control sequence. 25 49. A host cell comprising the
nucleic acid of claim 46. 



50. An isolated polypeptide comprising the amino acid
sequence of SEQ ID  NO.25 of the Cynomolgus monkey
CD20. 51. 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  30 polysorbate
20 which antibody comprises the heavy and light chain
sequence of SEQ  ID NO. 39 and 40, respectively. 74
52. Use of a CD20 antibody in the manufacture of a
medicament for treating  rheumatoid arthritis (RA) in
a human subject wherein the subject is to be treated
at a  dosage selected from the group consisting of
2x50mg, 2x200mg, and 2x300mg. 53. A use of claim 52
wherein the dosage is 2x50mg.  5 54. A use of claim 52
wherein the dosage is 2x200mg. 55. A use of any one
claims 52 to 54 wherein the CD20 antibody is a
humanized antibody. 56. A use of claim 55 wherein the
CD20 antibody is a humanized 2H7  antibody. 10 57. A
use of any one of claims 52 to 56 wherein the CD20
antibody is  rituximab. 58. A use of any one of claims
52-56 wherein the CD20 antibody is the  antibody of
any one of claims 1 to 11. 59. A use of any one of
claims 52-58 wherein the RA is moderate to severe  15
RA. 60. A humanized CD20 binding antibody comprising
CDR1, CDR2 and  CDR3 of SEQ ID NO. 4, SEQ ID NO.5 and
SEQ ID NO.6, respectively, in the VL. 61. An antibody
of claim 60 further comprising the amino acid
substitutions  M32L and S92A in the VL. 20 62. An
antibody of claim 61 comprising a human IgGl Fc region
which  comprises the amino acid substitutions
S298A/E333A/K334A. 63. A humanized CD20 binding
antibody comprising a human IgGI Fc  region which
comprises the amino acid substitutions S298A, E333A,
K334A and  K326A. 25 64. 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. 65. A humanized antibody that binds
human CD20, or an antigen-binding  fragment thereof,
wherein the antibody comprises the VH sequence of SEQ
ID NO. 51  30 and the VL sequence of SEQ ID NO. 52.
66. A humanized antibody of claim 65, wherein the
antibody comprises the  75 heavy and light chain amino
acid sequence of SEQ ID NO. 44 and 45, respectively. 



67. A humanized antibody that binds human CD20, or an
antigen-binding  fragment thereof, wherein the
antibody comprises the VH sequence of SEQ ID NO. 51
and the VL sequence of SEQ ID NO. 53. 5 68. A
humanized antibody of claim 67, wherein the antibody
comprises the  heavy and light chain amino acid
sequence of SEQ ID NO. 46 and 47, respectively. 69. A
humanized antibody of claim 67, wherein the antibody
comprises the  heavy and light chain amino acid
sequence of SEQ ID NO. 48 and 47, respectively. 70. A
humanized antibody of claim 67, wherein the antibody
comprises the  10 heavy and light chain amino acid
sequence of SEQ ID NO. 49 and 47, respectively. 71. A
humanized antibody of claim 67, wherein the antibody
comprises the  heavy and light chain amino acid
sequence of SEQ ID NO. 50 and 47, respectively. 72. An
antibody of any one of claims 67-71, wherein the VH
region is joined  to a human IgG chain constant
region. 15 73. A antibody of claim 72, wherein the
human IgG is IgG1 or IgG3.  74. A antibody of claim
73, wherein the human IgG is IgGl. 75. A antibody of
claim 74, wherein the IgGI Fc region comprises the
amino acid substitutions S298A/E333A/K334A. 76. A
composition comprising the humanized antibody of any
one of claims  20 64-71 and a pharmaceutically
acceptable carrier. 76 Sequence Listing  <110> Adams
ET AL. <120> Immunoglobulin Variants and Uses Thereof
<130> P1990R3C1 <140> US 11/147,780  <141> 2005-06-07
<150> US 60/434,115  <151> 2002-12-16  <150> US
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
Gln Ser Pro Ala Ile Leu Ser Ala Ser Pro  1 5 10 15  



Gly Glu Lys Val Thr Met Thr Cys Arg Ala Ser Ser Ser
Val Ser 20 25 30  Tyr Met His Trp Tyr Gln Gln Lys Pro
Gly Ser Ser Pro Lys Pro  35 40 45 Trp Ile Tyr Ala Pro
Ser Asn Leu Ala Ser Gly Val Pro Ala Arg  50 55 60  Phe
Ser Gly Ser Gly Ser Gly Thr Ser Tyr Ser Leu Thr Ile
Ser 65 70 75  Arg Val Glu Ala Glu Asp Ala Ala Thr Tyr
Tyr Cys Gln Gln Trp  80 85 90 Ser Phe Asn Pro Pro Thr
Phe Gly Ala Gly Thr Lys Leu Glu Leu  95 100 105  Lys
Arg <210> 2  <211> 107  <212> PRT <213> Artificial
sequence  <220> <223> Sequence is synthesized  <400> 2
1 Asp Ile Gln Met Thr Gln 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
Gln Gln 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 Gln Pro Glu Asp
Phe Ala Thr Tyr Tyr Cys Gln Gln Trp 80 85 90  Ser Phe
Asn Pro Pro Thr Phe Gly Gln Gly Thr Lys Val Glu Ile
95 100 105  Lys Arg <210> 3  <211> 108  <212> PRT
c213> Artificial Sequence  



<220> <223> Sequence is synthesized  <400> 3 Asp Ile
Gln Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val  1
5 10 15  Gly Asp Arg Val Thr Ile Thr Cys Arg Ala Ser
Gln Ser Ile Ser 20 25 30  Asn Tyr Leu Ala Trp Tyr Gln
Gln Lys Pro Gly Lys Ala Pro Lys  35 40 45 Leu Leu Ile
Tyr Ala Ala Ser Ser Leu Glu Ser Gly Val Pro Ser  50 55
60  Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr
Leu Thr Ile 65 70 75  Ser Ser Leu Gln Pro Glu Asp Phe
Ala Thr Tyr Tyr Cys Gln Gln  80 85 90 Tyr Asn Ser Leu
Pro Trp Thr Phe Gly Gln Gly Thr Lys Val Glu  95 100
105  Ile Lys Arg <210> 4  <211> 10  <212> PRT <213>
Mus musculus 2 <400> 4 Arg Ala Ser Ser Ser Val Ser Tyr
Met His  5 10  <210> 5 <211> 7  <212> PRT <213> Mus
musculus  <400> 5 Ala Pro Ser Asn Leu Ala Ser  5
<210> 6 <211> 9  <212> PRT <213> Mus musculus  <400> 6
Gln Gln Trp Ser Phe Asn Pro Pro Thr  5  



<210> 7 <211> 122  <212> PRT <213> Mus musculus  <400>
7 Gln Ala Tyr Leu Gln Gln Ser Gly Ala Glu Leu Val Arg
Pro Gly  1 5 10 15  Ala Ser Val Lys Met Ser Cys Lys
Ala Ser Gly Tyr Thr Phe Thr 20 25 30  Ser Tyr Asn Met
His Trp Val Lys Gln Thr Pro Arg Gln Gly Leu  35 40 45
Glu Trp Ile Gly Ala Ile Tyr Pro Gly Asn Gly Asp Thr
Ser Tyr  50 55 60  Asn Gln Lys Phe Lys Gly Lys Ala Thr
Leu Thr Val Asp Lys Ser 65 70 75  Ser Ser Thr Ala Tyr
Met Gln Leu Ser Ser Leu Thr Ser Glu Asp  80 85 90 Ser
Ala Val Tyr Phe Cys Ala Arg Val Val Tyr Tyr Ser Asn
Ser  95 100 105  Tyr Trp Tyr Phe Asp Val Trp Gly Thr
Gly Thr Thr Val Thr Val 110 115 120  Ser Ser <210> 8
<211> 122  <212> PRT <213> Artificial sequence  <220>
3 <223> Sequence is synthesized  <400> 8 Glu Val Gln
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 Glu Trp Val Gly
Ala Ile Tyr Pro Gly Asn Gly Asp Thr Ser Tyr  50 55 60
Asn Gin Lys Phe Lys Gly Arg Phe Thr Ile Ser Val Asp
Lys Ser 65 70 75  



Lys Asn Thr Leu Tyr Leu Gin Met Asn Ser Leu Arg Ala
Glu Asp  80 85 90 Thr Ala Val Tyr Tyr Cys Ala Arg Val
Val Tyr Tyr Ser Asn Ser  95 100 105  Tyr Trp Tyr Phe
Asp Val Trp Gly Gln Gly Thr Leu Val Thr Val 110 115
120  Ser Ser <210> 9  <211> 119  <212> PRT <213>
Artificial Sequence  <220> <223> Sequence is
synthesized  <400> 9 Glu Val Gin Leu Val Glu Ser Gly
Gly Gly Leu Val Gin Pro Gly  1 5 10 15  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 Ile 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 Gin Met Asn Ser Leu Arg Ala
Glu Asp  BO 85 90 Thr Ala Val Tyr Tyr Cys Ala Arg Gly
Arg Val Gly Tyr Ser Leu  95 100 105 4 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  <400> 12 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> Sequence is
synthesized  <400> 13 gaattcaact tctccatact ttggataagg
aaatacagac atgaaaaatc 50  tcattgctga gttgttattt
aagcttgccc aaaaagaaga agagtcgaat 100  gaactgtgtg
cgcaggtaga agctttggag attatcgtca ctgcaatgct 150
tcgcaatatg gcgcaaaatg accaacagcg gttgattgat caggtagagg
200  gggcgctgta cgaggtaaag cccgatgcca gcattcctga
cgacgatacg 250  gagctgctgc gcgattacgt aaagaagtta
ttgaagcatc ctcgtcagta 300  aaaagttaat cttttcaaca
gctgtcataa agttgtcacg gccgagactt 350  atagtcgctt
tgtttttatt ttttaatgta tttgtaacta gaattcgagc 400
tcggtacccg gggatcctct agaggttgag gtgattttat gaaaaagaat
450  atcgcatttc ttcttgcatc tatgttcgtt ttttctattg
ctacaaacgc 500  5 gtacgctgat atccagatga cccagtcccc
gagctccctg tccgcctctg 550  tgggcgatag ggtcaccatc
acctgcagag ccagtcagag cgtgtcgact 600  agctcttata
gctatatgca ctggtatcaa cagaaaccag gaaaagctcc 650
gaaactactg atttactatg ctagcaacct cgagtctgga gtcccttctc
700  gcttctctgg atccggttct gggacggatt tcactctgac
catcagcagt 750  ctgcagccag aagacttcgc aacttattac
tgtcaacact cttggggtat 800  tccgcgcaca tttggacagg
gtaccaaggt ggagatcaaa cgaactgtgg 850  ctgcaccatc
tgtcttcatc ttcccgccat ctgatgagca gttgaaatct 900
ggaactgctt ctgttgtgtg cctgctgaat aacttatatc ccagagaggc
950  



caaagtacag tggaaggtgg ataacgccct ccaatcgggt aactcccagg
1000  agagtgtcac agagcaggac agcaaggaca gcacctacag
cctcagcagc 1050  accctgacgc tgagcaaagc agactacgag
aaacacaaag tctacgcctg 1100  cgaagtcacc catcagggcc
tgagctcgcc cgtcacaaag agcttcaaca 1150  ggggagagtg
ttaagctgat cctctacgcc ggacgcatcg tggccctagt 1200
acgcaagttc acgtaaaaag ggtatctaga ggttgaggtg attttatgaa
1250  aaagaatatc gcatttcttc ttgcatctat gttcgttttt
tctattgcta 1300  caaacgcgta cgctgaggtt cagctggtgg
agtctggcgg tggcctggtg 1350  cagccagggg gctcactccg
tttgtcctgt gcagcttctg gctacacctt 1400  caccgaatat
atcatccact gggtccgtca ggccccgggt aagggcctgg 1450
aatgggttgc atcgattaat cctgactacg acatcacgaa ctataaccag
1500  cgcttcaagg gccgtttcac tataagtcgc gacgattcca
aaaacacatt 1550  atacctgcag atgaacagcc tgcgtgctga
ggacactgcc gtctattatt 1600  gtgctcgatg gatcagcgat
ttcttcgact actggggtca aggaaccctg 1650  gtcaccgtct
cctcggcctc caccaagggc ccatcggtct tccccctggc 1700
accctcctcc aagagcacct ctgggggcac agcggccctg ggctgcctgg
1750  tcaaggacta cttccccgaa ccggtgacgg tgtcgtggaa
ctcaggcgcc 1800  ctgaccagcg gcgtgcacac cttcccggct
gtcctacagt cctcaggact 1850  ctactccctc agcagcgtgg
tgaccgtgcc ctccagcagc ttgggcaccc 1900  agacctacat
ctgcaacgtg aatcacaagc ccagcaacac caaggtggac 1950
aagaaagttg agcccaaatc ttgtgacaaa actcacacat gaccaccgca
2000 6 tgcaccagta tcgtccattc cgacagcatc gccagtcact
atggcgtgct 2050  gctagcgccg ccctatacct tgtctgcctc
cccgcgttgc gtcgcggtgc 2100  atggagccgg gccacctcga
cctgaatgga agccggcggc acctcgctaa 2150  cggattcacc
actccaagaa ttggagccaa tcaattcttg cggagaactg 2200
tgaatgcgca aaccaaccct tggcagaaca tatccatcgc gtccgccatc
2250  tccagcagcc gcacgcggcg catctcgggc agcgttgggt
cctggccacg 2300  ggtgcgcatg atcgtgctcc tgtcgttgag
gacccggcta ggctggcggg 2350  gttgccttac tggttagcag
aatgaatcac cgatacgcga gcgaacgtga 2400  agcgactgct
gctgcaaaac gtctgcgacc tgagcaacaa catgaatggt 2450
cttcggtttc cgtgtttcgt aaagtctgga aacgcggaag tcagcgccct
2500  gcaccattat gttccggatc tgcatcgcag gatgctgctg
gctaccctgt 2550  ggaacaccta catctgtatt aacgaagcgc
tggcattgac cctgagtgat 2600  ttttctctgg tcccgccgca
tccataccgc cagttgttta ccctcacaac 2650  gttccagtaa
ccgggcatgt tcatcatcag taacccgtat cgtgagcatc 2700
ctctctcgtt tcatcggtat cattaccccc atgaacagaa attccccctt
2750  acacggaggc atcaagtgac caaacaggaa aaaaccgccc
ttaacatggc 2800  ccgctttatc agaagccaga cattaacgct
tctggagaaa ctcaacgagc 2850  tggacgcgga tgaacaggca
gacatctgtg aatcgcttca cgaccacgct 2900  



gatgagcttt accgcagcat ccggaaattg taaacgttaa tattttgtta
2950  aaattcgcgt taaatttttg ttaaatcagc tcatttttta
accaataggc 3000  cgaaatcggc aaaatccctt ataaatcaaa
agaatagacc gagatagggt 3050  tgagtgttgt tccagtttgg
aacaagagtc cactattaaa gaacgtggac 3100  tccaacgtca
aagggcgaaa aaccgtctat cagggctatg gcccactacg 3150
tgaaccatca ccctaatcaa gttttttggg gtcgaggtgc cgtaaagcac
3200  taaatcggaa ccctaaaggg agcccccgat ttagagcttg
acggggaaag 3250  ccggcgaacg tggcgagaaa ggaagggaag
aaagcgaaag gagcgggcgc 3300  tagggcgctg gcaagtgtag
cggtcacgct gcgcgtaacc accacacccg 3350  ccgcgcttaa
tgcgccgcta cagggcgcgt ccgcatcctg cctcgcgcgt 3400
ttcggtgatg acggtgaaaa cctctgacac atgcagctcc cggagacggt
3450  cacagcttgt ctgtaagcgg atgccgggag cagacaagcc
cgtcagggcg 3500  cgtcagcggg tgttggcggg tgtcggggcg
cagccatgac ccagtcacgt 3550  7 agcgatagcg gagtgtatac
tggcttaact atgcggcatc agagcagatt 3600  gtactgagag
tgcaccatat gcggtgtgaa ataccgcaca gatgcgtaag 3650
gagaaaatac cgcatcaggc gctcttccgc ttcctcgctc actgactcgc
3700  tgcgctcggt cgttcggctg cggcgagcgg tatcagctca
ctcaaaggcg 3750  gtaatacggt tatccacaga atcaggggat
aacgcaggaa agaacatgtg 3800  agcaaaaggc cagcaaaagg
ccaggaaccg taaaaaggcc gcgttgctgg 3850  cgtttttcca
taggctccgc ccccctgacg agcatcacaa aaatcgacgc 3900
tcaagtcaga ggtggcgaaa cccgacagga ctataaagat accaggcgtt
3950  tccccctgga agctccctcg tgcgctctcc tgttccgacc
ctgccgctta 4000  ccggatacct gtccgccttt ctcccttcgg
gaagcgtggc gctttctcat 4050  agctcacgct gtaggtatct
cagttcggtg taggtcgttc gctccaagct 4100  gggctgtgtg
cacgaacccc ccgttcagcc cgaccgctgc gccttatccg 4150
gtaactatcg tcttgagtcc aacccggtaa gacacgactt atcgccactg
4200  gcagcagcca ctggtaacag gattagcaga gcgaggtatg
taggccgtgc 4250  tacagagttc ttgaagtggt ggcctaacta
cggctacact agaaggacag 4300  tatttggtat ctgcgctctg
ctgaagccag ttaccttcgg aaaaagagtt 4350  ggtagctctt
gatccggcaa acaaaccacc gctggtagcg gtggtttttt 4400
tgtttgcaag cagcagatta cgcgcagaaa aaaaggatct caagaagatc
4450  ctttgatctt ttctacgggg tctgacgctc agtggaacga
aaactcacgt 4500  taagggattt tggtcatgag attatcaaaa
aggatcttca cctagatcct 4550  tttaaattaa aaatgaagtt
ttaaatcaat ctaaagtata tatgagtaaa 4600  cttggtctga
cagttaccaa tgcttaatca gtgaggcacc tatctcagcg 4650
atctgtctat ttcgttcatc catagttgcc tgactccccg tcgtgtagat
4700  aactacgata cgggagggct taccatctgg ccccagtgct
gcaatgatac 4750  cgcgagaccc acgctcaccg gctccagatt
tatcagcaat aaaccagcca 4800  gccggaaggg ccgagcgcag
aagtggtcct gcaactttat ccgcctccat 4850  



ccagtctatt aattgttgcc gggaagctag agtaagtagt tcgccagtta
4900  atagtttgcg caacgttgtt gccattgctg caggcatcgt
ggtgtcacgc 4950  tcgtcgtttg gtatggcttc attcagctcc
ggttcccaac gatcaaggcg 5000  agttacatga tcccccatgt
tgtgcaaaaa agcggttagc tccttcggtc 5050  8 ctccgatcgt
tgtcagaagt aagttggccg cagtgttatc actcatggtt 5100
atggcagcac tgcataattc tcttactgtc atgccatccg taagatgctt
5150  ttctgtgact ggtgagtact caaccaagtc attctgagaa
tagtgtatgc 5200  ggcgaccgag ttgctcttgc ccggcgtcaa
cacgggataa taccgcgcca 5250  catagcagaa ctttaaaagt
gctcatcatt ggaaaacgtt cttcggggcg 5300  aaaactctca
aggatcttac cgctgttgag atccagttcg atgtaaccca 5350
ctcgtgcacc caactgatct tcagcatctt ttactttcac cagcgtttct
5400  gggtgagcaa aaacaggaag gcaaaatgcc gcaaaaaagg
gaataagggc 5450  gacacggaaa tgttgaatac tcatactctt
cctttttcaa tattattgaa 5500  gcatttatca gggttattgt
ctcatgagcg gatacatatt tgaatgtatt 5550  tagaaaaata
aacaaatagg ggttccgcgc acatttcccc gaaaagtgcc 5600
acctgacgtc taagaaacca ttattatcat gacattaacc tataaaaata
5650  ggcgtatcac gaggcccttt cgtcttcaa 5679 <210> 14
<211> 241  <212> PRT <213> Artificial Sequence  <220>
<223> Sequence is synthesized  <400> 14 Met Lys Lys
Asn Ile Ala Phe Leu Leu Ala Ser Met Phe Val P he  1 5
10 15  Ser Ile Ala Thr Asn Ala Tyr Ala Asp Ile Gln Met
Thr Gln Ser 20 25 30  Pro Ser Ser Leu Ser Ala Ser Val
Gly Asp Arg Val Thr Ile Thr  35 40 45 Cys Arg Ala Ser
Gin Ser Val Ser Thr Ser Ser Tyr Ser Tyr Met  50 55 60
His Trp Tyr Gln Gln Lys Pro Gly Lys Ala Pro Lys Leu
Leu Ile 65 70 75  Tyr Tyr Ala Ser Asn Leu Glu Ser Gly
Val Pro Ser Arg Phe Ser  80 85 90 Gly Ser Gly Ser Gly
Thr Asp Phe Thr Leu Thr Ile Ser Ser Leu  95 100 105
Gln Pro Glu Asp Phe Ala Thr Tyr Tyr Cys Gln His Ser
Trp Gly 



110 115 120  Ile Pro Arg Thr Phe Gly Gln Gly Thr Lys
Val Glu Ile Lys Arg  125 130 135  9 Thr Val Ala Ala
Pro Ser Val Phe Ile Phe Pro Pro Ser Asp Glu  140 145
150 Gln Leu Lys Ser Gly Thr Ala Ser Val Val Cys Leu
Leu Asn Asn  155 160 165  Phe Tyr Pro Arg Glu Ala Lys
Val Gin Trp Lys Val Asp Asn Ala 170 175 180  Leu Gin
Ser Gly Asn Ser Gln Glu Ser Val Thr Glu Gin Asp Ser
185 190 195 Lys Asp Ser Thr Tyr Ser Leu Ser Ser Thr
Leu Thr Leu Ser Lys  200 205 210  Ala Asp Tyr Glu Lys
His Lys Val Tyr Ala Cys Glu Val Thr His 215 220 225
Gin Gly Leu Ser Ser Pro Val Thr Lys Ser Phe Asn Arg
Gly Glu  230 235 240  Cys <210> 15  <211> 248  <212>
PRT <213> Artificial Sequence  <220> <223> Sequence is
synthesized  <400> 15 Met Lys Lys Asn Ile Ala Phe Leu
Leu Ala Ser Met Phe Val Phe  1 5 10 15  Ser Ile Ala
Thr Asn Ala Tyr Ala Glu Val Gln Leu Val Glu Ser 20 25
30  Gly Gly Gly Leu Val Gln Pro Gly Gly Ser Leu Arg
Leu Ser Cys  35 40 45 Ala Ala Ser Gly Tyr Thr Phe Thr
Glu Tyr Ile Ile His Trp Val  50 55 60  Arg Gln Ala Pro
Gly Lys Gly Leu Glu Trp Val Ala Ser Ile Asn 65 70 75
Pro Asp Tyr Asp Ile Thr Asn Tyr Asn Gin Arg Phe Lys
Gly Arg  80 85 90 Phe Thr Ile Ser Arg Asp Asp Ser Lys
Asn Thr Leu Tyr Leu Gin  95 100 105  



Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr
Cys Ala 110 115 120  Arg Trp Ile Ser Asp Phe Phe Asp
Tyr Trp Gly Gln Gly Thr Leu  125 130 135 Val Thr Val
Ser Ser Ala Ser Thr Lys Gly Pro Ser Val Phe Pro  10
140 145 150  Leu Ala Pro Ser Ser Lys Ser Thr Ser Gly
Gly Thr Ala Ala Leu 155 160 165  Gly Cys Leu Val Lys
Asp Tyr Phe Pro Glu Pro Val Thr Val Ser  170 175 180
Trp Asn Ser Gly Ala Leu Thr Ser Gly Val His Thr Phe
Pro Ala  185 190 195  Val Leu Gln Ser Ser Gly Leu Tyr
Ser Leu Ser Ser Val Val Thr 200 205 210  Val Pro Ser
Ser Ser Leu Gly Thr Gln Thr Tyr Ile Cys Asn Val  215
220 225 Asn His Lys Pro Ser Asn Thr Lys Val Asp Lys
Lys Val Glu Pro  230 235 240  Lys Ser Cys Asp Lys Thr
His Thr 245  <210> 16 <211> 5678  <212> DNA <213>
Artificial Sequence  <220> <223> Sequence is chimeric
<400> 16 gaattcaact tctccatact ttggataagg aaatacagac
atgaaaaatc 50  tcattgctga gttgttattt aagcttgccc
aaaaagaaga agagtcgaat 100  gaactgtgtg cgcaggtaga
agctttggag attatcgtca ctgcaatgct 150  tcgcaatatg
gcgcaaaatg accaacagcg gttgattgat caggtagagg 200
gggcgctgta cgaggtaaag cccgatgcca gcattcctga cgacgatacg
250  gagctgctgc gcgattacgt aaagaagtta ttgaagcatc
ctcgtcagta 300  aaaagttaat cttttcaaca gctgtcataa
agttgtcacg gccgagactt 350  atagtcgctt tgtttttatt
ttttaatgta tttgtaacta gaattcgagc 400  tcggtacccg
gggatcctet agaggttgag gtgatttatg aaaaagaata 450
tcgcatttct tcttgcatct atgttcgttt tttctattgc tacaaacgcg
500  tacgctcaga tagtactgtc ccagtccccg gctatcctgt
ccgcctctcc 550  tggcgagaag gtcactatga cctgcagagc
cagctcttct gtgagctata 600  



tgcattggta tcaacagaaa ccaggaagct ctccgaaacc atggatttac
650  gctccatcga acctcgcgtc tggagtccct gcgcgcttct
ctggatccgg 700  ttctgggact agttactctc tgaccatcag
cagagtggag gcagaagacg 750  11 ccgcaactta ttactgtcaa
cagtggagct tcaatccgcc cacatttgga 800  gccggcacca
agctggagct caaacgaact gtggctgcac catctgtctt 850
catcttcccg ccatctgatg agcagttgaa atctggaact gcttctgttg
900  tgtgcctgct gaataacttc tatcccagag aggccaaagt
acagtggaag 950  gtggataacg ccctccaatc gggtaactcc
caggagagtg tcacagagca 1000  ggacagcaag gacagcacct
acagcctcag cagcaccctg acgctgagca 1050  aagcagacta
cgagaaacac aaagtctacg cctgcgaagt cacccatcag 1100
ggcctgagct cgcccgtcac aaagagcttc aacaggggag agtgttaagc
1150  tgatcctcta cgccggacgc atcgtggccc tagtacgcaa
gttcacgtaa 1200  aaagggtatc tagaggttga ggtgatttta
tgaaaaagaa tatcgcattt 1250  cttcttgcat ctatgttcgt
tttttctatt gctacaaacg cgtacgctca 1300  ggcttatctg
cagcagtctg gcgccgagct ggtgcggcca ggagctagcg 1350
tcaagatgtc ctgtaaagct tctggctaca ccttcaccag ctataacatg
1400  cattgggtca agcagacacc gaggcaaggc ctggaatgga
ttggagcgat 1450  ctatcctggc aacggcgaca cgagctataa
ccagaagttc aagggcaagg 1500  ccactctgac tgtggacaag
tccagcagta ctgcctacat gcaactgagc 1550  agcctgactt
ctgaggacag cgctgtctac ttttgtgctc gcgtggtcta 1600
ctatagcaac agctactggt acttcgacgt ctggggtacc ggaaccacag
1650  tcaccgtctc ctcggcctcc accaagggcc catcggtctt
ccccctggca 1700  ccctcctcca agagcacctc tgggggcaca
gcggccctgg gctgcctggt 1750  caaggactac ttccccgaac
cggtgacggt gtcgtggaac tcaggcgccc 1800  tgaccagcgg
cgtgcacacc ttcccggctg tcctacagtc ctcaggactc 1850
tactccctca gcagcgtggt gaccgtgccc tccagcagct tgggcaccca
1900  gacctacatc tgcaacgtga atcacaagcc cagcaacacc
aaggtggaca 1950  agaaagttga gcccaaatct tgtgacaaaa
ctaacacatg accaccgcat 2000  gcaccagtat cgtccattcc
gacagcatcg ccagtcacta tggcgtgctg 2050  ctagcgccgc
cctatacctt gtctgcctcc ccgcgttgcg tcgcggtgca 2100
tggagccggg ccacctcgac ctgaatggaa gccggcggca cctcgctaac
2150  ggattcacca ctccaagaat tggagccaat caattcttgc
ggagaactgt 2200  gaatgcgcaa accaaccctt ggcagaacat
atccatcgcg tccgccatct 2250  12 ccagcagccg cacgcggcgc
atctcgggca gcgttgggtc ctggccacgg 2300  gtgcgcatga
tcgtgctcct gtcgttgagg acccggctag gctggcgggg 2350
ttgccttact ggttagcaga atgaatcacc gatacgcgag cgaacgtgaa
2400  gcgactgctg ctgcaaaacg tctgcgacct gagcaacaac
atgaatggtc 2450  ttcggtttcc gtgtttcgta aagtctggaa
acgcggaagt cagcgccctg 2500  



caccattatg ttccggatct gcatcgcagg atgctgctgg ctaccctgtg
2550  gaacacctac atctgtatta acgaagcgct ggcattgacc
ctgagtgatt 2600  tttctctggt cccgccgcat ccataccgcc
agttgtttac cctcacaacg 2650  ttccagtaac cgggcatgtt
catcatcagt aacccgtatc gtgagcatcc 2700  tctctcgttt
catcggtatc attaccccca tgaacagaaa ttccccctta 2750
cacggaggca tcaagtgacc aaacaggaaa aaaccgccct taacatggcc
2800  cgctttatca gaagccagac attaacgctt ctggagaaac
tcaacgagct 2850  ggacgcggat gaacaggcag acatctgtga
atcgcttcac gaccacgctg 2900  atgagcttta ccgcagcatc
cggaaattgt aaacgttaat attttgttaa 2950  aattcgcgtt
aaatttttgt taaatcagct cattttttaa ccaataggcc 3000
gaaatcggca aaatccctta taaatcaaaa gaatagaccg agatagggtt
3050  gagtgttgtt ccagtttgga acaagagtcc actattaaag
aacgtggact 3100  ccaacgtcaa agggcgaaaa accgtctatc
agggctatgg cccactacgt 3150  gaaccattac cctaatcaag
ttttttgggg tcgaggtgcc gtaaagcact 3200  aaatcggaac
cctaaaggga gcccccgatt tagagcttga cggggaaagc 3250
cggcgaacgt ggcgagaaag gaagggaaga aagcgaaagg agcgggcgct
3300  agggcgctgg caagtgtagc ggtcacgctg cgcgtaacca
ccacacccgc 3350  cgcgcttaat gcgccgctac agggcgcttc
cgcatcctgc ctcgcgcgtt 3400  tcggtgatga cggtgaaaac
ctctgacaca tgcagctccc ggagacggtc 3450  acagcttgtc
tgtaagcgga tgccgggagc agacaagccc gtcagggcgc 3500
gtcagcgggt gttggcgggt gtcggggcgc agccatgacc cagtcacgta
3550  gcgatagcgg agtgtatact ggcttaacta tgcggcatca
gagcagattg 3600  tactgagagt gcaccatatg cggtgtgaaa
taccgcacag atgcgtaagg 3650  agaaaatacc gcatcaggcg
ctcttccgct tcctcgctca ctgactcgct 3700  gcgctcggtc
gttcggctgc ggcgagcggt atcagctcac tcaaaggcgg 3750
taatacggtt atccacagaa tcaggggata acgcaggaaa gaacatgtga
3800  13 gcaaaaggcc agcaaaaggc caggaaccgt aaaaaggccg
cgttgctggc 3850  gtttttccat aggctccgcc cccctgacga
gcatcacaaa aatcgacgct 3900  caagtcagag gtggcgaaac
ccgacaggac tataaagata ccaggcgttt 3950  ccccctggaa
gctccctcgt gcgctctcct gttccgaccc tgccgcttac 4000
cggatacctg tccgcctttc tcccttcggg aagcgtggcg ctttctcata
4050  gctcacgctg taggtatctc agttcggtgt aggtcgttcg
ctccaagctg 4100  ggctgtgtgc acgaaccccc cgttcagccc
gaccgctgcg ccttatccgg 4150  taactatcgt cttgagtcca
acccggtaag acacgactta tcgccactgg 4200  cagcagccac
tggtaacagg attagcagag cgaggtatgt aggcggtgct 4250
acagagttct tgaagtggtg gcctaactac ggctacacta gaaggacagt
4300  atttggtatc tgcgctctgc tgaagccagt taccttcgga
aaaagagttg 4350  gtagctcttg atccggcaaa caaaccaccg
ctggtagcgg tggttttttt 4400  gtttgcaagc agcagattac
gcgcagaaaa aaaggatctc aagaagatcc 4450  



tttgatcttt tctacggggt ctgacgctca gtggaacgaa aactcacgtt
4500  aagggatttt ggtcatgaga ttatcaaaaa ggatcttcac
ctagatcctt 4550  ttaaattaaa aatgaagttt taaatcaatc
taaagtatat atgagtaaac 4600  ttggtctgac agttaccaat
gcttaatcag tgaggcacct atctcagcga 4650  tctgtctatt
tcgttcatcc atagttgcct gactccccgt cgtgtagata 4700
actacgatac gggagggctt accatctggc cccagtgctg caatgatacc
4750  gcgagaccca cgctcaccgg ctccagattt atcagcaata
aaccagccag 4800  ccggaagggc cgagcgcaga agtggtcctg
caactttatc cgcctccatc 4850  cagtctatta attgttgccg
ggaagctaga gtaagtagtt cgccagttaa 4900  tagtttgcgc
aacgttgttg ccattgctgc aggcatcgtg gtgtcacgct 4950
cgtcgtttgg tatggcttca ttcagctccg gttcccaacg atcaaggcga
5000  gttacatgat cccccatgtt gtgcaaaaaa gcggttagct
ccttcggtcc 5050  tccgatcgtt gtcagaagta agttggccgc
agtgttatca ctcatggtta 5100  tggcagcact gcataattct
cttactgtca tgccatccgt aagatgcttt 5150  tctgtgactg
gtgagtactc aaccaagtca ttctgagaat agtgtatgcg 5200
gcgaccgagt tgctcttgcc cggcgtcaac acgggataat accgcgccac
5250  atagcagaac tttaaaagtg ctcatcattg gaaaacgttc
ttcggggcga 5300  aaactctcaa ggatcttacc gctgttgaga
tccagttcga tgtaacccac 5350  14 tcgtgcaccc aactgatctt
cagcatcttt tactttcacc agcgtttctg 5400  ggtgagcaaa
aacaggaagg caaaatgccg caaaaaaggg aataagggcg 5450
acacggaaat gttgaatact catactcttc ctttttcaat attattgaag
5500  catttatcag ggttattgtc tcatgagcgg atacatattt
gaatgtattt 5550  agaaaaataa acaaataggg gttccgcgca
catttccccg aaaagtgcca 5600  cctgacgtct aagaaaccat
tattatcatg acattaacct ataaaaatag 5650  gcgtatcacg
aggccctttc gtcttcaa 5678 <210> 17  <211> 236  <212>
PRT <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 10 15  Ser Ile Ala Thr
Asn Ala Tyr Ala Gln Ile Val Leu Ser Gln Ser 20 25 30
Pro Ala Ile Leu Ser Ala Ser Pro Gly Glu Lys Val Thr
Met Thr  35 40 45 Cys Arg Ala Ser Ser Ser Val Ser Tyr
Met His Trp Tyr Gln Gln  



50 55 60  Lys Pro Gly Ser Ser Pro Lys Pro Trp Ile Tyr
Ala Pro Ser Asn 65 70 75  Leu Ala Ser Gly Val Pro Ala
Arg Phe Ser Gly Ser Gly Ser Gly  80 85 90 Thr Ser Tyr
Ser Leu Thr Ile Ser Arg Val Glu Ala Glu Asp Ala  95
100 105  Ala Thr Tyr Tyr Cys Gln Gln Trp Ser Phe Asn
Pro Pro Thr Phe 110 115 120  Gly Ala Gly Thr Lys Leu
Glu Leu Lys Arg Thr Val Ala Ala Pro  125 130 135 Ser
Val Phe Ile Phe Pro Pro Ser Asp Glu Gln Leu Lys Ser
Gly  140 145 150  Thr Ala Ser Val Val Cys Leu Leu Asn
Asn Phe Tyr Pro Arg Glu 155 160 165  Ala Lys Val Gln
Trp Lys Val Asp Asn Ala Leu Gln Ser Gly Asn  170 175
180 Ser Gln Glu Ser Val Thr Glu Gln Asp Ser Lys Asp
Ser Thr Tyr  185 190 195 15 Ser Leu Ser Ser Thr Leu
Thr Leu Ser Lys Ala Asp Tyr Glu Lys  200 205 210 His
Lys Val Tyr Ala Cys Glu Val Thr His Gln Gly Leu Ser
Ser  215 220 225  Pro Val Thr Lys Ser Phe Asn Arg Gly
Glu Cys 230 235  <210> 18 <211> 253  <212> PRT <213>
Artificial sequence  <220> <223> Sequence is chimeric
<400> 18 Met Lys Lys Asn Ile Ala Phe Leu Leu Ala Ser
Met Phe Val Phe  1 5 10 15  Ser Ile Ala Thr Asn Ala
Tyr Ala Gin Ala Tyr Leu Gln Gln Ser 20 25 30  Gly Ala
Glu Leu Val Arg Pro Gly Ala Ser Val Lys Met Ser Cys
35 40 45 Lys Ala Ser Gly Tyr Thr Phe Thr Ser Tyr Asn
Met His Trp Val  



50 55 60  Lys Gln Thr Pro Arg Gln Gly Leu Glu Trp Ile
Gly Ala Ile Tyr 65 70 75  Pro Gly Asn Gly Asp Thr Ser
Tyr Asn Gln Lys Phe Lys Gly Lys  80 85 Ala Thr Leu Thr
Val Asp Lys Ser Ser Ser Thr Ala Tyr Met Gln  95 100
105  Leu Ser Ser Leu Thr Ser Glu Asp Ser Ala Val Tyr
Phe Cys Ala 110 115 120  Arg Val Val Tyr Tyr Ser Asn
Ser Tyr Trp Tyr Phe Asp Val Trp  125 130 135 Gly Thr
Gly Thr Thr Val Thr Val Ser Ser Ala Ser Thr Lys Gly
140 145 150  Pro Ser Val Phe Pro Leu Ala Pro Ser Ser
Lys Ser Thr Ser Gly 155 160 165  Gly Thr Ala Ala Leu
Gly Cys Leu Val Lys Asp Tyr Phe Pro Glu  170 175 180
Pro Val Thr Val Ser Trp Asn Ser Gly Ala Leu Thr Ser
Gly Val  185 190 195  His Thr Phe Pro Ala Val Leu Gln
Ser Ser Gly Leu Tyr Ser Leu 200 205 210  Ser Ser Val
Val Thr Val Pro Ser Ser Ser Leu Gly Thr Gln Thr  16
215 220 225  Tyr Ile Cys Asn Val Asn His Lys Pro Ser
Asn Thr Lys Val Asp 230 235 240  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 is synthesized  <400> 19 ttcgagctcg
cccgacattg attattgact agttattaat agtaatcaat 50
tacggggtca ttagttcata gcccatatat ggagttccgc gttacataac
100  ttacggtaaa tggcccgcct ggctgaccgc ccaacgaccc
ccgcccattg 150  acgtcaataa tgacgtatgt tcccatagta
acgccaatag ggactttcca 200  ttgacgtcaa tgggtggagt
atttacggta aactgcccac ttggcagtac 250  



atcaagtgta tcatatgcca agtacgcccc ctattgacgt caatgacggt
300  aaatggcccg cctggcatta tgcccagtac atgaccttat
gggactttcc 350  tacttggcag tacatctacg tattagtcat
cgctattacc atggtgatgc 400  ggttttggca gtacatcaat
gggcgtggat agcggtttga ctcacgggga 450  tttccaagtc
tccaccccat tgacgtcaat gggagtttgt tttggcacca 500
aaatcaacgg gactttccaa aatgtcgtaa caactccgcc ccattgacgc
550  aaatgggcgg taggcgtgta cggtgggagg tctatataag
cagagctcgt 600  ttagtgaacc gtcagatcgc ctggagacgc
catccacgct gttttgacct 650  ccatagaaga caccgggacc
gatccagcct ccgcggccgg gaacggtgca 700  ttggaacgcg
gattccccgt gccaagagtg acgtaagtac cgcctataga 750
gtctataggc ccaccccctt ggcttcgtta gaacgcggct acaattaata
800  cataacctta tgtatcatac acatacgatt taggtgacac
tatagaataa 850  catccacttt gcctttctct ccacaggtgt
ccactcccag gtccaactgc 900  acctcggttc tatcgattga
attccaccat gggatggtca tgtatcatcc 950  tttttctagt
agcaactgca actggagtac attcagatat ccagatgacc 1000
cagtccccga gctccctgtc cgcctctgtg ggcgataggg tgaccattac
1050  ctgccgtgcc agtcaggaca tccgtaatta tttgaactgg
tatcaacaga 1100  17 aaccaggaaa agctccgaaa ctactgattt
actatacctc ccgcctggag 1150  tctggagtcc cttctcgctt
ctctggttct ggttctggga cggattacac 1200  tctgaccatc
agtagtctgc aaccggagga cttcgcaact tattactgtc 1250
agcaaggtaa tactctgccg tggacgttcg gacagggcac caaggtggag
1300  atcaaacgaa ctgtggctgc accatctgtc ttcatcttcc
cgccatctga 1350  tgagcagttg aaatctggaa ctgcctctgt
tgtgtgcctg ctgaataact 1400  tctatcccag agaggccaaa
gtacagtgga aggtggataa cgccctccaa 1450  tcgggtaact
cccaggagag tgtcacagag caggacagca aggacagcac 1500
ctacagcctc agcagcaccc tgacgctgag caaagcagac tacgagaaac
1550  acaaagtcta cgcctgcgaa gtcacccatc agggcctgag
ctcgcccgtc 1600  acaaagagct tcaacagggg agagtgttaa
gcttggccgc catggcccaa 1650  cttgtttatt gcagcttata
atggttacaa ataaagcaat agcatcacaa 1700  atttcacaaa
taaagcattt ttttcactgc attctagttg tggtttgtcc 1750
aaactcatca atgtatctta tcatgtctgg atcgatcggg aattaattcg
1800  gcgcagcacc atggcctgaa ataacctctg aaagaggaac
ttggttaggt 1850  accttctgag gcggaaagaa ccagctgtgg
aatgtgtgtc agttagggtg 1900  tggaaagtcc ccaggctccc
cagcaggcag aagtatgcaa agcatgcatc 1950  tcaattagtc
agcaaccagg tgtggaaagt ccccaggctc cccagcaggc 2000
agaagtatgc aaagcatgca tctcaattag tcagcaacca tagtcccgcc
2050  cctaactccg cccatcccgc ccctaactcc gcccagttcc
gcccattctc 2100  cgccccatgg ctgactaatt ttttttattt
atgcagaggc cgaggccgcc 2150  tcggcctctg agctattcca
gaagtagtga ggaggctttt ttggaggcct 2200  



aggcttttgc aaaaagctgt taacagcttg gcactggccg tcgttttaca
2250  acgtcgtgac tgggaaaacc ctggcgttac ccaacttaat
cgccttgcag 2300  cacatccccc cttcgccagc tggcgtaata
gcgaagaggc ccgcaccgat 2350  cgcccttccc aacagttgcg
tagcctgaat ggcgaatggc gcctgatgcg 2400  gtattttctc
cttacgcatc tgtgcggtat ttcacaccgc atacgtcaaa 2450
gcaaccatag tacgcgccct gtagcggcgc attaagcgcg gcgggtgtgg
2500  tggttacgcg cagcgtgacc gctacacttg ccagcgccct
agcgcccgct 2550  cctttcgctt tcttcccttc ctttctcgcc
acgttcgccg gctttccccg 2600  tcaagctcta aatcgggggc
tccctttagg gttccgattt agtgctttac 2650  18 ggcacctcga
ccccaaaaaa cttgatttgg gtgatggttc acgtagtggg 2700
ccatcgccct gatagacggt ttttcgccct ttgacgttgg agtccacgtt
2750  ctttaatagt ggactcttgt tccaaactgg aacaacactc
aaccctatct 2800  cgggctattc ttttgattta taagggattt
tgccgatttc ggcctattgg 2850  ttaaaaaatg agctgattta
acaaaaattt aacgcgaatt ttaacaaaat 2900  attaacgttt
acaattttat ggtgcactct cagtacaatc tgctctgatg 2950
ccgcatagtt aagccaactc cgctatcgct acgtgactgg gtcatggctg
3000  cgccccgaca cccgccaaca cccgctgacg cgccctgacg
ggcttgtctg 3050  ctcccggcat ccgcttacag acaagctgtg
accgtctccg ggagctgcat 3100  gtgtcagagg ttttcaccgt
catcaccgaa acgcgcgagg cagtattctt 3150  gaagacgaaa
gggcctcgtg atacgcctat ttttataggt taatgtaatg 3200
ataataatgg tttcttagac gtcaggtggc acttttcggg gaaatgtgcg
3250  cggaacccct atttgtttat ttttctaaat acattcaaat
atgtatccgc 3300  tcatgagaca ataaccctga taaatgcttc
aataatattg aaaaaggaag 3350  agtatgagta ttcaacattt
ccgtgtcgcc cttattccct tttttgcggc 3400  attttgcctt
cctgtttttg ctcacccaga aacgctggtg aaagtaaaag 3450
atgctgaaga tcagttgggt gcacgagtgg gttacatcga actggatctc
3500  aacagcggta agatccttga gagttttcgc cccgaagaac
gttttccaat 3550  gatgagcact tttaaagttc tgctatgtgg
cgcggtatta tcccgtgatg 3600  acgccgggca agagcaactc
ggtcgccgca tacactattc tcagaatgac 3650  ttggttgagt
actcaccagt cacagaaaag catcttacgg atggcatgac 3700
agtaagagaa ttatgcagtg ctgccataac catgagtgat aacactgcgg
3750  ccaacttact tctgacaacg atcggaggac cgaaggagct
aaccgctttt 3800  ttgcacaaca tgggggatca tgtaactcgc
cttgatcgtt gggaaccgga 3850  gctgaatgaa gccataccaa
acgacgagcg tgacaccacg atgccagcag 3900  caatggcaac
aacgttgcgc aaactattaa ctggcgaact acttactcta 3950
gcttcccggc aacaattaat agactggatg gaggcggata aagttgcagg
4000  accacttctg cgctcggccc ttccggctgg ctggtttatt
gctgataaat 4050  ctggagccgg ttagcgtggg tctcgcggta
tcattgcagc actggggcca 4100  gatggtaagc cctcccgtat
cgtagttatc tacacgacgg ggagtcaggc 4150  



aactatggat gaacgaaata gacagatcgc tgagataggt gcctcactga
4200  19 ttaagcattg gtaactgtca gaccaagttt actcatatat
actttagatt 4250  gatttaaaac ttcattttta atttaaaagg
atctaggtga agatcctttt 4300  tgataatctc atgaccaaaa
tcccttaacg tgagttttcg ttccactgag 4350  cgtcagaccc
cgtagaaaag atcaaaggat cttcttgaga tccttttttt 4400
ctgcgcgtaa tctgctgctt gcaaacaaaa aaaccaccgc taccagcggt
4450  ggtttgtttg ccggatcaag agctaccaac tctttttccg
aaggtaactg 4500  gcttcagcag agcgcagata ccaaatactg
tccttctagt gtagccgtag 4550  ttaggccacc acttcaagaa
ctctgtagca ccgcctacat acctcgctct 4600  gctaatcctg
ttaccagtgg ctgctgccag tggcgataag tcgtgtctta 4650
ccgggttgga ctcaagacga tagttaccgg ataaggcgca gcggtcgggc
4700  tgaacggggg gttcgtgcac acagcccagc ttggagcgaa
cgacctacac 4750  cgaactgaga tacctacagc gtgagcattg
agaaagcgcc acgcttcccg 4800  aagggagaaa ggcggacagg
tatccggtaa gcggcagggt cggaacagga 4850  gagcgcacga
gggagcttcc agggggaaac gcctggtatc tttatagtcc 4900
tgtcgggttt cgccacctct gacttgagcg tcgatttttg tgatgctcgt
4950  caggggggcg gagcctatgg aaaaacgcca gcaacgcggc
ctttttacgg 5000  ttcctggcct tttgctggcc ttttgctcac
atgttctttc ctgcgttatc 5050  ccctgattct gtggataacc
gtattaccgc ctttgagtga gctgataccg 5100  ctcgccgcag
ccgaacgacc gagcgcagcg agtcagtgag cgaggaagcg 5150
gaagagcgcc caatacgcaa accgcctctc cccgcgcgtt ggccgattca
5200  ttaatccagc tggcacgaca ggtttcccga ctggaaagcg
ggcagtgagc 5250  gcaacgcaat taatgtgagt tacctcactc
attaggcacc ccaggcttta 5300  cactttatgc ttccggctcg
tatgttgtgt ggaattgtga gcggataaca 5350  atttcacaca
ggaaacagct atgaccatga ttacgaatta a 5391 <210> 20
<211> 6135  <212> DNA <213> Artificial sequence  <220>
<223> Sequence is synthesized  <400> 20 attcgagctc
gcccgacatt gattattgac tagttattaa tagtaatcaa 50
ttacggggtc attagttcat agcccatata tggagttccg cgttacataa
100  20 cttacggtaa atggcccgcc tggctgaccg cccaacgacc
cccgcccatt 150  gacgtcaata atgacgtatg ttcccatagt
aacgccaata gggactttcc 200  attgacgtca atgggtggag
tatttacggt aaactgccca cttggcagta 250  catcaagtgt
atcatatgcc aagtacgccc cctattgacg tcaatgacgg 300  



taaatggccc gcctggcatt atgcccagta catgacctta tgggactttc
350  ctacttggca gtacatctac gtattagtca tcgctattac
catggtgatg 400  cggttttggc agtacatcaa tgggcgtgga
tagcggtttg actcacgggg 450  atttccaagt ctccacccca
ttgacgtcaa tgggagtttg ttttggcacc 500  aaaatcaacg
ggactttcca aaatgtcgta acaactccgc cccattgacg 550
caaatgggcg gtaggcgtgt acggtgggag gtctatataa gcagagctcg
600  tttagtgaac cgtcagatcg cctggagacg ccatccacgc
tgttttgacc 650  tccatagaag acaccgggac cgatccagcc
tccgcggccg ggaacggtgc 700  attggaacgc ggattccccg
tgccaagagt gacgtaagta ccgcctatag 750  agtctatagg
cccaccccct tggcttcgtt agaacgcggc tacaattaat BOO
acataacctt atgtatcata cacatacgat ttaggtgaca ctatagaata
850  acatccactt tgcctttctc tccacaggtg tccactccca
ggtccaactg 900  cacctcggtt ctatcgattg aattccacca
tgggatggtc atgtatcatc 950  ctttttctag tagcaactgc
aactggagta cattcagaag ttcagctggt 1000  ggagtctggc
ggtggcctgg tgcagccagg gggctcactc cgtttgtcct 1050
gtgcagcttc tggctactcc tttaccggct acactatgaa ctgggtgcgt
1100  caggccccag gtaagggcct ggaatgggtt gcactgatta
atccttataa 1150  aggtgttact acctatgccg atagcgtcaa
gggccgtttc actataagcg 1200  tagataaatc caaaaacaca
gcctacctgc aaatgaacag cctgcgtgct 1250  gaggacactg
ccgtctatta ttgtgctaga agcggatact acggcgatag 1300
cgactggtat tttgacgtct ggggtcaagg aaccctggtc accgtctcct
1350  cggcctccac caagggccca tcggtcttcc ccctggcacc
ctcctccaag 1400  agcacctctg ggggcacagc ggccctgggc
tgcctggtca aggactactt 1450  ccccgaaccg gtgacggtgt
cgtggaactc aggcgccctg accagcggcg 1500  tgcacacctt
cccggctgtc ctacagtcct caggactcta ctccctcagc 1550
agcgtggtga ctgtgccctc tagcagcttg ggcacccaga cctacatctg
1600  caacgtgaat cacaagccca gcaacaccaa ggtggacaag
aaagttgagc 1650 21 ccaaatcttg tgacaaaact cacacatgcc
caccgtgccc agcacctgaa 1700  ctcctggggg gaccgtcagt
cttcctcttc cccccaaaac ccaaggacac 1750  cctcatgatc
tcccggaccc ctgaggtcac atgcgtggtg gtggacgtga 1800
gccacgaaga ccctgaggtc aagttcaact ggtacgtgga cggcgtggag
1850  gtgcataatg ccaagacaaa gccgcgggag gagcagtaca
acagcacgta 1900  ccgtgtggtc agcgtcctca ccgtcctgca
ccaggactgg ctgaatggca 1950  aggagtacaa gtgcaaggtc
tccaacaaag ccctcccagc ccccatcgag 2000  aaaaccatct
ccaaagccaa agggcagccc cgagaaccac aggtgtacac 2050
cctgccccca tcccgggaag agatgaccaa gaaccaggtc agcctgacct
2100  gcctggtcaa aggcttctat cccagcgaca tcgccgtgga
gtgggagagc 2150  aatgggcagc cggagaacaa ctacaagacc
acgcctcccg tgctggactc 2200  cgacggctcc ttcttcctct
acagcaagct caccgtggac aagagcaggt 2250  



ggcagcaggg gaacgtcttc tcatgctccg tgatgcatga ggctctgcac
2300  aaccactaca cgcagaagag cctctccctg tctccgggta
aatgagtgcg 2350  acggccctag agtcgacctg cagaagcttg
gccgccatgg cccaacttgt 2400  ttattgcagc ttataatggt
tacaaataaa gcaatagcat cacaaatttc 2450  acaaataaag
catttttttc actgcattct agttgtggtt tgtccaaact 2500
catcaatgta tcttatcatg tctggatcga tcgggaatta attcggcgca
2550  gcaccatggc ctgaaataac ctctgaaaga ggaacttggt
taggtacctt 2600  ctgaggcgga aagaaccatc tgtggaatgt
gtgtcagtta gggtgtggaa 2650  agtccccagg ctccccagca
ggcagaagta tgcaaagcat gcatctcaat 2700  tagtcagcaa
ccaggtgtgg aaagtcccca ggctccccag caggcagaag 2750
tatgcaaagc atgcatctca attagtcagc aaccatagtc ccgcccctaa
2800  ctccgcccat cccgccccta actccgccca gttccgccca
ttctccgccc 2850  catggctgac taattttttt tatttatgca
gaggccgagg ccgcctcggc 2900  ctctgagcta ttccagaagt
agtgaggagg cttttttgga ggcctaggct 2950  tttgcaaaaa
gctgttaaca gcttggcact ggccgtcgtt ttacaacgtc 3000
gtgactggga aaaccctggc gttacccaac ttaatcgcct tgcag acat
3050  ccccccttcg ccagttggcg taatagcgaa gaggcccgca
ccgatcgccc 3100  ttcccaacag ttgcgtagcc tgaatggcga
atggcgcctg atgcggtatt 3150  ttctccttac gcatctgtgc
ggtatttcac accgcatacg tcaaagcaac 3200  22 catagtacgc
gccctgtagc ggcgcattaa gcgcggcggg tgtggtggtt 3250
acgcgcagcg tgaccgctac acttgccagc gccctagcgc ccgctccttt
3300  cgctttcttc ccttcctttc tcgccacgtt cgccggcttt
ccccgtcaag 3350  ctctaaatcg ggggctccct ttagggttcc
gatttagtgc tttacggcac 3400  ctcgacccca aaaaacttga
tttgggtgat ggttcacgta gtgggccatc 3450  gccctgatag
acggtttttc gccctttgac gttggagtcc acgttcttta 3500
atagtggact cttgttccaa actggaacaa cactcaaccc tatctcgggc
3550  tattcttttg atttataagg gattttgccg atttcggcct
attggttaaa 3600  aaatgagctg atttaacaaa aatttaacgc
gaattttaac aaaatattaa 3650  cgtttacaat tttatggtgc
actctcagta caatctgctc tgatgccgca 3700  tagttaagcc
aactccgcta tcgctacgtg actgggtcat ggctgcgccc 3750
cgacacccgc caacacccgc tgacgcgccc tgacgggctt gtctgctccc
3800  ggcatccgct tacagacaag ctgtgaccgt ctccgggagc
tgcatgtgtc 3850  agaggttttc accgtcatca ccgaaacgcg
cgaggcagta ttcttgaaga 3900  cgaaagggcc tcgtgatacg
cctattttta taggttaatg tcatgataat 3950  aatggtttct
tagacgtcag gtggcacttt tcggggaaat gtgcgcggaa 4000
cccctatttg tttatttttc taaatacatt caaatatgta tccgctcatg
4050  agacaataac cctgataaat gcttcaataa tattgaaaaa
ggaagagtat 4100  gagtattcaa catttccgtg tcgcccttat
tccctttttt gcggcatttt 4150  gccttcctgt ttttgctcac
ccagaaacgc tggtgaaagt aaaagatgct 4200  



gaagatcagt tgggtgcacg agtgggttac atcgaactgg atctcaacag
4250  cggtaagatc cttgagagtt ttcgccccga agaacgtttt
ccaatgatga 4300  gcacttttaa agttctgcta tgtggcgcgg
tattatcccg tgatgacgcc 4350  gggcaagagc aactcggtcg
ccgcatacac tattctcaga atgacttggt 4400  tgagtactca
ccagtcacag aaaagcatct tacggatggc atgacagtaa 4450
gagaattatg cagtgctgcc ataaccatga gtgataacac tgcggccaac
4500  ttacttctga caacgatcgg aggaccgaag gagctaaccg
cttttttgca 4550  caacatgggg gatcatgtaa ctcgccttga
tcgttgggaa ccggagctga 4600  atgaagccat accaaacgac
gagcgtgaca ccacgatgcc agcagcaatg 4650  gcaacaacgt
tgcgcaaact attaactggc gaactactta ctctagcttc 4700
ccggcaacaa ttaatagact ggatggaggc ggataaagtt gcaggaccac
4750  23 ttctgcgctc ggcccttccg gctggctggt ttattgctga
taaatctgga 4800  gccggtgagc gtgggtctcg cggtatcatt
gcagcactgg ggccagatgg 4850  taagccctcc cgtatcgtag
ttatctacac gacggggagt caggcaacta 4900  tggatgaacg
aaatagacag atcgctgaga taggtgcctc actgattaag 4950
cattggtaac tgtcagacca agtttactca tatatacttt agattgattt
5000  aaaacttcat ttttaattta aaaggatcta ggtgaagatc
ctttttgata 5050  atctcatgac caaaatccct taacgtgagt
tttcgttcca ctgagcgtca 5100  gaccccgtag aaaagatcaa
aggatcttct tgagatcctt tttttctgcg 5150  cgtaatctgc
tgcttgcaaa caaaaaaacc accgctacca gcggtggttt 5200
gtttgccgga tcaagagcta ccaactcttt ttccgaaggt aactggcttc
5250  agcagagcgc agataccaaa tactgtcctt ctagtgtagc
cgtagttagg 5300  ccaccacttc aagaactctg tagcaccgcc
tacatacctc gctctgctaa 5350  tcctgttacc agtggctgct
gccagtggcg ataagtcgtg tcttaccggg 5400  ttggactcaa
gacgatagtt accggataag gcgcagcggt cgggctgaac 5450
ggggggttcg tgcacacagc ccagcttgga gcgaacgacc tacaccgaac
5500  tgagatacct acagcgtgag cattgagaaa gcgccacgct
tcccgaaggg 5550  agaaaggcgg acaggtatcc ggtaagcggc
agggtcggaa caggagagcg 5600  cacgagggag cttccagggg
gaaacgcctg gtatctttat agtcctgtcg 5650  ggtttcgcca
cctctgactt gagcgtcgat ttttgtgatg ctcgtcaggg 5700
gggcggagcc tatggaaaaa cgccagcaac gcggcctttt tacggttcct
5750  ggccttttgc tggccttttg ctcacatgtt ctttcctgcg
ttatcccctg 5800  attctgtgga taaccgtatt accgcctttg
agtgagctga taccgctcgc 5850  cgcagccgaa cgaccgagcg
cagcgagtca gtgagcgagg aagcggaaga 5900  gcgcccaata
cgcaaaccgc ctctccccgc gcgttggccg attcattaat 5950
ccaactggca cgacaggttt cccgactgga aagcgggcag tgagcgcaac
6000  gcaattaatg tgagttacct cactcattag gcaccccagg
ctttacactt 6050  tatgcttccg gctcgtatgt tgtgtggaat
tgtgagcgga taacaatttc 6100  acacaggaaa cagctatgac
catgattacg aatta 6135 



<210> 21  <211> 232  <212> PRT <213> Artificial
sequence 24 <220>  <223> Sequence is synthesized
<400> 21 Met Gly Trp Ser Cys Ile Ile Leu Phe Leu Val
Ala Thr Ala Thr  1 5 10 15  Gly Val His Ser Asp Ile
Gln Met Thr Gln Ser Pro Ser Ser Leu 20 25 30  Ser Ala
Ser Val Gly Asp Arg Val Thr Ile Thr Cys Arg Ala Ser
35 40 45 Ser Ser Val Ser Tyr Met His Trp Tyr Gln Gln
Lys Pro Gly Lys  50 55 60  Ala Pro Lys Pro Leu Ile Tyr
Ala Pro Ser Asn Leu Ala Ser Gly 65 70 75  Val Pro Ser
Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr  80 85
90 Leu Thr Ile Ser Ser Leu Gln Pro Glu Asp Phe Ala Thr
Tyr Tyr  95 100 105  Cys Gln Gln Trp Ser Phe Asn Pro
Pro Thr Phe Gly Gln Gly Thr 110 115 120  Lys Val Glu
Ile Lys Arg Thr Val Ala Ala Pro Ser Val Phe Ile  125
130 135 Phe Pro Pro Ser Asp Glu Gln Leu Lys Ser Gly
Thr Ala Ser Val  140 145 150  Val Cys Leu Leu Asn Asn
Phe Tyr Pro Arg Glu Ala Lys Val Gln 155 160 165  Trp
Lys Val Asp Asn Ala Leu Gln Ser Gly Asn Ser Gln Glu
Ser  170 175 180 Val Thr Glu Gln Asp Ser Lys Asp Ser
Thr Tyr Ser Leu Ser Ser  185 190 195  Thr Leu Thr Leu
Ser Lys Ala Asp Tyr Glu Lys His Lys Val Tyr 200 205
210  Ala Cys Glu Val Thr His Gln Gly Leu Ser Ser Pro
Val Thr Lys  215 220 225  Ser Phe Asn Arg Gly Glu Cys
230  



<210> 22 <211> 471  <212> PRT <213> Artificial
sequence  <220> <223> Sequence is synthesized  <400>
22 25 Met Gly Trp Ser Cys Ile Ile Leu Phe Leu Val Ala
Thr Ala Thr  1 5 10 15 Gly Val His Ser Glu Val Gln Leu
Val Glu Ser Gly Gly Gly Leu  20 25 30  Val Gln Pro Gly
Gly Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly 35 40 45
Tyr Thr Phe Thr Ser Tyr Asn Met His Trp Val Arg Gln
Ala Pro  50 55 60 Gly Lys Gly Leu Glu Trp Val Gly Ala
Ile Tyr Pro Gly Asn Gly  65 70 75  Asp Thr Ser Tyr Asn
Gln Lys Phe Lys Gly Arg Phe Thr Ile Ser 80 85 90  Val
Asp Lys Ser Lys Asn Thr Leu Tyr Leu Gln Met Asn Ser
Leu  95 100 105 Arg Ala Glu Asp Thr Ala Val Tyr Tyr
Cys Ala Arg Val Val Tyr  110 115 120  Tyr Ser Asn Ser
Tyr Trp Tyr Phe Asp Val Trp Gly Gln Gly Thr 125 130
135  Leu Val Thr Val Ser Ser Ala Ser Thr Lys Gly Pro
Ser Val Phe  140 145 150 Pro Leu Ala Pro Ser Ser Lys
Ser Thr Ser Gly Gly Thr Ala Ala  155 160 165  Leu Gly
Cys Leu Val Lys Asp Tyr Phe Pro Glu Pro Val Thr Val
170 175 180  Ser Trp Asn Ser Gly Ala Leu Thr Ser Gly
Val His Thr Phe Pro  185 190 195 Ala Val Leu Gln Ser
Ser Gly Leu Tyr Ser Leu Ser Ser Val Val  200 205 210
Thr Val Pro Ser Ser Ser Leu Gly Thr Gln Thr Tyr Ile
Cys Asn 215 220 225  Val Asn His Lys Pro Ser Asn Thr
Lys Val Asp Lys Lys Val Glu  230 235 240 



Pro Lys Ser Cys Asp Lys Thr His Thr Cys Pro Pro Cys
Pro Ala  245 250 255  Pro Glu Leu Leu Gly Gly Pro Ser
Val Phe Leu Phe Pro Pro Lys 260 265 270  Pro Lys Asp
Thr Leu Met Ile Ser Arg Thr Pro Glu Val Thr Cys  275
280 285 Val Val Val Asp Val Ser His Glu Asp Pro Glu
Val Lys Phe Asn  290 295 300  Trp Tyr Val Asp Gly Val
Glu Val His Asn Ala Lys Thr Lys Pro  26 305 310 315
Arg Glu Glu Gin Tyr Asn Ser Thr Tyr Arg Val Val Ser
Val Leu 320 325 330  Thr Val Leu His Gln Asp Trp Leu
Asn Gly Lys Glu Tyr Lys Cys  335 340 345 Lys Val Ser
Asn Lys Ala Leu Pro Ala Pro Ile Glu Lys Thr Ile  350
355 360  Ser Lys Ala Lys Gly Gln Pro Arg Glu Pro Gln
Val Tyr Thr Leu 365 370 375  Pro Pro Ser Arg Glu Glu
Met Thr Lys Asn Gln Val Ser Leu Thr  380 385 390 Cys
Leu Val Lys Gly Phe Tyr Pro Ser Asp Ile Ala Val Glu
Trp  395 400 405  Glu Ser Asn Gly Gln Pro Glu Asn Asn
Tyr Lys Thr Thr Pro Pro 410 415 420  Val Leu Asp Ser
Asp Gly Ser Phe Phe Leu Tyr Ser Lys Leu Thr  425 430
435 Val Asp Lys Ser Arg Trp Gln Gln Gly Asn Val Phe
Ser Cys Ser  440 445 450  Val Met His Glu Ala Leu His
Asn His Tyr Thr Gln Lys Ser Leu 455 460 465  Ser Leu
Ser Pro Gly Lys 470  <210> 23 <211> 471  <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
Ala Thr  1 5 10 15  Gly Val His Ser Glu Val Gln Leu
Val Glu Ser Gly Gly Gly Leu 20 25 30  Val Gln Pro Gly
Gly Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly  35 40 45
Tyr Thr Phe Thr Ser Tyr Asn Met His Trp Val Arg Gln
Ala Pro  50 55 60  Gly Lys Gly Leu Glu Trp Val Gly Ala
Ile Tyr Pro Gly Asn Gly 65 70 75  Asp Thr Ser Tyr Asn
Gln Lys Phe Lys Gly Arg Phe Thr Ile Ser  80 85 90  27
Val Asp Lys Ser Lys Asn Thr Leu Tyr Leu Gln Met Asn
Ser Leu  95 100 105 Arg Ala Glu Asp Thr Ala Val Tyr
Tyr Cys Ala Arg Val Val Tyr  110 115 120  Tyr Ser Asn
Ser Tyr Trp Tyr Phe Asp Val Trp Gly Gln Gly Thr 125
130 135  Leu Val Thr Val Ser Ser Ala Ser Thr Lys Gly
Pro Ser Val Phe  140 145 150 Pro Leu Ala Pro Ser Ser
Lys Ser Thr Ser Gly Gly Thr Ala Ala  155 160 165  Leu
Gly Cys Leu Val Lys Asp Tyr Phe Pro Glu Pro Val Thr
Val 170 175 180  Ser Trp Asn Ser Gly Ala Leu Thr Ser
Gly Val His Thr Phe Pro  185 190 195 Ala Val Leu Gln
Ser Ser Gly Leu Tyr Ser Leu Ser Ser Val Val  200 205
210  Thr Val Pro Ser Ser Ser Leu Gly Thr Gln Thr Tyr
Ile Cys Asn 215 220 225  Val Asn His Lys Pro Ser Asn
Thr Lys Val Asp Lys Lys Val Glu  230 235 240 Pro Lys
Ser Cys Asp Lys Thr His Thr Cys Pro Pro Cys Pro Ala
245 250  Pro Glu Leu Leu Gly Gly Pro Ser Val Phe Leu
Phe Pro Pro Lys 260 265 270  Pro Lys Asp Thr Leu Met
Ile Ser Arg Thr Pro Glu Val Thr Cys  275 280 285 Val
Val Val Asp Val Ser His Glu Asp Pro Glu Val Lys Phe
Asn  



290 295 300  Trp Tyr Val Asp Gly Val Glu Val His Asn
Ala Lys Thr Lys Pro 305 310 315  Arg Glu Glu Gln Tyr
Asn Ala Thr Tyr Arg Val Val Ser Val Leu  320 325 330
Thr Val Leu His Gln Asp Trp Leu Asn Gly Lys Glu Tyr
Lys Cys  335 340 345  Lys Val Ser Asn Lys Ala Leu Pro
Ala Pro Ile Ala Ala Thr Ile 350 355 360  Ser Lys Ala
Lys Gly Gln Pro Arg Glu Pro Gln Val Tyr Thr Leu  365
370 375 Pro Pro Ser Arg Glu Glu Met Thr Lys Asn Gln
Val Ser Leu Thr  380 385 390  Cys Leu Val Lys Gly Phe
Tyr Pro Ser Asp Ile Ala Val Glu Trp  28 395 400 405
Glu Ser Asn Gly Gln Pro Glu Asn Asn Tyr Lys Thr Thr
Pro Pro 410 415 420  Val Leu Asp Ser Asp Gly Ser Phe
Phe Leu Tyr Ser Lys Leu Thr  425 430 435 Val Asp Lys
Ser Arg Trp Gln Gln Gly Asn Val Phe Ser Cys Ser  440
445 450  Val Met His Glu Ala Leu His Asn His Tyr Thr
Gln Lys Ser Leu 455 460 465  Ser Leu Ser Pro Gly Lys
470  <210> 24 <211> 891  <212> DNA <213> Macaca
fascicularis  <400> 24 atgacaacac ccagaaattc
agtaaatggg actttcccag cagagccaat 50  gaaaggccct
attgctatgc aacctggtcc aaaaccactc ctcaggagga 100
tgtcttcact ggtgggtccc acgcaaagct tcttcatgag ggaatctaag
150  gctttggggg ctgtccagat tatgaatggg ctcttccaca
ttgccctggg 200  gggtcttctg atgatcccag cagggatcta
tgcacccatc tgtgtgactg 250  tgtggtaccc tctgtgggga
ggcattatgt atattatttc cggatcactc 300  ctggcagcaa
cggagaaaaa ctccaggaag tgtttggtca aaggaaaaat 350
gataatgaat tcattgagcc tctttgctgc catttctgga atgattcttt
400  caatcatgga catacttaat attaaaattt cccatttttt
aaaaatggag 450  



agtctgaatt ttatcagagt tcacacacca tatattaaca tatacaactg
500  tgaaccagct aatccctctg agaaaaactc tccatctact
caatactgtt 550  acagcataca atctctgttc ctgggcattt
tgtcagtgat gctgatcttt 600  gccttcttcc aggaacttgt
aatagctggc atcgttgaga atgaatggag 650  aagaacatgc
tccagaccca aatctagcgt agttctcctg tcagctgaag 700
aaaaaaaaga acaagtcatt gaaataaaag aagaagtggt tgggctaact
750  gaaacatctt cccaaccaaa gaatgaagaa gccattgaaa
ttattccaat 800  ccaagaagag gaagaagaag aaacagagac
aaactttcca gaacctcccc 850  aagatcagga atcttcacca
atagaaaatg acagctctcc t 891 <210> 25  <211> 297 29
<212> PRT <213> Macaca fascicularis  <400> 25 Met Thr
Thr Pro Arg Asn Ser Val Asn Gly Thr Phe Pro Ala Glu  1
5 10 15  Pro Met Lys Gly Pro Ile Ala Met Gln Pro Gly
Pro Lys Pro Leu 20 25 30  Leu Arg Arg Met Ser Ser Leu
Val Gly Pro Thr Gln Ser Phe Phe  35 40 45 Met Arg Glu
Ser Lys Ala Leu Gly Ala Val Gln Ile Met Asn Gly  50 55
60  Leu Phe His Ile Ala Leu Gly Gly Leu Leu Met Ile
Pro Ala Gly 65 70 75  Ile Tyr Ala Pro Ile Cys Val Thr
Val Trp Tyr Pro Leu Trp Gly  80 85 90 Gly Ile Met Tyr
Ile Ile Ser Gly Ser Leu Leu Ala Ala Thr Glu  95 100
105  Lys Asn Ser Arg Lys Cys Leu Val Lys Gly Lys Met
Ile Met Asn 110 115 120  Ser Leu Ser Leu Phe Ala Ala
Ile Ser Gly Met Ile Leu Ser Ile  125 130 135 Met Asp
Ile Leu Asn Ile Lys Ile Ser His Phe Leu Lys Met Glu
140 145 150  Ser Leu Asn Phe Ile Arg Val His Thr Pro
Tyr Ile Asn Ile 1Tyr 65  155 160 Asn Cys Glu Pro Ala
Asn Pro Ser Glu Lys Asn Ser Pro Ser Thr  170 175 180  



Gln Tyr Cys Tyr Ser Ile Gln Ser Leu Phe Leu Gly Ile
Leu Ser 185 190 195  Val Met Leu Ile Phe Ala Phe Phe
Gln Glu Leu Val Ile Ala Gly  200 205 210 Ile Val Glu
Asn Glu Trp Arg Arg Thr Cys Ser Arg Pro Lys Ser  215
220 225  Ser Val Val Leu Leu Ser Ala Glu Glu Lys Lys
Glu Gln Val Ile 230 235 240  Glu Ile Lys Glu Glu Val
Val Gly Leu Thr Glu Thr Ser Ser Gln  245 250 255 Pro
Lys Asn Glu Glu Ala Ile Glu Ile Ile Pro Ile Gln Glu
Glu  260 265 270  Glu Glu Glu Glu Thr Glu Thr Asn Phe
Pro Glu Pro Pro Gln Asp 275 280 285  30 Gln Glu Ser
Ser Pro Ile Glu Asn Asp Ser Ser Pro  290 295  <210> 26
<211> 297  <212> PRT <213> Homo sapiens  <400> 26 Met
Thr Thr Pro Arg Asn Ser Val Asn Gly Thr Phe Pro Ala
Glu  1 5 10 15  Pro Met Lys Gly Pro Ile Ala Met Gln
Ser Gly Pro Lys Pro Leu 20 25 30  Phe Arg Arg Met Ser
Ser Leu Val Gly Pro Thr Gln Ser Phe Phe  35 40 45 Met
Arg Glu Ser Lys Ala Leu Gly Ala Val Gln Ile Met Asn
Gly  50 55 60  Leu Phe His Ile Ala Leu Gly Gly Leu Leu
Met Ile Pro Ala Gly 65 70 75  Ile Tyr Ala Pro Ile Cys
Val Thr Val Trp Tyr Pro Leu Trp Gly  80 85 90 Gly Ile
Met Tyr Ile Ile Ser Gly Ser Leu Leu Ala Ala Thr Glu
95 100 105  Lys Asn Ser Arg Lys Cys Leu Val Lys Gly
Lys Met Ile Met Asn 110 115 120  Ser Leu Ser Leu Phe
Ala Ala Ile Ser Gly Met Ile Leu Ser Ile  125 130 135 



Met Asp Ile Leu Asn Ile Lys Ile Ser His Phe Leu Lys
Met Glu  140 145 150  Ser Leu Asn Phe Ile Arg Ala His
Thr Pro Tyr Ile Asn Ile Tyr 155 160 165  Asn Cys Glu
Pro Ala Asn Pro Ser Glu Lys Asn Ser Pro Ser Thr  170
175 180 Gln Tyr Cys Tyr Ser Ile Gln Ser Leu Phe Leu
Gly Ile Leu Ser  185 190 195  Val Met Leu Ile Phe Ala
Phe Phe Gln Glu Leu Val Ile Ala Gly 200 205 210  Ile
Val Glu Asn Glu Trp Lys Arg Thr Cys Ser Arg Pro Lys
Ser  215 220 225 Asn Ile Val Leu Leu Ser Ala Glu Glu
Lys Lys Glu Gln Thr Ile  230 235 240  Glu Ile Lys Glu
Glu Val Val Gly Leu Thr Glu Thr Ser Ser Gln 245 250
255  Pro Lys Asn Glu Glu Asp Ile Glu Ile Ile Pro Ile
Gln Glu Glu  31 260 265 270  Glu Glu Glu Glu Thr Glu
Thr Asn Phe Pro Glu Pro Pro Gln Asp 275 280 285  Gln
Glu Ser Ser Pro Ile Glu Asn Asp Ser Ser Pro 290 295
<210> 27 <211> 36  <212> DNA <213> Artificial sequence
<220> <223> Sequence is synthesized  <400> 27
ctacaccttc acgagctata acatgcactg ggtccg 36  <210> 28
<211> 51  <212> DNA <213> Artificial sequence  <220>
<223> Sequence is synthesized  <400> 28 gattaatcct
gacaacggcg acacgagcta taaccagaag ttcaagggcc 50  g 51 



<210> 29  <211> 38  <212> DNA <213> Artificial
sequence  <220> <223> Sequence is synthesized  <400>
29 gaatgggttg cagcgatcta tcctggcaac ggcgacac 38  <210>
30 <211> 65  <212> DNA <213> Artificial sequence
<220> <223> Sequence is synthesized  <400> 30
attattgtgc tcgagtggtc tactatagca acagctactg gtacttcgac
50  gtctggggtc aagga 65 <210> 31  <211> 36  <212> DNA
<213> Artificial sequence 32 <220>  <223> Sequence is
synthesized  <400> 31 ctgcacagcc agctcttctg tcagctatat
gcattg 36  <210> 32 <211> 42  <212> DNA <213>
Artificial sequence  <220> <223> Sequence is
synthesized  <400> 32 aactactgat ttacgctcca tcgaacctcg
cgtctggagt cc 42  <210> 33 <211> 45  <212> DNA <213>
Artificial sequence  <220> <223> Sequence is
synthesized  



<400> 33 tattactgtc aacagtggag cttcaatccg cccacatttg
gacag 45  <210> 34 <211> 37  <212> DNA <213>
Artificial sequence  <220> <223> Sequence is
synthesized  <400> 34 gtttcactat aagtgtcgac aagtccaaaa
acacatt 37  <210> 35 <211> 33  <212> DNA <213>
Artificial sequence  <220> <223> Sequence is
synthesized  <400> 35 gccaggatag atggcgccaa cccattccag
gcc 33  <210> 36 <211> 26  <212> DNA <213> Artificial
sequence  <220> <223> Sequence is synthesized  <400>
36 aagctccgaa accactgatt tacgct 26 33 <210> 37  <211>
18  <212> DNA <213> Artificial Sequence  <220> <223>
Sequence is synthesized  <400> 37 agttttgaga gcaaaatg
18  <210> 38 <211> 18  <212> DNA <213> Artificial
Sequence  <220> 



<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 Gln 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 Glu Trp Val Gly Ala Ile Tyr Pro
Gly Asn Gly Asp Thr Ser Tyr  50 55 60  Asn Gln Lys Phe
Lys Gly Arg Phe Thr Ile Ser Val Asp Lys 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 Val
Val Tyr Tyr Ser Asn Ser  95 100 105  Tyr Trp Tyr Phe
Asp Val Trp Gly Gln Gly Thr Leu Val Thr Val 110 115
120  Ser Ser Ala Ser Thr Lys Gly Pro Ser Val Phe Pro
Leu Ala Pro  125 130 135 Ser Ser Lys Ser Thr Ser Gly
Gly Thr Ala Ala Leu Gly Cys Leu  140 145 150 34 Val
Lys Asp Tyr Phe Pro Glu Pro Val Thr Val Ser Trp Asn
Ser  155 160 165 Gly Ala Leu Thr Ser Gly Val His Thr
Phe Pro Ala Val Leu Gln  170 175 180  Ser Ser Gly Leu
Tyr Ser Leu Ser Ser Val Val Thr Val Pro Ser 185 190
195  Ser Ser Leu Gly Thr Gln Thr Tyr Ile Cys Asn Val
Asn His Lys  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 Ser Thr Tyr Arg Val Val Ser Val Leu
Thr Val Leu His  305 310 315  Gln 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 Gly Gln Pro Arg Glu Pro Gln Val Tyr
Thr Leu Pro Pro Ser Arg  350 355 360  Glu Glu Met Thr
Lys Asn Gln 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 Gln Gln 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 35 <210> 40  <211> 213  <212> PRT <213>
Artificial sequence  <220> <223> sequence is
synthesized  <400> 40 



Asp Ile Gln Met Thr Gln 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 Gln Gln 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 Gln Pro Glu
Asp Phe Ala Thr Tyr Tyr Cys Gln Gln Trp  80 85 90 Ser
Phe Asn Pro Pro Thr Phe Gly Gln 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 Gln 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 Gln Trp
Lys Val Asp  140 145 150  Asn Ala Leu Gln Ser Gly Asn
Ser Gln Glu Ser Val Thr Glu Gln 155 160 165  Asp Ser
Lys Asp Ser Thr Tyr Ser Leu Ser Ser Thr Leu Thr Leu
170 175 180 Ser Lys Ala Asp Tyr Glu Lys His Lys Val
Tyr Ala Cys Glu Val  185 190 195  Thr His Gln Gly Leu
Ser Ser Pro Val Thr Lys Ser Phe Asn Arg 200 205 210
Gly Glu Cys <210> 41  <211> 452  <212> PRT <213>
Artificial sequence  <220> <223> sequence is
synthesized 36 <400> 41 Glu Val Gln 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 Glu Trp Val Gly Ala Ile Tyr
Pro Gly Asn Gly Asp Thr Ser Tyr  50 55 60  Asn Gln Lys
Phe Lys Gly Arg Phe Thr Ile Ser Val Asp Lys 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
Val Val Tyr Tyr Ser Asn Ser  95 100 105  Tyr Trp Tyr
Phe Asp Val Trp Gly Gln Gly Thr Leu Val Thr Val 110
115 120  Ser Ser Ala Ser Thr Lys Gly Pro Ser Val Phe
Pro Leu Ala Pro  125 130 135 Ser Ser Lys Ser Thr Ser
Gly Gly Thr Ala Ala Leu Gly Cys Leu  140 145 150  Val
Lys Asp Tyr Phe Pro Glu Pro Val Thr Val Ser Trp Asn
Ser 155 160 165  Gly Ala Leu Thr Ser Gly Val His Thr
Phe Pro Ala Val Leu Gln  170 175 180 Ser Ser Gly Leu
Tyr Ser Leu Ser Ser Val Val Thr Val Pro Ser  185 190
195  Ser Ser Leu Gly Thr Gln Thr Tyr Ile Cys Asn Val
Asn His Lys 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  37 Tyr Asn
Ala Thr Tyr Arg Val Val Ser Val Leu Thr Val Leu His
305 310 315 



Gln 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 Gln Pro
Arg Glu Pro Gln Val Tyr Thr Leu Pro Pro Ser Arg  350
355 360 Glu Glu Met Thr Lys Asn Gln 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 Gln Gln
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> 42  <211> 452
<212> PRT <213> Artificial sequence  <220> <223>
sequence is synthesized  <400> 42 Glu Val Gln 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 Glu Trp Val Gly Ala
Ile Tyr Pro Gly Asn Gly Asp Thr Ser Tyr  50 55 60  Asn
Gln Lys Phe Lys Gly Arg Phe Thr Ile Ser Val Asp Lys
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 Val Val Tyr Tyr Ser Ala Ser 38 



95 100 105  Tyr Trp Tyr Phe Asp Val Trp Gly Gln Gly
Thr Leu Val Thr Val 110 115 120  Ser Ser Ala Ser Thr
Lys Gly Pro Ser Val Phe Pro Leu Ala Pro  125 130 135
Ser Ser Lys Ser Thr Ser Gly Gly Thr Ala Ala Leu Gly
Cys Leu  140 145 150  Val Lys Asp Tyr Phe Pro Glu Pro
Val Thr Val Ser Trp Asn Ser 155 160 165  Gly Ala Leu
Thr Ser Gly Val His Thr Phe Pro Ala Val Leu Gln  170
175 180 Ser Ser Gly Leu Tyr Ser Leu Ser Ser Val Val
Thr Val Pro Ser  185 190 195  Ser Ser Leu Gly Thr Gln
Thr Tyr Ile Cys Asn Val Asn His Lys 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 Gln 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 Gln Pro Arg Glu Pro Gln Val
Tyr Thr Leu Pro Pro Ser Arg  350 355 360 Glu Glu Met
Thr Lys Asn Gln 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  39 Asp Gly Ser Phe Phe Leu Tyr Ser Lys
Leu Thr Val Asp Lys Ser  410 415 420 Arg Trp Gln Gln
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> 43  <211> 213
<212> PRT <213> Artificial sequence  <220> <223>
sequence is synthesized  <400> 43 Asp Ile Gln Met Thr
Gln 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 Gln Gln 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 Gln Pro Glu Asp Phe Ala Thr Tyr
Tyr Cys Gln Gln Trp  s0 85 90 Ser Phe Asn Pro Pro Thr
Phe Gly Gln 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 Gln 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 Gln Trp Lys Val Asp  140 145
150  Asn Ala Leu Gln Ser Gly Asn Ser Gln Glu Ser Val
Thr Glu Gln 155 160 165  Asp Ser Lys Asp Ser Thr Tyr
Ser Leu Ser Ser Thr Leu Thr Leu  170 175 180 



Ser Lys Ala Asp Tyr Glu Lys His Lys Val Tyr Ala Cys
Glu Val  185 190 195 40 Thr His Gln Gly Leu Ser Ser
Pro Val Thr Lys Ser Phe Asn Arg  200 205 210  Gly Glu
Cys <210> 44  <211> 452  <212> PRT <213> Artificial
sequence  <220> <223> sequence is synthesized  <400>
44 Glu Val Gln 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
Glu Trp Val Gly Ala Ile Tyr Pro Gly Asn Gly Ala Thr
Ser Tyr  50 55 60  Asn Gln Lys The Lys Gly Arg Phe Thr
Ile Ser Val Asp Lys 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 Val Val Tyr Tyr Ser Ala
Ser  95 100 105  Tyr Trp Tyr Phe Asp Val Trp Gly Gln
Gly Thr Leu Val Thr Val 110 115 120  Ser Ser Ala Ser
Thr Lys Gly Pro Ser Val The Pro Leu Ala Pro  125 130
135 Ser Ser Lys Ser Thr Ser Gly Gly Thr Ala Ala Leu
Gly Cys Leu  140 145 150  Val Lys Asp Tyr Phe Pro Glu
Pro Val Thr Val Ser Trp Asn Ser 155 160 165  Gly Ala
Leu Thr Ser Gly Val His Thr Phe Pro Ala Val Leu Gln
170 175 180 Ser Ser Gly Leu Tyr Ser Leu Ser Ser Val
Val Thr Val Pro Ser  185 190 195  Ser Ser Leu Gly Thr
Gln Thr Tyr Ile Cys Asn Val Asn His Lys 



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 41 230 235 240
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 Ser Thr Tyr Arg
Val Val Ser Val Leu Thr Val Leu His  305 310 315 Gln
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  Gly Gln Pro Arg
Glu Pro Gln Val Tyr Thr Leu Pro Pro Ser Arg  350 355
360 Glu Glu Met Thr Lys Asn Gln 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 Gln Gln 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> 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 5
10 15  Gly Asp Arg Val Thr Ile Thr Cys Arg Ala Ser Ser
Ser Val Ser 20 25 30  42 Tyr Met His Trp Tyr Gln Gln
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 Gln Pro Glu Asp Phe Ala
Thr Tyr Tyr Cys Gln Gln Trp  80 85 90 Ala Phe Asn Pro
Pro Thr Phe Gly Gln 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 Gln 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 Gln Trp Lys Val Asp
140 145 150  Asn Ala Leu Gln Ser Gly Asn Ser Gln Glu
Ser Val Thr Glu Gln 155 160 165  Asp Ser Lys Asp Ser
Thr Tyr Ser Leu Ser Ser Thr Leu Thr Leu  170 175 180
Ser Lys Ala Asp Tyr Glu Lys His Lys Val Tyr Ala Cys
Glu Val  185 190 195  Thr His Gln Gly Leu Ser Ser Pro
Val Thr Lys Ser Phe Asn Arg 200 205 210  Gly Glu Cys
<210> 46  <211> 452  <212> PRT <213> Artificial
sequence  <220> <223> sequence is synthesized  <400>
46 Glu Val Gln 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 Glu Trp Val
Gly Ala Ile Tyr Pro Gly Asn Gly Ala Thr Ser Tyr  50 55
60  Asn Gln Lys Phe Lys Gly Arg Phe Thr Ile Ser Val
Asp Lys Ser  43 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 Val Val Tyr Tyr Ser Ala Ser  95
100 105 Tyr Trp Tyr Phe Asp Val Trp Gly Gln Gly Thr
Leu Val Thr Val  110 115 120  Ser Ser Ala Ser Thr Lys
Gly Pro Ser Val Phe Pro Leu Ala Pro 125 130 135  Ser
Ser Lys Ser Thr Ser Gly Gly Thr Ala Ala Leu Gly Cys
Leu  140 145 150 Val Lys Asp Tyr Phe Pro Glu Pro Val
Thr Val Ser Trp Asn Ser  155 160 165  Gly Ala Leu Thr
Ser Gly Val His Thr Phe Pro Ala Val Leu Gln 170 175
180  Ser Ser Gly Leu Tyr Ser Leu Ser Ser Val Val Thr
Val Pro Ser  185 190 195 Ser Ser Leu Gly Thr Gln Thr
Tyr Ile Cys Asn Val Asn His Lys  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  Gln 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 Gln Pro Arg Glu Pro Gln Val Tyr Thr Leu
Pro Pro Ser Arg 350 355 360  Glu Glu Met Thr Lys Asn
Gln Val Ser Leu Thr Cys Leu Val Lys  365 370 375  44
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 Gln Gln 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> 47  <211> 213  <212> PRT <213> Artificial
sequence  <220> <223> sequence is synthesized  <400>
47 Asp Ile Gln Met Thr Gln 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 Gln Gln 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 Gln Pro Glu
Asp Phe Ala Thr Tyr Tyr Cys Gln Gln Trp  



80 85 90 Ala Phe Asn Pro Pro Thr Phe Gly Gln 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 Gln 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 Gln Trp Lys Val Asp  140 145 150  Asn Ala Leu Gln
Ser Gly Asn Ser Gln Glu Ser Val Thr Glu Gln 155 160
165  Asp Ser Lys Asp Ser Thr Tyr Ser Leu Ser Ser Thr
Leu Thr Leu 45 170 175 180  Ser Lys Ala Asp Tyr Glu
Lys His Lys Val Tyr Ala Cys Glu Val 185 190 195  Thr
His Gln 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 Gln 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 Glu Trp Val Gly Ala
Ile Tyr Pro Gly Asn Gly Ala Thr Ser Tyr  50 55 60  Asn
Gln Lys Phe Lys Gly Arg Phe Thr Ile Ser Val Asp Lys
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 Val Val Tyr Tyr Ser Ala Ser  95 100 105  



Tyr Trp Tyr Phe Asp Val Trp Gly Gln Gly Thr Leu Val
Thr Val 110 115 120  Ser Ser Ala Ser Thr Lys Gly Pro
Ser Val Phe Pro Leu Ala Pro  125 130 135 Ser Ser Lys
Ser Thr Ser Gly Gly Thr Ala Ala Leu Gly Cys Leu  140
145 150  Val Lys Asp Tyr Phe Pro Glu Pro Val Thr Val
Ser Trp Asn Ser 155 160 165  Gly Ala Leu Thr Ser Gly
Val His Thr Phe Pro Ala Val Leu Gln  170 175 180 Ser
Ser Gly Leu Tyr Ser Leu Ser Ser Val Val Thr Val Pro
Ser  185 190 195  Ser Ser Leu Gly Thr Gln Thr Tyr Ile
Cys Asn Val Asn His Lys 200 205 210  46 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 Gln 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 Gln Pro Arg Glu Pro Gln Val Tyr Thr
Leu Pro Pro Ser Arg  350 355 360 Asp Glu Leu Thr Lys
Asn Gln 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 Gln Gln 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> 49  <211> 452
<212> PRT <213> Artificial sequence  <220> <223>
sequence is synthesized  <400> 49 Glu Val Gln Leu Val
Glu Ser Gly Gly Gly Leu Val Gln Pro Gly  47 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 Glu Trp Val Gly Ala
Ile Tyr Pro Gly Asn Gly Ala Thr Ser Tyr  50 55 60  Asn
Gln Lys Phe Lys Gly Arg Phe Thr Ile Ser Val Asp Lys
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 Val Val Tyr Tyr Ser Ala Ser  95 100 105  Tyr
Trp Tyr Phe Asp Val Trp Gly Gln Gly Thr Leu Val Thr
Val 110 115 120  Ser Ser Ala Ser Thr Lys Gly Pro Ser
Val Phe Pro Leu Ala Pro  125 130 135 Ser Ser Lys Ser
Thr Ser Gly Gly Thr Ala Ala Leu Gly Cys Leu  140 145
150  Val Lys Asp Tyr Phe Pro Glu Pro Val Thr Val Ser
Trp Asn Ser 155 160 165  Gly Ala Leu Thr Ser Gly Val
His Thr Phe Pro Ala Val Leu Gln  170 175 180 



Ser Ser Gly Leu Tyr Ser Leu Ser Ser Val Val Thr Val
Pro Ser  185 190 195  Ser Ser Leu Gly Thr Gln Thr Tyr
Ile Cys Asn Val Asn His Lys 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  48 Gln Asp Trp Leu Asn Gly
Lys Glu Tyr Lys Cys Ala Val Ser Asn  320 325 330 Lys
Ala Leu Pro Ala Pro Ile Glu Ala Thr Ile Ser Lys Ala
Lys  335 340 345  Gly Gln Pro Arg Glu Pro Gln Val Tyr
Thr Leu Pro Pro Ser Arg 350 355 360  Glu Glu Met Thr
Lys Asn Gln 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  360 385 390  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 Gln Gln 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> 50  <211> 452  



<212> PRT <213> Artificial sequence  <220> <223>
sequence is synthesized  <400> 50 Glu Val Gln 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 Glu Trp Val Gly Ala
Ile Tyr Pro Gly Asn Gly Ala Thr Ser Tyr  50 55 60  Asn
Gln Lys Phe Lys Gly Arg Phe Thr Ile Ser Val Asp Lys
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 Val Val Tyr Tyr Ser Ala Ser  95 100 105  Tyr
Trp Tyr Phe Asp Val Trp Gly Gln Gly Thr Leu Val Thr
Val  49 110 115 120  Ser Ser Ala Ser Thr Lys Gly Pro
Ser Val Phe Pro Leu Ala Pro 125 130 135  Ser Ser Lys
Ser Thr Ser Gly Gly Thr Ala Ala Leu Gly Cys Leu  140
145 150 Val Lys Asp Tyr Phe Pro Glu Pro Val Thr Val
Ser Trp Asn Ser  155 160 165  Gly Ala Leu Thr Ser Gly
Val His Thr Phe Pro Ala Val Leu Gln 170 175 180  Ser
Ser Gly Leu Tyr Ser Leu Ser Ser Val Val Thr Val Pro
Ser  185 190 195 Ser Ser Leu Gly Thr Gln Thr Tyr Ile
Cys Asn Val Asn His Lys  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  Gln Asp Trp Leu Asn Gly
Lys Glu Tyr Lys Cys Lys Val Ser Asn  320 325 330 Ala
Ala Leu Pro Ala Pro Ile Ala Ala Thr Ile Ser Lys Ala
Lys  335 340 345  Gly Gln Pro Arg Glu Pro Gln Val Tyr
Thr Leu Pro Pro Ser Arg 350 355 360  Glu Glu Met Thr
Lys Asn Gln 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  50 Arg Trp Gln Gln 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> 51  <211> 122  <212> PRT <213>
Artificial sequence  <220> <223> sequence is
synthesized  <400> 51 Glu Val Gln 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 Glu Trp Val Gly Ala Ile Tyr Pro Gly Asn Gly
Ala Thr Ser Tyr  50 55 60  Asn Gln Lys Phe Lys Gly Arg
Phe Thr Ile Ser Val Asp Lys 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 Val Val Tyr Tyr Ser
Ala Ser  95 100 105  Tyr Trp Tyr Phe Asp Val Trp Gly
Gln Gly Thr Leu Val Thr Val 110 115 120  Ser Ser <210>
52  <211> 107  <212> PRT <213> Artificial sequence
<220> <223> sequence is synthesized  <400> 52 Asp Ile
Gln Met Thr Gln 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 Gln Gln
Lys Pro Gly Lys Ala Pro Lys Pro 51 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 Gln Pro Glu Asp Phe Ala
Thr Tyr Tyr Cys Gln Gln Trp  80 85 90  Ala Phe Asn Pro
Pro Thr Phe Gly Gln Gly Thr Lys Val Glu Ile 95 100 105
Lys Arg <210> 53  <211> 107  <212> PRT <213>
Artificial sequence  <220> 



<223> sequence is synthesized  <400> 53 Asp Ile Gln
Met Thr Gln 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 Gln Gln 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 Gln Pro Glu Asp Phe Ala Thr
Tyr Tyr Cys Gln Gln Trp  80 85 90 Ala Phe Asn Pro Pro
Thr Phe Gly Gln Gly Thr Lys Val Glu Ile  95 100 105
Lys Arg 52 






