
5 IMMUNOGLOBULIN 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 no one of several populations of white
blood cells; they specifically recognize and  15
respond to foreign antigen. The three major classes of
lymphocytes are B lymphocytes (B colls), T
lymphocytes (T cells) and natural Idiler (NK) cells. B
lymphocytes are the calls responsible for antibody
production and provide Immoral 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 memoryB 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 ofhnmoral immunity. The CD20
antigen (also called human B-lymphocyte-restricted
differentiation antigen, Bp35) is a  25 hydrophobic
transmembrane protein with a molecular weight of
approximately 35 Id) located on pre-B and  mature B
lymphocytes (Valentine et al. J. Blot. Chem.
264(19):11282-11287 (1989); and Biufeld et al.  EURO
J. 7(3):711-717 (1988)). The antigen is also expressed
an greater than 90% of B cell non-Hodgkin's  lymphomas
(NEIL) (Anderson et al. Blood 63(6):1424-1433 (1984)),
but is not found on hematopoietic stem  cells, pro-B
cells, normal plasma cells or other normal tissues
(Tedder et al. J. Immunol. 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 (redder et at, supra) and possibly
functions as a calcium ion channel (Tedder et al J.
Cell.  Bioclzem. 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 NEIL  35 and more than 56,000 new
cases are diagnosed each year. For example, the
rituximab (RrrUXAN(r)) antibody which is a genetically
engineered chimeric murinelhuman 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
"C2B8" in US Patent No. 5,736,137 40 issued April 7,
1998 (Anderson et al.) and in US Pat No. 5,776,456. In
vitro mechanism of action studies  have demonstrated
that RITUXAN(r) binds human complement and lyses
lymphoid B cell lines through  complement-dependent
cytotoxicity (CDC) (Reff et of Blood 83(2):435-445
(1994)). Additionally, it has  significant activity in
assays for antibody-dependent cellular cytotoxicity
(ADCC). In vivo preclinicat  studies have shown that
RITUXAN(r) depletes B cells from the peripheral blood,
lymph nodes, and bone 45 marrow of cynornolgus
monkeys, presumably through complement and
cell-mediated processes (Reff at at  I 



5 Blood 83(2):435-445 (1994)). Other anti-CD20
antibodies indicated for the treatment ofN11L include
the  murino antibody Zevalin' which is linked to the
radioisotope, Yttrium-90 (IDBC pharmaceuticals, San
Diego, CA), Bexxar which is a another fully murlne
antibody conjugated to 1-131 (Corixa, WA). A major
limitation in the use of marina antibodies in human
therapy is the human anti-mouse  antibody (RAMA)
response (see, e.g., Miller, R.A. of at,'T4onoolonal
antibody therapeutic trials in seven  10 patients with
T-cell lymphoma" Blood, 62:98&995,1983; and
Sohroff,1LW., of at. "Human anti-murine immunoglobulla
response in patients receiving monoclonal antibody
therapy" Cancer Res., 45:879-885,  1985). Bven
chimeric molecules, where the variable (V) domains
ofroddnt antibodies are fused inhuman  constant (C)
regions, are still capable of cutting a significant
immune response (HACA, human anti- cthinhariaantibody)
(Neuberger et a1, Nature (Lend.), 314:268-270,1985). A
powerful approach to 15 overcome those limitations in
the clinical use of monoclonal antibodies is
"humanization" of the marine  antibody or antibody
from a nonhuman species (Jones eta(. Nature (Loud),
321:522-525,1986; Rieoliman  er al., Nature (Load),
332:323.327,1988). Thus, it is benoiolal to produce
therapeutic antibodies to the CD20 antigen that create
minimal or  no antigonleiry when administered to
patients, especially for chronic treatment. The
present invention 20 satisfies this and other nods.
The present invention provides anti-CD20 antibodies
that overcome the  limitations of ounrent therapeutic
compositions as well as offer additional advantages
that will be apparent  from the, detailed description
below. SUMMARY OF TEE NTION 25 The present invention
provides CD20 binding antibodies or Amotional
fragments thereof, and their  use, In the treatment
ofB-cell associated diseases, These antibodies are
monoclonal antibodies. In specific  embodiments, the
antibodies that bind CD20 are humanized or chimeric.
The humanized 2117 variants  include those that have
amino acid substitutions in the PP. and affinity
maturation variants with changes In  the grafted CDRs.
The substituted amino adds in the CDR or FR are not
limited to those present In the 30 donor or recipient
antibody, In other embodiments, the and-CD20
antibodies of the invention thither  comprise changes
in amino acid residues in the Fo region that lead to
improved effector Amotion including  enhanced CDC
and/or ADCC ftmation and B-cell tilting (also refanTA
to herein as B-coll depletion). Other  anti-CD20
antibodies of the invention Include those baying
specific changes that Improve stability. In. a
speoifo embodiment, the humanized 2117 variants with
increased stability arc as described in example 6 35
below, Ftrcose doBcient variants having improved ADCC
function in vivo are also provided. In one
embodiment, the chimeric and-CD20 antibody has marine
V regions and human C region. One such  specific
chimorio anti-CD20 antibody is Rituxane atituximeW,
Ocoenteoh, Inc). In a prefenrod embodiment of all of
the antibody compositions and methods of use of this
invention,  the humanized CD20 binding antibody is
21i7.v16 having the light and heavy chain amino acid
sequence of  40 SUQ ID NO.21 and 22, respectively, as
shown In FI4. 6 and FIG. 7. When referring to the
polypeptide sequences in Figures 6,7 and 8, It should
be understood that the first 19 or so amino adds that
form the  secretory signal sequence an not present in
the mature polypeptido. 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 deplete primate B colts in
vivo, the antibody  comprising in the H ohgiq Variable
region (V, at least a CDR3 sequence of SEQ ID NO, 12
from an anti 10 human CD20 antibody and substantially
the human consensus framework (FR) residues of human
heavy  chain subgroup m (VH11I). In one embodiment,
the primate B coils are from human and Cyoomolgus
monkey. In one embodiment, the antibody Anther
comprises the H chain CDRL sequence of SBQ ID NO110
and CDR2 sequence of S13Q ID NO. 11. In another
embodiment, the preceding antibody comprises the L
chain CDRI sequence of SEQ ID NO.4, CDR2 sequence of
SEQ ED NO, 5, COR3 sequence of SEQ TD 15 NO.6 with
substantially the human consensus framework (PR)
residues of human light chain tc subgroup i  (VHI). In
a preferred embodiment, the FR region in Vt, has a
donor antibody residue at position 46; in a  specific
embodiment, FR2 In VLhas an amino acid substitution of
leulA6pro (Lea in the human icl  consensus sequence
changed to pro which is present in the comaspondiag
position in m2H7). The VH region further comprises a
donor antibody residue at at least amino acid
positions 49,71 and 73 in  20 the framework. In one
embodiment, In the Vn, the following PR positions In
the human heavy chain  subgroup III are substituted:
AtaH4901y in PR2; Argf171Val and AsDH73Lyo In FR3. In
othar  embodiments, the CDRteglons in the humanized
antibody further comprise amino sold substitutions
wham  the residues are neither from donor nor
reolplent antibody. The antibody of the preceding
embodiments can comprise the Vn sequence of SBQ ID
NO.8 of 25 vl6, as shown in FIG. lB. Ina further
embodiment of the preceding, the antibody ibrther
comprises the VL  sequence of SEQ ID N0.2 of v16, as
shown In FIG. IA. In other embodiments, the humanized
antibody is 2H741 having the light and heavy chain
amino  acid sequence of SEQ 0) NO.2 and 23,
respectively, as shown in pro, 6 and FIG. 8; 2H7.v31
having the  boavy chain amino acid sequence of SEQ ID
No. 23 as shown InFIG. 8; 2H7,v96 with the amino acid
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 Fe 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/E333AJK334A 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.vll 5 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 in most 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 prefentd
embod[m.,nt, the andlxidies of the invention arc hill
length antibodies wherein the Vn  region is joined to
a human igG heavy chain constant region. In preferred
etnbodimems, the IgG is human  igGl ocIgQ3. In one
embodiment, the CD20 binding antibody is cot(lugatcd
to a cytotoxie agent. In preferred  embodiments the
eytotoxie spot is a toxin or a radioactive isotope. 10
In one embodiment the aatSxlles of the invention fir
use to therapeutic or diagnostic purposes sea
produced in CHO cells. Also provided Is a composition
comprising an antibody of any one of the preceding
embodiments,  and a carrier. In one embodiment, the
earner is a pharmaceutically acceptable caudal. Micas
eornyosLtions  can be provided In an article of
manufacture or a kit. I5 The invention also provided a
liquid formuiation comprising it humanized 2F17
antibody at  20anghnL antibody, 1 omM hisddi a sulfate
pH5.8, 60mg/nd stemse (6%). 0.2 mg/otl polysurbate 20
(0.02%). The invention also provides an isolated
nucleic acid that encodes any of the antibodies
disclosed  herein.includingan expression
vcwdorfnrexpressing the antibody. 20 Another aspect of
the invention are host cells comprising thepreceding
nucleic acids, and host cells  that produce the
antibody. id a preferred embodiment of the latter, the
bon cell is a CHO cell. A me" of  producing these
antibodies is provided, the method comprising
culturing the host cell that produces the  wttibody
and recovering the antibody from the cell culture. Yet
another aspect of the Invention is an article of
manufacture comprising a container and a  25
composition contained therein, wherein the eomposttion
comprises an antibody of any of the preceding
embodiments. For use in treating NHL, the article of
manufacture further comprises a package insert
indicating that the composition is used to treat
non-Hodgkin's lymphoma. A further aspect of the
Invention is a method of inducing apopronia in B cells
in vivo, comprising  contacting B calls with the
antibody of any of the preceding, thereby balling
the13 cells. 30 The invention also provides methods of
treating the diseases diaaloSad heroin by
administration of a  CD20 bloding antibody or
Rrnctiotwl fragment thereof, to a martini) 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 acid
soqucnea of SEQ ID NO.  21 and 22, respectively, as
shown in F70.6 and FK).7. Thus, one embodiment is a
method of treating a 35 CD20 positive cancer.
comprising administering to a patient suffering from
the cancer, a therapeutically  effccrive amount of a
humanized C MD binding antibody of the invention. In
preferred embodiments, the  CD20 positive cancer is a
13 coil lymphonw or leukemia Including non-iodgkin's
lymphoma (NHL) or  lymphocyte predominant Hodgkin's
disease (LPHD), chronic lympbocylic leukemia (CLL) or
SLL. In one  



embodiment of the method of treating a B cell lymphoma
or leukemia, tilt antibody is administered at a 40
dosage range of about 275-375mg/rris. In additional
emhoiinacnts, the treatment method further comprises
admlalsteiing to the patient at least one
chemotherapeutic agent, wherein fir non-Hodgkin's
lymphoma  (NHL), rite chenootherapeutic agent is
selected from the group consisting of doxorubicin,
cyclopliosphamide,  vine ristine and prednisdanc. 4 5
Also provided is a method of treating an autolmmune
disease, composing administering to a patient
suifcring from the autolmmunc disease, n therapeuti
ally effective amount of the humanized CD20 binding
antibody of any one of the preceding claims. The
autoimmune disease is selected from the getup
consisting  of rheumatoid arthritis, juvenile
rheumatoid arthritis, systemic lupus etythcmarosus
(SLE), Wegences  disease, Inflammatory bowel disease,
idiopathic tbrombocympeoic purpura (11T), thrombotic
to lhrombmrytapenk purpum (TT!'), autnimm une
lfwmbmytopeoia, rnuldpie sclenusia, psoriasis, ]gA
nophropathy, IgM polyneuvopathit s, myasthenia gravy,
vasculhis, diabetes mellitus, Reynaud's syndrome,
Sjorgen'a syndrome and glomemlonepholbr. Where the
autoimmune disease is rheumatoid arlbrids, the
antibody can be administered in conjunction with a
second therapeutic agent which Is preferably
methotrexate, is In these treatment methods, the CD20
biodbrg antibodies can be administered alone or in
ucajunetion with a second therapeutic agent such as a
second antibody, or a chemodmempeutic agent or an
immunosuppsessive agent The second antibody can be one
that binds CD20 or a different B call antigen. or  a
NJC or T call antigen. To one embodiment, the second
antibody is a radiolabeted anti-CO20 antibody. In
other embodiments, the CM20 binding antibody is
conjugated to a cytoloxie agent including a toxin or a
20 radioactive isotope. In another aspect, the
invention provides a method of treating an auto! nmme
disease selected from  the group consisting of
Dermatomyosids, Wegncfs granulomatosts, ANCA, Aplaslie
anemia, Autolmmune  hemolytic anemia (AIFIA), factor
VIII deficiency, hemophilia A. Auloimmuna neutropenia,
Casdemad's  syndrome. Goodpastur:s syndrome, solid
organ transplant rejection, graft versus boat disease
(GViii)).ISM 25 mediated. thrombotic thrumbocytoponie
purpura (nTP), Nashintoto's'I'Ityruiditis, autoimmune
hepatitis,  lymphoid interstitial pneumonitis (li1V),
bronchiolilis oblicerans (non-transplant) vs. NSJP,
Ouillain'Benc  Syndrome, large vessel varoulitis,
giant toll (Takayasu's) areritis, medium vessel
vasealitis. Kawasaki's  Discava, polyarterius nodosa,
comprising ndmtnistering to aperient suffering from
the disease, a  therapeutically effective amount of a
CD20 binding antibody. in one embodiment of this
method, the CD20  30 binding antibody is Riwxan(r).
The lovention also provides an Isolated nucleic acid
comptishsg the nucleotido sequence of SEQ iD  NO.c 24
of the Cynoniolgus monkey C020 (shown in 110, 19). or
a degenerate variant of this sequence.  One
entbodbnent Is so isolated nucleic acid comprising a
sequence that encodes a polypeptide with the  amino
acid sequence of SuQ lD NO. 25 (shown FIG. 20), or SEQ
ID NO.23 0110. 20) with comicrvative 35 amino acid
substitutions. Another embodiment is a vector
comprising the preceding nucleic acid, including  an
expression vector fbr expression in a host cell.
Included as well Is a host cell comprising the vector.
Also  provided is an isolated polypeptide comprising
the amino acid sequence (,SF.Q ID NO. 25; FIG. 20) of
the  



Cyuomolgus monkey CD20. 40 BRIEF DESCRIPTION OF TIDE
FIGURES FiU. IA is a sequence aligmuent comparing the
amino acid sequences of the light chain variable
domain (VI) of each of marine 2).17 (SEQ ID NO. 1),
humanized 2117, v16 variant (SEQ ID NO.2 ), and  human
kappa light chain subgroup I (SEQ ID NO. 3). The CDRs
of Vt, of 2147 and hu2H7.vl6 areas  follows: CDR)
(SEJQ 1D NO.4), CDR2 (SEQ 1D NO.5 ), and CDR3 (SL7Q
Ill NO.6). 5 FIG. I D is a sequence alignment which
compares the Vtt sequences of murine 21X7 (.SEQ 11)
NO.  7), hnmanizcX 2H7,v 16 variant (SEQ ID No. 8),
and the human consensus sequence of heavy chain
subgroup 1)1(SEQ TI) NO. 9). The CORs of yo of 2H7 and
hu2H7.v16 are as Maw: CDR I (SL3Q ID  NO. 10). CDR2
(S):Q ID M(). 11), and CDR3 (SEQ ID NO.12). in PIG. I
A and I7u. III, the CDR I, CDR2 and CD1t3 In each
chain are enclosed within brackets.  I D Dunked by the
framework rettons, FRI-FR4, as Indicated. 2117 Senn to
the murino 2117 antibody. The  asterisks in between
two news of sequences intricate the positions. that
are different between the two  sequences. Residue
numbering is according to Rabat et at., Sequences of
Immunological Tnterest. Sth Ed.  Public Health Servl
o, National Institutes of Health, Bcttcsda, Md.
(1991), with insertions shown as a, b, c,  d, and e.
15 FIG. 2 shows the sequence of phagemid pVX4 (SEQ TO
NO.13) used for coostruction of 2117 Fab  plasmids
(see Example 1) as well as the amino acid sequences of
the L chain (SEQ ID NO.14) and H chain  (SEQ ID NO.15)
of the Fab for the CDR-grafted anti-WN-a humanized
antibody. 1710. 3 shows the sequence of the expression
ptastuld which encodes the c1thricric- 2147.4.8 Fab
(SEQ ID NO. 16). The amino add scquences of the L
chain (SEQ ID NO.17) and H chain (SEQ ID NO.18)  20
areshown. 1+10. 4 shows the sequence of the plasmid
pDRi (SEQ ID N0.19; 5391 bp) for expnssion of
Immunoglobulin light chains as described in Bxample 1.
pDR1 contains sequences encoding an ineluvant
antibody, the light chain of a humanized anti-CD3
antibody (Shalaby ct ai, J. Exp. Med. 175:217-225
(1992)), the start and stop colons for which arc
indicated in bold and underlined, 25 FIG. 5 shows the
sequence ofplasmid pDR2 (SF.Q TD NO.20; 6135 bp) for
expression of  immunoglobulin heavy chains as
described in Example 1. p1R2 contains sequences
encoding an irrelevant  antibody, the heavy chain of a
humanized anti-CD3 antibody (Sltalaby et at, supra),
the start and stop  colons for which arc indicated in
bold and underlined. FTG. 6 shown the amino acid
sequence of the 21`17M6 complete L chain (SBQ U)
NO-21). The  30 first 19 amino acids before DIQ are
the secretory signal sequence not present in the
mature puIypeptde  chain, F10. 7 shows the amino acid
sequence of the 2H7.v16 complete H chain (SEQ M
W0.22). The  first 19 a,nino acids before LVQ before
areaho secretory signal sequence not present In the
mature  polypeptidc chain. Aligning the Ve sequence in
M. 18 (SEQ ID NO.8) with the complete H chain 35
sequence, the human 71 constant region is from amino
acid position 114.471 In SI1Q ID NO. 22. P10.8 shows
the amino acid sequence of the 2H7.v31 complete H
chain (SEQ TD NO.23)- The  



first 19 amino acids before EVQ before are the
secretory signal sequence not present in the mature
pnlypcptide chain. The L chain in the same an for
2H7.v ] 6 (sac FIG. 6). PIG. 9 shows the relative
stability of 2H7.v16 and 2H7.v73 Igo variants as
described in Example 6.  40 Assay results were
normalized to the values prior to incubation and
reported as percent remaining after  incubation. WO.
10 is a flow chart summarizing the amino acid changes
from the marine 2117 to a subset of  humanized
versions up to v7.5. S. 5 FIG. I I is a summary of
mean absolute 13<xll count (CD3-/CD40+i in all groups
(2H7 study and  Rituxan study combined), as described
in Exvnple to. FIG. 12 shows the resells of a
representative ADCC assay on Accuse decient 2Id7
variants as  described in Fxamplo 11. no. 13 shows the
results of the Annexin V staining plotted as a
function of antibody concentration.  10 Ramos calls
were treated with an irrelevant Ig0I control antibody
(Hercepli n(r); circles), Rhuxlmab  (squares). or
rhuMAb 2H7.v16 (triangka) in the ptaxcnce of a
eroasltnking secondary antibody and were  analyzed
byFACS. Figures 13. 15 are described in Example 13.
1710. 14 shows the results of the Annex In V and
propidium iodide doable atolniog arc plotted as a
function of antibody concentration. Ramos calls were
treated with on irrelevant 401 control antibody 15 (Hc
rceptin(r): cirelcs), Rituximab (squares), or rhuMAb
2137.v16 (triangles) in theprvscnce of a emsslinking
secondary antibody and were analyzed by FACS. FTC. 15
shows the counts (per 10 a) of live, unstained cells
are plotted as a function of antibody  concentration.
Ramos cells were Treated with an irrelevant igCt1
control antibody (Herceptin(r); circles).  Rituxinaab
(syaares), or rhuMAb 2H7.vi6 (triangles) in the
presence of a c osslinking secondary antibody  20 and
wem analyzed by FAGS. lws. 16,17, IS show inhibition
of Raji tall tumorgrowth in nudc mice, as described in
Example  14. Animals were treated weekly (as indicated
by vertical arrows; n=8 mice per group) for 6 weeks
with  PBS (control) or with Rituxan(r) or rhuMAb 2H7.v
16 at 5 mg/kg (FIG, 16), 0.5 mgfkg (FIG. 17), or 0,05
mg/kg (FIG. I8). 24 FIG. 19 shows the nucleotide (SEQ
ID NO.24) and amino acid (SEQ ID NO.25) sequences of
Cynomolgus monkey CD20, as described in .FxnmiM 15.
FIG. 20 shows the amino acid sequence for eynomolgus
monkey C020 (SJQ ID NO. 25). Residues  that differ
from human 0020 are underlined and the human residues
(SEQ ID NO.26) are indicated dircotly  below the
monkey residue. The putative extratellular domain of
the monkey CD20 is in bold type. 30 FIO. 21 shows the
results of Cyn omo)gus Monkey cells expressing CD20
binding to hu2H7.vi 6,  .v31, and Rittman, as
described in Example IS. rke andbodias wtxa assayed
for the ability to NO and  displace IITC-conjugated
marine 2H7 binding to cynomolgus Cd?20. FIG, 22 shows
dose escalation schema for rheumatoid arthritis phase
Ml clinical trial.  140, 23 shows the vector for
expression of 2117.v16 in CHO cells. 35 



DETAILED DESCRIPTION OF THE PREFERRED EMBODTh4ENTS The
"(70320" antigen in a nonglycosylatcd, fransmcmbmne
phosphoprotein with a molecular weight  of
approximately 35 lei) that is found on the surface of
greater than 90% of B cells from peripheral blood or
lymphoid organs. CD20 Is expressed during early pre-I3
cell development and remains until plasma cell 40
differentiation: it is not found on human stem calls,
lymphoid progenitor cells or normal plasma cells. CD20
is present on both normal B cells as wall as
.malignant B cells. Other names for CD20 In the
literature  include "13-lymphocyte-restricted
differentiation antigen" and "Bp35". "Ile CD20 antigen
is described in, for  example, Clark and Ledbetter,
Adp. Cur. Res. 52:8I-149 (1989) and Valentine of ul.
J. HfuL Cyrem.  264(19):11282.11287 (1989). 7 5 The
term "antibody" is used in the broadest sense and
specifically covers monoclar al antibodies  (including
fit)! length monoclonal antibodies), mutdspe*4tc
antibodies (r g., bispeci tic antibodies), and
antibody fragments so long as they exhibit the desk ed
biological activity or function. The biological
activity of the CD20 binding and humanized CD20
binding antibodies of the  iavcadon will include at
least binding of the antibody to human C.D20, more
preferably binding to human  JO and other primate CD20
(including eynomolgus monkey, rhesus monkey,
chimpanzees). The antibodies would blab CD2o with a
lt, valet of ao htghar than I x 104. pefcrably a lee
value no higher than about I x  103. and be able to
kill or deplete li calls in vivo preferably by at but
20% when compared to the  appropriate negative control
which is not treated with such an antibody. B cell
depiction can be it result of  are or more of ADCC,
CDC, epoptnsis, or other mechanism. In some
embodiments of disease treatment 1$ heroin, specific
effector functions or mechaalsma may be desired over
others and certain variants of the  hwnanlz d 2B7 are
preferred to achieve those biological functions, such
as ADCC. "Antibody L'agmcnrs" comprise a porthm of a
full length antibody, generally the antigen binding or
variable region thereof. Examples of antibody
fragments include Fab, Fab', flab')r, and Fv
fragments;  dlabodles; liner antibodies: single-chain
antibody molecules; and multspecilie antibodies formed
from 20 antibody fragments. "Fv is the minimum
antibody fragment which contains a complete
antigen-recognition and - binding situ, This
fragmentconslsts of it timer of one heavy- and one
light chain variable region domain in  tight.
non-covalcnt association. From the folding of these
two domains emanate six hypervariable loops (3  loops
each from the if and L ebaln) that contribute the
amino acid residues for antigen binding and confer 25
andgen binding specificity to the antibody. However,
even a single variable domain (or half of an Pv
comprising only three CDRs specific for an antigen)
has the ability to n cognize and bind antigen.
although  at a lower affinity than the entire binding
site. The tam'wottoclonal antibody" as used herein
refers to an and body obtained from a population of
substantlafly homogeneous antibodies, Le., the
individual antibodies comprising the population are
identical  30 except for possible naturally occurring
mutations that may be presentin minor amounts.
Monoclonal antfbodite tut Idgidy xpa:illc. being
directed against a single antigenic HITS,
I'unttermore, in contrast to  conventional
(polycional) antibody preparations which typically
include different antibodies directed against
different determinants (epitopes), each monoclonal
antibody is altered against a single determinant on
the  



antigen. The modifier 'monoclonal' indicates the
character of the antibody as being obtained from a 35
substantially hemogcncous population of antibodies,
and is not hb be construed an 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 hybridonta
method first described by Kehler el aL, Nature
256:4955 (1975), or may be made by recombinant DNA
methods (sea, e.g., U.S. Patent No. 4,816,567). The
"monociontd antibodies" may also be isolated from
plknge antibody libraries using the techniques
described 40 In Clackson et al., Nature 352f24-628
(1991) and Marks anal, J. Mel Bin!. 222:581-597
(1991), for  example. ',Functional fragments" of the
CD20 binding antibodies of the invention are those
Mgmonts that  retain binding to CD20 with
substantially the same affinity as the intact full
length molecule from which  8 S they are derived and
show bloingleal activity including depleting B cells
as measured by in vitro or in vivo  assays such as
those described hem-in. The term "variable" refers to
the fact that certain segments of the variable domains
differ  extensively in sequence, among anUbodles. The
V domain mediates antigen binding and define
specificity of  a particular antibody for its
particular antigen. However, the variability is not
evenly distributed across the 10 1 10-amino acid spun
of the variable dwnains. Instead, the V region consist
of relatively invariant stretches  called inuttowtsk
regions (FRs) of 15-30 amino adds separated by shorter
teglons of extreme variability  called "hypervariable
regions" Oct are each 9-12 amino acids long. The
variable domains of native heavy  and light chains
each comprise four Rts, largely adopting a J-suet
Configuration, Connected by three  hypervatiablc
regiarrs, which form loops connecting, and in some
cares forming part of, the B-sheet 15 structure. The
Irypetvariable regions In each chain are held together
in close proximity by the PRs and, with  the
hypervariable regions from the other chain, contribute
to the formation of the antigen-binding site of
antibodies (see Rabat et al., y of Proteins of
bmnurartati_cal Interest 5th Ed. Public Health
Service,  National Institutes of Health, Bethesda, MD.
(1991)). The constant domains are not involved
directly in  binding an antibody to an autlgen, but
exhibit various effector functions, such as
participation of the 20 antibody in antibody dependent
cellular cymtmdcity (ADC(."), The term "bypervariabie
region" when used herein refers to the amino acid
residues of an antibody  which arc responsible for
antigen-binding. The bypcrvariable region generally
comprises amino add  residues from a eon1pWrieiuarity
determining region" or "CDR" (e.g, around about
residues 24-34 (1,1),  5046 (1-2) and 8997 (1.3) in
the VL, and around about 31-35B (HI), 50-65 (H2) and
95-102 (113) in the Vw 25 (Kalsat or al., Seevences of
Proteins of Immunological Interest 5th Ed. Public
Health Service, National  lastltutes of Health,
Bethesda, MD. (1991)) andor those residues from a
"hype variablc Imp" (e_g. residues  26-32 (1,1),50-62
().2) and 91-96 (12) in the V, and 26-32 (HI), 52A-55
(H2) and 96-101(113) in the Vu  (Chothia and Leak
1.MPI. Biol. 196t901-917 (1987)). As referred to
herein. the "I.Onsensus sequence" or consensus V
domain sequence is an artificial 30 sequence derived
ftom a comparison of the amino acid sequences of known
human immunoglobulin variable  region sequences. Based
on these comparisons, recombinant nucleic acid
sequences encoding the V domain  amino acids that at a
consensus of the sequences derived from the human c
and the human H chain  



subgroup )IT V domains were prepared. The cotwcasue, V
sequence does not have any known antibody  binding
specificity or affinity. 35 "Chimeric" antibodies
(immturoglohulins) have a portion of the heavy and/or
light chain identical  with or homologous to
corresponding segtrences in antibodies derived from a
particular species or belonging  to a particular
autlbody class or subclass, while the remainder of the
chain(s) is identical with or homologous  to
corresponding sequences in antibodies derived from
another species or belonging to another antibody
class or subclass, as well as fmgotents of such
antibodies, so long as they exhibit the desired
biological 40 activity (U.S. Patent No. 4,816,567; and
Morrison of al., PrvC. Nall Actin $c4 USA 81:6851-6855
(1984)).  Humanised antibody as used herein is a
subset of chimeric antibodies. "Humanized" forms of
non-human (c.g., mtuine) untibudics arc chimcriu
antibodies which Contain  minimal sequence derived
from non-human immunoglcbulin. For the most part,
humanized antibodies are  9 5 human immunoglohufins
(recipient or acceptor antibody) in which
hypervnriable region msiduer of the  recipient are
replaced by hypcrvarlablc 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 immunoglubulin are replaced by corresponding
non-human residues. Furthermore, humanized antibodies
may comprise residues which are nut found in the 10
recipient antibody or in the donor antibody. Thaw
modlfa:ntions are mach to flouter reline antibody
performance such as binding affinity. Generally, the
humanized antibody will comprise substantially all of
at least one, and typically two, variable domains, in
which all or substantially all of the hypervarlable
lumps  correspond to those of a non-human
hnntunogkibulin and all or substantially all of the FR
regions am these  of a human iamtunogtobulln sequence
although the FR regions may include one or more amino
acid 15 substitutions that improve binding affinity.
The number of these amino acid substitutions in the 1%
arc  typically no more than 6 in the H chain, and In
the L chain, no more than 3. The humanized antibody
nptionnlly also will comprise at IOWA a portion of an
irmnunog)obulin constant region (Fe:), typically that
of a  human immanoglobuiln. For further details, sac
ionor er aL,Nature 321:522-525 (1986); Reichmana etaL,
Nature 332323-329 (1988); and Rests, Cur. Op. StrncL
Biota 2:593.596 (1944 20 Antibody "effector functions"
refer to those biological activities attributable to
the, Fe region (a  native sequence Fc region or amine,
acid sequence variant Fe region) of an andbo dy, and
vary with the  antibody isotype. lixamplca of antibody
effector functions include: CIq binding and complement
dependent  cymurxioity; Fe receptor binding;
antibody-dependent colt-mediated cytoarxicity (ADCC);
phagocyarsis;  down regulation of cull surface
receptors (e.g. B cell receptor); and B cell
activation. 25 "Ailibodydepcndcnt =11-mediated
cytotoxiclty" or "ADCC" refers to a form of
cytotoxicity in  which secreted IS bound onto Pb
receptors (FIRS) present on certain cytotoxic cells
(e.g. Natural Killer (NK)  coils. ncutruphiis, and
macrophages) enable time cytotoxic cfibctor cells to
bind specifically to an antigen- hearing target cell
and subsequently kill the target cell with cytotoxins.
The anibodies "arm" the cytotoxic  coils and are
absolutely required for such killing. The primary
cells for medlathhg ADCC, NK cells, express 30 Pc7Ri1)
only, whereas monocytes express FeryRl, FciRf and
FcyRTTI. FOR expresslon on hematopufettc  cells in
summarized in Table 3 on page 464 of Ravetch and
Khaet. Anus. Rev. fnumwto19A57-92 (1991). To  



assess ADCC activity of a molecule of interest, an in
vitro ADCC assay. such as that described in US Patent
Mn. 5,500 362 or 5,821,337 may be performed. Useful
effector cells fen such assays include peripheral
blood mononuclear cells (PBMC) and Natural Killer (NK)
cells. Alternatively, or additionally, AMC 35 nctlvhy
of the molecule of interest may be assessed in vivo.
e.g., In a animal model such as that disclosed in
Clynes et at ! NAS (PISA) 95-652-656 (1998). "l'e
receptor" or "PeR" describes a receptor that bhnds to
the Pc region of an tmtibody. The  preferred I.,cR is
a native sequence human YcR. Moreover, a preferred RR
is one which binds an Tgt7  antibody (a gamma
receptor) and includes receptors of the FeyRI, FcyRf,
and FcyRM subclasses, including 40 allelic variants
and alternatively spliced forms of thine receptors.
FcyRITreceptors include FayR]IA (an  "activating
receptor") and Fc74t11B (an "Inhibiting receptor"),
which have similar amino acid sequences that  differ
primarily Jo the cytoplasmic domains thereof.
Activating receptor Fe)IUTA contains an  immumrcecptor
tyro.vine-bused activation motif (]TAM) in its
cyteplaSIric townie. inhibiting receptor  FcyR1iR
contains an immunoreceptor tyrosine-based inhibition
motif (1TIM) in its cytoplasmic domain. (see 10 S
review M. )o Da8rtm, Anna Rev. fmmanal. 15:203.234
(1997)). FcRs arerevjcwed i n Ravctch and Kinet,
Anna. Rev. Immurw19:457-92 (1991); Capcl at at,
Jmmwaonlel/wds 4:25-34 (1994): and de fuss er at, J.
Lab. Cht. Met 126:330-41 (1995). Other FcRs, including
those to be Identified in the future, are  encompassed
by the term "FcR" herein, The term also includes the
neonatal leccptor. FcRn, which Is  responsible for the
transfer of maternal IgGM to the fetus (Guyer er aL,
J. Immunol. 117;387 (1976) and Kim  10 er at. J. Inuit
col. 24:249 (1994)). WO00/42072 (Areas) describes
antibody variants with improved or diminished binding
to FIRS.  The content of that latent publication is
specifically incorporated herein by reference. See,
also, Shields at  at. A Blot Chews 9(2)c 65914604
(2001). "Human effector Cells are leukocytes which
express one or more Felts and perform effector 15
flnetions, Preferably, the colts express m least
PcYRIB and perform AACC eflcctor function. Baarnplea
of  human leukocytes which mediate ADCC Include
peripheral blood mononuclear cells (PBMC), natural
killer  (NK) calls, monocytes, cylotoxio T cells and
neaopb1s with PBMCs and lax cells being pretend. The
effector cells orgy be Isolated from a native source,
&g. from blood. "Compkmcnt dependent cytotoxicity" or
"CDC" refers to the lysis of a target eel! in the
prescnce  20 of complement. Activation of the
classical complement pathway is initiated by the
binding of the fast  component of the complement
system (CIq) to antibodies (of the appropriate
subclass) which are bound to  their cognate antigen.
To assess complement activation, a LAC assay, e.g. as
described in Oaczanu-Santoro  ct at. J. lmmwwL Mathodx
202:163 (1996), may be perhnm"L Polypeptide variants
with altered Fe region amino acid sequences and
increased or decreased CLQ  25 binding capability are
described in US parent No. 6,194,531BI sod WO99/51642.
The contents of those  patent publications arc
specifically Incorporated herein byrefetence. See,
also, Idusogic ctal. J. Immunol.  164: 4178-4184
(2000). The N.glycosylatiion site in )gG is at As9297
in the CH2 domain. The present invention also
provides compositions of a CD20-binding, humanized
antibody having a Fe region, wherein about 80-100%  



30 (and preferably about 90.99%) of the antibody in
the composition comprises a mature core carbohydrate
sbuetura which leeks faction, attached to the Fa
region of the gtyonprntcin. Such compositions were
demonstrated herein to exhibit a surprising
improvement in binding to FcyRMA(F158), which is not
as  effective an FeyRB1A (V158) 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 human 35 patleats who express FoyRJJL4
(11158). FoyRJNA (FI58) Is more common than FcyRIIIA
(V 158) in  normal, healthy African Americans and
Caucasians. Sec Lchrnbechcr at at Bleed 94:4220
(1999). The  present application Ibrtber demonstrates
the synergistic increase in Feyfhll binding and/or
ADCC function  that results from combining the
glycosylarion variations herein with amino acid
sequence modification(s) in  the Fe region of the
glycoprotein. 40 An 'isolated" antibody is one which
has been identified and separated and/or recovered
from a  cnmpcncnt of its natural environment.
Contnmittani components of its natural environment am
materials  which would interfere with diagnostic or
therapeutic uses for the antibody, and may include
enzymes,  hormones, and other proteinaceous or
nonproteiaaceous solutes. In preferred embodiments,
the antibody  will he purified (1) to greater than 95%
by weight of antibody ax determined by the Lawry
method, and most II 5 preferably more than 99% by
weight, (2) to a degree sufficient to obtain at least
15 residues of N-terminal or  internal amino acid
sequence by use ofaspinning cup sequcnator, or (3) to
homogeneity by SRS-PAGE  under reducing or nooreducing
conditions using Coomassic blue or, preferably, silver
stain. Isolated  antibody Includes the antibody it
situ within recombinant cells since at least one
component of the antibody's natural environrnent will
not be present. Ordinarily, however, isolated antibody
will be prepared  10 by at least ono purification
step. An "isolated" nucleic acid molecule Is a nucleio
acid molecule that is identified and separated from
at least one cootantitamt nucleic acid molecule with
which It Is ordinarily associated in the natural
source of  the antibody nucleic acid. An Isolated
nucleic acid molecule Is other than In the form or
setting In which It Is  found in nature. Isolated
nucleic acid molecules therefore are distinguished
from the nucleic acid molecule 15 as it cxless In
natural cells. However, an isolated nucleic mad
molecule includes a nucleic acid molecule  contained
in mile that ordinarily express the antibody where,
for example, the nucleic acid molecule is in a
chromosomal location different from that of natural
cells. The expression "control sequmhcca" refers to
DNA sequences necessary tot 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.  Eukaryctic calls are known to utilize
promoters, polyadenylatio i 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 ptesequcsac or
secretoryleader is operably linked to DNA  Ibr a
pnlypuptide if it is expressed as a prt.protCin
thatparticipates in the secretion of the polypeptide;
a 23 promoter or enhancer is operably linked to a
coding sequence if it affects the tnansedpton of the
sequence;  or a ribosome binding site is operably
linked to a coding sequence if it is positioned so as
to facilitate  translation. Generally, "operably
db,ked" moans that the DNA sequences being linked are
contiguous, and,  



in the case of a secretory leader, contiguous rod in
reading phase. However, enhancers do not have to be
contiguous. Linking Is accomplished by ligation at
convcnientrestriction sires, if sucksites do not
exist, the 30 synthetic oliganucleotide adaptorn or
linkers arc used in accordance with conventional
praclice. "Vector' includes shuale and expression
vectors. Typically, the pinawid construct will also
include  an origin of replication (e.g., the ColEl
origin of replication) and a selectable marker (e.g..
ampidtlin ur  tetracycline resistance), for
replication and selection, respectively, of the
piesmids In bacteria. An  "expression vector" refers
to a vector that contains the necessary control
sequences or regulatory elements 33 for expression of
the antibodies including antibody fragment of the
Invention, in bacterial or eukaryotic cells.  Suitable
vectors are disclosed below. The cell that produces a
humanized CA20 binding antibody of the invention will
include the  bacterial and uuknryotie host calls into
which nucleic acid encoding the antibodies have been
introduced.  Suitable host calls arc disclosed below.
40 The word 'label" when used herein refers to a
detectable compound or composition which is
conjugated directly or indirectly to the antibody. The
label may itself be detectable by itself (e.q..
radioistopc labels or fluorescent labels) or, in the
case of an enzymatic label, may catalyze chemical
alteration of a substrare compound or composition
which is detectable. 12 5 An "autuimmnne disease"
herein is a non.mallgnant disease to disorder arising
from and directed  against an individual's awn (sell)
antigens and/or tissut. As used herein, "B cell
depletion" refers to a reduction in B cell levels in
an animal or human after  drug or andlxuly treatment,
as coniparcd to the B cell level before treat ment B
cell levels are measurable  using well known assays
such ax those described in the Experimental Examples.
B cell depiction can be 10 complete ur partial. In one
embodiment, the depletion of Cfl2b cxprassing B cells
Is at kasr 25%. Not to be  limited by any one
maehanlsm, possible mechanisms of B-coll depletion
include ADC-r. CM mpophisix,  modulation of calcium
flux or a combination of two or more of the preceding.
The tarot "eytohndo U*W as used heroin relba to a
substance that inhibits or prevents the function  of
cells sacVorcauses destruction of tx lis. The tam is
intended to Include radioactive isotopes (e.g., )rte
JS itu, Yse and Rer"), chemotherapeutic agents, and
toxins such as enzymatically active toxins of
bacterial,  fungal, plant or animal tuighr,
orfmgrocnts thereof. A "chemotherapeutic agent" is at
chemical compound useful in the treatment of cancer,
lixamplcs  of ehemotharapeudc agents include dkalyzing
or alkylatng agents such as thiotcpa and
cyelosphosphamide  (CYTOXANTM): alkyl sulfonatce such
as busulfha, itnprosulfan and piposulfan; aziridines
such as 20 hanxadopo, carboquone. mcturcdopa, and
uredopa; ettylonimincs and merhylamelamiacs including
alunranilne, triethylenemelnndnc,
trictylenephosphoraatldde,
iriettylcoethlophosphaoramide and
trlmedryblomelaro)ne nitrugico mustards such as
cblorambud), chlomapharine, cholophosphsmidc,
estrainustnq ifusiiunidc, mechlarethaminu,
mechlor'ethantine oxide hydrochloride, melphalan,
novembiehint  phcnestcrine, prednimustine,
trofosfantde, uracil mustard; nitrosureas such as
carntustne, chlcrozotocin, 25 fotemustine, lomusdne,
nimustinc, ranimustiric antibiotics such as
aclacinomysins, actinomycin,  authramydn, azaserine,
bloumycins, cuctinomycin, calicheamicin, carabldn. en
vfirtamycin, carzlnophilin,  



ehromomycins,dactinumyuin, dsunurubicin, dctmubicin,
6-diazo-5-oxo-b-narleuciue. doxorubicin  (Adrlainycn),
epkubicla, esorubicin, idarubicin, roamollomycin,
mitomycins, mycnphenollc acid,  nogalamydn,
otivontycins, peplomycin, pottirumycin, purmnycin,
quelamycin. rodorubiein. streptoniprln, 30
strcptczucin, tubercidin, ubcnimcx, zmostadn,
zombicin; anti-metabolites such as methotmxate and 5-
fluorouracil (5-FIT); iblic acid analogues such as
denopteerin, methotrexato, pteropteria, WIRIOUME816;
Purim  analogs such as flndarabine, 6-mercaptopurino,
tblarniprine, thloguanhta Pyrimiclim analogs such as
ancitabinc, azacitidinc, 6-azatuidinc, curmofur,
eytarabine, didcuxyutidinc, dwciflrridine,
enocitahine,  tloxurldinc, 547U; androgens such as
calusterone, droxnostanolone propionate epiliostanol,
mepitiusta ic, 35 testolactonc; and-adrenals such as
arninogluretblmidc, ndtotane, trilostwte; folic acid
rtplesisher such as  frolinic acid: acegtatunc;
aldophosphamido glycoside; aminolevuliniu ackl;
nmsacrine; bestrabucil;  bisantmne: edatwxate:
defofamine; demecolcine; diariquons; elfornithine;
elliptinium acetate; stoglucid;  gallium nitrate;
hydroxyurea; lendnan; lonldamine; rnitogunzone;
mitoxantrone; mopidamoh nitracrine;  pentastatin;
phenamct; pirarubicin; podophyllinie acid;
2-cthylhydrazidc; prx:arbazine; P3AGD; razoxane; 40
sizofiran: spirogermanlum; tenuazo>ak acid;
triazlgcoue; 2, 2',2"-trlcblorotrlethyiandne urethan;
vindesine;  dncarbnzlne: nsaaoomostlne; nlJtobronltol;
hnitolactol; pipobroman; gacytoslae; arabinoside
("Ara-C"):  thiorepa; tnxoids, e.g. paclitaxel
('FAXOI,a'. Bristol-Myers Squibb Oncology. Princeton,
NJ) and doxetaxel  CrAXOTIJRE0. Rhone-Poulenc Rorer,
Antony, France); chiorambucil; gerneitabine;
6-thiuguaninc;  mornaptnpurinc; methutrezate; platinum
analogs such as cispladn and earboplatin; platinum;
etoposide (VP 13 5 I6); ifbsfnntlde; nutonlycin C;
mitoxantrone; vincristinc; vinblasline; vino,vlbine;
naveibine; novancrone;  tcniposidc; daunomycin;
amiooptarin; xcloda, ibandronate; CPT-1 f ;
lopoisonterasc Inhibitor RFS 2000;
difluoromethylornithine (DMFO); retinoic acid;
esperaniicins; capechabine; and pharmaceutically
acccpmble salts, acids or derivatives of any of the
above, Also inc(uded In this definition are
anti-hormonal  agents that act to regulate or Inhibit
hormone action on tumors such as anti-estrogens
including for example 10
tamozifsa,ratoxifbns,aromatatoinhibiting4(5)amidaaoTea
,4-hydmxytamoxifen,trioxifene,keoxifeac,  LY 1170J x,
orrapristonc, and toremifsne (Fireslon);
tmti-andragens such as fhuatolde, nilummide,
bicalstamidg ieuprollde, and Somalia; other
chemotherapeutic agents such as predudsnlone;
Pharmaceutically acceptable salts, aids or derlvativcs
of any of the above are Included. "Treating" or
"treatment' or "allevlsdoa" refers to both tlwrapendo
treatment and prophylactic or  15 prcventedvc
mcasnxes, wherein the object is to prevent or slow
down (omen) the targeted pathologic  condition or
disorder. A subject is successfully "ucated' for a
CD20 positive cancer or an autoiminune  discasc if,
after receiving a therapeutic amount of a CD20 binding
antibody of the invention accotding to the  methods of
the present invention, the subject shows observable
and/or measorabic reduction in or absence of  one or
more signs and symptoms of the particular disease. For
example, for Cancer, reduction In the number 20 of
cancer cells or absence of the cancer veils: 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 morn of the symptoms associated with the
specific  cancer; reduced morbidity and mortality, and
improvement In quality of Itfe Issues Reduction of the
signs  or symptoms of a disease may also be felt by
the patient. Treatment can achieve a complete
response, 



25 defined as disappearance of all signs of cancer, or
a partial response, wherein the sire of the tumor is
decreased. preferably by more than 50 percent. more
prefcrably, tby 75%. A patient is also considered
treated  if tite patient experiences stable diseases
In aprefcrrcci embodiment the Cancer patients are
still  progression-free in the cancer after one year,
preferably after 1$ months. These parameters for
assessing  wecessful treatmeotand improvement in the
disease are readily measurable by routine procedures
familiar  30 to a physician of appropriate skill In
the mi. A "tberepeotically effective amouru" 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 tb.erapeulcally effective amount of the
drug may reduce the number of cancer cells; reduce the
tumor size: Inhibit (4 d., slow to some extant and
preferably stop) cancer eel) iofiltration Into
peripheral organs; inhibit (i.e., slaw to some extent
and 35 preferably stop) tumor metastasis; inhibit to
same extent, tumor growth and/or relieve to some
extent one  or more of the symptoms associated with
the cancer. Sea preceding definition of "treating".
'Chronic" administration refers to administration of
the agent(s) in a continuous mode as opposed  to an
acute mode, se as to maintain the initial therapeutic
effect (activity) for an extended period of time.
'intermittent' administration is treatment that is not
consecutively done without interruption, but rather is
40 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 11 Chain having at least
one, prefbrably two or all of the H chain CDRs of a
non- 14 5 human species anti-human CD20antilody (donor
antibody), and substantially all of the framework
residua:  of a human consensus antibody as the
recipient antibody. The donor antibody can be from
various non- human species including mouse, rat,
guinea pig, gnat, rabbit, horse, primate but most
frequently will be a  murine antibody. "Substantially
all" In this context is meant that the recipient FR
regions in the humanized  antibody may include one or
more amino acid substitutions not originally procent
In the human consensus i0 PR acqucnca Them FIR changes
may comprise residues not found Jo the rc :ipient or
the donor antibody.  In one embodiment, the donor
antibody Is the mudan 2H7 antibody, the V region
including the  CDR and NR sequences of each of the H
and L chains of which are shown in FIG. IA and 113. In
a specific  embodiment, the residues for the human Feb
framework correspond to the consensus sequence of
human  V r sub; sup I and of Va subgroup 111, those
consensus eeyucnces are shown in Figure 1A and Figure
1B. IS respectively. The humanized 2117 antibody of
the invention win have at least one of the CDRs In the
H  chain of the mtuine donor antibody. le one
embodiment, the humanized 2H7 antibody that binds
human  CD20 comprises the CDRs of both the H and L
chains of the donor antibody. in a full length
antibody, the humanized CD20 binding antibody of the
invention will comprise a  humanized V domain joined
to a C domain of a human irnmunoglobolin. in a
pretbrred embodiment, the H  20 chain C region is from
human ISO, pref"ably TgOl or IgG3. The L chain C
domain Is preferably from  human rchain. Unless
indicated otherwise, a humanized 2H7 antibody version
heroin will have the V and C  domain sequences of
2H7.v16 L chain (F70.6, SEQ FD NO, 21) Arid H chain
(F1O 7., SBQ 10 NO. 22)  



except at the positions of amino acid substitutions or
changes indicatul in the experimental examples below.
25 The humanized CJ)20 binding antibodies will bind at
least hunwn CD20 and preferably hind other  primate
CD20 such as that of monkeys including cynomolgus and
rhesus monkeys, and ebimpanzces. The  sequence of the
cynomolgus monkey CD20 is disclosed in Example 15 and
Figure 19 The biological activity of the CD20 binding
antibodies and humanized CD20 binding antibodies of
the invention will Include at least binding of the
antibody to human CD20, rmrrc preferably binding to 30
human and primate 0)20 (Including oynomolgus Monkey,
rhesus monkey, chimpanzees), with a 1(4 value of  no
higher than I X I0't, preferably a K value no bighe.
than about i A IOA, even lulu p,Grei ably a TQ value
no higher than about I x 10'10, and be able to kill or
deplete Ii cells in vitro or in vivo, preferably by at
least  20% when compared to the baseline level or
appropriate negative control which is not boated with
such an  antibody. 35 The desired level ref R cell
depletion will depend on the disease. For the
treatment of a CD20  positive cancer, it may be
desirable to maximize, the depletion of the B cells
which we the target of the anti- CD20 antibodies of
the invention Thus. for 1116 treatment of a CD20
positive B coil neoplasm, it is desirable  that the B
cell depletion be sufficient to at ]test prevent
progression of the disease which can be assessed by
the physician of skill in the art, e.g., by monitoring
tumor growth (size), proliferation of the cancerous
cell 40 typo, motastasis, other sign and symptoms of
the particular cancer. Preferably, the B cell
depletion is  sufficient to prevent progression of
disease for at least 2 months, more preferably 3
months, even more  preferably 4 months, more
preferably 5 months. even more preferably 6 or more
months. In area more  prcfcrred embodiments, the R
cell depletion is sufficient to increase rho time in
remission by at least 6  months, more preferably 9
months, more preferably one year, more preferably 2
years, more preferably 3  15 5 years, even more
preferably 5 or more years. In a most preferred
embodiment, the 8 cell depletion is  sufficient to
cure the disease, Irk preferred embodiments, the 8 can
depletion in a cancer patient is at least  about 75%
and more preferably, 80%, 83%, 90%, 95%, 99% and even
100% of the baseline level before  treatment. Per
treatment of an autoimmune disease, it may be
desirable to modulate the extant of B cell 10
depletion depending an the disease and/or the severity
of the condition in the individual patient, by
adjusting  the dotage of CD20 binding antibody. Thus,
B cell depletion can but does not have to be complete.
Or,  total 1l cell depletion may be desired ire Wind
treatment but in subsequent treatinents. this dosage
may be  adjusted to achisvo only partial depletion. In
one embodiment, the b cell depletion is at least 20%,
Le, 80%  or loss of CD20 positive B tells remain as
compared to the baseline level before treatment In
other 13 embodiments, B cell depletion in 2596.30%,
40%, 50%, 60%, 70% or greater. Preferably, the 13 cell
depletion Is sufficient to halt progression of the
disease, more preferably to alleviate the signs and
symptoms  of the particular disease tinder treatment
even moreprelerebly to curs the disease. The Invention
also provides bispecific CD20 binding antibodies
wherein one arm of the antibody  has a humanized 13
and 1. chain of the humanized CD20 binding antibody of
the Invention, and the other arm  20 has V region
binding specificity for a second antigen. In specific
embodiments. the second antigen Is selected from the
group consisting of CD3, CD64. CD32A, M16, N3(= or
otter NK activating iigands.  



In comparison with Rituxan (rituximab). v 16 exhibits
about 2 to 5 fold hurrcased AT)CC potency,  -3-4 fold
decreased CDC than Rittman 25 Antibody production
Monoclonal antibodies Monoclonal antibodies may be
made using the hybridotna method first described by
Kohler er at.,  Nature. 256:495 (1975), or may be made
by recombinant DNA methods (U.S. Patent No.
4,8)6,567). In the hybridoma method, a mouse or other
appropriate host animal, such as a hamster, is 30
immunized as described above to elicit lymphocytes
that produce or are capable of producing antibodies
that  will pacifically bind to Uac protein used lox
immunisation. Alternatively, lymphocytes may be
immunized  in virtu. Afrer immunization, lymphocytes
are isolated and then fbsed with a myeloma cell line
using a  suitable fusing agent, such as polyethylene
glycol, to form a hybridoma cell (Godiog, Monoclonal
Anribodier. Principiev 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 rclcrral to as
fusion partner). For example, if the parental myeloma
cells lack  the enzyme hypoxanthine guanine
phospboribnsyl transfemse ilPRT orIfPRT), the
selective culture  medium for the hybridomas typically
will include hypoxanobine, aminoptorin, and thymidiuc
(HAT 40 medium), which substances prevent the growth
of HGPRT-doficicnt calls. Prefaced fusion partner
myeloma cells art those that fuse efficiently, support
stable high-level  production of antibody by the
selected antibody-producing cells, and arc sensitive
to a solcutivc medium that  selects against the
unfused parental cells. Preferred myeloma cell lines
are murine myeloma lines, such as  those derived (rein
MOPC-21 and MPC-I I mouse tumors available from the
Salk Institute, Coll Distribution  16 S Center, San
Diego, California USA, and SP-2 and derivatives e.g.,
X63-Ag8.653 cells available from the  American Type
Culture Collection, Rockville, Maryland USA. Human
myeluma and mouse-human  heteromyclonw cell linen also
have been described for the production ofbuman
monoclonal antibodies  (Kwbnr,J.. immunat, 133:3001
(1984): and Brodeur et at, MonoekmalAnrlpodyProduciion
Techniques  and Applications, pp. 51.63 Odarcel
Dekker, Inc., New York, 1987)). 10 Culture medium in
which hybridoma cells are growing is assayed for
production of monoclonal  antibodies directed against
the antigen. Preferably, the binding specificity of
monoclonal antibodies  produced by hybridoma cells Is
determined by Inmtuaopreelpliatio n or by an in virtu
binding assay, auoh as  radioimmuutwssay (RIA) or
enzyme-finked immmnasorbeat assay (BIJSA). The binding
affinity of the monoclonal antibody can, lbr example.
be determined by the Scatchard  15 analysis described
In Munson at at., AnaL Bloc*em.,107:220 (1980). Once
hybridoma cells that produce antibodies of the desired
specificity, affinity, andlor activity are  identified
the clones may hesubcloned by limiting dilution
procedures and grown by standard methods  (Coding,
Monoclonal Andbotlles; Princlpicr and Practice,
pp39-103 (Academic Press, 1986)). Suitable  culture
media for this purpose include, for example, D-MBM or
RPMT 1640 medium. In addition, the 20 hybridoma cells
may be grow') in vivo as ascites tumors in an animal e
-X by i.p. Injection of the cells into  



mice. The monoclonal antibodies secreted by the
subelones are suitably separated from the culture
medium, ascites fluid, or scrum by conventional
antibody purification procedures such as, for example,
affinity chromatography leg., using protein A or
protein fl-Sepharose) or ion-exchange chromatography,
25 hydroxylapadre chromatography, gel electrophoresis,
dialysis, etc. DNA encoding the monoclonal antibodies
is readily isolated and sequenced using conventional
procedures by using oligonueleotido probers that arc
capable of binding specifically to genes encoding  the
heavy and light chains of mudue antibudies). The
hybridoma cells serve as a proffer red source of such
DNA. Once isolated, the DNA may be placed into
expression vectors, which site then transfeeted inLO
host 30 cells Ruch as E coif cells, simian COS cells,
Chinese Hamster Ovary (CHO) cells. or Inyeloma cells
that do  not otherwise produce antibody 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  Skerra at at, Corr: Opinion is
AmmunoL, 5:25&262 (1993) and Pl(lckthun, immunal.
Rerx, 130:151-188  ((992). 35 In a further embodiment,
monoclonal antibodies or antibody fragments can be
Isolated from anti body phage libraries generated
using the techniques described in McCafferty er at,
Nature, 348:552.554  (1990). Claekson et aL, Nature,
352:624-628 (199I) and Marks et aL, A. Mot Soot,
222:581-597 (1991)  describe the isolation of marine
and human antibodies, respectively, using phage
libraries. Subsequent  publications describe the
production of high affinity (nM range) human
antibodies by chain shuffling (Marks 40 ct at., Ith
f-echnotogy, J0:779-783 (1992)), as well as
combinatorial infection and in vivo recombination as a
strategy for constructing very large phage libraries
(Waterhouse at al.. Nuc. Acids. Ras., 21:2265-2266
(1993)). Thus, those techniques are viable
alternatives to traditional monoclonal antibody
bybridoma  techniques for ixolauun ofmontolonal
antibodies. 17 5 The DNA that encodes the antbody may
be modified to produce chimeric or fusion antibody
polypeptides, for example, by substituting human heavy
chain and light chain constant domain (Cm and CO
sequences for the homologous marine sequences (U.S.
Patent No. 4,816,567; and Morrison, of at, Prue.  Nail
Acrid Sef. USA, 81:6851 (1984)). or by fusing the
immttkoglubulin coding sequence with all or part of
the coding sequence for a non-lmmunoglobulin
polypeptide (bcterologous polypeptide). The non 10
immunoglobulin polypoptidc sequences can substitute
for da constant domains of an antibody, orthey are
substituted for the variable domains of one
antigen-enmbloing site of an antibody to create
achimerie  bivalent antibody comprising one
antigen-combining site having specificity for as
antigen and another  antigen-combining site having
specificity fora dillferont antigen. 15
Hwnenfzedanribodtes Methods for humanizing non-human
antibodies have been described in the an. Preferably,
a  humanized antibody has one or more amino said
residues introduced into it from a source which Is
non- human. 7'besc non-human amino acid residues are
often referred to as "import" residues, which are
typically  taken from an "import" variable domain.
Humanization can he essentially performed following
the method 20 of Winter and cu-workers (Jones at aL,
Nuiure, 321:522-525 (1986); Relchmann of aL, Nature,
332.,323-327  



(1988): Verhocycn et aL, Science, 239:1534-1536
(1988)), by substituting hypervariablc region
sequences  for the eaneeponding sequences of a him=
antibody. Accordingly, such "bumanized" antibodies are
chimeric antibodies (U.S. Patent No. 4,816,367)
wherein substantially less than as intact human
variable  domain has been substituted by the
corresponding sequence from a nonhuman species. In
practice, 25 humanized antibodies arc typically human
antibodies in which coins hypervariablc region
residues and  possibly some FR residues are
substituted by residues from analogous sites in rodent
antibodies. the choice of human variable danatns, both
light and heavy, to be used in malting the humanized
antibodies is very important to reduce andgeniclty,
and MAMA response (human anti-mouse antibody) when
the antibody is intended for human therapeutic use.
According to theso-called "best-ft" method, the 30
sequence of the variable domain of a rodent antibody
is screened against the entire library of known human
variable domain sequences. The bvman V domain sequence
which is closest to that of the rodent is  identified
and the human framework region (FR) within it accepted
for the humanized antibody (Sims et at,  J. Tmmrurol.,
151:2296 (1993); Chothia er aL, j. MoL RioL,196:901
(1987)). Another metbod uses It  particular framework
region derived tom the consensus sequence of all human
antibodies of a particular 35 subgroup of light or
heavy chains. Tito same framework may be used for
several different humanized  antibodies (Carter et aL,
Proc. Naht Acac! ScL USA, 898285 (1992): Presto et CL,
J. ImmunoL, I51:2623  (1993)). It 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 preferred method, 40 humanized antibodies am
prepared by a process of analysis of the: parental
sequences and various conceptual  humanized products
using three-dimensional models of the parental and
humanised sequences. Three- dimensional Immunoglobulin
models are commonly available and arefaotiliar to
those skilled la the W.  Computer programs are
available which illustrate and display probable
three-dimensional conforrnationnl  structures of
selected candidate immunoglobulin sequences.
inspection of these displays permits analysis of 18 5
the likely rode of cite residues In the functioning of
the candidate inummoglobulia sequence, Le., the
analysis  of residues that influence the ability of
the candidate Immunoglobulin to bind its antigen. Jn
this way, PJt  residues can be selected and combined
from the recipient and import sequences so that the
desired antibody  charucterixtic, such as increased
affinity for the larger antigen(s), Is achieved. In
general, the bypctvariable  region residues are
directly and most substantially involved in
influencing antigen binding. 10 'that humanized
antibody may be an antibody fragment, such as a Fab,
which is optionally  conjugated with one or more
cytolwde agent(s) in order to generate an
immunoamjugate. Aitemadvely, the  humanized antibody
may be an fill) length antibody, such as an full
length IgOI antibody. Human a'tUbwlfes and phage
display meth xlplogy I S As an altgtnadvc to
humanization. human antibodies can be generated. For
example. it is now  passible to produce ttmagcnie
animals (ag., mice) that are capable, upon
immunization, of producing a full  repertoire of human
antibodies in the absence of endogenous
inemunog)obulin production. For example,1t  has been
described that the homozygous deletion of the antibody
heavy--chain joining region (Jn) gene In  chimeric and
germ-line mutant mien results in complete inhibition
of endogenous antibody production. 



20 Transfer of the human germ-line imntunoglobuiin
gets array Into such germ-line mutant mice will result
in  the production of human antibodies upon antigen
challenge. See, eg., Jakobovits et aL, prat. NatL
Aral.  StL USA. 902551(1993); Jakobovits eta( Nature,
362:253-238 (1993); Bruggemann et aL, Yearin  lmmam.,
7:33 (1993): U.S. Patent Nos 5,545,806, 5,569,825,
$,597,669 (all of Genpharm) 5,545,807; and  WO
97/17852. 25 Alternatively, phagc display technology
(McCafferty et aL, Nature 348:552-553 (19901) can he
used to produce human antibodies and antibody
fragments In vitro, from Inununoglobulin variable (V)
domain gone repertoires from unimmunized donors.
According to this technique, antibody V domain genes
an dolled In-frame into either a moor or minor coat
protein gene of a filamentous bacteriophage, such as
M13 or (4, and displayed as functional antibody
fragments on the surface of the phage particle.
Because the 30 filamentous particle contains a
single-stranded DNA copy of the phage genome,
selections based on the  functional properties of the
antibody also result in selection of the gene encoding
the antibody exhibiting  these properties. Thus, the
phage mimics some of tlw properties of the B-ccll.
Phage display can be  performed in a variety of
formats, reviewed In, e .g., Johnson, ILevin S. and
Chiaweg, David J., Cwreta  Opinion in Structural
Biology 3:564-571(1993). Several sources of V-gene
segments can be used for phage 35 display. Clarkson
etat, Nature, 352.'624-628 (1991) isolated a diverse
array of sett oaazolone antibodies  from it small
random combinatorial library of V geucs.dcrivcd from
the spleens of immunized mice- A  repertoire of V
genes from ualnwan}zed human donors can be constructed
and antibodies to a diverse array  of antigens
(including self-antigens) can be isolated essentially
following the techniques described by Marks  et al.,J.
MoL BfoL 222;583-597 (1991), or Griffith et at, i3MBO
J. 12:725-734 (1993). See, also, U.S. 40 Patent Nos.
5,565,332 and 5,573,905. As discussed above, human
antibodies may also be generated by in vitro activated
B cells (see tI.S.  patents 5,567,(510 and 5.229,275).
19 5 Antibodyfragmens In certain circumstances there
are advantages of using antibody fragments, ralhcrdtaa
whole  antibodies. The smaller size of the fragments
allows 1Lr rapid clearance, and may lead to improved
access to  solid tumors. . Varhatc rechniqucs have
been developed for the production of antibody
fragments. Traditionally,  10 these fragments were
derived via proseolytk digestion of intact antibodies
(see, e.g.. Morimoto at al.,  Jaanrml of Bwchemicat
and B&rphysla:af Afedrnda 24:107-117 (1992)1 and
Brennan or al, Science, 229:81  (1985)). However,
these ilfregmews can now be produced directly by
recombhtant host calls. Fab, Fv and  ScPv antibody
fragments can all be expressed in and secreted from &
c4 thus allowing the facile  production of large
amounts of these fragments, Antibody fragments can be
isolated from the antibody 15 phage libraries
discussed above, Alternatively,.(tab'-SH f agments can
be directly recovered from S. cull  end chemically
coupled to ftnn F(ab-A fragments (Carter er aL,
Biofrechnology 10:163-167 (1992)).  According to
another approach, F(ali), fragments can be isolated
directly from recombinant boat call culture.  Fab and
Rib'), fragment with increased in vivo balf.life
comprising a salvage receptor binding epirope
residuas are described In U.S. Patent No. 5,869,046.
Other techniques for the production of antibody 



20 fraVaenfs will be apparent to the skilled
practitioner. In other embodiments, the antibody of
choice is a  single chain Fv fragment (seFv). See WO
93/16185; U.S. Patent No. 5,571,894; and U.S. Patent
No.  5.587.458. By and sFv are the only specks with
intact combining sites that ate devoid of constant
regions;  thus, they are suitable for reduced
nonspecific binding during in vivo um sFv fusion
proteins nxry he  constructed to yield fusion of an
effecter protein at either the amino or the carboxy
terminus of an sPv. Sea 25 Antibody Engineering, e d.
Borrebaeck supra, The antibody fragment may also be a
"linear antibody", eg.,  as described in U.S. Patent
5,641,870 for example. Such linear antibody fragments
may be monospeciftc or  bispccifie. Blrpec(fic
antibodies 30 Bispecifc antibodies are antibodies that
have binding specificities for at least two different
cpitopcc Exemplary bispecific antibodies may bind to
two different epltopes of the CD20 protein. Other
such antibodies may combine a CD20 binding site with a
binding site for another protein. Alternatively, an
anti-CD20 arm may be combined with an arm which binds
to a triggering molecule on a Icuk oytc such as a
T-uetl receptor molecule (e.g. CD3), or Po receptors
for IgO (Fo)R). such as FaYR7 (CD64), Fc7R77 (CD32) 35
and Peyfl It (CD i 6), or NKO2D or other NK call
activating ligand, so as to focus and localize
cellular  defense mechanisms to the 020-expressing
call, Bispecifrc antibodies may also be used to
localize  cytefoxic M ants to cells which express
CD20. These antibodies possess a CD20-binding am and
an hum  which binds the cyloloxie agent (e.g. saporin,
anti-inlerfcron-a, ulna alkaloid, ricin A chain,
methouexate  or radioactive isotope hapten).
Bispecific antibodies can be prepared as foil length
antibodies or antibody  40 fragments (s.g. F(ab`)t
bispeolfic antibodies). WO 96116673 describes a
bispecific anti-ErbB2/anti-FcyRJU antibody and U.S.
Patent No.  5.837.234 discloses a bispecitic
anti-ErbB2/anti-FcyRl antibody. A hispecific
anti-1kbB2JFctx antibody is  shown in W098/0246 53,
U.S. Pntent No. 5,821,337 teaches a bispecific
anti-FrhlI2lanti-CM antibody, 20 5 Methods for making
bispecific antibodies are known in the an, Traditional
production of full  length hispecilic antibodis is
haled on the co-expres ion of two immunoglobulin heavy
chain-light chain  pairs, where the two chains have
different speelfeltius (Milisteln of aL, Nature.
305337.539 (1983)).  Because of the random assortment
of immonoglobulla heavy and light chains, titan
hybridomas  (quadromas) produce a potential mixture of
10 ditfuept antibody molecules, of which only one has
the 10 cored bispaeifc structure. Ptwlfcatitm of the
caret molecule,, which is usually dons by affinity
dimma togmplty stops, is rather eumberaom, and the
product yields are low. Similar ptoceduru are
disclosed in WO 93/08829, and in 'lYatmccker et aL,
LrdfBO J., 10:3621-309(1[991), According to a
different approach, antibody variable domains with the
doubled binding specificities  (antibody-antigen
combining sites) are fused to ire nonogloboNa constant
domain sequences. preferably, rho  15 fusion 1s with
an Ig heavy chain constant denials, comprising at
least part of the hinge, Cut, and Ca3 mglona It in
preferred to have the first heavy-chain constant
region (Cad) containing the site necessary for  light
chain bonding. present in at least one of the tlaions.
DVAs encoding the immunoglobulin heavy chain  6osiaas
and, If desired, the immuloglobulin light chain, arc
inserted into separate expression vectors, and are
co-transfected into a suitable bast cell. This
provides Air greater flexibility in adjusting the
mutual 



20 proportions of the three potypeptide fragments in
embodiments when unequal radon of the three
polypeptlde  chains used In the construction provide
the optimum yield of the desired bispccific antibody.
It is, however,  possible to Insert the coding
sequences for two or all three potypepiide chains into
a single expression vector  when the expression of at
least two polypepdde chains in equal ratios results In
high yields or when the  ratios have no significant
affect on the yield of the desired chain combination.
25 In a preferred embodiment of this approach, the
hispecific antibodies arc composed of a hybrid
immunoglohulin heavy chain with a first binding
specificity In one arm, and a hybrid immunoglobulin
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 bispociflo compound from
unwanted  immunoglobulin chain combinations, as the
presence of an immunoglobu)in light chain in only one
ball of 30 the bispceific molecule provides fora
facile way of separation. This approach is disclosed
in WO 94/04690.  Per further details of generating
bispecifie antibodies see. for example. Stresh it: aL.
Methods In  Enzymology, 121:210 (1986). According to
another approach described in U.S. Patent No.
3,731.168, the interface between a pair  of antibody
molecules can be engineered to maximize the percentage
of heaerodfiners which arc recovered  35 from
recombinant cell culture. The preferred interface
comprises at least apart of the Cu3 domain. In this
method, one or more small amino sold side chains from
the interface of the first antibody molecule are
replaced with larger side chains (e.g. tyrosine or
tryptophan). Compensatory "cavities" of identical or
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 (eg. atanine orthreonino), This provides a 40
mechanism for increasing the yield of the heterodimer
over other unwanted end.pno3ucrs such as  homodimers.
Bispuehic antibodies include crass-linked or
"hateroconjagate" antibodies. For example, One of the
antibodies in the hctcrnconjugate can he coupled to
avidjn, the other to biotin. Such antibodies have, fir
example, been proposed to target Immune system cells
to unwanted cclls (U.S. Patent Na. 4,676,980), and 21
5 for treatm ent of HIV inlbcdon (WO91/00360,
WO92/200373' and HP 03089). Reteroconjugate nntibodics
may be made using any convenient cross-linking
a1cthods. Suitable cross-linking agent.. are well
known in  tie an, and are disclosed in U.S, Patent No,
4,676,980, along with a number of cross-linking
techniques. Techniques for generating blspecific
antibodies from antibody fragments have also been
described  in the 11teraturm For oxamplc, bispecifio
antibodies can be prepared using chemical linkage.
Brennan et at.  10 Science, 229: 81(1985) describe a
procedure wherein intact ardibodles are
ptvtcolytIcally cleaved to generate Flab')s fgmea
Those fragments am reduced in the presence of the
dhhlol eornplexing agent,  sodium amanita, to stabilim
vieinai did dub and prevent intanwlecular disulfide
formation. 7116119W  fragments generated are thee
converted tot lonlirabcnzoate (IM) derivatives, One of
the Falf-T E  derivatives Is then reconverted to the
Fab'thiol by reduction with mercaptocthylamino and is
nixed with an 13 equlmolar amount of the other Fab=TNB
derivative to form the b4tpeclfle antibody. The bIspsW
flat  antibmlies produced can be used as agents tide
the selective Immobilization of enzymes. Recent
progress has facilitated the direct recovery of Fab'SH
fragments from L COT which can be  



chemically coupled to form bispecific antibodies.
Shalaby et at, J. rpp. Med., 175: 217-225 (1992)
describe  the production of a Mly humanized Mspeciflc
antibody F(ab%molecule. Petit Fab' fragment was
separately 20 secreted from 1.' Stand subjected to
directed chemical coupling in vitro to form the
bispecifie antibody.  The hispccifio antibody thus
lbnned was able to bind to cells overexpressing the
&b1t2 snoopier and normal  human T cells, as well as
trigger the lyric activity of human cytotoxic
lymphocytes against human breast  tumor targets.
Various techniques for making and isolating bispecific
antibody fragments directly front 25 reeombInant cell
culture have also been described. For example,
bispecitic antibodies have been produced  using
leucine tippers, Kostelny etaL, J. I nmarroL,
1485)4547-1553 (1992). The Icucine zipper peptides
from the Fos and Jun proteins were linked to the lash'
portions of two different antibodies by gene fusion.
The antibody hontodlmers were reduced at the hinge
region to form monomers and there re-oxidized to form
the antibody be erodinvexs. This method can also be
udlired for the production of antibody homvdintcrs. 30
The "dtabody" technology described by Bollinger a at,
Prue. Mart Acad. ScL USA, 90:6444-6448 (1993)  has
provided as alternative mechanism for making
hlspedtiesnhhmly fniament.l The fr.gm...nte rtnmpri;e
a  Va eanncotel to a Vy by it linker which is too
short to allow pairing between the two domains on the
same  chain. Accordingly, the Vn and Vr, domains of
one fragment are forced to pair with the complementary
VL  and Vn domains of another fragment, thereby
forming two antigen-binding sites, Another strategy
for 35 making bispccific antibody fragments by the use
of single-chain Fv (sFv) tumors has also been
reported. See  Cn ubcr et at, J. lnmtanot, 152:5368
(1994). Antibodies with more than two valencict arc
contemplated. For example, trispeeific antibodies can
tic prepared. Tatter aL.1.Immunot 147:60(1991). 40
MrdrfvaienrAntibodier A multivalent antibody may he
internalized (and/or catabolixed) faster than a
bivalent antibody by a  cell expressing an antigen to
which the antibodies bind. The antibodies of the
present Invention can be  multivalent antibodies
(which are other titan of thelgM class) with three or
more antigen binding sites (e.g.  tetravalent
antibodies), which can be readily produced by
recombinant expression of nucleic acid encoding 22 5
the polypeptlde chains of the. antibody. The
multivalent antibody can comprise a dimerizaticxr
domain and  three or more antigen binding sites. The
preferred dimerizaiion domain comprises (or consists
of) an Pc  legion or a hinge region. In this scenario,
the antibody will comprise an Pc region and three or
men antigen  binding sites amino-terminal to the PC
region, The preferred multivalent antibody herein
comprises (or  consists of) three to about eight, but
preferably four, antigen binding sites. The
multivalent antibody 10 comprisca at least one
polypcpddo chain (and preferably two polypeptlde
Chains), wherein the potypephde  chain(s) comprise two
or mops variable doruaitts. Pm-instance, the
polypepdde chain(s) may comprise VD t- (X1)"
-VD2-(X2)a-Pc. wherein VDT is a first variable domain,
VD2 is a second variable domabn, lrc is one
palypcptlde chain of an Pc region, X I and X2
represent an amino acid or polypeptide, and n Is 0 or
1. For  Instance, the polypeptlde chain(s) may
comprise VET-CHI-flexible linker`-VH-CHl Fc region
chain; or Vii 15 CHI-VH-C7i1-14
regionchain.Themuldvalentantibodyheroinpreferablyfurth
ercomprisesatleasttwo  (and profierubly four) light
chain variable domain polypcpddea. The multivalent
antibody heroin may, for  



Instance, comprise from about two to about eight light
chain variable domain pulypcptides. The light chain
variable domain polypepddes contemplated hero comprise
a light chain variable domain and, optionally,
further comprise a Ct domain. 20 Other anttip acid
sequence modificadon Amino acid sequence
modification(s) of the CD20 binding antibodies
described heroin arc  contemplated. For example, it
may be desirable to hnpmve the binding affinity and/or
other biological  properties of the antibody. Amino
acid sequence variants of the and-CD2A antibody are
prepared by 25 introducing appropriate nucleotide
changes into the anti-CD20 antibody nucleic acid, or
by peptide  synthesis. Such modifications Include, for
example, deletions front, and/or Insertions into
and/or  substitutions of, residues within the amino
acid sequences of the anti-Gaze antibody. Any
combination of  deletion, insertion, and substitution
is made to arrive at the final construct, provided
that the final cons7nct  possesses the desired
Cheructeris[icx, The amino acid changes also may after
post-dansiational processes of 30 the anti-CD20
antibody, such as changing the number or position of
glyeosylation sites. A useful method foridcntifcation
ofco tain rasiduea or regions of the and CD20 antibody
that are  preferred locations for ntutagcnasis is
called "Alumina scanning mutagenesiC as described by
Cunningham  and Walls in Science, 244:1081-1085
(1989). Here, aresidue or group of target residues are
identified (e.g.,  charged residues such as erg, asp,
his, lys, and glu) and replaced by a neutral or
negatively charged amino 35 acid (most preferably
alanine or polyalaniae) to affect the interaction of
the arnlao acids with CD20 antigen.  Those amino acid
locations demonstrating functional sensitivity to the
substitudons then are refined by  introducing further
or oilier variants at, or for, file sites of
substitution, 'Mus. While the site for introducing  an
amino acid sequence variation is predetermined, the
nature of the mutation per se need not be
predetermined. For example, to analyze the performance
of a mutation at a given site, sin scanning or 40
random mutagenesis is conducted at the target codon in
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
rcaiduc to polypcptidos containing is hundred or hurt
residues, as welt as intrscqucnue insertions  of
single at' multiple amino odd residues. Examples of
terminal insertions include an anti-CD20 antibody  23
5 with an 14-terminal methionyl residue or the
antibody fused (o u cymtoxie po)ypeptide. Other
inscniooal  variants of the anti-CD20 anibody molecule
include the fusion to the N. of C-tcrmimrs of the
anti-CD20  antibody to an enzyme (e.g. linrADLrf) or a
polypeptide which increases the senior half-life of
the  antibody. Another typo of variant is an amino
acid sub.titntien variant. These variants bave at
least one. 10 amino acid residue in the anti-CD20
antibody molecule replaced by a different residua The
aims of greaten  interest for substitutional
mutageucsis Include the hypervarlable reglo ns, but FR
alterations am Wan  contompiMW. Conservative
substitutions ado shown in the Table below under the
heading of "preferred  substilutfxts". It such
subetiwdons mull in a change In biological activity,
then more sulatantiW changes,  denominated "exemplary
subsdtudune in the Table, or as further desvrlbed
below in reference to amino acid 



15 classes, may be introduced and the products
screened. TABLE ofAnrinoAcidSvbsrlra/ions Original
Residue Exemplary Preferred  Substitutions
3absUtutious  Ala (A) vw; IOU; no Val Arg (R) lys; She
aao lys  A.cn (N) gin; his; asp, lys; arg sin  Asp (D)
gin; asn Slu  Cys (C) scr, Wa set  Gin (Q) asm glu ass
Gin (B) asp; gin asp  Gly (G) ala ala  Hix (H) u n;
gin; lys; erg atg  no (l) lee; val; met; ale; phe;
norlencine lest  i ea (f) noriencine; lie; Val; met;
alb phe lie  f.ys (TQ erg; gin; asn erg  Met (M) lea;
phe; Ile IOU  The (F) ieo; val;1k ala; tyr tyr  Pro
(P) ala sin  Scr (S) flit thr  Thr (T) ser sec  Trp
(W) tyr; phe tyr  Tyr (fl up; phe; the; set phe  Val
(V) tie; ieu; met; phe; ala; norleucine len  24 5
Substantial medificadoms in the biological properties
of the antibody are accomplished by selecting
substhuthms that differ significantly in their effect
on maintaining (a) the structure of the polypeptido
huckhonc in the area of the substitution. for example,
as a sheer 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 arc divided into groups bawd an common
side-ubain properties:  (1) hydrophobic: mricucine,
met, ale. vat, lcu, ile; (2) neutral hydrophilic: eye.
set, tut;  (3) acidic: asp, glu; (4) basks: asn, gin,
his, lys, arg; 15 (5) residues that Influence chain
orientation: gly, pm; and  (6) ammatic; tip, tyr, phe.
Non-conservative substitutions will entail exchanging
a member of one of these classes for another  class. 



Any cystclnc residue not involved in maintaining the
praporconformnrlon of the and- M.20 20 antibody also
may be substituted, generally with scrine, to improve
the oxidative stability of the molecule  and prevent
aberrant eronslinking. 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 Pv fragment). A particularly
preferred type of substitutional variant involves
substituting one or more  hypcrvariable region
residues of a parent antibody (e g. a humanized or
human antibody). Generally, the  25 resulting
variant(s) selected for further 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 hypervarioble region sites (e-g- 6  7
sites) are mutated to generate all possible amloo
substitutions at each site. The antibody variants thus
generated we displayed in a monovalent fashion from
filamentous phase particles as fusions to the gene lit
30 product of MI 3 packaged within each particle. The
phage-displayed variants are then screened for their
biological activity (a.$. binding affinity) as herein
disclosed. In order to identify candidate
hypervariable  region sites for modification, alanine
scanning an tagenesis can be perforated to identify
hypervarlable  region residues contributing
significantly to antigen binding. Alternatively, or
additionally, it may be  bcncficiai to analyze a
crystal structure of the antigen-antibody complex to
identify contact points between 35 the antibody and
human CD20. Such contact residues and no
ghboringresidmts am candidates for  substitution
according to the tecintiques elaborated herein. Once
such variants are generated, the panel of  variants is
subjected to screening as described herein and
antibodies with superior properties In one or more
relevant assays may be selected for further
development Another type of amino acid variant ofthc
anti body alters the original glycosylatioe pattern of
the  40 antibody. By altering is meant deleting one ar
more carhnhydmte moieties found It, the antibody.
and/or  sdding one or more glycusylatiun sites that
are not prevent in the antibody. Utyeusyla[ion
ofantiboxiics is typiudly either N-linked cr O-linked.
N-Uokcd refers to the  attachment of the carbohydrate
moiety to the side chain of an asparaglne residue. The
tripcptide sequences  asparaplne-X-serlne and
asporaglne-X-threonine, whore Xis any amino acid
except praline, are the 2$ 5 recognition sequences for
enzymatic attachment of the carbohydrate moiety to the
asparaginc sidcchairt.  Thus. the presence of either
of these tripeptide sequences in a polypeptide creates
a potential glycosylation  site. O-linked
glycusylation refers to the attachment of one of the
sugars N-uccylgalactosamine. galactose,  Or xylose to
a hydroxyami no acid. most commonly serine or
threoninc, although 5-hydroxyproline or 5-
hydroxylyaine may also be used. 10 Addition of
glycesylation sites to the antibody is conveniently
accomplished by altering the amino  acid scyucnce such
that It contains one or more of the above-described
trtpeptide sequences (for N-Baked  glycosylation
sites). The alteration may also be made by the
addition of or substitution by, one or more  sorine or
lhreoninc residues to the sequence of the original
antibody (lbr Wicked g)yeosylation Bias). Nucleic acid
molecules encoding amino acid sequence variants of the
anti-CD20 antibody are 15 prepared by a variety of
tmtbads known in the an. These methodsinclude, but are
not limited to, isolation  from a natural source (in
the ease of naturully occurring amino acid sequence
variants) or preparation by  



oligunuelcmide-mediated (orsite-directed)
mutagenesitt, PCR mutagonesis, and cassette mutagem
sis of an  earlier prepared variant or a non-variant
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 ac to enhance
antigen-dependent celt-mediatcd cyotoxicity (ADCC)
and/or complement dependent cytntnx Icily (CDC) of the
antibody. This may be achieved by Introducing one or
more amino acid  substitutions in an Fe rc{don of the
antibody. Alternatively or additionally, cysteine
residue(s) may be  introduced in the Ile region,
thereby allowing inicrebain disolfide bond tirmation
in this region The  ltomodimaxic antibody thus
generated may have improved internalization capability
and/or increased 25 complement-medloted cell kining
and antibody-dependent cellular cytotoxicity(ADCC).
See Caron er af., ).  Fxp bled 176:1191-1I95 (1992)
and Shopes, A. ). lmautnoL 141t:2918-2922 (1992).
Homodimeric  Antibodies with enhanced anti-tumor
activity may also be prepared using beterobifunctional
croas.linkers as  described in Wolff er al. Cancer
Research 53:2560-2565 (1993). Alternatively, an
antibody can be  engineered which has dual Ise regions
and may thereby have enhanced complement mediated
lysis and 30 Al)CO capabilities. Sec Stevenson or at
Anti-Cancer Drag Dextgn 3:219-230 (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,8. Patent 5,739,277, for  example. As
used herein, the arm "salvage receptor binding
epitupa" rcfcm to an epitope of the Fc region of  an
TgGr molecule (e.g., Tg(,, TgGj. ig03, or 1gC4) that
Is responsible for increasing the hi vivo serum
half-life  35 of the TgCr molecule. Other tmfrbody
meth icat ors Other modifications of the antibody are
contemplated herein, For example, the antibody may he
linked to one of a variety of nonproteinaceous
polymers, e.g., polyethylene glycol, polypropylene
glycol,  40 polyoxyalkylenes, or copolymers of
polyethylene glycol and polypropylene glycol. The
antibody also may be entrapped in miorecapxsnles
prepared, for example, by coacervatlon techniques or
by interfacial  polymerization (fur example,
hydroxymethylcellulose orgeladn-microcapsules and
puly- (nicthytmcihacylate) tnicrocapxules,
respectively), in colloidal drug delivery systcros
(for example, 26 5 liposomcx, albumin microsphcres,
microemulsinas, nano-particles and nanocapsules), or
In macroemulsions.  Such Techniques are disclosed in
Retnhrgtat'sPlu~rmacsnrltxrf Sciences, 16th edition,
Oslo. A., at, (1980).  .Srreeningior nntrbodfrs with
the desired properties Antibodies with carotin
biological characteristics may be selected as
described in the Experimental  10 Examples, The growth
Inhibitory eikcts of an anti-CD20 antibody of the
invention may be assessed by  methods known In the
art, e.g., using cells which expren CD20 either
endogenously or following  tmnsfection with the CD20
gets. For example, turner cell lines and
CD20-transfa:ted Della may Ircalod with  an anti-CD20
monoclonal antibody of the htvondon at various
concentrations fur a few days (e g., 2-7) days IS and
stained with crystal violet or Mt or analyzed by some
other colorfinetrlcassay. Another method of  measuring
proliferation would be by comparing alt-thynlidinc
uptake by the cells treated in the presence or
absence an anti-CD20 antibody of the Invention. After
antibody treatment; the coils are harvested and the  



amount of radioactivity incorporated into the DNA
quantitated in a scirwlllation counter. Appropriate
positive controls include treatment of a selected cell
line with a growth Inhibitory antibody known to
inhibit  20 growth of that cell line. To select fbr
antibodies which Induce cell death, loss of membrane
integrity as indicated by, eg.,  propidium iodide
(PI). trypan blue or 7AAD uptake may be assessed
relative to control. API uptake assay  can be
performed in the absence of complement and immune
ef&ctor cells, CD20-expresaing tumor cells  arc
incubated with medium alone or medium containing of
the appropriate monoclonal antibody at e.g, about 25
l0pgfml. The cells are Incubated fora 3 day time
ported. Following each treatment, cells are washed and
aliquoted into 35 mm strainer-capped 12 x 75 tubes
(lint per tube, 3 tubes per boatmen group) for removal
of cell clumps. Tubas then receive Pt (l O xgknl).
Samples maybe analyzed using a FACSCAN'TMTM flow
cyrometerand FACSCONVEWITM CellQuest software (Becton
Dickinson). Those antibodies which induce
statistically signilicaat levels ofcelll death as
determined by PT uptake may be selected as cell
death-inducing  30 antibodies, To screen for
antibodies which bind to an epitope on CV20 bound by
an antibody of interest. a  routine cross-blocking
assay such as that described In Antibodies, A
LaboratoryMannal, Cold Spring Harbor  Laboratory, Ed
Harlow and David Lee (19R8), can be performed. This
assay can he used to determine Jf a  text antibody
binds the same site orepitope as an anti-CD20 antibody
of the invention, Alternatively, or 35 additionally,
epitope mapping can be performed by methods known In
the art. For example, the antibody  sequence can be
mutagenlzed such as by alanine scanning, to identify
contact rtaidues. The mutant antibody  is initailly
tested for binding with pnlycltmal antibody to ensure
proper fuldiag. In a different method,  peptides
corresponding ter different regions of CD20 Can be
used in competition assays with the test  antibodies
or with a test antibody and an antibody with a
chosactcrizcd or known epitope. 40 Vectors, Host Cells
and Recombinant Methods The invention also provides ao
isolated nucleic acid encoding a humanized 0)20
binding antibody,  vectors and bust cells comprising
the nucleic acid, and recombinant techniques for the
production of the  antibody. 27 For recombinant
production of the antibody, the nucleic acid encoding
it is isolated and inserted  into a replicable vector
for further cloning (amplification of the DNA) or for
expression. DNA encoding the  monoclonal antibody is
readily isolated and sequenced using conventional
inoccdures (e.g., by using  nligonuclcotide probes
that are capable of binding specifically to genes
encoding the, heavy and light chains  of the
antibody). Many vectors are available. The vector
components generally include, but are not limited 1 U
to, one or mars of the following: a signal sequence,
an origin of replication, one or more marker genes, an
enhancer clement, a promoter, and a transcription
tenuinadon sequence. fl) $tgnaf asgaeme colnponanr
'17te VM20 binding antibody of this invention may be
produced recombinantly not only directly, but  also ax
a fusion polypeptido wiih a heterolugous polypeptlde,
which is preferably a signal sequence er What  1$
pnlypeptide having a specific cleavage site at the
N-terminus of the mature proem or polypcptidc. The 



heterotogous signal sequence ticketed preferably is
one that in recognized and processed cleaved by a
signal peptidase) by the bust cell. For prokaryotic
boat cells that do not rocagnire and process the
native  CD20 binding antibody signal requence. the
signal sequence is substituted by a prokaryotic signal
sequence  selected, for example. from the group of the
alkalloe pbusphatesn, penlcililaase, lpp, or
beat-stable 20 rntcrotoxia It leaders. Fox yeast
secretion the native signal sequence may be
substituted by, e.g., the yeast  invenasc leader, tr
factor leader (including Saccharomyces and
Klayveromyces (X-factor leaders), or acid  phosplatase
leader, the C albka u glucoamylase leader or the
signal described in WO 9011 %46. In  mammalian cell
expression. mammalian signal sequences as well as
viral secretory leaders, for example, the  herpes
simplex go signal, are available. 25 The DNA for such
precursor region is ligated in reading frame to DNA
encoding the CD20 binding  antibody. (U) Origin
afreplicariar Bodo expression and cloning vectors
contain a nucleic acid sequence that enables the
vector to  replicate in one or morn selected hest
cells. Generally, in clooing vectors this sequence is
one that enables  30 the vector to replicate
independently of the bout chromosomal YINA, 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 plasniid pl3R322 is
suitable for most Gram-negative bacteria, the  21&
plasmid origin Is suitable for yeast, and various
vital origins (S V40, polyoma, adenovirus, VSV or BP
V)  are useful for cloning vectors lit mammalian
cells. Generally, the origin of replication component
is not 35 needed for mammalian expression vechxa (the
S V40 origin may typically be used only because It
contains  the catty promoter). (iii) SOUL &J7 gene
component Expression and cloning vectors may contain a
sclcoticm gene, also termed a selcnlablo marker.
Typical selection genes encode proteins that (a)
confer resistance to antibiotics or other toxins,
e.g., ill ampieiliin, neomycin, methotroxatc, or
tetrttcyclirrt . (b) complement auxotrophic
deficiencies, or (c) supply  critical nutrients not
available from complex media, a.g., the gone encoding
D-alanine racemase for Racillt.  One example of a
selection scheme utilizes a drug to arrest growth of a
host cell. Those cells that are successfully
transformed with a heterologous gene produce a protein
conferring drug resistance and thus  28 5 survive the
selection regimen. Examples of such dominant selection
use the drugs neomycin, mycophenolic  acid and
itygrornyetn. Another example of suitable selectable
maricers for mammalian cells we those that enable the
Identification of ee11s competent to take up the CD20
binding antibody nucleic acid, such as DHJIR.
thymidinc kinaso, mctallothioncin-r and -11,
preferably primate metalimhionein genes, adenosine
deaminnse,  10 omhhine de cerboxylane, ter. rw
example, calls unumformed with the DIiPR selection gem
are fins identified by culturing all of  the
transformants in a culture medium that contains
methotrexate (M.tx). a competitive antagonist of DHPR.
An appropriate boat cell when wild-type DHPR Is
employed Is the Chinese hamster ovary (CHO) call line
deficient in DHPR activity (e.g., ATUC CRL-9096). 



15 Alternatively, host cello (particularly wild-type
hosts that contain endogenous DHf1R) transformed  or
en-transformed with DNA sequences encoding CD20
binding antibody, wild4ypc D13FR protein, and  another
selectable marker such as antinoglycoside
fi-)hosphwb-ansfcrase (APH) can be selected by call
growth In medium containing a selection agent for the
selectable matter such as on aminoglycosidic
antibiotic, a g., ksmamycIn, tcomycln, er C418. Sc.
U.S. Patent No. 4,965,199. 20 A suitable selection
gene for use fa yeast Is the trpl gene present in the
yeast plasmid YRp7 (Stir heomb ex at, Natare, 282:39
(1979)). The trpl gene: provides a selection marker
for a mutant strain of  yeast lacking the ability to
grow in tryptophan, fur example, ATCC No. 44076 or
?1W4-1. Jones, Cenetir.s,  85:12(1977). The presence
ofthe rcpt lesion In the yeast host cell genres then
provides an effective  cnvironmem for detecting
transformation by growth in the absence of
iryploplcan. Similarly, L.2.-deficient 25 yeast sanins
(ATCC 20,622 or 36,626) are complemented by known
plasmids bearing the Leal gene. In addition, vectors
derived from the 1.6m circular plasmid piwl can be
used for transformation  of Kluyverontycas yeasts.
Alternatively, an expression system for large-scale
production of recombinant calf  chymusin was reported
for IC lacttr. Van den Bcrg, Blarlkchnolagy, 8:135
(1990). Stable nnslii-copy  expression vectors for
secretion of mature recombinant human serum albumin by
industrial strains of 30 Klrryt+eromycer have also
been disclosed. Meer at aL. BkMTechnalagy, 9:968-975
(1991).  (iv) Promoter component Expression and
cloning vectors usually contain a promoter that is
recognized by the host organism  and is operably
linked to the nucleic acid encoding the CD20 binding
antibody. Promoters suitable for use  with prokaryotic
hosts include the pleaA promoter, P-lactamase and
lactose promoter systems, alkaline 35 phasphslase
promoter, a tryptophan (trp) promoter system, and
hybrid promoters such as the tae promoter.  However,
other known bacterial promoters are suitable.
Promoters for use in bacterial systems also will
contain a Shine-Dalgarno (S.D.) sequence operably
linked to the DNA encoding the CD20 binding antibody.
Premier sequences arc known for eukaryotcs. Virtually
all cukaryotic genes have an AT-rich  region located
approximately 2.5 to 30 bases upstream from the site
where transcription is initiated. Another  40 sequence
found 70 to 80 bases upstream from the stag of
transcription of many genes is a CNCAAT region where N
may he any nucleotide. At the Tend of most eukaryotic
genes is an AATAAA sequence that may  be the signal
for addition of the poly A tall to the 3' end of the
coding sequence. All of these sequences arc  suitably
Inserted into eukaryotlc expression vectors, 29 5
Examples of suitable promoter sequences for use with
yeast hosts Include the promoters for 3-
phusphogtycerate kinese or other glycolytic enzymes,
such as enolase, glyceraldehyde-3-phosphate
dehydrogenase. bexokinasa, pytuvate decarboxylase.
phosphafructokinaset glucose.6-phosphate isomerase,
3-phosphoglycerate mutes*, pyruvate kinase,
triosephospbate Isomerase, phosphoglucoso isomemae,
and  glucokinaxe, I D Other yeast pmmotcas, which are
inducible promoters having the additional advantage of
transcription controlled by growth conditions, are the
promoter regions for alcohol dehydrogrnaxe 2,
Isncymchroms C. acid phosphatasa, degradative enzymes
associated with nitmgcu mt:tabolism,  motalknhioncin,
glyceraldeltyda3'phosphate debydrogenase, and enzymes
responsible for maltose and  



galactose ntilivauhm. Suitable venters and promoters
for use In yeast expression are furtherdescribed in BP
15 73,657. Yeast enhancers also at advantageously used
with yeast promoters. CD20 binding antibody
transcription from vectors in mammalian host cells is
controlled, for  examples by promoters obtained from
the genomes of viruses such as polyoma virus, fowlpox
virus,  adcnovirus (such as Adenovints 2), bovine
papillorna virus, avian sarcoma virus.
cytoategalovirns, a  rctruvirus, hepatlris-B virus and
most preferably Simian Virus 40 (SV40), front
hcterologous mammalian 20 promoters, e.R., the actin
promoter or sn intmm11ogiobulin promoter, from
heat-sltock promoters, provided  such promoters are
compatible with the host cell systems. The early and
late promoters of the SV40 virus are conveniently
obtained as an SV4D restriction  fragment that also
contain the SV40 vim[ origin of replication. Tic
lnunediata early promoter of the human
cytamegnlovirus is conveniently obtained as a llindlll
E restriction fragment. A system for expressing DNA 25
In mammalian hosts using the bovine papil loma virus
as a vector is disclosed in V.S. Patent No. 4,419,446.
A modification of ibis system is described in U.S.
Patent No. 4,601,918. See also Reyes of at. Nature
297395601 (1982) on expression of human Q-interferon
eDNA In mouse cc)is under the control of a  thymidine
kinase promoter from herpes simplex virus.
Alternatively, the Rum Sarcoma Virus long terminal
repeat can be vzd as the promoter. 30 (v)
1iihhancetelement componrnt Transcription of a DNA
encoding the CD20 binding antibody of this invention
by higher  oukaryotes is often increased by inserting
an enhancer sequence into the vector. Many enhancer
sequences  are now known from mammalian genes (globin,
elastase, albumin, u.fctoprotein. and Insulin).
Typically,  however. one will use an enhancer from a
eukaryotko cell virus. Examples Include the SV40
enhancer on Lite 35 late side of the replication
origin (bp 1 (X1-270), the cylomegalovlrus early
promoter enhancer, the polyoma  enhancer on rho late
side of the replication origin, and adenovirus
enhancers. Sec also Yani v, Nature  297:17-18 (1982)
on enhancing clumcnts rot activation of eukaryotio
promoters. The enhancer may be  spliced into the
vector at a position 5' or 3' to the CD20 binding
antibody-encoding sequence, but. Is  preferably
located at a site 5' from the promoter. 40 NO
Transeriptiore tarnsinairon tdrnpenent Expression
vectors used in eukaryodo host cells (yeast, fungi,
insect, plant. animal, human, or  nucleated calls from
other multiccllular organisms) will also contain
sequences necessary for the termination  of
transcription and for stabilizing the mRNA. Such
sequonc s are commonly available from the S' and,
occasionally 3', untranslafed regions of eukaryotic or
viral DNAs or oDNAs. Thcsc regions contain 30 5
nucleotide segments rrnnscribcd as polyadenylated
fragments in the untranslated portion of the m1tNA
encoding CD20 binding antibody. One useful
transcription termination component is the bovine
growth  hurmoae polyadenylation region. See W0941I1026
and the expression vector disclosed therein. (vU)
Sefeetlon and transformation of host cells Suitable
host coils for cloning or expressing the DNA in the
vectors herein are the prokaryote, 10 yam, or higher
eukaryote cells described above. Suitable prokaryotes
for this purpose in ludo eubactetla,  such as
Otani-negatlve or dram pusitiva orgaidsme, far
example, Enlerobacferiacsae such as EarherfchW.  



e,g" & cW4 &remabacrsr, P.ztvGda, Kmbafela. Protege,
Sab,enelGa, e.g.. Salmonella typhtmarium, Serrano,
e.R. Sernada mamescsts, and Sfdgeuw as well as DecWi
such as A subtflir and & ikchen(tcwnde (e.g., &
llchentfornds 41P disclosed In DD 266,710 published 12
April 1989), Pxeadonwaat such as P. aeraginam, IS and
Sirepfomyces. One preferred B, coil cloning host is &
coil 294 (ATCC 3I,446), although other strains  such
as S. tali B, & Cott X1776 (ATCC 31,337), and E coil
W3110 (ATCC 27.325) are suitable. These  examples arc
illustrative rather than limiting. Full length
antibody, antibody fragtncnis, and antibody fusion
proteins can be produced in bacteria,  In particular
when glycosyh doe and Fo cftcctor function are not
needed, such as when the therapeutic 20 antibody Is
conjugated to a cyrotoxic agent (e.g., a toxin) and
the immunacottjugate by itself shows  offectIvencsc in
tumor tog destruction. Full length antibodies have
greater half life In circulation.  Production in E.
cult is taster and more cost efficient. For expression
of antibody fragments and  pulypeptides in bacteria,
see, c4, U.S. 5.648.237 (Carter at *4.), U.S.
5,789.199 (linty at al.), and U.S.  5.840,523 (Simmons
et al.) which describes translation initiation region
(TIR) and signal sequences for 25 optimizing
expression and secretion, tbcso patents Incorporated
herein by reference. After expression, the  antibody
Is Isolated from the B. call cell paste In a soluble
finetion and can be purified through, e.g., a  protein
A or G column depending on the isotype. Final
purification can be carried out similar to the process
for purifying antibody expressed e.g., in CHO cells.
In addition to prokaryotes, cukaryolic microbes such
as filamentous fungi or yeast are suitable  30 cloning
or expression hosts for CD20 binding antibody-encodlag
vectors. Sacchammyces cerevislae, or  common baker's
yeast, is the most commonly used among Iowa eukaryoda
host microorganisms. However.  a number of other
genera, species, and stains we commonly available and
useful herein, such as  Sehtnsaocharomyeer pombe;
Kluyvemntyees hosts such as, &g.. K ktcfls.
,:,jhagittr (ATCC 12,424), K  bulgaria,s (ATCC 16,045)
K. wickerarnit (ATCC 24,178). K nwltii (ATCC 56,500),
K dmsophilarum 35 (ATCC 36906). K. thermomlerans, and
K marxianar; yarmwia (BP 402,226); Pichiapa wris (EP
183,070); Candidea; Trichoderma reexia (HP 244,234);
Neurospora crasser; Schwanniomyces such as
Schwanaiornyces orcidcntaiis; and filamentous fungi
such as, e.g., Neurospora, Penir.Utium, Tolypodadiam.
and AspergiUus hosts such as A. nfduGats and A. tiger.
Suitable host cells for the expression otglycosyiated
CD2n binding antibody ate derived from  411
multiceliular organisms. Examples of Invertebrate
cells Include plant and insect cells. Numerous
baculoviral strains and variants and corresponding
permissive Insect host cells from hosts such as
Spodopramfrug}perdu (caterpillar), Aedesoegypk
(mosquito), Aedes atboplcm.t (mosytdto). Drosophlla
nralanUguslar (fruitfly), and 8ambyx M,04 have been
identified. A variety of viral strains for
trnnsfcution are  publicly available, crag., the iii
variant of Auroympha caiiforntca NPV and the Bm-5
strain ofBombyrrnori 31 5 NPV. and such viruses maybe
used as the virus herein according to the present
invention, particularly for  trnnsleaion of Spodoptera
feggtperda cells. Plant cell cultures of cotton, corn,
potato, soybean, petunia, tomato, and tobacco can also
be utilized  as hosts. However, interest has been
greatest in vertebrate cells, and propngatlon of
vcntebrate cells in culture  



10 (tissu culture) has become a routine procedure.
Examples of useful mammalian hart cell lines are
monkey  kidney CV l line transformed by SV40 (COB-7,
ATCC CRL 1651): human cmbynnic kidney line (293 or
293 cells subcloned for growth in suaperudon culture,
Craham 61 aL, J. Gan Mot 36:59 (1977)): baby  hamster
kidney coils (BHK, A71CC O T.10); Chinese hamster
ovary cells/-DRFR (CHO. Urleub at at. Prat. Natl. Arad
Set USA 77:4216 (1980)) ; mouse senoH cells (M4,
Mother. Not Reprod. 23'.143-251 15 (1980) ) monkey
kidney cells (CVI AMC CCL 70); African green monkey
kidney cells (MO-76. ATCC  CRL-1587); human cervical
carcinoma cans (HELA, ATCC CCL 2); canine kidney calls
(Xi4DCX, ATCC  CCL 34); buffalo mt liver cells GIRL
3A, ATCC CRL 1442); human lung calls (W 138, ATCC CM
75);  human liver cells (Hop 02, 1113 8065); mouse
mammary turner (MMT 060562, A'1'CC CCI.SI) TRI cells
(Mather et at., Annals N. X. Acrd 3d. 383:44-68
(1982)); )4RC 5 cells; FS4 cells; and a human
bepatoa>,a 20 line (Hop C2). Host cells are
transformed with the above-described expression or
cloning vectors for CD20  binding antibody production
and eulkued In conventional nutrient media modified as
appropriate for  Inducing promotes, selecting at
nsforntants, of amplifying the genes cncuding the
desired sequences.  (viii) Cutaring the host ceffs 25
Thu host cells used to produce the Ci72D binding
antibody of this invention may he cultured In a
variety of media. Commercially available media such as
Hem's F] 0 (Sigma), Minimal Essential Medium  ((MliM),
(Sigma). RPM-1640 (Sigma), and Dalbecco's Modified
Eagle's Mcdiuun ((DMEM), Sigma) are  suitable for
culturing the hest ccH& In addition, any of the media
described in Ham et aL, Met& Bat. 58:44  (1979),
Barnes or at, Anal Biochem.102255 (1980), U.S. Pat.
Nos. 4,767,704; 4,657,866, 4.927,762; 30 4.560.655: or
5.122.469; WO 90/03430; WO 87100195; or U.S. Patent
Re. 30,955 may be used as culture  media for the host
cells. Any of these media may be supplemented as
neuussarywitr hormones and/or other  growth fackns
(such as insulin, transferrin, to cpidcnnul growth
fatter), sails (such as Sodium chloride,  calcium,
magncslum, and phosphate), buffers (such as HEPES),
nucicotidcs (such as adenosine and  thymidinc),
antibiotics (such as GENTAMYCINT drug), trace elements
(defined as inorganic compounds 35 usually present at
final concestratitms in the miennnolar rungs), and
glucose or an equivalent energy source.  Any other
necessary 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, are those previously
used with the host cell selected for expression, and
will he apparent to the ordinarily skilled artisan.
fix) Pnrificaffon ofantibrdy 40 When using recombinant
techniques, the antibody can be. produced
intraccliularly, in the  periplasmic space, or
directly secreted into the medium. If the antibody is
produced intracellularly, ass first  step, the
particulate debris, cilher host calls or lysed
fragments, are removal, fish example, by
centrifugation  or ultmafiltration. Carter et at,
Rin/I'echnology 10:163-167 (1992) describe a procedure
for isolating  antibodies which are secreted to the
periplasrnic space Of E. COX Briefly, cell paste is
thawed in the 32 5 patience of sodium acetate (pH
3.5), 13DT'A. and phenylmetirylsulfonylf]uoride (PMS?)
over about 30 min.  Ccli debris can be removed by
centrifugation. Where the antibody is secreted into
the medium, supernatants  from such expression systems
are generally first coucenirated using a commercially
available protein  



concentration filter, fur example, an'AnrIeon
orMfllipmoPellicon uitraflltratitm unit A protease
Inhibitor  such as PMS?way be included In any of the
foregoing steps to inhibit proteolysis and antibiotics
may he 10 included
topreventthegrowthofadvt:ntitleuscontaminants. The
antibody composition prepared from the calls can be
purified using. for example.  hydroxylapathe
chromatography, gc1 alectrephoresls, dialysis, and
affinity chromatography, with affinity  chromatography
being the pr (erred purification technique. The
suitability of promin A as an affinity ligand  dcpeods
on the species and lsozype of any immunogtobulin Fu
domain that is present in the antibody, 15 Pttxcin A
can be used to purify amibodies teat arc based on
human 71,'(2, or y4 heavy chairs (Lindmark at  at, J,
tmmueat MetA. 62:1-13 (1983)). Protein G is
recommended for all mouse lsolypes and for human y9
(Cruva cr A. F.MBOJ. 5:15671$75 (1986)). The matrix to
which the affinity ligand is attached is most often
agarose, but other matrices are available.
Mechanically stable matrices such as controlled pore
Sass or  poly(styrettedivtnyf)bee7,ene allow for
faster flow rates and shorter processing times than
can be nchdoved 20 with egarose, Where The antibody
comprises aQ,3 domain, the Bakerbond ABX'tMresin (J.
T. Baker,  Phillipsburg, NJ) is useful for
purification, Other techniques for protein
purification such as fractionation on  an ion-exchaagc
column, ethanol precipitation, Reverse Phase HPLC,
chromatography on silica,  chromatography on heparin
SBPRAROSI:lM chromatography on an anion or cation
exchange resin (such as  a polyaspartic and column),
cbromatofacusing, SDS-PACB, and atnmonlum sulfate
precipitation arc also 25 available depending on the
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 (ail" from about U-0.25M  salt).
30 Antibody conjugates Tyre antibody may be conjugated
to a cyroroxie agent such as a toxin or a radioactive,
isotope. In  certain embudimems, the toxin Is oallche'
cim, a uwytansinoid, a dolastatin, aoristatiu B and
analogs or  derivatives thereof, are preferable. 35
Preferred drugs/toxins include DNA damaging agents,
Inhibitors of mierotubule poiymer)zatlon or
depolymerimatinn and andmetabolites. Preferred classes
ofcytotoxic agents include, lorexampIC, tile  enzyme
fnhiblrors such as dihydrofblare reductass inhibitors,
and thymidylatc synthase inhibitors, DNA
imercalators, DNA cleavers, topoisomerase Inhibitors,
the nmhracycline family ofdrugs, the vinca drugs, the
mltomycins, the bleornycins, the cyrtxoxic
nucleosides, the pteridine family of drugs, diynenes,
the 40 pcnluphyl]utoxins and differentiation inducers.
Particularly useful members of those classes include,
for  example, methotrexate, methopterln,
dicbloxonrethotrexate, $-fluorouracil,
ti-marcaptopurlne, cytosine  arabinoslde, ntelphalan,
leuroshne, leurosideine, actinomycin, daunomhicin,
doxorubicitr, N-(5.5- diacctoxypcntyl)doxorubcin,
morphollno-doxorubicln,
1-(2-choroehthyf)-1,2-dimethanesulfonyi hydrazide,
Ns-acetyl spermidine, aminopterin methoptzrin,
esperamicin, mitomycin C, mitomycin A, actinomycin, 33
$ hlormryeln. cattninomychn, aminnpterin,
tallysotttycin, podophyllotoxin and podophyllotoxia
derivatives  



such as elopes Ida or cmpnside phosphate, vinblastine,
vincrisdoe, vindesinc, taxol, taxetere, retinoic acid,
butyric acid, N"acetyl sperovdine, camptothcchn,
calicheamicin. bryostatina, eephalostatins,
aautmitochn,  actnsin, maytnnsinolds such as DM-I,
maytansine, maytanshmtl,
N-daemethyl4,5-desepuxymaytansinol. C-
19-dechloromaytansinoi, C-20-hydroxyrnaytensinol,
C-20-demetbo7(ymaylanslnn7, C94H maytaasinol, C- 10
14-alkoxyntethylmaytattsinol, (i 14-hydroxy or
acetyloxymetidmaytansinol, C-li
hydt'axylacatyloxymaytanslnol,
C-1S-atelltoxymaymmtittetl, C-18N-domet}tylmayheoxiant
and 4,1- dcoxymayransino), audstatins such as
ataiatatin $ M, PH13 and PB; doltutadas such as
dolostida A  doreswdn D. doloatatln C, dolostatin D,
dnlostatin B (20-ep1 and l I-opl), tkdtwwtlo Q
dolosmdn If.  dolosatln 1, dolttatatin 1, dekistatin
2, dolostatin 3, dolostatin 4, dotustatht 5,
dolnstatin (s, dolostadn 7. 15 dolostalin 8,
dolostatin 9, dolostadn 10, deo-dolostatlo 10,
dolostatin 11, dolusadn 12, dolestatin 13,  dolostatin
14, dolostatin 15, dolostatln It dolostadn 17, and
doloetatin 19; cephalostatins such as  cephalostada 1,
cephalostatin 2, ecphalostatin 3, cephalastadn 4,
cephalostatin 5, oephaltstatln 6,  cephu oetatin 7,
2S'-epi-cepbn)ostat)n 7, 20-epi-cephalostalin 7,
cepbalostatin 8, ccphalosstatin 9,  cephalostadn 10,
cephalostadn ll,cephalostatin 12,cephalostadn
13,ccphalostndn 14, cephalostatin  20 1S,cephalostatin
36,eephalostatin 17. cephalostalin 18. and
eeplialustathn 19 Mayfansinoids are niitotodc
inhibitors which act by inhibiting tubufia
potymcrizadon. Maytansine  was first isolated from the
east African shrub Mayhems saints (U.S. Patent No.
3,896,111). Subsequently,  it was discovered that
certain microbes also produce maytansinolds, such as
maytansinol and C-3 maytansinol utters (US. Patent No.
4,151,192). Synthcdc maybmsinct and derivatives and
analogues  25 thereof are disclosed, for example, in
U.S. Patent Nos. 4,137,2$0;
4,24M70,4,256,746:4.260,608.  4.265,814; 4,294,757;
4,307,016; 4,308,268; 4,308,269; 4,309A2R; 4,313,946;
4,315,929; 4,317,821;  4.322,348; 4,331,598;
4,361,650; 4,364,866; 4,424,219; 4,450,254; 4,362,663;
and 4,371,533, the  disclosures of which are hereby
expressly inwrporated by reference. Maytansine and
maytansinoids have been conjugated to antibodies
specifically binding to tumor  30 cell antigens,
imfnunocgnjagates containing maytansinoids and their
therapeutic use are disclosed, for  e;tamplc, in I
I.R. Patent Not. 5,20R,020, 5,416.004 and Rumpean
Patent RP 0 4112-355 T1 1, the diltalasurres of  which
are hereby cxprossly incorporated by rafcrcncc. Mu or
aL, Pnx;. Nutt Aced. Sol. USA 9;!;86184623  (1996)
described bnmunoconjugates comprising a rrtaytansinoid
designated DM1 linked to the monoclonal  antibody 0242
directed against human colorectal cancer. The
conjugate was found to be highly cytoroxic 35 towards
cultured colon cancer cells. and showed antitumor
activity In an in vivo tumor growth assay. Chari  er
at. Cancer Research 52;127-131 (1992) describe
lmmunoconjugates in which a maytanslnoid was
conjugated via a disuffido 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/neu orwrogcao. Them
arc many linking groups known In the an for making
antibody-maytansiaoid conjugates,  40 Including, for
example, those disclosed in U.S. Patent No. 5,208,020
or EP Patent 0 425 235 B i, and Churl  rt a1.
CaneerRrteaeclt 52: 127-131 (1992). The linking groups
include disufide groups, thinether groups,  acid
labile groups, photo labile groups, peptidase labile
groups, oresteraso labile getups, as disclosed in the
above-identified patents. disulfide and
thinethergrnups being preferred. 34 



S Conjugates of the antibody and maytansinoid may be
made using a variety of bifunctional protein  coupling
agents Koch asN-sacclninldyl-3-(2-pyridyldidrio)
propionate (SPDP), sucein'unidyJ-1-(N-
maleiiuidonrethyl) cyclottaxane-i-carboxylatc,
iminothiolane (f1'), bifunctional derivaiivea of
imidoeaers  (such as dimethyl adipi n'date fICL).
active eaters (such as disuccinimidyl subcrrtc),
aldehydes (such as  gtutareldehyde), hisazido
nxnpouodx (such as bit (p-azidobenzoyl)
hexanediamine), bls4iaxonium )0 derivatives (such as
bin-(p-diaremiumbvmwyl)-etyleaediantine).
dlisocyanates (such as toluene 2,6- diisocynnate), and
big-calve fluorine eompenmda (such as
1,5-diiluoro-2.4-dinitrobenaene). Particularly
prolencd coupling agents Include
N-taccitdmldyl-3..(2-pyridyidlthio) propionate (SPDP)
((Suistott at at.  RiotJnms J. 173:723-737115178)) and
N-succhthtddyl-4-(2-pyridylthio)peiuanoate (Si'?) to
provide for a  disulfide linkage. 15 The linker may be
attached to the maytansinoid molecule at various
positions, depending on the  typo of the link. For
example, an ester linkage maybe formed by reaction
with a hydroxyl group using  canvanticnal coupling
techniques, The reaction may occur at the C-3 position
having a hydroxyl group, the  C-14 position modified
with hyrdoxymcthyl, the C-15 position modified with a
hydroxyl group, and the C- 20 poasidan having a
hydreutyl group. Ina preferred embodiment, the linkage
is formed at the C3 position  20 of maytansinol or
amaytansinol analogue. Calchcamfcin  Another
itntnunoconjugato of interest comprises an CD20
binding antibody conjugated to omc or  more callchaa
nicin molecules. Pita ca1)cheamicin family of
antibiotics are capable nfproducing double 25 stranded
DNA breaks at sub-pk"molar concentrations. For the
preparation of conjugates of the  calicheamlcio
family, see 112. patents 5,712,374,5,714,M, 5,739,116,
5,767,23.5, 5,770.701, 5,770,710,  5,773,001,
5,877.296 (all to American Cyanamid Company).
Structural analogues of calicheamicin which  may be
used include, but are not limited to, 7,', art, as',
N-acetyl-y t, PSAG and &ti (Hinman etaL Cancer
Research 53: 3336,3342 (1993), Lode ataL CwmarRcsearch
58: 2925-2928 (199$) and the aforementioned 30 U.S.
patents to American Cyanamid). Another anti-tumor drug
that the antibody can be conjugated is QFA  wbkch ig
an onilfolate Rnth ralinhe.,unicin and OVA have
intrae:lh,lnr xilcs ornrtitn anti do nth readily
cross the plasma membrane. Therefore, cellular uptake,
of titeae agents through antibody mediated
iuteraa07ation gready enhances their cytotoxie efects.
35 Radioactive Lotopes 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 radinuonjugatcd
anti-CD20 antibodies.  Fixamplcs include
Atd11,1121.1125, y0, Rall ROM Sm,sa, Ri212 Pia, Pb2tt
and radioactive isotopes of Lu.  When the amjugaic is
used for diagnosis, It may comprise a radioactive atom
for scintigraphic studies, for 40 example tu99 n or
I'". or at spin label for nuclear magnetic resonance
(NMR) imaging (also known as  magnetic resonance
imaging, mri), such as iodine-123 again, Iodine-131,
indium-111. Jluorlne-19, carbon- 13, niutgen-15,
oxygen-17, gadolinium, manganese or iron. The radio-
or other labels may be incorporated in the conjugate
in known ways. For example, the  popdde may be
biosynthesized or may be synthesized by chemical amino
acid synthesis using suitable amino  35 



3 acid precursors Involving, for example, fluorine-19
in place of hydrogen. Labels such as tom' or I'll,
.Rcui,  Rv' and In rt t can be attached via a cysicine
residue in the peptide. Yttrium-90 can be attached via
a lysine  residue. The TODOGBN method (Frakeret al
(1978) Biuchem. Biophys. Res. Common. 80:49-57 can be
used to incorpomtc iodine- 123. "Monoclonal Antibodies
[itlmnwnoseintigraphy" (Chats .CRC Press 1989)
describes other methods In detail. J0 Conjugates of
the antibody and aytotoxie agent may be made using a
variety of btfunctlonal protola  coupling agents such
as N-succinimidyl-3-(2-pyrldyiditMu) propionate
(SPDP), sucdnimidyl-4-(N- malelmldomethyl)
cyclohexano-l-carboxylatc, lminnthiclane (TT),
bhbncdonal derivatives of btddoes[ers  (such as
dimethyl adiplmldaie 13CL), active eaters (such as
dlsueeinimidyl suberare), aldehydes (such as
glutansldehyde), his-aside compounds (such as his
(p-ttridahenzoyl) hnsxanediamino), bier-diaznnitun 15
derivatives (such as
bls-(p-tilazoafumbonznyl)-cthylenediamine),
diisoeyanates (such as tolyene 2,6- (Nancyanare), and
bis-active fluorine compounds (.such as
1,.I-2.4-diniirobenzcuc). For example, a  ricin
immunotoxin can be prepared as described in Vitetta
err aT. Sclena 238: 1098 (1987). Carbon-l4- labeled
1-isotbiocyanatobcnzyl-3-mcthyldiethylene
triaminepeotaneetie acid (MX-DTPA) is an exemplary
chelating agent for conjugation of mdicnuclaotide to
the antibody, See W 094111026, The linker maybe a 20
'cleavable linker" facilitating release of the
cytotoxic drug in the call. For example-, an
acid-labile linker,  peptidase sensltlve linker,
photolablic linker, dimethyl linker or disulfide
containing linker (Chad et or:  Cancer Research 32:
127-131 (1992); 0.8. PatentNo. 5,208,020) maybe used.
Tharapautie Uses of the CD20 binding Antibodies 25 The
CD20 binding antibodies of the invention are useful to
treat a number of malignant and non- malignant disease
including autoinanunc diseases and related conditions,
and CD2O positive cancers  including B cell lymphnmas
and leukemias. Stem cells (B-cell progenitors) in hone
marrow lack the CD20  antigen. nilowing healthy
B-cells to regenerate after treatment nod return to
normal levels within several  months. 30 Autuimmune
diseases or autoimmune related conditions include
arthritis (rheumatoid arthritis,  juvenile rheumatoid
arthritis, ostcoarthritis, psoriade arthritis),
psoriasis, dennotitis including utopic  dermatitis;
chronic autoimtnunc
utiieafra,p0lyinyosltls/deranatomyositis, toxic
epidemtal necrolysis,  systemic sclaroderma and
sclerosis, responses associated with luflamniatory
bowel disease (1BD) (C ohn's  disease, ulcerative
colitin), respiratory distress syndrome, adult
respiratory distress syndrome (ARDS), 35 meningitis,
allergic rhiolds. encephalitis, uveitis, colitis,
giomertilonephritis. allergic conditions, eczema,
asthma, umditions involving infiltration of T culls
and chronic inflammatory responses, atherosclerosis,
autoin nwoe myoearditis, leukocyte adhesion
deficiency, systemic lupus crythematosus lupus
(including nephritis, non-renal, discoid, alopecia),
juvenile onset diabetes, multiple sclerosis, allergic
enoepha]ontyefitls, Immune responses associated with
acute and delayed hypersensitivity mediated by 40
cytukinus and T-lymphocytes, tuberculosis.
sarcoldosis, grnuulomatosis including Wegener's
granulomutaxis, agranuloomis, vaseulitis (including
ANCA), apitvstio anemia, Coombs positive anemia,
Diamond Blackfan anemia, immune hemolytic anemia
including autoimmune hemolytic anemia (ATTTA),
pernicious anemia, pure red coil apiasla (PRCA),
Factor Vllx deficiency, hemophilia A, autoimmune
ncutropenia, pgncytopenia, leukopenia, diseases
involving leukocyte diapedesis, CNS inflammatory 



36 5 disorders, nluldpic organ injury syndrome,
myasthenia gravis, antigen-antibody complex mediated
diseases,  anti-glumcrular basement membrane disease,
anri-phosphulipid antibody syndrome, allergic newitls.
Bechct  disease. Castleman's syndrome, Goodpasture's
Syndrome, Lambert-Baton Myastlrmic Syndrome, Reynaud's
syndrome. Sjorgea's syndrome Stevens-Johnson syndrome,
solid organ transplant rejection (including
protreatinent An high panel reactive antibody titers,
TgA deposit in (issues, etc), graft versus host
disease 10 (G V HD), pemphlgoid bullous, pamphigus
(e)i knciuding vulaaris, folinceus), sutolmmune
polyendociatpathicx, Railer's diseaur, slif tnaw
syndrome, slant cell artattis, immune complex
acphritis.  IgA nophropathy, ISM polyrwuruputhiea or
ISM mediated neuropathy, idiopathic lhrombuwytopente
purpura  (TTP), thrombotc [hrobc ytopania purpura
('JTP), outolstmunc thrombocytopenia, autoimmunc
diiscuse of  the testis and ovary including autoimupe
ourbltb and oopbnids, primary hypothyroidism;
autchrumme 15 endocrine diseases including autolmmoas
thyroiditis, chronic thyrniditio
(l3ashimoto's'11tyrolditis), subacute  thyroiditis,
idiopathic hypothyroidisat. Addison's disease, Grave's
disease, autolmmuno polygiandular  syndromes (or
polyglandular endu crinopathy syndromcs),'lype I
diabetes also referred to as insulin- dependent
dinheres mellitus (ADAM) and Sheehan's syndrome;
autoimmune hepatitis. Lymphoid interstitial
pnoumonit)s (HIV), broncltiolitis obliterans
(non-transplant) vs NSIP, Guillain-Barre Syndrome,
Large 20 Vessel Vasculitis (including Polyrnyalgia
Rheumatica and Giant Cell (Takayasu's) Artaritis),
Medium  Vessel Vascuilds (Including Kawasaki's Disease
and Pulyartoritis NodosA ankylosing spondylkis,
Bergen's  Disease (IgA nepitropathy), Rapidly
PMgressiye Clorncrulunophritis, Primary billary
cirrhosis, Celiac sprue  (gluten ecteropathy),
Cryoglobulinemia. ALS, coronary artery disease. CD20
positive oaneers arc those comprising abnormal
proliferation of cells that express CD20 on  25 rho
call surface. The CD2i) positive B can neoplasms
include C020-posirlve Hodgkin's disease including
lymphocyte predominant Hodgkin'; disease (T.PHD);
non-Hodgkin's lympbmma (NAIL); follicular center  cell
(FCC) lymphomas; acute lymphocytic leukemia (AT.T );
chronic lymphocytic leukemia (CLL); hairy  cell
leukemia, The non-Hodgkins lymphoma include low
gradelfollicular non-Tiodg)da's lymphoma (NIL).  small
lytnphocydc lymphoma (SLL), Intermediate
grade/follicular NHL, intermediate grade diffuse NAIL,
30 high grade lmmunohlastlo NHL, high grade
lymphoblastic NTTL, high grade smell non-cleaved cell
NT)t,  bulky disease NHI, piasmarytnid lymphocytic
lymphoma, mantle call lymphmma, AIT)S- related
lymphoma  and Waldenstrom's macroglabulincmia.
Treatment ofrclapscs of these cancers arc also
eonlcmplatcd.  1.p13D Is a type of Hodgkin's disease
that tends to relapse frequently despite radiation or
chemotherapy  treatment and Is characterized by
CD2O-posirive malignant cells. 01. is ono of four
major types of 33 leukemia, A cancer of mature
13-cells called lymphocytes, CLL is manifested by
progressive accumulation  of cells in blood, bone
marrow and lymphaticilssues, In specific embodiments,
the humanized CD20 binding antibodies and functional
fragments thereof  arc used to treat non-Hodgkin's
lymphoma (NHL), lymphocyte predominant Hodglt(n's
disease (LPHD),  small lympbocytc lymphoma (SLL), c1
ronic lymphocytie leukemia, rheumatoid arthritis and
juvenile 41) rheumatoid arthritis, systemic lupus
crythematosus (SAE) including lupus nephritis,
Wegener's disease,  Inflammatory bowel disease,
idiopathic thrombocytopenic purpura (ITP), thrombotic
throbs ytoponia  purpwm ('riP), autoimmune
thrombocytopenia, multiple sclerosis, psoriasis, IgA
ncphropathy,1gM  



polycauropatlties, myasthenia gravis, vasculitis,
diabetes mellitus, Rcynaud's syndrome, Sjurgon's
syndrome  and glumcrulonephrids. 37 5 'tote humanized
CD20 binding antibodies or functional fragments
thereof are usetW as a single- agent trcutmcnt in,
e.g., for relapsed or refractory low-grade or
foitioular, CD20-positivu, B-cell NHL, or can  he
administered to patients in conjunction with other
drugs In a multi drug regimen. Indolent lymphoma is a
slow-growing, incurable disease in which the average
patient survives  between six and 10 years following
numerous periods of romisdon and relapse. in ona
embodiment, oho  10 humattixcd CD20 binding antibodies
or functional ftagmxnts tharoof are used to treat
indolent NHL. The parameters for assessing efficacy or
stcoesa of treatment of the neoplasm will be known to
the  physician of skill in the appropriate disease.
CMnerally, the phYskian of skis will kook for
reduction in the  signs and symptoms of the specific
diseases Parameters can Include median time to disease
progression,  time in icsnlthm, amble disease. is The
following reference dual be lympbormas and Cl.L, Their
diagnoses, treatment and standard  medical procedures
for measw'ing tteatnum efficacy. Caoollos OF, Lister,
TA, Sklar )L: The Lymphomas.  W.B.Saunders Company.
Philadelphia, 1998; van Beaten K And CabanWas, V;
Clinical Manifestations,  Staging and TVeatmcnt of
Min-Hodgkin's Lymphoma, Cbap. 70, pp 1293-1338, in:
Hemamology, Aark  Priu:iplett and Practice, 3rd ed.
Hoffman at al. (editors). Churchill Livingstonne,
Philadelphia, 2000t and Rai, 20 K and Patel, D:Chr nle
Lymphocytie Leukemia, Chap. 72, pp 1350- 1362, in:
Hentraology, , Basle Principles  and Practice, 3rd S.
Roffman at al. (editors). C lurchill Livingstone,
Philadelphia, 2000, The parumetere for assessing
efficacy or success of treabncnt of an autoimmuno ar
autoimmunc  related disease will be known to the
physician of sld)! In the appropriate dlscaa
Generally, the physician of  skill will look for
reduction in the signs and symptoms of the specific
disease. The following we by way of  25 exnmplea. In
one embodiment, the antibodies of the invention are
useful to treat rheumatoid arthritis. RA is
characterized by inflammation of multiple joints,
cardinge loss and bone erosion that leads to joint
destruction and ultimately reduced joint function.
Additionally, since RA is it systemic disease, It can
have  effects in other tissues such as the lungs, eyes
and bone marrow. Power than 50 percent of pedenu who
30 have had RA for more than 10 yours can continue to
work or function normally on a day-to-day iris. The
antibodies can be used as first-lino therapy in
patients with early RA (i.a., metbotrexate (MFX)
naive) and as monotherapy, or is combination with,
e.g" MTX er cyclophosphamide. Or. the antibodies can
be used in treatment as second-line therapy for
patients who were DMARD and/or NI Xrefractory, and ter
monotbe rmpy or in combination with, e.g., MTX. The
humanized CD20 bitidingantibadies are useful to 35
prevam and control joint damage, delay structural
damage. decrease pain associated with inflammation in
RA, and generally reduce the signs and symptoms in
modetatrs to severe RA. The RA ptdient can 1e treated
with the humanizadCD20 antibody prior to, after or
together with trealmaat with ether drugs used in
treating RA (see combination therapy below). In one
embodiment, patients who had previously failed
discasc.modifying antinccumstic drugs and/or had an
inadequate response to methotrexato alone are treated
40 with a humanized CD20 binding antibody of the
invention, In one embodiment of Otis treatment, the
patients  



are in it 17-day treatment regimen receiving humanized
CD20 binding antibody alone (Ia 1v infusions on  days
I and IS); CD20 binding antibody plus cyclophcaphamide
(750mg iv infusion days 3 and 1.7); or CD20  binding
antibody plus mcthotrcxutc. 38 WEE 5 One method of
evaluating treatment efficacy in RA is based oe
American College of Rheumatolugy  (ACR) criteria,
which mcasures the percentage of improvement in tender
and swollen joins, among oiler  things, ')'he RA
patient can be scored at Air example, ACR 20 (20
percent improvement) compared with no  antibody
treatment (e g" baseline before treatment) or
treatment with placebo. Other ways of evaluating the
clflcucy of antibody treatment include X-ray scoring
such as the Sharp X-ray score used to stoic xtructural
10 damage such as bone eravlon and Joint space
narrowing. Patients can also b4 ovatunted feu the
prevention of  or Improvement in disability based on
Health Aiuzssmatt Questionnaire [RAQ] score, AIMS
score, SP-36 at  time periods during or after
treatment. The ACR 20 criteria may Include 20%
improvement In both tender  (painfltl) joint count and
swollen joint count plus a 20% improvement in at least
3 of S additional measures:  1. patient's pain
assessment by visual analog scale (VAS), 15 2.
patient's global nssessirmt of diaea r activity (VAS).
3. pbyslcinn's global assessment of disease activity
(VAS), 4. patient's self-messed disability measured by
the Health Assessment Questionnaire,  and S. acute
phase reactans, CRP or ASR.  20 The ACA 50 and 70 are
defined analogously. Preferably, the patient Is
administered an amount of a Cp20  binding antibody of
the invention effective to achieve at least a same of
ACR 20, preferably at least ACR 30,  more preferably
at least ACRSO. even more preferably at least ACR70,
most preferably at least ACR 75 and  higher. 25
Psoriarle arthritis has Unique and distinct
radiographic features. For psoriase arthritis, Joint
erosion  and Joint space narrowing can be evaluated by
the sharp score as wall. The humanized CD20 binding
antibodies of the invention can be used to prevent the
join( dumagc as well as reduce disease signs and
symptoms of the disorder. Yet ua)thcr aspect of the
invention is a method of treating Lupus or SLE by
adntinistering to the 30 patient suffering from Sian
therapeutically effective amount of a humanized CD20
binding antibody of the  invention. SLEDAI scores
provide a numerical quatnitatlon of disease activity.
The SLEDAI is a weighted  index of 24 clinical and
laboratory parameters known to correlate with disease
activity, with a numerical  range of 0.103, see Aryan
Cesonk & John Davis, "Novel therapeutic agent for
systemic lupus c ytheritatosus" 1n Current Opinion in
Rhennatology 2002,14:515-521. Antibodies to
double-stranded DNA  35 era believed to cause renal
flares and other manifestations of lupus. Patients
undergoing antibody treatment  can be monitorcd for
time to renal flare, which is defined as a
significant, reproducible increase in serum
creatinins, urine protein or blood in the urine.
Alternatively or in addition, patients can be
monitored for  levels of antinuclear antibodies and
antibodies to double-stranded DNA. Treatments for ST,A
Include high- 



dese cnrticosteroids and/or cyclophosphamide (HDCC).
40 Spondytoarthruputhius are a group of disorders of
the joints, including aokylosing spondylitis,
psorlntic arthritis and Crohn's disease. Treatment
success can be determined by validated patient and
physician global assessment nteaauemg tools. Various
medications ate used to treat psoriasis; treatment
differs directly in relation to disease  severity.
Patients with a more mild farm of psoriasis typically
utilize topics( (reatm ants, such as topical  45
steroids, nnthralin, euicipoirlene, cloberasol, and
tararotene, to manage the disease while patients with
moderate.vid severe psoriasis are more likely to
employ systemic (methotrexate. retinoids, cyclasporme,
39 5 PUVA and UVR) therapies.7ars are also used. Thcsc
therapies bavo a combination orsafety concerns, time
consuming regimens, or inconvenient processes of
treatment. Furthermore, some require expensive
equipment and dedicated space In the office setting.
Systemic medications can product serious side effects,
including hypertension, byperlipidcmia, bone marrow
suppression, liver disease:, kidney disease and
gastrointestinal upset. Also, the use of phototherapy
can increase the incidence of skin cancers. In
addition JO to the Inconvenience and discomfort
associated with the use of topical therapies,
phototherapy and systemic  treatments require cycling
patients on and off therapy and monitoring lifctlma
exposure due to their side  effeete. Treanneat of
icacy for psoriasis is assessed by monitoring changes
in clinical signs and symptoms  of the disease
including Physlcian's Global Assessment (PGA) changes
and Psnrlasis Arta and Severity )3 Index (PAST)
scores, Psoriasis Symptom Assessment (PSA), compared
with the baseline condition. The  patient on be
measured periodically throughout treatment on the
Visual analog scale used to indicate the  degree of
itching experienced at specific time points. Patients
may experience an Infusion reaction or infushm-related
symptoms with their first infusion  of a 0xrrapcudu
antibody. These symptoms vary In severity and
generally we reversible with medical 20 Intervention.
These symptoms include but are not limited to,
flu-like favor, chilfshigors, nausea. urticeria,
headac)e, bronchospasnl, angioedcma 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 020 binding antibody wherein the antibody
has reduced or no complement dependent cytotoxichy,
mand results In reduced infusion related symptoms as
2$ compared to treatment with Rituxancli. In one
embodiment, ike humanized CD20 binding antibody is
2117.vJ16, Domige  Depending on the indication to be
treated and factors relevant to the dosing that a
physician of skill  30 In the field would be familiar
with, the antibodies of the invention will be
adiolidstered at a dosage that is eff eaelous ft the
trenrmnnt of that indication while minitnieing
toxicity and side effects. Per the treatment  of a
CD20 positive cancer or an outoimmunc disease, the
therapeutically effective dosage will be in the  range
of about 230mg/rn2 to about 400 mg/m2 or 500 tng/m2,
preferably about 250.375mg/m2. In one  embodiment,
tote dosage range is 275375 mglnt2, Lr one embodiment
of the treatment of a 0020 positive 13 35 cell
neoplasm, the antibody Is administered at a range of
300-373 mghn2. For the treatment of patients  



suffering front 13-cell lymphoma such as non-Hodgkins
lymphoma, in a specific untbodbuem, the and-CD20
antibodies and humanized and-CA20 antibodies of the
invention will be administered to a human patient at a
dassge of I Omg/kg or 375mg/m2, Por creating NET. one
dosing regimen would be to administer one dose of  the
antibody composition a dosage of 10mg/kg in the first
week of treatment, followed by a 2 week. in(erval, 40
then a second dose, of the same amount of antibody is
administered. Generally, NHL. patients receive such
treatment once during a year but upon recurrence of
the lymphoma, such treatment can be repeated. In
another dosing regimen, patients treated with
low-grade NEIL rcceiva four weeks of a version of
humanized  2U1. preferably vl6 ($75 mg/m2 weekly)
followed at week five by three additional courses of
the antibody  plus standard CHOP Ccyclophosphnmide,
doxorubicin, vineristinc and prednisone) or CVP 40 5
(cyclophosphamidc, vincristine, prednisone)
chemotherapy, which was given every three weeks for
three  cycles. For treating rheumatoid arttnitis, in
one embodiment, the dosage range for the humanizcd
antibody  is 125mg'm2 (equivalent to about 200mgtdosc)
to fi00mg/m2, given in two doses, e g., the first dose
of  200rtig is administered on day one followed by a
second dome of200mg on day 15. In different 10
embudimena, the dosage is 230urg/dtma, 27Smg. 300mg.
325mg, 350m, 375mg, 400mg, 425mg.450mg,  475mg, 500mg,
525mg, 050mg, 575mg, 600mg, In treating dish, the CD20
binding antibodies of the invention con be
admialstered to the patient  chronically or
intermittently, as determined by the physician of
skill In the disease. A patient administered a thug by
intravenous infusion or subcutaneously may experience
adverse  1 S events such as fever, chills, burning
sensation, asthenia and headache. To allovinte or
minimize such  adverse events, the patient may receive
an initial conditionJog dose(s) of the antibody
followed by a  therapeutic dose. The conditioning
dose(s) will he lower than the therapeutic dose to
condition the patient to  to lonue higher dosages. 20
Roa a afadmfnisrrasion The CD20 binding antibodies are
administered to a human patient in accord with known
methods,  such as by inbavcntwa adroinistradtm, e.g.,
as a bolus or by continuous infusion over a period of
time, by  subs utancous, intramuscular,
intraperitoneal, h,tractrobrospinal, intraarticular,
intraeynovlal, intrathecal, or  Inhulalian routes,
generally by intravenous or subcutaneous
administration. 25 In an embodiment, the humanized 2H7
antibody in administered by intravenous Infusion with
0.9%  sodium chloride solution as an infusion vehicle.
Cambbutriun Therapy In treating the B tell neoplasms
descitihed above, the patiantcan be treated with the
CD20 binding  30 antibodies of the present invention
In conjunction with one or more therapeutic agents
such as a  cbemotharapovdo agcM in u muladmg roginton.
The CD20 binding antibody can he adminintorod
concurrently, Sequentially, or alternating with the
chemotberapeudc agen4 nr after nongresponsivcnoss with
other therapy. Standard chemotherapy Air lyniptitnna
treatment may include cyclophosphamidc, cytarabine,
rnclphalan and initoxantrone plus meiphalan. CHOP Is
one of the most common chemotherapy regimens  35 for
treating NonHadgkn's lymphoma. The following arc the
drugs used In the CHOP regimen: 



cyciophosphalnide (brand names cytoxan, neosar);
adriamycin (doxmubiein I hydroxydoxorubloln);
vincrimtino (Oncovin); and prednisolone (somotime s
called Deltasona or Orasone). In particular
crnbodhrtents, the CD20 binding antibody is
administered to a patient in used thereof in
combination with  one or more of the following
chemotherapeutic agents ofdoxorublcln,
cyclophosphamide, vineristine and 40 prednisolone, in
a specific embodiment, it patient suffering from a
lymphoma (such as a nonIindgkin's  lymphoma) Is
treated with an anH-CD20 antibody of the present
invention in conjunction with CHOP  (cyclopbosphamide,
doxonrbicin, vine ristine and prednisons) therapy. In
another embodiment, the cursor  patient can he treated
with it humanized CD20 binding antibody of the
invention in combination with CVP  (cyclophosphamide,
vhicristine, and prednisone) chemotherapy. In a
specific embodiment, the patient 41 5 suffering from
CD20-positive NFlL is treated with humanized 2H7.vi6
In co4junetion with CVp. In a  specific embodiment of
the treatment of CLL, the CD20 binding antibody is
administered in conjunction  with chemotherapy with
one or both of fludambinc and cytuxan. In treating the
autoimmune diseases or aumimmunc related conditions
dosoribcd above, the patient  can be treated with the
CD20 binding antibodies of the present invention in
conjunction with a sceond 10 therapcutiu agent, such
as an lmmunosuppressive agent, such as in a multi drug
regimen. The CD20 binding  antibody can be
administered auneutrenty, sequentially or alternating
with the lmnwnosuppressltro agent or  upon
non-responsiveness with other therapy. The
immunosupprex the agent can he administered at the
same or lesser dosages than as ad forth in the art.
The preferred adjunct inununosuppresslve agent will
depend on many factors, including the type of distadcr
being treated as well as the patient's histrny. 15
,immuno%uppressive agent" an used herein for adjunct
therapy refers to substnnccs that au: to  suppress or
mask the immune system of a patient. Such agents would
include substances that suppress  cytokine production,
down regulate or suppress self antigen expression, or
mask the MHC antigens.  Iixantpies of such agents
Include steroids such as glucocorticosteroids, a g.,
prednisone, methytprednisolone,  and dexametbasone;
2-amJno6aryl-5.suhstitured pyrimidines (see T.I.S.
Pat. No. 4,665,077), arathioprine 20 (or
cyelopltospbamide, if there Is an adverse reaction to
azathloprine): broniocryptine; glutaraldehyde (which
masks the MHC antigens, a described in U.S. Pat No.
4,120,649); anti-idiotypic antibodies for MHC
antigens and MHC fragments; cycloaxporin A; cytokinc
or cytokinc receptor antagonists including anti-
intcrfcron-Y, -p, or -a antibodies; anti-tumor
necrosis factors antibodies; anti-tumor necrosis
factor-p  andixtdics; andintcrlcukin-2 antibodies and
anti-IL-2 receptor antibodies; unti-L3T4 antibodies;
25 hctcrologoua anti-lymphocyte globulin; pan-T
antibodies. preferably anti-CD3 or anti-CD4/CD4a
antibodies; soluble peptide containing a LFA-3 binding
domain (WO 90/08/87 published 7/26/90);
strcptokinaso; 'FOP-p; strepttxlomasc; RNA or DNA from
the host; FK506; RS-61443; dcoxyspcrgvatin;
rapnmycin; T-cell receptor (U.S. Pat. No. 5,114,721);
T-cell receptor fragments (Offner et at. Sclenc.t
251:430.432 (1991); WO 9W11294. and WO 91/01133); and
'1' con receptor antibodies (EP 340,109) such an  31)
TI089. For the treatment of rheumatold 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 (diseaso-Mod#JIQS anti-
rhoutnatic drugs (e.g., mcthotrenate), NSAI or MAID
(non-steroidal anti.inflammalory drugs).  



UtIMIRA'WN (adalimwuab; AbbottI.aboramrica), ARAVAO
(leflunomide), RFMTCADEdD (inflixiouab: 35 Centocor
Tue., of Malvern, Pa), E.NBRBT. (etancrccpt,, Immunex,
WA), COX-2 inhibitors. DMARDS  ccmntonly used in RA
arc hydroxycloroquino, sulfasalazinc, mcthotrexate,
leflunomide, etanercept,  Infliximab, azauhioprlne,
D-penicillaminc, Cold (oral), Cold (intramuscular),
udnocyeilne, cyclosporine,  Siaphylocaccal protein A
inrmunnadsorptiun. Adaguxu slab is a human monoulonal
antibody that hinds to  TNPa. lniliximab is a chimeric
monoclonal antibody that binds to TNFe. Btanercept is
an 40 immunoadbesin" fusion protein consisting of the
aadracellular ligand binding portion of the human 75 0
(p75) tumor necrosis factor mcuptor (TNFR) linked to
the Fe portion of a human TgCl. For conventional
treatment of RA, see. e.g., "Guidelines for the
management of rheumatoid arthritis" Arthritis A
Rheumatism  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 matbotrexate (MT1C). An exemplary dosage ofMTX Is
about 7,5- 75 mg/kg/wk. MTX can be administered orally
and subcutaneously. For the treatment of ankylosing
spondylitis, psoriatic arthritis and Crohn's discaxe,
the patient can  he treated with it CD20 binding
antibody of the invention in conjunction with, for
example. Remicade(r)  (inlllximab; from Centocor inc.,
of Malvern, Pa.X LNBREL (etanarcept; Immunex, WA). 10
Treatments for SLE include high-dose cordctsxmids
and/or cyelophosphamlde (HDCC). For the treatment of
paorlasis, patients can be administered a CD20 binding
antibody in rxmjunction  Willi topical treatments,
such as topical steroids, anthralln, ca elpotrioar,
alobetasol. and tazemtene, or with  tnet otrexam,
rednoida, cyclosporine, PUVA and UVB therapies. in one
embodiment, the psorlasis patient  is treated with the
CD20 binding antibody sequentially or ootiouirentty,
with eyclosporhto. 15 Phatynaccutical Formulations
Therapeutic formulations of the CD20-binding
antibodies used in accordance with the present
invcndnn are prepared for storage by mixing an
antibody having the desired degree of purity with
optional  pbatnnceutically acceptable carriers,
excipiems or srnbi)lzers (Remingwn's
PharniaceutftialSalme a 16th 20 caution, Usol, A. Ed.
(1980)), in the form of lyophilized formulations or
aqueoos solutions. Acceptable  carricrx, excipients,
or stabilizers are nontoxic to recipients at the
dosages and conccnmttions employed, and  include
buffers such as phosphate, citrate, and other orga ale
acids. an6uxidants including ascorbic acid and
methionine;preservatives (such ascotadceyldimcthylben
ylammoniumchloride;ltexamethomiumcbloride;
bcnzalkunium chloride, bcnzcthonium chloride; phone),
butyl or benzyl alcohol; alkyl parabens such as 25
methyl or propyl parabcn; cddehol; msarcinol;
cyulohoxanol; 3-pentanol; and m-cresol); low molecular
weight (lass than about 10 residues) polypcptidcs;
proteins, such as scrum albumin, gelatin, or
immunoglnhulins; hydrophilic polymers such as
olyvinylpyrmlidunc; amino acids such as glycinc,
eJutanrine, asparagiae, histidine, arginins, or
lynine; monnnaccharides, disaccharides, and other
carbohydrates including glucose, mannose, or dextrins;
ehelating agents such as EDTA; sugars such as 30
sucrose, mannitol, trchalose or sorbitol: salt-forming
counter-ions such as sodium; metal complexes (e g. Z4-
protein complexes): and/or near-ionic surfactants such
as TWP,RNTM. PLURONTCS'r' or polyethylene glycol
(PEC). 



Exemplary anti-CD20 antibody formulations are
described In W098/56418, expressly Incorporated
herein by reference. Another formulation is a liquid
multidose formulation comprising the anti-CD20 35
anrilwdy at 40 mg/nil.., 25 mM acetate, ISO mM
trehatose, 0.9% benzyl alcohol, 0.02% volywrbato 20 at
pH  5.0 that has a minimum shelf lift of two years
storage at 2-8C Another anti-CD20 formulation of
Interest  comprises tfmg/mL antibody In 9,0 mg/ml.
sodium chloride, 7.35 mg/inL sodium citrate dihydraoe,
0.7mg/ml, polysorbate 80, and Sterile Water for
Injection, pH 6.5. Tot another aqueous pharmaceutical
formulation composes 10-30 snM sodium acetate from
about pH 4.8 to about pH 5.5. preferably at pHS.S, 40
polysorbnte as a surfactant in a an amount of about
0.01-0.1 % v/v, trehalosc at an amount of about 2-10%
w/v, and benzyl alcohol as a prexcrvativc (U.S.
6,171,586). Lyophilized formulations adapted for
suhcutanenus administration are described in
WO97/04801. Such lyophilized formulations may be
raconstimted with a suitable diluent to a high protein
concentration and the reconstituted formulation may be
udministarcd subcutaneously to the mammal to be
treated herein.  43 5 One formulation for the
humanized 2117 varants is antibody at 12-14 mgtmL in
!0 mM histidine,  6'%i sucrose, 0.02% polysorbate 20.
pill 5X In a specific cmbodanent, 2H7 variants and in
particular 2H7.v16 Is formulated at 20109/mL  antibody
in I0mM hisddine sulfate, 60m&/ml sucrose" 0.2 mgtmi
poly=bate 20, and Sterile Water for  imcetion, at
pH5.8. 10 The formulation beds may also eontaht more
than one active compound as mammary for the
particular indication being treated, preferably than
with complementary activities that do not adversely
affect each other, Fur example, it may be desirable to
further provide a cytotoxk agent, chemothe apeutiu
agent, cytokfnc or immonosuppresudve agent (e.g. one
which acu on T cells, such as cyclosporla or an
antibody that binds T cells, e.g. one which binds
LFA-l). The efibctive amount of such other agents IS
depends on the amount of antibody present in the
formulatlom the type of disease or disvrdcr or
treatment.  and tither facrors discussed above. Theca
are generally used in the same dosages and with
administration  rout as described herein or about from
I to 99% of the herctofure employed dosages. The
native ingro iicnht may also be entrapped In
micrrovupsules prepared, for example, by  coacervation
techniques or by interfacial polymerization. for
example, hydroxymethylcellulose or gelatin- 20
microcapsules and poly-(mcthylmethacyktte) ml
rocapsulce,respectively, in colloidal drug delivery
systems (fur example, liposomes, albumin microspheres,
microcmulsior>s, nano-particles and nanucapsules) or
in  macroemulsions. Such icuhniqucs etc disclosed in
Remingtonr Phanwreuticat Siena 16th edition, Osol,  A,
IA. (1980). Sustained-release preparations may be
prepared. Suitable examples of sustained-relcuse 25
preparations include semi-permeable matrices of solid
hydrophobic polymers containing the antagonist,  which
mauves are in the form art shaped arifcks, a.g. films,
or microcapsules. Examples of sestained- relcasc
matrices include polyesters, hydmgcls (fur example,
poly(2hydmxyethyl-methacrylate), or
pnly(vinylalcohol)), poiyiactides (U.S. Pat. No.
3,773,919), copolymers of L-glutantic acid and
ethyl-L- glutatnate, non-degradable ethylene-vinyl
acetate, degradable lactic acid-glycolic acid
copolymers such us 30 the LUPRON DEFOTm+ (injectable
microspheres composed of lactic acid-glycolic acid
copolymer and  



leuprolide acetate), and pulyd}(-)-3-bydroxybutyric
acid. The formulations to be used for in vivo
adntfnistratlon must be Sterile. This is readily
accomplished  by filtration through sterile filtration
membranes. 35 Articles of Manufacture and Kits Another
embodiment of the invention is an article of
manufacture containing materials useful for  the
treatment of autoimmuna diseases 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  aaseciatod with the container. Suitable containers
include, for example, bottles, vials, syringes, etc.
The 40 containers may be formed from a variety of
materials such as glass or plastic, Thu container
holds a  composition which is cffecdve for treating
the condition and may have a sterile access port (for
example the  container may he an intravenous solution
bag or a vial having a stopper pierceable by a
hyptxlctmic injection  needle). At least one active
agent in the composition is a CD20 binding antibody of
the invention, The label  44 5 or package insert
indicates that the composition is used for treating
thepartieular condition. The label or  package insert
will fttrtber comprise instructions for administering
the antibody composition to the pationt,  package
insert refers to instructions customarily included in
commercial packages of therapeutic products,  that
contain information about the indications, usage,
dosage, administration, cantraindieationa and/or w
rnings concerning the use of such thempeutiu pnxlucta.
in one embodiment, the package insert indicates  10
that the composition is used for treating
non-Hodgkins' lymphoma. Additionally, the astleis of
saanufacturo tiny further comprfsc a second container
comprising a  phannaceudcaliy-acceptable buffer, such
as bacturiostatic water for injection (8WF7),
phosphate-buffered  satin. Ringer's solution and
deauo80 solution, It may further include other
matcritds dcahnblo from a  commercial and user
standpoint. including other buffars, diluents,
fititra, needles, and syringes. Is Kits are also
provided that are usettd for various purposes, a*, for
B. cell killing assays, as an  positive control for
apoptosis assays, for purificaton or
hnmunopreclpitation of CD20 f om cells. For  isolation
and purification of CD20, the kit con contain an
anti-CD20 antibody coupled to beads (eg.,  sepharose
beads). Kits can be provided which contain the
antibodies for detection and quamltatlon of CD20  in
vitro, e.g. in auMISA or a Western blot. As with
thesnicle 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 the invention. Additional containers may be
included that contain, e.g., diluents and buffets,
control antibodies. The label or package Insert may
provide  a dexcriptirm of the composition as well as
instructions for the Intended in vitro or diagnostic
tote. 25 Cynomolgua monkey CD20 The invention also
provides an Isolated nucleic acid comprising the
nucleoide sequence of SEQ ID  NO.: 24 of the
Cyoomolgus monkey CD20 as shown in FIG. 19. To one
embodiment, the nucleic acid is a  eDNA. In one
embodiment, the nucleic acid encoding the monkey CD20
is In an expression vector for  axpression in a bust
call. The nucleotide sequence of SIsQ ID NO.: 24 in
the expression vector is operably 30 linked wan
expression control soquerwo such as a promoter or
promoter and enhancer. The expression  control
sequence can be'can be the native sequence normally
associated with the Cynomolgus CD20 gene, or  



hoterologous to the gone. Also provided is an Isolated
polypepdde comprising the amino acid sequence ISEQ AD
NO. 25; FIG. 19 & 201 of the Cynomoigus monkey CD20,
as well as host wits containing the  Cynomolgun CD20
nucleic acid, In one aspect the host culls are
eukaryotic cells, e.g., CHO cells. Fusion  33 proteins
comprising the Cynomolgus CD20 amino acid sequence or
fragments of the sequence are also  contemplated,
Experimental Examples Example 1  40 Sfumanizadon of
2117 antiCD20 mutiue monoclonal antibody Humanlzntlon
of the murine anti-human CD20 antibody, 2117 (also
referred to herein as m2H7, in  for murine), was
carried out in a series of site-directed mutagenesis
stops. The murine 2117 antibody  variable region
sequences and the chimeric 2k17 with the mouse V and
human C have been described, sec, 45 e.g.. U.S.
patents $,846,818 and 6,204,023. The CDR residues of
2117 were identified by comparing the  45 5 amino acid
sequence of the nmrine 2117 variable domains
(disclosed in U.S. 5,846,818) with the sequences  of
known antibodies (Kahatet at., Sequences of proteins
of immunological interest, Tits. S. Public Health
Service, National Institutes of Health, Bethesda, MD
(1991)). The CDR regions for the light and heavy
chains were defined based no sequence hyperveriability
(Kabat at aL, supra) and are shown in Fig. )A and  Mg.
IS, respectively. Using synthetic oligonucreorldes
(Tablo 1), site-die cted mutagcncaii (Kunkel, Prot. ID
NatL Arad. Sol. 82:488-492 (1985)) was used to
introduce all six of the routine 2117 CDR nglon Into a
complete human Fab framework corresponding to a
consensus sequence V,j,Valll (VL kappa. subgroup I.
V,,  subgroup lIl) contained on pin mid PVX4 (Pig. 2).
The phagemid pVX4 (19g. 2) was used for mutageaesix as
well as for expression of D(ab)s In 1i  coil. Owed on
the phagentid pb0720, & derivative of p130475
(Cunntngham at aL. Science 243:1330-1336  13 (1989)),
pVX4 contains a DNA
fragment.encodingahumanisedconsensustc-subgroupIlightc
hain(VLxl CJ and w humanised consensus subgroup lIT
heavy chain (Valli-Cu I) anti-IFN-a (lntarfetvn cc)
antibody.  pVX4 also has an alkaline phosphatase
promwor and Shhtc-Dalganto sequence both derived from
anolhcr  prcvlously described pUC119-based plasmid,
pAK2 (Carter at A., Free. Ned. Acad. Scl. USA A9: 4285
(1992)). A unique Spel restriction site was introduced
between the DNA encoding for the F(ub) light and 20
heavy chains. 'the fiirsi 23 amino acids in both
anti-IM-ot heavy and light chains arc the Sill
secretion  signal sequence (Chang et at, Gene
55:189-196 (1987)). To construct the CDR-swap version
of 2147 (2H7,v2), site-directed mutagenesis was
performed on  a dcoxyuridine-conminiog template
ofpVX4; all six CDRa ofanti-lFN-cc were changed to the
murine 2117  C1)Rs. The resulting rnolceule is
referred to as humanized 2147 version 2 (2W.Yz), or
the "MR-swap, 25 version" of 2117; it has the m2117
CDR residues with the consensus human PR residues
shown in Figures IA  and I A. Humanized 2H7,v2 was
used for further humanization. Table 3 shows the
oligoouclcotidc scqucnco used to create each of the
tourine 2117 (m2H7) CDRs  In the H and I, chain. For
example, the CDR-H I uligonucioetide was used to
recreate the nt2H7 H chain  CDR 1, CDR-lit, CDR- B2
and CDR-H3 rufcrs to the H chain CDR 1, CDR2 and CDR3.
respectively; 



30 similarly, CDR-Ll, CDR-L2 and CDR-L3 refers to each
of the L chain CDRs. The substitutions lit CDR-112
were done in two steps with two uligunuoleotidcs,
CDR-HZA and CDR-742B. Table 1. Oligonucleotide
sequences used for construction of the CDR swap of
routine 2147 CDR$ into a  human framework in pVX4.
Residues changed by each ollgonveleotido arc
underlined. Substitution Oif onucleoride ven6a CDR-Ml
CTAC CCTTCACGgTATQAggT(jCACTOOOTCCO  5 1D NO.27
CDR-H2A GATTAATCCTGACA $)r " VA&ACGACCTATAACCAGAAG
TTC AAG GOC CG (SEQ ID NO.2A CDR-H2B (MA TGO GTT OCA
QQQ ATC TA1 CCT 1g5 AAC GGC OAC AC  514 ID NO. 29
CDR-91AT TAT TOT OCT CGA GTO SS'i'[C TAC TAT GC MQ Af&
IA TM  16-Q U9 GAC "' IGG GOT CAA ejGA (SEQ. ID NO.
30) CDR.L1 CTOCACAGCCAOCTC TCFO CAOCTATATGCATTO  CDR
-L2 AA C (S ]D NO.IA CW A31 iT TAC f ,CCA; j Q AAC
CI'C (; Q TCS GGA OTC C  SE 11) NO.32 CDR-L3 TATTAC
TOT CAA CAO ZaC, A$ = AAT CM CQC ACA TTT GGA  CAG
(S.EQ ID NO333) 46 3 For comparison whit humanized
constructs, a plasmid expressing a ebfinerlc 2H7 Fab
(containing  murine VL and YH domains, and human CL
and CHI domains) wus constructed by nice-directed
mutagenesis  (Kunkel, supra) using synthetic
ollgonucleelidcs to introduce the murihe framework
residues into 2f17.v2.  the sequence of the resulting
plasmid construct for expression of the chimeric Fab
known as 2H7.v6.8. is 10 shown in FIg. 3. Each encoded
chain of the Fab has a 23 tunitto add STir secretion
signal sequence as  described for pVX4 (FIg2) above.
Basal on a sequence companion of the murine 21.17
framework residues with the human VWT,VHIII  consensus
framework (Figures IA and I B) and previously
humanized antibodies (Carter at al., Prom NatL  Ac(.YL
Sri. USA 89:4285-4289 (1992)), several framework
mutations were introduce) into the 21)7,v2 Fab 15
construct by siwdirected mutagerosis. These mutations
result in a change of certain human consensus
framework residues to those found in the marine 2117
fi'amawork, at aloes that might affect CDR
sonfbrmations or antlgen contacts. Veminn 3 contained
VH(R7I V, N73K), version 4 contained VH(R71 V),
versiun 5 contained VH(R7) V, N73K) and Vt.P-46P), and
version 6 contained VH(R7I V, N73K) and
Vt.(lA6P,1.47W). 20 Humanized and chimeric Fab
versions of m2H7 antibody were expressed in A. roil
and purified as  follows. Plasmids were transtbnned
into A coli strain XT.4 Blue (Stratagenc, San Diego,
CA) for  preparation ofduublo-and singlastranded DNA.
For each variant, both fight and heavy chains were
completely soyucnced using the didcoxynucieotide
method (Sequenase, U.S. Biochemical Corp.). Phamids  



were uansformcd into S col strain 1609, a derivative
of MM294, plated onto LB plates containing 5 g/ml - 25
utbeniclliin. and a single colony selected for protein
expression. The single colony was grown in S ml LB 100
g/m1 carbenicitlirt for 5-8 h nt 37 C. The 5 nil
culture was added to 500 ml AP.5-100 pgtml
carbenicililn and allowed to grow for 16 h in a 4 L
baffled shake flask at 37t. AP5 media consists of 1.59
glueose.11.0 Hycase SF, 0.6g yeast cxtract
(certilled). 0.199 Anhydrous M5904. I.07g NH11C1,
3.73g K0,  1.29 NaCl. 120 std 1 M triethavolamino, pH
7.4, to I L water and then sterile filtered through
0.1 pm 30 Sealkccn filter. Cells wore harvested by
centrifugation in a ] L centrifuge bottle (Nalgeno) at
3000xg and the  supernatant removed. After freezing
for I h, the pellet was resuspended in 25 vol cold I O
mM MBS-10 mM  ILD'TA. pH 5.0 (buffer A). 230 pl of
0.1M PMSF (Sigma) was added to inhibit proteolysis and
3.5 ml of'  stock 10 mg/ml hen egg white lysoxymo
(Sigma) was added to aid lyais of the bacterial cell
wall. After 35 gentle shaking on ice for 1 h, the
sample was centrifuged at 40,000xg for 15 min. The
supernatant wan  brought to 50 ml with buffer Aaad
loaded onto a 2 ntl DRAB column equilibrated with
buffer A. The flow- t roug11 was then applied to a
protein Ci-Sepharsse CL -4B (Pharmacia) column (0.5 ml
bed volume)  oquilibraled with buffer A. The column
was washed with ] 0 nil lntffer A and eluted with 3 ml
0,3 M  glycine, pH 3.0, into 1.25 ml 1 M Tris, pH 8.0.
The F(nb) was then buffer exchanged into P13S using a
40 Ceniricorr-30 (Amicon) and concentrated to a final
volume of 0,5 ml. SAS-PAGE gels of all F(ob)s were run
to ancerrain purity and the nnlecular weight of each
variant was verified by elcctrospray mass
spectromotry- 47 5 In cell-based 111.USA binding
assays (described below), the binding of Dabs,
including chimeric 207  Fob, to CD20 wax difficult to
detect. 'therefore, the 2H7 Fah versions were
refurrnaned as fbil-length IgO1  antibodies for assays
and furtltur mutaganesis. Plasmids for expression of
full-length TgC's were constructed by subcloning the
VL and VH  domains of chimeric 2147 (v6,8) Fab as well
as bananixcd Fab versions 2 to 6 into previously
described It) pRK vectors for mammalian cell
expression (Coanan at at., DNA Prot Sig. Tech. 2:3-10
(1990)). Briefly,  each Fab construct was digested
with &oRV and $4t1 to excise a Vi fragment, which was
clotted into the  hroRVI8tp1 sites of plasmid pDRI
(Pig. 4) for expression of the complete light chain
(Vy-CL dotrtsinx).  Additionally, each Fah construct
was digested whit Auld and Apal to OW so a Vu
fragment, which was  ultmod into the PvdWApad sites of
plsvJnid pDR2 (Fig. 5) for expression of the complete
heavy chain (VII IS C1t-hinge-CH2-CHH domains), Fix
each ISO variant. transient tranafectious were
performed by  cotransfi sting a )fight chafe
expressing plasmid and a heavy-chain expressing
plasmid Into an adenovirus- transfarmed human
embryonic kidney cell Use, 293 (Graham et al., !. Gem
ViroL, 3659-74, (1977)).  Briefly, 293 Cells were
split on the day prior to transfcedon, and plated in
scrumcontainlag medium. On the  following day,
double-stranded DNA prepared as a calcium phosphate
precipitate was added, hollowed by 20 pAAVAntiiia,74
DNA (Frumcga, Madison, WI), and cells were incubated
overnight at 379C. Cells were  cultured in serum- ee
medium and harvested after 4 days. Antibodies were
purified from culture  supernalants using protein
A.Sepharose CL,41). then bufii:r exchanged Into 10 mM
sodium succinate, 140  mM NaCl, pH 6.0, and
concentrated using a Centricon-10 (Amicon). Protein
concontradons were  



determined by quantitative amino acid analysis. 23 To
measure relative binding affinities to the CD20
antigen, a call-based ff.ISA assay was  developed.
Human B-lymphoblastoid WIL24 coils (ATCC CRL 8885,
American Type Culture Collection,  Rockville, MD) were
grown in RPMf 1640 supplemented with 2 mM L-glutaminc,
20 mM HERBS, pH 7.2  and 10% heat inactivated few]
bovine serum Ina humidlfled 5* CO2 incubator, The
calls were washed with  PBS containing I% FBS (away
buffer) and seeded at 250.300,000 celVwell In 96-well
round bottom plates 30 (hurt, Roskilde, Denmark).
Two-fold serially diluted standard (15.6.1000 nghni of
2H7 v6.8 chimeric 1SG)  and threefold serially diluted
samples (2.7-2000 ngtmi) In assay buffer were added to
the plates. The plates  were buried in ice and
incubated for 45 min. 'to remove the unbound antibody.
0.1 aiL assay buffer were  added to rho wells. Plates
were centrifuged and supernatants were removed. Cells
were washed two mom  times with 0.2 mL assay buffer.
Antibody bound to the plates was detected by adding
peroxidase conjugated 35 goat anti-human Fe antibody
(Jackson ImnwstoResearch, West Grove, PA) to the
plates. After a 45 min  incubation, cells were washed
as descxlbeti before. TMB substrate
(3,3',5,5'-tctramethyl benzidine;  Kirkegaard & Perry
Laboratories. Gaithersburg, MD) was added to the
plates. The reaction was stopped by  adding I M
phosphoric acid. Titration curves were fit with a
four-paramctcr nonlinear regression curve- fitting
program (KaleldaGraph, Synergy software, Reading, PA).
The ahsarbanec at the midpoint of the 40 titration
curve (mid-OD) and its corresponding coneentratlon of
the standard were determined. Then the  concentration
of each variant at this mid-CD was determined, and the
concentration of the standard was  divided by that of
cash variant. Hence the vulues are a ratio of the
binding of each variant relative to the  As 5 standard
Standard deviations in relative affinity (equivalent
concentration) were generally +l-10% between
experiments. As shown in Table 2, binding of the
CDR-swap variant (v.2) was extremely reduced compared
to  chimeric 2f17 (v.6.3). However, versions 3 to 6
showed impr oved binding. To determine the minimum.
number of mutations that might be required to restore
binding affinity to t(zatofchimeric 2117, additional
10 mutations and combinations ofmutations were
constructed by sitedirectmutagenesis to produce
variants 7  to 17 as indicated in Table2. In
particular, diem included Vu mutations A490,
F67A,169L, N73Ir., and  L78A;and Vr, mutations M41.,
M33I, and F71Y. Versions 16 and 17 showed the best
relative binding aff pities, within2-fold of that of
the clii*io version; with no significant diflercnrco
(s.d.-+/-10%).  betweentlrotwo.
Tominimizeffierumi"otmutadons,.version
lQhaviflW~nly4inutatlons of human  1S framework
residues to murine fiamework residues (Tab1e2),. was
thereforechosen as the humanized form  for additional
characterization Table 2. Relative binding affinity
ofliumanized 2I1'V I4G variants to-C1520 compared to
chimeric 2H7  using cell-based EIISA, The relative
bindingdis expressedas the co c tratipa of the
chimeric 2B7 over dib  20 concentration ofthe:
vatiantrequired for equivalent binding; h a ratio'<
indicates weaker affinity for the variant. Standard
deviation in relative affinity
determinationaveraged+/-10%. Fmmawork  substitutions
in the variable domains are relative to the CDR swap
version according to the numbering'  system
bfKabat(Kabat et A, supra): 2117 Heavy chain (VyJ .T
ightGhahn (V;J Relative  



6 version substitutions substitutions bindin 6.8
G~iimera Qiimerat. 2 s . CDR 0:01  3 R71V N73K R  0.21
4 R71V (CDR s 0.21  5 1L 71V N73KP 0:50 RR7WV N73K .
L46P L47W 0.58  7 R71V L46P 033  8 .R71V L7 8A .L46P .
0.19  9 . R71V F61A 0.07.  .10 R7I F67 169L A61! 0.12
d 1. ,1(71 :F6731;.L,79A L46P 0:18  I2-. ..8 1V . - :;
1146P ML . .32  i3 $71V Ig6P M33I :'. 03l  14 71V
L46P,F7IY ' 0.25  15  'IV . IAO. M4 W 0.26  16 R71V N7
A49G. I46P 0.65  17 R71V,'N73 A49f3 IA6P In47W O:.G7
25 . . 49 5 Table 3 Oligonucleotide sequences used for
oonstntcfon of mutations VH(A490, R71 V, N73K) and
Vi,(146P) in humanized 2H7 version 16 (2H7.vl5).
Underlined codons encode the Indicated amino acid
substitutions. For Vtt (R71 V, N73K) and Vt (lA6P),
the aligns are shown as the sense stand since these
were used for mutagenesls on the Fab template, white
for Va (A490), the oligo is shown as the anti-acnse
strand, sinew this was used with the pRK (igC heavy
chaia) template. The protein sequence of version 16 is
10 shown in Fig. 6 and Fig. 7. Subsi tutftm Of
osueletttido nee Vo (R71V. N73K) '1TC ACT ATA A Q (1AC
TCC AAA AAC ACA TT  ID 140.34 4 GCCA(0AT0A V V T0t3
CCCA t30CC Nt).35  F AAQcrc00AAA croATTTACC S ID N. 3
EraEra~te 22 Antiget-birtding detertulaants (parolope)
of 2H7 Alanine substitutions (Cunningham & Wells,
Science 244: 1081-1085 (1989) were made ht IS 2H7.v16
or 207.v17 in under to test the contributions of
individual side chains of the antibody )n binding to
CD20. 1g0 variants were expressed in 293 calls from
pDRT and pDB2 vectors, purified, and assayed for
relative binding affinity as described above. Several
alanine substitutions resulted in signiftoyWt
decreases in  



relative binding to CD2D on WIL-23 cells (Table 4). 20
Table 4. Effects of alattine substitutions In the CDR
regions of humanized 2R7.v16 measured using cell-
based EL1SA (WJL2-S cells), The relative binding is
expressed as the concentration of the 2H7.v16 parent
over the concentration of the variant required for
equivalent bindinst heoca a ratio <I indicates weaker
affinity fur the variant; a ratio>1 indicates higher
affinity for the variant. Standard deviation in
relative  affinitydetermination averaged +,. 10r%.
Framework substitutions in thu variable domtains are
relative to 25 2147,v16 according to the numbering
system of Kabat (Kabat cc uL, supra). NDD means no
detectable  binding. The two numbers for version 45
arc from separate experiments. Ti7 CDR v chain Li
htchai Ro ivcbindin  version location substitutions
substitutions 16 -1- 140 HI 26A 63  141 1 A I0.47 t 8A
.86  33 H1 9A 0.07  6 Hl 1'30A 0.81  37 Hl S31A .97
142 tit 32A .63  143 HI 33A DS  144 R1 34A 1.2  145 H1
'35A 0.25  146 H2 RS06 0.31  147 H2 1I5 1A 0,65  50 8
II2 Y52A 0.01  )48 H2 P52aA 10.66  39 3lit G53A ,89
67 2 S4A 1.4  0 2 GSSA .79  i H2 56A .0  9 IH2 157A
.61  No 2 IS59A .92  91 59A 74  FX2 A 80  1132 i 83
104 1112 K62A A4  95 112 I  83 IH2 TA 0.96  



149 2 IK64A .82  15U ,65A 1.2  153 H3 95A 89  12 V96A
.98  13 Y97A .63  4 H3 98A .40  4S 3 S99A 84; 0.92  6
I0 4 .8r 147 SIOUA 10.85  48 JOObA .78  49 IH3 MOM
10.02  9 113 11 YIUIIJA .98  60 H3 -'10UeA 1NI)8  61
H9 01A 1031  351 H3 102A 1.1  1117 r 24A 10.85  l18 Ll
50 10.86  119 I 26A .98  120 I 527A 1.98  123 1 1.0
122 1 29A .41  0 1 30A 0.96 A  51 I 32A 1 I  33A 123 1
A  H34A  124 1 .21  125 2 OG an  126 hL2 PSIA 0.88
S52A  2 2 0.80  2 3A 0,76  53 L 5 54 L2 L54 2 A 0,60
127 2 A55G 1.1  L 



128 2 S56A L1  51 129 T.3 89A .46  130 1.4 90A [0,22
5 W91A 10.88  6 92A 1.1  7 3A D.36  8 f3 A 1  231 .3
SA A  i32 F96A I8  133 7A .22  $ Additional mutations
wttTdq 2H7 CDR xcgfons Substitadoas of additional
residues and combinations of stthstitudons at CDR
positions that were  identified as important by
Ala-scanning were also tasted. Several combination
variants, particularly v-96 I O appeared to hind more
tightly Can v.16. Table S. Effects of combinations of
mutations and non-alanlno auhatlottions in Cie CDR
regions of  humanimed 2A7.v16 measured using
cell-based 13L1SA (WIL24eels). The relativa binding to
CD20 is  expressed as the concentration of the
2117,vl6 parent over the concentration of the variant
requited for 13 equivalent binding; hence a ratio el
indicates weaker affinity for the variant; a ratio >1
indicates higher  affinity for the variant. Stands d
deviation in relative affinity determination averaged
+/- 10%. Framework  substitutions in the variable
domains are relative to 2H7.Y16 aeconling to the
numbering system of Rabat  (Kahan et al" spas). 2117
JHnavy cltain ght chain IRelative binding  version
ubstitutioas substitatloos 16 -1- 96 D56A, N1 00A S92A
9..5  197 99T N1OOG Y10 bJ 99  98 990 NID0,4 YJOObl
1.6  9 1000, Yl 1 .80  101 N54 DSGA 1.7  102 N54R D56A
.48  103 1756 NIOOA 2.1  1114 S99T NIOOG 81  105 S99G
NIOO5 1,1  106 N100G 1  167 SiOOaG YIOUbS 136 D56A
NIODA S56A 392A .6  137 D56A,NIOOA A55G,S92A 



156 056A. NIODA 526A,S564,392A 2.1 107 D56A, N100A
YIM)b3 S92A ntcx resscd  382 Y27W 52 R3 27F  184 9Y
185 N29W  1R6 Y321,  IR7 Y32W  188 33  189 N33D  190
3Y  191 N333  08 353  09 SOS  210 A50R  211 A 12~w
ASOF.  168 Y52w IN Y52F .75  170 54D .25  171 545 1.2
172 D36K !  173 DS6R 174 6H 1,5  173 D5613 1.2  z17
956.5 14 0560  15 D56N  1G 056Y  174 Y59w  177 firs9p
CISO 2C62R  181 K62D  178 PG3W  179 63Y 157 Y97W ,64
158 Y97P 1,2  159 8W 64  



160 9817 ,83  106 N100G 161 W I OUcY .05  162 W100o1'
1.27  163 FIOCeY ,34  164 PIOOeW .91  f6S DIOiN ,64
166 5990 NI000 SIOOsDY100bdeleted p.99  237 VI02Y 1,0
207 4Y A3 192 892  193 89N  194 02  195 96N  196 W91Y
397 W9Ilr 5 92$  2I6 920  198 3Y  199 3W  204 P935
N94Y 0 P96L  201 P96Y  2 P96W P96R  5 Example-4
Mutations ataftes of framework humanization
subWtut$otu Subscitntiuns of additional residues at
framework positions that were changed during
humanization  10 were also tested in the 2H7,vi6
background, In particular. alternative framework
substitutions that were  nalthor fuund in the merino
2R7 purentnur the human conuensus framework wore made
at Vt.(P46) and  Vn(049. V71, and K73), These
substhutlons 8enorally led to lltde change In relative
biodfng ('Fable (i), Indicathcg that there  is soma
flexibility in fratnawork residues at these positions.
15 Tabta 6. Refarivo bindmg in a ooU-based (WIL.2.S)
assay of framework subst tutions. iaG variants are
shown with mutations with respect m the 2H7.v 16
background. The rtlalivu binding is expressed as Thu  



concentration of the 2H7.v6.8 chimera over the
concentration of the variant required for cquivatcat
binding;  hence a ratio ci indicates weaker affinity
forthe variant; a ratio >1 indicates higher affinity
for the variant 20 Standard deviation in relative
affinity deteanlnaton averaged +f- 10%. Prtunework
substitutions in the  variable domains are relative to
2H7.v16 according to the numbering system of KabAL
(Kabat e1 aL, >uprc).  (*) Variants thatwetn assayed
with 2147.v16 as rite standard oomptuator, relative
values are normalised to  that of the chimera. 7 ieavy
chain fight chain RcWtivc binding  vetninn
ubslilutions ubsOrutions 6.8 chi,nem chimera -i- 16
0.64  R 1C73R 0.72  9 K7314 0.49  80 K73 M9  8] V711
0.42  82 V71T 0.58  83 V71A 84 0493 0.32  54 V15 1049L
6 46B 0.22  197 P46v L551  88 P46T  !0g t149A V71T;
K73R 492A 32I.,P461 4126+  109 49A, A490V7IT. K73R 92A
M321" F4617 MW 110 K73 DS6A.I~T10t1A 4 17AA ?.CM- 4a
expressed  111 9A V7lT K73R 46e 112 349A.A504 V71T
K73R 12+  (") Variants that wore usmaycd with 287.vl6
as the standard comparator; relative vahtcs are
normalized to that of the chimera.  S 1leS  Humanized
2117 variants with tithaaced effiector functions
Boeause 2137 Lan mediate tyais of B-cell: through both
complement-depoeni cylotoxicily (CDC)  JO and
atttilx:dy-dependent cellular cytotoxicity (ADCC), we
sought to produce vaxltws Of h0maniud 2117-Y16  with
improved CDC and ADCC activity. Mutations of certain
residues within the 1-0 regions of other  antibodies
have been described (Idusogle et a1.,
J.Im+nwtol.166:2571-2573 (2001)) for hnprovlcs CDC
through enhanced binding to the complement component
CL), Mutations have also been described (Shields  in
at., J, Biel, Chars. 276:6591.6604 (2W) k Pmsta at
a)., BEochrm. Sea 7huw. 30:487-490 (2002)) for 15
improving ADCC through enhanced 150 binding to
activating EcyToceptars and reduced ISO binding to  



inhibitory Iveryteceptota, In particular, three
mwtations have been Identified for Improving CDC and
ADCC  activity: S298A/E333A/K334A (also referred to
herein as a triple Ala mutant or variant: numbering in
the ft  region is according to the EU numbering
system! Kaba( et al. supra) as described (Idttsogie et
a!. supra  (2(M !): Shields at at, supra), 20 In order
to enhance CAC and ADCC activity of 2H7, a triple Ala
mutant of din 2H7 Fe was  constructed, A humanized
variant of the anti-HER2 antibody 4d5 has been
produced with mutations  S298A1E333A/K334A and is
known as 4D3Vol10 (Le.. anO-pea$kTER2 IgGI
($298A/A333A/K334A);  Shields et ul., supra). A
plastnid, p4D3lvcl to encoding antibody 4D3Fc110
(Shields at n1" supra) was  digested with Apai and 1
indli, and the Pc-fragment (conroining mutations
8298A/E3333A/K334A) was 25 Opted into the ApaUifux/lll
sites of ibis 2H7 heavy-chain vector pDR2-v16, to
produce pDR2-v31. The  amino acid sequence of the
version 31 corn plots 1l chmlo is sbowo In Fig. & The
T.chain is the same as that  of V16. Although the
constant domains of die, Pic region of IgGI naribodles
are relatively conserved within  it given %pcdce,
atlctiu variations exist (reviewed by "franc and
Lefxanc, in The harms igO swbclcsses.  30
nnlecufarnnaly,rLr of.t/rucure, function, and
reguhrdiorr, pp, 43.78, P. Shakib (ed.), Fergamthoa
Press.  Oxfrtd (1990)). Table 7. 1?ffecrs of
substitutions in the Pc region on CD20 binding.
Relative binding to CD20 wan  tmsamured in a ueu-based
(W1L2-S) assay of framework substitutions. Fa mutatons
(*) are indicated by EU  35 numbering (Knbat, supra)
and are relative to the, 2T17.v l fi purest. The
combination of three AN changes in 53 5 11w fie mgion
of O l is described as "17411V Tgt3 variants are shown
with mutations w11h respect to the  2H7.v 16
background, 'AA relative binding is expressed as the
umcentratlon of the 2117,41 chimera over  the
concentration of the variant required for equivalent
binding; hence a ratio <t bidlcates weaker affinity
for the variant, Standard deviation in relative
affinity determination averaged +/- 10%. 2H7 Pe
Relative  version Subsfftutk)nm* binding  8 1 0.65  16
3) S298A 33A K334A 0.62  10 mote 6 Humanized 2H7
vadanbt with enhanced stability For development as
tberapeude proteins, it IN desirable to choose vadatts
that remain stable with  re spent in oxidation,
deamidation, or other processes that may affect
product quality, in a suitable 15 formulation buffer.
Tn 2H7.v16 several residues were ldetitiffed as
possible twurwa of inswLlflry V1.  (M32) and V11(M34,
N100), Tberafore, mutations ware laUOduced na those
sites furcomparison with v16.  Table S. Relative
binding of 207 variants designed for enhanced
stability and/or 4ffeclor function, to CD20  In
Accilbased(Wf1.2-S) assay. Ygt7 variants am shown with
mutations with respect to the Z137.vl6 



20 background, The relative binding Is expressed as
the concentration of the 2U7.v6.8 chimem. over the
conccnlration of the variant required fiw
equivalentb)ndins hence a ratin <I indicates weaker
affinity for  rite variant. Smndsrd daviation In
relative aflitdty detenninadan averaged +1.10%.
Framework  asdxalmdona in the variable domainer arc
relative to 2H7.v 16 according to the numbering ayatem
of Xabat  and Fc mutations ('") are indicated by SU
numbedog (Kabal et al., supra). (m) Variants that were
muaaurud 25 with 2H7. 06 as the standard comparator
relative values are normalized to that of the chimera.
Additional Fro mutations were wmbinud with stability
orafilnity-enhancing mutations to alter or  enhance
effector functions based on previously reported
mutations (Idusog)e et al. (2000); idusogio ct al.
(2001); Shields eta). (2001)). These changes inahule
5298. )33333A. K334A as described in  Sample 5i K322A
to reduced L DC activity; D26$A to reduce ADCC
activity; K326A or K326W to 30 enhance CDC activity,
and 13356D/M358L to test thb effects of al1otypi4
changes in the We region. None of  these muwtiuns
caused significant dilrestices in CD20 binding
atitttty, 2117 Heavy chain 'ght chain jI changes
clause  venien WIT) chan cs clan es bindin  6.8
chimera kchimera -1- Ifi 0.65  62 M321 .46  63 M34)_
4h  64 100A 65 1O(IA L47W .74  66 S9 9A L47W ,62  67
N54A 56 M321 .4  69 .432L 0.s 8o  70 1100A S29 13333A
034A 0. 1 41000 5298 T3333A 1t334A 0.44  72 N10OA M321
5R  73 100A M32L 0.53  74 100A M321 S29R HS13 A,K334A
3.61  75 100A 2L a A3 8334A bo  113 S6D M358T.r  114
D36A Ni00A 43 S92A 29 E333A K334A 1.2Ye  115
D56A,NIOOA 43 592A 292A E333 3334A p,3 6 M358L 1A*4
116 D56A 1J1 U 2L S92A 8A. x334 K322A 1.2w  134 6A
MOOD 32T 2A P.356D M358 T3265A 1'Sxa  135 DS N100A 32L
S92A 2356D M35RT 17265 K326W ,954*  138 561, N100A
432.1..S92A 29 9333 K334A K326A 1.2xr  139 56A, NI OOA
32L, S92A 3298 1333 1(334A K326A E356N M358L 



154 265A .700*  155 298A,R322A,K334A 0,700*  (4*)
Variants that were measured with 2H1.vl6 as
comparator, relative binding values are normalized to
that ofthe chimera.  5 To test the effects of
siablllty mutations on the rata of protein
degradation, 2R7,v 16 and 2H7.v73  were formulated at
12-14 tng[ML In 10 mM bleddine. 6%
suerose.0.02%polysorbate 20, pH 5.8 and  Incubated at
40C for 16 days. Thu Incubated samples were than
assayed fbr changes in charge vuriauts by  Inn
exchange ehmmutogruphy, aggregation and fragmentation
by size exclusion chromatography, and tO rolatlve
binding by testing in a cell-based (W1L2.5) assay. The
results (Fig, 9) show that 2H7 v.73 has greater
stability compared to 287 v.16 with respect to  losses
In the fracllon of main peak by ion exchange
chromatography under accelerated stability conditions.
No sign)fant differences were seen with respect to
aggregation, fragmentation, orhinding affinity. T  !3
Scatebard analyek of antibody to CD20 on WiL2-S cells
Lrqullibrium dissociation constants (rd) were
determined for 287 T&(3 variants binding to W1L2-S
cells using radiulabeled 2H7IgO. igt7 variants were
produced la CHO calls. Ritux-noO (owes for all
cxporiments is Genentech, S. Sanvranclsco. CA) and
marine 2137 (RI) PharMingen, San Diego. CA) were 20
usud lbrcomparison with humanized varlaots, The mwine
287 antibody is also available from other  aourcos,
e.g., cBiescicnee, and Caiblochetu (both of San Diego,
CA), Accurate Chemlcal & Scientific Corp.,  (Westbury,
NY), Ancoll (Bayport, MN), and Vital-l;iochein (Vinci,
Judy), AU dilutions were performed In  binding assay
buffer (DM:M media containing W o lxrdnc scrum
albumin, 25 mM HSPES pH 7.2, and  0,01% sodiumaxido).
Aliquots (0.025niL)of
O1-2H7.v16(iodblatedwlchlae(operoxidase)at a 25
cancencrutinn of 0.8 nM were dispensed Into wells of a
V-bottom 96-well micrcussay plate, and serial
dilutions (0.05 tat) of cold annbrtdy were added and
mixed. WIL2-S cells (60,000 COTS In 0.025 mL) were
than added. The plats was sealed and Incubated at room
temperature for 24h, then centrifuged for 15 min at.
3,500 RPM. 'The supernatant was then aspirated and the
cell pellet was washed and centrifuged, The 57 5
supernatant wac again aspirated, and the pellets were
dissolved In IN Na0H and transferred to tubes for
gamma counting. The data were used fits Scarahard
unalysts (Munson and ltodbard, AnaL Btvcham,
107:220.239 (1950)) using the program Llgand
(Mcpberson, ContpaL Prograins Bfnmcd. 17:107-114
(19$3)). The results, shown Is Table 9, Indicate that
btmtanized 2137 variants had similar CD20 binding
affinity as compared to routine 2117, and similar
binding affinity to Rituxan(r). 11 is expected that
ZH7.v3l 10 will have very similar iG to v.16 on the
basis of the binding shown in Table, 7 above.  Table
P. Equilibrium binding affinity of 21;17 variants from
Scatalatrd analysts  Antibody variant ant 1y (aM) n
Rituxan 0. 0.49 3  2117 (mar no) 1,230, 3  2H7,vI6
0.$4d-0.7 4 



.v73 1.22}0.39 4  21i7. $ 1.W_Tff  L+xmmple 8 IS
Complement Dependent Cytotoxfoity (CDC) Assays 2117
igO variants were swayed for their ability to mediate
compltancnt-dependent lysia of W1L2-S  cells, if CD20
expressing lymphnblastold B-cell line, essontlafy, as
described (fdusngie et at., J. fmas eoL  1644178-41$4
(2000) Idusugio et at. J. InunrmoL 166:2571-2575
(2001)). Aah'bodkes were aerially diluted  1:3 from n
0.1 mg/ntL stock solution. A 0.05 mL aliquar of each
Minion was added to a 96-well tissue 20 culture plate
that contained 0.05 mL aft mutation of normal human
complement (Quldel, San Diego, CA)  Tc this mixture,
50,000 WIL2-S cells were added in a 0,05 mL volume.
After Incubation for 2h at 37C,  0.05 mL of a station
of Alamar blue (Accutned 7nterrtallonal, Wesdake, OH)
was added, and hteubation  was eo110nu04for an
additional ISh at370C, Covers were than removed from
the plates, and they were  shaken for 15 min nt room
tenperaturc on an orbital shaker. Relative fluorescent
unite (RFU) were read 25 using a 590 tint excitation
Illicit and a 590 am emission fitter. An 13Css was
calculated by fitting RFU as a  function Of
conceatratlon for each antibody ttslog Kalelda0n1ph
software, 't'he results ('t'able 10) allow surprising
Improvement in CDC by humanized 2117 antibodies, with
relative potency similar to Rituxant& for v.73, 3-fold
mom potent than Rhuxmt(61 for v.15, and 3-fold weaker
than Rituxan(r) for v.16. 30 Table 10, COC activity of
22X7 antibodies compared to Bltuxan. Numbers >1
Indicate less potent CDC  activity than Rituxuno and
numbers <1 indicate more potent activity than
Rituxan(r). Antibodies were  produced from stable CHO
lines, except that those Indicated by (% were produced
trar>.slently . Anilbod variant 111 C verism C Rituxan
)fuxans9 4 -1 A7.v14 3.72;4.0$  2117.v31a 2,21
2Xi7.v73 4 1,05  2fi7.v7.5 4 .99 38 2H7.v96* .956
2H7.v1140 .378  2H7.vlIS* 4 .475  H7.vI I6* i 100
2FTlv135 42  5 Example 9 Antibody Depaadcrtt Cellular
Cytetaxlcigr (ADCC Assays 21117IgO variants ware
aatyed for their ability to mediate Natural-Killerecii
(NK ectq lyxla of JO W IL2-S ceps, a CD2o exprezatng
lymphobbistoid B-cell line, essentially as desaibed
(Shields it id.,.1. BML  Chem. 276:6591.6604 (2001))
using a lactate debydrogenasc (LON) readout NIC cells
were prepared from  



100 nib of beparinized blood, diluted with 100 mL of
PBS (phosphate buffeted salhtax obtained from  normal
human donors who had been isotyped for FcyRllL also
known ea CD16 (Kotme et al., Blood
90:1109-1114(1997)). In this experiment, the NK cells
were from human donors heterozygous for CD16 13
(FI58/V 158). The diluted blood was layered over 15 mL
of lymphocyte separation medium (ICN  Biochemical,
Aurora, Ohio) and cmntrifligcd for 20 min at 2000 RPM,
White ac11s at the interface between  layers ware
dispensed to 4 clean SO-mL tubes, which wore tilled
with RPM! medium containing 15% fbW  calf xemm. Tuba
were centrifuged for 5 min at 1400 RPM and the
supernatant discarded. Pellets were  resuspended in
MACS hoffer (0-1% BSA, 2mM DATA), and NK cells were
purified using beads (NK Cali 20 Isolation
1(it,130.046-S02) according to the manufnetwer's
protocol (Miltenyl Biotech,). NK cells were  diluted
in MACS buflbr to 2xI06 cellsrml.. Serial dilutions of
antibody (0.05 mL) in may medium (1t12/DMIiM 50,50
without glycine, I mM  HBPES butler p117,2, Peanicil
Iln/Streptomycin (100 unlb*nt.; Gibcn), gluxamans, mid
1% heat-Inactivated  fetal bovine serum) were added to
a 96-well round-bottom tissue culture plate. WIL2-S
calls ware diluted in 25 axtny buffer to a
concerittatk)il of4 it 10%nL. WL2-S cells (0.0$ rat
per well) were mixed with diluted  antibody in the
9&wuli plate: and incubated for 30 min at room
temperature to allow binding of antibody to  CD2O
(opxon'vatian). The ADCC.` reaction was initinrori by
nMing 0 1 m1. of NK eons to rirh well. In nnntnil
woks, 7.9,  Triton X -2W was added. the plate was then
incubated for 4h at 370C. Levels of LDH released were
30 measured using a cytotoxicity (LDH) detection kit
(KCit#1644793, Roche Diagnostics, Indianapolis,
lndlann,)  following the manufacturers instructions.
0.1 mL of LDH developer was added to dealt well,
followed by  mixing for l Oa. T1st plate was than
covered with aluminum foil and Incubated In the dark
at mom  temperature for 15 min. Optical density at 490
tam was than read and use to calculate 9h lysis by
dividing by  the total LDII measured in control wells.
Lyxis was plotted as a function of antibody
concenlxailon, and a 4 33 parameter curve fit
(KaieidaGrapli) was used to determine RCio
concentrations. The results showed that humanized 2H7
aottbodies were active In ADCC, with relative potency
20- fnid higher than Rituxaa4a lbr v.31 and v.7S,
5-fold morn potent than 12ituxon@ for v.16, and almost
4-fold  higher than ItituxanO for v.73, 59 5 Table IL
ADCC activity of 2H7 antibodies on WIL28 cells
compared to 27T7,v16, bnstd on n  cxpalmentx. (Values
>1 Indicate lower potency than 2147.v16, and vaIus <I
htdICJITe greater potency.)  Antibod varlane n 13C
vatieat /HCv 21~7.vi Riiuxun(r) 4 5.3  2R7,vi6 5 _ 1
2 ,v 1 _ .24  2H7.v73 5 113  2H7.v75 4 0.2.5
Additional ADCC assays woes carried nutty compare
comldmdon-varlana of 2137 with Yuannne.  I V The
results of these assays lndieeled that 2H7.vl 14 and
2H7.v115 hava> 10-fold unproved ADCC poto"CY  as
etmpared to Rltuxm%@ ('!able 12). 



Table 12. ADCCactivity of 2117 antibodies on W1LZ-S
cells compared to ltituxanO, based on it  experiments
(Values >1 Indicate lower pottawy than Rituxan(r), and
values tl Indicate greater potency).  15 [Antibody
variant SO variana 5 Rituxa"  1(ltaxanio -I 2H7-v..16
.52  2FT7 v.96 .58  2H7.v114 0.093  2H7,vlt5 1083
2H7,vl16 0.30 am 1 Li vivo effects of 207 variants Ina
pilot study In cynomolgus monkeys 2137 variants,
produccd by transient transfeotlon of Cl10 cells, were
tested In normal male 20 cynotnolgus (Mac+aca
faa:lcularls) mtmkcys in order to evaluate their In
vivo activities, Other anti-CD20  antibodies, such as
C2B8 f Iuxantll) have damonstratod an ability to
deplete B-cells in normal primatos  (ReItci al., liked
83: 435.443 (1994)). In one study, humanized 2H7
variants were compared. In a parallel study, RituxanO
was also  tested in cynomo)gus monkeys. Pour munkoys
were used In each of Ave dose groups: (1) vehicle, (2)
(605  2,5 rng/kg hu2H7.v(6, (3) 10 mglkg hu2H7,vl6,
(4) 0.05 mg4kg ho2H7v31, and (5) 10 mg/kg hu N7.v31.
Antlbndles were adminfatercd intravenously at a
conemtmdon Of 0, 0.2, or 20 mglmL, for a total of twu
doses, ona on day 1 of the study, and another on day
8, The first day of dosing is designated day land the
previous day is designated day-I: the first day of
recovery (fnr2 animuls in ouch group) Is designated as
day 11. Blood samples were collceted on days -19, -12,
1 (prior to dosing), and at 6h, 24h, and 72h 30
following the first dose. Additional samples worn
taken on day 8 (prior to dosing), day 10 (prior to
sacrifice.  of 2 unimuns/gruup), and on days 36 and 07
(for recovery animals). Peripheral B-cell
coaoontrations were determined by a FACR method that
counted CD3/CD40+  cells. Thu percent of CD3.CD40+B
coils of total lymphocytes in monkey samples were
obtained by the  folinwina gating strategy. the
lymphocyte population was mmked on the forward
scatterl side scatter 60 5 scanergmm to define Region
I (R I). Using events in R I, ttuc)rescence Intensity
dot plots were displayed for  CD4O and CD3 markers.
Iluorescently labeled isotype controls worm used to,
determine mpocdvo cutoff  points far C040 and CD3
positivity. The results indiuatcd that both 2Xi7.v16
and 2117.v3I were capable of )uoducing full peripheral
B- cell depletion at the 10 mg/kg dose and partial
peripheral B-cell depletion at the 0.05 mglkg dose
(Fiji. I1).  J O The limo course and extent otB-C U
dupladtm measured during the fltst 72h of dosing were
similar fW the two antibodies. Spbseguenl emdysis of
the recovery animals ladleated that animate treated
with 21117.v31  thawed a prolonged depletion of
B-cells as compared to those dotted with 21V.v16. In
particular, rtxwvery  animals treated with 10 mg/kg
2H7.vJ6 B-cells showed substantial 13-ee1 l recovery
at oaune timeixtwewt  sampling on Day 16 and on Day
36. However, for recovery anbnels treated with 10
mg/kg 297.v31. B-cells 



19 did nut show recovery unel am= time between Day 36
and Day 67 (Fig. I I>. 71is suggests a greater  dumdnn
of full depletion by about one mootb for 2H7.v31
compared to ZH7.v 16. No toxicity was observed ht the
monkey study at low or high dose and the gross
pathology was  normal, in other studies, v16 was well
tolerated up to the highest dose cvufuatcd of (l
ll0mg1kgx2 w 12D0  mg/mr x2) following i.r. ad
uirdsiration ot2 doses given 2 weeks apart in these
monkeys. 2U Data in Cynomolgun ntunkcys with 2H7.v 16
versus Rituxane suggests that a 5-told reduction Ia
CDC activity dons notadversely affect potency. An
antibody with potent.AJJCC activity but reduced CDC
activiy may have snore favornhle safety profile with
regard to tat bIAXIW reactions than one with greater
CDC activity. 25 P.'xamnlel7  Pucova deficient 2147
variant antibodies with enhanced effector function
Normal CHO and HE1(293 trolls add fucoso to 140
oligosacchurldo to a blab degree (97-98%). 180  from
sum are also highly fucosylatcd. DP12. a dihydrofolate
reductase minus (DBFRD CHO cell line that to
nacosylation competent, find  3U Lou) 3, a coil line
that is deficient in protein fucnsyladon were used to
prtxlucc antibodies for this study. The  CHO cell line
Pro-Lust 3.6a (Lcc l3), was obtained from Professor
Pamela Ststiley of AlbeitF.(nsteia  College of
Medicine of Yeshiva University. Parental flats an pro-
(ptollne auxormph) and Oat. (glycine,  adenosine,
thynilditus auxotroph). The CRO-DP 12 con Line is a
derivative ofthe CHOKl cell line (ATCC  f1CCL-6)),
which is dihydrofolate roduotnss deficient, and has a
reduced requirement far insulin. Cell lines 35 were
transfutted with oDNA using the Superfeet method
(Qlagan, Valencia, CAN Selection oftheLec13  cells
expressinll tmnsfected antibodies was pert treed using
puromycin dihydrochioddo (Calblochout, San  Diego CA)
at 10 pglail In growth medium containing: MEM Alpha
Medium with L-glutamitte.  ribonueleosides and
deoxyn'honuelensides (OIBCOBRL, Gaithersburg, MD),
supplemented with 10ria  Inactivated PBS (OIBCO), 10
mM HEWS, and IX poniuillin/stmptomycin (GIRCO). The
CHO cells were 40 vimilarly selected in growth
mediumcontainingHam's P12 without OtIT: t.ow Oluutme
DMEM without  Glycina with NeRC03 supplemented with 5%
PBS (OIBCO),10 ariM R11PJ15, 2 mM L-elurntnhte, IX
Gift(glydoe,hypoxanthine,thymidine), and IX
ponicillin/alroptomyoin. Colonies formed within two to
three weeks and were pooled for expnnsinn and protein
expression.  The call pools wers seeded initially at 3
x 106 cells/1U cm plats for small batch prolate
expression. The cells  61 5 wore converted to
serum-fro media once they grew to 9D- $% annfluency
and after 3-5 days all  supcrnatanti4 were collected
and tested lit an Fc IgO- and intact Tg(3-ELISA to
estimate protein expression  lovras. lzal 3aiid CE10
cells won ;ocdcd tit approximately 8 x 106 calls1l 5
cin plate one day Prior to  converting to PS24
production medium, stipplcmentad with 10 mgJL
tecombina ra human Insulin and 1 mg/L  trace elements,
10 Lec13 ccNs and DP I2 cells remained is ienrst
sproductlon medium fer3.6 days. Supemalants  were
collected and olaritlcd by cerarftgotlon in 150 mil
conical Lobos to remove cells and debris, The
imitative Inhibitors PM F and aprodrdn (Sigma, St.
Louie, MO) wxnc added and the superoatants wen
concentrated 5461d on stirred cells using MWCD30
it~h:ns (Amicon, Beverly, MA) prior to immediate  



purification using protein 0 chnmgmgmphy (Amersham
Pharmacist Biotech, Piscataway, NJ)). All proteins 15
were huller exchanged into phesphpte-buffered saline
(PBS) using Cenbipricp-30 cmncenwators (Andcon)  and
analyzed by SDS-polyacrylsudde go] etcebupburesis.
Protein concentrations wars detertrttned using  A280
and verified using amino ocid composition analysis,
The CHO cells wen Iransliwtcd with vectors expressing
humanized 2H7v16, 2H7v.3 i and selected  as described,
The 2H7v,i & antibody retains the wild type Pc region
while v.31 (ace Example 5, Table. 7 20 above) has an
Fe region wherein 3 amino said changes were made
(S298A, E333A, K334A) which reruns in  higher affinity
fbr the Fcsma receptor (Shields eta). J Biol. Chem.
276 (9):65914604 (2001)), Following  trunsfectien and
schxeien, individual colonies of ails were isolated
and evaluated for protein expression  level and the
highest producers were .objected to mcthotrcxate
selection to select for cells that had amplified  the
planmid cmpy number end which thure bro produced
higher levels ofantibndy. t llswere grown, 25
trunaferrad to scram Iiuc medium Ax a period or 7
days, than the medium was collected, funded onto a
protein A column and t ho antibody was closed using
standard techniques. The final conceadradon of the
antibody was determined axing on Miss that meaavres
Intact antibody. All proteins were buffer exchanged
Into phosphate-buffered Mel Inc (PBS) using
Ccnirlpriep-30 conanlralors. (Amioon) and analyzed by
SDS- polyacrylomido get etectrophoresla 30
Mafrix-Asswed laser
Dewgxlon//oniutfoa7lma4.flzght(MALDI-alSpectralAnalysi
s  ufAaparaginedinked 014# uccha&esv 14-linked
oliaosaccharides were released from rworAbinant
glycoprelcins using the procedure of Papac of aL.
Glycobio)agy 8, 445-454 (1998). Briefly, the wells of
a 96  well PVDP-lined microttire plate (Millipore,
Medford, MA) were conditioned with 100 ]d methanol
that was  drawn through the PD VP netttbtaues by
applying vacuum to the Millipore Multircreen vacuum
manifold. 31 Tito conditioned PVDF membranes wore
washed with 3 X 250 pl water. Berweea all wash steps
the wells  were dratued completely by applying gentle
vacuum to the inanifokL Thu membranes were washed with
reduction and carboxymethylatloo buffer: (RCM)
consisting of 6 M guanidine hydmchlorldc, 360 mM Vs, 2
mM NDTA, pH 8.6.Olycoprutcin sumplca (30 pg) were
applied to Individual wells, again drown through the
PVT)F menrhrnnes by gentle vacuum and the wells were
washed with 2 X 50 sI of RCM. buffer. The 40
iinsnnbilized samples were reduced by adding 50 l of a
0.1 M dlhlo0lrottol (D'i'T) solution to each well  and
incubating the micrnlitre plate at 370C fw I To, DTT
was removed by vacuum and the wells were  washed 4 x
250 Ill water, Cysteine residues were
carbtxylmetbylated by the addition of 51) l of a 0.1 M
icdaacutic acid (IAA) solution which was freshly
prepared in I M NaOH and diluted to 0.1 M with RCM
buffer, Carboxymerhylatitrn was accomplbbed by
incubation for 30 m)n in the dark at ambient
temperature. 62 S v,,cuunt was applied to the plate to
remove the IAA solution sod the wells were washed with
4 x 250 Y2  purified water. The PVDF membranes were
blocked by the addition of 100 tti of 1% PVP360
(pnlyvinylpyrrolidlao 360,0W MW) (Sigma) solution and
incubation for i hr tit ambient temperature. The
PVP340 solution was removed by gentle vacuum and the
wells won washed 4 x 250 14) water, The PNCmsc  P (Now
England Biolahs, Beverly. MA) digmd xnludon, 25 tal of
's 25 Undt/mt solution In 30 mM'Ms 10 acetate. pill
8.4,wasaddedtoeach well
endthedigestprocccdedfor3hru37'C. Aferdigesdoc.the
samples were itmteferred to 500 Id Eppendorttubas rind
2.5IL L of s ),5 M scale add solution Was added to  



each sample. The acidified samples were lnuubstsd for
3 brat ambient temperance to convert the
o)lgoeacchmides from glyeosylamines to the hydroxyl
form. Prior to MALDr-TOF mass spectral analysis,  the
released ollgosaccharldes were desalted using a
0.7-tot bed of cation exchange resin (AGSOW X8 Mob 1S
in the hydrogen form) (Blo-Itad, Hercules, CA)
slurried packed into compaetreactlon tubes (US
Blochomleal. Cleveland. OH). For MAL.DTTOP mass
spectral analysis of the samples In the positive made,
the desahed  ollgoaaccharides (0.5 dtl aliquots) were
applied to the stainless tsrgct with OS pr of the 2,5
dihydroxyb(Mzoia  acid matrix (sDMB) that was prepared
by dissolving 2 mg 2,3 dihydruxybcnanit: acid with 0.1
mg of 5 21) methoxyalicylic now In 1319 of utbanol/l0
mM sodium chloride 1:! (v/v).?he samplelmatrix mixture
was  dried by vacuum. trot analysis in the negative
made, the desalted N-linked oiigosacoharldes (0.5 ftl
aliquots)  ware applied to the stainless target along
with 0.5 pd 2',4',6'-biliydroxyacutaphcnonc matrix
(TRAP)  prepared in 10 (v/v) acetonitnirll3.3 mM
ammonium citrate buffer. 'rlre satnpidmatrix mixture
was  vacuum dried and than allowed to absorb
atmospheric moisture prior to analysis'. Released
o)lgosaccharldes 25 were analyzed by MALDI-TOPon a
PerSeplivo BluSyatcma Voyager-DR mass spectzomstor,
the mass  spectrometer was operated at 20 kV either to
the positive or negative mods with the linear
configuration and  utilizing delayed extraction, Data
were acquired using a laser power of 1300 and In the
data sumruaflon  made (240 scans) to Improve the
signal IO noise. The instrument was calibrated with a
mixture of standard  ollgosnccharldes and the data was
smoothed using a 19 point Savitsky-Golly algorithm
before the masses 30 were asetgned. Integration of the
mass spectral data was achieved using Caesar 7.0 date
analysis software  package (SeiBridgc Software).
Natural k111sr (MC) call eadbody depaedset cyioxlcity
assays. ADCC assays were performed as described In
Example 9. NX to target call (WIL2-S) ratio was 4  to
1, assays were via for 4 hours, sad toxicity was
measured as before using Inclose dehydrogonase assay,
35 Target eclia were epsonlred with the concernradoos
of antibody Indicated for 30 ruin prior to addition of
Nit:  calls. The RituxanO antibody used was from
Geaentech (S. Sao Francisco. CA). Figure i2shows the
results  of a representative ADCC assay. The results
show that underfucosylated antbodies mediate NKcell
target cell killing more  cfficiundy than do
antibodies with a full complement of faeces. The
wtdetfircosylated antibody, 2H7v.31, Is  40 most
efficient at mediating target call killing. This
antibody is effective at lower concentrations and is
capable of mediating killing of a greater percentage
of target cells at higher concentrations titan are the
other  antihodien. The activity of the antibodies is
ax follows: LccI3-derived 2117 v31> Lee 13 derived
21"17v16>  Opi2 derived 2H7v31> Dp12 derived 2T17vlfi>
or: to Rituxan. The protein and carbohydrate
alterations  are additive. Comparison of the
carbohydrate found on twilvo I&G 9-on) the Lac
13-produced and C11O 63 5 produced IsO showed no
appreciable differences lathe extent or gaiaetosyladon
and hence the results can be  attributed solely to the
praseoWabsunoa of fucoso. Example I Fucrrxe-deficient
21L7 variant antibodies with enhanced ADCC in vPvo 10
This example describes ADCC activity In viva ofthe
llteose-delluiont bamanired 2117 vatic ft  



including v.16 and v.31 produced in Lee) 3 compared to
normal fucosylated counterparts produecd in DPI 2.  In
mice expressing human CD14 FFoR Ifl and human CD20.
raavaton ofhhCD2OTg` hUW)67g*mCd)1$" nUts Human CD20
wattsgeab mica were generated from human CD20 BAC DNA
(invitrogan. Carlsbad,  IS CA). Mica were screened
bared on the FAGS analysis of human CD20 expression.
HuCD20 Tg' mica were  that crossed with ImCD
16Tg'mCDl6'r' at" to generate hUCD20Tg4huCDl6 T(mCD
16'I' mica. In vivo tram rent Ten to 100 pg of each of
the 2117 variants tar RimxnnS is adudidstratod to
huCD2tytg'huCDt6Tg'mCD16' aides via Iatrapettoaeal
Injections. Equal amount of isotype-matched  20
andbodies wit) be applied similarly to Iho ncgadvc
control group of anbnats. Mauro Jymphooyws prcpararioa
Mouse lymphocytes from whole blood, spleen, lymph
andea and bons marrow are propwcd  according to
standard protocol descr'i'bed In' Cuntmt Frotorxtla i
n Immunology, edited by John Coligan, Ada  TGoisbeelc
David Margulies, Lthan Shevaeh and Warren Strobor,
1994". 25 I'ACS anatyshr Half million cans we washed
and resuspended in 100 p1 of FACS buffer, which is
phosphate  bulTered saline with 1% BSA, containing 5i
oontaining orcontrol antibody. An tho staining
antibodies,  Including fsotyps controls, arq obtained
from PhawMingen, San Diego, CA, Human CD2oexpression
Is  avaxaed by staining with Riwxand9 along with
FflC-conjugated antibumaa 401 secondary antibudy. 30
FACS analysis is conducted using PAC.Soan and Call
Quest (Becton Dioldason lmntunooytomatry Syutems,  San
Jose, CAN All the lymphocytes ate defined in the
forward end aid. 11gM ooan.rleao, while an the 8
lymphocytes are defined with the expression of 11220
on the call surface. B cell depletion and recovery are
assessed by analyting peripheral B cell counts and
analysis of  hCD20+ A cello by FACS in the spleen,
lymph node and bone marrow on a daily hats for the
first week  35 afar Jajecdon and thereafter on a
weakly basis. Serum levels of Ave injected 2117
varimtt antibody are  monitored, Tito results of this
in to assay confirms the In vitro findings on the
Increased ADCC acitvhty and  greater B cell depletion
of fucose-deficient 2117 variants over wild-type (with
rosepot to fuoosyladon)  glycesylution counterparts.
40 64 5 mIe13  Apoptosls Activity Anti-CD20 antibodies
including Rituxan(r) have been shown to induce
cpopaasls in vitm when  crosslinked by a sccondury
antt'bodyor by ehernlca) means (Shan ct ul., Bland
9:1644-1652 (1998): Byrd et  10 uL. Blood 99:IM8-43
(2002)1 Pederson at at, Blood 99:1314.19 (2002)). When
ohemloefy cressfinked, mwine Mn Wirers induced
apoptvsis of Deudi Wk Made k al, Pros Nail Read Sell
USA 94:7509.14  (1997)). Crosslinkdog with a secondary
antibody also induced apoptosis with the aumine 2117
antibody (Shan  ci al.,19P8). These activities; are
believed to be physloloalcaUy relevant because a
variety of mechanisms  



ccuW food to amsslinking of anal-Cp20 antibodies bound
to cell-surfauo CD20 in vivo. Is
IthuMAb2H7.v16ihumanized2H7v16;
RhtuMAbstand"ftrrecombinanthumanmonoclonal  antibodyl
and Rituxan(r) were compared in apoptosis assays In
vitro using it secondary etosslinking antibody.
Ratios cells (CRL,1596, ATCC, Manassas, VA), a
CD20.expresshtg. human B lymphocyte cell line, were
axed to measure the ability of the antiCD20 monoclonal
antibodies thuMAb 2117.v16 and Riwxlmab versus  a
nogailvargntsol antibody, Tiastu7,umab (Hercepdnd),
Genentech, Soudi San Francisco, CA), to Induce 20
npoptosls as nteaswed through Annexin V staining and
propidium iodide dyeexcluslon (Vybnbt(r)  Apophrsis
Assay Kit, Molecular Probes, SwW;, WA). The Ratios
cells were cultured in RPMI-) 64G  medium (GOtco,
Rockville, MD) containing 10% fetal bovine scrum
(Biosourcc International, Camarillo,  CA) and 2 mM
L-glutamim (G1btw), Prior to bating assayed, this
calls were washed twice in trash mania and  then
adjun,tcd to a cell concentration of 2 X 10 par mL.
Cells (1,50 pL) were added to 96-well assay plates 25
(Tccton Dickinson, Palo Alto, CA) which contatncd ISO
)tI. ofa predetermined amount of control Igo],  rhuMAb
2H7,v16, or Rituxinnab, along with F(ab)'2 goat
and-buman Fe (Pierce Biotechnology, Rockford,  IL).
The final IgG Concentrations were 100, 10, 1.0, 0.1,
0.01 and 0.001 aM, and the F(ab)'2 goat anti- human It
antibody coaoootration wee sat at twice the respective
sample antibody concentration. Each  dilution wax act
up in triplicate, After a 24-hour incubation at 37 C,
the cells were washed twice with PBS 30 and then
stained with Annexin V and propidium iodide according
to the ntattufacturer's recommendations.  The staining
patte'ns of the Ramon cells were analyzed by flew
cytometry using a 1VACseaa Mow Cytometer  (Becton
f7lekinxnn, San Jose, CA), and data were collected for
l0 s-periods. The data were reduced using  the
Celkluest Pro software (Beaus Dickinson). Raw,os cells
that wore positive for (1) Annexin V xtaining,  (2)
Annexin V and pmpdduim iodide double-staining. and (3)
the number of unstained live calls, were 35 counted
and plotted using Kalaiduaraph software (Synergy
Software, Rending, )>A). Both rhuMAb 217,v1 6 nod
Rltuxlmab induced apoptusis efRamas Boils when
crosslinked with  enilbummn Fe and as compared in an
irrelevant IgC1 control antibody (Elguies 13-15). The
apoptodc  aulivity of (rINMAb 2H7) was slightly lower
than that ofItituxhnab. At i 0 nM concentrations of
crossllnked rhuMAb 2H7, Rituxlmab, and control lg(3l
antibody, fractions of Annexin V stained cells were 40
d 8.5, 16.5, 2.5 7 , respectively, fractions of doubly
labciad eclls were 29, 38, and 16%, and numbers of
five  cells counted per I0 s were 5200, 3100, and
8600. These in vitro data demonavate that apoptosis Is
one potential mechanism Mr In vivo B Coll  depletion.
In viva crwsslinking tsf rhuMAb 2H7 or Rlaxhnab bound
lo cell-surface CD20 may occur  through FvyR on the
surfaces of Immune effector cells. 65 $ Rxamplc 14 In
Vivo Snppressfery, of Tumor Growth The ability of
rhuMAb 2H7,vJ 6 to inhibit the growth of the R41 human
11-calls, a lymphoma ccfl  line (ATCC CCt.86), was
evaluated in Aalb/e nude (athymic) mica. The tgjf
cells express CD20 and have  been replaced to grow in
nude mice, producing tactaatatio diseases tumor growth
1x inhibited by Rkuxant& 10 (Clyne at aL. Narare
Medlcbte 6,443-446 0000)).PIAyaix 9.10 week old.
BaIb/o nude mica wore divided  into 7 groups (A-G)
with eodr group consisting of B mice. On day 0. each
mooed received a subcutaneous  



injection of S x 10d WjI JHymphume calls to the flank.
Heginnfes at day 0, each me= received either 100  ul,
of the negattve-control solution (PBS;
phoaphWabuffered saute), Rlmxao(r) or 2H7.v16. Dosage
was  dependent on weight and drug delivery was
Intravenously via the tail vein. Oroup A mice received
PBS. ) 5 Groups B-D received Riluxan(r) at 5.0, mg/kg,
0.5 mg/kg, and 0.05 mg/kg respectively. Groups E.G
mice  received 2H7 v.i 6 n5.0 mg/kg, 0,5 mg/kg, and
0.05 mg/kg reap utivoly. The Injections were repeated
every  week for 6 weeks. At weekly intervals during
treatment, each mouse wan fnspected for the proseacs
of  palpable tumwn at the site of injection, and the
volume of the tumors if present wan measured and
recorded.  A final inspection was made at week 9
(after a two-week interval of no treatments). 21) The
results of this study showed that both rhuMAb 2147.v16
and Rituxan0l) and were effective at  Inhibiting
suheutanenus Raji-cell tumor growth in nude mine
(PIGs. 16.19). Tumor growth was ohterved In  the PBS
control group beginning n&4 weeks. However, no minor
growth was observed in groups treated  with Riwxan(r)
or 2H7.vl6 ar 5 mg/kg nr O..T mg/kg fbr the R-weak
duration of the study. In the low-don  0,05 mg/kg
aeatntent groups, tumors ware Observed in one animal
in the 2117 group and in one animal in the  25
Riwxan(r) group (FIG. I8). Example 15 Cloning of
Cycomolgus monkey CD2O and antibody binding The CD2D
DNA sequence for cynomolgus monkey (Macacn
fascicularis) was determined upon the  30 isnladon of
eDNA encoding 020 from a cynOmOlgus spleen eDNA
library. A 81JPERSCRIPT rm Plasmid  System for eDNA
Synthesis and Flasmid Ciotdng (Ca018248413,
InvJtrogen, Carlsbad, CA) was used with  slight
modifketfons to construct the library. The eDNA
library was ligautd Into a pRK513 vector using
restriction sires flu 1-and Not L rRNA was isolated
from spleen tissue ((California Regional Research
Primate Center, Davis. CA). PrJn ere to amplify eDNA
encoding C020 were designed based on nos-codbtg 3.5
sequences of human CD20. N-termloal region
primer5'.ACn7-1TGAGAGCAAAATG-3' (SEQ 1D NO. 37)  and
C-terminal rcgitm prtmer 5'-AAOCTATQAACACTAATG-3' (SEQ
ID NO.38) were used to oluac by  polymoraso chain
reaction (FCR) the eDNA encoding oynornolgus monkey
CD20. The FCR reaction was  carried out using Platinum
Tay DNA Polymurase High Fidelity according to the
manufacturers rncnmmandutien (Gibes. Rockville, MD).
The PCR product was subcloned into pCR 2.l-TOFU e
'Vector  40 (Invltrogen) and transformed later XL-I
bloc x coil (Stratagene. La Jolla. CA). Plasnild DNA
containing  ligated PCR ptadueta was isolated from
individual clones and sequenced. The amino acid
sequence for cynomolgus monkey CD2U Is Shown In figure
19, Augurs 20 shows a  oompnrlson of cynomnlgus and
human CD20. The cynomoigus monkey CD2U is ?7.3%simllw
Co human  66 5 CD20 with it dit'fennces. The
ofttt'acotlular domain contains one change at V 157A,
while the remaining 7  rosiduos can be found In iho
cytoplasmic ox transmembrane regions. Antibodies
directed against human CD20 were assayed for the
ability to bind and displace FI'I'G  conjugated marine
2117 binding to cynumulgus monkey cells expressing
CD20. Twenty milliliters of blood  were drawn from 2
cynomolgus munkoys (California Regional Research
Primate Center, Davis, CA) into I0 sodium heparin and
shipped directly to Cieaenrsoh Inc., On the same day,
the blood samples were pooled and  diluted 1;1 by the
addit(tm of 40 ml of phospha$ buffered satins 07M. 20
ml of diluted blood was Iayencd  



an 4 x 20 ml of Hool-Paque'^"PIw (Ameraham
BIosciences, Uppsala, Sweden) In SO ml audcal tubes
(Cr#3520* lralaon. lkanklin Lukas, NI) and centrifuged
at 1300 rpm fix 30 minutoa R.T. in a Serval 7
centrifuge. (Dupont, Newtown. CT). The PBMC layer was
Isolated and washed in PAS. Red blood cells IS
warelysedina0,2%NaCIsolution,restoredtolsotonicitywith
anequivalentvolumeofa1.6%NeCJ  soluthon, and
contrlfuged for 10 minutes at 1000 RPM. The PBMC
pullet was resuspcnded in RPMi 1640  (Cibco,
Rockville. MD) containing 5% fatal bovine serum (1BS)
and dispensed into a 10 cm tissue culture  dish for i
hour at 370 C. 771to non-adherent B and T cell
populations worn removed by aspiration.  centrifuged
and counted. A tour( of 2R x IOr [ells were rccovcred.
The resuspended PBMC were distributed 20 into twenty
12 x 75 mm culture tubes (Cat#3S2053, Falcon), with
each tube containing I x 10 cells in a  volume of 0.25
ml. Tubes were divided into four sets of Live tubes.
To each set was added either media  (RPMII640, 39b
FBS), titrated amounts of control human 140, antibody.
Rittutatte, 2137,vlb, or Z117.v31,  The final
concentration of each antibody was 30, 10, 3.3 and 1.1
nM. In addition, each tube also received 20  ul of
Pluorescebt Isothlocyanate (FITC)-cmojugatcd
anti-human CD20 (CatdfS55622. BD Sinsciences. San 25
DIego. CA),'fhe tails were gently mixed, incubated for
1 hour on ice and then washed twice in cold PBS.  The
call surface staining was analyzed on a Bpie XF MCT.
(Coulter, Miami, FT.), the geometric means  dcrivud,
plotted (K4cldaGraph1M, Synergy Software,. Reading,
PA) versus antibody concentrations. Data in Figure 21
showed that 2H7 v.I6 and 2137 v.3I competitivoiy
displaced PlTC awdne 2117  binding to eynomolgus
monkey cells. Furthermore, Rituxana also displaced
MC-marine 2117 binding thus  30 demonstrating that
both 2117 and Ritwwnm bind to an overlapping epitope
on CD20. in addition, the data show that the Mw value
for 2H7 v.16, 2117 v.31 and Rituxan are similar and
fall in the 4-6 nM range.  Srramole 16 Phase I/U study
of rhuMAb 2k17 (2F17.vl6) In moderate to severe
rheumatoid arthritis  35 Protocol Synopsis A
randomized, placebo-controfcd, multiucntw, blinded
phase 1/11 study of the safety of escalating doses of
PR070769 (rhuMAb 2117) in subjects with moderate to
severerheuuatoid ordu'itls receiving stable doses of
conto ulinnt ntetitotrexats. 40 objectives  The
primary objective of this study is to evacuate the
safety and tolerability of escalating Intravenous (IV)
doses of PR070769 (r')uM.Ab 2137) in subjects with
moderate to savornccumatoid arthritis (RA). 67 5 Study
Doafgn This Is a randomized, pihccbo.controlled,
multicenter, blinded Phase Uli, investigator-and
subject-blinded  study of the safety of escalating
doses of PRO70769 in combination with MTX in subjecbt
with moderate, to  sever RA. The study consists of a
dose escalation phase and a second phase with
enrollment of a lager  number of stdtjcctx. The
Sponsor will remain unblemied to trcatnient aaignment
it) Subjects with moderate to seven RA who have failed
one to five disesso-nwditying antirhenmatio  dogs or
bfologtw who currently have unsatisfactory clinical
responses to bxabneat with MIX will be  



enrolled. Subjects will be required to receive MTX in
the range of 10-25 mg weekly for at least 12 weeks
prior m stoutly entry and to be on a stable dose for
at least 4 weeks before receiving their initial close
of study  15 drug (PRO70769 or placebo). Subjects may
also receive stable doses of oral cortlcosteroids (tip
to to mg daily or prudnisunu equivalent) and noble
doses of nonsreroidal and-inflammatory drugs (NSALD4).
Subjects will receive two IV Infusions of PRO70769 or
placebo equivalent at the indicrtcd dose on Days I
and 15 according to the following dose escalation plan
(aee )4 uro 22). Dose osculation will occur according
to specific criteria and after review of safety data
by an  20 internal snfotydata review committee and
assessment of acute toxicity 72 hotel following the
second  infusion In the lost subject treated in each
cohort. After the dose escalation phase. 40 additional
subjects (32  active and 8 placebo) will be raudondrad
to each of the following dose Jowls: 2x50 mg, 2x200
mg, 2x500  mg, and 2x 1000 mg, If the dose levels have
been demonstrated to be tolerable during the dose
escalation  phase. Approximately 205 subjects will be
enrolled in the study. 25 B-cell counts will be "tried
and recorded. 3-cell counts will be evaluated using
flow cytomutry  in a 48wack lblkrw-up period beyond
the 6-awash efficacy evaluation. I3-cell depletion
will not be  considered u dose-limiting toxicity
(DLC), but rather the expected pbatmaeodyaamlc outcome
of PStO70769  treatment In an optichal substudy, blood
for strum and RNA analyses, as well as urine samples
will be 30 obtained from subjects at various
timcpoints. Those samples may be used to identify
biotnarkors that may be  pmdicdve ofresponse to
PRO70769 rteatmant in subjects with moderate to severe
RA. Outcome Measures rho prin7ary outcome measure for
this study is the safety and tolerability of PR070769
in subjects with  35 mudoratc to severe RA. Study
Treatment enhors of subjects will receive two IV
Infbslons of PRO70769 or placebo equivalent at the
indicated dose  an Days I and 15 according to the
following escelatieo plan: 40 - 10 mg PR070769 or
placebo equivalent,. 4 subjects active drug, I control
50 ing PR070769 or placebo equivalent H subdcaw active
drug, 2 control  - 200 rug PRO70769 or placebo
equivalent: 8 subjects active drug, 2 control  - .500
mg PR070769 or placebo equivalent: a subjects active
drug. 2 control 1000 mg PRO70769 or placebo equivalent
8 subjects active drug, 2 control  45 66 5 1i11icacy
The efficacy of PRO7070 will be measured by Aft.
respumcn. The percentage of subjects who  nchiove in
ACR20, ACR50, and ACR70rvxponae will be sumntnrizcd by
treatment group and 95%  confideucu IntnrvaIN will be
generated tar each getup. The components of these
response and their change  from baseline will be
sutmnarizod by treatment and visit. t0 



Doodia  'ido data alerve demonstrated tke imocca t in
producing bumanized CD20 binding antibodies, in
particular hummnisad 2137 antibody varimtw, that
maletaloed and ovon enhanced their biological
propcrdex.  The liuma anti 2117 antibodies afthe
Invention bound to CD20 at af6nidea xlmllnr to the
imrinc dolor and 15 chimeric 2147 antbodies and were
o1lixtive at B cell killing In a pdmato, leading to B
cell depletion. Cerlitiu  variants showed enhanced
ADCC over a chimeric anti-CD20 aadbody currently used
to treat NIL favoring  the use of Iewerdosos of the
therapeutic antibody in patients. Additional, whereas
it may be accessary for a  chimeric antibody that has
murlne NR naiduau to be administered at a doss
effective to achieve complete B  coil d cpledon to
obviate an antibody respomac against it, the present
humanized antibodies can be 20 administered at dosages
that uchievc partial or complete B coil deplottoa, and
fordiffercnt duradnna of time,  as desired for the
particular disease and patient Tn oddidon, these
aadbodies denwrntratcd stability in  solution. These
props tics of the humanized 217 antibodies make them
Ideal for use as immenotbempeutic  agent in the
treatment of CD20 punitive cancers and a utotmmunc
diacaets these antibodies are not expected  to be
immunogcniu or will at least be less Immunogenic than
fully marine or chimeric aoti-CD20 all bodies  25 In
human patients. R fenvcas References cited within this
application, Including patents. published applications
and other  publications, tire hereby incorporated by
referenco. The practice of the present invention will
employ, unless otherwise indicated, conventional  30
techniques of molecular biology and the like, which
are within the skill of cite art Such techniques are
explained fully in Otis Ulerawro, See e.g., Molecular
Cloninc A Laboratory Ma anal, Q. Sambrook du a(,.
Cold Spring Harbor Laboratory, Cold Spring Harbor.
N.Y, 1989); Current Protocols In Mot ut r Bdologv  (F,
Ausuhei sr at, eds., 1987 updated); 13uential
Molecular B@Mav (T. Brawn cd., IRE Press 1991); 1kn.
Iixetesslon Techooloav (Goeddei ad., Academia Picas
1991); Methods for Cloning and Anal^Ms of 3$ UJJ*ZtnMi
1 ors (A. Bothwell er at ads., Bartlett Pub). 1990);
(lane Transfer and Expansion (M. Kriegler,  Stockton
Press 1990); Reconlbhupnt DNA Methodology T1 (R. We et
at eds., Academic Press 1995); PCR:  APractied rR each
(M. McPherson et A. LRL Preis at Oxford
UniversityPress 1991); Qjjggn)(ajentide  xD cs v (M.
Gait ad., 1984); Cell Culture r B tocbemists R. Adams
ad., Blsavier Science Publishers  1990); f inn
TranRfcr Va (tin for ti"ammxlian u!1  (J, Miller & M.
Calos ode.. I987); Ma nmatian Cell 40 J&j I bnioev (M.
Butler ed., 1991); Animal Cell Culture (J. Pollard
Brat. e(hs., Humana Press 1990);  Cuf turc of Animal
Rs 2"s Ed, (it Preslrnry e4 al eds., Alan A. the
1987); jtjow Cvtonietrv and Sorting  (M. Mclamcd or at
eds., Wilcy-Liss 1990); the series Methods In
l3neynotngv (Academic Press, Inc.):Wirth  M, and
Hauser H. (1993); immanouhcmisery in Practice , 3rd
edition. A. Johnstone & It, Thorpe, Blackwell
Science. Cambridge, MA, 1996; Tcchnignes in
lmmunauytachomistrv, (0. Bullock & P. Pctrusz eds., 69
5 Academic Press 1992,1983.1985, IM);Handbook of
Erxperimeatal lnrmunology, (D. Weir&C.  Brnekweir,
eds.); Current Protocols in Tmmunokoav (T. Colignn at
at, eds, 1991): lnnnunaissav (B, P.  Diernandls & l,IC
CluJstopeulos, ads" Academic Press, Inc.. 1996);
Coding (1986) Monoclonnl Antibodicx,  j?rincioies and
Pra tiee (2d al) Aeademla Prays, Now York; Ed Harlow
and David Lane, Antihodirm A  



jtbon,tory Manual Cold Spring Tauber Laboratory, Cold
Spring Harbor, New York, 1988; Antibody 10 J ng
ecrhtt, 2 e edition (C. Borrebae*, ed., (Izfnrd
TTmvarAi y Prase 1995); and cbs series Annual Review
of lmmunr)loa,, the series Advance In Tmmunology. 70
WHAT IS CLAIMED IS: 1. A humanized antibody that binds
human CD20, comprising the VH sequence  from the amino
acid sequence of SEQ ID NO. 39 and the VL sequence
from the amino acid  sequence of SEQ IN NO. 40. 2. The
humanized antibody of claim 1, comprising the heavy
and light chain  amino acid sequences of SEQ ID NO. 39
and 40, respectively. 3. The humanized antibody of
claim 1, wherein the humanized antibody is an
antigen-binding fragment of an antibody comprising the
heavy and light chain amino acid  sequences of SEQ ID
NO. 39 and 40, respectively. 4. The humanized antibody
of claim 1, comprising the heavy and light chain
amino acid sequences of SEQ ID NO. 39 and 40,
respectively, and further comprising at least  one
amino acid substitution in the Fc region that improves
ADCC and/or CDC activity. 5. The humanized antibody of
claim 4, wherein the amino acid substitutions are
S298A/E333A/K334A. 6. The humanized antibody of claim
4, wherein the amino acid substitution in the  Fc
region improves CDC activity. 7. The humanized
antibody of claim 6, wherein the amino acid
substitution is  K326A or K326W. 8. The humanized
antibody of claim 5, wherein the Fc region further
comprises  the amino acid substitution K326A. 9. The
humanized antibody of claim 1, wherein the humanized
antibody is an  antigen-binding fragment of an
antibody comprising the heavy and light chain amino
acid  71 sequences of SEQ ID NO. 39 and 40,
respectively, and further comprising at least one
amino  acid substitution in the Fc region that
improves ADCC and/or CDC activity. 10. The humanized
antibody of claim 9, wherein the amino acid
substitutions are  S298A/E333A/K334A. 11. The
humanized antibody of claim 9, wherein the amino acid
substitution in the  Fe region improves CDC activity.
12. The humanized antibody of claim 11, wherein the
amino acid substitution is  K326A or K326W. 13. The
humanized antibody of claim 10, wherein the Fc region
further comprises  the amino acid substitution K326A.
14. The humanized antibody of claim 1, comprising the
heavy and light chain  amino acid sequences of SEQ ID
NO. 39 and 40, respectively, and further comprising at
least  



one amino acid substitution in the Fc region that
decreases CDC activity. 15. The humanized antibody of
claim 14, wherein the amino acid substitution is
K322A. 16. The humanized antibody of claim 1, wherein
the humanized antibody is an  antigen-binding fragment
of an antibody comprising the heavy and light chain
amino acid  sequences of SEQ ID NO. 39 and 40,
respectively, and further comprising at least one
amino  acid substitution in the Fc region that
decreases CDC activity. 17. The humanized antibody of
claim 16, wherein the amino acid substitution is
K322A. 72 18. The humanized antibody of any one of
claims 1-17 conjugated to a cytotoxic  agent. 19. The
humanized antibody of claim 18, wherein the cytotoxic
agent is a  radioactive isotope or a toxin. 20. A
composition comprising the antibody of any one of
claims 1-19 and a  pharmaceutically acceptable
carrier. 21. A liquid formulation comprising the
antibody of any one of claims 1-19 at 20  mg/mL, 10 mM
histidine sulfate at pH 5.8, 60 mg/ml sucrose, and 0.2
mg/ml polysorbate 20.  22. An article of manufacture
comprising a container and a composition contained
therein, wherein the composition comprises the
antibody of any one of claims 1-19. 23. The article of
manufacture of claim 22, further comprising a package
insert  indicating that the composition can be used to
treat non-Hodgkin's lymphoma and/or  rheumatoid
arthritis. 24. An isolated nucleic acid that encodes
the antibody of any one of claims 1-17.  25. An
expression vector comprising the nucleic acid of claim
24. 26. A host cell comprising the nucleic acid of
claim 24.  27. The host cell of claim 26, which is a
CHO cell. 28. A method of producing a humanized
antibody, comprising culturing a host cell  that
produces the antibody of any one of claims 1-17, and
recovering the antibody from the  cell culture. 73 29.
An antibody produced by a method comprising expressing
a nucleic acid  encoding an antibody comprising the
heavy and light chain amino acid sequences of SEQ ID
NO. 39 and 40, respectively in a host cell, and
recovering the antibody expressed in the host  cell.
30. Use of the antibody of any one of claims 1-19 in
the manufacture of a  medicament for inducing
apoptosis in B cells in vivo, comprising contacting B
cells with the  antibody, thereby killing the B cells.
31. Use of the antibody of any one of claims 1-19 in
the manufacture of a  



medicament for treating a CD20 positive cancer,
comprising administering to a patient  suffering from
the cancer, a therapeutically effective amount of the
antibody. 32. The use of claim 31, wherein the CD20
positive cancer is a B cell lymphoma  or leukemia. 33.
The use of claim 32, wherein the CD20 positive cancer
is non- Hodgkin's  lymphoma (NHL) or lymphocyte
predominant Hodgkin's disease (LPHD). 34. The use of
claim 31, wherein the CD20 positive cancer is chronic
lymphocytic  leukemia (CLL) or small lymphocytic
lymphoma (SLL). 35. The use of claim 32, wherein the
antibody is to be administered at a dosage  range of
about 250 mg/m2 to about 500 mg/m2. 36. The use of
claim 32, wherein the antibody is to be administered
at a dosage  range of about 275 mg/m2 to about 375
mg/m2. 37. The use of claim 32, wherein the patient is
to be administered at least two  doses of the antibody
at 375 mg/m2 per dose. 74 38. The use of claim 37,
wherein the two doses are administered two weeks
apart.  39. The use of claim 32, wherein the patient
is to be further administered with at  least one
chemotherapeutic agent. 40. The use of claim 39,
wherein the cancer is non-Hodgkin's lymphoma (NHL)
and the chemotherapeutic agent is selected from the
group consisting of doxorubicin,  cyclophosphamide,
vincristine, prednisolone, and CHOP. 41. Use of the
antibody of any one of claims 1-19 in the manufacture
of a  medicament for treating an autoimmune disease,
comprising administering to a patient  suffering from
the autoimmune disease, a therapeutically effective
amount of the antibody. 42. The use of claim 41,
wherein the autoimmune disease is selected from the
group consisting of rheumatoid arthritis, juvenile
rheumatoid arthritis, systemic lupus  erythematosus
(SLE), lupus nephritis, ulcerative colitis, Wegener's
disease, inflammatory  bowel disease, idiopathic
thrombocytopenic purpura (ITP), thrombotic
thrombocytopenic  purpura (TTP), autoinmiune
thrombocytopenia, multiple sclerosis, psoriasis, IgA
nephropathy, IgM polyneuropathies, myasthenia gravis,
vasculitis, ANCA vasculitis, solid  organ transplant
rejection, graft versus host disease, diabetes
mellitus, Reynaud's syndrome,  Sjorgen's syndrome and
glomerulonephritis. 43. The use of claim 42, wherein
the autoimmune disease is rheumatoid arthritis.  44.
The use of claim 43, wherein the patient is suffering
from moderate to severe  rheumatoid arthritis and has
failed treatment with at least one disease-modifying
antirheumatic drug. 45. The use of claim 43, wherein
the patient is to be administered with a second
therapeutic agent. 75 



46. The use of claim 45, wherein the second
therapeutic agent is an  immunosuppressive agent. 47.
The use of claim 46, wherein the immunosuppressive
agent is methotrexate. 48. The use of claim 43,
wherein the antibody is to be administered at a dosage
selected from 2xl Omg, 2x5Omg, 2x 200mg, and 2x500mg.
49. The use of claim 48, wherein the antibody is to be
administered by intravenous  infusion. 50. Use the
antibody of any one of claims 1-19 in the manufacture
of a  medicament for treating rheumatoid arthritis
(RA) in a human subject, wherein the antibody is  to
be administered at a dosage selected from the group
consisting of 2x10 mg, 2x50 mg,  2x200 mg, and 2x500
mg. 51. The use of claim 50, wherein the dosage is
2x50 mg.  52. The use of claim 50, wherein the dosage
is 2x200 mg.  53. The use of claim 50, wherein the
dosage is 2x500 mg. 54. The use of claim 50, wherein
the rheumatoid arthritis is moderate rheumatoid
arthritis to severe rheumatoid arthritis. 55. A
humanized antibody that binds human CD20 comprising
the light and heavy  chain amino acid sequence of SEQ
ID NO. 40 and 41, respectively. 56. A humanized
antibody that binds human CD20 comprising the heavy
and light  chain amino acid sequence of SEQ ID NO. 42
and 43, respectively. 76 57. A humanized antibody that
binds human CD20 comprising the VH sequence of  SEQ ID
NO.51 and the VL sequence of SEQ ID NO.52. 58. The
humanized antibody of claim 57, wherein the antibody
comprises the  heavy and light chain amino acid
sequence of SEQ ID NO. 44 and 45, respectively. 59. A
humanized antibody that binds human CD20 comprising
the VH sequence of  SEQ ID NO.51 and the VL sequence
of SEQ ID NO.53. 60. The humanized antibody of claim
59, wherein the antibody comprises the  heavy and
light chain amino acid sequence of SEQ ID NO. 46 and
47, respectively. 61. The humanized antibody of claim
59, wherein the antibody comprises the  heavy and
light chain amino acid sequence of SEQ ID NO. 48 and
47, respectively. 62. The humanized antibody of claim
59, wherein the antibody comprises the  heavy and
light chain amino acid sequence of SEQ ID NO. 49 and
47, respectively. 63. The humanized antibody of claim
59, wherein the antibody comprises the  heavy and
light chain amino acid sequence of SEQ ID NO. 50 and
47, respectively. 64. The humanized antibody of claim
59, wherein the VH region is joined to a  human IgG
chain constant region. 65. The humanized antibody of
claim 64, wherein the human IgG is IgGW or IgG3.  66.
The humanized antibody of claim 64, wherein the human
IgG is IgGl. 



67. The humanized antibody of claim 64, wherein the
human IgG is IgGl, and the  IgGI Fc region comprises
the amino acid substitutions S298A/E333A/K334A. 77 68.
An antigen-binding fragment of the humanized antibody
of any one of claims  55, 56, 58 and 60-63. 69. A
composition comprising the humanized antibody of any
one of claims 55-67  or the antigen-binding fragment
of claim 68, and a pharmaceutically acceptable
carrier. 70. An isolated nucleic acid that encodes the
antibody of any one of claims 55-67  or the
antigen-binding fragment of claim 68. 71. An
expression vector encoding the antibody of any one of
claims 55-67 or the  antigen-binding fragment of claim
68. 72. A host cell comprising a nucleic acid of claim
70.  73. The host cell of claim 72 which is a CHO
cell. 74. A method of producing an antibody comprising
culturing the cell that produces  the antibody of any
one of claims 55-67 or the antigen-binding fragment of
claim 68 and  recovering the antibody or the
antigen-binding fragment from the cell culture. 75. An
antibody produced by a method comprising expressing a
nucleic acid  encoding the antibody of any one of
claims 55-67 or the antigen-binding fragment of claim
68  in a host cell and recovering the antibody or the
antigen-binding fragment expressed in the  host cell.
76. Use of a therapeutically effective amount of 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 syndrome,
Goodpasture's  syndrome, solid organ transplant
rejection, graft versus host disease (GVHD), IgM
mediated,  78 thrombotic thrombocytopenic purpura
(TTP), Hashimoto's Thyroiditis, autoimmune hepatitis,
lymphoid interstitial pneumonitis (HIV), bronchiolitis
obliterans (non-transplant) vs. NSIP,  Guillain-Barre
Syndrome, large vessel vasculitis, giant cell
(Takayasu's) arteritis, medium  vessel vasculitis,
Kawasaki's Disease, and polyarteritis nodosa. 77. The
use of claim 76, wherein the CD20 binding antibody is
rituximab. 78. 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. 79. An isolated nucleic acid comprising
a sequence that encodes a polypeptide  with the amino
acid sequence of SEQ ID NO. 25, or SEQ ID NO. 25 with
conservative amino  acid substitutions. 80. A vector
comprising the nucleic acid of claim 79. 81. The
vector of claim 80 which is an expression vector
wherein the nucleic acid  



of claim 79 is operably linked to an expression
control sequence. 82. A host cell comprising the
nucleic acid of claim 79. 83. An isolated polypeptide
comprising the amino acid sequence of SEQ ID NO.  25
of the Cynomolgus monkey CD20. 79 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 <213> 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 Gin 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  BO 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
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 <210> 9  <211> 119  <212> PRT
<213> Artificial Sequence  



<220> <223> Sequence is synthesized  <400> 9 Glu Val
Gln Leu Val Glu Ser Gly Gly Gly Leu Val Gln Pro Gly  1
5 10 i5  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 Gln 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 Gln Met
Asn Ser Leu Arg Ala Glu Asp  80 85 90 Thr Ala Val Tyr
Tyr Cys Ala Arg Gly Arg Val Gly Tyr Ser Leu  95 100
105 4 Tyr Asp Tyr Trp Gly Gln 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 aacttctatc 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 taggcggtgc 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 Phe  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 Gln
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
Gln Trp Lys Val Asp Asn Ala 170 175 180  Leu Gln Ser
Gly Asn Ser Gln Glu Ser Val Thr Glu Gln 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  Gln
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 Gln Arg Phe Lys
Gly Arg  80 85 90 Phe Thr Ile Ser Arg Asp Asp Ser Lys
Asn Thr Leu Tyr Leu Gln  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
gggatcctct 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 ctcacacatg 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
gaaccatcac 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 agggcgcgtc 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 Gln 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 90 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
tcaccatcac 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
taatgtcatg 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 tgagcgtggg 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 800  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 tgcagcacat
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
Gln 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 65 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
250 255  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 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
G75  65 70 Ile Tyr Ala Pro Ile Cys Val Thr Val Trp Tyr
Pro Leu Trp G90  80 85  



Gly Ile Met Tyr Ile Ile Ser Gly Ser Leu Leu Ala Ala
Thr 1Glu 05  95 100 Lys Asn Ser Arg Lys Cys Leu Val
Lys Gly Lys Met Ile Met 1Asn  20  110 115 Ser Leu Ser
Leu Phe Ala Ala Ile Ser Gly Met Ile Leu Ser lie  125
130 135  Met Asp Ile Leu Asn Ile Lys Ile Ser His Phe
Leu Lys Met 1Glu 50  140 145 Ser Leu Asn Phe Ile Arg
Val His Thr Pro Tyr Ile Asn Ile Tyr  155 160  Asn Cys
Glu Pro Ala Asn Pro Ser Glu Lys Asn Ser Pro Ser hr 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 lie  230 235 240 Glu Ile Lys Glu
Glu Val Val Gly Leu Thr Glu Thr Ser Ser Gin  245 250
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 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  165  155 160 Gly Ala Leu Thr Ser Gly Val His Thr
Phe Pro Ala Val Leu Gin  180  170 175 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 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 240  230
235 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 Val Ser His
Glu Asp Pro Glu Val Lys Phe Asn Trp Tyr Val Asp  285
275 280 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 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 345  



335 340 Gly Gln Pro Arg Glu Pro Gln Val Tyr Thr Leu
Pro Pro Ser 3Arg  60  350 355 Glu Glu Met Thr Lys Asn
Gln Val Ser Leu Thr Cys Leu Val Lys  375  365 370 Gly
Phe Tyr Pro Ser Asp Ile Ala Val Glu Trp Glu Ser Asn
3Gly  90  380 385 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 Set  410 415
Arg Trp Gln Gln Gly Asn Val Phe Ser Cys Ser Val Met
His 4Glu  35  425 430 Ala Leu His Asn His Tyr Thr Gln
Lys Ser Leu Ser Leu Ser Pro  440 445  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 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 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 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 Ser Leu Gln
Pro Glu Asp Phe Ala Thr Tyr Tyr Cys Gln Gln T9  BO 85
Ser Phe Asn Pro Pro Thr Phe Gly Gln Gly Thr Lys Val
Glu Ile 95 100  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 Asn Ala Leu Gln Ser Gly Asn Ser
Gln Glu Ser Val Thr Glu Gin  165  155 160 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 195  185 190 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 Gin 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 Gin 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  s0 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
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> 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 Gin 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 




