
5 IMMUNOGLOBULIN VARLSNI'S AND USES THEREOF  FIELD OF
THE INVENTION 10 The invention relates to anti-CD20
antibodies and their use in the treatment of B-cell
related  diseases. BACKGROUND OF TIM INVENTION
Lymphocytes are 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 cells), T
lymphocytes Cr cells) and natural killer (NK) cells. B
lymphocytes are the cells responsible for antibody
production and provide humoral immunity. B cells
mature within the bone marrow and leave the marrow
expressing an antigen-binding antibody on their cell
surface. When a naive B cell first encounters the
antigen for which its membrane-bound antibody is
specific, the cell begins to divide rapidly and its
progeny 20 differentiate into memory B cells and
effector cells called "plasma cells". Memory B cells
have a longer life  span and continue to express
membrane-bound antibody with the same specificity as
the original parent cell.  Plasma cells do not produce
membrane-bound antibody but instead produce secreted
form of the antibody.  Secreted antibodies are the
major effector molecules of Immoral immunity. The CD20
antigen (also called humanB-lymphocyte-restricted
differentiation antigen, Bp35) is a  25 hydrophobic
transmombrane protein with a molecular weight of
approximately 35 kD located on pre-B and  mature B
lymphocytes (Valentine et al. J. Biol. Chem.
264(19):11282-11287 (1989); and Biufeld et at.
P.MB01. 7(3):711-717 (1988)). The antigen is also
expressed on greater than 90% ofB cell non-Hodgkin's
lymphomas (NHL) (Anderson et at Blood 63(6):1424-1433
(1984)), but is not found on hematopoietlc stem
cells, pro-B cells, normal plasma cells or other
normal tissues (Tedder et al. J. Inrmunol.
135(2):973-979 30 (1985)). CD20 is thought to regulate
an early step(s) in the activation process for cell
cycle initiation and  differentiation (Tedder et at,
supra) and possibly functions as a calcium ion channel
(Tedder at al. J. Cell.  Blochem. 14D:195 (1990)).
Given the expression of 020 in B cell lymphomas, this
antigen has been a useful therapeutic  target to treat
such lymphomas. That are more than 300,000 people in
the United States with B-celi NHL  35 and more than
56,000 new cases are diagnosed each year. For example,
the rituximab (RYTUXAN(r)) antibody which is a
genetically engineered chimeric murinethuman
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-Hodgidn's lymphoma. Ritwtimab is the
antibodyrefened 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 at.
Blood 83(2):435-445 (1994)). Additionally, it has
significant activity in assays for antibody-dependent
cellular cytotoxicity (ADCC). In vivo preclinical
studies have shown that RITUXAN(r) depletes B cells
from the peripheral blood, lymph nodes, and bone 45
marrow of cynomolgus monkeys, presumably through
complement and cell-mediated processes (Reff et at  I
5 Blood 83(2):435.445 (1994)). Other anti-CD20
antibodies indicated for the treatment of NHL include
the  



murino antibody ZevaUn which is linked to the
radioisotope, Ytirium-90 (IDEC Pharmaceuticals, San
Diego, CA), BexxarT which is a another fully murine
antibody conjugated to 1-131 (Corixa, WA). A major
limitation in the use of murine antibodies in bumaa
therapy is the human anti-mouse  antibody (HAMA)
response (see, e.g., Miller, R.A. of at, "Monoclonal
antibody therapeutic trials in seven  10 patients with
T-cell lymphoma" Blood, 62:988.995,1983; and Sohroff,
LW., at at. "Human anti-muriao immunoglobulin response
to patients receiving monoclonal antibody lberapy"
Cancer Res,, 45;879-885,  1985). Even chimeric
molecules, where the variable (V) domains ofroddnt
antibodies ate fused to human  constant (C) regions,
to stilt capable of eliciting a significant Immune
response (HACA, human anti- obimorio antibody)
(Neuberger at al, Nature (Load.), 314;268-270,1985). A
powerful approach to 15 overcome these limitations in
the clinical use. of monoclonal antibodies is
"humanization" of the marine  antibody or antibody
from a non-human species (Jones of al. Nature (Load),
321:522-525,1986; Rteoitman  sr at., Nature (Load),
332:323-327,1988). Thus, it is beneficial to produce
therapeutic antibodies to the CD20 antigen that create
minimal or  no entigenlofty when administered to
patients, especially fbr chronic treatment. The
present invention 20 satisfies this and other needs.
The present invention provides anti-CD20 antibodies
that overcome the  limitations of cement therapeutic
compositions as well as ofibr additional advantages
that will be apparent  from the detailed description
below. SUMMARY ORTIiiLINVENTION 25 The present
iaventionprovides CD20 binding antibodies or
functional fragments thereof, and their  use in the
treatment of B-eels associated diseases, These
antibodies are monoclonal antibodies. In specific
embodiments, the antibodies that bind CD20 are
humanized or chimeric, The humanized 2317 variants
include those that have amino sold substitutions in
the Fit and effuity maturation variants with changes
in  the grafted CDRs. The substituted amino acids in
the CDR or FR are not limited to those present is the
30 donor or recipient antibody. in other embodiments,
the anti-CD20 antibodies of the Invention Rather
comprise changes in amino acid residues in the Fo
region that lead to Improved effector funedon
including  enhanced CDC a ndlor ADCC itmcfoa and
B-cell killing (also re&rced to herein as B-coll
depletion). Other  anti-CD20 antibodies of the
invention include those having spool a changes that
improve stability. Em a  Pacific embodiment, the
humanized 2117 variants with Increased stability are
as described in example 6 35 below. Fucose deficient
variants having haptovsd ADCC Rmotlat in vivo are also
provided. In one  embodtaneat, Ala ahimedo aatt-CD20
antibody lees marine V regions and human C region. One
such  specific ohimodo anti CD20 antibody Is
Rdtaxen(r) ptituxitnabt; Genentech. Inc.). In
prefbnred embodiment ofaf oldie sudbodyoowpoeltiote
and methods of use of this invention.  the humanized
=0 binding antibody Is 2H7.v16 having rho light and
heavy chain amino sold sequence of  40 SSQ ID NO, 21
and 22, rospeotively, as shown In FXO. 6 and FIG. 7.
When referring to the polypepptide sequences in
Figures 6,7 and 8, It should be understood that the
Srst 19 or so amino acids that form the  secretory
signal sequence are 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 disoloauro, Unless
otherwise indicated, the 2H7 variants will have the
same L  chain as that of vl6. 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 calls in
vivo, the antibody  comprising in the H chflz Variable
region (VrJ at least a CDR3 sequence of SBQ ID NO, 12
from an anti' 10 human CD20 antibody and substantially
the human consensus framework (FR) residues of human
heavy  chain subgroup III (VHIII). In one embodiment,
the primate B cells are from human and Cynomolgus
monkey. In one embodiment, the antibody further
comprises the H chain CDR1 sequence of SEQ ID NO.  10
and CDR2 aequonoe of SEQ ID NO. 11. In another
embodiment, the preceding antibody comprises the L
chain CDRI sequence of SEQ B) NO.4, CDR2 sequence of
SEQ ID NO.5, CDR3 sequence of SEQ ID 15 NO.6 with
substantially the human consensus framework (FR)
residues of human light chain tc subgroup I  (Vxl). In
a preferred embodiment, the FR region in V. base donor
antibody residue at position 46; in a  specific
embodiment, FR2 in Vs has an amino acid substitution
of leuL4dpro (Lou In die human d  cottsenous sequence
changed to pro which is present in the corresponding
position in m2H7). The VR region further comprises a
donor antibody residue at at least amino sold
positions 49, 71 and 73 In  20 the framework. In one
embodiment, In the Vii, the following FR positions In
the human heavy chain  subgroup Ill arc substituted:
AtaH49Gly in FIt2; Arg}t71Va1 and AsnK73Lya h- FR3. In
other  embodiments, the CDRteglons in the humanized
antibody further comprise amino. acid substitutions
where  the residues are neither from donor nor
recipient antibody. The antibody of the preceding
embodiments can comprise the Vii sequence of SEQ ID
110,8 of 25 v46, as shown In FIG. 1B. In a further
embodiment of the preceding, the antibody Jbrther
comprises the Vr,  sequence of SEQ ID NO.2 of v16, as
shown In FIG. LA In other embodiments, the humanized
antibody Is 2H7.v31 having the light and heavy chain
amino  acid sequence of SEQ 0) NO.2 and 23,
respectively, as shown In FIG. 6 and F10. 8; 2H7.v31
having the  heavy chain amino acid sequence of SEQ ID
NO.23 as shown In FIG, 8; 2II7.v96 with the amino sold
30 substitutions of D56A and N100A in the H chain and
S92A in the L chain of v16. SEQ ID No.  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  activity over the original or parent
antibody from which it was derived, v.16 being the
parent antibody  being compared to in most cases, and
Rituxan in other cases. One such antibody with
improved activity  comprises the triple Alanine
substitution of S298A/E333A/K334A in the Fe 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.vl14 and 2H7.v115 show
at least 10-fold improved ADCC activity as compared
To Rituxam In another embodiment, the antibody further
comprises at least one amino acid substitution in  the
Fc, region that decreases CDC activity as compared to
the parent antibody from which it was derived  which
is v16 inmost cases. One such antibody with decreased
CDC activity as compared to v16  comprises at least
the substitution K322A in the H chain. The comparison
of ADCC and CDC activity  



can be assayed as described in the examples. 3 5 In a
preferred embodiment, the antibodies of the invention
are hull length antibodies wherein oho Vu  region is
joined to a human TgG heavy chain constant region. In
preferred embodiments, the IgG is human  IgGI orlgt}3.
In one embodiment, the CD211 binding antibody is
conjugated to a cytotoxic agent. In preferred
cmhodJment5 the cytotoxic agent is a toxin or a
radioactive Isotope. 10 Tit one embodiment, the
antibodies of the Invention for use in therapeutic or
diagnostic purposes are  produced In CHO culls. Also
provided Is a composition comprising an antibody of
any one of the preceding embodiments,  and a caviar.
In one embodiment, the cancer Is a pharmaceutically
acceptable carrier. ;here compositions  can be
provided In an article of manufacture or a Wt. Is The
invention also provided a liquid formulation
comprising it humanized 2H7 antibody at  20nrghnL
antibody, I OmM hlstidice sulfate p115.8, 60mg1mi
sucrose (6%), 0.2 mWml polysurbate 20  (0.02%). The
invention also provides an isolated nucleic acid that
encodes any of the antibodies disclosed  herein.
Including an expression vector for expressing the
antibody. 20 Another wipexet of the invention are host
cells comprising the preceding nucleic acids, and host
cells  that produce the antibody, in a prafmsod
embodimeat of the latex, the host cell Is a CHHO cell.
A method of  producing these antibodies is provided,
the method comprising culturing thefiost tell that
Produces the  antibody and recovering the antibody
from the cell culture. Yet another aspect of the
invention is an article of manufacture comprising a
container and a  25 composition contained themin,
wherein the composition 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 lymnploma A further aspect
of the invention is a method of inducing apoprosis in
l3 cells In vivo. comprising  contacting B c lls with
the antibody of any of the preceding, thereby killing
the 13 cells. 30 The invention also provides methods
of treating the diseases disclosed hamia by
administration of a  Cl)20 binding antibody or
funotloeal ftamnent thereof. to a rnanunai each as a
human patient suffering from  the disease. is any of
the methods for treating an outoimmune disease or a
CD20posidvc cxmecr, in one  embodiment, the antibody
Is 2H7.vl6 having the light and heavy chain amino and
se qucma of SEQ 1D NO.  21 and 22, respectively, as
shown in PTO. 6 and F10. 7. Thus, one embodiment Is a
method of heating e 35 CD20 positive cancer.
comprising administering no a patient suffering from
the cancer, a therapeutically  cffacrive amount of a
humanized CD20 binding antibody of the invention. In
preferred embodiments, the  Ci)20 positive cancer is a
B coil lymphoma or leukemia Including non-Hodgkin's
lymphoma (NHL) or  lymphocyte predominant Hodgkin's
disease (LPHD), chronic lymphocylic leukemia (CLL) or
5LL. In one  embodiment of Ilia method of treating a $
coil lymphoma or leukemia, the antibody is
administered at a 40 dosage range of about
275-375mg/m2. In additional embodiments, the treatment
method further comprises  administering to the patient
at least one chemotherapeutic agent, wherein for
non-Hodgkin's lymphoma  (NIiL), the chemotherapeutic
agent is selected from the group consisting of
doxorubicin, cyclophosphamide,  



vincristinc and prcdnisolone. 4 5 Also provided is a
method of treating an autohmmune disease, counptising
administering to a patient  suffering from the
antoimmune disease, a therapeutically effective amount
of the humanized CD20 binding  antibody of any one of
the preceding claims. The autoimmune disease is
selected from the group consisting  of rheumatoid
arthritis, juvenile rheumatoid arthritis, systemic
lupus erytbematosus (SLE), Wegencr's  disease,
inflammatory bowel disease. idiopathic
thrombocytopenic purpura (112'), thrthmbodc t0
thrombocytopenic purpura CITY), autoiintmwte
Ihrombacytopenia, multiple sclercxds, psoriasis, IgA
nephropathy, ISM polynetuopafhics, myasthenia gravis,
vasculilis, diabetes mellitus, Reynaud's syndrome,
S,jotpn'a syndrome and glomerulonepiuitis. Where the
autoitmnune disease Is rheumatoid arthritis, the
antibody can be administered In conjunction with a
second therapeutic agent which is ptrlcrably
meihotrcxate. 15 In these treatment methods, the C020
binding antibodies can be administered alone or in
conjunction with a second therapeutic agent such as a
second antibody, or a chemotherapeutic agent or an
Immmmosuppressivc agent. The second antibody can be
one that binds 0)20 or a different B colt antigen, or
a NK or T calf antigen. in one embodiment, the second
antibody is a radiolabeled and-CD20 antibody. In
other embodiments, the 0)20 bindbhg antibody is
conjugated to a cytotoxie agent including a toxin or a
20 radioactive isotope. in another aspect, the
invention provides a method of treating an nutolrmnune
disease selected from  this group eonsfYting of
1)ermatomyosids, Wcgncfs gnanulomatoats, ANCA,
Aplastie anemia, Autolmmunc  hemolytic aneroia (AIKA),
factor VIII deficiency, hemophilia A. Autolmmmm
ncutropenia, Castleman's  syndrome. Ooodpasture's
syndrome, solid organ transplant rejection, graft
versus host disease (GVHD).1gM 25 mediated. thrombotic
thrombooytapenic purpura (17P), itashimoco's
Thyroiditis, autoimmune hepatitis,  lymphoid
Interstitial ptteumonitis (MV), i ronchiolitis
ebliterans (non-transplant) vs. NSW, OuillainBane
syndrome, large vessel vasculitia, giant cell
(Takayasu's) arthritis, indium vessel vaseulitis,
Kawasaki's  Disease, polyarterids nodose, comprising
admWstcriag to a patient suffering from the disease, a
thcnpeuticaily effective amount of a CD20 binding
antibody. in one embodiment of this method, the CD20
30 binding antibody is Rituxan(r). The Invention also
provides an isolated nucleic acid comprising the
nucleotido sequence of SEQ ID  No.: 24 of the
Cynomolgas monkey C1)20 (shown to 1'10.19). ore
degeneMe vatiant of this sequence - One embodhnent Is
so Isolated nucleic acid coruprlsb,g a sequence that
encodes a potypeptide with the  amino acid sequence of
SW ID NO. 23 (shown i7C1. 20), or SL'Q ID NQ. 25 (FIO.
20) with conservative 33 amino acid substitutions.
Another embodiment is a vector comprising the
Preceding nucleic acid, including  an exprosslou
vector for expression in a host coil. included as well
Is a host cell comprising the vector. Also  provided
is an isoated polypeptide comprising the amino acid
sequence f SF.Q TV NG- 25; FIG- 20) of the  Cyoomolgus
monkey CD20 40 BRIEF DESCRIPTION OF THE FIGURES FIG.
IA is a sequence aligmuent comparing the amino acid
sequences of the light chain variable  domain (V1) of
each of mwi ne 2W (SEQ ID NO. I), humanized 2117. v16
variant (SEQ ID NO.2 ), and  human kappa light chain
subgroup I (SEQ ID NO. 3), The CDP%of Vt, of 2117 and
hu2I17.v16 are as  



follows: Cf)RI (SEQ )17 NO.4), CDR2 (SIIQ ID NO.5 ),
acrd CDR9 (SL'Q ID NO.6). S 5 11(3, ID is a sequence
alignment which compares the Vu sequencd s of murine
2117 (.SEQ L.) NO.  7), humanized 21=17.v 16 variant
(SEQ IDNO. $), and the human consensus sequence of
heavy chain  subgroup i11(SEQ 11) NO.9). The CDRs of
Vn of 2737 and hu2117.v l6 areas follow: CDR I (SIX)
U)  NO. 10). CDR2 (SEQ ID NO.11), and CDR3 (SEQ ID
NO.12). in NO. IA and 1$G. 1R, the CDR I, CDR2 and
CDR3 in each chain are enclosed within brackets.  to
flunked by the framework regions, FRI FR4, as
indicated. 2137 refetx to the murine 2117 antibody.
The  asterisks In between two Tows of sequences
indicate the positions that are difibtent between the
two  sequences. Residue numbering Is according to
Kabat et at., Sequences of Immunological Tntatest. 5th
Ed.  Public Health Service, National Institutes of
Health, Bethesda. Md. (1991), with inseationa shown as
a, b, a,  dl, and c. 15 F1G. 2 shows the sequence of
phagemid pVX4 (SEQ Ti) NO.13) used for coosiruction of
207 Fab  piasmids (ace Example I) as well as the amino
acid sequences of the L chain (SEQ I1) NO.14) and U
chain  (S13Q ID NO.15) of the Fab for the (DR-grafted
anti-*N-ce humanized antibody. FIG. 3 shows the
sequence of the expression piasmid which encodes the
cldmaic 2H7.v6.8 Fab  (SEQ ID NO.16). The amino add
sequences of the L chain (SEQ m 730.17) and H chain
(SEQ TD NO.18)  20 arc shown. 1410.4 shows the
sequence of the plasmid p1)R1 (SEQ ID NO.19; 5391 bp)
for expression of  immunoglobulin light chains as
described in Example 1. pDRI contains sequences
encoding an Irrelevant  antibody, the light chain of a
humanized anti-CD3 antibody (Shaluby ct of., 7. Rxp.
Med. 175:217225  (1992)), the start and stop codons
for which are indicated in bold and underlined, 25
FIG.5 shows the sequeacec ofplamnd pDR2 (SF.Q 11)
NO.2o; 6135 bp) for expression of  irnmunoglobulin
heavy chains as described in Example 1. pDR2 contains
sequences encoding an irrelevant  antibody, the heavy
chain of a humanized anti-CD3 antibody (Shalaby ct
al., supra), the start and stop  amnions for which are
indicated in hold and underlined. FIG. 6 shown the
amino acid sequence of the 2H7.vl6 complete L cicala
(SEQ W N0.21), The  30 first 19 amino acids before DIQ
am the secretory signal sequence not present in the
matorc polypcpliido  drain. M. 7 shows the amino acid
sequence of the 2H7.v16 complete Hchain (SEQ TI)
730.22). The  first 19 amino acids before BVQ before
am-the secretory signal sequence not present in the
mature  polypcptide chain. Aligning the Vu sequence in
PIG. lB (SEQ ID NO.8) with the complete H chain 35
sequence, the human 71 constant region Is from amino
acid position 114-471 In SLQ ID NO. 22. F10. 8 shows
the amino acid sequence of the 2H7.v31 complete H
chain (SEQ TD 730.23)- The  livid 19 amino acids
before EVQ before are the secretory signal sequence
not present In the mature  pniypeptide chain. The L
chain Is the same as for 2H7.v 16 (acre FIG. 6).
1110.9 shows die relative stability of 2H7,v16 and
2H7.v73 Igo variants as described In Example 6.  40
Assay rcxuits were normalized to the values prior to
incubation and reported as percent remaining alter
incubation. FIG. 10 is a flow chart summarizing the
amino acid changes from the marine 2737 to a subset of



humanised versions up to v7.5. 6. 5 FIG. i l is a
summary of mean absolute B-xll count (CI)3-/CDM0+1 in
all groups (2H7 study and  Rituxan study combined), us
described in Exunpie to. FIG. 12 shows the results of
a representative ADCC assay on Amuse deficient 2H7
variants as  described in Example 11. FIG. 13 shows
the results of the Annexin V staining plotted as a
function of antibody concentration.  11) Ramos cells
were treated with an irrelbvant IgCl control antibody
(Hercepiin(r); circles), Ritu4mab  (squares). or
rhuMAb 2H7.v16 (triangles) in the ptuscnce of a
eroaslinking secondary antibody and were  analyzed by
FACS. Figures 13-15 are described in Example 13. FIG.
14 shows the results of the Anoxia V and propidium
iodide doublc staining am plotted as a  function of
antibody cone tratiion. Ramos cells were treated with
an irrelevant 401 control antibody 15 (Hereeptln(r);
tholes), Rittudatab (squares), or rhuMAb 2H7.v16
(Irlangtes) in thepresoncc of a crosslinking
secondary antibody and were nnaly;wd by PACS, FIG. 15
shows the counts (per 10 s) of live, unstained cells
are plotted as a function of antibody  concentration.
Ramos cello were boated with an Irrelevant igGI
control antibody (Flereepln(r); circles),  kituximab
(squares), or rhuMAb 2H7 v16 (triangles) in the
presence of a croasllnking secondary antibody  20 and
were analyzedby PAM FIGs. 16, 17, 18 show inhibition
of Raji tell tumorgrowth in nude mice, as described in
Example  14. Animals were treated weekly (as indicated
by vertical arrows; tt=8 mien per group) for 6 weeks
with  PBS (control) or with Rimxatt(r) or rhuMAb 2H7.v
16 at 5 mg/kg SIG. 16), U.5 mglkg (FfG. 17), or 0.05
mglkg (FIG. 18). 25 MG. 19 shows the nucleotide (SEQ
ID NO.24) and amino acid (SEQ ID Na 25) sequences of
Cynomoigus monkey CD20, as described in Example 15.
FIG. 20 shows the amino acid sequence for eynomolgus
monkey CA20 (SBQQ ID NO. 25). Residues  that differ
from human Ci)20 are underlined and the human residues
(SEQ YD NO. 26) are indicated directly  below the
monkey residue. The putative extraceilular domain of
the monkey CD20 is in bold type. 30 PlO. 21 shows the
results of Cyoomlolgus monkey cells expressing CD20
binding to hu2H7.vl6.  .v t 1, and Ritttxan. as
described in lixampls 13. The antibodies were twaayed
for the ability to NO and  displace 1ITC.conjugated
murlac 2H7 binding to cymmoolgus C3)20. FIG. 22 shows
dose escalation schema for rheutuatold arthritis phase
1/11 clinical trial.  140.23 shows the vector for
expression of 21i7.v16 in CHO teals. 35 DETAILED
DESCRIPTION OF THE PREFERRM) EMR_OQ1A71i1!ITS The
"CD20" antigen in a non-glyoosylated, Iransmcmbrane
phosphoproiein with a molecular weight  of
approximately 35 kV that Is found on the surface of
greater than 90% of B cells from peripheral blood or
lymphoid organs. tD20Is expressed during early pre-B
cell development and remains until plasma cell 40
difforcntiation: it is not found on human stem cells,
lymphoid progenitor cells or normal plasma cells. 0020
is present on both normal B cells as well as
.malignant B cells. Other names for CD20 In the
literature  include, "1)-lymphocyte xesirlcted
differentiation antigen" and "Bp35". 'Ilse CP20
antigen is described in, for  



example. Clark and ,Ledbetter, Adv. Cwt. Iles,
52:81-149 (1989) and Valentine of at J. Blot: Chem.
264(19):11282.11287 (1989). 7 5 The term "antibcxly"
is uBv d in the brcwdest sense and specifically coven
monoclonal antibodies  (including full length
monoclonal antibodies), multispecilie antibodies
(e.g., hispeeifo andbodies), and  antibody fragments
so long as they exhibit the desired biological
activity or function. The biological activity of the
CD20 binding and humanized C020 binding antibodies of
the  invention will include at least binding of the
antibody to human CD20. more preferably binding to
human  JO and other primate CD20 (including
cynonlolgux monkey, rhesus monkey, ebitbpanzen). The
antibodies would blvd CD20 with a Ifr value of no
higher than 1 x 104. pretbrably a Yd value no higher
than about I x  10'9. and he able to kilt or deplete B
mile in vivo preferably by at least 20% when compared
to the  appropriate negative central wbklt is not
treated with such an antibody. A cell depiction can be
is result of  one or more or ADM CDC, apopeosls, or
other mechanism, In some embodiments of disedac
treatment -15 heroin, specific cfloetor tincdone or
mechanisms may he desired over others and certain
variants of the  humanized 2B 7 are preferred tc
achieve those biological functions, such as ADCs,.
"Antibody fragments" comprise a portion of a full
length antibody, genaally the antigen binding or
variable region then of . Bxamples of antibody
fragments include Fab, Fab', T(ab%r, and Fv
firagatentr,  diabodies; liner antibodies:
single-chain antibody molecules; and multispecifc
antibodies totted from 20 antibody fragments. "Fv" Is
the minimum antibody fragment which contains a
complete antigen-recognition and - binding site. This
fragment consists of a tuner of one heavy- and one
light-chain variable region domain in  tight.
non-covalent association. From the folding of time two
domains emanate six hype variable loops (3  loops each
from the if and h chain) chat contribute the amino
acid residues for antigen binding and Confer 25
antigen binding specificity to the antibody.
However,even a single variable domain (or half of an
itv  comprising only three CDRs specific for an
antigen) has the ability to rvcognim and bind antigen.
altttougb  at a lower affinity than the entire binding
site. The term "worwcional antibody" as used herein
refers to an antibody obtained from a population of
substantially bonwgeneous antibodies, Le., the
individual antibodies comprising the population are
Identical  30 except for possible naturally occurring
mutations that may be prosantin minor amounts.
Monoclonal ao0bodks are idgliiy specific. being
directed against a single antigenic she. Purchermore,
to contrast to  conventional (polyclonsl) antibody
preparations which typically include different
antibodies dJxected against  different determinants
(epitopes), each monoclonal antibody is directed
against a single determinant on the  antigen. The
modifier "monoclonal" Indicates the character of the
antibody as being obtained from a 35 substantially
bomugcnceus population of antibodies, and is not to be
construed as requiring production of  the antibody by
any particular method. For example, the monoclonal
antibodieit to he used in accordance  with the present
Invention may be made by the hybridoma method fast
described by Kohler ef 4, Nature  256:495 (1975), or
may be made by recombinant DNA methods (see, e.g.,
U.S. Patent No. 4,816,567). The  "monoclonal
antibodies" may also be Isolated from phase antibody
libraries using the techniques described 40 in
Ciackton ct at., Nature 352.624.628 (1991) and Marla;
scat, J. Mat Bial. 2225$1-597 (1991), for  example. 



"Functional fragments" of the CD20 binding antibodies
of the Invention are those fragments that  retain
binding to Cl)20 with substantially the same affinity
as the intact full length molecule from which  8 S
they are derived and show blotngionl activity
including depleting B ec]is as measured by in vitro or
in vivo  assays such as those described herein. The
term "variable" refers to the fact that certain
segments of the variable doma]ns differ  extensively
in sequence among antibodies, The V domain mediates
andgea binding and define specificity of  a particular
antibody for its particular antigen. However, the
variability is not evenly distribured across the 10
110-amino acid spun of the variable domains. Instead,
the V regions consist Ofrelativdy invariant stretches
called frarnowmk regl0ots (FRs) of 13-30 amino acids
separated by shorter regions of extreme variability
nailed "hyptavariable reelwts" that are each 9-12
amino acids long. The variable domains of native heavy
and light chains each comprise four PRs, largely
adopting a S-shear coal"igurutiun, conceded by three
hyperrvuiable regions, which form ionpa connecting,
and in some oasts forming part of, the fl-sheet 15
structure. The hypervmrable regions In each chain are
bold togother in close proximity by the Fits and, with
the hypervarlabie regions S'om die other chain,
contribute to the formation of the anises-binding sits
of  antibodies (see Kabatetal., kStWAM of Prote)FA of
b,rnnnnologlcal lntcrcat 5th Ed. Public Health
Service,  National institutes of Heealth, Betusda, MD.
(1991)). The constant domains are not involved
directly in  binding an antibody to so sorlgen, but
exhibit various effector hmetianv, such as
participation of the 20 antibody in antibody dependent
cellular cytotexieity (ADCC). The term "hypervarlabie
region" when used herein refers to the amino acid
residues *tan antibody  which are responsible for
antigen-binding. The hypervariable region generally
comprises amino acid  residues from a
"comptententarlty determining region" or "CDR" (e.g.
around about residues 24-34 (LI).  5046 ()-2) and
89.97 (L3) in the VL, and around about 31-358 (HI),
50-65 (112) and 95-102 (133) In the VH 25 (Kahat at
a-, "enuencea of ProteittQ of immw,oloaical Interest
5th $d. Public Health Service, National  Iastltotes of
Health, Bethesda, MD. (1991)) and/or those residues
from a 41typr:rvariable loop" (e_g. residues  26.32
(1,1), 50.52 (1.2) and 91-96 0,3) in the Vt,, and
26-32 (HI), 52A-SS (92) and 96-101 (113) in the VH
(Chorhia and Leak L_Mo). HIdi. 196:901-917 (1987)). As
rslWmd to beteia, the' consensus sequence" or
consensus V domain sequence is an artificial 30
sequence derived firofu a compadsoa 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 are a consensus ofthe
sequences derived from the human x and the human H
chain  subgroup 111 V domains were prepared. The
consensus V sequence does not have any known antibody
binding specificity or affinity. 35 "Chlmerio"
antibodies (immmnoglobulins) have a portion of the
heavy anrd/or right chain Identical  with or
homologous to corresponding sequences in antibodies
derived from a particular species or belonging  to a
particcWsr antibody 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  cross or subclass, as well a fragments 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, Na1L Aca(L $ri. USA 81:6851-6855
(1984)).  Humanized antibody as used herein Is a
subset offchinterie antibodies. 



"Hlumanized" forts of non-human (e.g., amine)
antibodies are chimeric antibodies which contain
minimal t,t;qucncc derived from non-human
immunoglobulin. For the most part, humanized
antibodies are  9 3 human immunoglobttlios (recipient
or acceptor antibtxty) in which hypervarlable region
residues of the  recipient are replaced by
hypcrvariablc 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 (Flt) residues of the human
Immunoglubulln are replaced by corresponding
non-human residues. ikrrthcrmore, humanized antibodies
may comprise rcRiduas which are not found in the 10
recipient antibody or in the donor antibody. These
modifications are made to (brthor retlae 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 hypcrvariable
loops  correspond to those of a non-human
immunogiobulin and all or substantially all of the FR
regions are those  Of s. human lmntanoglobulin
sequence although the FR regions may include one or
more amino said 15 substitutions that improve binding
affinity. The number of these amino cold substitutions
in the FR arc  typically no murc than 6 in the H
chain, and In the L chain, no more than 3. The
humanized antibody  Optionally also will comprise at
least a portion of an immunoglobuiic constant region
(Fe), typically tbat of a  human immunoglobulln. Fur
further daplls, see ,fortes er aL. Nature 321:522-525
(1986); Reichmann et at,  Nature 332.323429 (1988);
and Prosta, Con; Op. Srruct Blot 2:593596 (1992). 20
Antibody "effector functions" refer to those
biological activities attributable to the Pc region (a
native sequence Fc region or amino acid sequence
variant Fc region) of an antibody, and vary with the
antibody lsotype. l3xautples of antibody effector
hnctnms include: Clq binding and complement 40poadem
cyunoxichy; Fe receptor binding; antt'body.dcpendsnt
cell-mediated cytotoxiatty (AD(r) pbagocytosis;  down
regulation of cell suthco receptors (e.g. B cell
receptor). and 8 coil activation. 25
"Mfllbody-dependent ccilmediated cytotmtklty" or
"ADCC" refers to a form of cytatoxieity in  which
secreted IS bound onto f receptors (Felts) present on
certain cytatoxic cells (e.g. Normal Killer (NK)
coils, ucutrvphils, and macrophages) enable these
cytoto do cffeetor cells to bind specifically to an
antigen- hearing target cell and subsequently kill the
target cell with cytotoxlns. The antibodies "sent" the
cytotoxic  cells and are absolutely required for such
killing. The primary cells for mediating ADCC. NK
cells, express  30 PeyRIII only. whereas monocytes
empress FuyRl, FuyRII and PeylUTL FeR expression on
hematopuicdo  taps Is summarized in Table 3 on page
464 of Ravetch and Kiaet. Ann% Rev. Immtntei 9tA5l-92
(1991). To  assess ADCC activity of a molecule of
interest, an in vitro ADCC assay. such as that
described in US Patent  Nn. 5,5W.162 or 5,821,337 rimy
be performed. Useful effector evils for such assays
Include peripheral  blood mononuclear calls (PBMC) and
Natural Killcr (NK) cells. Alternatively, or
additionally, AUCC 33 activity of the molecule of
interest svay be assessed in vita. *.g.. In a animal
model Such as that disclosed in  Clynes es at PNAS
(USA) 95:652,656 (1998). "14c receptor" or "Pelt"
describes a receptor that binds to the it region of an
antibody. The  preferred lees Is a native sequence
human I4 R. Moreover, apreferred RR is one which binds
an Igo  antibody (a gamma receptor) and includes
receptors of the FcyRI, Fc IU1, and P v*M subclasses,
including 40 allelic variants and alternatively
spliced firms of Sac receptors. FoyRU receptors
include FcyRITA (an  "activating receptor") and
Fcy1211B (an "inhibiting receptor"), which have
similar amine acid sequences that  



differ printavJly In the cytoplasmic domains thereof.
Activating receptor FcyR1lA contains an immuno cccptor
tyrosine-bused activation motif ([TAM) in its
cytopiastrtie domain. Inhibiting receptor  FcyRTIf
contains an iw!Unoreceptor tyrosine-based inhibition
motif (ITIM) in its cytoplasmic domain. (see  10 5
review M. in Da8ron, Anna. Rev. immunvt 15:203.234
(1997)). FeRn are reviewed i it Ravctch and Kiner,
Anntr. Rev. bnmwwl 9:457-92 (1991); Capel et at,
lmmurwnseNwdv 4:25-34 (1994). and de Haas er at, J.
Lab. Cl/rt red 124:330-41 (1995). Other FtRs,
including those to be identified in the future, arc
eacompaesed by the term "FcR" herein, The term also
Includes the neonatsll receptor, FcRn, which is
responsible for the transfer of maternal IgGs to the
fetus (Guyer er at, J. lmmunol. 117:587 (1976) and Kim
10 of arr. J. hnmunot 24:249 (1994)). WO00142072
(Preeta) describes antibody variants with Improved or
dntdnished binding to AeRs.  The content of that
patent publication Is specifically Incorporated herein
by reference. See, also, Shields at  at /. B W Cherie
9(2): 6591-6004 (2001). "Human effector cells' are
leukocytes which express one tx more FcRs and perform
effector 15 functions, Prefettbty, the cells express
at leastPayRili and perform ADCC effcatur function.
Examples of  human leukocytes Which mediate AACC
include peripheral blood mononuclear cells (PBMC),
natural killer  (NK) cells, monocytes, cytotuxlc T
cells and neutrophils, with PBMCs and NK cells being
preferred. The  effector cells way be isolated from a
native source, eg. from blood. "Complement dependent
cytotoxidty" or "CDC' refers to the lysis of a target
cell In the presence  20 of complement. Activation of
the elasaeal complement pathway is Initiated by the
binding of the fast  compootmt of the complement
system (Clq) to antibodies (of the appropriate
subclass) which are bound to  their cognate antigen.
To assess complement activation, it LDC assay, s g. as
described in Garczano.Sentoro  ai at., J. Jnamanot
Methodv 202:163 (1996), may be perRxmcd. Potypeptide
variants with altered Po region amino acid sequences
and increased or decreased Ciq  25 binding capability
are described in US patent No. 6,194,55/ 13I and
W099/51642. The contents of those  patent publications
arc specifically Incorporated herein by reference.
See, also, idusugic ctat J. fmrnanot  164: 4178-4194
(2000). The N-giycosyiaton site in IgG is at Asn297 in
the, 112 domain. The present Invention also  provides
eorapositions of a CD20-binding, humanized antibody
having a Pe region, wherein about 80-100%  30 (and
preferably about 90-99%) of the antibody in the
composition comprises a mature core carbohydrate
structure which lucks fucuec, attached to Ac Fe regirm
of the glyccprotoln. Such compoatdot,w wcro
demonstrated herein to exhibit a surprising
improvement in binding to F'cyRU1A(FI58), which is not
as  cffccdvc mt FeyRUTA (V15S) in interacting with
human IgG. Thus, the compositions herein are
anticipated  to be superior to previously described
anti-CCD220 antibody compositions, especially for
therapy of butoan 35 patients who express FayR111A
(FI$8). Fc7RIUA (FI58) is mote common than FoyRAIA
(VIS8) In  normal, healthy African Americans and
Caueasfalk% Set, Lchrnbechar at at Blood 94:4220
(1999). The  pmsent application lbrtber demonstrares
the synergistic Increase in FcyRiit binding and/or
ADCC function  lhai results front combining the
glyaosylation variations herein with amino acid
sequence modification(a) in  the Ile region of the
g)ycoproteA. 40 An "isolated" antibody is one which
has been identified and separated and/or recovered
from a  



component of its natural environment. Contaminant
components of its natural environment am materiels
which would interfere with diagnostic or therapeutic
user for d,n antibody, and may include enzymes,
hormones, and other protelnaceous or nonproteinaceous
solutes, In preferred embodiments, the antibody  will
he purified (I) to greater than 95% by weight of
antibody as determined by the Lowry method, and most
II 5 preferably more than 99% by weight, (2) to a
degree sufficient to obtain at ?east 15 residues of N
terminal or  internal amino acid sequence by use of a
spinning cup sequcnator, of (3) to homogeneity by
SIDS-PAC:E  under reducing or nonreducing conditions
using Coomassie blue or, preferably, silver Stain,
Isolated  antibody includes the antibody in situ
within recombinant cells since at least one component
of the  antibody's natural enviroonlent will not be
present. Ordinarily, however, isolated antibody will
be prepared  10 by at least one purification step. An
"Isolated" nucleic acid molecule Is a mxrkie acid
molecule that is identified and separated from  at
least one cootaminant nucleic acid molecule with which
It Is ordinarily associated in the natural source of
rho antibody nucleic acid. An isolated nucleic acid
molecule Is other than In the farm or setting in which
it is  found in nature. Isolated nucleic acid
molecules therefato are distinguished from the nucleic
acid molecule 15 as it exists In natural cells.
However, an isolated nucleic acid molecule includes a
nucleic acid n)oleculc  contained in cells that
ordinarily express the antibody wheat, for example,
the nucleic acid molecule is in a  chromosomal
location different from that of natural cells. the
expression "control soqucnccs" refers to DNA sequences
necessary for the expression of an  operably linked
coding sequence In a particular host organism. The
control sequences that are suitable for  20
prokatyotea, for example, include a promoter,
optionally an operator sequence, and a ribosome
binding site.  Sukaryotie cells are known to utilize
promoters, polyadeaylation signals, and enhancers.
Nucleic acid Is "operably linked" whop It is placed
into a functional relationship with another  auclelc
add sequence, For example, DNA for a presequcacc or
secretory leader Is operably linked to DNA  1br a
polypcptide if it Is expressed as a preprotein that
participates in the secretion of the polypeptide; a 25
promoter or enhancer is operably finked to a coding
sequence if it affects the tr ansctipuoa of tic
sequence;  or a ribosome binding site is operably
linked to a coding sequence if it is positioned no as
to facilitate  translation. Generally, "operably
leaked" means that the DNA sequences being linked are
contiguous, and,  In the case of s secretory leader,
contiguous and in reading phase. However, enhancers do
not have to be  contiguous. Linking Is accomplished by
ligation at convenientrestriction sites. If suck sites
do not exist, the 30 synthetic ollgonucleotdo adaptonr
or linkers we used in accordance with conventional
pract ce. "Vector" includes shnaie and expresdon
vectors. Typically. the plasmid coastruut will also
include  an origin of replication (e g., the CoIEI
origin of replication) and a selectable marker (as..
stnpieillic ur  tetracycllnre resistance), for
replication and selection, respectively, of the
plss-ulds to bacteria. An  "expression vector" refers
to a vector that contains the necessary control
sequences or regulatory elements 35 for expression of
the antibodies Including antibody fragment of the
invention, in bacterial or eukaryotic cells.  Suitable
vectors are disclosed below. The cep that produces a
humanized CD20 binding antibody of the invention will
Include the  bacterial and cukaryotlc host cells into
which nucleic add encoding the antibodies have been
introduced.  Suitable host culls are disclosed below. 



40 The word "label' when used herein ruicts to a
detectable compound or composition which is
conjugated directly or indirectly to the antibody. The
label may itself be detectable by itself  radioisotope
labels or fluorescent labels) or, in the case of an
enzymatic label, may catalyze chemical  alteration of
a substrate compound or composition which is
detectable. 12 5 An "nuloimmuno disease"herein is a
nonmailgnant disease or disorder arising from and
directed  against an individual's own (sell) antigens
and/or tissues. As used herein, "B cell depletion"
refers to a reduction in B cell levels in an animal
err human after  drug or antibody treatment, as
compared to the B cc]] level befine treatment B cell
levels are measurable.  using well known assays such
as those described In the Exparicrentaw Examples. B
cell depiction can be 10 complete or partial. In one
embodimcnt, the depiction of CD20 expressing B cells
is at least 25%. Not to be  limited by any one
macbardans, possible mechanisms of Bcall depletion
Include ADCC, CDC, apoptosis,  modulathm of calcium
flux or a combination of two or men of the preceding.
Tits term "eytotoxic agent" as used herein totem to a
substance that inhibits or prevents the function  of
cells and/or causes destruction of aJls. The term is
intended to Include radioactive isotopes (e.g., )"t.
15 T'u, Y and Re7tl0), chemotherapeutle agents, and
toxins such as enzymatically active, toxins of
bacterial,  fungal, plant or animal origin, or
fragments thereof. A "chemothcrnpautio agent" Is it
chemical eowpovnd useful in the treatment of cancer,
I3xamplcs  of ehemolherapeutic agents include
alkalyzing or alkylaating agents such as thiotcpa and
eyelosphosphamide  (CYTOXAN'"9; alley] sulfonatcs such
as busulfaa, hnprosulfan and piposulfan: azhidines
such as 20 honzodopa, carboguone, mcturc dope., and
uredopa; etltylenimincs and methylamclamincs including
altroramine, trletbyienemolumine,
trietylenephosphorasnI& triethylcaadtiaphosptaaoramide
and  trlmethylolomelamino; nitrv a mustards such as
cbiorambucil, cblonmphazine, cholophosphemidc,
estremustine, ifosfumidc, mechkxethamine,
mecblorelhaminc oxide hydrochloride, melphalan,
novcmbiehin,  phcncstcrinc, prednimustine,
trofasfantide, uracil mustard; nitrosureas such as
carowstino, chlorozotoain, 25 foromustine, lomustine,
niniustinc, ranimnxtinc antibiotics such as
aclacinomysins, actinomycin,  authramycin, azaserine,
blournyoins, caetinomyoin, calicheamioln, carabiein.
carminamycin, carzinaphilin,  chrontomychos,
dactinumycin, daonurubicin, dctorubicin,
6-diasa-5-oxo-l-sorleuc1t doxorubicin  (Adriamycin).
epirublola, esorubicin, idmubicity matcoliomycdn,
mitomycins, mycnphanollc acid,  nogalamycin,
olvontycins, peplomyein, potfirumyein, pureunycin,
quelamyctn. mdonibicln, sneponlgrln, 3Q suecptozucio,
tubeucidin, ubonimcx, zinostatin, rarubioin;
anti-metabolites such as rnathotrexate and 5-
fluorouracil (5-i im folic acid analogues such as
denopterin, methotrexate, ptemptcdn. tdmeutxala purino
analogs sueb as fludarabine, 6-ntercaptopurine,
thlamiluitte, thioguanine pyrimhlinc analogs such as
ancitabinc, aracitidine, 6-axauridinc, carmofur,
cytarabine, dldcwtyuddinc, doxifluddine, enncitabine,
floxurldine, 5PU; androgens such as ealusteauna,
dromostanolorte propionate, epitiostanol, mepitiustanq
35 testoiactonc; and-adremais such as
atninoglutetbiniide, mltotane. trllostaite folic acid
replenisher such as  frolinic acid; aceglatone;
eldopbosphamidc glyoosidc; aminolevulinlu add;
amsucdne; bestrabucil;  bisantrene: edatmxate;
defofamine; demeeolcine; diaziquone; elfornithine;
eiliptinium acetate; etoglucid;  gallium nitrate:
hydroxyu scat; ieminan; loaldamine anttoguazone;
mitoxantmue; mopldamol: nln'acrine:  pentmstatin;
phenamet; pirmubicin; poduphyllinie acid; 2
cthyJhydrazidc; procarba .inc; P.4TC(r); r.izoxane;  



atz run; splrogerntanittnr; tenutazorric acid;
trlarlgvoue; 2 2',2" vrlchlomtrlethylatnlne: urethan;
vindeshte;  40 dncarhnzine: niaonomustlae;
mhobronitol; roltoiactol; pipobroman: gacytosloe;
arabinoside ("Ara-C"):  thiotepa; taxoids, &g.
paclitaxel (TAXOT,a, Bristol-Myers Squibb Oncology.
Princeton, NJ) and doxetaxel  (TAXOTUAI e.
Ph6ne-Poulenc Rorer. Antony, France); chlorambucil;
gemeitabine; 6-thioguanine;  mertaptopurino;
methutrcxate; platinum analogs such as cisplatin and
carboplatin; platinum; etoposide (Vp 13 5 i().
ifnsfnmlde; miromycin C. tnitoxantrone; vincristinc;
vinbiastine; vtnorolbine; naveihine; nnvantrone;
toniposidc; datmomycin; antiuopterfa; xcloda;
ibandronate: CPT-11; topoisnmeravo inhibitor RFS 2000;
difluoromethylornithine (DMFQ); retinoic acid;
esperanilcins; capecltabine; and pharmaceutically
acceptable suits, acids or derivatives of any of the
above, Also Included In this definition are
anti-hormonal  agents that act to regulate or Inhibit
hormone action on tumors such as anti-eswogens
including f r example 10 tamoxifen, ratoxitime,
aromafase iahlbiting 4(5)-iinidaaoTes, A
hydrttxytamoxitbn, trioxiftmo, keoxilbno,  LY 117018.
onaprlstonc, and toremi*as (Freston); anti-androgens
such as flutamide, nilutam lde,  hicaletamide,
leuproilde, and pseudo; other ehentotitorapeutio
agents such as prednisoione,  Pharmaceutically
acceptable salts, adds or derivatives of any of the
above are Included. "17oating" or "treatment" or
"alleviation" refers to both therapeutic treatment and
prophylactic or  JS preventative mea,u res, wherein
the object is to prevent or slow down (lessen) the
targeted pathologic  condition e r disorder. A subject
is successfUtly "tn:atcd" for a CD20 positive cancer
oran autoimmuno  disease if, after receiving a
thetapeutlc amount of a CD20 binding antibody of the
invention according to the  methods of t e present
invention, the subject shows observable and/or
measurable reduction is or absence of  one or more
signs and symptoms of the particular dlseasc. Prn
example, for cancer, reduction In the number 20 of
cancer cells or absence of the cancer cells: redaction
in the tumor Size; Inhibition (Le.. scow to some
extent and preferably stop) of tumor metastasis;
inhbition, to some extent, of tumor growth; Increase
in  length of remission. and/or relief to some extent,
one or mote of the symptoms associated with the
specific  cane r; reduced morbidity and mortality, and
improvement In quality of life Issues. Reduction of
the sips  or symptoms of a disease may also be kit 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
hinter is  decreased, preferably by more than 50
percent, mere preferably by 755. A patient is also
considered treated  if the patient experiences stable
disease In a preformd emmbodiment, the cancer patients
are still  progression-free In the cancel' after one
year, preferably after 15 months. Theca parameters for
assessing  successful treatment and Improvement In the
disease are readily measurable by routine procedures
familiar  31) to a physician of appropriate skip In
the. an. A "thetapentcally effective amounf' rotes to
an amount of an antibody or it drug affective to
"treat" a disease or disorder in a subjct rn the case
of cancer, the therapeutically effective amount of the
drug may reduce the number of cancer cells; reduce the
tumor size; Inhibit (ua" Slow to some extent and
preferably stop) cancer Cell ioflltration Into
peripheral organs; Inhibit (i.e., slow to some extent
and 35 preferably stop) tumor metastasis; inhibit, to
some extent, twnorgrowth; and/or relieve to some
extent one  or more of the symptoms associated with
the cancer. See preceding definition of "treating".
"Chronic" administrafon reform to administration of
the agent(s) in a continuous mode as opposed  



to an acute mode, no as to maintain the initial
therapeutic effect (activity) for an extended period
of lime.  'Intermittent" administration is treatment
that Is not consecutively done without Interruption,
but rather is  40 cyclic its nature. Compositions and
Methods of the invention The Invention provides
bumanixed antibodies that bind human CD20, and
preferably other primate  CD20 as well, Comprising a
11 chain having et least one, preferably two or all of
the H chain CURS of a flea- 14 5 human species
anti-human CT)20antibody (donor antibody), and
substantially all of the framework residues  of a
human consensus antibody a$ the recipient antibody.
'ihc donor antibody can be front various non.  human
species including mouse, rat, guinea pig, goat,
rabbit, horse, primate but most frequently will be a
murinc antibody. "Substantially all" In this context
is meant that the recipient FR regions In the
humanized  antibody may include one or more amino acid
substitutions not originally present In the human
consensus JO PR acyucnce. Thus FR changes may comprise
residues not found it, the recipient or the donor
antibody.  To one embodiment, the donor antibody is
the murlnc 2117 antibody, the V region including the
CDR and le sequences of each of the H and L chains of
which are shown in T710. IA and tB. Ina specific
embodiment, the residues for the hitrman Fab framework
correspond to she consensus sequence of human  Vic
subgroup 1 and of Vu subgroup Ill , time consensus
sequences am shown in Figure IA and Figure 18. IS
respectively. The humanized 2317 antibody of the
invention Will have at least one of the CDRs In the H
chain of die twine donor antibody. In one embodiment
the bumanind 2H7 antibody that binds human  M20
comprises the CDRs of Toth the H and L chains of the
donor antibody. in a boll length antibody, the
humanized CD20 binding antibody of the invention will
comprise a  humanized V domain joined to a C domain of
it human irno"unogiotwlin in a preferred embodiment,
the B  20 chain C region is from human Igo, preferably
Tg('it or 11105. The L chain C domain Is preferably
from  human xchaJI. Unless Indicated otherwise, it
humanized 2T37 antibody vetsion heroin will have the V
and C  domain sequences of 2H9.v16 L chain (377(3. t%
SEQ ID NO, 21) and H chain (FTO 7., SSQ ID NO- 22)
rxccpt at the positions of amino acid substitutions or
changes loxtlcafed in the experimental examples below.
25 The humanized CI720 binding antibodies will bind at
least human CD20 and preferably bind other  primate
(.020 such as that of monkeys including eynornolgus
and rhesus monkeys, and chimpanzees. The  sequence of
the cynomoigus monkey CD20 is disclosed in Trample 13
and Figure 19 The biological activity of this CD20
binding antibodies and humanized CD20 binding
antibodies of  the invention will include at least
binding of the antibody to human CD20, more preferably
binding to $0 human and primate CD20 Occluding
cynomoigus monkey, rhesus monkey, chimpanzees), with a
IQ value of  no higher than I x to, preferb)y a Kd
value no bigher than about 1 n 1oA, ovarl muse
prarerably a Trd value  no higher than show 1 x 10'10,
and be able to kill or depll to u cells is vitro or in
vivo, preferably by at least  20% when compared to the
baselino level or Appropriate negative control which
Is not trcatcd with such an  antibody. 35 The deshad
level of B cell depletion will depend on the disease.
For the treatment of a CD20  positive cancer, it may
be desirable to ntaxirnlze the depletion of the B
coils which we the target of the anti- CD20 antibodies
of the invention. Thus. for the treatment of a C D20
positive B cell neoplasm, It is desirable  



that the B cell depletion be sufficient to at least
prevent progression of the disease which can be
assessed by  The physician of skill in the art, cg.,
by monitoring tumor growth (size), proliferation of
the cancerous cell 40 typo, metastasis, other' signs
and symptoms of the particular cancer. Preferably, the
B cell depletion is  sufficient to prevent progression
of disease for at least2 months, more preferably 3
months, oven more  preferably 4 months, more
preferably 5 months. even more preferably 6 or more
months. In even more  preferred embodiments, the B
cell depletion is sufficient to increase the time in
remission by at least 6  months, more preferably 9
months, more preferably one year, more preferably 2
years, more preferably 9  15 5 years, even more
preferably 5 nr more years. In a most preibrred
embodiment, the 8 cell depletion is  sufficient to
cure the disease, In preferred embodiments, the B cell
depletion in a cancer patient is at least  about 759h
and more preferably, 80%, 83%, 90%, 95%. 99% and oven
100% of the baseline level before  treatment. Nor
treatment of an autoimmune disease, it may be
desirable to modulate the extant of B cell 10
deplolion depending an the disease and/or the severity
of the condition In the individual patient, by
adjusting  the dosage of CD20 binding antibody. Thus,
B cell depletion can but does not have to be complete,
Or,  total B cell deplodon may be desired in initial
hcatment but in subsequent treatments the dosage may
be  adjusted to achieve only partial depletion. In one
embodiment, the B cell depletion Is at least 20%, Le.,
80%  or less of CD20 positive B cells remain as
compared to the baseline level before treatment. In
other 15 embodiments, B cell depletion is 25%.30%,40%,
50%, 40%, 70% or greater. Preferably, the B cell
depletion Is sufficient to halt ptogressicn of the
disease, inure preferably to alleviate the signs and
symptoms  of the particular disease under treatment
even more preferably to cure the disease. The
invention also provides bispecific CD20 binding
antibodies wherein one arm of the antibody  has a
humanized H and L chain of the humanized CD20 binding
antibody of the invention. and the other arm  20 has V
region binding specificity for a second antigen. In
specific embodiments. the second antigen Is selected
from the group consisting of CD3, CD64. CD32A, CDie,
NICC2D or other NIC activating ligands,  In comparison
with Ri Wxan (rituximab), v 16 exhibits about 2 to 5
fold imlcascd ADCC potency,  -3-4 fold decreased CDC
than Ritunan. 25 Antibody produeflon  Monoclanal
antibodies Monoclonal antibodies may be made using the
hybridoma method first described by Kohler at al-,
Nature, 256:495 (19757, or may be made by recombinant
DNA methods (U.S. Patent No. 4,816,557). In the
hybridoma method, a mouse or other appropriate host
unimal, such as a hamsters is 30 immunized as
described above to elicit lymphocytes that produce
orate capable of producing antibodies that  will
specifically bind to the protcist used for
hnnumixation. Alternatively, lymphocytes may be
Immunized  in vitro. Afar fmmuniration, Iympbocytes
are Isolated and then fused with a myeloma cell line
using a  suitable fusing agent, such as polyethylene
glycol, to form a hybridoma eel I (Coding, Monoclonal
Antibodies: Principles and Practice, ppS9-103
(Academic Press, 1986)). 35 The bybridoma cal is thus
prepared are seeded and grown in a suitable culture
medium wWob  medium preferably contains one or more
substances that Inhibit the growth or survival of the
unfused,  parental myelonm cells (also referred to as
fusion partner). For example, if the parental myelarna
cells lack  



the enzyme hypoxanthine guanine phospboribosy) tran;
ferase (ROPRT or IdPRT), the selective culture  medium
for the hybridomas typically will include
hypoxantbine, aminopterin, and thymidinc (HAT 40
medium), which substances prevent the growth of
HGPRT-deficient cells. Prollorrcd fusion partner
mycloma calls are those that fuse efficiently, support
stable high-level  production of antibody by the
selected antibody-producing cells, and arc sensitive
to a selective medium that  selects against the
unfesed parental cells. Preferred myeloma cell lines
are murine myelotna lines, such as  those derived
front MOPC-21 and MPC-1 I mouse tumors available from
the Salk Institute Cell Distribution  16 5 Center, San
Diego, California USA, and SP-2 and derivatives
e.g.,.X63-Ag8-653 cells available from the  American
Type Culture Colfectioa, Rockville, Maryland USA.
Human mycloma and mouse-humoan  heteromyclnma cell
lines also have been described for the production of
human monoclonal antibodies  (Korbor, A )mmunoL,
133:3001 (1984): and Brodeur e/ at, MonoclonalAmibody
Production. Techniques  and Applicattpns, pp. 51.63
(Marcel Dekker, Inc., New York, 1987)). to Culture
medium in which bybridema cells are growing Is assayed
for production of moncx:lnnal  antibodies directed
against the antigen. Preferably, the binding
specificity of monoclonal antibodies  produced by
hybddoma cells is determined by bmmuncpnclpltation ar
by an in vitro binding assay, sucb as
radloitnmuntwssay (RIA) or cnzymo-linked lmmunaaorbent
assay (EISA). The binding affinity of the monoclonal
antibody can, fbrexntnple, be determined by rho
Scatchard  15 analysis described In Munson at all,
AnaL Biocham.,107:220 (1980). Once hybridonta cells
that produce antibodies of the desired specificity,
affinity, and/or activity arc  identified, the clones
may be subcioned by limiting dilution procedures and
grown by standard methods  (coding,
MonoclnnalAnrlboejte Principles and Practfe, pp.59-103
(Academic Press, 1986)). Suitable  culture media fur
this purpose include, for example. D-MIIM Or RPM-1 040
medlual. In addition, the 20 hybridoma cells may be
grow, in vivo as escitcs tumors in an animal e.g. by
l.p. Injection of the cells into  mice. The monoclonal
antibodies secreted by the subclones are suitably
separated from the culture  medium, ascites fluid, or
stain by conventional antibody purification procedures
such as, for example.  effmily chromatography (04.,
using protein A or protein O-Sepharose) or
ion-exchange chromatography. 25 hydroxylapatlta
chrontarograpby, gel oloxtruphot csic, dialysis, etc.
. DNA encoding the monoclonal antibodies is readily
isolated and sequenced ruing conventional  procedures
(e g., by using oUgonucleotide probes /bat we capable
of binding specifically to guncs encoding  the heavy
and ligbt chains of murine antibodies). The hybridoma
cells serve as a prellorred source of such  DNA. Once
Isolated, the ANA may be placed into expression
vectors, which are then trausfeaed into host 30 cc) Is
such as F toff cells, simian COS cells, Chinese
Hamster Ovary (CHO) cells. or myeloma cells that do
not otherwise produce antibody protein, to obtain the
synthesis of monoclonal antibodies in the recombinant
host cells. Review articles on recombinant expression
in bacteria of DNA encoding the antibody include
Skcrra et aL, e1<n: Opinion In lmmnnoL, 5:256.262
(1993) mid Plickthun, lmmanof. Now., 130:151-188
((992). 35 in a further embodiment, monoclonal
antibodies or antibody fragments can be isolated from
antibody phage libraries generated using the
techniques described in McCafferty et aL, Nature,
348:552-554  



(1990). Ciaelttwn cl all, Nature, 352:624-628 (1991)
and Marks et all, J htoL Slot, 222:581-597 (1991)
describe the isolation of murine and human antibodies,
respectively, using pbage libraries. Subsequent
publications describe the production of bigb affinity
(nM range) human antibodies by chain shuffling (Marks
41) it at, BIWTechnology,10:779-783 (1992)), as well
as combinatorial infection and in vivo recombination
as a  strategy for constructing very large phage
libraries (Waterhouse ei at. Nita. Acids. Res.,
21:2265-2266  (1993)). ']bus, those techniques are
viable alternatives to traditloual monocknuil antibody
hybridoma  techniques for isolation of monoclonal
antibodies. 17 S The DNA that cnOWEs the antibody may
be modified to produce chimeric or Posion antibody
polypeptides, for example, by substituting human heavy
chain and light chain constant domain (C, and C,)
sequences for the homologous marine sequences (t(.S.
Patent No. 4,816,569; and Morrison, or at, Proc.  Nat!
Actn(, ScL (1SA, 81:6851 (1984)). or by fusiug the
immunoglobuiin coding sequence with all orpart of  the
coding sequeae tar a non-immunoglobulln polypeptide
(hcterologous polypeptide). The non 10 immunoglobutin
polypeptide aegnences can substitute for the constant
domains of an antibody, or they are  substituted for
the variable domains of one aodgen cnmbicing site of
an antibody to create a chimeric  bivalent antibody
comprising one andgen-combining site having
specificity for an antigen and another
antigun-combining site having specificity for a
different antigen. 15 Humanized anifbod(rrs Methods
for humanaing non-human antibodies have been described
in the art. preferably, a  humanized antibody has one
or more amino acid residues Introduced into It from a
source which Is non- human. Thoso non-human amino add
residues are often rofcrred to as "import' residues,
which are typically  taken from an "lropott" variable
domain. Humanization can be essentially performed
following the method 20 of Winter and co-worktas cones
cr aL. Nature, 321:522-525 (1986); Relchmaen at aL,
Nature, 332:323-329  (1988): Vcrhocycn cr aL, Science,
239:1534-1536 (1988)), by substituting hypervariablc
region sequences  for the tonuponding sequences of a
human antibody. Accordingly, such "hunumized"
antibodies are  obimeriu anlibodics (1 S. Patent. No.
4,816,567) wherein substantially less thao an Intact
human variable  domain has been substituted by the,
corresponding sequence from a non-human species. In
practice,  25 humanized antibodies are typically human
antibodies; in which some hypervarlablc region
residues and  possibly some FR residues are
substituted by residues from analogous altos in rodent
antibodies. The choice of human variatde domains, both
light and heavy, to be used in making the humanized
antibodies Is very important to reduce andgeaklty and
HAMA response (human and mouse antibody) when  the
antibody is Intended for human therapeutic use.
According to the so-called "best-Bt" 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 human V domain sequence
which Is closest to that of the rodent is  identified
and the human framework region (PR) within It accepted
for the humanised antibody (Sims cr at,  1.
fat+nwwL,151096 (1993)1 Chothia at at, J. UoL Blot,
196S0? (1987)). Another method uses a  particular
framework region derived from the consensus sequence
of all human antibodies of a particular 35 subgroup of
light or heavy chains. The same framework may be used
for several different humanized  antibodies (Muter a
at, Prue. Sad Acad Sc4 USA, 89:4285 (1992): Presta et
at. J. laumawL, 151:2623  



(1943)). it is further Important that antibodies be
humanized with rttantinn of high binding affinity for
the  andgea and other favorable biological properties.
To achieve this goal, according to a preferred method,
40 humanized antibodies are prepared by a process of
analysis of t e parental sequences and various
aonccptuai  humanised products using three-dimensional
models of the parental and humanised sequences. Three-
dimensional immunoglohulin models are commonly
available and are fantiltar to those skilled In the
an.  Computer programs are available which illustrate
and display prohabie three-dimensional confortnational
structures ofselected cartdidare iovntutoglobultn
sequences, inspection of these displays permits
analysis of 18 S the likely role of the residues in
the functioning of the candidate imatunoglobuiin
sequence, Le., the analysts  of residues that
influence the ability of the candidate immunoglobulin
to bind Its antigen. Ia this way, TR  residues can be
selected and combined ft m the recipient and import
sequences so that the desired antibody  chamcteristie,
such as Increased affinity for the target ant4gcn(s),
is achieved. lit general, the bypcrvariable  region
residues are directly and most substantially Involved
in influencing antigen binding. 10 '11u humanized
antibody may be an antibody fragment, such as a Fab,
which is optionally  conjugated with one or more
eytotoxiu agent(s) In order to generate an intmunocor
jugate. Alternatively, the  humanized antibody may be
an full length antibaxly, such as an full length 101
antibody. Hrmtan antfbudiu acrd phage dlrplay
inedtndoiagy IS As an alternative to humanization.
human andbodies can be generated. For example. his now
paaasihie to produce truasgcnie animals (eg., mice)
that are capable, upon immunization, of producing a
full  rnltertoire of human antibodies in the absence
of endogenous immunoglobulio production. For example,
it  has been described that the homozygous deletion of
the antibody heavy-chain joining region (Ja) gene lit
chimeric and gemriine mutant mice results in complete
Inhibition of endogenous antibody production. 20
Transfer of the human germ-Ii ne hnmunoglobutin gene
array into such germ-tine mutant arise will result In
the production of human antbodics upon antigen
challenge. See, ag.t Jakobovits et at, Pate. NatL
Acad.  Se4 USA. 90'.2551 (I993); Jakobovits et at,
Nature, 362255-2S8 (1993); Bruggentann of at. Year rn.
Imnana..7:33 (1993); U.B. Patent Not 5,545,806,
5,569,825, 5,591.669 (all of GcnPhann); 5,545,807; and
WO 97/17852. 25 Alternatively, phagc display
technology (McCafferty et at. Nature 348:552-553
119901) can be  used to produce human antibodies and
antibody fragments In vitro, from Iminunoglobulin
variable (V)  domain gene repertoires from uoimmutfaed
donors. According to this technique, antibody V domain
genes  are cloned In-frame into either a rtuljor or
minor coal protein gw of a filamentous bacteriophage,
such as  M t 3 or fd, and displayed as functional
antibody fragments on the surfaec of the phage
particle. Because the 30 filamentous particle contains
it sfng)o-stranded DNA copy of the phage gcaomc,
selections based on the  Mrctional properties of the
antibody also rosuil in selection of the gene encoding
the antibody exhibiting  those properties. Thus, the
pbage mimics sonic of the properties of the B rocll.
Phago display can be  parfo ncd in a variety of
formata, reviewed in, e.g., Johnson, Kevin S. and
Chiawelt, David J., Current  Opinion Lt Stnutural
Biology 3:564-571(1993). Several sources of V-gene
segments can be used for pbage 35 display. Clackxo n
etaL, Nature, 352624-628 (1991) Isolated a diverse
array of anti oxazolone antibodies  from a small
random combinatorial library of V gcnos.derivcd fnrm
the spleens; of immunized mice. A  



repertoire of V gents from uohznnanlzed human donors
can be consinioS and antibodies to a diverse array  of
antigens (Including self antigens) can be Isolated
essentially following the techniques described by
Marks  el tot, J. Mot Slot 222:581-597 (1991), or
Griffith el at, &MBO J 12:725-734 (1993), Sao, also,
U.S. 40 Patent Nos. 5,565,332 and 5,573,901 As
discussed above, human antibodies may also be
generated by in vitro activated B calls (see U.S.
Patents 5,567,670 and 5.229,275). 19 S
AnUbodyfragnwnts in certain circumstances there are
advantages of using antibody fragments, rather than
whole.  antibodies. The smaller size of the fragments
allows Aw rapid clearance, and may lead to improved
access to  solid tumors. Variocs techniques have been
developed for the production of antibody f agments.
Traditionally.  10 these fragments were derived Via
proteo)yrie digestion of intact antibodies (sae, e.g..
Morimoto et al. ,  Journal ofBiachemical and
Biophysical Medwods 24.107-117 (1992), and Breast so
et at, $ctmce, 229:81  (1985)). However, these
fragments can now be produced directly by ceaontbhtant
host cells. Fab, Pv and  ScPv antibody fragments can
an be expressed in and secreted from & coS4 thus
allowing the facile  production of large amounts of
these fragments. Antibody frngmttals can be isolated
from the antibody 15 phage libraries discussed above.
Alternatively, .(lab'-SH fragments can be directly
recovered from 9 c of  and chemically coupled to fora.
P(ab')i fmgmeots (Carter et aL, $iolrechnology 10:)
63-167 (1992)).  According to another approach, F(ab)
fragments can be isolated directly from recoutbirmot
host cell culture.  Fab and F(ab)% fragment with
increased in vivo half-life comprising a salvage
receptor binding epltope  residues are described In
U.S. Patent No. 5,869,046. Other techniques for the
production of antibody 24) fragments will be apparent
to the skilled prectitioner. 1n other embodiments, the
antibody of choice is a  single chain Fv fragment
(scPv). See WO 93/16185: U.S. Patent No. 5,571.894;
and U.S. Patent No.  5.587.458. Fv and sFv are the
only species with intact combining altos that are
devoid of constant regions;  thus, they are suitable
fix reduced nonspecific bJnding during in vivo use.
situ fusion proteins may he  constructed to yield
fusion of an effector protein at either the amino or
the carboxy terminus of an sFv. See 25 Antibody
Engineering, cd. Borrebaeck, supra. The antibody
fragment may also be a 'linear antibody", a.&,  as
described in U.S. Patent 5,641,870 for example. Such
linear antibody fragments may be monospecitc or
bihpceifie. Btspeefle atufhodler 30 Bispecific
antibodies are antibodies that have binding
speclficltles for at least two different  cpitopes.
Exemplary bispecliio antibodies may bind to two
differentepitopes of the CD20 protein. Other  such
antibodies may combine a CD20 binding site with a
binding site for another protein. Atlcrnadvoly, an
anti-COW ann may be combined with an arm which binds
to a triggering Molecule on a lcukomyto such as a
Tell receptor molecule (e.g. 0)3). or Fo receptors for
TgO (FcryR), such as FccR7 (C064), Fvy1t11(CD32) 35
and FeyRltt (CD16), or NKQ2D or other NK cell
activating ligand, so as to, foeus and localize
cellular  defense mechanisms to the CD20-expresslag
cell. Aispecific antibodies may also be used to
locating  cytotoxic agents to cells which express
CD20. These antibodies possess a CV20-binding arm and
an arm  which binds the ey(utoxic agent (e.g. saporin,
anti-inlertbn)n-q, ulna alkaloid, ricin A chain,
methotrexate  



or radioactive isotope hapien). )3ispeeific antibodies
can be prepitred as 1u11 length antibodies or antibody
40 ftagments (e.g. F(ab')2 bispeciflc antibodies). WO
96/16673 de-scribes a bispecific
anti-Erbl321anti-Fcy1Uf antibody and U.S. Paten( No.
5,837.234 discloses a bispecife artiErbB2/anti-Fc,yRT
antibody. A bispeeit5o and-1'xbB2/Fca antibody is
shown ht W098/022463, U.S. Patent No. 5,821,337
teaches it bispecific ami FrbB2/anti-CD3 antibody. 20
5 Methods for making hispecific antibodies era known
In the art, Traditional production of full  length
hispecific antibodies is based on the co-expression of
two irnmunoglobulln heavy chain-Ilg)it chain  pairs,
where the two chains have diftbrvnt specificlUcs
(Milistein eraL, Nature. 305537-,539 (1983)).  Because
of the random assortment of imnturrogiobulin heavy and
light chains, these hybridomas  (quadromas) produce a
potential mixture of 10 different antibody molecules,
of which only one has the 10 correct bispecifle
structure. Purification of the correct molecule. which
is usually done by affinity  chromatography steps, Is
rather etmdreraotne, and the product yields are low,
Similar procedures are  disclosed In WO 93/08829, and
in Trauncckeratal" BMBO J.10:3635-3659 (1991).
According to e different approach, antibody variable
domains with the desired binding specificities
(antibody-antigen combJeing sites) are fused to
inanunoglobulin constant domain sequences. preferably,
the  19 flraion Is with on 7g heavy chain constant
domain, comprising at least part of the hinge, Cu2,
and Cs3 regions. It is preferred to have the first
heavy-chain constant region (Csi) coatahiing the site
necessary for  light chain bonding, present in at
least one of the fusions. DVAs encoding the
immunoglobulin heavy chain  fbsiona and. If desired,
the immunogiobulln light chain, an insetted into
separate expression vectors, and are  co-transleoted
into a suitable host Call. This provides for greater
flexibility in adjusting the mutual 20 proportions of
the three polypeptide fragments in embodiments when
unequal ratios of the three polypeptide  chains used
In the construction provide the optltnum yield of the
desired bispccitic antibody. It is, however,  pcxodbie
to Insert the coding sequences for two or all three
pniypepdde chains into a single expression vector
when the expression of at (east two polypeptido 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 proforrcd
embodiment of this approach, the hispeciffe antibodies
arc composed of a hybrid  immanoglohulin heavy chain
with a first binding specificity In one arm, and a
hybrid inununoglobulin heavy  chain-light chain pair
(providing a second binding specificity) in the other
arm. it was found that this  asymmetric structure t
ci1Imtcs the separation of the desired bispocifta
compound from unwanted  immunuglobulin chain
combinations, as The presence of an immunaglobulin
light chain in only one half of 30 the biapceif c
molecule provides for a facile way of separation. This
approach is disclosed In WO 94N4690.  Per further
details of generating bispecitie antibodies see, for
example. Surcah et at. Mexiwds III  Enzymology,
121:210 (1986). According to another approach
described in U.S. Patent No. 5,731,168, the lntexface
between a pair  of antibody molecules can be
engineered to maximixe the percaAtage of heterodimers
which arc recovered  35 from recombinant cell culture.
Tice preferred interface comprises at least a part of
the C%,3 domain. In this method, one or more small
amino acid side chains tlom the interface of the fist
antibody molecule are  replaced with larger side
chains (mg, tyrosine or tryptophan). Compensatory "c
ovules" of identical or  similar size to the large
side chain(s) an created on the icterface of the
second antibody molecule by  



replacing large amino acid side chains with smaller
ones (e g. alanine or threpnine). This provides a 40
mcchanlstn for increasing the yield of the
ireterodimer over other unwanted end products such as
homodinters. Bispceiiic antibodies include cross-
linked or "heteroaonjugare" antibodies. For example,
one of the  antibodies in the hctcroconjugate can be
coupled to avidin, the other to biotin. Such
antibodies have, fur  example, been proposed to target
Immune system cells to unwanted cells (U.S. Patent No.
4,076,980), and 21 5 for trcatnu nt of RIV intbction
(WO 91/00360, WI) 921200373, and EP 03089).
Hcteroconjugate nntibodics  maybe made using any
convenient cross-linking methods, Sellable
cross-linking agentit are well known in  the an, and
are disclosed in U.S. PatcntNo. 4,676,980, along with
a number of cross-linking techniques. Techniques for
generating blspcoific antibodies from antibody
fragments have also been described  in the literature.
For example, bispeciflu antibodies can be prepared
using chemical linkage. Brennan et at.  10 Science,
229: 81 (1985) describe a procedure wherein
intactaatibodiex are proleelydcaily cleaved to
generate F(ab')s fragments. These fmgmema are reduced
In the presence of the difidol complexing agent,
sodium antanire, to stabilize vieinal dithiuls and
prevent intermolecular disulfide formation. 714* 114W
fragments generated are then converted to
thlonilmbenzne (1N8) derivatives. One of the Fab'-7NE
derivatives is then reconverted to thePab'thiol by
teduetiun with tnercaptocthylamuto and is mixed with
an S equimolar amount of the other Pab=TNB derivative
to form the bispecife antibody. The b1specific
antibodies produced can be used as agents fur the
selective immobilization of enzymes. Recent progress
has thcilitatcd the direct recovery of Fab'-Slf
fragments from 8 coil, which can be  chemically
coupled to form bispecific antibodies. Sbslaby
etcL,.1. E Met, 175:217-223 (1992) describe  the
production of a fully humanized hispecific antibody
F(ab'}1 molecule. Each Fab' fragment was separately 20
secreted from hZ cult and subjected to directed
chemical coupling in virtu to form the b1specific
antibody.  The bispccifio antibody thus lbrmcd was
able to bind to cells overexprassing the Brbi32
rcccpto r and normal  human T calls, as well as
trigger the lyde activity of human cytotoxic
lymphocytes against human breast  turner targets.
Various techniques for making and isolating bispecitic
antibody fragments directly from 25 recombinant cell
culture have also been described. For example,
b1specific antibodies have been produced  using
leucloe zippers..Kostelny etaL,
J.1mmuaoL,148(5):1547-1553 (1992). The lcucioe ripper
peptldes  from the Fos and Jun proteins were Unkod to
the Pab' portions of two different antibodies by gene
fusion.  The antibody homodlmers were reduced at the
hinge region to form monomers and then ro-oxidized to
form  the antibody hetetodimers. This method can also
be utilized for the production of and body homvdimcm.
30 The "dlabody technology described by Bollinger at
at. Prue. NarL Acad. SaL USA, 90:6444-6448 (1993)  has
provided an alternative mechanism for making
bispecifie antibody fmgmnnts Thn frngmoms rnmprise a
Vu connected to a Vt, by it linker which is too short
to allow pairing between the two domains on the some
chain. Accordingly, the Vn and Vt, domains of one
fragment are forced as pair with the complementary VL
and VN domains of another fragment, thereby fanning
two aniigea-binding sites. Another sitategy for 35
making bispacilc antibody fngntcsns by the use of
single-chain Fv (aFv) dinners; has also been reported.
See  timber et at., J. immwrot, 152.5368 (1994)
Antibodies with more than two valenolca arc co
nkmtplated. Ferexample, trispeeifie antibndiea can  



be prepared, Tutt or al 1. to mmmot 147: 60 (1991). 40
MultivalcmrAtttibaiie A multivalent antibody may be
internalized (and/or catalolized) 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 than of the )glvl class) with time or
more antigen binding sites (e.g.  tetravalent
antibodies), which can be readily produced by
recombinant expression of nucleic acid encoding 22 5
the pnlypeptidc chains of the antibody. The
multivalent antibody can comprise a dimerization
domain and  three or more antigen binding sites. The
preferred dimerizatlon domain comprises (or consists
ol) an Fe  region or a hinge region. In this scenario,
the antiixxly will comprise an Ft region and three or
more antigen  binding sites amino-terainel 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 comprises at least one
polypeptide chain (and preferably two polypeptdde
chums), wherein the polypeptide  chain(s) comprise two
or more variable domain. For instance, the polypeptido
chain(s) may comprise VD I- (Xl),rVD2-(X2)n47c,
whcrctn VD] Is a that variable domain, VD2 Is a second
variable domain, it is one  pttlypcptlde chain of an
Fc region, X I and X2 represent an amino acid or
polypeptdde, and n Is 0 or 1. For  Instamxt, the
polypepddde cbain(i) may comprise VWCHI-flexiblo
linker-VH-CHI-Fe region chain; or Vkl 15
CHI-VH-CFil-loo region chain, The multivalent antibody
herein preferably further comprises at ]oast two  (and
preferably four) light chain variable domain
polypepddes. The multivalent antibody herein may, for
Instance, comprise from about two to abort eight light
chain variable domain pulypeptides. The light chain
variable domain polypepddes contemplated here comprise
a light chain variable domain and, optionally,  ft#
her comprise a CL domain. 20 Other smite acid
,sequence mod ffcathm.v Amino acid sequence
modification(S) of the CD20 binding antibodies
described herein arc  contemplated. For example, it
may he desirable to huprove the binding affinity
and/or other biological  properties of the antibody.
Amino acid sequence variants of the anti-CD20 antibody
are prepared by 25 introducing appropriate nucleotide
changes into the anti-CD20 anlibodY nucleic acid, or
by peptide  synthesis. Such modifications include, for
example, deletions from, and/or insertions into and/or
xubetitutioos of, residues within the amino cold
sequences of the anti-CDaO antibody. Any combination
of  deletion, insertion, and subadmtion Is made to
wive at the final Construct, provided that the final
constrict  possesses the desired charnetedadem. The
amino acid changes also may alter post translational
processes of 30 the anti-CD20 antibody, such as
changing the number or position of glycosylation
sites. A useful method for identification of certain
roeidues or raglan of the and 020 antibody that are
preferred locations for mutagcnesix is called *Waning
scanting mutagenesis" as described by Cunningham  and
Wells in Science, 244:1031-LOSS (1989). Here, aresidue
orgroup of target residues are Identified (t.g.,
charged residues such as arg, nap, his, lys, and glu)
and replaced by a neutral or negatively charged amino
35 tteid (most preferably alanine or polyalanine) to
affect the Interaction of the amino acids with CD20
antigen.  'T'hose amino acid locations demonstrating
functional sensitivity to the substitutions then are
refined by  introducing further or other variants at.
or for, the sites of subsilwtlon. Titus. while the
sloe for introducing  



an amino acid scquorxx variation is predetermined, the
astute of the mutation per st need not be
predetermined. Per example, to analyze the performance
of a mutation at a given site, eta Scanning or 40
random mutagenesis is conducted at the target codon or
region and the expressed anti-CD20 antibody  variants
are screened for the desired activity. Amino acid
sequence insertions include amino- and/or
carboxyl-terminal fusions ranging in length  from one
residue to pulypoptidos containing a hundred or more
residues, as woll as intnrscqucncc insertions  of
single. or multiple amino acid residues. Examples of
terminal insertions include an anti-CM20 antibody  23
5 with an N-terminal methionyl residue or the antibody
fused to a cyrotoxic polypeptidc. Other insertional
variants of tim anti-CD20 antibody molecule include
the fusion to the N- or C-terminus of the anti-CD20
antibody to an enzyme (stg. for A))I'1'T) or a
polypeptide which increases the acrid half life of the
antibody. Another type otvarianr Is an amino acid
substitution variant. These variants have at least one
10 amino acid residue in the anti-CD20 antibody
molecule replaced by a different residue. The sines of
greatest  interest for substitutional mutsSoncsis
include the hypervarlable regions, but FR alterations
arc also  contemplated. Csmservatlve substitutions are
shown in the Table below under the heading of
"prefured  substitutions". If such substitutions
result In it change In blulogical activity, then more
substantial changes,  denominated "exemplary
substituthms" In the J)able, or as further described
below in reference to amino acid 15 classes, may be
intreduced and the products screened. TABLE
ofAmbwAcidsuhstitwio/ts Original Residue Exemplary
Preferred  Subsaltulions ,Qtr Woos  Ala (A) val., leu;
He vat Arg (R) lyst g1n; asn lys  Asa (N) gln, Ws;
asp. lys; arg gin  Asp (D) glu; asn gltr  Cys (C:)
scr, ala ser  Gla (Q) am glu Asa  Gin (li) asp, gin
asp  Gly (G) ala ala  His (H) asu; gln; lys; arg arg
no (I) Pon: val; met: ala; phe: norleucine u  i.eu (f)
nrxleucia; lie; vat; met; als; phs fie  f.ys (K) arg;
gin; Asa arg  met (M) leu; phe; He lea  pfte (2r) Ica;
Val; ite: sift" tyr tyr  Pro (P) als, Bill  Scr (.S)
dtr thr (f) set sec  Thr. 



Trp (W) tyr; phe tyt  Tyr (t') trp; phe; thr; set phe
Val (V) ile; Pau; met; phe; ala; norleucine lea  24 5
Substantial modifications in the biological properties
of the antibody are accomplished by selecting
substitutions that differ significantly in their
effect on maintaining (a) the structure of the
pclypeptide  bucklx>nc in the area of the
substitution, for example, as a sheet or helical
confirmation, (b) the charge or  hydrophobicity of the
molecule at the target site, or (c) the bulk of the
side chain, Naturally occurring i D residues are
divided into groups based on common side-chain
properties:  (1) hydrophobic; norlo tine, met, ala.
val, let, ila; (2) neutral hydrophilkz cys, set, thr;
(3) acidic: asp, glu; (4) basso: win, stn, his, lys,
arg; 15 (5) residua: that Influence chain orientation;
g1Yr pro; and  (6) aromatic: top, tyr, phc.
Non-conservative substitutions will entufl exchanging
a member of one of these classes for another  Class.
Any cystclnc residue not Involved in maintaining the
proper conformation or the anti-MO 20 antibody also
may be substituted, generally with swine, to improve
the oxidative stability of the molecule  and prevent
aberrant cromslinking. Conversely, cysteine bond(s)
may be added to the antibody to improve its  stability
(particularly where the antibody is an antibody
fragmcntsuch as an F v 4asmcnt). A particularly
preferred type of substitutional variant involves
substituting one or more  bypervariable 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 phase display,
Briclly, several hypervariable region sites (e.g. 6- 7
sites) are mutated to generate all possible amino
substitutions at each site. The antibody variants thus
generated are displayed in a monovalent fashion from
frlamontous phase particles as rusions to the gone iii
30 product of Ml3 packaged within each particle. The
phagedisplayed variants are then screened for their
biological activity (e.& binding affinity) as herein
disclosed. In order to identify candidate
hypervariable  region sitar for modification, alanine
scanning mutagenesis can be performed to identify
hypervarlablo  region residues contributing
significantly to a,ttkgen biading. Alternatively, or
additionally, it may be  beneficial to analyze a
crystal structure of the antigen-antibody complex to
identity contact points between $5 the antibody and
human Cl)20. Such contact residues Cad
aelghbodngresidues we candidates for  substitution
eceotdlag to the techniques elaborated hernia. Once
surd, variants am generated, the panel of  variants is
subjoete d to screening as described herein and
antibodies with superior properties in one or more
relevant assays way be selected for tbrther
development. Another type of amino acid variant of the
antibody alters the original glycosyladon pattern of
the  40 antibody, By altering is meant deleting one or
more carbohydrate moieties found in the antibody.
and/or  



adding one or more, giycosyla Lion sifts that arc not
present In the antibody. r fycosylation of antibodies
is typically either N-linked or 0-linked. N-U.nked
refers to the  attachment of the carbohydrate moiety
to the side chain of an asparagine residue. The
tripcptide sequences  asparazine-X-serene and
asparagine-X-threonine, where X is any amine acid
except proline, are time 25 5 n.cegnition sequences
for enzymatic attachment of the carbohydrate moiety to
the asparaginc aide chain.  Thus. the presence of ci
[her of these tripeptide sequences in a polypeptide
creates a potential glycosylation  site. 0-finked
glycosylation refers to the attachment of one of the
sugars N-acoylgalacrosanuna. galactose,  or xy)oae to
a hydroxyamino acid. most commonly serine or
threoninat although 5-hydroxyprotino nr 5-
hydmxylysine may also be used. 10 Addition of
glycosylation sites to the antibody is conveniently
accomplished by altering the amino  acid sequence such
that It contains one or more of the abovc-described
tripepikic sequences (for N-united  glycosylation
sites). The alteration may also be made by the
addition of, or substitution by, one or more  sorine
or tbreonine residues to the sequence of the original
antibody (fur Winked glycosyImiua sine[). Nucleic acid
molecules encoding amino acid sequence variants of the
anti-CD20 antibody are 15 prepared by a variety of
methods known In die W. These methods include, but are
not limited to, isolation  from a natural nouns (in
the case of naturally occurring amino acid sequence
variants) or preparation by  oligunuclontide-mediated
(or site-directed) nu*agenesia, PCR toutagenesis, and
cassette mutagenexis of an  corker prepared variant or
a roil-vatlaat version of the and-CA20 antibody. It
may be deichable to modify the antibody of the
invention with respect to effector function, e.g. so
20 as to enhance nntigen-dependent cell-mediated
cyotoxicky (A DCC) and/or complement dependent
cytntnxlcity (CDC) of the antibody. This may be
achieved by Introducing one or more amino acid
iuhstitutlons in an 1b rcgion of the antibody.
Alternatively or additionally, eysteine residue(s) may
be  introduced in the bb region, thereby allowing
intcrcthain disul5de bond formation in this region The
honiodimctic antibody thus generated may have improved
Internalization capability and/or increased 25
cumplcmont-mediated cell killing and
antibody-dependent cellular cytotoxieity (ADCC). See
Caron et ati, J.  F.ry Aged 176t1191-1195 (1992) and
Shopes, B. J. ImmruroL 1411:2918-2922 (1992).
liomodimeric  antibodies with enhanced anti-tumor
activity may also be prepared using beteroblfunclional
cross-tinkers as  described in Wolff et al
CancerRaaaarch 53:2560-2565 (1993). Alternatively, an
antibody can be  engineered which has dual Fc regions
and may thereby have enhanced complement mediated
lysis and 30 A CC capabilities. Sec Stevenson et aL
Anti-Cancer Drug Devign 3:219-230 (1989). To increase
the serum half life of the antibody, one may
Incorporate a selvage receptor binding  opitope Into
the antibody (especially an antibody fragment) as
described in U.S. Patent 5,739,277, for  example. As
used herein, the term "salvage receptor binding
epitupa" refers to an epitope of the Pc region of  an
ISO molecule (e.g., Tg(r, TgG4.10 , or 1gG4) that Is
responsible for increasing the /n vivo serum W -106
85 of the TgC} molecule. other antibody mox!j kadons
Other maditiaattons of the antibody are contemplated
herein. For example, the antibody may be  linked to
one of a variety of nonproteinaceous polymers, e.g.,
polyethylene glycol, polypropylene glycol.  40
poiyoxyalkylenes, or eopolymcra of po)ycthylcnc glycol
and polypropylene glycol. The antibody also may 



be entrapped in microcapsules prepared, for example,
by coacervatlon techniques or by interfacial
polymerization (for example, hydroxymethyloellulose or
gelatin-microeapsules and poly- (methytmctbacylatc)
microcapsules, respectively), in colloidal drug
delivery systems (for example, 26 5 ilposonics,
albumin mieroaphcres, microemutsions. nano-particles
and nanoc:apxules), or in macroemulsions.  Such
techniques are disclosed in RatnLtgton'sPhunnaceNtic41
Sciences.16th edition, NO, A., Ed. (1980).  Scresning
jar fuotbod es with the dcsfred properties Antibodies
with certain biological characteristics may be
selected as described in the Bxperimenml  11)
Examples. The growth Inhibitory effects of an
anti-CD20 antibody of the invention may be assessed by
methods known In the art; e.g., using cells which
express CD20 either endogenously or ibilowing
transfection with the CA20 gene. Per example, tumor
cell lines and CD20-traus&utcd cells may treated with
an anti.CD20 monoclonal antibody of the invcndoa at
various concentrations for a fow days (e.g.. 2.7) days
15 and stained with crystal violet or Mfl or analyzed
by some other calorimetric assay. Another method of
measuring proliferation would be by comparing
314-thyntidine uptake by the cells tcated in the
presence or  absence an anti-CD20 antibody of the
Invention. After antibody treatment, the cells arc
harvested and the  amount of radioactivity
incorporated into the DNA quantitated in a
scintillation counter. Appropriate  positive controls
Include treatment of a selected call line with a
growth Inhibitory amtihody known to inhibit  20 growth
of that cell line. To select for and bodies which
Induce cell death, loss of membrane integrity as
Indicated by, e.g.,  pmpidium iodide (Pl). ttypan blue
or 7AAD uptake may be assessed relative to control.
API uptake assay  can be performed in the absence
ofeomplctncnt and immune effxtor cells.
CD20-expresslug tumor cells  are incubated with medium
alone or medium containing ofthe appropriate
monoclonal antibody at e.g, about 25 10itg/ml . The
cells are incubated for a 3 day time period. Following
each treatment, cells are washed and  aliquoted into
35 mm strainer-tapped 12 x 75 tubes (I trill per rube.
3 tubes perttcatmcnt group) for removal  of cell
clumps. Tubes then receive Pi (i OILS/N). Samples may
be analyzed using a FACSCANTM flow  cytometerand
PACSCONVP,FTTM CeliQuest software (Becton Dlckittson).
Those antibodies which Induce  statistically
siSalficant levels ofeell death as determined by PI
uptake may be selected as cell death-Inducing  30
antibodies. To screen for antbodies which bind to an
epltope on CD2O bound by an antibody of interest, a
routine cross-biocidng may such as that described In
Antfbvdfca A Laboratory Manual, Cold Spring Harbor
Laboratory, Ed Harlow and David Ltmc (1988), can be
performed. This assay can be used to determine If a
text antibody h{ndm the tame site or epitope as an
anti-CD20 antibody of the invention, Alternatively, or
35 additionally, epitope mapping can be performed by
methods known In the art. For example, the antibody
acqucnco can he mutagenized such as by alauine
scanning, to identify contact rt iduos. The mutant
antibody  is Initallly tented fox binding with
polyclonal antibody to ensure proper fielding. in a
different method,  pcptidcs corresponding to different
ragionv of CD2O can be used in competition assays with
the test  antibodies or with a test antibody and an
antibody with a characterized or known opitopc. 40
Vectors, Host Cells and Recombinant Methods 



The Invention also provides an isolated nucleic acid
encoding a humanized CD20 binding antibody,  vectors
and host cells comprising the nucleic acid, and
recombinant techniques for the production of the
antibody. 27 .5 For recombinant production of the
antibody, the nucleic acid encoding it is isolated and
inserted  inut a teplieable vector fur further cloning
(ampilflcation of the DNA) or for expression, DNA
encoding the  monoclonal antibody is readily isolated
and sequenced using conventional procedures (e.g" by
using  nligonuclrcrtide 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 10 in, one or more of the
following: a sggna] sequence, an origin of
replication, one or more marker genes, an  enhancer
clement. a promoter, and a transtaiptkm termination
sequence. (l) S%itatyaquencecomponent The Cp2D binding
antibody of this invention may be produced
recombbantly net only directly, but  also as a fusion
polypeptide with a beterolugous polypeptide, which Is
preferably a signal sequence or other  15 polypoptide
having a specific cleavage site at the N-tehninus of
the mature protein or polypcptidc. The heteroktgoui
signal sequence selected preferably Is one that Is
recognized and processed (le., cleaved by a  signal
peptidase) by the host eels. For proktryodo had cells
that do not recognize and process the native  CD20
binding antibody signal sequence, the signal sequence
is substituted by a prokaryotic signal sequence
snlcctcd, for estarnple, from the group of the
alkaline pbusphatase, peniclllinasc, Ipp, or bent
stable 20 enterotoxia n leaders. 1iW yeast secretion
the native signal sequence may be substituted by,
e.g., the yeast  invcrtasc leader. a factor leader
(including.Sa chharromyces and Ktu}weromyces uz.factor
leaders), or acid  phospltataac leader, the C aTicans
glucoamyluso leader. or the signal described in WO
90/13646. In  mammalian cell expression, mammalian
signal sequences as well as viral secretory leaders,
for example, the  herpes simplex gD signal, are
available, 25 The DNA for such precursor region is
lighted in reading frame to DNA encoding the CD20
binding  antibody, (ii) Ortgttt erepikur err 1JoRt
expression and cloning vectors contain a nuclalo aid
sequence Rutz enables the vector to  replicate in one
or morn selected host cells. Generally, in clop ng
vectors this sequence is one that enables  30 the
vector to repikata )ndepcndently of the best
chrot>xosomd DNA, 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 front the plasmid
p13R322 is suitable for most Gram-negative bacteria,
the  2y, plasmid origin Is suitable for yeast, and
various vita( origins (S V40, polyonta, adenovirus.
VSV orBPV)  arc useful for cloning vectors in
mammalian cells. Generally, the origin of replication
component is not 35 needed for mammalian expression
vectors (the SV40 origin may typically be used only
because it contains  the early promoter). (t11)
Selection Sane component Rxpressioa and cloning
vectors may contain a selection gene, also termed a
selcotablc marker.  Typical selection genes encode
proteins that (a) confer resistance to antibiotics or
other toxins, e.g., 40 ampieillin, neomycin,
rnethotroxatc, or tetracycline. (b) complement
auxotrophic defucieneiea, or (c) supply  



critical nutrients not available from complex media,
eg., the gone encoding D-alanine raeemase for Bacilli.
One example of a selection scheme utilizes a drug to
arrest growth of a host cell. Those cells that are
successfully transformed with a heterologoos gone
produce a protein conferring drug resistance and thus
29 3 survive the selection regimen. Examples of such
dominant selection use the drugs neomycin,
mycophenolic  acid and itygromycin. Another example of
suitable selectable markers for mammalian cells we
those that enable the  identificatlon of cells
competent to take up the CD20 binding antibody nucleic
acid, such as DHPR,  Ihymidine kinasc,
mctaiothioncin-I and .11, preferably primate
metallnthinnein genes, adenosine deaminase,  10
ornithine decarhoxylase, etc.. For example, cells
transformed with the DHFR selection gene are first
identified by culturing all of  the transformants in a
culture medium that contains methouexate (M.tx). a
competitive antagonist of DHLtR.  An appropriate best
call when wild) -type DHPR Is employed is the Chinese
hamster ovary (0110) coll line  deficient in Ui#R
activity (e g, ATCC CRL-9094 IS Alternatively.
hostcelia (particularly wild-type hosts that contain
endogenous DIWR) traaslbnned  or en-transformed with
DNA sequences encoding CD20 binding antibody,
wilt-type DHFR protein, and  another selectable marker
such as aminogly oslde 3tphosphv6ansfcrasc (APH) can
be selected by cell  growth in medium containing a
selection agent for the selectable marker such as an
aminoglycosidie  antibiotic, eg., kanamycla, neomycin.
or 0418. Sea U.S. Patent No. 4,965,199. 20 A suitable
selection gene for use in yeast Is the trpl gem
present in the yeast plasmid YRp7  (Stinchcomb et erg,
Narare, 282:39 (1979)). The trpl gene provides a
selection marker for a mutant strain of  yeast lacking
the ability to grow in b ptophan, for example, ATCC
No. 44076 or P1314-l. Jones, Genetics,  85:12(1977).
The proscnce ofthe rcpt lesion In the yeast host cell
genome then provides an effective  environment for
detecting transformation by growth In the absence of
tryplopban. Similarly, Leu2-deftotent 25 yeast rxratns
(ATCC 20,622 or 38,626) are complemented by known
plasmids boating the LeuZgene. In addition, vectors
derived from the 1.6m circular plasmid pKDJ can be
used for transformation  of Ktayvennuyces yeasts.
Alternatively, an expression system for large-scale
production of recombinant calf  chymmin was repeated
for IC feats. Van den Berg, B!a'Technofogy, 8:135
(1990). Stable inuid-copy  expression vectors for
secretion of mature recombinant human serum albumin by
industrial strains of 30 Ktayueromyces have also been
disclosed. i'lecr ci aL. Bk/I'cchrwlagy, 9.968-975
(1991).  (tv) Promotercompuxanr ' Expression and
cloning vectors usually contain a promoter that is
recognized by the host organism  and is operably inked
to the nucleic acid encoding the CD20 binding
antibody. promoters suitable for use  with prokaryotic
hosts include the phat promoter, P-lactamase and
lactase promoter systems, alkaline 35 phwrphalasc
promoter, a tryptopban (tip) promoter system, and
hybrid promoters such as the tae promoter.  However,
otter known bacterial promoters are suitable.
Pnnnaters for use In bacterial systems also will
conmin a Shine-Dalgarno (S.D.) sequence operably
linked to the DNA encoding the CD20 binding antibody.
Prumotw sequences are known for cukaryotes. Virtually
all cukaryodc pries have an AT-rich  region located
approximately 25 to 30 bases upsttcam from the site
where transcription is Initiated. Another  40 sequence
found 70 to g0 bases upstream from the start of
transcription of many genes is a CNCAAT region 



whore N maybe any nucleotide, At the 3' end of mast
eukaryotic genes is an AATAAA sequence that way  be
the signal for addition of the poly A tail to the 3'
end of the coding sequence. AJI of these sequences arc
suitably inserted Into eukttyodo expresslon vectors.
29 5 Examples of suitable promoter sequences for use
with yeast hosts Include the promoters for 3-
phosphogtycerate kinuse or other -Tycolytic enzymes,
such as enolase, giyccraldehyde-3-phosph uc  dchydro
enese. hexokinaso, pyruvate. decarbuxylaso.
phosphnfivatokinase. giuccse.6-phosphate isomcraee,
3-phosphoglyeerato mulase, pyruvatc kinase,
triosephosphate isomerase, phcmphoglucose isomerase,
and  glucokinase. I 0 Other yeast promot rs, which are
inducible pronlMet's having the additional advantage
of  transcription controlled by growth conditions, are
the promoter regions for al ohol dehydrogenasc 2,
lsncytochrume C, acid phosphataso, degradative enzymes
associated with nitrogen mntabollstn,
motalinitsloncin, glyceraidebytb.3phosphstts
debydrogenasc, and enzymes responsible for maltose and
galactose utilization. Suitable vectors and promoters
for use in yeast expression are further described in
EP 15 73,657. Yeast enhancers also are advantageously
used with yeast promoters. CD20 binding antibody
transcription from vectors in mammalian host cells is
controlled, fns  example, by promoters obtained from
the gnomes of viruses such as polyoma virus, fowipox
virus,  adcnovirus (such as Adanovirus 2), bovine
papillotna virus, avian sarcoma virus,
cytoroagalovirus, a  rctruvirus. hepatiris-R virus and
most preferably Simian Was 40 (SV40), from hotaologoas
mammalian 20 promoters. e.g., the actin promoter or an
imnuusroglobulln promoter, from heat-shock promoters,
provided  such promoters are compatible with the host
cell systems. The curly and late promoters of the SV40
virus are conveniently obtained as an .SV40
restriction  fragment that also contains the $V40
viral origin of replication. The Immediate early
promoter of the human  cytomegalovims is conveniently
obtained as a Hindm 8 restriction fragment. A system
for expressing DNA 25 In mammalian hosts using the
bovine papilloma virus as a vector is disclosed in
U.S. Patent No. 4,419,446.  A modification of ibis
system is described in U.S. Patent No. 4.601.978. See
also Reyes et at, Nature  29759&601 (1982) on expres
on of human f l-interferon eDNA in mouse cells under
the control of a  tbymldlne klnase promoter from
herpes simplex virus. Alternatively, the Rous Sarcoma
Virus long terminal  repeat can be used as the
promoter. 3o fv) Enhancerelementcomponant
Transcription of a DNA encoding the G7)20 binding
antibody of this invention byblgher  oukaryotes is
often itttucased by inserting an enhancer sequence
into the vector. Many enhancer sequences  ore now
known {rent mammalian genes (globin, elostase,
albumin, a fctopnttoin. and Insulin). Typically,
however. one will use an enhancer from a eukaryotlo cx
ll virus. Examples Include the SV40 enhancer on the 35
Into side of the replication origin (bp 100.270), the
cytomegalovints early promoter enhancer, the polyoma
enhancer on the late side of the replication origin.
and adenoviros enhancrs. See also Yaw, Nature
297:17-18 (1982) on enhancing elements for activation
of eukaryotic promoters. The enhancer may be  spliced
into the vector at a position 5' or 3' to the CD20
binding anubody-encoding sequence, but. is  preferably
located at a site 5' from the promoter. 40 NO
T,7rnscriptlun tennirtation ca"ponent 



Expression vectors used in enkaryotie host cells
(yeast, fungi, insect, plant. animal, human. or
nucleated calls from other multicellular organisms)
will also contain sequences necessary for the
termination  of transcription and for stabilizing the
mRNA. Such sequences are commonly available Prong the
5' and,  occasionally 3, untranslated regions of
eukaryotic or viral DNAs or cDNAs. These regions
contain 30 3 nucleotido segments transcribed as
polyadenylawd fragments in the untranslated portion of
the mitNA  encoding 0)20 binding antibody. One useful
tmnscripticm termination component is the bovine
growth  hormone polyadenylatiod region. See W094111026
and the expression vector disclosed therein. (vai)
Selactlon and 9=formation of heat came Suitable host
tells for cloning or expressing the DNA In the vectors
herein are the prokaryotes 10 yasK, or higher
eukatyote cells described above. Suitable prokaryotes
for this purpose Inuludo eubacteria,  such as
Oram-negative or Gram positive organisms, for example,
Entcrobacxarrlaceae such as Eacherrchka,  e.g" E. CA
lfhtwtbacter, Frwlnia, Klabaialkt, Proaeax,
Salmonella, e.g.. Salmonella typhlnturhrnr, Bureaus.
e g.. Serratla marcesc a4t, and Shlgdila: as well as
Bacilli such as a sabtflis and B. zichenj rnds (e.g.,
B.  ilchenifomts 41 P disclosed In DD 266,710
published 12 April 1989), Pscudomorars such as l:
aerugfnwsa, 15 and Streptomycea. one preferred B. coil
cloning bust is M. toll 294 (ATCC 31,446), although
other strains  such as B cafe B, & cwlf X1776 (ATCC
31,337), and it colt W31 10 (A2'CC 27,325) are
suitable. 17teso  examples are Illustrative rather
than limiting. Pull length antt7wdy, antibody
fragments, and antibody fusion proteins can be
produced in bacteria,  In particular when
glycosYtatlon and Fo effector function are not needed,
such as when the therapeutic 20 antibody Is conjugated
to a eyrotoxie agent (e.g., a toxin) and the
immunecotijugate by Itself shows  effectiveness in
tumor tell destruction. Full length antibodies have
greater half life In circulation.  Production in B.
cola is faster and more cost efficient. For expression
of antibody fragments and  polypeptides in bacteria,
sce, cg., U.S. 5.648,237 (Carter ci. al.), U.S.
5,789.199 (Ioly at al.), and U.S.  5.840,523 (Simmons
et at.) which describes translation initiation region
(TIi;) and signal sequences for 2$ optimizing
expression and secretion, thcsopatents Incorporated
heroin by reference. After expression, the  antibody
Is Isolated from the B. cell cell paste in a soluble
faction and can be purifled through, r -S., a prof in
A or O column depending on the Isotype. Final
purification can be carried out similar to the process
fts purifying antibody expressed e.g" in CHO calls. In
addition to prokaryotes, cukaryodc microbes such as
filamentous fungi or yeast are suitable  30 cloning or
expression hosts for CD20 binding andbody-encoding
vectors. Saccharornyces cercvislaee, or  common
baker's yeast, is the most commonly used among lower
eukatyode host microorganisms. However,  a number of
other genera, species, and strains are commonly
available and useful herein, such as
Schiwswccharomycer ponrbe; Xiuyvenvmyces hosts such
as, e.g.. K. tams.,, i glltr (ATCC 12,424), K.
bulgar&ars ybTCC 16,045), IC. wickeramil (ATOC
24,178). K waltlf (ATCC 56,500), K. dmsophflarum 35
(ATMX'. 36.906), K. thervnetolewaw, and  nuznlanus;
yarrowla (EP 402,226)t Pickle pastorir (FP  183,070);
Candida. Trichodarma reesia (EP 244,234)t Neurospara
craxrai Schwanrtfontyces such an  Schwannfontyces
occidentattr, and filamentous fungi such as, e.g.,
Neurosporr4 Penfrilliwn, Tolypocfadium.  and
Aspergiilus hosts such as A. nkhdw s and A. nlser.
.Suitable host cells for this expression of
glycosylated CT)20 binding antibody are derived from  



40 multicellular organisms. Examples of invertebrate
cells include plant and insect cells. Numerous
baculoviral strains and variants and corresponding
permissive Insect host cells from hosts such as Sj
odoptamfruglperda (caterpillar), Aedesaegyptf
(mosquito), Aeries albaplctur (mosquito). Drosoprlla
melwwgasler (friiitfly), and Sambyx mod have been
identified. A variety of vlrai strains for
transfcction are  publicly available, a., ., the T. i
variant of Aategraplut ealUbrnlca NPV and the Bm-5
strain of Bombyxrnor?  31 S NPV. and such viruses may
be used as the virus herein according to the present
invention, particularly for  transfection of
Spodoprerafragiperda cells. Plant cell Cultures of
cotton, corn, potato, soybean, petunia, tomato, and
tobacco can also he utilized  as hosts. However,
interest has been greatest In vertebratc calls, and
propagation of veTlebrate cells in culture  10 (tissue
culture) has become a routine procedure. Examples of
useful mammalian host cell lines are monkey  kidney
CVI line transfxtrmed by SV40 (COS-7, ATCC CRL 1651):
human embryonic kidney line (293 or  293 cells
subcloned he growth in suspension cultures, Graham e1
a4 J. Gen VftL 36:59 (1977)) : baby  hamster kidney
oohs (BIIK, ATCC CCf.10); Chinese hamster ovary
cells/-DFIFR (CHO. Urlaub et aL.  Pure: NetL Ac tt ScL
USA 77:4216 (1980)) 1 mouse senoli cells (M4, Madta.
WoL Reptrrd. 23243-251 15 (1980) k monkey kidney cells
(CV I A7= CCL 70); African green monkey kidney cells
(AFRO-76, A7 CC  CRL-1587); human cervical carcinoma
cells (1IBLA, ATCC CCL 2); canine kidney coils (MIXX,
ATCC  CCL 34): buffalo rat liver cells (BRL 3A, ATCC
CRL.1442); human lung calls (W138, ATCC CCL 75);
human liver cells (,flop G2. as 8065); maim mammary
tumor (MMT 060562. XXCC CCLSI); TRl calls  (Madder tf
at, AnnalsN.I', Aced StL 383.44-68 (1982)); MRCS
calls; F34 cells; and a human bepatoma 20 line (Rep
02). Host cells are transformed with the
above-described expression or cloning vectors for CD20
binding antibody production and cultured In
conventional nutrient media modified as appropriate
for  Inducing promoters, selecting transformants, of
amplIl$ng the Series cncoding the desired sequences.
(viii) CscUu ruythelwsf ee((s 25 The host cells used
to produce the CD20 binding antibody of this invention
may he cultured in a  variety of media. Commercially
available media such as Ham's FI b (Sigma), Minimal
Essential Medium  ((MUM). (Sigma). RP141-]640 (Sigma),
and Dulbeeco's Modified Eagle's Medium ((DMEM), Sigma)
are  suitable for culturing the host cells. In
addition, any of the media described in Ham et aL,
Meth. &*z. 58:44  (1979), Harneg at at, AsaL
Rtochem.102:255 (1980), U.S. Pat. Nos.
4,767,704-,4457,M, 4.927,7621 30 4.560,655: or
5,122,469; WO 90/03430: WO 87/00195; cc U.S. Patent
Re. 30.985 may be used as culture  media for the boot
cells. Any of these media may be supplemented as
neuozsary'with hormones and/or other  growth factors
(such as Insulin, transfeuin, or epidermal growth
facto), salts (such as sodium chloride,  calcium,
magnesium, and phosphate), buffers (such as HEPSS),
nucleotides (such as adonosine and  thyraidinc),
antibiotics (such as GENTAMYCIN"r drug), trace
elements (defined as inorganic compounds 35 usually
present at final c onctanmadons in the micromolar
range), 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 cultum conditions, such
as temperature, pH, and the like, are those previously
used with the host call selected for expression, and
will be apparent to the ordinarily skilled artisan. 



(Lr) Pur(fteatlara of arulbody 40 When using
recombinant teclntiques. the anlibody can be produced
intraoeilularly, in the  pariplasmic space, or
directly secreted into the medium. If the antibody is
produced intraeelivlarly, as a first  utcp, the
particulate debris, either host calls or lyst d
fragments, are rcmovcd, for example, by centrifugation
or ultrrafiltration. Carteret al., Rin/I"achnofogy
10:161-167 (1992) describe a procedure for isolating
antibodies which are secreted to the perlpiastnlc
space of & cofi. Briefly, cell paste is thawed in the
32 5 presence of sodium acetate (pH 3.5), BDTA. and
phcnylmethylsuJfonyifluoridc (PM.SF) over abou(30 min.
Coll debris can he removed by centrifugation. Where
the antibody is secreted into the medium, supernatants
from such expression systems arc generally first
concentrated using a commercially available protein
concentration fitter, $rr example, nrvAntlcoa
orMiliipom Peilicon ulttaflltrativn unit. A protease
Inhibitor  such as PMSF may be included in any ofthe
foregoing steps to inhibit pr3oteoiysls and
antibiotics may he 10 included to prevent this growth
of adventitious contaminants. The antibody composition
prepared from the cells can to purified using, for
example.  hydroxylapatitechromalography, got
elecdnphoresht, dialysis, and affinity chromatography,
with affinity  cbrotnatograpby being the pmfetred
purification technique. The suitability of protein A
as an affinity ligand  depends on the species and
Isotype of nay immunoglobulin Fe domain that is
present in the antibody. 13 Ptntcin A can be used to
purify antibodies that arc based on human yl, 72. or
y4 heavy chains (Lhahnark et  at , J, fmmanaL Aleut
621-13 (19$3)). Protein Gin recommended for alJ mouse
isolypes and for human 19  (Gave al A. F,M4O1.
5:15671375 (1986)). lyre mabdx to which the affinity
ligand is attached Is most often  agarose, but other
matrices are available. Mechanically stable matrices
such as controlled pore Sass or
poiy(styroned)vlnyl)benzene allow for faster flow
rates and shormr processing times than can be Achieved
20 with agarose. Whore the antibody comprises aQt3
domain, the Bakerbond ABXt*tresin (J. T. Baker,
Phillipsburg. NJ) is useful for purification. Other
techniques for protein purification such as
fractionation on  an ion-exchange column, ethanol
precipitation, Reverse Phase APLC, chromatography on
silica,  chromatography an heparin SBPHAROSWv
chromatography on an anion or cation exchange resit]
(such as  a polyaspartk acid column).
cliwmatofoeusLtg, SDS-PA(313, and ainmonlum sulfate
precipitation are also 25 available depending on the
antibody to be recovered Following any preliminary
purification step(s), the mixture comprising the
antibody of interest and  contaminants may be
subjected to low pH hydrophobic interaction
clmnmatographY using an elution buffer  at a pH
between about 2.5-4.5, peefetably perforated at low
salt concentrations from about 0-O.2$M  salt). 3t1
Antibody cogdugates The antibody may be conjugated to
a eytotoxlc agent such as a toxin or a radioactive
Isotope, in  certain embodiments, the toxin Is
calicheatnicda. a ntaytansinoid, a dolastatn.
auristatin 13 and analogs or  derivatives thereof, at
preferable. 35 Preferred drugsttoxha include DNA
damaglug agents, )tddbitors of m)cro(ubulo
polymer)zatlon or  dopolymcrixatkm and andmetaboiitc
s. Prcfcrred classes ofcytotoxic agents include, for
example, the  enzyme inhibitors such as dihydrofblate
teductase inhibitors, and ahymidylate synthase
inhibitors, DNA  



imerrcalators, DNA cite von, topoisamerase Inhibitors,
the anthracycline family of drugs, the vincadrugs, the
mitomycins, the bleomycins, the cyrctpxie nucleosides,
the pteridine family of drusg, dlynenes, the 40
poduphytlutoxins and differentiation inducers.
Particularly useful members of those classes include,
for  example, inethotrexate, methopterln,
dlebloromethorrexate $-fluorouraclt, 6-mercaptopurine,
cytosine  arabinoslde, ntdphalan, leurosine,
Jeurosideine, netinomycin, daunorubicin, doxorubicin,
N-(5.5- diacctoxypcntyl)doxorubicin,
morpholino-doxorubicin,
1-(2-choroehtlyl)-1,2-dimethanesulfonyi hydrazide,
Ns-acetyl spermidine, aminopterin methopterin,
esperatnicin, mitomycin C, mitomycin A, actinomyein,
33 S hlomtycln, carminomycin, aminopterln,
tallysoinycin, podophyUotoxid sod poduphyllotoxin
derivatives  such as eloposidc or ctoposide phosphate,
vinblastine, vincrlstine, viadesine, taxol, taxotere,
retinoic acid,  butyric acid, tat etyl sperntjdine,
camptothccin, calicheamkin. bryostatina,
cephalostatins, ansamimcln,  actosin, maylapsinolds
such ax DM-1, maytansjne, maytansivol, N-desmethyl-4,5
desepuxymaytansinol, C- 19-dechioromaytansinol,
C-20-hydroxymaytansinol, C-20-demetboxymaytansdnol,
C-9-$H maytansinol, C- 10 14-aikoxymethylmaytansinoi,
014-hydroxy or acetyloxymethimaytansinol, C-iS
hydroxy/acotyloxymaytansinol, C 15
tnnlitoxymaytarntinol, C-18-N dotnethylmaytanxinni and
4,5.  dcoxymaymnsino), aurf statins such as auristatin
S, M. PHS and P11: dolostatins such as dolostatln A.
doinawtln $, dolostatln C, dolostatln D, dnlnstatin Fi
{20-epi and 11-epi), dulostutin tL dolostatln H,
dolostatln 1, dolostatin 1, dolostatin 2, doloamdn 3,
dolostatia 4, dolustatitt 5, dolostatin 6, dolostatln
7. 15 dolostaiin 8, dulustatin 9, dolostatin 10,
deo-dolostato 10. dolostatin 11, dolostatin 12,
dolostatin 13.  dolostatn 14, dolattadn 15, dolostatln
16. dolostatln 17, anddoloatatin 18; cephalosmdns such
as  eephalostatin 1, cephalostatin 2, ccphaiostatin 3,
cephalostatin 4. cephalostatda 5, cephalostatdn 6,
cephalnstatin 7, 25=epi-cepba)ostailn 7,
20-Cpl-cephaiostatin 7, cepbalttstatin 8,
cephalastatin 9,  cophalostotin 10, cephaloataUn
I1,cephaiostatfn 12,cephalostatin 13,ccphalostatin 14,
cephalostatin  20 15.cephalostatin 16,cephalostatht
17, cephalostatin 18. and cephalusbOn 19..
Mayranstcolds ate mitototio inhibitors which act by
inhibiting tubulin polymerization. Maytansine  was
first isolated from the east African shrub Maytenres
sarraw (U.S. Patent No. 3,896,111). Subscyucntly,  It
was discovered that certain mkmbes also produce
tnaytansinolds, such as maytanslnol and C-3
tnaytam4nol snort (U.S. Patent No. 4,151,042).
Synthetic maytanxlnal and derivatives and analogues
25 thereof are disclosed, for example, in U.S. Parent
Nos. 4,137,230; 4,248,870; 4,256,746; 4.260.608:
4,265,814; 4,294,757; 4,307,016.4,308,208; 4,308,209;
4009A28; 4,313,146; 4,315,929; 4,317,821;  4.322"348;
4,331,598; 4,361,650; 4,364,866; 4,424,219; 4,450,254;
4,362,663; and 4,371,533, the  disclosures of which
are hereby expressly incorporated by referent
Maytansine and maytansinoids have been conjugated to
antibodies specifically binding to tumor  30 cell
antigens. lmmunoconjugatas containing maytansinoids
and their therapeutic we are disclosed, for  example.,
in ITS. Patent Nns..%,20$,020, $.416.064 and Hutsmean
Patent HP 0 424 285 R 1, the dicclnsures of  which are
he mhy cxprcssly incorporated by refcrcnec. Liu et at,
Prta:. Nat]. Acad. Saes. USA 93:8618.8623  (1996)
described bnatunoeonJugares comprising a tnaytansinoid
designated DM1 linked to the monoclonal  anldbody C242
directed against human colorectal cancer. The
conjugate was found to be highly cyroroxic 35 towards
cukurtxi colon cancer cells, and showed antitumor
acdvity In an In wive tumor growth assay. Chars  et at
_Canocr Zes ". :127-131(1992) describe
ltnwwroconjugates In which a maytanshsold was 



conjt aced via it d1mulf"ido linker to the murine
antibody A7 binding to an antigen on human colon
cancer cell  lines, or to another murine monoclonal
antibody TA. I that binds the HERo2/neu oncogene. ncm
are many linking groups known In the an for making
antibody-maytansinoid conjugates,  40 including, for
example. those disclosed in U.S. Patent No. 5,208,020
or EP Patent 0 425 235 B 1, and Chan  et net
CancerResearch 52: 127-131 (1992). The linking groups
include disufide groups, thicether groups,  acid
Jab11e groups, photoiabile groups, peptidase labile
groups, or esterase lablio gmups, as disclosed In the
above-ideutdfled patents, disulfide and
thioethergroups being preferred. 34 S Conjugates of
the antibody and maytansinoid may be made ushcg a
variety of bifunctional protein  coupling agents such
as N-succinlntldyl-3-(2-pyridyldithio) propionate
(SPDP), suceinunidyl-4-(N- maleitnidoaltethyl)
oyclohexane-l-c:vboxylatc, iminothiolane (IT),
biflinctional derivatives of imidnesters  (such as
dimethyl adipimidato HCL), active esters (such as
disuccinimidyl subctatc), aldehydes (such as
glutaretdehyde), hisazido compounds (such as No
(p-azJdobenzoyi) hexanedlamine), his.diazonitatt 10
derivatives (such as
bin-(pdiaramiwnbcnzoyi}ethyienediamine). dlisocyanates
(such as toluene 2,6- diisocyanate), and ble-active
fluorine compounds (such as
1,5-difluoro-2,4-dinltrobenzeae). Particularly
proferrod coupling agents Include
N-ncclntmidyl-342-pyridyldithlo) propionate (SPDP)
(Curissos ar at.  .9inrhrm /. 173.723-737119781) and
N-succlntmldyl-4-(2-pyridy)thio)pentanoate (SPP) to
provide fur a  disulfide linkage, 1S The linker may be
attached to the mayransinoid molecule at various
positions, depending on the  type of the link. For
example, an ester linkage may be formed by reaction
with a hydroxyl group using  conventional coupling
techniques. he reaction may occur at the C-3 position
having a hydroxyl gawp, the  C-14 position modiilcd
with hynloxymethyl, the C-15 position modified with a
hydroxyl group, and the C- 20 position having a
hydroxyl group. in a preferred embodiment, the linkage
is formed at the G3 position  20 of maytansinol era
maytansluol analogue. Calkheamicin  Another
immunocoallagate of interest comprises an C020 binding
antibody conjugated to one or  more caiichcamicin
molecules. 271. call)cheamicin family of antibiotics
are capable of producing double- stranded DNA breaks
at sub-picomolar concentrations. For the preparation
of conjugates of the  calicheamlcin family, see 114.
patents 5.712,374, 5,714,586, 5,739,1 t 6, 5,767,2315,
5,770.701, 5,770,710.  5,773.001, 5,877,296 (all to
American Cyanamid Company). Structural analogues of
calicheamlcln which  may be used Include, but are not
Umjted to, -11, cQ, as', N-acetyl rte, PSAO and
W1(Hinman et at Cancer  Rescamh 53:333&3342 (1993),
Lode eraL CanearReseanli 58: 2925-2928 (1998) and the
aforenteniiomd 30 U.S. patents to American Cyanamid).
Another anti-tumor drug that the antibody can be
conjugated is QFA  which ice an anrifohim Roth
namt,,,nw,, ant QPA fiam intmcclltilnr cafes nfnetltrn
xnri,in not rttadity  cross the plasma membrane.
71tepa brc, c llular uptake of these agents through
aatlbody mediated  hrternallntioa greatly enhances
their cytotoxic effects. 3.5 Radloactivc inasoper For
selective destruction of the tumor, the antibody may
comprise a highly radioactive atom, A  variety
ofradloactlve isotopes are available for the
production of radkwonjugatcd anti-CD20 antibodies.
Fixamplcs include Acv', ]'r'. V21. X'a, Pe'aa, k.1ib.
Smt'a, flis1x pal, pV11 and rodiaactivs isotopes of
Lu.  



When the conjugate is used for diagnosis, It may
comprise a radioactive atom for scintigraphie studies,
for 40 example ta' or I"t or a spin label for nuclear
magnetic resonance (NMR) Imaging (also known as
magnetic resonance imaging, curt), such as iodine-123
again, iodine-137, indium-111, fluorine-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
peptlde may be biosynthesized or may be synthesized by
ebcmivuJ amino acid %ynthcsis using suitable amino  35
S acid precurmrs Involving, for example, fluorine-19
In place of hydrogen. Labels such as roTor 1'23,
.Re'ah,  R&'ss and In'ut can he attached via a
cystuinc residua in the peptides Yttrium.90 can be
attached via a lysine,  residue. The IODOQJ3N method
(Prakeret al (1978) Biochem. Aiophys. Res. Commun.
80:49-37 can be  used to incorporate iodine. 123.
"Monoclonal Antibodies ht Imntunoscintigraphy"
(Chatal.CRC Press 1989)  describes other methods bt
detail. 10 Conjugates of the antibody and cytoraxic
agent may be made using a variety of bifunctional
protein  coupling agents such as
N-suceinimidyl.3-(2.pyrldyldithio) propionate (SPDk),
suodnimidyl-4-(N- malelnddomcthyl)
cyclohexane-l-carboxylatc, Iminnthktlane (IT),
blibnctlonal derivatives of intidoestets  (such as di
methyl adipin idate HCL), motive esters (such as
disuccinimidyl suberare), aidehydes (such as
giutaruldchydo), hin-azkto compounds (such as bis
(p-uzldobanzoyl) hexanediam#rw), bin-diamnlum 15
derivatives (such as
bis-(p-dlazoniumbenzoyl)-cthylenediamine),
diisocyanates (such as tolyane 2,6- (Iitaneyanate),
and Ws-active fluorine compounds (.such as
1,5-difluoro-2,4-dinitrobenzcnc). For example, a
ricin imntuaotoxln can be prepared as dcscribcd in
Vitetta et al: Science 238:1098 (1987). Carbon-l4-
labeled 1-isothiocyanatobcm:yl-3-mcthyldiethylene
triaminepeoteacecie acid (114X-DTPA) is an exemplary
chelating agent for conjugation of radionucloot de to
the antibody, See W O94/11026. The linker maybe a 20
"clcavabla linker" facilitating release of the
cytotoxic drug In the cell. For example, an
acid-labile linker,  peptidase-sensitdve linker,
photolabile linker, dimethyl linker or
disulfide-containing Unker (Char] eta].  CwwerRercarch
32: 127.131(1992); O .S. Patent No. 5,2011,020) may be
used. Therapeutic Uses of the CD241 binding Antibodies
25 The CD20 binding antibodies of the invention are
useful to treat a number of malignant and non-
malignant diseases including autuimmune diseases and
related conditions, and CD20 positive cancers
including B cell lymphomas and leukemia Stem calls
(B-cell progenitors) in bone marrow lack the CD20
antigen. allowing heal by Beeps to regenerate after
treatment and return to normal levels within several
months. 30 Autoinunune diseases or autoImmune related
conditions include arthritis (rheumatoid arthritis,
juvenile rheumatoid arthritis, o slaoarthritls,
psoriadc arthritis), psorlasis, dermatitis Including
atopic  dermatitis; chronic autuimmunc urticaria,
polymyosids/dsnmatomyositis, toxic eplderntal
rxtaolysls,  systemic seleraderma and sclerosis,
responses associated with Inflammatory bowel disease
(IBD) (C rohn s  disease, ulcerative colitis),
respiratory distress syndrome, adult respiratory
distress syndrome (ARDS), 35 meningitis, allergic
rhinlds. encephalitis, uveltis, colkis,
glomAculonephrltls. allerglo conditions, eczema,
asthma, conditions involving infiltration of T culls
and chronic inflammatory responses, atherosclerosis,
nutolmtrtune myoeardids, leakocyoe adhesion
deficiency, systemic lupus erythematosus (SIR). lupus
(Including aephrltJs, non-renal, discoid, alopecia),
juvenile onset diabetes, multiple sclerosis, allergic



enoephalomyelitls, Jmmune responses associated with
acute and delayed hypersensitivity mediated by  40
cytoklacs and T-lymphocytes, tuberculosis,
sarcoldosis, granulomalosls including Wegener's
granulomatosis, agranultxryulsis, vast,.ulitis
(including ANCA), aplastie anemia, Cocmbs positive
uncmia,  Diamond Blackfan anemia, immune hemolytic
anemia including autoimmune hemolytic anemia (ATHA),
pernicious anemia, pure red cell aplasla (PRCA),
Factor Viii deficiency, hemophilia A, autolrnmune
neurrnpenia, ptincytopenia, leukopenla, discuses
involving leukocyte diapede,5in, MS inflammatory 36 5
disorders, multiple organ injury syndrome, myasthenia
gravis, antigen-antibody complex mediated diseasac,
anti-*lomcrular basement membrane disease,
anti-phosphulipid antibody syndrome, allergic newitis.
Becbct  disease. "Women's syndrome, Goodpasture's
Syndrome, Lambert-Eaton Myaslhcnie Syndrome, Roynaud's
syndrome. Sjorzen's syndrome, ,Stevens-Johnson
syndrome, solid organ transplant rejection (Including
pretreatanent for high panel reactive antibody titers,
IgA deposit In tissues" etc), graft versus host
disease 10 (GVHD), pemphfgoid bullous, pomphigus (at)
including vulgarfs, foliaceus), autofmmune
polyendocrinopathics, Reiter's disease, stiff--mart
syndrome, Out cell arterits, Immune complex nephritis,
IgA nephropathy, ISM polynouruputhies or IgM mediated
neuropathy, idiopathic thrombooywpomie purpura  (TM,
rhrombode ihrobocympenia purpura (77P), autoimmune
thromboeytopenl*, autoimmunc disease of  the leads and
ovary including autoimupe orchids and oopbwids,
primary hypothyroidism; autoimmnne 15 endocrine
diseases including autoimaiune thyroldlds, chronic
thyroiditis (Hashimoto's 1hytolditis), subacute
thyroiditis, idiopathic hypothyroidism. Addison's
disease, Grave's disease, autolmmunc polyglandular
syndromes (or polyglandWar endocrinopmhy syndromes).
Typo I diabetes also referred to as Insulin- dependent
diabetes mellitus (APDM) and Sheehan's syndrome;
autaimmune hepatitis, Lymphoid interstitial  preumon
iris (HIV), bronebiolitis oblitetans (non-transplant)
vs NSW, (3oillain-Barre' Syndrome, Large 20 Vessel
Vascullus (including Folymyalgia Rhoumatioa and Giant
Cell (Thkayasu's) Arteritis), Medium  Vessel
Vasculitis (including Kawaseld'sDisease and
Pvlyartoritis Nodose), ankylosing spondyllris,
lerger's  Disease (lgA neplropathy), Rapidly
Progressive Glomcndunophritis, Primary biliaty
cirrhosis, Celiac sprue  (gluten enteropathy),
Cryogiobullaemia. ALS. coronary artery disease. 020
positive cancers are those comprising abnormal
proliferation of cells that express CD20 on  25 the
call surface. The CD20 positive B cell neoplasms
Include C D20-positive Hodgkin's disease including
lymphocyte predominant Hodgkin's disease (l.fliD);
non-Hodgkin's Jyinpboina (N1IL); follicular center
cell (FCC) lymphomas; acute lymphocytic leukemia (AI.i
); chronic lymphocytic leukemia (CLL): Hairy  cell
leukemia. The non-Hodgkins lymphoma include low
gradelfollfcular non-Hodgkin's lymphoma (N.HL).  small
fympbocytic lymphoma (SA), intermediate grodeilbl
llcuhar NHL, intarnredlate grade d)ffitse NUUL. 30
high grade lmrounoblastic NIiL, high grade
tymphoblastfc NHL, high grade small non-cleaved call
NHL.  bulky ithnan Nltt, piasrnaryteld lymphocytln
lymphoma, mantle call lymphoma. AIRS- rotated lymphoma
and Waldenstrom's macroglabulincmia. Treatment of
relapses of these cancers am also contemplated.  LPJJD
is a type of tlodgkJ4 disease that tends to relapse
frequently despite radiation or chemotherapy
treatment and Is ebaracteriarod by 0020-positive
malignant calls. CIJ. is one of four major types of 35
leukemia. A cancer of mature B-cells called
lymphocytes, CI.L is manifested by progressive
accumulation  of calls in blood, bone aiauow and
lymphatic tissues. In tpcoific cmbodimcots, the
humanized CD20 binding antibodies and functional
fragments thereof  



are used to treat non-Hodgkin's lymphoma (NHL),
lymphocyte predominant Hodgkin's disease (LPED),
small lytnphoeytlc lytnphoma (SLL). chronic
lyrnphocytie leukemia, rheumatoid arthritis and
juvenile 40 rheumatoid arthritis, systemic lupus
crythcmatosus (SLB) including lupus nephelis,
Wegener's disease,  lnfimnrnatory bowel disease,
idiopathic thromhocytopenic purpura (1TF), thrombotic
ttrobmytopcnic  purpura (711?),autolmmune
thromhocytopenia, multiple sclerosis, psoriasis, IgA
ncphmpathy, IgM  polyneuropatities, myasthenia gravis,
va,wnlitis, diabetes mellitus, Rcynaud's syndrome,
Sjorgcn's syndrome  and glomeruloneplrltis, 37 5 The
humanized CD20 binding antibodies or functional
fragments thereof are useful as a single- agent
treatment in, e.g., for relapsed or refractory low
grade or follicular, CD20-positivc, B-coil NHL, or can
be 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 remission and relapse. In one
embodiment, the  10 humanized CD20 binding antibodies
or functional fragments theraot are used to treat
indolent NHL. Tote parameters for assessing efficacy
or success of treatment of the neoplasm will be known
to the  physician of skiff in the appropriate disease.
CMnerally, the physician of skill will look for
reduction in the  signs and symptoms of the specific
diseasm. Parameters can include median time to disease
progression,  time in remission, stable disease. 15
The following references describe tympbontas and CLI,
their diagnoses, treatment and standard  medical
procedures for measuring treatment efficacy. Candles
OP, Lister, TA, Sklar 7Lt The Lymphomas.  W.R.Saundera
Company, Philadelphia, 1998; van Barden K and
Cabanifas,1+: Clinical Manifestations,  Staging and
Treatment of Non-Hodgkin's Lymphoma, Chap, 70, pp
1293-1336, in: Hsmatology, Bask  Prhw plea and
Practice, 3rd ed. Hoffman et ad. (editors). Clmrcbif
Livingstone, Philadelphia, 2000: and ltai, 20 K and
Patel, D:Chronlc Lymphocytic Leukemia, Chap. 72, pp
1350.1362, in: Fletnaxology, , Basic Principles  and
Practice, 3rd ed. Hoffman et of. (editors). Churchill
Livingstone, Philadelphia, 2000. The parameters for
assessing efficacy or success of treatment of an
autoimmune or autoimmunc  related disease will be
known to the physician of sidil in the appropriate
disease. 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
examples. In one embodiment, the antibodies of the
Invention are useful to treat rheumatoid arthritis. RA
is  characterized by Inflammation of tmddple joints,
cartilage loss and bone erosion that leads to joint
destruction and ultimately reduced joint function.
Additionally, since RA is a systemic disease, heap
have  effects In otter tissues such as the lungs, eyes
and hone marrow. fewer than 50 percent of padems who
34 have had MA for more than 10 yews can continuo to
work or function normally on a day-to-day basis. The
antibodies can be used as first li no therapy In
patients with early RA (i.o., metbotrexate QviFX)
naive) and as monotharapy, or In combination with.
e.g" MTX rr cyalopbo spbamlde. Or, the antibodies can
be used In treatment as second-line therapy for
patients who were DMARTJ and/or MTX xefrae(ory, and as
monotherapy or In combination with, vg., MTX. The
humanized CD20 binding antibodies we useful to 35
prevent and control joint damage, delay structural
damage, decrease pain associated with Inflammation in
RA, and generally reduce the signs and symptoms in
moderate to severe RA. The RA patient can be treated  



with the humanized CID20 antibody prior to, after ox
together with treatment with other drugs used in
treating ItA (sae combination ihetapy below). In one
embodiment, patients who had previously failed
disease-modifying antirheunatic drugs and/or had an
inadequate response to methotre*ate alone are treated
40 with a humanized CD20 binding antibody of the
invention. Lt one embodiment of this treat., Cat, the
patients  arc in a l7-day ircatment regimen receiving
humanized CD20 binding antibody alone (Ia Iv Infusions
on  days I and 15); CD20 binding antibody plus
cyclophosphamide (750mg iv infusion days 3 and 17): or
CD20  binding antibody plus mcthotrcxatc. 38 5 One
rnethod of eva)uating treatment efficacy in RA is
based oa American College of Rheumatology  (ACR)
criteria, which measures the percentage of improvement
In tender and swollen Joints, among other  things, The
RA patient can be scored at for example, ACI1. 20 (20
percent improvement) compared with no  antibody
treatment (a.g" baseline befara teatmeot) or treatment
with placebo. Other ways of evaluating the  clfcacy of
antibody treatment include X-ray scoring such as the
Sharp X-ray score used to scum structural 10 damage
such as born; erosion and Jahit space narrowing.
Patients can also h4 evalunted for the prevention of
or Improvement In disability based on Health
Assessment Questionnaire rRAQJ score, AIMS score,
$I7-36 at  time periods during or after treatment The
ACR. 20 criteria may include 20% Improvement in both
tender  (painful) ,joint count and swollen joint count
plus a 20% improvement in at least 3 of 5 additional
measures:  1. patient's pain assessment by visual
analog scale (VAS% I.5 2. patient's global assessment
of disease activity (VAS), 3. physician's global
assessment of disease activity (VAS), 4, patient's
self-assessed disability measured by the Health
Assessment Questionnaire,  and S. acute phase
reactant, CRP or IRSR.  20 no ACR 50 and 70 are
defined analogously. Preferably, the patient Is
administered an amount of a CD20  binding antibody of
the invention effective to achieve at least a stare of
ACR 20, preferably at least ACR 30,  more preferably
at least ACR50. even more preferably at least ACR70,
most preferably at least ACR 75 and  higher. 2$
Psoriatic arthritis has ualque and distinct
radiographic fcaturea. For psoriasie arthritis, Jolat
erosion  and joint space narrowing can be evaluated by
the Sharp stem as well. The humanized CD20 binding
antibodies of die Invention can be used to prevent tBe
joint damage at well as reduce disease signs and
symptoms of the disorder. Yet another aspect of the
invention is ;L method of treating Lupus or SI.E by
odnilnistering to the 30 patient suffering from STY, a
therapeutically effective amount of a humanized CD20
binding antibody of the  invention. SLBDAI scows
provide a numerical quaotitatioo of disease activity.
The SLEDAI is a weighted  index of 24 clinical ad
laboratory parameters known to correlate with disease
activity, with a numerical  range of O-103, sea Tlryan
pescuk & John Davis, "Novel therapeutic agent for
systamlo lupus  erylhematosus" In Current Opinion In
Rheutratology 2002,M515421. Antibodies to
double-stranded DNA 3$ arc believed to cause renal
flares and other manifestations of lupus. Patients
undergoing antibody treatment  can be monitored for
time to renal flare, which Is defined as a
significant, reproducible increase in serum  



crcarinine, urine protein or blood in the urine.
Alternatively or in addition, patients can be
monitored for  levels of antinuclear antibodies and
antibodies to double-stratided DNA. Tteamtents for
SLIT Include high- dose corticosterolds and/or
eyutophtmphamlde (HAM). 40 Spondyltxuthropathies are
it group of disorders of disjoints, including
ankylosing spondytitis,  psorlatic arthritis and
Crnhn's disease. Treatment success can be detamtined
by validated patient and  physician global assessment
measuring tools. Various medications arc used to treat
psoriasis; treatment differs directly In relation to
disease  severity. i'adents with a more mild form of
psorlasis typically utilize topical treatments, such
as topical  45 steroids, anthralin, cnicipotEene,
olobetasol, and ta7arotene, to manage the di$earc
while patients with moderate and severe psoriasis arc
more likely to employ systemic (rnethotirexate,
retinbids, cyelosporine,  3) 5 PUPA and UVT3)
therapies. Tars are also used. Those therapies have a
combination of safety concerns, time  consuming
regimens, or inconveigent processes of treatment.
Furthermore, some require expensive  equipment and
dedicated space in the office setting.. Systemic
medications can produce serious side effectst
Including hypertension, byporlipidcmia, bone marrow
suppression, liver discasc, kidney disease and
gastrointestinal upset. Also, the use of photoilierapy
can increase the incidence of skin cancers. In
addition J O to the inconvenience and disarmfott
associated with the use of topical therapies,
phototherapy and systemic  treatments require cycling
patients on and off therapy and monitoring lifetime
exposure duo to their side  effects. Treatment
efficacy for psoriasis is assessed by monitoring
changes in clinical signs and symptoms  of the disease
including Physician's Global Asscsstnent (MIA) changes
and Psoriasis Area and Severity J5 Index (PAST)
scores, Psoriasis Symptom Assessment (PSA), compared
with the baseline condition. The  patient can 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 reacitoni or
infusion-related symptoms with their first infusion
of a therapeutic antibody. These symptoms vary In
severity and generally are reversible with medical 20
intervention. These symptoms include but are not
limited to, flu-like fever, chilTsMgors, nausea,
uriiearia,  headache, broachospasm, angioodcma. It
would be desirable for the disease treatment methods
of the  present invention to minimize infusion
reactions. Thus, anotha' aspect of the invention is a
method of  treating the disaa as disclosed by
administering a humanized CD20 binding antibody
wherein the antibody  has reduced or no complement
dependent eytotoxicity and results in reduced infusion
related symptoms as 24 compared to treaunent with
Rituxan(r). In one embodiment, the humanized CD20
binding antibody is  2k17.vl10. Depending on the
indication to be treated and factors relevant to the
dosing that a physician of skI1J  30 in the field
would be familiar with, the antibodies of the
invention will be adAnbtlstcred at a dosage that is
efficacious far the treatment of that indication
whilst miettnizing toxicity and side effects. For the
treatment  oif a CD20 positive cancer or an autoimmunc
disease, the therapeutically effective dosage will be
in the  range of about 25Umg/ms to about 400 mghat or
500 mgli"x, preferably about 250-375mgfm=. In one
embodiment, the dosage range is 275.375 mg?m2, In one
embodiment of the treatment of a CD20 positive 13 ,45
call neoplasm, the antibody Is administered at a range
of 300-375 mg/ms. For the treatment of patients  



suffering from B-cell lymphoma such as non-l3e4gkins
lymphoma, in a spou fie embodiment, the anti-CP20
antibodies and humanized anti-=0 antibodies of the
invention will be administered to a human patient at a
dosage of 10mg/kg or 375mg/mt. Pot treating NHL, one
dosing regimen would be to administer one dosa of  the
antibody composition a dosage of lontg/kg in the first
week of treatment, followed by a 2 week interval, 40
then a second dose of the same amount of antibody is
administtnd. 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 NHL receive four weeks of a version of
humanized  2H7. preferably v16 (375 mgfm2 weekly)
followed at week five by three additional courses of
the antibody  plus standard CHOP (cyclophosphamide,
doxorubicin, vincristinc and prednisone) or CVP 40 5
(cyclophosphamidc, vincristine, prednisone)
chemotherapy, which was given every three weeks for
three  cycles, For treating rheumatoid arthritis, in
one eutbodirncnt, the dosage range for the humanized
antibody  is 125mghnt (equivalent, to about
200mg/dosc) to 600mg/ro2, given in two doses, erg, the
first dose of  200ntg is administered on day oat
followed by a second dose of200mg on day 15. In
different 10 embodiments, the dosage is 230mg/doxe,
275mg, 300urg. 325mg, 350mg, 375mg, 400mg, 425mg.
450mit6  475mg, S00mg, 525mg, 33Omg, 575mg, 600mg. In
treating discaxe, the CD20 binding antibodies of the
invention can be administered to the patient
chronically or Intermittently, as determined by this
physician of skill in the disease. A patient
adminlstei cI a drug by intravenous infusion or
subcutaneously may experience adverse  IS events such
as raver, chills, burning sensation, astbcnlaand
headache. TO alhwiate or mhsito)se such  advcrso
events. the patient may receive an initial
conditioning dose(s) of the antibody followed by a
therapeutic dose. The conditioning dose(s) will be
lower than the tberapoutte dose to condition the
patient to  tolomte.higher dosages. 20 Route of
admintsrradon The CD20 binding antibodies are
administered to a human patient in accord with known
methods,  such as by intravenous administration, e.g.,
as a Was or by continuous infusion over a period of
time, by  subcutaneous, intramuscular, intrape
itoneal, intrncerohrospinal, bore-ardctilar,
intrasynovial, intra, thecal, or  Inhalation routes,
generally by intravenous or subcutaneous
administration. 25 In on entbodimen4 the humanised 2H7
antibody is administered by Intravenous infusion with
0.9%  sodium chloride solution as an infusion vcbiclo.
C'omblxation Therapy in fluting the B cull neoplasms
described above, the patient can be treated with the
CD20 binding  30 antibodies of the present invention
in conjunction with one or more therapeutic agents
such as a  ehometharapoarfo agent in a
mulddrugreginkon. The 020 binding antibody can be
adminixtorcd  concurrently, sequentially,
oraltcrnating with the cbemothempentio agent; or after
non.responsivcness with other therapy. Standard
chemotherapy fw lymphoma treatment may include
cyclophosphamido, cytarabhte.  melpbalan and
tnhoxaatrone plus melphalan. CHOP Is orris of the most
common chemotherapy regimens  35 for ,mating
Non-Hodgkitt's lymphoma. The following are the drugs
used In the CHOP regimen: cyciophosphamide (brand
names cytoxan, neosar); adriamycin (doxorablein /
hydroxydoxorubkbk);  



vincristint (Oncovin); and prednleoTone (st randntes
called Deltasone or Oregon). In particular
ombodintesu s, the CD20 binding antibody is
administered to a patient in need thereof in
combination with  one or more of the following
chemotheropeudc agents oIdoxorublcln,
cyclophosphamide, vineristinc and 40 pre dnisolone, in
a specific embodiment, a patient suffering from a
Jymphoma (such as a nonHodgltin's  lymphoma) Is
treated with an untl-CD20 antibody of the present
invention in cot?junction with CHOP
(oyelophosphamide, doxoitibicin, vinexistino and
prednisone) therapy. In another embodiment, the cancer
patient can be treated with it humanized CD20 binding
antibody of the invention in combination with CVP
(cyclophosphamide, vincristine, and prednisone)
chemotherapy. In a specific embodiment, the patient 41
5 suffering from CD20-positive NHL is treated with
humanized 2117.v16In coiguncdon 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 fludarabioc and
cytoxan. In treating the autoimmuna diseases or
aumimmunc related conditions dcawibcd above, the
patient  can be treated with the CV20 binding
antibodies of the present invention in conjunction
with a second 10 therapeutic agent, such as an
Immunosuppressive agent, such as in a mold drug
regimen. The CD20 binding  andhrtdy can ho
administered uuncurnantly, sequentially or alternating
with the lmraunosuppiessive agent or  upon
non-responsiveness with other therapy. The
hnmunosupprea cave agent can be administered at the
name or laswr dosages than as set forth In the an, The
preferred adjunct itwnunosuppresslve agent will
depend an many factors, including the type of disorder
being treated as well as the patient's history. 15
"h'mmunosuppresAive agent" as used herein for adjunct
therapy rofcrs to substances that act to  suppress or
mask the immune system of a patient Such agents would
include substances that suppress  eytoldne production,
down regulate or suppress self-antigen expression, or
mask the MT3C antigens.  13xampks of such agents
Include. steroids such as glueocordeosteroids, e.g.,
prednisone, methylprednisolone,  rind dexametbasone;
2-omino-6-aryl-5-substltutcd pyrimidines (see V.S.
Pat. No. 4,665,077), azathioprina 20 (or
cyelophosphamide, if there Is an adverse reaction to
azathioprine): bromoetyptirte: gluttttaldehyde (which
masks the MHC antigens, as described in U.S. Fat. No.
4,120,649); anti-Idiotypia antibodies for MHC
antigens and MHC fragments; eyclosporin A; cyteldnc or
cytokino receptor antagonists Including ant-
intcrferon-y, -j3, or -a antibodies; and-tumor
necrosis factor-a antibodies; anti-honor necrosis
factorp  antibodies; anti-intcricukin 2 antibodies and
anti-IL-2 receptor antibodies; anti-L3T4 antibodies;
25 hctcrologuus anti-lymphocyte globulin; pan
Tantibodies, preferably and-CM or and-CDOCI),la
antibodies; soluble peptide containing a LFA-3 binding
domain (WO 9=81 87 published 7/2(/90);  strcptnkinano;
T(W43; stroptntinmase; RNA or DNA from the host;
P1(504 RS-61443; dcoxyspcrgualin;  repamyrin: T-cell
receptor (U,S. Pat. No. 5,114,721): T ce)l
receptorflvgments (Ofeer eral., Scfencie  251:430.432
(1991); WO 90111294, and WO 9]01133): mild T cell
receptor antibodies (HP 340,109) such an  30 TIOB9.
For the treatment of rhewnatold arthritis, the patient
can be treated with is CD24 antibody of the  invention
in conjunction with any one or more of the fofowinl=
drugs DMARDS (disease-ntoditying anti- rheumatic drugs
(e.g., mcthutrcxate), NSA1 orNSATD (non-steroidal
antidnflammatory drugs). Hi1MIRA'n+ (adalintulnab;
AbbomiAlimamrica), ARAVA(r) (Ieflunomide). REMICADEO
(inRlximab:  35 Comncnr The., of Malvern, Pa), ENT3RW,
(et mctccpr Itmnunex, WA), COX-2 Inhibitors. DMARDs  



commonly used In RA are bydruxycloroquine,
sulfasalazinc. ntcthotrexate, Ioflunomide, etanercept,
Inflixirrrub, azathioprine, D-penicillamine, Gold
(oral), Gold (intramuscular). minocycllne,
cyclosporinc,  Smphyloeaccul protein A
iatntunnadsorption. Adathnuntab is a human monoclonal
antibody that binds to  TNFa. Infliximab Is a chimeric
monoclonal antibody that binds to TNFc. Etanercept is
an 41) "immunoadbesin" fusion protein consisting of
the extracellular ligand binding portion of the human
75 1D  (p75) tumor necrosis factor receptor ('MM
linked to the Fe portion of a human -SCI. For
conventional  treatment of RA, see, e.g., "Guidelines
for the management of rheumatoid arthritis" Arthritis
A Rheuntadsrn  46(2); 328-346 (February, 2002). In a
specific embodiment, the RA patient is [crated with a
0)20 antibody 42 5 Of the invention in conjunction
with metbotrexate (MTX). An exemplary dosage of MTX is
nbout 7.5- 25 mg/k&/wk. MTX can he administered orally
and subcutaneously. For the treatment of ankylpsing
spondylit s, psorladc arthritic and Crohn's disease,
the patient can  be treated with a CD20 binding
antibody of the invention in conjunction with, for
example. Remicadedb  (lniliximab; from Centocor lac.,
of Malvern, Pa.), LcNBREL (etanercept; innnunex, WA).
10 Treatments for SLE include high-dose
corticosteroids and/or eyclophosphamlde (HDCC). For
the treatment of psoriasis, patients can be
administered a C=G binding antibody in conjunction
with topical Iroatmantx, such as topical steroids,
anthralia, calcipotrione, olobetasol, and tazarotene,
or with  mathotruxate, rednokds, cyclosporine, PUVA
and UVB therapies. In one embodiment, the psoriasis
patient  is treated with the CD20 binding antibody
sequentially or concurrently with cyclosporiae. is
Pharmaceutical Formtdal ons Thampeutic formulations of
the CD20-binding antibodies used In accordance with
the present  invention are prepared for storage by
mixing an antibody having the desired degree of purity
with optional  pharmaceutically acceptable t:arriem,
exeipients or stabWzers (Rem ingroa s Pharmacefrlical
Sciences 16th 20 edition, Osol, A. Ed. (198{1)), to
the form of lyophilized formulations or aqueous
solutions. Acceptable  carriers. excipienis. or
stabilizers are nontoxic to recipients at the dosages
and concentrations employed, and  include buffers such
as phosphate, citrate, and other organic acids;
antioxidants including ascorbic acid and  methiunine;
preservatives (such as octedccyldimcthylbenzyl
ammonium chloride; hsnmethoaium chloride;
bcnzalkumium chloride, bcnzathonium chloride; pheno),
butyl or benxyl alcohol; alkyl parabons such as 25
methyl or propyl paraben; caldehol; resorcinol;
cyclohexanol; 3pentanolt and To-cresol), low wolecuJar
weight (less than about 10 residues) polypeptides;
proteins, such as scrum albumin, gelatin, or
immunaglohntins; hydrophilic polymers such as
olyvinylpyrrolidnnc; amino acids such as glycinc,
gtutamloe, asparagine, bisddine, arginlne, or lysine;
monnsaccharides, dlsacehmides, and other
carbohydrates Including glucose, mannose, or dextrins;
cbelating agents such as EDTA; sugars such as 30
sucrose, mannitol, trchaloso or sorbitol; salt-forming
counter-ions such an sodium; metal complexes (e.g. 7A-
pxntcin txmiplexes); and/or non-ionic surfactants such
as TWRRNm. PLUROMCStt or polyethylene glycol  (PRC1).
Exemplary anti-CD20 antibody forrulations are
described In W09813641 B, expressly Incorporated
heroin by reference. Another tlmnulatioa Is a liquid
multidosa formulation comprising the anti-CU20 35
antibody at 40 mg/ml, 25 mM acetate, 150 mm trehalose,
0.9% bony/ alcohol, 0.02%polyanbato 20 at pH  



5.0 that has n minimum sholf lift of two years storage
at 2-8C. Another anti-CD20 formulation of Interest
comprises romg/mL antibody in 9.0 mg/mT. sodium
chloride, 7.35 ntg/n)L sodium citrate dihydrate,
0.7mg/mL polysorbato g0, and Sterile Water for
Tnjecdon, pH 6.5. Yet another aqueous pbawroaceutical
formulation comprises 10-30 mM sodium acetate from
about pH 4.8 to about pH 5.5. preferably at p0S.5, 40
polysorbate as a sutt'actant in a an amount of about
0.01-0.1 % v/v, uehalose at an amount of about 2-10%
w/v, end benzyl alcohol an a preservative (U.S,
6,171,586). Lyophilized formulations adapted for
auheutancoux administration are described in
W097/04801. Such lyophilized forInularlons may be
reconstituted with a suiutblc diluent to a high
protein concentration and the reconstituted
formulation may be administered subcutaneously to the
mammal to be treated herein.  43 .5 One formulation
for the humanized 2117 variants is antibody at 12-14
mg/MT, in 10 mM histidlne,  6%% sucrusc, 0.02%
polysorbate 20. p115.8. In a sped$c cmbodhneat, 2H7
variants and in particular 2HI.vl6 is formulated at
20n1ghnL  antibody in 10mM histidittc sulfate. 60mgfm1
sucrose., 0.2 mg/ml polysorbate 20, and Sterile Water
for  injection, at p115.8. 10 The formulation heroin
may also contain more than one active compound as
necessary for the  particular indication being
treated, preferably those with complementary acxlvides
That do not adversely  affect each other. For example,
it may be desirable to further provide a cytotoxie
agent, chemotherapeutic  spent, cylokdnc or
immuarosuppressive agent (cg. one which acts on T
Cells, such as cyclosporla or an  antibody that binds
T cells, e.g. one wblch binds LFA-1). The effective
amount of such other agents 13 depends on the amount
of antibody present in the formulatiom the type of
disease or disorder or treatment.  and other factors
discussed above. These are generally used In the same
dosages and with administration  routes as described
herein or about from I to 99% of the heretofore
employed dosages. The active ingredictda may also be
entrapped In minor apsules prepared, for example, by
coacervatioa techniques or by interfacial
polymerisation. for example, hydroxymethylectlulose or
gclatin- 20 micrecapsules and poly-(mcthylmethacylnte)
m1crocapattics, respectively, In colloidal drug
delivery systems (for example. liposomes, albumin
mlorospheres, micn)cmulsiuna, nano-pardeles and
nanocapsules) or in  macroemulslons. Such techniques
arc disclosed in Remington rPhann aceu cal Selences
16th edition, Osol,  A. IA. (1980). Sustainedrclcase
pmparadona may be prepared. Sulrable examples
o1'sustaincd-rdeuse 25 preparations include
semi-permeable matrices of solid hydrophobic polymers
containing the antagonist,  which matrices are In the
form of shaped articles, e g. films, or microcapsules.
Examples of sustained- ralcara matrices include
polyesters, hydmgds (fur example"
p)ly(2-hydroxyethyl-methaerylate). or
pnly(vinylaleohoi)), polylactides (U.S- Pat. No.
3,773,919), copolymers of L-piutautio acid and
ethyl-L- glutarnate, non-degradable ethylene-vinyl
acetate, degradable lactic acid-glycolic acid
cupolymens such as 30 the LUPRON DEPOTTh (iNeetablo n"
crospheres composed of lactic acid-glycolic acid
copolyn*r and  lauprolido acetate), and
poly-D-(-)-3-hydroxybutydc acid. The formulations to
be used for in vivo administration most 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 ortlele of
manufacture containing materials useful for  the
treatment of autoimmune discuses and related
conditions and CD20 positive cancers such as non-
Hodgkin's lymphoma. The ankle of manufacture comprises
a container and a label or package Insert on or
aasocisted with the container. Suitable containers
include, for example, ba0les, vials, syringes, eta The
40 containers may be formed from a variety of
materials such as glass or plastic, Thy container
holds a  composition which is effective for treating
the condition and may have a sterile access port (for
example the  container may he an intrevcnuus solution
bag or a vial having a stopper plerceable by a
hypodermic injection  needle). At least one active
agent in the campnsition is a CD20 binding antibody of
the invention, The label  44 9 or package insert
indicates that the composition is used for treating
thcparticular condition. The label or  package insert
will t irtber comprise instructions for administering
the antibody composition to the patient,  Package
insert refers tq instructions customarily Included in
commercial packages of therapeutic products,  that
contain information about the indications, usage,
dosage, administration, contraindications and/or
warnings concerning the use of such therapeutic
products. in one embodiment, the package insert
indicates 10 that the composition is used for treating
non-Hodgkins' lymphoma. Addition fy, the aitlole of
manufacture may Mtiier comprise at scound ctmtaincr
comprising a  pharmaaautically-acceplabla buffer, such
us bactoriostatic water for injection (SWTJ),
phosphate buffered  saline. Ringer's solution and
dextrose solution It may tu"her include other
materials desirable from a  commercial and user
standpoint. Including other buffers, diluents,
fitters, needles, and syringes. is Kits am also
provided that ate useful for various putposcs, e.g.,
for B-ccll Idlling assays, as a  positive control for
apoptosla assays, for purification or
hnmunoprecipitation of CD20 from cells. For  isolation
and purification of CD20, the kit can contain an
antiCD20 antibody coupled to beads (eg.,  sepbarose
beads). Kits can be provided which contain the
antibodies for detection and gnntitatlon of CD20  in
vitro, e.g. In an EUSA or a Western blot As with the
article of manufacture, the kit comprises a 20
container and a label or package insert on or
associated with the container. The container holds a
composition comprising at Ieast ON anti-CD20 antibody
of the invention. Additional containers may be
includes/ that contain, e.g., diluents and buffers,
control antibodies. The Iabcl or package insert may
provide  a description of the composition as well as
instructions for the Intended in vitro or diagnostic
use. 23 Cynomolgus monkey CZ20 The invention also
provides an Isolated nucleic acid comprising the
nucleotide sequence of SEQ II)  NO,: 24 of the
Cynoatolgus monkey CD20 as shown in Fla. 19. To one
embodiment, the nucleic acid is a  eDNA. In one
ernbudiment, the nucleic acid encoding the monfaey
C1>20 is in an expression vector for  expression in a
best ocll. The nucleotde sequence of SAQ ID NO,: 24 In
the expression vector is operably 30 linked to an
expression control soqucmca such as a promoter or
promoter and enhancerr. The expression  control
sequence can b&cae be the native sequence normally
associated with the Cynomolgus CD20 gene, or
hotorologous to the gang Also provided is an isolated
polypeptide comprising the amino acid sequence LSDQ ID
NO. 23; FIG. 19 & 201 of the Cynornoigus monkey CD20,
as wall as host cells containing the  Cynomolgus CD20
nucleic POW. In one aspect the host calls are
eulcaryotic coils, e.g., CHO cells. Fusion  35
proteins comprising the Cynomolgus CD20 amino acid
sequence or fragments of the sequence are also
contemplated. 



Experimental Examples Exe_ cle 11  40 Humanization of
2117 anti.CD20 vnwtuo monoclonal antibody Humanization
of die marine anti-human CD20 antibody, 2117 (also
referred to herein as m2H7, m  for murine), was
carried out in a series of site-directed mutagenesis
stops. The murine 2147 antibody  variable region
sequences and the chimeric 2W with the mount V and
human C have been described, see, 45 e.g., U.S,
patents 5.846,818 and 6,204,023. The CDR residues of
2H7 were Identified by comparing the 45 5 amino acid
sequence of the lnurine 2137 variable domains
(dlscluscd in U.S. 5,846,818) with the sequences  of
known antibodies (Kabat at at.. Sequences of proteins
of immunological interest, Ed. 5. Public Health
Service, National Institutes of Health, 33ethesda, MD
(I991)). The CDR regions for the light and heavy
chains were defined based on sequence hypervariability
(Kobat at al., supra) and are shown In Pig. JA and
Mg. IS, respectively. Using synthetic oiigonucleorldes
(Table 1), site-directed ntutagoncsis (Kunkel. Proc,
10 NaiL Arad Sei, 82.488-492 (1985)) was used to
introduce all six of the murine 2137 CDR regions into
a  Complete human Pal) framework corresponding to a
consensus sequence V,CJ.VHll1(VL kappa subgroup 1. Vtr
subgroup 111) contained on plasmid pVX4 (Fig. 2). The
phagemid pVX4 (Mg. 2) was used for inutagonesis as
well as for expression of F(ab)s in 1f.  coil, 8uucd
on the phagemid pb0720, aderivative of p80475
(Cunningham et aL, Seicnco 243:1330-1336  13 (1989)),
pVX4 contains a DNA fragment, encoding a humanized
consensus'c-subgroup I light chain (YLtd CrJ and a
humanised consensus subgroup IN heavy chain
(VHll1-Col) anti-lPN-ot (interferon a) antibody.  pVX4
also has an alkaline phosphatase promoter and
Shine-Daigamo sequence both derived from another
previously described pUCi 19-based plasndd, pAK2
(Carter et al., Yme. Nati. Acad. Sci. USA W. 420
(1992)). A unique Spel restriction site was introduced
between the DNA encoding for the Flub) light and 20
heavy chains, 27te first 23 amino acids In both
anti-LM-ot heavy and light chains am the SrlT se
retion  slgnol sequence (Chung ct al., Cent 55:
389-196 (1987)). To construct the CDR-swap version of
21:17 (2137,v2), site-directed mutagenesis was
performed on  a dcoxyurirline.containing template of
pVX4; all six CDRs ofantl-iR4-a were changed to the
murine 2137  CORs, The resulting molecule is referred
to as humanized 2h17 version 2 (2137.v2), or the
"CDR-swap 25 version" of2H7; it has the m2H7 CDR
residues with the consensus human Flt residues shown
in Figures IA  and 1 B. Humanized 2H7,v2 was used for
further humanisation. Table 3 shows the
oligonuclootidc sequence used to create each of the
murine 2137 (m2H7) CDR.s  In the A and 1, chain. For
example, the CDR-H 1 ullgonucleotide was used to
recreate the ni2H7 H Chain  CDR I, CDR-111, MR -112
and CDR-133 refers to the H chain CDR i, CDR2 and
CURS. respectively; 30 similarly, CDR-Lk, CDR-1,2 and
CDR L3 refers to each of the L chain CDR$. The
substkudons in CDR-H2  were done in two steps with two
oliganuolootidex, CDR-H2A and CDR-13213. Table
1.Oligunucicotide sequences used for construction of
the CDR-swab of murine 2337 CI)Rs into a  human
framework In pVX4. Residues changed by each
oligonuoleotido are underlined. 3u at lotion OU
onueleodde nde CDR-ti3 CA TTCACOiQTATM4& AM CAC 



TOO  S ID NO. 27 CDR-H2A O ATT AATCCT CAC A AC $ UAQ
AC O EM TAT AAC CAG A(  AA C CO S8 ID NO.28 CD -H28
(MA TGO OTT OCA QQL} ATC CCT Q AAC OOC OAC AC  b'8 ID
NO. 29) CDR-H3 AT TAT TOT OCT COA CITO =I TAT AQC MQ
GI TQQ  TAC M29 OAC I TOO GOT CAA GGA (SEQ ID NO. 30)
CDR.LI CTOCACAGCCAOCfTCTOT.AOCTATATQCATTO  SB ID NO.31
CDR-L2 AA CPA CTG Afl TAC Q , A IQQ AAC Cl'C Ta GGA
GTC C  (SS 1D NO.32 CDR-L3 TAT TAC TOT CAA CAO TO~-O,
AM = CC() Cam ACA T)'T GCA. -AAJ CAG SUQ IV NO, 33) 46
S For comparison with humanized constructs, a plasmid
expressing a chimeric 2H7 Fab (containing  inurine VL
and Vii domains, and human C. and CHI donwlos) was
constructed by nite-directed mutagenesis  (Kunkel,
supra) using synthetic nligonucleotidcs to introduuoo
the murine framework residues into 21*7.v2.  The
sequence of the resulting plasmid construct for
expression of the chimeric Fab known as 2H7.v6.8. is
10 shown in PIg. 3. Huck encoded chain of the Fab has
a 23 amine acid Wt notation signal sequence as
described Far pVX4 (fg,2) above. Based on a sequence
comparison of the murine 287 framework residues with
the human Vx1,VHllx  consensus framework (Figures IA
and IB) and previously humanized antibodies (Carter at
at.. From Watt  Acad. Set. USA 89:4285-4289 (1992)),
several framework mutations were Introduced into the
21)7.v2 Fab 15 construct by site-directed
atutagoncsis. These mutations result in a change of
Certain human consensus  framework residues to those
found in the murine 2117 framework, at mica that might
affac t CDR  uwntfirmations or antigen contacts.
Version 3 contained Vy(}R71 V) N73K), version 4
contained VH(R71 V),  version 5 Contained VV(R7] V,
N73K) and VLp.46P), and version 6 contained VH(it71 V.
W73 K) and Vt (l-46P,1.47W). 24) Humanized and
chimeric Fab versions of m2H7 antibody were cxptusced
in A. toll and purified as  follows. Plasmlds were
transformed into B. col) strain X1.4 )3it1e
(Stratageno, San Diego, CA) for  preparation of
double-and ainglestrandrd DNA. For each vadaut, both
light and heavy chains were  completely icqucnc cd
using the didco xynuclentide method (Sequenase, U.S.
Biochemical Corp.). Plasmids  were tntnsfurrned into
B. calf strain lbf9, a derivative of MM294, plated
onto LB plates containing 5 g/ml 25 carbeniclllin. and
a single colony selected for proiela expression The
single colony was grown in 5 ml 1.B- 100 pg/mI
carbenicillin for 5-8 b at 37 C, Tbs 5 ml culture was
added to 500 ml APS-100 gfml  carbaticiifin and
allowed to grow for 16 bin a 4 L baffled shako flask
at 37C. AP5 media consists of f.5g  glucose. 11.0
liycase SF. 0.6g yeast extract (certified). 0.19g
anhydrous MgS04,1.07g NIL,Ct, 3.73g KU,  1.2g NaC. 120
ml 1 V tr ethanotamino, pH 7.4, to 1 L water and then
sterile filtered through 0.1 pm 30 Sealkeen filter. 



Cc)bt were harvested by centrifugation in a I L
centrifuge bottle (Nalgene) at 3000xg and the
supernatant removed, After freezing fur I b, the
pellet was resuspended in 25 ml cold )0 HIM blES-10
JOIN  WFA. pR 5,0 (fatiibrA). 250 pi of 0.1M PMSF
(Sigma) was added to lnblbit proteolysis and 35 ml of
stock 10 mg/ml hen egg white tysozymo (Sigma) was
added to aid lysis of the bacterial cell wall. After
35 gentle shaking on ice for ] h, the sample was
cenirifiiged at 40,000xg for 15 min. The supernatant
wan  brought to 50 ml with buffer A and loaded onto a
2 ad DEAR column equilibrated with buffer A. The flow-
through was then applied to a protein C-Sepharose
CL413(Pbarmacla) column (0.5 ral bed volume)
equilibrated with buffer A. The column was washed with
10 ml buffer A and eluted with 3 tn] 0,3 M  glyclne,
pH 3.0, into 1.25 ml d M Tris, pH 8.0. 'I'm F(ab) was
then buffer exchanged into PBS Ming a 40 Centricon-30
(Amicon) and concentrated to a final volume of 0.5
nil. SDS-PAGE gels of all P(ab)s were tun  to
ascertain purity and the mniccular wolgbt of each
variant was verified by elcctruspray mass
spectrometry,  47 5 In cell-based LZUSA binding assays
(described below), the binding of Pabs, including
chimeric 2147  Fob, to CD20 was difficult to deteul.
Therefore, the 2137 Pub versions were reformatted as
full-length IgOl  antibodies for assays and further
muraganesis. Ptasmids for expression of full-length
TgC's were constructed by subcloning the Vy and VH
domains of chimeric 2H7 (v6,8) Fab as well as
buntanizod Fab versions 2 to 6 join previously
described 10 pRK vectors for mammalian cell expression
(C)orman to al., DNA Pitt &tg. Tech. 2:3-10 (1990)).
Briefly,  each Fab coasn't et wax digested with StoRV
and l3lpl to excise a VL fragruent, which was cloned
into the  Rr4RV/Dlp1 sites of plasmid pDRZ (trig. 4)
for expression of the complete light chain (VL-Cy
domains).  Additionally, each Fab construct was
digested with Nall and Apal to excise a VH fragmeal,
which was  cloned into the Pvn1.VApar sites of plasmid
pDR2 (R& 1) for expression of the complete heavy chain
(VII IS C}It-hingc-CH2-CHg dowadas). For each IgO
variant, transient transfeetious were performed by
cotransfec.'ting a lighr~chala expressing plasmid and
a Heavy-chain expressing plasmid into an adeoovirus-
transfarrned human entbryunic kidney cell Ilea, 293
(Graham gal., J. Gerr. Vfrud., 3659-74, (1977)).
Briefly, 293 cells were split on the day prior to
transfecdan, and plated in scrurn.comalning medium. On
the  following day, double-stranded DNA prepared an a
calcium phosphate precipitate was added, hollowed by
20 pAdVAntageTm DNA (Promcge, Madison, WJ), and cells
were incubated overnight at 37t Cells were  cultured
in scrum-frcc medium and harvested after 4 duys.
Antibodies were purified from culture  supernatants
using protein A.Sepharose CL-413, then buffer
exchanged Into 10 MM sodium suceinaoe, 140  mM NaCl,
pH 6.0, and concentrated using a Cenirtcon-ID
(Amicnn). Protein coacontradons were  determined by
quantitative amino acid analysis. 2S To measure
relative binding affinities to the CD20 antigen, a
tali-based BLISA assay was  developed, Human
B-lympitoblastoid WJL2-S coils (ATCC CRL 8885,
American Type Culture Collection,  Rockville, MD) were
grown in RPMI 1640 supplemented with 2 mM L-glutamim,
20 mM HEMS, PH 74  and 10% heat-Inactivated fetal
bovine serum Ins humidified 5% CO= incubator. The
calls were washed with  PBS cxonwining 1 % PBS (assay
buffer) and seeded at 250.300,000 cellwelt in 96-well
round bottom plates 30 (Nome, Roskilde, Denmark).
five-fnid serially diluted standard (15.6.1000 nglml
of 2137 v6,8 chimeric 1gG)  and threefold serially
diluted samples (21-2000 ngfml) in assay buMr were
added to the plates. 'Aire plates  were buried In ice
and incubated for 45 thin. To remove the unbound
antibody. 0.1 mcL assay buffer were  



added to the wells. Plates were centrifuged and
supernatants were removed. Cells were washed two more
times whit 0.2 mL assay buffer. Antibody bound to the
plates was detected by adding pe oxidase conjugated 35
goat anti-human Pu antibody (Jackson lmmanoResearch,
West Grove, PA) to the plates. After a 45 win
incubation, cells were washed as described before.
TM73 substrate b0tiziditte;  Kitkegaard & Parry
Laboratories, Gaithersburg. MD) was added to the
pintas. 1[ie reaction was stopped by  adding I M
phosphoric acid. Titration curves were fit with a
four-pammclcr nonlinear regression curve- fitting
program (KaleldaOraph, Synergy software, Reading, PA).
The ahsorbanec at the midpoint of the 40 titration
curve (mid-OD) and Its corresponding concentration of
the standard were determined. Then doe  concentration
of each variant at this mid-OD was determined, and the
concentration of the standard was  divided by that of
each variant Hence the values ate a ratio of the
binding of each variant relative to the  4&. S
standard. Standard deviations in relative affinity
(equivalent roncentiaflon) were generally +l-10%
between  cxperinlents. As shown in Tablet, binding of
the CUR-swap variant (v.2) was extremely reduced
compared to  chimcdo 287 (v.6.$). Eowever,.versions 3
to 6 spewed lwproved binding. To deterwhte the
minimum.  number of mutations that n4ght be required
to restom binding.eiu(ty to that of ahlaaedo 2117,
additional 10 mutations and combinations of mutations
were constnroted by sito4iraot matagonesis to produce
variants 7  to 17 as imlicatod in Tab]* 2.
Inpertlcular, these included Vu mutations A490,
P67A,1691, N73K, and  L78A;-md VLmutadonsU4L, M331,
and F71Y. VeMons 16 and 17 sliowedtle best relative
binding'  affinities, within 2-fold ofthat of the
cliff *io version, with so si~dlloattt difference (sA.
=4/- 10%)  between the two. To minlmipe fie member
otanutado*,.version ],6; Uvirgonlyy 4 mutations of
human 15
teeworkresiduestomudneframoworkresiduesCt'abla2j,wasth
amforechosenasthehumanizedfoma  for additional
oharaotedzatlon. Table I. &ladvobbadhng
afhlaityofliumsnlaOd 2M V ig( vatic t ii tnCt20
comparedto ohimadoE  usingcall-basedRLISM *Vrdsseda t
t *o theobdmedo287ovWtab  20 co a aof*heM
antcocgttnodforegaivaal6atbb laeuoeacago<l at b"
t1evadant.6taatineddovlstloa~intetatlvea~dtyd~sa~tdOna
vaaged+t-10%.3 *  s
onslnthevmlabledomainsareniativetotbea)a-swapvacslaa s
t thena .  Sys tem b f S"V W at at A; supra). 2117
Hea~tyc~sin(vn) . Cvi) Relative  vecclon ins '~ OAl 3
K Q~1 4 Y CSR S it71v K 7- g  6 R71V N173K 093  R71Y'
iy  9 R7iV 10 ~~ 12 .  14 iV tY 



16 Y 1 iY MPG 14621.41W  25 49 5 Table 3
Oligonucleotiide sequences used for construction of
mutations VFi(A490, R71 V. N73K) and  VL(L16P) in
humanized 2117 version 16 (2H7.v 16). Underlined
codons encode the Indicated amino avid  substitutions.
For Vet (R7 IV, N73K) and Vt (L46R), the aligns are
shown as the sense strand since there  were used for
mutagenesis on the Fab template, while for VH (A490),
the ollgo is shown as the antiscnse  strand, since
this was used with the pRJC (l$O heavy chain)
template. The protein sequence of version 16 is  10
shown in Fig. 6 and Fig. 7. Substitution Qlf sv anode.
sequence Vu (R71V, K) ITC ACT AT m QAC2Zjj TCC AAA ACA
TT  10) NO. 30 A~ A4 90q t3ATAC0ATOG C CCA t3(3t NO.3S
V V AAOCTCCOAAA ATTTACOC1 5 ID..  Mrs,
Antigen-Grinding determ nants (paratope) of 2117
Alanine substitutions (Cunningham & Wells, Science
244: 1081-1083 (1989) were made in 13 2H7.v16 or
2117,v17 In nuder to tes tthe eottttibutions of
individual side chains of the antibody in bindbtg to
CD20. JgO variants were expressed in 293 colts from
pDRI and pDXt2 vectors, purified, and assayed for
relative binding affinity as described above. Several
alanine substitutions resulted in signlftcaat
decreases in  relative binding to CD20 on W11r2S cells
(Table 4). 20 Table 4. Effects of alanfae
substihttions in the CDR regions of humanized 207..v16
measured using coil- based fUSA (Wf t.2.S cells). The
relative binding is expressed as the Concentration
ofthe 2H7.vl6 parent  over the concentration of the
variant required for equivalent binding: hence a ruin
<t indicates weaker  affinity for the variant; a ratio
>1 indicates higher efflolty for the variant.
Staraturl dovlatian is relative  affinity
determination averaged 4b 10%, Rvamework substitutions
In this variable domains are relative to 25 21i7.vl6
according to fire nambating system of Knbat (Kabnt
coal , artpra) NOD means no detectable  binding. The
two numbers forvorshm 45 am from separate experimeenm
as chain t2tai a bindinx  inn ocadon 6ubadhdiuns
tutlotts 16 _ -1'  I0 1 141 1 7A A7  1 A 1.86  1 A .07
36 1 10A 7 I S1A 97  142 11 A R3  



143 1 33A R  144 H1 34A 1.2  145 FJ H3$A 0.25  146 H2
OG - 0.31  I47 H2 S l A 0.65  50 WH2 52A .01  52 aA
,66  53A S4A 1.4 0 H2 055A 0.79  i H2 S6A .0  8 lit
1'37A 0.61  0 IR2 A .92  91 fU2 59A .74  192 !32 N60A
0.80 1 .83  );i2 62A .44  12 F63A 10- 51 3 IA .96  149
192 K64A 0.84  150 .65A 1.2  153 95A 89  2 V96A .98  3
193 97A .63 144 H3 98A .40  43 3 ISI A .84.0.92  146
h3 1 .81 -ow 1- 7 1113 100aA .83 143 Iff.3 i00bA .78
9 3 100oA .02  9 100dA 98  60 1113 -*100CA IhMB  1 IM3
1A 31  151 1H3 IVIO2A 1.1  I17 L1 2,4A 10.85  118 L,1
f3 .86  119 1 A .9  120 I 827A .98  121 1 328A 1.0
122 1 29A .4  



0 1 .96  51 1 2A 1.0  123 1 33A f.0  124 1 34A 0.21
125 2 Otl .92  126 51A .88  52 2 852A 0.80  53 53A
0.76  54 L2 LS4A 0.60  127 L2 55G 1,1  128 L2 .56A 1.1
$1 129 i3 89A 0.46  1130 1L3 90A 1<0.22  5 jJ.2 W91A
-88  6 2A 1.1  7 .3 3A 10.36  8 1.3 A 0.41  131 ,3 95A
132 3 P96A .19  5 193 7A  Rxamnle Additional mutation;
wlttida 2137 CDR rcglons Substitutions of additional
rdsidacs and combinadons orsubstitudons at CDR
positions that were  idcMlfled as important by
Ala-scanning were also tested, Several combination
variants, particularly v.96  10 Appeared to bind more
tightly then v.16. Table S. Effects of corWnadons of
mutations and non-alanfne auhst turloas in the CDR
regions of  humanized 2R7.v16 measured using
cell-based L'LISA (WIL2$ cells). The relative binding
to 01)20 is  expressed as the concentration of the
21i7.v16 parent over the concentration of the variant
required for IS equivalent binding; hence a ratio e1
Indicates weaker affinity for the variant; a ratio >t
indicates higher  ai73nity for the variant. Standard
deviation In relative affinity determination averaged
+1- 10%. Framework  suhsrlturlons in the variable,
domains are relative to 2H7.V16 according to the
numbering system of Kabat  (Kabat at at" ,copra), 7
navy chain ghtchain eladve binding  version ubsti ti
is ubstitutJ 16  6 D56A. NIOOA 1892A 4.S  7 99T N10Dex
YI bl 0.99  8 990 NlOo$ V11MbI _ 16  



9 1000 XIOObl .80  101 N54 .51A 1.7  102 1154K D56A 48
103 DS NIOOA 2.1  104 99T NI1Oa .81  105 5990 NIDOS
1.1  106 1000 167 St00aC YlOObS 136 D56A NIODA S56A
S92A .6 12 137 D56A.N100A A5 5G S92A .1  156 D56A,
NIOOA 52GA,SSGA,S92A .I 107 D56A, N1 03A YIDOb1 S92A
Jnntox rased  182 Y27W 52 193 Y27F  3M 9Y  283 N29W
1R6 Y3211"  fR7 YR2W  188 .3  189 N3aD  190 .3Y  1W N3
Y  D8 _ 353  09 A503  21U ASUR  2" ww pv  212 501,
168 Y52W 169 Y52F 75  170 N54D 2S  171 54S 1.2  172
03610 It  173 56R 174 611 1.s  173 5611 1.2  13 , 56.
14 D560  15 D56N  16 D56Y  



176 Y39W  1 7 59F _- 180 2R 181 62D  1 8 P63W  179 63Y
137 97W .64  158 97F 1.2  159 8W .b4  160 OF .88  I1k9
_81' 000  161 .m  162 _JOOcY 100c1_ .27  163 eY 39
164 PIOOcW .?1  16,5 D10IN _ 166 S990 N3000
SIUOall?J0Obdeleted .99  217 V 102Y 1.0  207 H34Y 53
192 89E  193 89N  194 0E  195 90N  196 W91Y  197 W91ir
205 2N  206 8920  19g 3Y  199 W  U4 3S N94Y  200 6L
Ili 6Y  2 



3 9tR  S Example  Mutation' at sites of framework
humanization substitodoas Subxtita tionx of additional
residues at framework pnrddnns that were changed
during humanization  10 were also tested is the
2H7,v16 background. In particular. ahernative
framework subs(ltudons chat were  neither found to the
muriac 2H7 purest nor the human coaaenaul framework
wore made at Vt(P46) and  Yn(049. V71, and K73). These
substhulions tenorafty led to little change in
relative binding ('Sable 6), indicating that there  is
some flexibility in framework residues at these
positions. i5 Table 6. Rctadve binding in a coil-based
(W1L2-S) assay of framswork substitution igO variants
are  shown with mutations with respect to the 2FF7.v
16 background. The relative binding is cxpratucd as
ibti  eodCentlatiofl of the 2H7.v6.8 chimera over the
amcentration of the variant required for equivalent
binding;  hcnoe a ratio ci indicates weaker affinity
forthe variant,, a ratio >1 indicates higher affinity
for the variant. 20 Standard deviation in relative
affinity determination averaged +!- 10%. Prwnewtrk
substitutions in the  variable domains am relative to
2R7n16 according to the numbering system of Kabat
(Kabat at al., supra).  (*) Variants that were assayed
with 2117.v16 as the standard comparator; relative
values are normalized to  that of the chimera. Feavy
chain igbt chain Rclntivc binding  endon IsuWtitutions
thudons 8 chitnam ehimant -1- 16 U64  A K73R 72 K73H
0.4  stl K~3 o.SH  81 V711 0.42  82 -717' 0..58  3 1A
84 1049S 0.32  54 RS 049L 86 P46A 0.22  87 P46V 0 51
88 P46T  it18 (1491t V71T,1C73k 4 2 P461 0.026'  109
949A A490 V71T. 1C73R ' 6924M32L. P461 .026' 110 K73R.
DS NIOCA 92A M32T, of cx tensed  III 049A V71T K73R
.464 112 1049A. A504 V71T K73R .124  



() Variants that wire assnycd with 2H7.v16 as the
standard comparator; relative values lire mrrmolired
to drat of die chimera,  S Enmale5  1luwanized 2117
varlaats w1Ilz etthauced effector functions Bccaueo
2H7 Lan mediate lysis of B-cells through both
complement-dopattleat cytotoxicity (CAC)  JO and
antibody-dependent cellular cytotozicity (ADCC.7, we
sought to produce varlants of humanized 2H7.v16  with
improved CDC and ADCC activity. Mutations of certain
residues within the Fc regions of other  antibodies
have been described (1dusogie et at, J.
Jm+v+nol.1662571-2375 (2001)) for improving CDC
through enhanced binding to the complement component
Clq. Mutations have also been dcsmibcd (Shiaids  at
at., J. Riol, Chain. 276:6591-6604 (2001); Presta et
al,13iaeiwnt. Sot Tro r. 30:487.490 (2002)) fir 11
Improving ADCC thmugh enhanced igO binding to
activating Pcyrcceptors and reduced TgO binding to
inbibliory V cynceptotu, an particular, three mutatons
have bean Identified for Improving CDC and ADCC
activity: S298AIE333A/K334A (also referred to herein
as a triple Ala mutant or variant; nunlbariag in the
Fe  region in according to the EU numbering system;
Kaba( cc A. xwpra) as described (ldusogie U a1.. supra
(2001): Shields at a1., supra), 20 in order to enhance
CDC and ADCC activity of 2H7, a triple Ala mutant of
the 2H7 ft was  constructed. A humanized varlsnt of
the anti-H8R2 antibody 4d5 bait been produced with
mutations  S298A/E333A/K334A and is known as 4D5i'ol10
(Le., and-p15ITER21g01 (S298AM33W1C334AN  Shields ct
uL. supra). A plasmid, p4D3Me110 encoding antibody
4D5Fc110 (Shields at at., supra) was  digested with
Apal and 11bulffi, and the Pc-fragment (containing
mutation S298A/t3SSSA/1C334A) was 25 lip Led into the
ApaUJIL411 sites of the 2137 heavy-chafe vector
pDR2-v16, to produce pDR2-v31. The  amino acid
sequence of the version 31 eotnpiete U chain is sbowo
io Fig. & The T. chain Is the same as that  of v16.
Although the constant domains of thaPc region of Ig171
swdbodies are relatively conserved within  a given
species, allelio variations exist (roviowed by Lefane
and Lefranc, in The human Igo subctanest  30 molecular
analysis ofurucrure, function, and rsgtrlalwrr, pp,
43.78, P. Sltakib (ed.), PC[garnntoa Press.  OxFord
(1990)). Table 7. Tsffects of substitutions in the Pa
region on CD20 binding. Relative binding to CD20 was
measured in a coll-based (W1L2-S) assay of flratnowork
substitutions. Fc mutations (*) are indicated by EU
35 numbering (Knbat, supra) and are relative to the
2H7.06 parent. The combination of three Ala changes in
55 5 the Ve region of v.31 is described as "Fut Jr TgO
variants are Shown with maratious with respect rn the
2H7.v Id background, The relative binding is expressed
as the concentration of the 2117.v6.B chimera over
the concentration of this variant required for
equivalent binding; hence a ratio <i Indicates weaker
affinity  for the variant. Standard deviation in
relative affinity determination averaged+/- 1(195.
2117 Pb Relative  version Substitutiou* binding  .8
-1- 16 %~~ 0.65  



33 829BA 333& 1(33 0.62 Jo mole 6 fumaaized 2117
variants with enhanced stability For development as
therapeutic proteins, it to desirable to choose
varlatus that remain stable with  respect to
oxidation, deamidation, or other processes that may
affect product quality, in asuttable 13 formulation
buffer. In 2R7.vld, several residues were identified
as possible sotuuca of instability: VT.  (M32) and VH
(MM. N100), 'I'bensfore, mutations were ]nlraduced at
time Atom furcompariaon with vi 6.  Whit: S. Relative
binding of 21?7 variants designed for enhanced
stability and/or offoctor function, to CD20  in
accts-baaed(WfT.2-S) assay. Igo variants am shown with
mutations with respect to the 2H7.v]6 20 background,
The rdatlve binding: is expressed as the concentration
of the 2H7.v6.8 chimera over the  uonecntration of the
vurlant required fir equivalent binding: bunco a ratio
<I indicates weaker affinity for  the variant Standard
deviation in relative affinity determination averaged
+/-104A. Framework  ttubstitutinna to the variable
domains are relative to 2H7.vi 6 according to the
numbering system of Kabat  and Fa mutations (*) are
tndfeatod by BU numbering (Kabal et al., supra). (")
Variants that were tmvtsutcd 23 with W. 06 as the
standard comparator, relative values are nwma]lzed to
that of the e]dmcra.  Additional Fr mutations were
combined with stability or affinity-enhancing
mutatiwas to alter or  onhanco effeemr functions based
on previously reported mutatimm (idusogic ce al.
(2*00); Idusogie et nI, (2001); Shields at al.
(2001)). These changes include S298,1E333A, K334A as
described in  Example 5; K322A to reduced CDC
activity; D265A to reduce ADCC activity; X326A or
X326W to 30 enhance CDC activity; and 13356D/M358L to
lest the effects of allotypk changes in the Vt region.
None of  thane mutations paused significant
differences is CD20 binding atritdty. H7 Heavy chain
ghtchain changes' etative  vcndon Wit) cchanitcs uhan
binding  chitnwx uhitncra -1- ks.11 t6. 0.(i5  62 21
.46  63 M341 ,49  64 norm 65 1W JA L47W 1.74  64 $99A
L47W .62  157 N54A 56 (rR M32I MA4  . 69 M32L 170
NIOOA S298A, 1133 K334A I IOOD S298A W33A, K334A 72 N
I OOA 2I 13 10QA 432L 4 IOOA H333A, 34A 79 1Ui1A 432L
IS208A. MM, 34A .60 113 ILWI).M558t. .60ea  J 14 D36A
N100A 3 892A ,S298A t3333A K,9 A 1.2a*  115
JDS6A,NIODA 3 392A 5298A E333 X434 F S M358I. 1.4**  



116 56A NI 21" 392A 298A, K334 X322A 1.2v-  J94 dA
NIOOA 432 892A 1:3356A M3I8 D265A 1,saa  35 D56A N100A
132L S92A 56D MSS D265A 1(326W p)gsw  138 S6A N 100A
32L. 892A 98A 9333 K334A K326A 1.2"w  119 56A., N1 00A
321.. S92A 3298 833 K334A, K326A E356N M358L 1.1**
154 263A .70aw  155 ~_~ 298A 1(322A 1334A 0.700*  (**)
Variants that ware measured with 2m.vl6 as comparator,
relative binding vaTuea are notmalb'ed to that of the
chimera. To test the of Pects of stability mutations
on the into of protein degradation, 28.7,v 16 and
2H7,v73  were formulated at 12-14 isg4nL in 10 mM
hlstidiae. 6% sucrose, 0,02% polysoftt, 2o, PH 5.8 and
incubated at 40C for 16 days. Thu incubated samples
were thou asamycd fbr clamngcs in charge variants by
Ion exchange. chromatography, aggregation and
fragmentation by size exclusion chromatography, and 10
relative binding by testing In a cell-based (WIT 2.S)
atnay. Vie, results (pig. 9) show that 2H7 v.73 has
greater stahl thy compared to 287 v.16 with respect to
tones in the O'acIlott of main peak by Ion exchange
chromatography under acceterated arability conditions.
No significant differences were seen with respect to
aj gregatian, fragmentatiot, or binding affinity. ]3
Exanmla?  Scatchard anatyaia of antibody binding to
CD20 on W11.2-S cells iiqullibrium dissociation
constants (Ke) were determined far 2H7 Ig0 variants
binding to WIL2-S  cells using radlulabeted 2137 40.
igO variants were produced In CHO cells. R lnxnn'D
(source for all  cxperlmcnts hr Cenentoch, S. San
Vranelsco, CA) and marine 2137 (AD PharMTngen, San
1)leao, CA) were 20 used fir comparison with humanized
vat'laets, The marina 2137 antibody Is also available
from other  rntwcos, e.g., cBluscienue, and Calbiochem
(both of So Diego, CA), Accurate Chetnieat &
Scientific Cotp.,  (Wcsd)ury, NY), Anccll (Bayport,
MN), and VInel-Biochem (Vinci, Italy), All dilutions
were performed in  binding assay buffer (DME.M media
containing 1'Yo bovine aorum albumin, 25 mM HEFSS pH
7.2, and 0,111 % sodium made). Allquols (0.025 mL) of
W121i7,v16 (iodinated with lae(operoxidase) at a 25
conconmatinn of 0.8 nM were diapcased brat wells of a
V-bottom 96-well micreussay plate, and actial
dilutions (0.05 niL) of cold antibody were added and
mixed. WIL2-S cells (60,000 cells In 0.x)25 mL) were
than added. The plars was sealed and incubated at room
temperature for 24h, than centrifuged for 15 min at
3,500 RPM. Vie supernatant was then aspirated and the
cell pellet was washed and centrifuged, The 57 5
supcmatant was again aspirated, and the pellets were
dissolved In IN NaOH and transfan'rcd to tubes for
gnnuna counting. The data were used for Scamhord
analysis (Munson and Rodbtud, AnaL Utucham.
107:2211.239 (19110)) using the program Llgand
(McPherson, CompuL Progrvina /3fiuncd. 17: 107.114
(I9tt3)). The results, shown in Table 9, Indicate that
humanizcd 21-17 variants had similar CD20 binding
)jfFlnlty as compared to inurtne 2H7, and similar
binding affinity to Rituxau(r). It is expected that
ZH7.vS l 10 will have very similar Iii to v.16 on the
basis of the binding shown In 7hble 7 above.  Table P.
Equilibrium binding affinity of 2H7 variants front
Soatuhard analysts  Antibody var act If t (nM) n 



Rituxmt 0.900.49 3  2)i7 (murine) 1,230,29 3  2117,v16
0.4j0.37 v73 1.2200.39 4  217. 5 1. Example a 15
Complement Dependent Cytotoxleity (CDC) Assays 21:17
ISO variants were swayed for their ability to mediate
eomplumcnt-dependent lysis of WIL2S  cells, a CD20
exprvstting lymphoblastoid B-cell line, essentially as
descaibed (Tdusogie et al., J. /mmwtoL  164:4178.4184
(2009)1dusugie of fmsnunoL 166:2571-2575(2001)).
Antibodies were serially diinted  1:3 font a 0.1 mg/mL
stock solution. A 0.05 mL aliquor of each dilution was
added to a 96-well tissue 20 culture plate that
Contained 0.05 mL of a coludan of normal human
complement (Quldol, San Diego, CA)  To this mixture,
50,000 WIL2-S cells were added in a 0.05 mL volume.
After incubadon forth at 37'C,  0.05 ml. of a aolation
of Alarear blue (Accumed 7ntemadoanai, Westtakc, OH)
was added, and Incubation  was continued far an
additional I8h at 37C. covers wait than removed front
the plates, and they were  shaken for I$ min at room
temperature on an orbital shaker. Relative fluorescent
units (RPU) were mad 25 using a 530 not excitation Oct
and a 590 am omission filter. An EC,w was calculated
by fitting RFU as a  tbnction of Concentration tar
each antibody using xcaleidaamph software. The results
(1'able 10) show surprising improvement in CDC by
humanized 2H7 antibodies, with  relative potency
similar to RituxanS for v.73, 3-fold more potent than
RhoottwS for v.75, and 3-1old weaker  than Rituxan(r)
for v.16. i0 Table 10. Ct)C activity of 2117
antibodies compared to Rituxan. Numbers >1 indicate
loss potent CDC  activity tben Rituxan(r) and numbtaa
CI indicate more potent activity than Rituxan(r).
Antibodies were  produced from stable CHO limes,
except that thuxc Indicated by (") were produced
trandantly. .  bod variant varia0 Rituxan Ituxana9 -i-
.72; 4.08  I17.v314 12,21  2117,v73 4 1.05  H7.v7.5 4
10 .33 53 2137.v96* 956  2117.0 14* .37 i15* 4 .475  1
l6* 1 100  i35w 2 0,42 mnl e9 Antibody Dependant
Cellular Cytotoxicisy (ADCC) Assays 



2117 Igo variants were essayed for their ability to
mediate Natura4KiUcr cell (NK ecJI) lysla of JO W
1L2-S cans, a CD20 expressing lymphoblosroid R.coli
line, essentially as described (Shields of al., J.
Blab  Chrrn. 276:6591.6604 (2001)) using a lactate
dehydrogoaase (LDH) readout NK cells wore prepared
from  100 n1L of Mpadnized blood, diluted with 100 mL
of PBS (phosphate buffered sakes), obtained from
normal human donors who had been isotyped forPvy= also
known as CD16 (Kocac ct al., Blood  90:1109-1114
(1997)). In Nu experiment, the NK cello were from
human donors heterozygous for CD16 15 (P15847158). The
diluted blood was layered over 15 mL of lymphocyte
separation medium (ICN  Sltx:humhnd. Aururty Ohio) and
ccniritiigcd ibr 20 min at 2000 RPM. While cells at
the Interface between  luyers were dispensed to 4
clean 50-mL tubes, which worn tilled with RPMC medium
containing 15% fetal  calf scrum. Tubes were
centrifuged for S min at 1400 RPM and the supernatant
discarded. Pellets were  rosusponded in MAC"4 buffer
(05% BSA, 2mM ROTA), and NK cells were purified using
beads (NK Cell 20 isolation Rh, 130.046.502) aeraadlog
to the manufacturer's protocol (Miitenyl Biotech.). NI
calls were  diluted In MACS buiPor to 2x10' cefslmt..
Serial dilutions ofendbody (0.05 mL) in assay medium
(1r12/DMI$M 50,30 without giyclne, I mM  FIIIPMS
butler pit 7,2. Psoplcil Iln/Saaptpmycin (100
un)nc/mL; Gtbcn): glutarninc, and 1% heat-inactivated
fetal bovine scram) were added to a 96-well
ronmdbnttont tissue culture plate. WIL2-S cells were
diluted in 25 assay buiTcr to a concentration of4 x
101hi . WIL2-$ cells (0.05 sat per well) were mixed
with diluted  Antibody in the 96-wall plum and
Incubated for 30 silo at room temperature to allow
binding of antibody to  CD20 (oprsmiraticn). '11w
ADCCresodon was inltiatefl by nMing f1 I ml. of MR
naps to rash wall. In anntnhl walls, 796  Triton X-100
was added. 'Me plate was than Incubated for 4h at 37C.
Lcvcln of LOB released were 30 measured using a
cytotoxielty (LDH) dstecdon kit (KiM11644793, Roche
Diagnostics, Indianapolis, Indiana.)  following the
manufacturers Instructions. 0.1 mL of LDH developer
was added to each well, followed by  mixing for ills.
The plate was then covered with aluminum foil and
Incubated In the dark at room  temperature for 15 min.
Optical density at 490 Iva was then read and use to
calculate % lysi; by dividing by  the total LDTI
measured in control wells. Lysis was piuttud as a
funetion orantibody corer lrailon, and a 4 35
psramcKar curve Of (KaleJdaChaph) was used to
determine RCso concentrations. The results showed that
humanized 21.17 antibodies were active In ADCC, with
relative potency 20.  laid higher than Rituxan(r) Jar
v.31 and v.75, 5-fo)d more potent than ithuxsn(r) for
v.16, and almost 4-foid  higher Rion Rituxan(r) for
v.73, 59 9 Table 11. ADCC activity of ZH7 antibodies
on WIL2.5 cells compared to 2f7.v16, based on n
expe4inents. (Values >1 Indicate lower potency than
ZH7.v I(I, and values e1 Indicate greater potency.)
Anilbody variant a 13C variant C 2H7.v1 Rituxundh 4
5.3  1TT.vi 5 I  211 .v31 1 0.24  2117.43 5 JA
2R7.v75 4 0.25 Additional ADCC assays were carried out
to compare comhinadon-variants of 2147 with Rituxan4D,



114 The results of these assays indicated that 2H7.v
114 and 2H7.vl 15 have> 1011old improved ADCC potency
as compared to Rituxnn@ (Table 12). 'rabic 12. ADCC
activity of 2117 antbodles on W=-S cells compared to
Riwxen(r), based on n  cxporiments (Values >I Indicate
lower potency than Rituxun(r), and values a1 Indicate
greater potency).  15 "dbod Varian! 0 lent RJtuxan
uxantd -1 2H7 v.16 .52  R7 Y,96 0159  21d7 .v114 0.093
2H7,v11S 31.083 7.v1 16 0.30 Eramnle l0 )m vivo
effects of 207varients In a pilot study in cynomolgua
monkeys 2147 variants, produced by translnnt
ttxnsfectdon of CilO coils. were tested In normal male
20 oynomolgus (Mae= farcfsular1x) monkeys in order to
evaluate their in vivo acdvkks, Other anti-CD20
antibodies, such as 02138 Qtltuxan(r)) have
demonstrated an ability to deplete B-cetJs in normal
prbmates  (Rarf ct al" llkvd 83: 435-445 (1994)). In
one study, humanized 2117 variants were compared. Tn a
parallel study, RituxaS wait also  tostcd In
cynomolgua monkeys. Four monkeys were used to each of
five dose groups: (1) vehicle, (2) 0.05  25 mg/kg
hu2Hl.v16, (3) 10 mg/kg hu2H7.v16, (4) 0.05 m4/kg
hu2Rl.v31, and (5)10 mg/kg hu2H7.v31. Antibodies were
administered intravenously at a concentration of 0,
0.2, or 20 mg/ml, for a total of two  doses, one on
day 1 of the study, and another on day S. The fist day
of dosing Is designated day I and the  previous day is
designated day -11 the first day of reoovsry, (fort
animals in each group) Js designated as  day 11. Blood
samples were collected on days -19, -i2, I W or to
dosing), and at 6h, 24h, and 72h 210 foilowing the
fiat dose. Additional samples wcru taken on day 8
(prior to dosing), day 10 (prior to sacrifice  oft
animals/gwup), and on days 36 and 67 (for recovery
animals). Peripheral 13-cell oonoonttatons were
determined by a PACS method Out counted CD31/CD40
cells. The percent otCD3CD40+,3 Coils of total
lymphocytes in monkey samplex were obtained by the
following gating strategy. no lymphocyte population
was marked co the forward seauerl side scatter 60 5
scattcrbram to define Region I (R I). Using events in
RI, ttuisrescence intensity dot plots were displayed
for  CD4O and C03 markers, 17uorescently labeled
Isotype controls were used to determine nespoctive
cutoff  points for C:D40 and CD3 positivity. This
results indleated thatboth 2H7.v16 and 2H7.v31 were
capable of producing tbli peripheral B- cell depiction
at the 14 mg/kg dose and partial peripheral Bcell
depletion at the 0.05 mglkg doss (Fig. 11).  10 The
time courss and extent of B-cell dcpledan measured
during the first 72h of dosing were similar for the
two antibodies. Subset uenl analysis of the recovery
animals hullcated that animals treated with 2H7.v31
showed a prolonged depletion of B-cells as compared to
thin ne dosed with 2R7,v16. in particular rcwrvcry
animals treated with 10 mgfkg 2H7.v16, B-cells showed
substantial ii-cell reuovcry ut some time between  



sampling on Day I O and on Day 36. However, for
recovery anhnals treated with IC m},t/kg 2H7.v31,
B-cells 15 did not show rccuvcry, until some time
between Day 36 and Day 67 (Pig. 11). This suggests a
greater  duration of fall depletion by about one molrb
for 2B7.v31 compared to 2H7.v16. No toxicity was
observed In the monkey study at low or high dusto and
the gross pathology was  normal, In other studies, v1G
was well tolerated up to the highest dose evaluated of
(J Othng/kgx2 = 1200  mglm2 x2) following l.v,
admirdstratlon of 2 doses given 2 weeks apart in these
monkeys. 20 Data in Cynarnolgus monkeys with 2H7.v 16
versus RituxanS suggests that a 5-fold reduction In
CDC activity does not adversely affect: potei rsy. An
antibody with poteot A4,JDCC activity but seduced CDC
activity may have atone fbvornble safety prof le with
regard to first btfoslon reactions than one with
greater  CDC activity. 25 lCxamale 11 Fucose deficient
2117 variant lats'bodies with enhanced effector amcdon
Normal CFIO and HEIC293 cells add ltrcose to 11O
oligosaccharlde to a high degree (97-98%). ISO  from
sore are also highly fucasylated. DP12. a
dihydrofoiate reductase minus (DHFR') CHO cell line
that is fucosylation competent, and  30 I=] 3, a cell
line that is deficient in protein fucosylation were
used to produce antibodies for this study. The  C1HO
cell tine Pro-Lee13.6a (Lea 13), was obtained fYom
Professor Pamela Stanley of Albert Einstein  College
of Medicine of Yeshiva University, Parental lbws are
pro- (prollne aoxotroph) and Gat. (glycine,
adenosine, thyntkline auxotroph). The CHO DP 12 cell
line is a derivative of the CHOK1 coil fine (ATCC
#CCL-61), which is diltydrofolate reduotase deficient,
and has a reduced rcyuircmcnt far insulin. Coll lines
35 were transfcotod with oDNA using the $upereect
method (Qlagen, Vnlenelnn, CA). Selection of the Leal
3  cells expressing tmnsftoted antibodies was
ptrtbnmed using puromyein dibydrochdoride
(Calblooheln. San  Diogo, CA) at 10 pg/ml In growth
medium containing: MEM Alpha Medium with l -glutamiae.
ribonucleosides and deoxyrtbooucleosides (GIBCO-BRL,
Gaithersburg, MD), supplwnented with 10%  Inactivated
BBS (OIBCO),10 mM REPEL and 1X pcnlcillinlstreptomycin
(GIBCO), The C HO cells were 40 similarly selected in
growth medium containing Ham's 1012 without OUT: I.ow
Glucose DMBM without  Glyolrre With Na8CM3
suppletnontcd with 5% PBS (OLBCO),10 mM HIiP11S, 2 mM
L-gJutamine, IX  ONT(glyeine, hypoxanthtne,thymidine),
and IX puniolllia/stroplomycin. Colonles formud within
two to three weeks and were pooled for expnnsicin and
protein expression.  'fhe call pools were seeded
initially at 3 x 10 cells/10 cm plate for small batch
protein expression. The cells  61 5 were converted to
sorurrt-frcc media once they prew to 90-95% onnfluency
and after 3-5 days toll  supemalantx were collected
and tested in an Fe IgO- and intact IgO 13L1SA to
estimate protein expression  IevcIK. t.ee l3 and C&O
cells won secdcd at approximately 8 x l06 col Is/ I S
em plate one day prior to  converting to PS24
production medium. supplemented with 10
mg/Lircombinant human Insulin and I mg/L  trace
elements. to l ee13 cells and DP 12 calls remained in
ssr am-freoproduction modiurn fora 5 days.
Supernatants  were coliccled and clarilad by
ccntrifirgation in 150 nil conical tubas to remove
cells and debris. 'Its  protease inhibitors PMSF and
aprodnfo (Sigma, St. Louis, MO) wore added and the
suparoatants were  ctrnecnrrated 8-fold on stirred
calls using MWCO30 filters (Amicon, Beverly, MA) prior
to ituurediate  



purification using protein G chromatography (Amersham
Phartoaela Biotech, Piscataway, NJ)). All proteins 15
weft buffer exchanged into phosphate-buffered saline
(PBS) using t ontripdep30 concentrators (Anrieon)  and
analyzed by SDSpolyacrylatulde Bel clcctruphuresls.
Protein concentrations were detertrtined using  A280
and verified using amino acid curnptssition analysis.
Tice (HO cells were transftxted with vectors
expressing humanized 2H7v16, 2H7v.31 and selected  as
described. The 2H7v,16 antibody retains the vdldd typo
Pc region while v.31 (see Example 5, Table 7 21)
above) has an Fe region wherein 3 amino acid changes
were mode (S298A, E333A, K334A) which results in
higher affinity for the FcyRfifs receptor (Shields a
a).I Biol. Chem. 274 (9):6591-6604 (2001)). Following
transfection and sclct..ion, individual colonies of
cells were holatcd and evaluated for protein
expression  level and the highest producers were
aubjccted to mcthotrcxatc selection to select for
cello that had amplified  the platunld copy number and
which thorrfure produced higher levels of antibody.
Cells were grown, 25 transfctrod to scrum free medium
fix a period all days, then the medium was eoltoctcd,
loaded onto a  protein A column and the antibody was
doted using slaadard techniques. The final
concentration of the  Antibody was determined using an
Elise that measures Intact antibody. All proteins were
buffer exchanged  Into phosphate-buffered saline (PBS)
using C cntrlprlop-30 concentrators. (Amleon) and
analyzed by SDS- polyncrylamide gel ateavephoresls. 30
Matrik.Assl.tted LaserDesorptloa/lonlwtlon Tbxs
af-ftlg)Mt (WALAI.7OA) Maw Speemal Anal)&*
r4PA$wtragure-Linked Ufigasaccllarldes: Ndlnked
oligosawharides were released from recombinmu
glycoprotcins using the procedure otPapac mat.,
Glycob)o)ogy 8, 445454 (1998). Briefly, the wells of a
96  well PVDF-lined mierolitre plate (M)l)lpore,
Belford, MA) were conditioned with 1001st methanol
that was  drawn through the PDVtt membinnes by
applying vacuum in the Mil spore Multiscreen vacuum
manifold. 35 Ilia conditioned PVDF membranes wore
washed with 9 X 250 l water, Between all wash steps
the wells  were drained completely by applying gentle
vacuum to the manifold, The membranes were washed with
reduction and carboxytnethylatloe bufbat (RCM)
consisting of 6 M guanidine hydnrchloridc. 360 mM Tis,
2  mM RDTA, pH 84 Olyuoprotcin samples (SO g) were
applied to Individual wells, again drawn tbrough the
PVIF membranes by gentle vacuum and the wells wets
washed with 2 X 50l of RCM. buffer. The 40 1 tnmobfl
zed samples were reduced by adding 50 pal Of a 0,1 M
ditlilothroltol (IM) solution to each well  and
incubating the rnicrotftre plate at 37C fur 1 hr. DTT
was removed by vacuum and the wells were  washed 4 a
250 l water. Cystelna residues were carboxylmethylated
by the addition of S0 l of a 0.1 M  iednacutlc acid
(IAA) solution which was frostily prepared in I M NaOH
and diluted co 0.1 M with RCM  buffer,
Cnrhoxymethylation was ucc)mplklicd by incubation for
30 min in the dark at ambient temperature. 62 5 Vacuum
was applied to the plats to remove the IAA solution
and die wells were washed with 4 x 250ItI  purired
water. The PVDF membranes wcrc blocked by the addition
of l00 Ill of I% PVP360  (polyvinylpyrrolidine 360,000
MW) (Sigma) solution and incubation for I hr at
ambient temperature. The  PVP-360 solution was removed
by geniis vacuum and the wells were washed 4 x 250 l
water. The PNtiasc  P (New Uingland Blolabs, Beverly.
MA) digest solution, 25 Viola 25 UAW solution In I0 mM
Tile 10 acetate, pH 8.4, was added to each well and
the digest pnxccded for 3 hr at 37'C. After digestion,
the  samples were hand cntd to 500 pl 3ppendorftubcs
and 2.5 pIL of a 1.3 M acetic acid solution was added
to  each sample. The acidified samples were incubated
for 3 hr at ambient temperature to Convert the  



oJlgosavaburldcs from glycosylamines to the hydroxyl
lava. Prior to MAIALTOF mass spectral analysis,  the
released oligosaceharldes were dosalted using a 0.7-m1
bed of cation exchange rosin (ACIMM main 15 in the
hydrogen form) (Blo-itad, Buraelce, CA) slurried
packed into compact reaction tuba (US  Blochomleal.
Cleveland, OH). Fur MAT.DT-TOF mass spectral analysis
of the samples In thepustitiva mods, the desalted
oltgosacchnrides (0.3 l allgtro(s) wore applied to the
stainless target with OS tl of the 2.3 dihydroxybonzde
acid matrix (sDHB) that was prepared by dissolving 2
mg 2,3 dbydruxybcnxole acid with 0.1 tug of 5 20
mothnxysfcyitc acid in I nil of ethanoYlO mM sodium
chloride 1:1 (v/v). The sample/matrix ndxture was
dried by vacuum. Poe analysis in the nagadve mods, the
desalted N-linked oligosaeoharldes (0.5 Id aliquots)
were applied to the stainless target along with 0.5
ill 2',4',6'-trJJ1ydroxyaeetophcnone matrix (I'HAP)
prepared In 173 (v/v) acetonittile/133 mM ammnnium
citrate buffer. 'llmsatnple/matrix mixture was  vacuum
dried and then allowed to absorb atmospheric moisture
pdortoenalysls. Released oligosaccharddes 25 wore
analyzed by MALDX-'t'OPon a PerSeptivo BIoSytrtcros
Voyager-DE mass speotrometor. The mass  spectrometer
was operated at 20 kV either In the positive or
negative mods with the linear configuration and
utilizing delayed extreotlon. Data were acquired using
a laser power of 1300 and In the dam summation  mode
(240 scans) to Improve the signal to noise. The
instrument was calibrated with a mixture of standard
oligoaaceharides and the data was smoothed using a 19
point Savitskydiolay algorithm before the masses 30
wars assigned. Integration of the mass spectral data
was achieved using Caesar 7.0 data analysis software
package (Scifridgc Software). Natural killer (Nx) cell
antibody dt'endsnt tyro 4clty assays. ADCC assays were
performed as described In Iixawpie 9. NK to target
tell (WIL2-S) ratio was 4  to 1. assays were rue for 4
hours, and toxicity was measured as before using
iaotose dehydrogonase assay. 35 Target cells were
opsonized with the concentration of antibody Indicated
for 30 redo prior to addition of NK  calla. Thu
Rituxan6 antibody used was from Osnenteob (S. San
Francisco. CA). Figure 121hows the results  of a
representative ADCC assay. The results show that
underfitcosylated anibodies mediate NKcell target cell
killing more  efficiently than do antibodies with a
Rill complement of fbcosa The uuderfttcosylated
antibody, 2H7v.31, Is  40 most efficient at mediatl ng
target call killing. This antibody In etftctive at
lower conecnfraadons and is capable of mediating
killing of a greater percentage of target cells at
higher concentrations than are the other  antibodies.
The activity of the antibodies Is w follows:
Loa13-derived 2117 v31> Leo 13 derived 21"170 15;*
Dp12 derived 2H7va 1> Dpl2 derived 2197v16> or= to
Rituxan. The protein and co bohydmte alterations  are
additive. Comparison of the, carbohydrate found on
native IgO from the Leal 3-produced and CEO 63 5
produced ISO showed no appreciable differences In the
extent of gulactosylation and hence the results can be
attrihured solely to the presencelabscnce of fucosa
Extooole  Eucose-defidant 2Ii7 vatiant andbodles with
cpdtanced ADCC In vivo 1 f) Yhis example describes
ADCC activity In vivo ofths theoso-4efoicnt humanized
2117 variants  including v.16 and v.31 produced In
1.ccl3 compared to Dotmal fucasylated counterparts
produced In DP12,  in mice expressing human CD16
(Fcflh[) and human CD20. 



00"W104 mks Human CD20 tmnagen)a mica were Aenarated
from human CD20 BAC DNA (Invitmgen. Carlsbad,  15 CA).
Mice ware nxccaod heated on the PACE analysis of human
CD20 expression. HuCD20 Tg' mice were  than crossed
with huCD16Tg'mCDIe mice togenerato
huCD24Tg'huW1OremCD164* mice. !n vivo ftlrCWne % Ten
to 100 pg of each of the 2117 variunls or RimxanO is
administrated to  huCA2tr1g4huCD16Te;nCDl6" auto via
latraperhoseal injections. Equal amount of
isotypc-matched  20 andhodics wi0 be applied simthtrly
to the negative control group of aabnafs, MIMS*
lymphocytes preparation Mouse lymphocytes Dom whole
blood, epken, lymph nodca and bone marrow are prepared
accenting to standard protocol described In "Curnnt
Protocols in Immunology, edited by John Culligan, Ada
ltruisbeek, David Margulies, Iflhan Sbevach and Werrcn
Stroller, 1994" 2S PACS analysis Half million calls
are wished and resuspended In 100 ID of FA CS buffer,
which is phosphate  buttered saline with I% BSA,
containing 5 p1 oFstaining or control antibody. All
the staining antibodies,  Including isotype controls,
argobtained fern PharMingani San Diego, CA. Human CD20
expression Is  ns owed hysminin with RimxanS along
with FITC-conjugated aatllw*wn 1gG1 secondary
antibody. 30 FACS analysis Is conducted usingFAC$ean
and Cell Quest (Becton Dkkinson i nnlunoeytomctry
Systems,  Son 'a^ CA), All the lyn+phooytn mw defined
In the forward and aide light ooatteringo, while all
the 8  lymphocytes are defined with the sxpxesslon of
A220 on the tall surface. B cell depletion and
recovery are assessed by anaiyziag periphosal B cell
counts and analysis of  I)20+ A cells by FAC4 in the
spleen, lymph not and lama marrow on a daily basis fir
the first week  35 after injection and thermfter on a
weekly basis. Serum levels of the injected 2117
variant antibody are  monitomd. The results of this In
vivo assay eonflnns the in vitro findings on the
Increased ADCC activity and  grcafcr B cell depletion
of fucose-deflcient 2117 variants over wild-type (with
resepct to focosyladon)  glycnsylatian counterparts.
40 64 5+.x}lmnte 13  ApoptooU Activity Anti-C:'D20
snillbodks Including Rituxau(r) buys been drown to
induce upoprnxtx in vino when  crossiinked by is
socondury antibody or by chemical means (Shan at al.,
Blood 9:1644-1652 (1998): Byrd e1  10 al.. Blood
99:1038-43 (2002); Pederson at al., Blood 99:1314-19
(2002)), Winn chemically crusslinked, marine 2117
d1imr a ,Induced apopawds of Daudi Mix ((Thetis at
al., Proo Nall Arad Sol USA 941509-14  (1947)).
Crosslinking with a secondary antibody also Induced
spoptosis with the routine 2117 antibody (Shan  ct
aL,1998). Those aotvides are bdtcved to be physlolog
cnfly,eJevarit because a variety of mochanlsmic  could
lead to crosalinking of anti-CD20 antibodies bound to
coil-wrfauo CD20 in vivo. RhuMAb 2H7.v16 ihumanixed
2117 v16; RhuMAb stands for recombinant human
monoclonal  +mtibWy j and Rituxtm(r) were compared In
apopapals assays hi vhro using a secoodnry
crosslinking antibody.  



Ramos: calls (CRI.1594 ATCC, Manassas. VAX a
CV20.expresslag. human. B lymphocyte ucll line, were
used to measure the ability of the ant-CD20 monoclonal
antibodies tbuMAb 21f7.v16 and Rituximab versus  a
nagarive-control antibody, 75mstuxumaih (FlarceptinO,
Genentech, South San Francisco, CA), to Induce 20
apoptosis as haessured through Annexln V staining and
proptdfum Iodide dye exclusion (Vybraott  Apoptotds
Assay Kit, Molecular Piobcs, Scuttle, WA). The Ramos
cells wore cultured in RPMl-1640  medium (Cliboo,
Rockville, MD) eoalaining 10% fetal bovine serum
(Blnmurcc International, Camarillo,  CA) and 2 mM
L-gletamlae (Glbco). Prlorto being assayed, the cells
were washed twice In fresh media and  than adjusted to
it cell concentration of 2 X IW per mL. Cells (150i,)
were added to 96-well assay plates 25 (J3octon
Mckinnon, Palo Alm, CA) which amwinod 150 pL of a
prvdatcrmincd amend ofauntrol1gO1.  tbuliMAb 21i7.vi6,
or kiwxlotab, along with P(ab)'2 goat and hmnaa Fa
(flexes Blatcchaoiogy, Rnclrktrd,  IL.). The JIM !g0
coaaceuUatons wars 100, 0.1, 0.01 and 0.001 nM, and
the F(ab)l goat anti- human It antibody ootieeatrailcn
was sat at twice the ruspcodve samplo antibody
concentration. Each  dilution was act up in atipllcaM
After a 24-hour incubation at 370 C, the calls were
washed twice with PBS 30 and then stained with Annexhn
V and pmpidium iodide according to the
nuutufaaoturer's recommandarions.  The staining
patterns of the Ramos calls west analysed by flow
cytansiry using a VACsoaau Plow Cytoureter  (l3e0on
Dickinson. San Zan, CA), and dale were collected for
10 s-perIode, The dada were reduced using  the
Csihluest Pro software Mom m Dioidnsvn). Ramos cells
that war. positive for (1) Annexin V staf ning,  (2)
Annexln V and pmpldulm tadido double-ft dng. and (S)
the cumber of unstained live calls, were 35 counted
and plotted using ICakldudraph software (Synergy
Software, Reading, PA). Both rhuMAb 2117,yI6 and
Rltuxtmab Induced epaptmsls of Rooms toils when
crosslinked with  anti-human Pc and as compared 1e an
h1eluvantag(71 control antibody (ktlgures 13-14 The
appptotkt  aulivily of (rbvMAb 2117) was slightly
lowcrthan that oHUluximab. At 10 AM concentrations of
crwestaked rhuMAb 2117, Rituxlmab, and control IgGI
antibody, fractions of Anuexin V stained cells were 40
18.5, 16.5, 2I3 , respectively, !merlons of doubly
labeled cells were 29, 38, and 16%, and numbers of
live  cells counted per 10 s were 5200, 3100, and
8600. Theme in vitro data denloast iuc that apoptosis
is one potential mechanimm for In vivo B cc])
dcplation. In vivo craaslinking of rhuMAb 2147 or
Rttuxbnab bound to cell-surface C020 may occur
through ltuyR on the surfaces of Linnune
effectorcelis, 65 5 Example 14 In Vivo Suppresstoit of
tumor Growth Thu ability of rhuMAb 2H7.v16 to
intnbitthe growdr of the Rsji human Il-eelis, a
lymphosua c:cll  line (ATCC CCl. B6), war evaluated in
AaiWa nude(atityinie) price. The Raji cells express
CD20 and have  been reported to grow in nude mice,
producing ractaaatic disease. tumor growth Is
inhibited by Rituxane 10 (Ctyuos at aL. Nature
Medicine 6,443A40 (2000)), I'Itky-six 8- i 0 week old.
BaOWo nude mien wore divided  into 7gruupa (A-C) with
each group cotlsisliog or B mice. On any 0, each mouse
received a auhcutaneous  injection of 5 x IOs Rt(fi
Bdymphoma cells in the flank. Beginning at day 0, each
mouse received either 100  ul, of the negative-combos
solution (PBS; phosphate-buffered saline), RltuxauG or
2H7.vI6. Dosage was  dependent on weight and drug
delivery was intravenously via the tall vein, Oroup A
mice roccived PBS. 15 Groups E4) received Rituxan(r)
at 5.0, mg/ks, OS malkg, and 0.05 mgikgsespeclively.
Groups B.G mice  



received 2147 v.16 at5.0 mg/kg, 041 mg/kg, and 0.03
mg/kgrespeclivcly. The Injections were repeated every
week for 6 weeks. At weekly intervals during
treatment, ouch mourn was Inspected for the presence
of  palpable: turndno at the adte of injection, and
the volume of the tumors If present were measured and
rocordod.  A final inspection was made at week 8
(after a two-week interval of no treatments). 20 The
results of this study showed that both rhuMAb 2A7.v16
and RltuxanO and were eftcdve at  lnhfl tang
subcutaneous Raji-cell tun orgrowth in nude mica (FIG
& 16-18). Tumor growth was ohaaved in  the PBS control
group beginning at 4 weeks. FTowever, no tumor growth
was observed In groups treated  with Rlsuxan(r) or
2l`17.06 at 5 mg/kg or &S mg/kg for the B-week
duration of the study. In the low dose  0.0.5 mg/kg
treatment groups, tumors was observed in one animal In
the 2147 group and in one animal in the  25 Rituxan(r)
group (FIG. I8). xamnle iS Cloning of Cyaomolgtss
monkey CD20 and antibody binding The CD20 DNA sequence
for cynomolgus monkey (Macaen fascicularis) was
determined upon the  30 Isolation of eDNA encoding
CDZA from it eynom oigus spleen eDNA library. A
SUPSRSCRIPT Plasmid  System for eDNA Synthesis and
Plesmid Coning (Cat#18248.013, Invitrogen, Carlsbad,
CA) was used with  slight mudiflcutlonm to construct
the library. The oDNA library was ligated Into a
PR1(SA vector Using  roariedon dtcs Xbu 1-aad Not L
mENA was Isolated from spleen tissue ((Califrnain
Regional Research  Primate Cutter, Davis. CA), Prlutea
to amplify eDNA encoding CD20 wort designed based on
nos-Coding 35 soquonrax of humau (`D20. Ndaml)al
region primer 5'-Asa in GAGAGCAAAATG-3' (SEQ ID NO.37)
and C-terminal r oghm primer 3'-AAOCtATGAACACTAATG-3'
(SEQ 11)140.38) wore used to olaao by  polymerass
chain reaction (PCR) the oDNA encoding cynomoigus
monkey CD20. The PCR reaction was  carried out using
Platinum Taq DNA Polymerasa High Fidelity according to
the manufacturers recomtmondation (Gibed. Rockville.
MD). The PCR product was suhaloned into pCR e'2.1-TOPO
*Vector  40 (Invltrogen) and transformed Into s.1.--I
bloc E. coti (Stratagene. l,a Jolla. CA). Plasmid DNA
containing  11gated PCit products was isolated from
individual clones and sequenced. The amino said
sequence for cynomolgus monkey CD20 to shown In Figure
I.P. 171gure. 20 allows a  oomparlson of eynomolgus
and human C=0. The cynomoigus monkey CD20 is 97.3%
similar to human  66 5 CD20 with it dit'krences. The
extraceRulet domain contains one change at V I 57A,
while the remaining 7  rosiduos can be found In the
cytoplasmic or bnnsmembrane regions. AntiboUics
direated against human CD20 were assayed for the
ability to bind and displace FI'I'C- cne jugutcd
murine 2137 binding to cynomoigus monkey calls
expressing CD20. Twenty milliliters of blood  wcm
drawn fro a 2 cynomolgus nwnkcys (California Regional
Rnesueh Primate Center, Davis, CA) Into I0 sodium
heparin end shipped dimady to Genentech inn.. On the
same day, the blood samples were pooled and  diluted
I:1 by the addition of 40 ml of phosphate bufknd
sstinu t7rBS). 2O ml of diluted blood was layered  on
4 x 20 ml of Picoll-Paque TMY1us (Amcraham Bfoadences,
Tlppsela, Sweden) In S0 mU conical tubes  (C41#33209&
l+akon, Iranklin Lukas, NJ) and centrifuged at L300
rpm for 30 minutes R.T. in a SorvRI 7  ccnwifuge.
(Dupont, Newtown. CT). The PBMC layer was isolated and
washed in PBS. Lied blood calls IS were lysed in a
0,2% MCI sohtgon, restored to isotunicity, with an
equivalent volume of a 1.6% NeC)  solution, and
eentlfaged for to nilatxes at L0oo RPM. The PBMC
pullet was resuspended in RFMi 1640  



(Oibeo, Rockville. MD) containing 3% fatal bovine scum
(PBS) and dispensed Into a 10 cm dame culture  dish
for 1 hours( 371 C. 'ib non-adherent B and T tall
populations were rer anved by aspirad(R),  centrifuged
add counted. A total of 2,4 x 161 calls wow rcvovmr
ed. The resuspended PBMC were distributed 20 Into
twenty 12 x 75 mm culture tapes (Cat#3520$3, Falcon),
with such tuba containing I x 10 calls in a  volume of
0.25 ail. Tubes were Qlvlded into four sets of five
tubes. To such set was added tither media
(RPMII640.3%PBS), dined amounts of control human 1g01
antibody. Rituxan. 2137.v16, or 2H7.v31,  The float
eoneeavadon of each antibody was 30,10 3.3 and 1.1 nM.
In addition, each tube also received 20  ul of
PFuoraseelu loo hlecyanata (PITC>conjugated and-human
CD20 (Cat#555622. BD Slosellences. -San 19 Diego.
CA).'1he oath was gently mixed, incubated for 1 hour
on ice and than washed twice in cold PBS.  The call
surface staining was analyzed on on Epic X ..MCL
(Coulter, Miami, FL), the geometric means  derived,
plotted (]GllcidaGraph1". Synergy Software,. Reading.
PA) versus antibody concectradons. Data in Pigura 21
showed that 2117 v.16 add 2137 v.31 eompatitiveiy
displaced lrl'1tGmudw 2117  binding to cynomolgtu
monkey cells. Furthermore, Rituxaae also displaced
PITC-murlna 2117 binding taws  30 datnomuradng that
both 2H7 and Rltuxan bind to an overlapping epltope on
CD20. In additiom the data show that the ll^.s,value I
rr 2117 v.16, 2H7 v,31 and Itlmxaa ore similar and
fail In the 46 nM range.  Bxamnle 16 Phase 1/IIstudy
otthuMAb 2137 M17.00) In moderate to severe
rherntmtold arthritis  3S Protocol Synopsis A
tnndonrlred, plaaeho.amuulkd, multlucntur, blinded
phase I/It study otthe safety of escalating doses of
PR070769 (rhuMAb 2117) in subjects with moderate to
severs rheumatoid ertbritlc receiving enable doses of
conootahant methotrexate. 40 objeAtives  The prbnary
objective of this study is to evaluate the safety and
tolerability of escalating intravenous (IV)  dopes of
PRO70769 (rhuMAb 2137) In subjects with moderate to
sever rheumatoid arthritis (ILA). 67 S Study Design
'This is a randomized, pt ecbn uu trolled,
multicenter, blinded Phase iAi, investigator- and
subject-blinded  study of the safety of escalating
doses of PR070769 In combination with M'I'X In
subjects with nxxlerau to  sever RA. The study conshi
of a dose escalation phase and a second phase with
enrollment of a larger  number of subjects. The
Sponsor will remain unblended to tranbuent assignment.
11) Subjects with moderate to sever RA who hove felled
*as to five dlseaso-modifying andrheumodo  drugs or
blotches who currewtly lava uosatitiac(ory clinical
responses to Vestment with MTX will be  enrolled.
Subjects will be roquirod to receive MTN in the range
of 10.25 nag weekly for at Irarst 12 weeks  prior in
study entry and to be on a stable dose for at least 4
waalut before receiving their initial dose of $tudy  I
S drug (PRO70769 or placebo). Subjects may also
racclve stable dawn of oral cortlcostorolds (tip to 10
mg daily or prednistata cqulvalcnt) and stable doses
of nonsreroldal atd4ofamwatory drugs (NSAID")
Subjects will receive two TV Infusions of PRO70769 or
placebo equivalent at the indiaaicd dose on Days I  



and IS according to the fallowing dose escalation plan
(see )4uro 22). Dose esoa>gtion will occur according
to spealfe criteria and after review of safety data by
an  20 Internal safety data review committee and
assessmour of acute tvxieity 72 hours following the
second  infbsloa In the that subject treated in each
cohort. After the dose escalation phase, 40 additional
sutdoa(s (32  active and 8 placebo) will be randomized
to each otthe fallowing dose lovehs: 2x50 tug, 2x200
mg, 2x500  mg, and WOOD mg, it the dose levels have
been demonstrated to be tolerable during the done
esoslotion  phase. Approximately 205 subjects will be
carolled in the study. 25 8-coil counts will be
abulned and returned. B-call eotmts will be evaluated
using flow oytowuf<y  In it 48-work folluw-up period
boyoad the 6-mouth sficacy svaluatoo. Is-Celt deptetue
will not be  considered a dust -limiting toxicity
(DID:), but rather the expected pbarmacodyosmdc
outcome of 28070769  treatment. In an optioiml
substady, blood for serum and RNA analyses, at well as
wine samples will be 30 obtained from subjects at
various dmcpolnta. Thcvc samples may be used to
identify bivmarkora that may be  pruliedve of response
to PRO70769 "eatntent in subjects with modemta to
severe RA. Outcome Measures The pdulary outcome mounts
for thin study Is the wfaty and tolerability of
PRO70769 in subjects with  35 moderate to aevereRA.
Study Treatment Cohorra of subjects will receive two
IV lafusloxts of PRO70769 or placebo equivalent at the
indicated dose  on Days I and IS according to the
following escalation plan: 4U 10 m; PRO70709 or plambo
equivalent 4 subjects active drug, I control  50 mg
PR070769 or placebo equivalent It subjoeb active drugs
2 umbel  200 nig PRO70769 or placebo equlvntent: 8
subjects active drag, 2 control  500 mg PRO70769 or
placebo equivalent: 8 subjects active drug, 2 control
- 1000 mg PR070769 or placebo equivalent 8 subjects
native drug, 2 control  4$ fib 9 Efficacy 11re
efficacy of 2RC710769 will bu measured by Adak
respunscs. The percentage of subjects who  achieve on
ACR20, ACRE), and ACR70rusponse will be summarized by
treatment group and 9.5%  confidence Intervals will be
generated for each group. The components of these
response and their change  from baseline will be
summarized by treatment and visit. (0 X531  '11to data
above demonstrated the success in producing buntanized
CD20 binding} antibodlea, in  particular humanized 2H7
antibody varlunw, that main Wad and even enhanced
their Wologicat propaniea.  The (humanised 2117
antibodies of the Invention bound to C020 at
affinities similar to the amine donor and J 3 chimeric
2117 antibodies and were eftbctivo at B cell killing
In a prinaelo, loading to B call depletion. Cerium
varlnott showed enbanoed ADCC over a chimeric
anti-CA20 antibody emrcntly used to But NIL kvoring
the use of lower doses of the rhecapeutla antibody IA
paticntn. Additiomtl, whereas it may be necessary for
a  



chimeric antibody that has murine 1'R mskiuat to be
administered ate dose effecilws to adriovc complete 11
coil depiction to obviate an antibody nospoasc against
it, the present humanized antibodies can be 20
administered at dosages that achieve partial or
complete B cell depletion, and for different dhratitma
of time,  as de ireil fur the particular disease and
patient. Tn rddidon, these nodbodles demonstrated
stability in  solution. These properties of the
humanized 2H7 antibodies make them ideal for use as
ittlmunotiter woth;  Mont in the treatment of CD20
positive cancers and ataoimmuno diseases; these
antibodies n not expected  W be Immunogenic or will at
toast be lass immunogenic than fully mu ins or
chimeric anti-CM antibodies  25 to human patlenis.
References cited within this application. Including
patents, published applications and other
publica(ions, are hereby incorporated by refareneo.
'ilia practice of the present invention will employ,
unless otherwise Indicated, conventional  30
techniques of molecular biology and tbelike, which are
within the skill of the art Such techniques are
explained dilly In fife IhetAWt'e. Sae a g.. Molls
afar Clnnine., A Labomtont Maeaal. (7. Sambrook et aL,
Cold Spring Hurbur Luborntury, Cold Spring HArbor.
N.Y" 19119)7 (P. Auxuhol et aL, ede..19117 up dated);
Rgdandal Mc 1~iar Bk)loay (T. Brawn cd., IRI, Frew
1991) Stlfllsl  Exar sslog ecbeo3ory ((Joeddel ad.,
Academic Press 1991); Methoelm far Clnninz and
Analysts of 35 9ukm vntio (lanes (A. Bothwell Nat
ale., Barlett Pubt. 1990); Ana TVansfir and ins (M.
Kriegler,  Stockton Press 1990); Recomb?nanc iINA Mir
otogy tt (R. Wu et aL eds., Academia Pmas 1995) PCR:
rraa kid qymwh (M. McPherson et at.IRLPress at Oxford
Urdvarsity Press 1991); Dllarmuclaodde L y 4ic y (M.
Gait ed.. 1984), Ceff Culture for Blocbemiata (k Adams
ed , i Asevier Science Pubiiaha+8  1990); Agog Trans
'Vxfnm fur Mammalian Cells (3, Miller & M. Calm ode,.
i987)t Mammalian Cell  40 X01MhWIM (M. Butler
ed.,1991) Animal Cell C d= (I. Pollard et aL eds.,
Humana Press 1990); ,nto of Animal (sips. 2,d Ed. (IL
Preshnay rt al. eds., Alan, Liss 1987);1>)ow
Cvtonherty and Sartln  (M. Mclamcd et at We, Wilcyd
iss 1990); the series Methods In 13nzymolo v (Acndanld
Press, Inc.):WIrth  M, and Hauser H. (I 993)1
Immunocbemin v in Practice, 3rd edtlion, A. Johastonc
& R. Thorpe, Blackwell  Solenco. Camhridgc, MA, 1996;
Tcvhniques in immumooyt clip1ltrv, (Cl. Bullock Sc P.
Petrone-eds., 69 5 Academic Press 1982, 1983,
1985.1989); Handbook of Bxpetimeacaf Immunology, (!),
weir & C.  Blackwell, eds.); near Pr r in mmu (T.
Coligan at al, ads, 199l); lmmunoassav (B, P.
Dlamandis I 'l,li~ Clu'sropoulos, Oda., Academic
Yrass, Inc.. 1996); Coding (1986) M noclonal
.Antibodlca:  )?rinciol an a ?nt llee (2d *0) ACadcmiu
Press, New York; Ed Harlow and David Lane, Antibndie.*
A  latbornury Manuxl Cold Spring Harbor Laboratory,
CAW Spring Harbor, New York, 1988, Ant bo y JO Wig,
2"0 edition (C. Boirebaeck, ed., Oxford Tinivernity
pram )995); and the sets Annual Review  of Immunology;
rare scrips Advances in Immunology. 70 5 WHAT IS
CLATMRi31S! 1, A humnnbed antibody that binds human
01720, or an antigen-binding frsgmcnt thereof wbelein
the antibody is effective to deplete primate B cads In
vivo, the antibody comprising in the li chain Variable
mgion (Vs) at least a CDRS sequence of SEQ IID NO. 12
from an anti-human 0020 antibody and 10 substanticilly
the human consensus framework (FR) residues of human
heavy chain aubgrartp 111 (Vcc111).  



2. The antibody of claim 1, further comprising the H
cb4in CDR I sequence of SBQ ID NO. I D and  CDR2
saquenuo of SAQ TD NO, 11. 3. The antibody of claim 2,
footer comprising the L chain CDR] sequence of SBQ ID
NO.4, CDR2  sequence of SHQ TD NO, S. CDR3 sequence of
SAQ ID NO, 16 and substantially the human consensus 15
framework (FR) residues ofbuman light chain x subgroup
I (Vtd). 4. The antibody of the preceding claims,
comprising the VII sequence of SEQ 1D NO.8.  5. The
antibody of claim 4, f r ha coawdstng the VL soquence
of SEQ I) NO.2. 6. The antibody ofelaim 3. wherein the
Vu region ii Joined to a bumaa 140 chain constant
region.  7. The antibody of claim 6. wherein the inn
150 Is ISM or ISM. 20 S. The antibody of dahm 1,
whereIn the antibody is 2117.v16 having the light and
heavy chain amino  add scgacnce of SBQ TD Na 21 and
22, respectively. 9. The antibody of claim I , wherela
the antibody Is 2H7.v31 having the light and heavy
obaba amino  acid sequancs of SEQ 11) NO.21 and 23,
respectively. 10. The antibody of claim 5. but with
the amino acid substitutions of DS6A.and NI t10A in
the H chain  25 and S92A iti the L chain. 11. The
antibody of any of the preceding claims, further
comprising at least One amino acid %ubatitation  in dw
Inc region that improves ADOC and/or CDC acdviv 12.
The antibody of claim 11, a hetain the amino said
substitutionv am 3298A&iS$3A/B394A. 13. The antibody
of claim 12, wherein the antibody is 2H7 v31 having
the heavy chain amino add  30 scquent a of SEQ ID
140-23. 14. The antibody of any of claims 1-10,
Asrther oomptsing at least one and o acid substitution
in the  k% 7Or'IOU that daanaatea CDC motivit,y. 15.
The antibody of any of claim 14, cctmprhdng at Intuit
Ew substitution R322A. 16. The antibody of claim 1.10
wherein die antibody is 227.,1 14 or 2H7.vt 13 having
at least 10-fold  33 improved ADOC activity as
compared to Rittxan. 17. The antibody of claim I
whotein the primtda B cops too Mutt boom and Cynot
$gut monkey.  18. 911e antibody orally of ttse
preceding claims cot atad oo a oyztoxio agent 19. The
antibody of claim 18 wherein the cytntoMe agent Is
andioectlve Isatopo or a toxin.  20. The antibody of
any of tie preceding claims, which antibody in
produced InLCHO car- 40 21. An isolated nucleic acid
that encodes the antibody of any one of the preceding
claims.  22. An expression vector encoding the
antibody of any of the preceding claims. 23, A host
cell comprising a uuclcic acid Of ciahpn 21. 24, The
host cell of claim 23 that produces the antibody of
any one of preceding claims.  25. The bast cell of
claim 24 which Is it CHO cell. 71 5 26. A method of
producing the antibody of anyone of the preceding
elalnls, comprising culturing (he  coil that produces
the antibody of claim 24 and recovering the antibody
from the cell oulturo, 27. A composition comprising
the antibody of claim I and a carrier: 28. The
composition of claim 27 wherein the antibody is
2137.vl6 and the carrier Is a pharmaceutically
acceptable carrier, 



10 29. An article of manufacture comprising a
container and a composition contained therein, wherein
the  composition comprises an antibody of any of the
preceding claims. 30. The article of manufhcture of
claim 29, further comprising a paokagc insert
indicating that the  wsmpunition can be used to treat
non-Hodgkin's lymphoma. 31. A method of Inducing
apoptuais in A cells in vivo, comprising contacting B
cells with the antibody  15 of any of the preceding
claims, thereby killing the 18 calls. 32. A method of
treating a CD20 positive canker, comprising
administering to a padent suffering from  the cancer,
a therapeutically aflibedve amount of the humanized
CD20 binding antibody of any of the  procadIng claims.
33, The method of claim 32 wherein the CD20 positive
cancer is a B cell lymphoma or leukemia.  20 34, The
method of Claim 33 wherein CD20 positive cancer Is
non-Hodgkin's lymphoma (NHL) or  lymphocyte
pralominant Hodgkin's disease ([-MD) 35. The mcthcd of
claim 32 wherein the cancer is chronic lymphocydc
leukemia or 3LL. 36. The method of claims 34 or 35
wherein the antibody is selected how the group
consisting of  2117.v16, v3 Lv96, v114, v115 having
the respective amino acid sequences as shown In the
fllutes aid  23 tailor. 37. The method of claim 34 or"
wherein the antibody Is 2137,v16 having the light and
heavy chain  amino acid sequence of SEQ 1U NO.21 and
22. rvspeodveb. 38. The method of claim 33, wherein
the antibody Is administered at a dosage range of
about 275- 975mg/ara. 30 39. The method of claim 32.
Amber comprising adminieoerdng to the patient at least
one  chemotherapeutic agent 40. The method ofclalm 39,
wherein die cancer Is non-Hodgkin's Ivymphotua
(Nita',) and the  chomothempeutio agent is selected
bunt On stoup consisting of doxarubiolin,
cyolophosphamide, vlnodsdne  and prednisolone. $5 41.
A method of heating as atnolmmune disease, oomptising
administering to a paddnt srtfEering from  the
autaimmuno diswna, a therspeudcally effective amount
of the humanized CLVO binding antibody of  any one of
the preceding claim. 42. The method of claim 41,
wherein the autolnuoune disease is selected flea the
group consisting'of  rheumatoid arthritis, juvenile
rheumatoid arthritis, systemic lupus erythematosus
(SL13), Wegener's disease,  40 inflammatory bowel
disease, Idiopathic thrombocytopenic purpura aTP),
tiuowbodc thrombocytopenio purpure (7TP), autoimmunc
thrumbocy(opeala, multiple sclerosis, psoriasis, lgA
nepluopathy,1gM  polyncumpathies, myasthenia gravis,
vasculitis, diabetes mclftus, Reynaud's syndrome,
Sjorgen's syndrome  and glonterulonepbrhla 43, Te
method of claim 42, wherein the autuimmune disease is
rheumatoid arthritis.  72 5 44. The method of claim
43, further comprising administering to the patient a
second therapeutic agent.  45. The method of claim 44,
wherein the second thcrapeutid agent to an
immunosuppressive agent. 46. 11ie method of claim 4S,
wherein the immunosupp esslve agent is methotre q te,
47. A method of treating an autoimgtune disease
aelcctcd from the group consisting of  



Dcrrnatemycmitis, Wagner's granulomatosis, ANCA
(included under vasculitis), Aplastic anemnia, 10
Autotmmune hemolytic anemia (AWHA), factor VIII
deficiency, hemophilia A, Autoimmune neutropenia.
Castlcman's syndrome, Qoodpasiune's syndrome, solid
organ transplant rejection, graft versus host disease
(13VHD). IgM mediated, thrombotic thrumboeytopanlo
purpura (TIP), Hashimoto'a Thyroiditis,  autolmmune
hepatitis, lymphoid interstitial pneumoaltis (*UV),
tinmchiolit3s obliteraits (non-trumplant) vs.  NSW
Ouillain-Barre Syndrome. large vessel vasoulitis,
giant cell (Takayasu's) arterids, medium vessel 15
vasculitls, Kawasaki's Disease, and polyartcritis
nodose, comprising administering to a patient
suffering  from the disease, a therapeutically
effective amount of a CDZO binding antibody or
functional fragment  thereof. 48. The method of claim
47 wherein the CD20 bindles antibody Is Ritaxanl. 49.
An isolated nucleic acid comprising the nucleotide
sequence of SEQ ID NO.: 24 of the  20 Cynomolgus
monkey CD20, or a degenerate variant of This sequence.
50. An isolated nucleic avid comprising a sequence
that encodes apolypeptide with the amino acid
sequence or SEQ ID NO. 25t or SEQ ID NO.25 with
conservative amino acid substitutions. 51. A vector
comprising the nucleic acid of claim 50. 52. The
vecurraf claim 51 which is an expression
vectorcomprising the nucleic acid of claim 49  25
operably lined to an expression control sequence. 53.
A host cell comprising the mxloio acid of claim 50.
54. An Isolated polypepddo eumprising the amino add
sequence of SEQ ID NO.25 of the Cymomulgus  monkey
CD20. 55. A liquid formuladoo comprising a humanized
2117 antibody at2OmgimL, l0mM hiatidine sulfate at  30
pH5.8, 60ntghnl sucrose, 0.2 mg/ml poiysorbate 20. 73
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 Gln Ser Gly Ala Glu Leu Val Arg Pro
Gly  1 5 10 15  Ala Ser Val Lys Met Ser Cys Lys Ala
Ser Gly Tyr Thr Phe Thr 20 25 30  Ser Tyr Asn Met His
Trp Val Lys Gln Thr Pro Arg Gln Gly Leu  35 40 45 Glu
Trp Ile Gly Ala Ile Tyr Pro Gly Asn Gly Asp Thr Ser
Tyr  50 55 60  Asn Gln Lys Phe Lys Gly Lys Ala Thr Leu
Thr Val Asp Lys Ser 65 70 75  Ser Ser Thr Ala Tyr Met
Gln Leu Ser Ser Leu Thr Ser Glu Asp  80 85 90 Ser Ala
Val Tyr Phe Cys Ala Arg Val Val Tyr Tyr Ser Asn Ser
95 100 105  Tyr Trp Tyr Phe Asp Val Trp Gly Thr Gly
Thr Thr Val Thr Val 110 115 120  Ser Ser <210> 8
<211> 122  <212> PRT <213> Artificial sequence  <220>
3 <223> Sequence is synthesized  <400> 8 Glu Val Gln
Leu Val Glu Ser Gly Gly Gly Leu Val Gln Pro Gly  1 5
10 15  Gly Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Tyr
Thr Phe Thr 20 25 30  Ser Tyr Asn Met His Trp Val Arg
Gln Ala Pro Gly Lys Gly Leu  35 40 45 Glu Trp Val Gly
Ala Ile Tyr Pro Gly Asn Gly Asp Thr Ser Tyr  



50 55 60  Asn 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 15
Gly Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr
Phe Ser 20 25 30  Ser Tyr Ala Met Ser Trp Val Arg 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 ArgGlu 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 Gin 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 Gin Ser Ser Gly Leu Tyr
Ser Leu Ser Ser Val Val  200 205 210  Thr Val Pro Ser
Ser Ser Leu Gly Thr Gin 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 85 90  27 Val Asp Lys
Ser Lys Asn Thr Leu Tyr Leu Gln Met Asn Ser Leu  95
100 105 Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys Ala
Arg Val Val Tyr  110 115 120  Tyr Ser Asn Ser Tyr Trp
Tyr Phe Asp Val Trp Gly Gln Gly Thr 125 130 135  Leu
Val Thr Val Ser Ser Ala Ser Thr Lys Gly Pro Ser Val
Phe  140 145 150 Pro Leu Ala Pro Ser Ser Lys Ser Thr
Ser Gly Gly Thr Ala Ala  155 160 165  Leu Gly Cys Leu
Val Lys Asp Tyr Phe Pro Glu Pro Val Thr Val 170 175
180  Ser Trp Asn Ser Gly Ala Leu Thr Ser Gly Val His
Thr Phe Pro  185 190 195 Ala Val Leu Gln Ser Ser Gly
Leu Tyr Ser Leu Ser Ser Val Val  200 205 210  Thr Val
Pro Ser Ser Ser Leu Gly Thr Gln Thr Tyr Ile Cys Asn
215 220 225  Val Asn His Lys Pro Ser Asn Thr Lys Val
Asp Lys Lys Val Glu  230 235 240 Pro Lys Ser Cys Asp
Lys Thr His Thr Cys Pro Pro Cys Pro Ala  245 250 255
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 2B5 Val Val Val Asp Val Ser His Glu
Asp Pro Glu Val Lys Phe Asn  290 295 300  Trp Tyr Val
Asp Gly Val Glu Val His Asn Ala Lys Thr Lys Pro 305
310 315  Arg Glu Glu Gln Tyr Asn Ala Thr Tyr Arg Val
Val Ser Val Leu  320 325 330 Thr Val Leu His Gln Asp
Trp Leu Asn Gly Lys Glu Tyr Lys Cys  335 340 345  Lys
Val Ser Asn Lys Ala Leu Pro Ala Pro Ile Ala Ala Thr
Ile 350 355 360  Ser Lys Ala Lys Gly Gln Pro Arg Glu
Pro Gln Val Tyr Thr Leu  365 370 375 Pro Pro Ser Arg
Glu Glu Met Thr Lys Asn Gln Val Ser Leu Thr  380 385
390  Cys Leu Val Lys Gly Phe Tyr Pro Ser Asp Ile Ala
Val Glu Trp  28 395 400 405  Glu Ser Asn Gly Gln Pro
Glu Asn Asn Tyr Lys Thr Thr Pro Pro 410 415 420  Val
Leu Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser Lys Leu
Thr  425 430 435 Val Asp Lys Ser Arg Trp Gln Gln Gly
Asn Val Phe Ser Cys Ser  440 445 450  Val Met His Glu
Ala Leu His Asn His Tyr Thr Gln Lys Ser Leu 455 460
465  Ser Leu Ser Pro Gly Lys 470  <210> 24 <211> 891
<212> DNA <213> Macaca fascicularis  <400> 24
atgacaacac ccagaaattc agtaaatggg actttcccag cagagccaat
50  gaaaggccct attgctatgc aacctggtcc aaaaccactc
ctcaggagga 100  tgtcttcact ggtgggtccc acgcaaagct
tcttcatgag ggaatctaag 150  gctttggggg ctgtccagat
tatgaatggg ctcttccaca ttgccctggg 200  gggtcttctg
atgatcccag cagggatcta tgcacccatc tgtgtgactg 250
tgtggtaccc tctgtgggga ggcattatgt atattatttc cggatcactc
300  



ctggcagcaa cggagaaaaa ctccaggaag tgtttggtca aaggaaaaat
350  gataatgaat tcattgagcc tctttgctgc catttctgga
atgattcttt 400  caatcatgga catacttaat attaaaattt
cccatttttt aaaaatggag 450  agtctgaatt ttatcagagt
tcacacacca tatattaaca tatacaactg 500  tgaaccagct
aatccctctg agaaaaactc tccatctact caatactgtt 550
acagcataca atctctgttc ctgggcattt tgtcagtgat gctgatcttt
600  gccttcttcc aggaacttgt aatagctggc atcgttgaga
atgaatggag 650  aagaacatgc tccagaccca aatctagcgt
agttctcctg tcagctgaag 700  aaaaaaaaga acaagtcatt
gaaataaaag aagaagtggt tgggctaact 750  gaaacatctt
cccaaccaaa gaatgaagaa gccattgaaa ttattccaat 800
ccaagaagag gaagaagaag aaacagagac aaactttcca gaacctcccc
850  aagatcagga atcttcacca atagaaaatg acagctctcc t 891
<210> 25  <211> 297 29 <212> PRT <213> Macaca
fascicularis  <400> 25 Met Thr Thr Pro Arg Asn Ser Val
Asn Gly Thr Phe Pro Ala Glu  1 5 10 15  Pro Met Lys
Gly Pro Ile Ala Met Gln Pro Gly Pro Lys Pro Leu 20 25
30  Leu Arg Arg Met Ser Ser Leu Val Gly Pro Thr Gln
Ser Phe Phe  35 40 45 Met Arg Glu Ser Lys Ala Leu Gly
Ala Val Gln Ile Met Asn Gly  50 55 60  Leu Phe His Ile
Ala Leu Gly Gly Leu Leu Met Ile Pro Ala Gly 65 70 75
Ile Tyr Ala Pro Ile Cys Val Thr Val Trp Tyr Pro Leu
Trp Gly  s0 85 90 Gly Ile Met Tyr Ile Ile Ser Gly Ser
Leu Leu Ala Ala Thr Glu  95 100 105  Lys Asn Ser Arg
Lys Cys Leu Val Lys Gly Lys Met Ile Met Asn 110 115
120  Ser Leu Ser Leu Phe Ala Ala Ile Ser Gly Met Ile
Leu Ser Ile  125 130 135 Met Asp Ile Leu Asn Ile Lys
Ile Ser His Phe Leu Lys Met Glu  140 145 150  Ser Leu
Asn Phe Ile Arg Val His Thr Pro Tyr Ile Asn Ile 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 Arg Arg Thr Cys Ser
Arg Pro Lys Ser  215 220 225 Ser Val Val Leu Leu Ser
Ala Glu Glu Lys Lys Glu Gln Val Ile  230 235 240  Glu
Ile Lys Glu Glu Val Val Gly Leu Thr Glu Thr Ser Ser
Gln 245 250 255  Pro Lys Asn Glu Glu Ala Ile Glu Ile
Ile Pro Ile Gln Glu Glu  260 265 270 Glu Glu Glu Glu
Thr Glu Thr Asn Phe Pro Glu Pro Pro Gln Asp  275 280
285 30 Gln Glu Ser Ser Pro Ile Glu Asn Asp Ser Ser Pro
290 295  <210> 26 <211> 297  <212> PRT <213> Homo
sapiens  <400> 26 Met Thr Thr Pro Arg Asn Ser Val Asn
Gly Thr Phe Pro Ala Glu  1 5 10 15  Pro Met Lys Gly
Pro Ile Ala Met Gin 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 3B  <210> 30 <211> 65  <212> DNA <213>
Artificial sequence  <220> <223> Sequence is
synthesized  <400> 30 attattgtgc tcgagtggtc tactatagca
acagctactg gtacttcgac 50  gtctggggtc aagga 65 <210> 31
<211> 36  <212> DNA <213> Artificial sequence 32 <220>
<223> Sequence is synthesized  <400> 31 ctgcacagcc
agctcttctg tcagctatat gcattg 36  <210> 32 <211> 42
<212> DNA <213> Artificial sequence  <220> <223>
Sequence is synthesized  <400> 32 aactactgat
ttacgctcca tcgaacctcg cgtctggagt cc 42  <210> 33 <211>
45  <212> DNA <213> Artificial sequence  



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



<213> Artificial Sequence  <220> <223> Sequence is
synthesized  <400> 38 aagctatgaa cactaatg 18  <210> 39
<211> 452  <212> PRT <213> Artificial sequence  <220>
<223> sequence is synthesized  <400> 39 Glu Val Gln
Leu Val Glu Ser Gly Gly Gly Leu Val Gln Pro Gly  1 5
10 15  Gly Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Tyr
Thr Phe Thr 20 25 30  Ser Tyr Asn Met His Trp Val Arg
Gln Ala Pro Gly Lys Gly Leu  35 40 45 Glu Trp Val Gly
Ala Ile Tyr Pro Gly Asn Gly Asp Thr Ser Tyr  50 55 60
Asn Gln Lys Phe Lys Gly Arg Phe Thr Ile Ser Val Asp
Lys Ser 65 70 75  Lys Asn Thr Leu Tyr Leu Gln Met Asn
Ser Leu Arg Ala Glu Asp  80 85 90 Thr Ala Val Tyr Tyr
Cys Ala Arg Val Val Tyr Tyr Ser Asn Ser  95 100 105
Tyr Trp Tyr Phe Asp Val Trp Gly Gln Gly Thr Leu Val
Thr Val 110 115 120  Ser Ser Ala Ser Thr Lys Gly Pro
Ser Val Phe Pro Leu Ala Pro  125 130 135 Ser Ser Lys
Ser Thr Ser Gly Gly Thr Ala Ala Leu Gly Cys Leu  140
145 150 34 Val Lys Asp Tyr Phe Pro Glu Pro Val Thr Val
Ser Trp Asn Ser  155 160 165 Gly Ala Leu Thr Ser Gly
Val His Thr Phe Pro Ala Val Leu Gln  170 175 180  Ser
Ser Gly Leu Tyr Ser Leu Ser Ser Val Val Thr Val Pro
Ser 185 190 195  Ser Ser Leu Gly Thr Gln Thr Tyr Ile
Cys Asn Val Asn His Lys  



200 205 210 Pro Ser Asn Thr Lys Val Asp Lys Lys Val
Glu Pro Lys Ser Cys  215 220 225  Asp Lys Thr His Thr
Cys Pro Pro Cys Pro Ala Pro Glu Leu Leu 230 235 240
Gly Gly Pro Ser Val Phe Leu Phe Pro Pro Lys Pro Lys
Asp Thr  245 250 255 Leu Met Ile Ser Arg Thr Pro Glu
Val Thr Cys Val Val Val Asp  260 265 270  Val Ser His
Glu Asp Pro Glu Val Lys Phe Asn Trp Tyr Val Asp 275
280 285  Gly Val Glu Val His Asn Ala Lys Thr Lys Pro
Arg Glu Glu Gln  290 295 300 Tyr Asn Ser Thr Tyr Arg
Val Val Ser Val Leu Thr Val Leu His  305 310 315  Gln
Asp Trp Leu Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser
Asn 320 325 330  Lys Ala Leu Pro Ala Pro Ile Glu Lys
Thr Ile Ser Lys Ala Lys  335 340 345 Gly Gln Pro Arg
Glu Pro Gln Val Tyr Thr Leu Pro Pro Ser Arg  350 355
360  Glu Glu Met Thr Lys Asn Gln Val Ser Leu Thr Cys
Leu Val Lys 365 370 375  Gly Phe Tyr Pro Ser Asp Ile
Ala Val Glu Trp Glu Ser Asn Gly  380 385 390 Gln Pro
Glu Asn Asn Tyr Lys Thr Thr Pro Pro Val Leu Asp Ser
395 400 405  Asp Gly Ser Phe Phe Leu Tyr Ser Lys Leu
Thr Val Asp Lys Ser 410 415 420  Arg Trp Gln Gln Gly
Asn Val Phe Ser Cys Ser Val Met His Glu  425 430 435
Ala Leu His Asn His Tyr Thr Gln Lys Ser Leu Ser Leu
Ser Pro  440 445 450  Gly Lys 35 <210> 40  <211> 213
<212> PRT <213> Artificial sequence  <220> 



<223> sequence is synthesized  <400> 40 Asp Ile Gln
Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val  1 5
10 15  Gly Asp Arg Val Thr Ile Thr Cys Arg Ala Ser Ser
Ser Val Ser 20 25 30  Tyr Met His Trp Tyr Gln Gln Lys
Pro Gly Lys Ala Pro Lys Pro  35 40 45 Leu Ile Tyr Ala
Pro Ser Asn Leu Ala Ser Gly Val Pro Ser Arg  50 55 60
Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr
Ile Ser 65 70 75  Ser Leu Gln Pro Glu Asp Phe Ala Thr
Tyr Tyr Cys Gln Gln Trp  80 85 90 Ser Phe Asn Pro Pro
Thr Phe Gly Gln Gly Thr Lys Val Glu Ile  95 100 105
Lys Arg Thr Val Ala Ala Pro Ser Val Phe Ile Phe Pro
Pro Ser 110 115 120  Asp Glu Gln Leu Lys Ser Gly Thr
Ala Ser Val Val Cys Leu Leu  125 130 135 Asn Asn Phe
Tyr Pro Arg Glu Ala Lys Val Gln Trp Lys Val Asp  140
145 150  Asn Ala Leu Gln Ser Gly Asn Ser Gln Glu Ser
Val Thr Glu Gln 155 160 165  Asp Ser Lys Asp Ser Thr
Tyr Ser Leu Ser Ser Thr Leu Thr Leu  170 175 180 Ser
Lys Ala Asp Tyr Glu Lys His Lys Val Tyr Ala Cys Glu
Val  185 190 195  Thr His Gln Gly Leu Ser Ser Pro Val
Thr Lys Ser Phe Asn Arg 200 205 210  Gly Glu Cys <210>
41  <211> 452  <212> PRT <213> Artificial sequence
<220> <223> sequence is synthesized 36 <400> 41 Glu
Val Gln Leu Val Glu Ser Gly Gly Gly Leu Val Gln Pro
Gly  



1 5 10 15  Gly Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly
Tyr Thr Phe Thr 20 25 30  Ser Tyr Asn Met His Trp Val
Arg Gln Ala Pro Gly Lys Gly Leu  35 40 45 Glu Trp Val
Gly Ala Ile Tyr Pro Gly Asn Gly Asp Thr Ser Tyr  50 55
60  Asn Gln Lys Phe Lys Gly Arg Phe Thr Ile Ser Val
Asp Lys Ser 65 70 75  Lys Asn Thr Leu Tyr Leu Gln Met
Asn Ser Leu Arg Ala Glu Asp  s0 85 90 Thr Ala Val Tyr
Tyr Cys Ala Arg Val Val Tyr Tyr Ser Asn Ser  95 100
105  Tyr Trp Tyr Phe Asp Val Trp Gly Gln Gly Thr Leu
Val Thr Val 110 115 120  Ser Ser Ala Ser Thr Lys Gly
Pro Ser Val Phe Pro Leu Ala Pro  125 130 135 Ser Ser
Lys Ser Thr Ser Gly Gly Thr Ala Ala Leu Gly Cys Leu
140 145 150  Val Lys Asp Tyr Phe Pro Glu Pro Val Thr
Val Ser Trp Asn Ser 155 160 165  Gly Ala Leu Thr Ser
Gly Val His Thr Phe Pro Ala Val Leu Gln  170 175 180
Ser Ser Gly Leu Tyr Ser Leu Ser Ser Val Val Thr Val
Pro Ser  185 190 195  Ser Ser Leu Gly Thr Gln Thr Tyr
Ile Cys Asn Val Asn His Lys 200 205 210  Pro Ser Asn
Thr Lys Val Asp Lys Lys Val Glu Pro Lys Ser Cys  215
220 225 Asp Lys Thr His Thr Cys Pro Pro Cys Pro Ala
Pro Glu Leu Leu  230 235 240  Gly Gly Pro Ser Val Phe
Leu Phe Pro Pro Lys Pro Lys Asp Thr 245 250 255  Leu
Met Ile Ser Arg Thr Pro Glu Val Thr Cys Val Val Val
Asp  260 265 270 Val Ser His Glu Asp Pro Glu Val Lys
Phe Asn Trp Tyr Val Asp  275 280 285  Gly Val Glu Val
His Asn Ala Lys Thr Lys Pro Arg Glu Glu Gln 290 295
300  37 



Tyr Asn Ala Thr Tyr Arg Val Val Ser Val Leu Thr Val
Leu His  305 310 315 Gln Asp Trp Leu Asn Gly Lys Glu
Tyr Lys Cys Lys Val Ser Asn  320 325 330  Lys Ala Leu
Pro Ala Pro Ile Ala Ala Thr Ile Ser Lys Ala Lys 335
340 345  Gly Gln Pro Arg Glu Pro Gln Val Tyr Thr Leu
Pro Pro Ser Arg  350 355 360 Glu Glu Met Thr Lys Asn
Gln Val Ser Leu Thr Cys Leu Val Lys  365 370 375  Gly
Phe Tyr Pro Ser Asp Ile Ala Val Glu Trp Glu Ser Asn
Gly 380 385 390  Gln Pro Glu Asn Asn Tyr Lys Thr Thr
Pro Pro Val Leu Asp Ser  395 400 405 Asp Gly Ser Phe
Phe Leu Tyr Ser Lys Leu Thr Val Asp Lys Ser  410 415
420  Arg Trp Gln Gln Gly Asn Val Phe Ser Cys Ser Val
Met His Glu 425 430 435  Ala Leu His Asn His Tyr Thr
Gln Lys Ser Leu Ser Leu Ser Pro  440 445 450  Gly Lys
<210> 42  <211> 452  <212> PRT <213> Artificial
sequence  <220> <223> sequence is synthesized  <400>
42 Glu Val Gln Leu Val Glu Ser Gly Gly Gly Leu Val Gln
Pro Gly  1 5 10 15  Gly Ser Leu Arg Leu Ser Cys Ala
Ala Ser Gly Tyr Thr Phe Thr 20 25 30  Ser Tyr Asn Met
His Trp Val Arg Gln Ala Pro Gly Lys Gly Leu  35 40 45
Glu Trp Val Gly Ala Ile Tyr Pro Gly Asn Gly Asp Thr
Ser Tyr  50 55 60  Asn Gln Lys Phe Lys Gly Arg Phe Thr
Ile Ser Val Asp Lys Ser 65 70 75  Lys Asn Thr Leu Tyr
Leu Gln Met Asn Ser Leu Arg Ala Glu Asp  80 85 90 



Thr Ala Val Tyr Tyr Cys Ala Arg Val Val Tyr Tyr Ser
Ala Ser 38 95 100 105  Tyr Trp Tyr Phe Asp Val Trp Gly
Gln Gly Thr Leu Val Thr Val 110 115 120  Ser Ser Ala
Ser Thr Lys Gly Pro Ser Val Phe Pro Leu Ala Pro  125
130 135 Ser Ser Lys Ser Thr Ser Gly Gly Thr Ala Ala
Leu Gly Cys Leu  140 145 150  Val Lys Asp Tyr Phe Pro
Glu Pro Val Thr Val Ser Trp Asn Ser 155 160 165  Gly
Ala Leu Thr Ser Gly Val His Thr Phe Pro Ala Val Leu
Gln  170 175 180 Ser Ser Gly Leu Tyr Ser Leu Ser Ser
Val Val Thr Val Pro Ser  185 190 195  Ser Ser Leu Gly
Thr Gln Thr Tyr Ile Cys Asn Val Asn His Lys 200 205
210  Pro Ser Asn Thr Lys Val Asp Lys Lys Val Glu Pro
Lys Ser Cys  215 220 225 Asp Lys Thr His Thr Cys Pro
Pro Cys Pro Ala Pro Glu Leu Leu  230 235 240  Gly Gly
Pro Ser Val Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr
245 250 255  Leu Met Ile Ser Arg Thr Pro Glu Val Thr
Cys Val Val Val Asp  260 265 270 Val Ser His Glu Asp
Pro Glu Val Lys Phe Asn Trp Tyr Val Asp  275 280 285
Gly Val Glu Val His Asn Ala Lys Thr Lys Pro Arg Glu
Glu Gln 290 295 300  Tyr Asn Ala Thr Tyr Arg Val Val
Ser Val Leu Thr Val Leu His  305 310 315 Gln Asp Trp
Leu Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn  320
325 330  Lys Ala Leu Pro Ala Pro Ile Ala Ala Thr Ile
Ser Lys Ala Lys 335 340 345  Gly Gln Pro Arg Glu Pro
Gln Val Tyr Thr Leu Pro Pro Ser Arg  350 355 360 Glu
Glu Met Thr Lys Asn Gln Val Ser Leu Thr Cys Leu Val
Lys  365 370 375  Gly Phe Tyr Pro Ser Asp Ile Ala Val
Glu Trp Glu Ser Asn Gly 



380 385 390  Gln Pro Glu Asn Asn Tyr Lys Thr Thr Pro
Pro Val Leu Asp Ser  395 400 405  39 Asp Gly Ser Phe
Phe Leu Tyr Ser Lys Leu Thr Val Asp Lys Ser  410 415
420 Arg Trp Gln Gln Gly Asn Val Phe Ser Cys Ser Val
Met His Glu  425 430 435  Ala Leu His Asn His Tyr Thr
Gln Lys Ser Leu Ser Leu Ser Pro 440 445 450  Gly Lys
<210> 43  <211> 213  <212> PRT <213> Artificial
sequence  <220> <223> sequence is synthesized  <400>
43 Asp Ile Gln Met Thr Gln Ser Pro Ser Ser Leu Ser Ala
Ser Val  1 5 10 15  Gly Asp Arg Val Thr Ile Thr Cys
Arg Ala Ser Ser Ser Val Ser 20 25 30  Tyr Leu His Trp
Tyr Gln Gln Lys Pro Gly Lys Ala Pro Lys Pro  35 40 45
Leu Ile Tyr Ala Pro Ser Asn Leu Ala Ser Gly Val Pro
Ser Arg  50 55 60  Phe Ser Gly Ser Gly Ser Gly Thr Asp
Phe Thr Leu Thr Ile Ser 65 70 75  Ser Leu Gln Pro Glu
Asp Phe Ala Thr Tyr Tyr Cys Gln Gln Trp  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 40 Thr His
Gln Gly Leu Ser Ser Pro Val Thr Lys Ser Phe Asn Arg
200 205 210  Gly Glu Cys <210> 44  <211> 452  <212>
PRT <213> Artificial sequence  <220> <223> sequence is
synthesized  <400> 44 Glu Val Gln Leu Val Glu Ser Gly
Gly Gly Leu Val Gln Pro Gly  1 5 10 15  Gly Ser Leu
Arg Leu Ser Cys Ala Ala Ser Gly Tyr Thr Phe Thr 20 25
30  Ser Tyr Asn Met His Trp Val Arg Gln Ala Pro Gly
Lys Gly Leu  35 40 45 Glu Trp Val Gly Ala Ile Tyr Pro
Gly Asn Gly Ala Thr Ser Tyr  50 55 60  Asn Gln Lys 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 41 230 235 240  Gly Gly Pro Ser Val Phe Leu
Phe Pro Pro Lys Pro Lys Asp Thr 245 250 255  Leu Met
Ile Ser Arg Thr Pro Glu Val Thr Cys Val Val Val Asp
260 265 270 Val Ser His Glu Asp Pro Glu Val Lys Phe
Asn Trp Tyr Val Asp  275 280 285  Gly Val Glu Val His
Asn Ala Lys Thr Lys Pro Arg Glu Glu Gln 290 295 300
Tyr Asn Ser Thr Tyr Arg Val Val Ser Val Leu Thr Val
Leu His  305 310 315 Gln Asp Trp Leu Asn Gly Lys Glu
Tyr Lys Cys Lys Val Ser Asn  320 325 330  Lys Ala Leu
Pro Ala Pro Ile Glu Lys Thr Ile Ser Lys Ala Lys 335
340 345  Gly Gln Pro Arg Glu Pro Gln Val Tyr Thr Leu
Pro Pro Ser Arg  350 355 360 Glu Glu Met Thr Lys Asn
Gln Val Ser Leu Thr Cys Leu Val Lys  365 370 375  Gly
Phe Tyr Pro Ser Asp Ile Ala Val Glu Trp Glu Ser Asn
Gly 380 385 390  Gln Pro Glu Asn Asn Tyr Lys Thr Thr
Pro Pro Val Leu Asp Ser  395 400 405 Asp Gly Ser Phe
Phe Leu Tyr Ser Lys Leu Thr Val Asp Lys Ser  410 415
420  Arg Trp Gln Gln Gly Asn Val Phe Ser Cys Ser Val
Met His Glu 425 430 435  Ala Leu His Asn His Tyr Thr
Gln Lys Ser Leu Ser Leu Ser Pro  440 445 450  Gly Lys
<210> 45  <211> 213  <212> PRT 



<213> Artificial sequence  <220> <223> sequence is
synthesized  <400> 45 Asp Ile Gln Met Thr Gln Ser Pro
Ser Ser Leu Ser Ala Ser Val  1 5 10 15  Gly Asp Arg
Val Thr Ile Thr Cys Arg Ala Ser Ser Ser Val Ser 20 25
30  42 Tyr Met His Trp Tyr Gln Gln Lys Pro Gly Lys Ala
Pro Lys Pro  35 40 45 Leu Ile Tyr Ala Pro Ser Asn Leu
Ala Ser Gly Val Pro Ser Arg  50 55 60  Phe Ser Gly Ser
Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser 65 70 75
Ser Leu Gln Pro Glu Asp Phe Ala Thr Tyr Tyr Cys Gln
Gln Trp  80 85 90 Ala Phe Asn Pro Pro Thr Phe Gly Gln
Gly Thr Lys Val Glu Ile  95 100 105  Lys Arg Thr Val
Ala Ala Pro Ser Val Phe Ile Phe Pro Pro Ser 110 115
120  Asp Glu Gln Leu Lys Ser Gly Thr Ala Ser Val Val
Cys Leu Leu  125 130 135 Asn Asn Phe Tyr Pro Arg Glu
Ala Lys Val Gln Trp Lys Val Asp  140 145 150  Asn Ala
Leu Gln Ser Gly Asn Ser Gln Glu Ser Val Thr Glu Gln
155 160 165  Asp Ser Lys Asp Ser Thr Tyr Ser Leu Ser
Ser Thr Leu Thr Leu  170 175 180 Ser Lys Ala Asp Tyr
Glu Lys His Lys Val Tyr Ala Cys Glu Val  185 190 195
Thr His Gln Gly Leu Ser Ser Pro Val Thr Lys Ser Phe
Asn Arg 200 205 210  Gly Glu Cys <210> 46  <211> 452
<212> PRT <213> Artificial sequence  <220> <223>
sequence is synthesized  



<400> 46 Glu Val Gln Leu Val Glu Ser Gly Gly Gly Leu
Val Gln Pro Gly  1 5 10 15  Gly Ser Leu Arg Leu Ser
Cys Ala Ala Ser Gly Tyr Thr Phe Thr 20 25 30  Ser Tyr
Asn Met His Trp Val Arg Gln Ala Pro Gly Lys Gly Leu
35 40 45 Glu Trp Val Gly Ala Ile Tyr Pro Gly Asn Gly
Ala Thr Ser Tyr  50 55 60  Asn Gln Lys Phe Lys Gly Arg
Phe Thr Ile Ser Val Asp Lys Ser  43 65 70 75  Lys Asn
Thr Leu Tyr Leu Gln Met Asn Ser Leu Arg Ala Glu Asp 80
85 90  Thr Ala Val Tyr Tyr Cys Ala Arg Val Val Tyr Tyr
Ser Ala Ser  95 100 105 Tyr Trp Tyr Phe Asp Val Trp
Gly Gln Gly Thr Leu Val Thr Val  110 115 120  Ser Ser
Ala Ser Thr Lys Gly Pro Ser Val Phe Pro Leu Ala Pro
125 130 135  Ser Ser Lys Ser Thr Ser Gly Gly Thr Ala
Ala Leu Gly Cys Leu  140 145 150 Val Lys Asp Tyr Phe
Pro Glu Pro Val Thr Val Ser Trp Asn Ser  155 160 165
Gly Ala Leu Thr Ser Gly Val His Thr Phe Pro Ala Val
Leu Gln 170 175 180  Ser Ser Gly Leu Tyr Ser Leu Ser
Ser Val Val Thr Val Pro Ser  185 190 195 Ser Ser Leu
Gly Thr Gln Thr Tyr Ile Cys Asn Val Asn His Lys  200
205 210  Pro Ser Asn Thr Lys Val Asp Lys Lys Val Glu
Pro Lys Ser Cys 215 220 225  Asp Lys Thr His Thr Cys
Pro Pro Cys Pro Ala Pro Glu Leu Leu  230 235 240 Gly
Gly Pro Ser Val Phe Leu Phe Pro Pro Lys Pro Lys Asp
Thr  245 250 255  Leu Met Ile Ser Arg Thr Pro Glu Val
Thr Cys Val Val Val Asp 260 265 270  Val Ser His Glu
Asp Pro Glu Val Lys Phe Asn Trp Tyr Val Asp  275 280
285 



Gly Val Glu Val His Asn Ala Lys Thr Lys Pro Arg Glu
Glu Gln  290 295 300  Tyr Asn Ala Thr Tyr Arg Val Val
Ser Val Leu Thr Val Leu His 305 310 315  Gln Asp Trp
Leu Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn  320
325 330 Lys Ala Leu Pro Ala Pro Ile Ala Ala Thr Ile
Ser Lys Ala Lys  335 340 345  Gly Gln Pro Arg Glu Pro
Gln Val Tyr Thr Leu Pro Pro Ser Arg 350 355 360  Glu
Glu Met Thr Lys Asn Gln Val Ser Leu Thr Cys Leu Val
Lys  365 370 375  44 Gly Phe Tyr Pro Ser Asp Ile Ala
Val Glu Trp Glu Ser Asn Gly  380 385 390 Gln Pro Glu
Asn Asn Tyr Lys Thr Thr Pro Pro Val Leu Asp Ser  395
400 405  Asp Gly Ser Phe Phe Leu Tyr Ser Lys Leu Thr
Val Asp Lys Ser 410 415 420  Arg Trp Gln Gln Gly Asn
Val Phe Ser Cys Ser Val Met His Glu  425 430 435 Ala
Leu His Asn His Tyr Thr Gln Lys Ser Leu Ser Leu Ser
Pro  440 445 450  Gly Lys <210> 47  <211> 213  <212>
PRT <213> Artificial sequence  <220> <223> sequence is
synthesized  <400> 47 Asp Ile Gln Met Thr Gln Ser Pro
Ser Ser Leu Ser Ala Ser Val  1 5 10 15  Gly Asp Arg
Val Thr Ile Thr Cys Arg Ala Ser Ser Ser Val Ser 20 25
30  Tyr Leu His Trp Tyr Gln Gln Lys Pro Gly Lys Ala
Pro Lys Pro  35 40 45 Leu Ile Tyr Ala Pro Ser Asn Leu
Ala Ser Gly Val Pro Ser Arg  50 55 60  Phe Ser Gly Ser
Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser 



65 70 75  Ser Leu Gln Pro Glu Asp Phe Ala Thr Tyr Tyr
Cys Gln Gln Trp  80 85 90 Ala Phe Asn Pro Pro Thr Phe
Gly Gln Gly Thr Lys Val Glu Ile  95 100 105  Lys Arg
Thr Val Ala Ala Pro Ser Val Phe Ile Phe Pro Pro Ser
110 115 120  Asp Glu Gln Leu Lys Ser Gly Thr Ala Ser
Val Val Cys Leu Leu  125 130 135 Asn Asn Phe Tyr Pro
Arg Glu Ala Lys Val Gln Trp Lys Val Asp  140 145 150
Asn Ala Leu Gln Ser Gly Asn Ser Gln Glu Ser Val Thr
Glu Gln 155 160 165  Asp Ser Lys Asp Ser Thr Tyr Ser
Leu Ser Ser Thr Leu Thr Leu 45 170 175 180  Ser Lys
Ala Asp Tyr Glu Lys His Lys Val Tyr Ala Cys Glu Val
185 190 195  Thr His Gln Gly Leu Ser Ser Pro Val Thr
Lys Ser Phe Asn Arg  200 205 210  Gly Glu Cys <210> 48
<211> 452  <212> PRT <213> Artificial sequence  <220>
<223> sequence is synthesized  <400> 48 Glu Val Gln
Leu Val Glu Ser Gly Gly Gly Leu Val Gln Pro Gly  1 5
10 15  Gly Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Tyr
Thr Phe Thr 20 25 30  Ser Tyr Asn Met His Trp Val Arg
Gln Ala Pro Gly Lys Gly Leu  35 40 45 Glu Trp Val Gly
Ala Ile Tyr Pro Gly Asn Gly Ala Thr Ser Tyr  50 55 60
Asn Gln Lys Phe Lys Gly Arg Phe Thr Ile Ser Val Asp
Lys Ser 65 70 75  Lys Asn Thr Leu Tyr Leu Gln Met Asn
Ser Leu Arg Ala Glu Asp  80 85 90 



Thr Ala Val Tyr Tyr Cys Ala Arg Val Val Tyr Tyr Ser
Ala Ser  95 100 105  Tyr Trp Tyr Phe Asp Val Trp Gly
Gln Gly Thr Leu Val Thr Val 110 115 120  Ser Ser Ala
Ser Thr Lys Gly Pro Ser Val Phe Pro Leu Ala Pro  125
130 135 Ser Ser Lys Ser Thr Ser Gly Gly Thr Ala Ala
Leu Gly Cys Leu  140 145 150  Val Lys Asp Tyr Phe Pro
Glu Pro Val Thr Val Ser Trp Asn Ser 155 160 165  Gly
Ala Leu Thr Ser Gly Val His Thr Phe Pro Ala Val Leu
Gln  170 175 180 Ser Ser Gly Leu Tyr Ser Leu Ser Ser
Val Val Thr Val Pro Ser  185 190 195  Ser Ser Leu Gly
Thr Gln Thr Tyr Ile Cys Asn Val Asn His Lys 200 205
210  46 Pro Ser Asn Thr Lys Val Asp Lys Lys Val Glu
Pro Lys Ser Cys  215 220 225 Asp Lys Thr His Thr Cys
Pro Pro Cys Pro Ala Pro Glu Leu Leu  230 235 240  Gly
Gly Pro Ser Val Phe Leu Phe Pro Pro Lys Pro Lys Asp
Thr 245 250 255  Leu Met Ile Ser Arg Thr Pro Glu Val
Thr Cys Val Val Val Asp  260 265 270 Val Ser His Glu
Asp Pro Glu Val Lys Phe Asn Trp Tyr Val Asp  275 280
285  Gly Val Glu Val His Asn Ala Lys Thr Lys Pro Arg
Glu Glu Gln 290 295 300  Tyr Asn Ala Thr Tyr Arg Val
Val Ser Val Leu Thr Val Leu His  305 310 315 Gln Asp
Trp Leu Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn
320 325 330  Lys Ala Leu Pro Ala Pro Ile Ala Ala Thr
Ile Ser Lys Ala Lys 335 340 345  Gly Gln Pro Arg Glu
Pro Gln Val Tyr Thr Leu Pro Pro Ser Arg  350 355 360
Asp Glu Leu Thr Lys Asn Gln Val Ser Leu Thr Cys Leu
Val Lys  365 370 375  Gly Phe Tyr Pro Ser Asp Ile Ala
Val Glu Trp Glu Ser Asn Gly 



380 385 390  Gln Pro Glu Asn Asn Tyr Lys Thr Thr Pro
Pro Val Leu Asp Ser  395 400 405 Asp Gly Ser Phe Phe
Leu Tyr Ser Lys Leu Thr Val Asp Lys Ser  410 415 420
Arg Trp Gln Gln Gly Asn Val Phe Ser Cys Ser Val Met
His Glu 425 430 435  Ala Leu His Asn His Tyr Thr Gln
Lys Ser Leu Ser Leu Ser Pro  440 445 450  Gly Lys
<210> 49  <211> 452  <212> PRT <213> Artificial
sequence  <220> <223> sequence is synthesized  <400>
49 Glu Val Gln Leu Val Glu Ser Gly Gly Gly Leu Val Gln
Pro Gly  47 1 5 10 15  Gly Ser Leu Arg Leu Ser Cys Ala
Ala Ser Gly Tyr Thr Phe Thr 20 25 30  Ser Tyr Asn Met
His Trp Val Arg Gln Ala Pro Gly Lys Gly Leu  35 40 45
Glu Trp Val Gly Ala Ile Tyr Pro Gly Asn Gly Ala Thr
Ser Tyr  50 55 60  Asn Gln Lys Phe Lys Gly Arg Phe Thr
Ile Ser Val Asp Lys Ser 65 70 75  Lys Asn Thr Leu Tyr
Leu Gln Met Asn Ser Leu Arg Ala Glu Asp  80 85 90 Thr
Ala Val Tyr Tyr Cys Ala Arg Val Val Tyr Tyr Ser Ala
Ser  95 100 105  Tyr Trp Tyr Phe Asp Val Trp Gly Gln
Gly Thr Leu Val Thr Val 110 115 120  Ser Ser Ala Ser
Thr Lys Gly Pro Ser Val Phe Pro Leu Ala Pro  125 130
135 Ser Ser Lys Ser Thr Ser Gly Gly Thr Ala Ala Leu
Gly Cys Leu  140 145 150  Val Lys Asp Tyr Phe Pro Glu
Pro Val Thr Val Ser Trp Asn Ser 155 160 165  



Gly Ala Leu Thr Ser Gly Val His Thr Phe Pro Ala Val
Leu Gln  170 175 180 Ser Ser Gly Leu Tyr Ser Leu Ser
Ser Val Val Thr Val Pro Ser  185 190 195  Ser Ser Leu
Gly Thr Gln Thr Tyr Ile Cys Asn Val Asn His Lys 200
205 210  Pro Ser Asn Thr Lys Val Asp Lys Lys Val Glu
Pro Lys Ser Cys  215 220 225 Asp Lys Thr His Thr Cys
Pro Pro Cys Pro Ala Pro Glu Leu Leu  230 235 240  Gly
Gly Pro Ser Val Phe Leu Phe Pro Pro Lys Pro Lys Asp
Thr 245 250 255  Leu Met Ile Ser Arg Thr Pro Glu Val
Thr Cys Val Val Val Asp  260 265 270 Val Ser His Glu
Asp Pro Glu Val Lys Phe Asn Trp Tyr Val Asp  275 280
285  Gly Val Glu Val His Asn Ala Lys Thr Lys Pro Arg
Glu Glu Gln 290 295 300  Tyr Asn Ala Thr Tyr Arg Val
Val Ser Val Leu Thr Val Leu His  305 310 315  48 Gln
Asp Trp Leu Asn Gly Lys Glu Tyr Lys Cys Ala Val Ser
Asn  320 325 330 Lys Ala Leu Pro Ala Pro Ile Glu Ala
Thr Ile Ser Lys Ala Lys  335 340 345  Gly Gln Pro Arg
Glu Pro Gln Val Tyr Thr Leu Pro Pro Ser Arg 350 355
360  Glu Glu Met Thr Lys Asn Gln Val Ser Leu Thr Cys
Leu Val Lys  365 370 375 Gly Phe Tyr Pro Ser Asp Ile
Ala Val Glu Trp Glu Ser Asn Gly  3B0 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 Gin
Gly Asn Val Phe Ser Cys Ser Val Met His Glu  425 430
435 Ala Leu His Asn His Tyr Thr Gln Lys Ser Leu Ser
Leu Ser Pro  440 445 450  Gly Lys <210> 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 Gin Met Asn Ser Leu Arg
Ala Glu Asp  80 85 90 Thr Ala Val Tyr Tyr Cys Ala Arg
Val Val Tyr Tyr Ser 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 Gin Gln Lys Pro Gly Lys Ala
Pro Lys Pro  51 35 40 45  Leu Ile Tyr Ala Pro Ser Asn
Leu Ala Ser Gly Val Pro Ser Arg 50 55 60  Phe Ser Gly
Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser  65 70
75 Ser Leu Gln Pro Glu Asp Phe Ala Thr Tyr Tyr Cys Gln
Gln Trp  80 85 90  Ala Phe Asn Pro Pro Thr Phe Gly Gln
Gly Thr Lys Val Glu Ile 95 100 105  Lys Arg <210> 53
<211> 107  <212> PRT 



<213> Artificial sequence  <220> <223> sequence is
synthesized  <400> 53 Asp Ile Gln Met Thr Gln Ser Pro
Ser Ser Leu Ser Ala Ser Val  1 5 10 15  Gly Asp Arg
Val Thr Ile Thr Cys Arg Ala Ser Ser Ser Val Ser 20 25
30  Tyr Leu His Trp Tyr Gln Gln Lys Pro Gly Lys Ala
Pro Lys Pro  35 40 45 Leu Ile Tyr Ala Pro Ser Asn Leu
Ala Ser Gly Val Pro Ser Arg  50 55 60  Phe Ser Gly Ser
Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser 65 70 75
Ser Leu Gln Pro Glu Asp Phe Ala Thr Tyr Tyr Cys Gln
Gln Trp  80 85 90 Ala Phe Asn Pro Pro Thr Phe Gly Gln
Gly Thr Lys Val Glu Ile  95 100 105  Lys Arg 52 




