
METHODS OF USING DEATH RECEPTOR LIGAL'1Ii13 AND CD20 ANTIBODIES  RELATED
APPLICATIONS This application claims priority sunder Section 119(e) to
previsional  application number 601607.909 filed September 8, 2004 and to
provisional  epoltcaat.icn number 601666,553 filed March 30, 2005. FIELD OF
THE INVENTION 10 The present invention relates to methods of using death
receptor  ligande and. C'D20 antibodies. more particularly, the invention
relates to  methods of using Apo-2 ligand/TRAIL or death receptor ant.:
:codin in  combination with CD20 antibodies to treat various pathological
disorders,  such as cancer and immune related diseases. is BACK GROUvn OF
TEE INVENTION Various .s ands and receptors belonging to the tumor necrosis
factor  ANY saperfam:i.ly have been identified in the art. Included among
such  ligands are tumor necrosis factor-alpha ("T1,F-alpha"), tumor.'
necrosis 20 factor-beta TNP'-beta" err. "l,ymphotexin-alpha"), lyn,,ph:;
toxin-beta ("LT- beta"), CD30 ligand, CD27 ligand, CD40 ligand, OX-40
ligand, 4-1113 ligand,  LIGHT, Apo-! :ligand (also referred to as Fas
ligand or CD95 ligand), Apo--2  ligand (also referred to as Apo2L or
TRAIL), Apo-3 l:.;and (also referred to  as TWEAK), APRIL, OPO ligand (also
referred to as FaRK ligand, OD7, or. 25 TRANCE), and TALL-i (also referred
to as 37.yS, BAFF or THANK) (See, e.g.,  Ashkenazi, Nature Review, 2;
420-4'.30 (2002); Aeh enani and Dixit, Science,  281:23%-1308 (1998) ;
Ashkenazi and Dixit, Cure. Olin. Cell iii 1., 11:255- 260 (2000);
G'olstein, Corr. B ol_, 7:750-753 (1997) Wallach, c tokine  Reference,
Aca.demi. Pros., 2000, pages 377-411; Locksley et al., Cell, 33 104;437-501
(2001); Gross and Dowex, Blood, 85:3378-3404 (1991); Schmid et  a.7..;
Proc. Natl. Acad. ME, 83:1881 (1986); Dealtry at al., Fur.  Immunol, 17;639
0.9677); Pitti et al., J. Biol. Chem., 271;1259'i-12690  (1995); Wiley at
a:l.., insanity, 3:673-582 (1995); Browning et al., Cell;  72:847-856
Armitage et al. Nature, 357:80-82 (1992); NO 97/01.633 35 published January
16, 1997; NO 97;25428 published July 17, 1997; Marsters  et al., Corr. Eiol
8:525-528 (1998); Chichegortiche et al" L'iol. Chem.; 272:32401-32410
(1997); Hahne at al., J. Exp. Med., 188:1185-13.90 (1998); W098:28426
published July 2. 1998; t9098,/46751 published October 22, 1998;
wo/98flfe921 published May 7, 1998; Moore et aI, Science, 2885:260-263  40
(1999); Sh_e et al., a. Leukocyte Biel., 55:685 (1959); Schneider et al.,
U. Exp. Med., 189:1747-1756. (1999); Mukhopadhyay et anl,, J. Biol. Chem..,
274.15979-:.5981 (1999)). induction . of various cellular responses
mediated by such TNF family  ligands is typically initiated by their
binding to specific cell receptors. Some, but not all, TNF family ligands
bind to, and induce various  biological activity through, cell surface
"death receptors" to activate  caspases, or enzymes that carry out the cell
death or apoptosis pathway  



(Salvesen at al., Cell, 91:443-446 (1997) . Included among the members of 5
the TNF receptor superamily identified to date are TNFRI, TNFR2, TALI,
GITR,, CD27, ODX-40, CD30, CD40, HVS17, sac (also referred to as Apo-l or
CD95), DR4 (also referred to as TRAIL-R1), DRS (also referred to as Apo-2
or TRA11:.-R2), DcR1, DcR2, osteoprotegerin ,CYO), RANK and Apo-3 (also
referred to as DR3 or TRAMP) (see, e.g., Ashkenazii., Nature Reviews,
2:420- ----------------------__ 10 430 (2002); Ashkenazi and. Dixit,
Science, 281.:1305-1308 (1996); Ashkenazi  and Dixit, .arr. Opin. Cell
Biol.., 11::55-260 (2000); Goistein, Darr.  Biol.; 7:750-753 (1997);
Wallach, Cvtokine Reference, Academic Press, 2000,  pages 377-411; Locksley
at al., Cell, 104:487-501 (2001); Gruss and Dower,  Blood, 65;3378_3404
(1995); Lohman at al., 3Biol. Chem.. .Zu4:l4927-14934 15 (1989); Brockhaus
at al., P.roc..--Natl. Acad....,SCi:, 87:3127-3131 (1990); EP  417,563,
published March 20, 1991; Loetscher et al,, Cell, 61:351 (1990);  Schall et
a l . , , Cell, 61:361 ( 1 9 9 0 ) ; Smith et al Science, 248:2019-1023
--_ ---- (1990); Lewis et al., Proc. Nat-l. Acad. Sci., 38:2830--2834
(1991); Goodwin  at a1.., Mol----- Cell. Biol., 17.:3020-3026 (1991);
Stamenkovic et al., F,M30 J.,  26 8:1403-1410 (1989); Mallett at al., FMBO
J_, 9:1063-1066 (1990); Anderson at al., Nature, 390:175-179 (1997);
Chicheportiche et al., O.---Biol. :hem.,  ---------- 2.72:32401-3:410
(1997); Pan at a'.., Science, 276:111-113 (1997); Pan at  all_ Science.
277:6,15-618 (1997); Sheridan at al., Science, 277:816-821  (1997);
Degli-:3sposti at al., G-.---Exp. Mad., 186:1165-1170 (1997); Marsters 2.
et al., C~urr. F!i.ol., 7:10e3-100e (7.s7c ,; Tsuda et al, 3ERC,
234:137-142  25 _  (1997); Nacentini et al., Prcc. Natl, Aced. Sci.,
94:6216-6221 (1997);  vonBulow at al., Science, 278:138-141(1997)). Most of
these TNF receptor family members share the typical structure  of cell
surface receptors including extracellular, transmembrane and  30
intracellular regions, while others are found naturally as soluble proteins
lacking a transmembrane and intracellular domain. The extracellular
portion of typical TNFRS contains a repetitive amino acid sequence pattern
of multiple cysteine-rich domains (CRDS), starting from the N}12-terminus.
The 1. i.gand referred to as Apo-21, or TRAIL Was identified several  35
years ago as a member of the TNF family of cytokinee. (see, e.g., Wiley et
al., Immunity, 3:673-682 (1995); Pitti at a'.., Biol. Chem., 271;12697-
1..2690 (1996); NO 97/01633; NO 97/25428; US Patent 5,763,223 issued June
9,  1.998; US Patent .5,284,236 issued September 4, 2001). The full-length
native sequence human Apo2L/TRAIL polypeptide is a 281 amino acid long, 40
Type TT transmearane j protein. Some cells can produce a natural soluble
form of the polypeptide, through enzymatic cleavage of the polypeptide's
e.-::tracellular region (Nariani at al., J. Cell.- Biol., 137:221-229
(1997)).  



Crystallographic bstudies cf soluble farms of Ap021,/TRAIL reveal a,
homotri"v_ric structure similar to the structures of TNF and other related
45 proteins (ISyn:owitz et al., Molec. Cell, 4:663-571 (1999); Cha at al.,
Immunity, 11:253-261. (1999); Mongkolsapaya et Nature Structural  Biology,
6:1048 (1999); F1ymow,-,z at a-,,, Biochemistry, 39:633-644 (2000)).
Apo2L/TRAIL, unlike other. TNF family members however, was found to have a
unique structural feature in that three cysteine residues (at position 230
5 of each subunit in the homotrimer) together coordinate a zinc. atom, and
that the zinc binding is important for trimer stability and biological
act.ilvity. (Hymowitz at al., supra; Bodmer at al., J. Bicl. Chem"
275:20632-20637 (2000)). It has been reported in the literature that
Apo2L/TRAIL may play a  10 role in immune system" modulation, includin:7
autcimmune diseases such as  rheumatoid arthritis [see, e.g., Thomas et
a1.., J. Immunol., 167.:2:-95-2200  (1998); Johnsen et al., Cytokine,
11:664-672 (1999); Griffith at al., J.  Exp. Med., 189:1343-1353 (1999) ;
Song et al. , J. Exp. Med., 191:1095-11103  (2000)";. 15 Soluble forams of
Apo2L/TRAIL have also been reported to induce  apoptosis in a variety of
cancer cells, including colon, lung, breast,  .prostate, blander, kidney,
ovarian and brain tumors, as well as melanoma,  leukemia, and multiple
myeloma (see, e.g., Wiley at al., supra; Pitti et supra; US Patent
6,030,945 issues February 29, 2000; US Patent  20 6,746,568 issued June 9,
2004; Rieger et al., FEES Letters, 427:124-128  (1998), Ashkenazi at al.,
u. C1in, invest., 104:155-162 (1.994); Walczak et  al., Nature Ned.,
5:157-163 Keane at al., cancer Research, 59:734-- 791 (1-999); Mizutani et
al., Clin. Cancer Rea., 5:26605-2612 (1999) ; Gazitt,  Leukemia,
:131.917-1824 (1999); Yu et al., Cancer Res., 60:2384-2389 (2000); 25
Chinnaiyan et al., Proc. Natl. Aced, Sci., 97:1754-1759 (2000)). In vivo
studies in murine tumor 'models further suggest that Apo2L/TRFhIL, alone or
in combination with chemotherapy or radiation therapy, can exert
substantial anti-tumor effects (see, e.g., Ashkenazi. at al., supra;
Vialzcak  et al., supra; Gliniak at al., Cancer Res., 59; 6153-F.1.58
(1999); Chinnaiyan 30 at al., supra; Roth at al., Biochem. Biophys. Res.
Comm., 2(55:1999 (1999);  PCT Application U./00/15512; PCT Application
175/01/23691). In contrast to  many types of cancer cells, most normal
human cell types appear to be  resistant to apoptosis induction by certain
recombinant farms of  Apo2L/TRAIL (Ashkenazi. at al., supra; Walzcak at
al., supra) Jo at al., 35 has reported that a polyhistidine-tagged soluble
form of Apo2L/TRAIL  induced apoptosis in vitro in normal isolated human,
but riot non-human,  hepatccytes (Jo et al., 'Natu're Mad.., 6:564-567
(2000); see also, Nagata,  Nature Ned" 6:502-503 (2000)). It is believed
that certain recombinant  Apo2L/TRAIL ,reparations may vary in terms of
biochemical properties and 40 biological activities on diseased versus
normal cells, depending, for  



example, on the presence or absence of a tag molecule, zinc content, and s
trimer content (See, Lawrence et al , Nature Med., Letter to the Editor,
7:333-385 (2001); Q.,.n at al., Nature Med., Letter to the Editor,
7:385-336  (2001)) . 3 ,po2L/TRAIL has been found to bind at least five
different receptors.  At least two of the receptors which bind
Apo2L/'1R2'AIL contain a functional,  cytoplasmic death domain. One such
receptor has been referred to as "Dk4"  (and alternatively as TR4 or
TRAIL-R1) (Pan et a= Science, 276:111-1'13 5 (1997); see also W092/22856
published July 30, 1998; W099/37684 published  July 29, 1999; WO 00/73349
published December 7, 2000; US 6,433,147 issued  August 133, 2002; US
6,461,823 issued October 8, 2002, and US 6,342,3383  issued January 29,
2002). Another such receptor for Apr,2'.L/TRAIL has been referred to as DRS
(it  10 has also been alternatively referred to as Apo-2; TRAIL-P. or
TRAIL-R2, TR6,  Tango-63, hAPOE, TRICK2 or KILLER) (see, e.g., Sheridan at
al., science,  277:818-821 (1997); Pan et a.l., Science, 277:815-818
(1997); W098/51793  published November' 19, 1998; W098/41629 published
September 24, 1998;  Screaton et al., Cu.rr. Biol., 7:693-696 (1997);
Walczak et al., EMBO J.; -t --- -- --------------- 15 16.5386-5387 (1997);
Wu et al" Nature Genetics, 17:141-143 (1997);  W098/3.5986 published August
20, =.998; EP870,627 published October 14, 1998;  W098/46643 published
October 22, 1998; W099/02653 published January 21,  1999; W099/09165
published February 25, 1999; W099/l1791 published March  11, 1993; US
2002/0072091 published August 13, 2002; US 2002/0095550 20 published
December 7, 2001; US 6,313,269 issued December 6, 2001; US  2001/0010924
published August 2, 2001; US 20003/01255540 published July 3,  2003; US
2002/01604.46 published October 31, 2002; US 2002/0048785 published  April
25, 20:2; US 6,342,369 issued February, 2002; US 6,569,642 issued May  27,
2003; US 6,072,047 issued June 6, 2000; US 6,642,358 issued November 4, 25
2003; US 6,743,625 issued June 1, 2004). Like DR4, DRS is reported to
contain a cytoplasmic death domain and be capable of signaling apoptosis
upon ligand binding (or upon binding a molecule, such as an agonist
antibody, which mimics the activity of the ligand). The crystal structure
of the complex formed between Apo-2;,/TRAIL and. DR} is described in
Iiymowits  30 et al., Molecular. Cell, 4:563-571 (1999). Upon li.gand
binding, both DR4 and DES can trigger apoptos s  independently by
recruiting and activating the apoptosis initiator,  caspase--8, through the
death-domain-containing adaptor molecule referred to  as FADD/Mortl
[Kischkel et al., Immu,;nity, 12:611-620 (2000); Spric`.k et al., :35
Immunity, 12.599-609 (2000); Bodtner et al., Nature Cell Biol.; 2:241-243
(2000) 1 , Apo2L/'TRAIL has been reported to also bind those receptors
referred  



to as DcRl, DcR2 and OPG, which believed to function as inhibitors, rather
than transducers of signaling (see., e.g., DCIII (also referred to as TRID,
40 LIT or TRAIL-R3) [Pan et al., Science, 2.76111-113 (1997); Sheridan et
al.,  Science, 277:818-821 (1997); McFarlane et al,, J. Biol._ Chem.,
272:25417- --- 25420 (7.997); Schneider et al., FEES Letters, 416:329-334
(1997); Degli- Eslosti at al., J. -E.,. Med., 7-96:1165-1170 (1997); and
Mongkolsapaya at  ---------- al,. J, Imrnnc1., 160:3-6 (1998); DCR2 (also
called TRUNDD or TRAIL-R4)  45 [Marsters et al., Curr. Biol., 7:1003-1006
Pan et al., FEES  4 ..- ---------- totters, 421:41-45 (1993); Degli-Eapoati
at al., Immunity, 7:813-820  (1997)]. and OPG [Simonet et al., supa] - In
contrast to DR4 and DRS, the  DcR1 and DcR2 receptors do not signal
apeptoais. Certain antibodies which bind to the DR4 and/or DR5 receptors
have  been reported in the literature. For example, anti-DR4 antibodies
directed  to the DR4 receptor and having agonistic or apoptotic activity in
certain  mammalian cells are described in, e.g., WO 99/37684 published July
29,  1999; WO 00/73349 published July 12, 2000; WO 03/066661 published
sug:,st  14; 2003, See, also, e.g., Griffith at al.., J._-Tm___uno .
162:2597-2605 10 (1999); Chuntharapai at al., S. mmunol 166:4891-4898
(2001); WO  02/097033 published. December 2, 2002; WO 03/042367 published
May 22, 2003;  WO 03/038043 published May 5, 200.5; WO 03/037913 published.
May 8, 2003.  Certain anti-DRS antibodies have .ikewise been described,
see, e.g., WO  93;51793 published November. 8, 1998; Griffith at al.,
Immunol.,  - . 15 1 o2 :2S'3 r7-2605 11.999; ; Ichikawa et- al. , Nature
Med.. 7:951-960 {2001; .  Hylander at al., "An Antibody to DR5
(TRAIL-Receptor 2) Suppresses the  Growth of Patient Derived
Gastrointestinal Tumors Grown in SCID mice",  Abstract, 2d International
congress on Monoclonal Antibodies in Cancers,  Aug- 29-Sept. 1, 2002,
Banff, Alberta, Canada; WO 03/035043 published May 20 8, 2003; W0
03/03793-3 published May 8, 2003. In addition, certain  antis odi,_s having
cross-reactivity to both DR4 and D115 receptors have been  described (see,
e.g., ITS patent 6,252,050 issued June 26, 2001). '.;'he CD20 antigen (also
called human B-lymphocyte-.restricted  differentiation antigen, Bp35) is a
hydrophobic transmembrane. protein with  25 a molecular weight of
approximately 35 kD located on pre-B and mature B lymphocytes (Valentine et
al. J. Biol. Them. 264(19):11282-11.287 (1989);  and linfeld at all. EMBO
T. 7(3):711-717 (1988)). The antigen is also  expressed on greater than 90%
of B cell non-Hodgkin's lymphomas (MML)  (Anderson at al. Blood
63(6):1424-1=33 (1984)), but is not found on 30 hematopoietic stem cells,
pro-B cells, normal plasma cells or other normal  



tissues (Tedder al. J, lmmunol, 135(2) ;9'73-979 (1985)) . CD20 regulates
an early step(s) in the activation process for cell cycle initiation and
differentiation (Tedder at. al., supra) and possibly functions as a calcium
ion channel (Tedder at al. J. Cell- Blochem. 14D:195 (1990-). Given the 35
expression of CD20 in B cell lymphomas, this antigen may serve as a
candidate for "targeting" of such lymphomas. The rituximab (RIT",jYAN
antibody is a genetically engineered  chimeric murine/human monoclonal
antibody directed against the cD2o  antigen. Rituximab is the antibody
called 1111'2B811 in US Patent No. 5,736,137 40 issued April 7, 1998
(Anderson et a2.). RITL"Y~,L~e is indicated for the  treatment of patients
with relapsed or refractory low-grade or follicular,  CD20 positive, B cell
non-Hodgkin's lymphoma. T.n vitro mechanism of action  studies have
demonstrated that RITUX.T\ND binds human complement slid ly-ses  lymphoid B
cell lines through complement-dependent cytctoxicity (0178)  5 (Reff et al.
BI cod 03(2):435-445 (1994) Cragg and Mar.in, Blood, 103:  2738-274.3
(2004). Additionally, it has significant activity in assays for
antibody-dependent cell-mediated cytotoxicity (ADCC) . More recently,  R
I'S17}ANA has been shown to have anti-proliferative effects in tritiated 5
th,rmidi.ne incorporation assays and to induce apoptosi.s directly, while
other anti-05-19 and CD20 antibodies do not (Maloney et a7.. Blood  88(10)
:637a (1990). Synergy between RI'TUXll (r) and certain chemotherapies  and
toxins has also been observed experimentally, In particular, RIjRXPIO
sensitizes drug-resistant human B cell lymphoma cell lines to the cytotoxic
10 effects of d.oxorubicin, CDDP, Va-16, diphtheria toxin and ricin
(Demidem at  al. Cancer Chemotherapy a 32.adi-onharmareutscalS
12(3):177-185 (1997)). In  viva preolinical studies have shown that
RITUflN0 depletes B cells from the  peripheral blood, lymph nodes, and bone
marrow of cynorrolgus monkeys,  presumably through complement and
cell-mediated processes (Reff et a2.  15 Blood 83(2):435-445 (1994)).
SUM&RY OF THE INMUION Methods for using death receptor liganda, such as
Apo-2 ligand/'TRAIL  20 polypeptides or death receptor antibodies, and CD20
antibodies are provided  herein. Embodiments of the invention include
methods of treating cancer,  comprising exposing cancer cells to an
effective amount of :kpo.21,111RAIL -and  CD20 antibody. Optionally, the
cancer cells are exposed to an effective  amount of death receptor
antibody, such as an agoni.st DRd antibody or 25 agonist DRS antibody, and
CD20 antibody. Optionally, the amount of  Apo2L/TRAIL or death receptor
antibody and CD20 antibodies employed in the  methods are effective to
achieve synergy therapeutically, e.g., their  combined anti-cancer effect
is greater than the anti-cancer effect achieved  when the Apo2L/TRAIL or
antibodies are employed individually as a single 30 therapeutic agent. The
methods may entail in vitro use or in vivo use  



wherein the Apo2L/T_RAIL or death receptor antibody and 0720 antibody are
administered to a mammal (patient) . Optionally, in the methods, the cancer
ce'ils treated with Apo2L/TRAIL or death receptor antibody and CD20
antibody  are lymphoma cells. 35 Further embodiments of the invention
include methods of treating an  immune-related disease, comprising
administering to a mammal an effective  amount of Apo2Li'PRAIL and C.P20
antibody. Optionally, an effective amount  of death receptor antibody, such
as an agonist DR4 antibody or agonist P15  antibody, and 0520 antibody is
administered to the nammal. Optionally, the 40 amount of Apo2L/'TRAIL or
death receptor antibody and CD20 antibodies  employed in the methods are
effective to achieve synergy therapeutically,  e.g., their combined effect
in treating the immune-related disease is  greater than the effect achieved
when the Apo2L/TRAIL. or antibodies are  employed individually as a single
therapeutic agent. Optionally, in the  i methods, the immune-related
disease is rheumatoid arthritis or multiple  sclerosis. Methods of the
invention include methods of treating a disorder in a  mammal, such as an
immune-related disease or cancer, comprising steps of  5 obtaining tissue
or a cell sample from the mammal, examining the tissue or cells for
expression of C.D20, DRS, and/or DR5, and upon determining said  tissue or
cell sample expresses said one or more receptors, administering  an
effective amount of Apo2L/TRAIL or death receptor antibody and CD20
antibody to said mammal. The steps in the method.a for examining expression
10 of one or more of such receptors may be conducted in a variety of assay
formats, including assays detecting MR-'VA expres=i.on and
im.munohistochem.istry assays. optionally, the methods of the invention
compr-ie, in addition to  administering an effective amount of Apo2L/TRAIL
and/or death receptor  15 antibody and C D20 antibody, administering
chemotherapeutic agent(s) or  radiation therapy to said mammal. More
embodiments of the invention are illustrated by way of example  in the
following claims: 20 1. A method of treating cancer cells, comprising
exposing mammalian  cancer cells to a synergistic effective amount of
Apo-2L/TRAIL  poly-peptide and CD20 antibody. 2. The method of claim I
wherein said Apo2L/TR.AIL polypeptide 25 comprises amino acids 1-281. of
Fig. i (SFQ ID NC:1) or a fragment or  variant thereof. Z. The method of
claim I wherein said Apo2Li'PFAIL polyg:ept,i.de  comprises amino acids
l1:-2811 of Fig. I (SEQ ID NO:l). 3U 4. The method of claim 1 wherein said
cancer cells are exposed to  



said synergistic effective amount of Apo2L/TRAIL polypeptide and CD20
antibody in vivo. 35 5, The method of claim 1 wherein said cancer cells are
lymphoma  cells. 8. The method of claim 1 further comprising exposing the
cancer cells  to one or more growth inhibitory agents. 40 7. The method of
claim 1 further comprising exposing the cell: to  radiation. B. The method
of claim 1 wherein said Apo2L/TR<ATL polypeptide iz  expressed in a
recombinant host cell selected from the group  consisting of a CHO cell.
yeast cell and E. co.ti. 5 9. The method of claim 1 wherein said
Apo2L/TRAIL polypeptide is  linked to a polyethylene glycol molecule. 10.
The method of claim I wherein said CD20 antibody is a, monoclonal
antibody. 111 11, The method of claim 10 wherein said CD-20 antibody is the
antibody  Rituximab. 12. A method of treating an immune related disease,
comprising  15 administering to a mammal a synergistic effective ,amount.
of  Apo2L/TRAIL polypeptide and CD20 antibody, 13. The method: of claim 12
wherein said. Apo2L/TRAIL polypepti.de  comprises amino acids 1-281 of Fig.
1 (SEQ ID NO::L) or a fragment or  20 variant thereof. 14. The method of
claim 12 wherein said Apc2L/TRAIL polypeptide  comprises amino acids
1-14-281 of Fig. 1 (SEQ TD N0:1). 25 15. The method of claim 12 wherein
said Ppo2T,/T,--,AXL poly  expressed in a recombinant host cell selected
from the group  consisting of a CHO cell, yeast cell and B. coli, 16. The
method of claim 12 wherein said Apo2L/TRAIL polypeptide is  30 linked to a
polyethylene glycol. molecule. 17. The method of claim 12 wherein said
immune related disease is  rheumatoid arthritis or multiple sclerosis. 35
18. The method of claim 12 wherein said CD20 antibody is a monoclonal
antibody. 19. The method of claim 1.8 wherein said CD20 antibody is the
antibody  Fituximab. 40 20: The method of claim 1 or 12 wherein said
Ap02L/TRAIL polypeptide  and CD20 antibody are administered sequentially.
21. The method of claim 1 or 12 wherein said Apo2L/TRAIL polypeptide and
CD20 antibody are administered concurrently.  



BRIEF DESCRIPTION OF THE DRAWINGS s Figure lA shows the nucleotide sequence
of human Apo-2 ligand r_D1,1A  (SEQ ID No:2) and its derived amino acid
sequence (SEQ ID NO:1) The "Na  at nucleotide position 447 is used to
indicate the nucleotide base may be a  or "G: Figures 2A and 213 show the
nucleotide sequence of a cDNA (SEQ ID NO:4)  10 for full length human DR4
and its derived amino acid sequence. (SEQ ID NO;3)  The respective
nucleotide and amino acid sequences for human DR4 are also  reported in Pan
et al., Science, 276:111 (199?). Figure 3A shows the 411. amino acid
sequence of human 1%35 (SEQ ID NO:5)  as published in WO 96/51793 on
November 19, 1998. A transcriptional splice  15 variant of human DRS is
known in the art. This DRS splice variant encodes the 440 amino acid
sequence of human DRS iSEQ ID NO:6) shown in Figures 3B  and 3C as
published in 61i) 98/35986 on August 20, 1996. Figure 4 illustrates the
expression of Ape2L/TRAIL, receptors in B  lymphoma cell lines. 20 Figure 5
il.ustrates expression of 0D20 in B lymphoma cell lines.  Figure 6 shows
the effects of Apo2L/TRAIL, RITC'XAN(r)O", or combination  treatment on the
growth of pre-established subcutaneous BJAB lymphoma tumor  :.engrafts in
3C1D mice. Figure 7 shows further results on the effects of Apc2L/TRAIL,
25 RITUXAN(r)", or combination treatment of Apo2L/TRAIL and RITUXAN(r) on
the  growth of pre-establi hed subcutaneous BJ n lymphoma tumor xenografts
in  S0D mice. Figure 6 shows the effects of Apo2L~/TRxA.IL, RITUYANO, or
combination  treatment of Apo2L/TRAIL and RITUXAXV'5 on caspase processing
in pre- 30 established subcutaneous BSAB lymphoma tumor xenografts grown in
SC'-',D mice. Figure 9 snows the effects of DRS agonistic antibody,
RITUXZINO, or  combination treatment on the growth of pre-established
subcutaneous BJA.B  lymphoma tumor xenografts in SLID mice. Figure 10 shows
the effects of D.5 agonistic antibody, RTUXAX(r), or  35 combination
treatment on caspase processing in pre-established subcutaneous  B,;AS
lymphoma tumor xenografts grown in SCD mice. Figure 11 illustrates the
expression of CD20 and Apo2L/TRAIL  receptors in NHI cell lines. Figure 12
shows the effects of Apo2L/T?..AIL, Rituximab, or combination  40 treatment
on the growth of pre-established subcutaneous Ramos PAl tumor  xenografts
in SCID mice. Figure 13 shows the effects of Apo21,/TRAIL, Rituximab, or
combination  treatment on the growth of pre-established DOHS-2 follicullar
lymphoma  xenografts .:.n SLID mice. 9 Figure 1.4 illustrates the effects
and mechanisms of cell. killing by  



Apo2L/'TRAIL, and Rituximab or combination treatments on BJAB cells. Figure
7.5 shows the effects of Apo2L/TRAIT,, Ritu-:imab, or combination
treatment on the growth of Ramos T1 tumor xenografts in SCID mice. 5 Figure
16 shows the effects of Apo2L/1`RAIL, Ritux.imah, or combination  treatment
on the BJAB-Luc tumor xenografts in SC'ID mice. DETAILED DESCRIPTION OF THE
PREFERRED EMEODIMENTS 10 unless otherwise defined, all terms of art,
notations and other  scientific terminology used herein are intended to
have the meanings  commonly understood by those of skill :ir. the art to
which this invention  pertains. Ih some cases, terms with commonly
understood meanings are  defined herein for clarity and/or for ready
reference, and the inclusion of 15 such definitions herein should not
necessarily be construed to represent a  substantial difference over what
is generally understood in the art. The  techniques and procedures
described or referenced herein are generally well  understood and commonly
employed using conventional. methodology by those  skilled in the art, such
as, for example, the widely utilized molecular 20 cloning methodologies
described in Sambrook et al., Molecular Cloning: A  Laboratory Manual 2nd.
edition (1989) Cold Spring Harbor Laboratory Press,  Cold Spring Harbor,
N.Y. As appropriate, procedures involving the use of  commercially
available kits and reagents are generally carried out in  accordance with
manufacturer defined protocols and/or parameters unless  25 otherwise
noted. Before the present methods, kits and uses therefor are described,
a..  is to be understood that this invention is not limited to the
particular  methodology, protocols, cell lines, animal species or genera,
constructs,  and reagents described as such may, of course, vary. It is
also to be 30 understood that the terminology used herein is for the
purpose of  describing particular embodiments only, and is not intended to
limit the  scope of the present invention which will be limited only by the
appended  claims. It must be noted that as used herein and in the appended
claims, the  35 singular forms "a'', Wand", and "the' include plural
referents unless the  context clearly dictates otherwise, All publications
mentioned herein are incorporated herein by  reference to disclose and
describe the methods and/or materials in  connection with which the
publications are cited. Publications cited 40 herein are cited for their
disclosure prior to the filing date of the  present application. Nothing
here is to he construed as an admission that  the inventors are not
entitled to antedate the publications by virtue of an  earlier priority
date or prior date of invention. Further the actual  publication dates may
he different from those shown and require independent  45 verification. 10 



Definitions  The terms "Apo-2 ligand", "Apo-2L", "Apo2I:",
"Apo2L/T:ZA1I,""Apo-2. l igard.;'1'3ts:I" and "TRAIL" are used herein.
interchangeably to refer to a  polypeptide sequence which includes amino
acid residues 114-281, inclusive,  95-281., inclusive, residues 92-287.,
inclusive, residues 9i-291, inclusive,  residues 41-281, inclusive,
residues 39-291, inclusive, residues 15--281,  .inclusive, or residues
1-281, inclusive, of the amino acid sequence shown  in Figure 1, as well as
biologically active fragments, deletional,  Insertional, or substitutional
variants of the above sequences. In one  10 emnodiment; the polypeptide
sequence comarises residues 114-281 of Figure  Optionally, the polypeptide
sequence comprises ses residues 92-281 or  residues 91-281 of Figure 7..
The Apo-2T, polypeptides may be encoded by the  native nucleotide sequence
shown in Figure :,.. Optionally, the codon which ]5 encodes residue Proll9
(Figure 1) may be "CCT" or "CCC". Optionally, the  fragments or variants
are biologically active and have at least about 800  amino acid sequence
identity, more preferably at least about 90% sequence  identity, and even
more preferably, at least. 95u, 96*, 97%, 98%, or 99%  sequence identity
with any one of the above sequences. The definition 20 encompasses
substitutional variants of Apo-2 ligand in which at least one  of its
native amino acids are substituted by another amino acid such as an
alanine residue. Optional substitutional variants include one or more of
the residue substitutions. Optional variants may comprise an amino acid
sequence which differs from the native sequence Apo-2 ligand polypeptide
2.5 sequence of Figure 1 and has one or more of the following amino acid
substitutions at the residue position(s) in Figure 1: 5960; s101C; 51110;
R1701"; 1X1790. The definition also encompasses a native sequence Apo-2
ligand isolated from an .Apo-2 ligand source or prepared by recombinant or
synthetic methods. The Apo-2 ligand of the invention includes the 30
polypeptides referred to as Apo-2 ligand or TRAIL disclosed in 'RO97/01633
published January 7.6, 1597, W097/25428 published July 17, 1997, N099/36535
published July 22, 1999, WC 01/00632 published January 4, 2001, W002/09755
published February 7, 2002, and. WO 00/75191 published December 14, 2000.
The. terms are used to refer generally to forms of the Apo-2 ligand which
35 include monomer, direr, trimer, hexamer or hight oligomer forms of the
polypeptide. All numbering of amino acid residues referred to in the Apo-
2L sequence use the numbering according to Figure 1, unless specifically
stated otherwise. For instance, "D203" or Asp203" refers to the asparti-c
acid residue at position 203 in the sequence provided in Figure 1. 40 The
term "Apo-2 ligand selective variant" as used herein refers to an  Apo--2
ligand polypeptide which includes one or more amino acid mutations in  a
native Apo-2 ligand sequence and has selective binding affinity for  either
the DR-4 receptor or the DR5 receptor. In one embodiment, the Apo-2  



ligand variant has a selective binding affinity for the DR4 receptor and
11 includes one or more amino acid substitutions in any one of positions
189,  191, 193, 199, 201 or 209 of a native Apo-2 ligand se3ence. In
another  embodiment, the Apo-2 ligand variant has a selective binding
affinity for  the DES receptor and includes one or more amino acid
substitutions in any 5 one of positions 189, 191, 193; 264, 266, 267 or
.269 of a native Apo-2  ligand sequence. Preferred Apo-2 ligand selective
variants include one or  more amino acid mutations and exhibit binding
affinity to the DR4 receptor  which i's equal to or greater (s) than the
binding affinity of native  sequence Apo-2 ligand to the DR' receptor, and
even more preferably, the 10 Apo-2 ligand variants exhibit less binding
affinity (<) to the DR5 receptor  than the binding affinity exhibited by
native sequence Apo-2 ligand to DRS.  When binding affinity of such Ape-2
ligand variant to the DR4 receptor is  approximately equal (unchanged) or
greater than (increased) as compared to  native sequence Ano2 ligand, and
the binding affinity of. the Apo-2 ligand 15 variant to the CRS receptor is
less than or nearly eliminated as compared  to native sequence Apo-2
ligand, the binding affinity of the Apo-2 ligard  variant, for purposes
herein, is considered "selective" for the DR4  receptor. Preferred DR4
selective Apo-2 ligand variants of the invention  will have at least
10-fold less binding affinity to DRS receptor (as 20 compared to native
sequence Apo-2 ligand), and even more preferably, will  have at least
100-fold less binding affinity to DRS receptor (as compared  to native
sequence .Apo-2 ligand) . The respective binding affinity of the  Apo-2
ligand variant may be determined and compared to the binding  propert.i.es
of native Apo-2L (such as the 114-28l form) by ELISA, RIA, 2.5 and/or
BlAcore assays, knowm in the art. Preferred DR4 selective Apo-2  ligand
variants of the invention will induce apoptotis in at. !east one type  of
mammalian cell (preferably a cancer cell), and such apoptotic activity  can
he determined by known, art methods such as the alamar blue or crystal
violet assay. The DR4 selective Apo-2 ligand variants may or may not have
30 altered binding affinities to any of the decoy receptors for Apo-2L,
those  decoy receptors being referred to in the art as DcRI, DeR2 and OPG.
Further preferred Apo-2 ligand selective variants include one or more
amino acid mutations and exhibit binding affinity to the DRS receptor which
is equal to or greater (-) than the binding affinity of native sequence 35
Apo-2 ligand, to the DRS receptor, and even more preferably, such i?po-2
ligand variants exhibit less binding affinity (=) to the DR4 receptor than
the binding affinity exhibited by native sequence Apo-2 ligand to 77R4e
Then binding affinit} of such Apo-2 ligand variant to the DRS receptor
approximately equal (unchanged) or greater than (increased) as compared to
40 native sequence Apc-2 ligand, and the binding affinity of the Apo--2
ligand  variant to the DR4 receptor -1 less than or nearly eliminated as
compared  



to native sequence Apo-2 ligand, the binding affinity of the Apo--2 1.
igand  variant, for purposes herein, is considered "selective- for the DRS
receptor. Preferred DRS selective Apo-2 ligand variants of the invention 45
will have at least 10-fold less binding affinity to D-4 receptor (as  7.2
compared to native sequence Apo-2 ligand) : and even more preferably, will
have at least 100-fold less binding affinity to DR4 receptor. (as compared
to native sequence Apo-2 ligand). The respective binding affinity of the
Apo-2 ligand variant may be determined and corr:pared to the binding 5
properties of native Apo2L (such as the 114-281. form) by ELIEA; RIA,
and/or  ELhcore assays, known in the art. Preferred DRS selective Apo-2
ligand  variants of the invention w.1.11 induce apoptotis in at least one
type of  mammalian cell (prreferably a cancer cell), and such apoptotic
activity can determined by known art methods such as the alamar blue or
crystal  10 violet assay. The DRS selective Apo-2 ligand variants may or
may not have  altered binding affinities to any of the decoy receptors for
Apo-2L, those  decoy receptors being referred to in the art as DoRl, DcR2
and OPG. Amino acid identification may use the single-letter alphabet or
three-letter alphabet of amino acids, i.e., 15 As, Aspartic acid Ile I
Isoleuci.ne  Thr T Threonine Leu L Leucine  Her S Serino Tyr Y Tyrosine
Gl:: E Glutamic acid Phe F Phenylalanine  Pro P Proline His A Histi.dine 20
Gly G Gl._vcine Lys K Lysine  Ala A Alanine P,rg R Argininc  Cys C
Cyat.ei.ne Trp vt Tryptophan  Jai V 1'al.ine Gin 0 Glutamine  Met M
Ilethionine Asn N Aspa.ragine  25 The term "Apo2L/TRAIL extracellular
domain" or `Apo2L/TRAIL EGO"  ref. ers to a form of Apo2L/TRAIL which is
essentially free of transmembratne  and oytol:lasmic domains. Ordinarily,
the ECD will have less than It of  such t.ra:nemenu~rane and cytoplasmic
domains, and preferably, will have less 30 than 0.5e of such domains. It
will be understood that any transmembrane  domain(s) identified for the
polypeptides of the present. invention are  identified pursuant to criteria
routinely employed in the art for  identifying that type of hydrophobic
domain. The exact boundaries of a  tranememhrane domain, may vary but most
likely by no more than about 5 amino 35 acids at either end of the domain
as initially identified, in preferred  embodiments, the ECD will consist of
a soluble, extracellular domain  sequence of the poly peptide which is free
of the cransmembrane and  cytoplasmic or intracellular domains (and is not
membrane bound).  



Particular extracellular domain sequences of Apo-2LjTR-AIL are described in
40 PCT Publication Nos. 1W097/01633 and W097/25428. The term "Apo2L/TRAIL
monomer" or "Apo2L monomer" refers to a  covalent chain of an ext race
i.lul.,or domain sequence of Apo2L. The term "Apo2L/'TRAIL dimes" or.
"Apo2L dieter" refers to two Apo-2k  monomers joined in a covalent linkage
via a disulfide bond. The term as  45 used herein includes free standing
Apo2L dimers and Apo2L dimers that are  13 within trimeric forms of Apo2L
(i.e.; associated with another, third ,prs2L  monomer). The term
".kpo2L//TRAIL trimer" or "Apo2L trimer" refers to three Apo2L  monomers
that are non -covalently associated, The term '.Apo2L/TRAIL aggregate' is
used to refer to self-associated  higher oligomeric norms of Apo22L/TRAIL,
such as Apo2L/TRAIL trimers, which  form, for instance, hexameric and
nanomeric forms of Apo2L,/TRAIL.  Determination of the presence and
quantity of Apo2L/TRAIL monomer, dieter,  or trimer (or other aggregates)
may be made using methods and assays known JO in the art (and using
commercially available materials), such as native  size exclusion HPLC
("SEC"), denaturing size exclusion using sodium dodecyl  sulphate
("SDS-SEC"), reverse phase IPLC and capillary electrophoresis. "Apo-2
ligand receptor" includes the receptors referred to in the art  "fE4" and
'DR5" whose polynucleotide and polypeptide sequences are show;  15 in
Figures 2 and 3 respectively. Pan et al. have described the 'INF receptor
family member referred to as "R411 (Pan at al,, Science, 27(5;111- 113
(1997); see also W096j332856 published July 30, 1998; WO 99/37684
published July 29, 1999; WO 00/73349 published December 7, 2000; US
6,433,147 issued August 13, 2002; US 5,461,823 issued October 8, 2002, and
20 US 6,342,.363 issued January 29, 2002). Sheridan et al., Science,
277:818- 821 (1997) and Pan et al., Science, 277915.-818 (1997) described
another  receptor for Apo2L/TRAIL (see also, W098/51793 published November
19,  1996; WO98/41629 published September 24, 1998). This receptor is
referred  to as DR5 (the receptor has also been alternatively referred to
as Apo-2; 25 TRAIL-R, TR6, Tango-E3, hAPOS, TRICI{2 or KILLER; Screaton et
al., Curr.  Siol., 7:593-696 (:;.997); Walczak at al., EMBO J.,
16:5386-.5367 (1997); Wu  e 1,,,'.098/35986 published August 20,  t-. a.:.,
, Nature. r- e Genetics., 17. '41-143 (1997) , 1,,,'.098/35986 -. 1998;
BP870,827 published October 14, 1998; W098/46643 published October  22,
1998; W099/02653 published January 21, 1999; 10099/09165 published  30
February 25, 1999; W099/11791 published March 11, 1999; US 2002/0072091
published August 13, 2002; US 2002/0098550 published December 7, 20071; US
6,313,269 issued December E, 2001; US 2001/0010924 published August 2,
2001; US 2003/01255540 published. July 3, 2003; US 2002/0160446 published
October 31, 2002, US 2002/004875S published April 25, 2002; US 6,569,642 



35 issued May 27, 2003, US 6,072,047 issued Tune 6, 2000, US 6,642,358
issued  November 4, 2003). As described above, other receptors for .Apo-2',
include  DcR1, DcR2, and OPG (see, Sheridan et al., supra; Marsters et al.,
supra;  and Simonet. at al., su ra) . The term 3Apo-2L receptor" when used
herein  encompasses native sequence receptor and receptor variants. These
terms 40 encompass Apo-2L receptor expressed in a variety of mammals,
including  humans. Apo-21L receptor may be endogenously expressed as occurs
naturally in  a variety of human tissue lineages, or may be expressed by
recombinant or  svntheti.c methods. A "native sequence Apo--2L receptor"
comprises a  polypeptide having the same amino said sequence as an Apo-2L
receptor derived 45 from nature. Thus, a native sequence Apo-2L receptor
can have the amino acid  14 sequence of naturally-occurring Apo-2L receptor
from any mammal. Such native  sequence Apo-2L receptor can be isolated from
nature or can be produced by  recombinant or synthetic means. The term
"native sequence Apo-2L receptor"  spec'-fically encompasses
naturally-occurring truncated or secreted forms of 5 the receptor (e.g., a
soluble form containing, for instance, an extracel.lular  domain sequence),
naturally--occurring variant forms (e.g., all. ternativel.y  spliced forms)
and natural ly-occur.ri.ng allelic variants. Receptor variants  may include
fragments or deletion mutants of the native sequence Apo-2L  receptor.
Figure 3A shows the 411 amino acid seq.ence of human DRS as 10 published in
WO 98/51793 .on. November 19, 1996. A transcriptional splice  variant of
human DR5 is know,m in the art. This DR5 splice variant encodes  the 440
amino acid sequence of human DR'--; shown in Figures 313 and SC as
published in WO 98/35986 on August 20, 1998. "Death receptor antibody" is
used herein to refer generally to  15 antibody or antibodies directed to a
receptor in the tumor necrosis factor  signalling  .receptor superfamily
and containing a death domain capable of anopto^sis, and such antibodies
include CRS antibody and CR4 antibody. DES receptor. antibody" "DR5
antibody", or "anti-DR.S antibody" is  used in a broad sense to refer to
antibodies that bind to at least one form  20 of a DRS receptor or
extracellular domain thereof. Optionally the DRS antibody is fused or
linked to a heterol.ogous sequence or molecule.  Preferably the
heterologous sequence allows or assists the antibody to form  higher order
or oligomeric complexes. Optionally, the DRS antibody binds  to 11.R5
receptor but does not bind or cross-react with any additional Apo-2L 2.5
receptor ieeg. CR4, DcRI, or DcR2). Optionally the antibody is an agonist
of DRS signalling activity. Optionally, the DR5 antibody of the invention
binds to a DRS receptor  at a concentration range of about 0.1 nP1 to about
20 mN, as measured in a  BIAacre binding assay, Optionally, the DRS
antibodies of the invention 30 exhibit an Ic 50 value of about 0.6 nM to
about 18 mM as measured in a  



BiAcore binding assay. "DR4 receptor antibody", "DR4 antibody", or
"anti-DR4 antibody" is  used in a broad sense to refer to antibodies that
bind to at least one form  of a DR4 receptor or extracellular domain
therof. Optionally the DR-1 35 antibody is fused or linked to a
heterologous sequence or molecule.  Preferably the heterologous sequence
allows or assists the antibody to form  higher order or oligcmeric
complexes. Optionally, the DR4 antibody binds  to CR4 receptor but does not
bind or cross-react with any additional. Apo-2L  receptor (e.g. DR.5, D^R1,
or DCR2), Optionally the antibody is an agonist  40 of DR4 signalling
activity. Optionally, the CR4 antibody of the invention binds to a DR4
receptor  at a concentration range of about 0.1 nN to about 20 mM as
measured in a  BlAcore binding assay. Optionally, the DRS antibodies of the
invention  15 exhibit an is 50 value of about 0,6 nM to about 1S mtl as
measured in a  BIAcore binding assay. The term 'agonist.^ is used in the
broadest sense, and includes any  molecule that partially or fully
enhances, stimulates or activates one or  :i more biological activities of
Apo2L/TRAIL, DR4 or DES, in vitro, in situ, or in viva. Examples of such
biological activities binding of Apo2L/TRAIL  to DR4 or DRS, include
apoptosis as well as those further reported in the  literature. An agonist
may function in a direct or indirect manner. For  instance, the agonist may
function to partially or fully enhance, stimulate 10 or activate one or
more biological activities of DR4 or DRS, in vitro, in  situ, or In vivo as
a result of its direct binding to LR4 or DRS, which  causes receptor
activation or signal transduction. The agonist may also  function
indirectly to partially or fully enhance, stimulate or activate  one or
more biological activities of DR4 or DRS, in vitro, in situ, or in 15 vivo
as a result of, e. g., stimulating another effecter molecule which then
causes DR4 or D R5 activation or signal transduction. It is contemplated
that an agonist may act as an enhancer molecule which functions indirectly
to enhance or increase DR4 or DR5 activation or activity. For instance,
the agonist may enhance activity of endogenous Apo-2L in :a mammal. This 20
could be accomplished, for example, by pre-complexing DR4 or DRS or by
stabilizing complexes of the respective ligand. with the DR4 or DRS
receptor  (such as stabilizing native complex formed between Apo-21, and
DR4 or DR5) The term "DR4" and ".CR4 receptor' as used herein refers to
full  length and soluble, extracellu.ar domain forms of the receptor
described in  25 Para et al., Science, 275:111-113 (1997); WO98/32856
published July 30 1998; US Patent 6,342,363 issued January 29, 2002; and
W099/37684 published  July 29, 1999. The full length amino acid seomence of
DR4 receptor is  provided herein in Fig. 2. The term "DES" and "DE5
receptor" as used herein refers to the full  



30 length and soluble, extracellular domain `orms of the receptor described
in  Sheridan at al., science, 277:81.8-.821. (:.997); Pan et al., Science,
277:815- 818 (1997), US Patent 8,072, 047 issued June 6, 2000; US Patent
6,342,369:  W098/51793 published November 19, 1998; W098,/41529 published
September 24,  1998; Screaton et al., Curr. Riot., 7:693--696 (1997);
Walczak et al., EMBO 35 3., 16:5386-5387 (1997), Wu at al., Nature
Genetics, 17:141-143 (3.997);  W098/35985 published August 20, 1998;
EP870,827 published October 14, 1998;  WC1.9/4C643 Published October 22,
1998; W099/02653 published January 21,  1999; W099/09165 published February
25, _1999; WO99/11791 published March  11, 1999. The DR5 receptor has also
been referred to in the art as Apo-2; 40 TRAIL-R, TR6: Tango-63, hAPOS,
TR'ICK2 or KILLER. The term DRS receptor  used herein includes the full
length 411 amino acid polypeptide provided in  Fig. 3A and the full length
440 amino acid polypept.ide provided in Figs.  3B-C. 16 The term "polyol"
when used herein refers broadly to polyhyd ri.c  alcohol compounds Polyols
can he any water-scluble poly(alkylene oxide)  polymer for example, and can
have a 'linear or branched chain. Preferred  polyols include those
substituted at one or more hydroxyl positions with a 5 chemical group, such
as an alkyl group having between one and `our carbons.  Typically, the
polyol is a poly(alkylene glycol), preferably poly (ethylene  glycol) (PEG)
However, those ski-led in the art recognize that other  polyols, such as,
for example, poly(prapylene glycol) and polyethylene- polypropylene glycol
copolymers, can be employed using the techniques for 10 conjugation
described herein for PEG. The polyols of the invention include  those well
known in the art and those publicly available, such as from  commercially
available sources. The term "conjugate" is used herein according to its
broadest  definition to mean joined or linked together. Molecules are
"conjugated"  15 when they act or operate as if joined. The term
lertracellular domain" or "ECD" refers to a form o' ligand  or receptor
which essentially free of transmembrane and cytoplasmic  domains.
Ordinarily, the soluble SOD will have less than 1% of such  transmembrane
and cytoplasmic domains, and preferably, will have less than  20 0.5-- of
such domains. The term "divalent metal ion" refers to a metal ion having
two  positive charges. Examples of divalent metal ions for use in the
present  invention include but are not limited to zinc, cobalt, nickel,
cadmium,  magnesium, and manganese. Particular forms of such metals that
may be 25 employed include salt forms (e.g., pharmaceutically acceptable
salt forms),  such as chloride, acetate, carbonate, citrate and sulfate
forms of the  above mentioned divalent metal ions. Divalent metal ions, as
described  herein, are preferably employed in concentrations or amounts
(e-g"  



effective amounts) which are sufficient to, for example, (1) enhance 30
storage stability of Apo-2L trimers over a desired period of time, (2)
enhance production or yield of Apo-2L trimers in a recombinant cell culture
or purification method, (3) enhance solubility (or reduce aggregation) of
Apo-2L trimers, or (4) enhance Apo-2I, trimer formation. "Isolated,:' when
used to describe the various proteins disclosed  35 herein: means protein
that has been identified and separated and/or  recovered from a component
of its natural environment. Contaminant  components of its natural
environment are materials that would typically  interfere with diagnostic
or therapeutic uses for the protein, and may  include enzymes, hormones,
and other proteinaceous or ton-proteinaceous 40 solutes. _n preferred
embodiments, the protein will be purified (1) to a  degree suf.f..cient to
obtain at least 15 residues of N-terminal or internal  amino acid sequence
by use of a spinning cup sec uenator, or (2) to  homogeneity by SPE-PAGE
under non-reducing or reducing conditions using  Coomassie blue or,
preferably, silver stain. isolated protein includes 45 protein in situ
within recombinant cells, since at least one component of  17 the protein's
natural environment will not be present. Ordinarily,  however, isolated
protein. will be prepared by at least one purification  step. An isolated"
nucleic acid molecule is a nucleic acid molecule that  5 is identified and
separated from at least one contaminant nucleic acid  molecule with which
it is ordinarily associated in the natural source of  the nucleic acid. An
isolated Apo-2 ligand nucleic acid molecule is other  than in the form or
setting in which it found in n.ature Isolated Apo-2  1. i.gand nu oleic
acid molecules therefore are distinguished from the Apo-2 10 ligand nucleic
acid molecule as it exists in natural cells. However, an  isolated Apo-2
ligand nucleic acid molecule includes Apo-2 ligand nucleic  acid molecules
contained in cells that ordinarily express Apo-2 ligand  where, for
example, the nucleic acid molecule is in a chromosomal location  different
from that of natural cells. 15 "Percent (a} amino acid sequence identity"
with respect to the  sequences identified herein is defined as the
percentage of amino acid  residues in a candidate sequence that are
identical with the amino acid  residues in the Apo-2 ligand sequence, after
aligning the sequences and  introducing caps, if necessary, to achieve the
maximum percent sequence 20 identity, and not considering any conservative
substitutions as part of the  sequence identity. Alignment for purposes of
determining percent amino  acid sequence identity can be achieved in
various ways that are within the  skill in the art can determine
appropriate parameters for measuring  alignment, including assigning
algorithms needed to achieve maximal 25 alignment over the full-length
sequences being compared. For purposes  



herein, percent amino acid identity values can he obtained using the
sequence comparison computer program, ALIGN-2, which was authored by
Genentech, Inc. and the source code of which has been filed with user
documentation in the US Copyright Office, Washington, DC, 20559,
registered. a{i under the US Copyright Registration No. TX"J5100E7 The
ALIGN-2 program i.s  publicly available through Genentech, Inc. , South San
Francisco, C.A. All  sequence comparison parameters are set by the ALIGN
program and do not  vary. The term "control sequences" refers to DNA
sequences necessary for  35 the expression of an operably linked coding
sequence in a particular host  organism. The control sequences that are
suitable for prokaryotes, for  example, include a promoter, optionally an
operator sequence, and a  ribosome binding site. Eukaryotic cells are known
to utilize promoters,  polyadenylation signals, and enhancers. 40 Nucleic
acid is uoperably linked" when it is placed into a functional  relationship
with another nucleic acid sequence. For example, DNA for a  presequence or
secretory leader is operably linked to DNA for a polypeptide  if ~t is
expressed as a preprotein that participates in the secretion of  the
polypeptide; a promoter or enhancer is operably linked to a coding 45
sequence if it affects the transcription of the sequence; or ~, ribosome
18 binding site is operably linked to a coding sequence if it is positioned
so  as to facilitate translation. Generally, 'operably linked" means that
the  DNT- sequences being linked are contiguous, and, in the case of a
secretory  leader, contiguous and in reading phase. However, enhancers do
not have to  be contiguous. Linking is accomplished by ligation at
convenient  restriction sites. If such sites do not exist, the synthetic  a
Iigonucl sotide adaptors or linkers are used in accordance with
conventional practice. A "B cell." is a lymphocyte that matures within the.
bone marrow, and  10 includes a naive 3 cell, memory B cell, or effector B
cells (plasma cells)  she B cell herein may be a normal or non-malignant n
cell. The "CD20" antigen is a -35 kDa, non-glycosylated phosphoprotein
found on the surface of greater than 90r of B cells from peripheral blood
or lymphoid organs, CD20 is present on both normal 5 cells as, well as 15
malignant B cells, but is not expressed on stem cells. Other names for
CD20 in the literature include "5-lymphocyte.-restricted antigen" and
'113P3511. The CD20 antigen is described in Clark et. al, PAS"S (USA)
82:.:.765  (1955), for example. Examples of antibodies which bind the CD20
antigen include: "0238"  20 which is now called "Ritux.imab" r'"RITUXRS011)
(US Patent No. 5,736,137); the  yttrium-[90]-labeled. 2B8 murine antibody
designated "Y238"" or Ibritumomab  T'iuxetan" ZEVALIN0 commercially
available from Idec Pharmaceuti-ca.s, Inc.  



(US Patent No. ,,735,137; 258 deposited with ATT(:'C under accession no.
HB11383 on June 22, 1993); murine IgG2a "B1,'" also called "Tositumomab,"
25 optionally labeled with 1311 to generate the A3`1,-31" antibody (iodine
1131  tositumomab, BEXXAR"") commercially available from Corixa. (see,
also, u5  Patent No. 5,595,721); murine monoclonal antibody 1F5" (Press et
al. Bio,d  699(2):584-591. (1987) ) and variants thereof including
'framework patched" or  humanized lF5 (WO 2003/002607, Leung, ATCC Deposit
HB-95450) ; murine 2.47 30 and chimeric 257 antibody 1112. Patent No.
5,677,180); humanized 2:17; HTiMAX- CD20r" fully human, high-affinity
antibody targeted at the CD20 molecule .in.  the cell membrane of 5-cells
(Genmab, Denmark; see, for example, GlennLe  and van de Winkel, Drug
Discovery Today 8: 503-510 (2003) and Cragg et al.,  Blood 101: 1,145-1052
(2003)); the human monoclonal antibodies set forth in 35 '90041035607
(Teeling at al.); ANE_133'" antibodies (Applied Molecular  Evolution); A20
antibody or variants thereof such as chimeric or humanized  A20 antibody
(cA20, hA20, respectively) (US 2003/0219433, Innlmunomedics);  and
monoclonal antibodies L27, G28-2, 93--153, B-Cl or Nu-B2 available from
the International Leukocyte Typing Workshop (Valentine et al., In: 40
Leukocyte typing II1 (McMichael, Ed., p. 440, Oxford university Press
(1987)). The preferred CD-20 antibodies herein are chimeric, humanized, or
human CD20 antibodies, more preferably rituximab, humanized 2117, chimeric
or humanized A20 antibody (Immunomedics), and hMMAX-CD20" human CD20
antibody (Genmab). l.9 The terms `rituximab" or "RITTXN5" herein refer to
the genetically  engineered chimeric murineihuman monoclonal. antibody
directed against the  CD20 antigen and designated "`C2E5 in US Patent No.
5,736,137, including  fragments thereof which retain the ability to bind
CD2O. 5 Purely for the purposes herein and unless indicated otherwise,
"humanized 2kI7" refers to a humanized C^20 antibody, or an antigen-binding
fragment thereof, wherein the antibody is effective to deplete primate B
cells in vivo, the antibody comprising in the H chain variable region (V5)
thereof at least- a CDR H3 sequence from an anti-human CD20 antibody and 10
substantially the human consensus framework. (FR) residues of the human
heavy- chairs subgroup III A Preferred humanized 21-77 is an intact
antibody or antibody fragment  comprising the variable light chain
Sequence: .DIQNITOSPSSLSASVGDR`TITCRAS
SVSYC+IHN?'3QQKPGKFLPKP:,I:AFSNLe'SSGVPSRPSi3SGSG7'CFTLTIS  75
SLQPEDFATYYCQQA'.SFNPPTFGQGTKVVEIKR (SEQ IC NO= 7)7 and the variable heavy
chain sequence: L[~.lln7:VEST":GC^:IVQPGGSi:RLSCP.ASGY'a:
TSY"PfiI[3R'(7RQ:,'r'GKG:[:7i~h:VG'YPGNGDT4YtiQIC3It'GR?TS6vLi'.S
S'NTIYLQBnSLRAELITAVYZ CfaR:irYY SNSYSa L':JVia+:,QG'.[!LVTVSS (SEQ TD NO:
S). Where the humanized 2H7 antibody is an intact antibody, preferably it
20) comprises the light chain amino acid sequence:  



D'IQMTQSPSSLSASVGDRVT1-'1CRPSSSVSYDLIiVYQQKPLK~~PKPLIYAPSN
ASGVPSRE'SGSGSGTLFT.JTIS  SLQPEP.FATY''YtIQ^a4`TSF':`:"P"rTFi_*QGT:~vEI
KR.`1R%<'1~1!9V'F'1' F'r^P 4P.k.QLKSGTt"~.S"C'Y%G' :LNN:PYPP.7:FCV
Q.SVIt`,%D
NAS,QSGNSbSS'sr]:EQU:Ii'R:':Ti'SLSSTLTLSK.2IUI'E.`'Y.vXRCE4'THQGLSS'r''!7'T
i~:FiF'PTRG,nC (SEQ ID 25 and the heavy chain amino acid sequence:
EVQLVESGGGLVQPGGSLRLSCFaAS'GYTFTSYNMHWmx[Ax-'G.KG+EWV^.AIY'PGNGDTSXZ+TQKFKG
RF' 1SVDKS  I'NTLYLQ'eTSLRAEDTAti YYC.t
RVVYYSiQSYSCI'FDV54GQGTLVT`v'SSASTKPSVFPLAPSSKSTS'CO ",'.'.I, .
S~"KL1y}'FEPVTZ%SWNS~^.tlL TviuY~Ft`I'f~:rA?Z~^.,SSG::YS LSS
v'i."1L"PSS6S:('.TQTYZC:7~lIvHKPSNT'K\7'LKX'ir[+.PKSC
DKTHTC'PPCPAPELL:GGPSVE'LFP'PKP'KDTLMISRTPEV'
CVVVDVSHEDPEV:tiF':7W1"VUGVf:VE3%:?KTKPREEQ 30 YNST Yi<Vt.'Si'I,`IVLHQDWL
vi3EC:F;X?<.:C3CS%SNKP.,IPAPTE'iCTTSIv~KGQPREPQvY'P71PP:
f2'EE:MTiblVELTCLVK  GFYPSDIAVI;[tiE`3adisQF'FiNT~D'KTTi?PVLDSDGSPFLa
S:CI:'.['4'DKBRinii~lQGNY)F'SC!_ i~t,3IIPJ:LtiNFiYTQP:SLSi:SP  GK (SEQ ID
NO.:L0) or the heavy chain amino acid sequence:
EVQi:VFSU`GGLVQPCGSLRLSCAASOYT_FTSYFE11K8VRQAPi;*
G1EM'VGA.IYPGNGDTSYNQK.'KL;RFTISVDKS  35 KNTLYLQM-TGLRI?E;
D'13`YY`YCkRVVYYSNSYFiYFI]VWCQGTI,v`PVSSASTKGPSVFPL~,PSSKSTBGGTi7,FiLGCT,
vI'~ Y'F'PEPVPVS`e,NSGALTE;, Vhv FPA"
,rLQSSGLYSI:SSVz.,:.VPSSSLGTQTYICF,IiNHKk S:STM'Fi.tECtiEPlGSC
DKTH'1C:PPCPAPEIeLGGPSVFLFPPKP.MTLMISRTPEVTCV'a%JDVSHEDPEJKFI%,'TT'TDG'1FVH
Nt IC'TlCPR'F.K,  `1fi `IPYRVVS4LTVea
DWLNGKE`1CCKJSFIE".a:IiPAPI.'IT+.TISKIaKGQPRLPQVYTTrPPSt
E'aMTIKS7QVSY:TCIv::C  GFYPSL'IIAVEW
SNGQPB:SNYKT'1PPVLD'12DGSFF'LYSIiL.VDYSRWQQiGI:VFSCSV,MHEAL;
q'iHY'TQI',STnLSP  ,0 GK (SEQ ID NO:11). "Antibody-dependent. cell-mediated
cytotoai.city" and "ADC C:" refer to a  ce7.1-mediated reaction in which
nonspecific cytotoxic cells that express Pc  receptors FooRs) (e.-g.
Natural Killer (INK) cells, neutrophils, and  20 macrophages) recognize
hound antibody on a target cell and subsequently  cause lysis of the target
cell. The primary cells for mediating ADCC, NK  cells, express FcyRIII
only, whereas monocytes express FcyRi, FcyRIT and  FcyR111. FoR expression
on hematopoietic cells in sumrar (zed. is .able 3 on `. page 4641 of
Ravetch and Kinet, Annu. Rev, immunol 9:,1.57-92 (1991) To  assess ADCC
activity of a molecule of interest, an in vitro ADCC assay,  such as that
described in US Patent No, 5,500,362 or 5,821,337 may be  performed. Useful
effector cells for such assays include peripheral blood  mononuclear cells
(PSMC) and Natural Killer (NK) cells. Alternatively, or 10 additionally,
ADCC. activity of the molecule of interest may be assessed in  vivo; e,g,,
i.n a animal model such as that disclosed in Clynes at al. P114S  (USA.)
95:0652-656 (1998) . "Human effector cells" are leukocytes which express
one or more PcRs  and perform effector functions. Preferably, the cells
express at least  15 FcyRIII and carry out ADCC effector function. Examples
of human leukocytes which mediate AD(-'C include peripheral blood
mononuclear cells (PSMC),  natural killer (NK) cells, monocytes, cytotoxic
T cells one. neutrophils;  with PBMCs and NK cells being preferred. The
terms "Fc receptor-' or "FcR" are used to describe a receptor that  20
hinds to the Fc region of an antibody. The preferred FcR is a native  



se uence human FcR. Moreover, a preferred FcR is one which binds an I_9G
antibody (a gamma receptor) and includes receptors of the FcyRI, FcVRI.I,
and Fcy kill subclasses, including allelic variants and alternatively
spliced forms of these receptors. Pcv,RII receptors include PcyRII.A (an 25
"activating receptor") and FcyRI1E (an "inhibiting receptor.: , which have
similar amino acid sequences that differ primarily in the cytoplasmic
domains thereof. Activating receptor FcyRIIA contains an imnunoreceptor
tyrosine-based activation motif (ITA.M) in its cytoplasmic domain.
Inhibiting receptor F'CyRI.I3 contains an immuncrece<tor tyrosine-based 30
inhibition motif (ITIM) in its cytoplasmic domain. (see Daeron, Annu. Rev.
lmirxnol. 15203-234 (19571) FcRs are reviewed in Ravetch and Kinet, Anmu.
.Rev. Tmmunoi 9:457-92 ('199a); Capel at al.,. Ir;rrrunc:met_hede 4:25-34
(1994) ;  and de Hass et a!., t,. Tab. Olin. Med. 126;330-41 (1995). Other
FcRs,  including those to be identified in the future, are encompassed by
the term 35 "FOR" herein. The term also includes the neonatal receptor,
FcRn, which is  responsible for the transfer of maternal IgGs to the fetus
(Guyer et ai.,  Smmunol. 117:587 (1975) and Kim et al., N. Immunol. 24:249
(1991)). FcRs herein include polymsorphisms such as the genetic dimorphism
in the  gene that encodes FcyRIIIa resulting in either a phenylalanire (F)
or a  40 valine (V) at amino acid position 158, located the region of the
receptor that rinds to IgGl. The homozygous valine FcyRIIIa (FCyRIIIa-
153V) has been shown to have a higher affinity for human IgGl and mediate
increased ADCC in vitro relative to homozygous phenylalanine FoyRIIIa
(FcyRII'Ia-l58F) or heterozygous (FcyRIIIa-158E/V) receptors. 21
"Complement dependent cytotoxici'ty" or "CDC" refer to the ability of  a
molecule to lyse a target in the presence of complement. The cor"element.
activation pathway is initiated by the binding of the first component of
the complement system WClq) to a molecule (e.g. an antibody) complexed with
5 a cognate antigen. To assess complement activation, a CDC assay, e.g. as
described in Gazzano-Santoro at al,, T. Immunoi. Methods 202:163 (1996),
may be performed. The term 'antibody" herein is used in the broadest sense
and  specifically covers intact monoclonal ant.ibodies, polyclonal
antibodies,  U) muitispeciic antibodies (e.g, hispecific antibodies) formed
from at least two intact antibodies, and antibody fragments so long as they
exhibit the  desired biological actiivity. ''d-uitibody fragments" comprise
a portion of an intact antibody,  preferably comprising the antigen-binding
or variable region thereof.  15 Examples of antibody fragments include Fab,
Fab', FCab')i, and Fv fragments; diabodies; linear antibodies; single-chain
antibody molecules; and  r,altispecific antibodies formed from antibody
fragments. "Native antibodies" are usually heterotetrameric glycoproteins
of  



about 150,000 daltons, composed of two identical light. (z,) chains and two
20 identical heax,r (H) chains. Each light chain is linked to a heavy chain
by one covalent disu.ide bond, while the number of disulfide linkages
varies  among the heavy chains of different. immunogiobulin isotypes. Each
heavy  and light chain also has regularly spaced intrachain disulfide
bridges.  Each heavy chain has at one end a variable domain (V~,) followed
by a number 25 of constant. domains. Each light chain has a variable domain
at one end (vi)  and a constant domain at its other end; the constant
domain of the light  chain is aligned with the first constant domain of the
heavy chain, and the  light-chain variable domain is aligned with the
variable domain of the  heavy chain. Particular amino acid residues are
believed to form an  3t} interface between the light chain and heavy chain
variable domains. The term "variable" refers to the fact that certain
portions of the  variable domains differ extensively in sequence among
antibodies and are  used in the binding and specificity of each particular
antibody for its  particular antigen. However, the variability is not
evenly distributed 35 throughout the variable domains of antibodies. It is
concentrated in three  segments called hypervariable regions both in the
light chain and the heavy  chain variable domains. The more highly
conserved portions of variable  domains are called the framework regions
(FRa). The variable domains of  native heavy and light chains each comprise
four FRS, largely adopting a Pi 40 sheet configuration, connected by three
hypervariable regions, which form  loops connecting, and in some cases
forming part of, the G-sheet structure.  The hypervariable regions in each
chain are held togeth:er in close  proximity by the FRs and, with the
hypervariable regions from the other  chain, contribute to the formation of
the antigen-binding Site of  22 antibodies (see 3abat at a!., sequences of
Proteins of Immunological  interest, 5th Ed. Public Health Service,
National institutes of llealth,  Bethesda, MD. (1991)). The constant
domains are not involved directly in  binding an antibody to an antigen,
but exhibit various effector functions, 5 such as participation of the
antibody in antibody-dependent cell-mediated  cytotoxicIty (,z'DCC) .
Papain digestion of antibodies produces two identical antigen-binding
fragments, called "Fab" fragments, each with. a single antigen-binding
site,  and a residual ""Fe" fragment., whose name reflects its ability to
10 crystallize readily. Pepsin treatment yields an F(ah')2 fragment that
has  two antigen-binding sites and is still capable of cross--linking
antigen.  "Fir" is the minimum antibody fragment which contains a complete
antigen-recognition and antigen-binding site. This region consists of a
dimes of one heavy chain and one light chain variable domain in tight, non-
15 cova.ei association, It. is in this configuration that the three
hyparvariable regions of each variable domain interact to define an  



antigen-binding site on the surface of the VH--V;, dimer. Collectively, the
six hypervariable regions confer antigen-binding specificity to the
antibody. However, even a single variable domain (or half of an Fir 20
comprising only three hypervariable regions specific for an antigen) has
the ability to recognize and bind antigen, although at a Lower affinity
than the entire binding site. The Fab fragment also contains the constant
domain of the light chain  and the first constant domain (CHI) of the heavy
chain. Fab' fragments  25 differ from Fake fragments by the addition of a
few residues at the carboxy terminus of the heavy chain CHI domain
including one or more cysteines from  the antibody hinge region. Fab'--SH
is the designation herein for Fab' in  which the cysteine residue(s) of the
constant domains bear at least one  free thiol group. F(ah')5 antibody
fragments originally were produced as 30 pairs of Fab" fragments which have
hinge cysteines between them. Other  chemical couplings of antibody
fragments are also known. The "light chains" of antibodies
(immunogl.obuIins) from any  vertebrate species can be assigned to one of
two clearly distinct types,  called kappa ix) and lambda (X) , based on the
amino acid sequences of their  35 constant domains. Depending on the amino
acid sequence of the constant domain of their  heavy chains, antibodies can
be assigned to different classes. There are  five major classes of intact
antibodies: IgA, IgD, Igs, _19G, and TgM, and  several of these may be
further divided into subclasses (isotypes), e.g 40 1gG1, 1gG2, IgG3, TgG4,
and IgA2. The heavy-chain constant domains  that correspond to the
different classes of antibodies are called a, 6, ,  y, and }t,
respectively. The subunit structures and three-dimensional  configurations
of different classes of immunoglobulins are well known. 23 single-chain Fv"
or "scFv" antibody fragments comprise the Vin and V..  domains of antibody,
wherein these domains are present in a single  polynept.:ide chain.
Preferably, the Fv polypeptide further comprises a .peptide linker between
the Va and Vr, domains which enables the copy to  poly j. form the desired
structure for antigen binding. For a review of scFv see  Pliickthun in The
Pharmacology of Monoclonal Antibodies, vol. 113, Posenburg  and Moore eds.,
Springer-Verlag, New York, pp. 269-315 (1.994). The term "diabodies" refers
to small antibody fragments with two  antigen-binding sites, which
fragments comprise a heavy-chain variable  10 domain (Vs,) connected to a
light-chain variable domain (Yrn) in the same polypepti.de chain (V3; -
V,,) . Py using a linker that is too short to allow  pairing between the
two domains on the same chain, the domains are forced  to pair with the
complementary domains of another chain. and, create two  antigen-binding
sites. Diabodi.es are described more fully in, for example, 



(5 hP 404,097; 1110 93,/11161; and Hollinger et al., Proc. .Nat-1. Acad.
Sci. USA,  90:6444-6446 (1993). The term "monoclonal antibody" as used
herein refers to an antibody  obtained from a population of substantially
homogeneous antibodies, i.e.,  the individual antibodies comprising the
population are identical except 20 for possible naturally occurring
mutations that may be, present in minor  amounts. Monoclonal antibodies are
hig1:'.y specific, being directed against  a single antigenic site.
Furthermore, in contrast to conventional  (poly clona') antibody
preparations which typically include different  antibodies W directed
against different determinants (epitopes), each 25 monoclonal antibody is
directed against a single determinant on the  antigen, In addition to their
specificity, the monoclonal antibodies are  advantageous in that they are
synthesized by the hybridoma culture,  uncontaminated by other immunoglobul
ins. The modifier 'monoc;lonal."  indicates the character of the antibody
as being obtained from a 30 substantially homogeneous population of
antibodies, and is not to be  construed as requiring production of the
antibody by any particular method.  For example, the monoclonal antibodies
to be used in accordance with the  present invention may be made by the
hybridoma method first described by  Kohler et o l- Nature, 255:495
(19?.5i, or may be made by recombinant DMA 35 methods (see, e.g., U.S.
Patent No. 4,816,567). The "monoclonal  antibodies" may also be isolated
from phage antibody libraries using the  techniques described in clackson
et al., Nature, 35."::524-528 (1991) and  Marks et al., U. mol. Biol.,
222:561-597 (1991), for example. The monoclonal antibodies herein
specifically include "chimeric"  d0 antibodies (icmmuncglobuliris It in
which a portion of the heavy and/or light  chain is identical with or
homologous to corresponding sequences in  antibodies derived from a
particular species or belonging to a particular  antibody class or
subclass, while the remainder of the chain(s) is  identical with or
homologous to corresponding sequences in antibodies  24 derived from
another species or belonging to another antibody class or  subclass, as
well. as fragments of such antibodies, so long as they exhibit  the desired
biological activity (U.S. Patent No. 4,816,567; Morrison et  al.. Proc.
Kati. Acad. Sci. USA, 81:68511-6855 (1984)). Chimeric antibodies i. of
interest herein include "primatized" antibodies comprising variable  domain
antigen-binding sequences derived from a non-human primate (e.g. Old  World
Monkey, such as baboon, rhesus or cynomolgus monkey) and human  constant
region sequences (US Pat No. 5,693,7800). ^IHumenized" forms of non-human
(e.g., marine) antibodies are chimeric  antibodies that contain minima'.
sequence derived from non-human  inn,runcgi obulin. For the most part,
humanized antibodies are human  immunoglobulins (recipient antibody) in
which residues from a hypervariable  



region of the recipient are replaced by residues from a hypervariable
region of a non-human species 'donor antibody) such as mouse: rat, rabbit
15 or nonhuman primate having the desired specificity, affinity, and
capacity.  In some instances, framework region (FR) residues or the human
Immunoglobul in are replaced by corresponding non-human residues.
Furthermore, humanized antibodies may comprise residues that are not found
in the recipient antibody or in the donor antibody. These modifications 20
are made to further refine antibody performance. In general, the humanized
antibody will comprise substantially all of at least one, and typically
two, variable domains, in which all or substant.ia'lly all of the
hypervariable loops correspond to those of a non-human immunoglobulin and
all or substantially all of the FRS are those of a human inununoglobulin 25
sequence. The humanized antibody optionally also will comprise at least a
portion of an immanoglobulin constant region (Fc), typically that of a
human inmunoglobtilin. For further details, see Jones et al., Nature
321:522-525 (1986); Riechmann et el., Mature 332:323-329 (:.958); and
Presta, Carr. p. Struct. Biol. 2;593-596 (1992) 30 The term "hypervariable
region" when used herein refers to the amino  acid residues of an antibody
which are responsible for antigen-b..nding.  The. hypervariable region
comprises amino acid residues from a  "complementarity determining region"
or "CDR" (e.g. residues 24-34 (1:1),  50-56 (L2) and 89-97 (L3) in the
light chain variable domain and 31-35 35 50-65 (H2) and 95-102 (H"s) in the
heavy chain variable domain; Kabat  et ai., Sequences of Proteins of
immunological Interest, 5th Ed. Public  Health Service, National Institutes
of Health. 3ethesda, Mr. (1991)) and/or  those residues from a
"hypervariable loop" (e.g. residues 26-32 (L1), 50-52  (L2) and 91-96 (1:3)
i.n the light chain variable domain and 26-32 (H1), 53 40 55 ("_eI) and
96-101 (H3) in the heavy chain variable domain, Chothia and  Lesk 0'. anal.
Biol. 195:901-917 (1987)). 'Framework" or "FR" residues are  those variable
domain residues other than the hyper-variable region residues  as herein
defined. 25 An antibody 'which binds" an antigen. of interest, e.g. CD20 or
D14 or  DRS, is one capable of binding that antigen with sufficient
affinity and/or  avidity such that the antibody is useful as a therapeutic
agent for  targeting, a cell expressing the antigen. 5 For the purposes
herein, "immunotherapy" will refer to a method of  treating a mammal
(preferably a human patient) with an antibody, wherein  the antibody may he
an unconjugated or `naked" antibody, or the antibody  may be conjugated or
fused with heterologous molecule(a) or agent(s), such  as one or more
cytotoxic agent(s), thereby generating an "immunoconjug.ate". 1r 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 are materials which would interfere
with diagnostic or therapeutic uses for the antagonist or antibody, and may
include enzymes, hormones, and other p.roteinaoeous or nonproteinaceous 3.i
solutes. In preferred embodiments, the antibody will be purified Cl) to
greater than 951; by weight of antibody as determined by the Lowry method,
and most preferably more than 99%'6 by weight, (2) to a degree sufficient
to  obtain at least 15 residues of L1'-terminal or internal amino acid
sequence  by use of a spinning cup seguenator, or (3) to homogeneity by
SDS-:PAGE 20 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 environment will not be present, ordinarily, however,
isolated  antibody will be prepared by at least one purification step. 25
The expression "effective amount" refers to an amount of the  Apo2L/Trih.IL
or death receptor antibody and CD20 antibody which is effective  for
preventing, ameliorating or treating the disease or condition in  question.
The term "immunosuppresaive agent" as used herein for adjunct therapy  30
refers to substances that act to suppress or mask the immune system of the
mamma:. being treated herein. This would include substances that suppress
cytokine production, downregulate or suppress self-antigen expression, or
mask the MHC antigens. Examples of such agents include 2-amino-5-aryl
substituted pyrimidines (see U.S. Pat. No. 4,665,077, the disclosure of 35
which is incorporated herein by reference) ; nonstProidal antiinflammatory
druids azathioprine; cyclophosphamide; bromocrypt ne; darazo:.;  dapsone;
glutaraldehyde (which masks the biEC antigens, as described in U.S.  Pat,
No. 4,120,649); anti-id.i.otypic antibodies for N21C antigens and P^. c
fragments; cyclosporin A; steroids such as glucocorticosteroids, P.w., 0
prednisone, methylprednisolone, dexamethasone, and hydrocortisone;
methotrexate (oral or subcutaneous); hydroxycloro;uine; aulfasalazine;
leflunomide; cytokine or cytokine receptor antagonists .including anti-
interferon-y, -3, or -a antibodies, anti-tumor necrosis factor-a antibodies
(infliximab or adalinrumab), anti--TNFa immvinoahesin (etanercept) ,
anti-tumor  26 necrosis factor-f, antibodies, anti-interleukin--2
antibodies and anti-IL-2  receptor antibodies; anti-LFA-l antibodies,
including anti-CD1J.a and anti- CD18 antibodies; anti-L3T4 antibodies;
heterologous anti -I,yr..phccytE*,  globulin; pan-T antibodies, preferably
anti-CD3 or anti--CD4/CD4a  antibodies; soluble peptide containing a LFA-3
binding domain (WWO 90/08197  published 7/255/90); streptokinase; TSF-G;
streptodornase; RNA or DIQA from  the host; FK506; RS-61443;
deoxyspergualin; rapamycin; T-cell receptor  (Cohen et al,, U.S. Pat, No,
5,11=,721), T-cell receptor fragments (Offner  et al., Science, 251 430-432
(1991); WO 90/11234; Ianeway, Nature, 3,.:!,. 



10 432 f-1989); and WO 91/(c)7.1.331 ; and T cell receptor antibodies (EP
340.109)  such as 1'1939. The term "cytotoxic agent" as used hereei.n
refers to a, substance that  inhibits or prevents the function of cells
and/or causes destruction of  cells. The term is intended to include
.radioactive isotopes (e.g. <";tall is 1'31 112' x,905 Re1bf. Re'8 Sml53
Diz'2, P'a and radioactive isotopes of Lu),  chemotherapeutic agent., and
toxins such as small molecule toxins or  enzymatically active toxins of
bacterial, fungal, .plant or animal origin,  or fragments thereof.
"Synergistic activity" or "synergy" or "synergistic effect' or  20
"synergistic effective amount" for the purposes herein means that the
effect observed when employing a combination of Apo2L/TRAIL or death
receptor antibody and CD20 antibody is (1) greater than the effect achieved
when that Apo2L/TRAIL, death receptor antibody or CD20 antibody is employed
alone (or individually) and (2) greater than the sum added (additive) 25
effect for that Apo2L/TRAIL or death receptor antibody and cD20 antibody.
Such synergy or synergistic effect can be determined, by way of a variety
of  means known to those in the art. For example, the synergistic effect of
Apo2L/TRAIL or death receptor antibody and CD20 antibody can be observed in
i.n vitro or in vivo assay formats examining. reduction of tumor cell
number  30 or tumor mass. The terms "apoptosis" and "apoptotic activity"
are used in a broad  sense and refer to the orderly or controlled form of
cell death in mammals  that is typically accompanied by one or more
characteristic cell changes,  including condensation of cytoplasm, loss of
plasma. membrane microvilli, 35 segmentation of the nucleus, degradation of
chromosomal DNA or loss of  mitochondrial function. This activity can be
determined and measured using  well known art methods, for instance, by
cell viability assays, .ACS  analysis or DNA electrophoresis, binding of
annexin V. fragmentation of  DNA, cell shrinkage, dilation of endoplasmic
reticulum, cell fragmentation, 4t' and/or formation of membrane vesicles
(called apoptotic bodies) Assays  which determine the ability of an
antibody (e.g. Rituximab) to induce  apoptos.<..s have been. described in
Shan et al. Cancer Immanol. Irnmunther  43:673-83 (2000); Pedersen at al.
Blood 99;1314-9 (2002); Demidem et a.l,  27 Cancer Chemotherapy &
Radlorhar[aceuticals 12 (3) 177-1f:6 (1997), for  example. The terms
"cancer", "cancerous", and "malignant" refer to or describe  the
physiological condition in mammals that is typically characterized by  .5
unregulated cell. growth, Examples of cancer include but are not limited
to, carcinoma including adenocarcinoma, lymphoma, blastoma., melanoma,
sarcoma, and leukemia. More _carticular examples of such cancers include
squamous cell cancer, small-cell lung cancer, non-small cell lung cancer,  



gastrointestinal cancer, Hodgkin's and non-Hodgkin's lymphoma, pancreatic
10 cancer, glioblastoma, glior"a, cervical cancer, ovarian cancer, liver
cancer  such as hepatic carcinoma and hepatoma, bladder cancer, breast
cancer,  colon cancer. colorectal cancer, endometrial carcinoma, myeloma
(such as  multiple myeloma) , salivary gland carcinoma, kidney cancer such
as renal  cell carcinoma and Wilms` turno.rs, :basal cell carcinoma,
melanoma, prostate 15 cancer, vulval cancer, thyroid cancer, testicu.':.ar
cancer, esophageal  cancer, and various types of head and neck cancer.. The
term "immune related disease,, means a disease _n which a  component of the
immune system of a mammal causes, mediates or otherwise  contributes to a
morbidity in the mammal. Also included are diseases in 20 which stimulation
or intervention of the immune response has an  ameliorative effect on
progression of the disease. Included within this  term are auto.mmune
diseases, immune-mediated inflammatory diseases, non- immune-mediated
inflammatory diseases, infectious diseases, and  immunodeficiency diseases.
Examples of immune-related and inflammatory 25 diseases, some of which are
immune or T cell mediated, which can be treated  according to the invention
include systemic lupus erythematosis, rheumatoid  arthritis, juvenile
chronic arthritis, spondyloarthropathies, systemic  sclerosis
(scler=oderma), idiopathic inflammatory myopathies  (dermatomyosit.is,
po1.y[nyositis), Sjogren s syndrome, systemic vasculitis, 30 sarecidosis,
auto immune hemolytic anemia (immune pancytopenia, paroxysmal  nocturnal
hemoglobinuria) , autoimmune thrombocytopenia (idiopathic  thrombocytopenic
purpura., immune-mediated th.rombocy-openia), thyroiditis  (rave's disease,
Hashimoto's thyroiditis, juvenile lymphocytic  thyr.-oi.dit is, atrophic
thyroiditis), diabetes mellitus, immune-mediated 35 renal disease
(glomerulonephritis, tubulointervtitial nephritis),  demyelinating diseases
of the central and peripheral nervous systems such  as multiple sclerosis,
idiopathic demyelinating polynaeuropathy or uuillain- E3a::r syndrome, and
chronic inflammatory demyelinating polyneuropat.hy,  hepatobiliary diseases
such as infectious hepatitis (hepatitis A, B, C, D, 40 H and other
non-hepatotropic viruses), autoii ane chronic active hepatitis,  primary
biliary cirrhosis, granulomatous hepatitis, and sclerosing  chola::gitis,
inflammatory and fibrotic lung diseases such as inflammatory  bowel disease
(ulcerative colitis; Crohn's disease), gluten-sensitive  enteropathv, and
whipple's disease, autoimmune or immune-mediated skin 45 diseases including
buil.ous skin diseases, erythema multiforme and contact  29 derc:ati.tis,
psoriasis, allergic diseases such as asthma, allergic rhinitis,  atopic
dermatitis, food hypersensitivity and urticaria, immunologic  diseases of
the lung such as eosinophilic pneumoniaa, idiopathic pulmonary  fibrosis
and hypersensitivity pneumonitis, transplantation associated ;z diseases
including graft rejection and graft-versus-host-disease.  



Infectious diseases include AIDS (HIV infection), hepatitis , B, C; P, and
E, bacterial infections, fungal infections, protozoal infections and
parasitic infections. A "B cell malignancy" is a malignancy involving B
cells. Examples  10 Include Hodgkin's disease, including lymphocyte
predominant Hodgkin's  disease (LPHD) ; non-Hodgkin's lymphoma (=NHL) ;
follicular center cell (FCC)  lymphoma; acute 11,vnphocytic leukemia (ALL);
chronic lymphocytic leukemia  (CLL) ; hairy cell. leukemia; plasmracytoid
lymphocy-tic lymphoma; mantle cell  lvmphorr~a; AIDS or Sly-related
lymphoma; multiple myeloma; central nervous 15 system (CNS) lymphoma;
post-transplant lymphoproliferative disorder (PTLD);  Waldenstrom's
macrogloL-ulinemia (iymphoplasmacytic lymphoma); mucosa- associated
lvmphcid tissue (M LT) lymphoma; and marginal zone  lymphoma/leukemia.
Non--Hodgkin's lymphoma (YSIL) includes, but. is not limited to, low  20
grade/follicular WIlL, relapsed or refractory SIZL, front line low grade
TIDE,  Stage ITIjI'V NHL, chemotherapy resistant NHL, small lymphocyt.ic
(SL) NHL,  intermediate grade/follicular NHL, intermediate grade diffuse
NHL, diffuse  large cell lymphoma, aggressive NHL (including aggressive
front-line NEIL.  and aggressive relapsed NHL), NHL relapsing after or
refractory to 25 autologous stem cell transplantation, highh grade
immunoblastic NFL, high  grade lymphoblastic NHL; high grade small
non-cleaved cell NHL, bulky  disease MEL, etc. "autoimsnune disease, herein
is a disease or disorder arising from  and directed against an individual's
own tissues or a co--segregate or  30 manifestation thereof or resulting
condition therefrom. Examples of autoimmune diseases or disorders include,
but are not limited to arthritis  (rheumatoid arthritis, juvenile
rheumatoid arthritis, osteoarthritis,  psoriatic arthritis, and ankylosing
spondylitis), psoriasi.s, dermatitis  including atopic dermatitis; chronie
idiopathic urticaxia, including 35 chronic autaimm nre urticaria,
polynnyos..tis%dermatomyositis., toxic epidermal  necrolysis, systemic
sclexode9-ma and sclerosis, responses associated with  inflammatory bowel
disease (IBD) (Crohn's disease, ulcerative colitis), and  IBL with
co-segregate of pyoderma gangrenosum, erythema nodosum, primary  sclerosing
cholatgitis, and,/or episoleritis), respiratory distress 40 syndrome,
including adult respiratory distress syndrome (AR.DS), meningitis,
IgE-mediated diseases such as anaphylaxis and allergic rhinitis,
encephalitis such as Rasmussen'ss encephalitis, uveitis, colitis such as
microscopic colitis and collagenous colitis, glomerulorephrit.i.s (GN) such
as meirlsranous GN, idiopathic membranous ON, membranous proliferative GN
45 (tl?G:V) , including Type I and Type II, and rapidly progressive ON,
allergic  29 conditions, eczema, asthma, conditions involving infiltration
of T cells  and chronic inflammatory responses, atherosclerosis,
autoimnun:ee  



myocarditis, leukocyte adhesion deficiency, systemic lungs erythematosus
(SLE) such as cutaneous SLE, lupus (including nephrit is, cerebritia, 5
pediatric, non-renal, discoid, alopecia), juvenile onset diabetes, multiple
sclerosis MS) such as spina-optical MS, allergic encephalomyelitis, immune
responses associated with acute said delayed hypersensitivity mediated by
cytokines and T-lymphocytes, tuberculosis, sarcoidosis, granulornatos s
including wegener's granulomatosis, agranralocytcsis, vasculitis (including
1Q Large Vessel vasculitis (including Polyrnvalgie. Rheumatics and Giant
Cell  (Takayasu'a) Arteritis), Medium Vessel -vasculitis (including
Kawasaki's  Disease and Polyarteritis Nodose), CITE, -,,soon-" it is, and
AITCA.-assoc-i'ated  vasculitis , such as Chung-Strauss vasculitis or
syndrome (CS5)), aplastic  anemia, Coombs positive anemia, Diamond Blaekfan
anemia, immune hemolytic 15 anemia including autoimmune hemolytic anemia
;ARIA), pernicious anemia,  pure red cell aplasia (PRCA), Factor VIII
deficiency, hemophilia A,  autoimmune neutropenia, pancytopenia,
leukopenia, diseases involving  leukocyte diapedesis, CNS inflammatory
disorders, multiple organ injury  syndrome, myasthenia gravis,
antigen-antibody complex mediated diseases, 20 anti-glomer'nalar basement
membrane disease,, anti-phospho'.ipid antibody  syndrome, allergic
neuritis, machet disease, Castleman's syndrome,  Goodpasture's Symdrome,
Lambert--Eaton myasthenic Syndrome, Revn:aud'r  syndrome, Sj orgen' s
syndrome, Stevens-Johnson syndrome, solid organ  transplant rejection
(including pretreatment for high panel reactive 25 antibody titers, llgll,
deposit in tissues, and rejection arising from renal  transplantation,
liver transplantation, intestinal transplantation, cardiac
transplantation, etc.), graft versus host disease (GVHD), pemphi gold
bullous, pemphi.gus (including vulgar.is, foliaceus, and pemphigue mucus_
membrane pemphigoid), autoimmune polyendocrinopathies, Reiter's disease, 30
stiff--man syndrome, immune complex nephritis, 1gM polyneurcpathies or IgM
mediated neuropath.v, idiopathic thr'ombocytopenic purpura (ITP),
thrombotic  throbocytopenic purpura (TTY) , thrombocytopenia (as developed
by myocardial  infarction patients, for example), including autoimmune
thrombocytopenia,  autoimmune disease of the testis and ovary including
autoimune orchitis and 35 oophoritis, primary hypothyroidism; autoimmune
endocrine diseases including  au.tcinmure thyroiditis, chronic thyroiditis
(Hashimoto's Thyroiditis),  subacute thyroiditis, idiopathic
hypothyroidism, Addison's disease, Craves  disease, autoimmmune poly^,tlard
ular syndromes (or polyglandular  endocrinopatlry syndromes), Type I
diabetes also referred to as insuln.n 40 dependent diabetes mellitus
(IDDM), including pediatric IDDM, and Sheehan's  syndrome; autoimmune
hepatitis, Lymphoid interstitial pneumon i.tis (HIV),  bronchiolitis
obliterans (non--transplant) vs NSIP, Gui.llair-Earse Syndrome,  Barc;er"s
Disease (IqA nephropathy), primary biliary cirrhosis, celiac sprue  (gluten
enteropathy) , refractory sprue with co--segregate dermatitis 45
herpetiformis, crycglobuiin:em..a, amylctrophic lateral sclerosis CALS; Lou



30 Gehrig's disease), coronary artery disease, autoirrmrane inner ear
disease  (ATED), autcimmune hearing loss, opsoClonus myoclonus syndrome
(OME),  polychondritis such as refractory polychondritis, pulmonary
alveolar  proteinosis, :amy'.oidosis, giant cell hepatitis, scleritis,
monoclonal  gammopathy of tinrertaii:,lun;s.. titan significance (MC.T;S) ,
peripheral neuropathy,  paraneoplastic syndrome, channelopathies such as
epilepsy, migraine,  arrhythmia, muscular disorders, deafness, blindness,
periodic paralysis,  and channelopathi.es of the ONE; autism, inflammatory
myopathy, and focal  segmental glomerulosclerosis (FSGS). to The term
"prodrug' as used in this application refers to a precursor  or derivative
form or a pharmaceutically active substance that is :.ens  cytotoxic to
cancer cells compared to the parent drug and is capable of  being
enzymatically activated or converted into the more active parent  form.
See, e.g., w'il.man, "Prodrugs in Cancer. Chemotherapy" Biochemical 1S
Society Transactions, 14, pp. 375--382, 615th Meeting Belfast (19886) and
Stella et al,, "Prodrugs: A Chemical Approach to Targeted Drug Delivery,"
Directed Drug, Deli.very, Borchardt et al., (ed.), pp. 247-267, humans.
Press  (1895). The prodrugs of this invention include, but are not limited
to,  phosphate-containing prodrugs, 41hiophosphate-containing prodrugs,
sulfate 20 containing prodrugs, peptide-containing prodxvgs, D--ami.no
acid-modified  prodrugs, glycosylated prodrugs, beta-lactam-containing
prodrugs,  optionally substituted phenoxvacetamide-containing prodrugs; or
optionally  substituted phenyl.acetamide-containing prodrugs,
5-fluorocytosine and other  5-fluorouri.dine prodrugs which can be
converted into the more active 25 cytotoxic free drug. Examples of
cytotoxic drugs that can he derivat.ized  into a procrug form for use in
this invention include, but- are not limited  to, those chemotherapeutic
agents described below. The term "cytotoxic agent" as used herein refers to
a substance that  inhibits or prevents the function of cells and,/or causes
destruction of  30 cells. The term is intended to include radioactive
isotopes (e.g. At"', 1'31. Alas, lvsn F.exac, Fsxae Sm153 Bi'" P3" and
radioactive isotopes of Lu)  chemotherapeutic agents, and toxins such as
small molecule toxins or  enzymatically active toxins of bacterial, fungal,
plant or animal or.<..gin,  including fragments and/or variants thereof. 35
A chemotherapeutic agent" is A "chemotherapeut.ic agent" is a  chemical
compound useful in the treatment of cancer. Examples of  chemotherapeutic
agents include alkylating agents such as thiotepa and  CYToxA-T`1 cyclosp:
osphamide; alkyl sulfonates such as busulf an, improsulfan  and
pipos'ulfan; azi.ri.dines such as bensodopa, carbocraone, meturedopa, and
40 uredopa; athy:lenim, ines and methylamelami.nes including altretamine,
triethylenemelamine, tri.ety7.ene.phospheramide,
triethiylenethiophosphoramide  and trim.ethylalome.ami.ne; acetogenins
(especially bullatacin and  



bullatacinone); a camptothecin (including the synthetic analogue
topotecan); bryostatin; callystatin; CC-1055 (including its adozelesin,  31
carzelesin and bizelesin synthetic analogues); cryptophycins (particularly
cryptophycin 1 and crvptophycin 8); dolastatin; duoc:armycin (including the
synthetic analogues, Kid-2189 and (SI--'l'M.1) ; eleutherohin;
pancratistatin; a  sarcodictyi:=; sp ongistatin; rai.trogen mustards such
as chloramnucil, 5 chlornaphazine, cholophosp amide, estramustine,
ifosfamide,  mechlorethamine, mechlorethamine oxide hydrochloride,
melphaIan,  novembichi.n, phenesterine, preda_imustine, trofosfamide,
uraci.l mustard;  r.'trosureae such as carmustine, chlorazetccin,
fotemustine, lomusti.ne,  ni.mustine, and ranimnustine; antibiotics such as
the enediyre antibiotics 10 (e, g., calicheamicin, especially calicheamicin
gammall and calicheamicin  omegatl (see, e.g., Agnew, Chem Intl. Ed.
Er!gl.., 33: 183-186 (1994));  dynemicin, including dynemicin A;
bisphosphonates, such as clodronate; an  esperamicin; as well as
neocarzinostatin chromophore and related  chromoprotein enediynie
antiobiotic chromopheres), acl.ac.i.nomysins, 1 5 actinomyci: authramycin.,
aaaserine, blecmycins; cacti.nomycin, carabicin,  carminomycin,
carzi.ncphilin, chromomycinis, dactinomycin, daunorubicin.,  detorubic.i-n,
6-diazo-S-cxo-L-norleucine, ADRIAMYCINO doxoruhicin (including
morghnliuc-doxoi-uk;ic~in, cyanomorpholinc-doxar,xbicin, 2-pyr.rolino-
doxorubicin and deoxydoxorubicin), epirubicin, esoru:bicin, idarubicin, 20
marcellomycin, r"itomycins such as mitomycin C, mycophenolic acid,
nogalamycin, ol ivomycins, peplomycin, potf iromycin, puromycin,
guelarycin,  r dorubicin, streptonigrin, streptozoci.n, tubercidin,
ubenimex, zinostatin,  zcrubicin: ant-.i-metabolites such as methotrexat_e
and 5--fluorcuracil (5-FA);  folic acid analogues such as denopterin,
methotrexate, pteropt.e.rin, 25 trimetrexate; purine analogs such as
fludarabine, 6-mercaptopurine,  thiamiprine, thioguaniaie; pyrimidine
analogs such. as ancitabine,  azacitidine, 6-azauridine, carmofur,
cytarabine, dideoxyuridine,  doxifluridine, enocitabine, floxuridine;
androgens such as calusterone;  dromost.anolone propionate, epitiostanol,
mep.itiostane, teetclactone; ant_i 30 adrenals such as aminoglutethimide,
mitotane, trilostane; folic acid  replenisher such as frolinic acid;
aceglatone; aldcphosphamide glycoside;  aminolevulinic acid; eniluracil;
amsacrine; hestrabucil; bisantrene;  edatraxate; defofamine; demecolcine;
diazioi;one; elfornithine; elltpt.n.i um.  acetate; an epothilone;
etoglucid; gallium nitrate; hydroxyarea; lentinan; 35 lonidainine;
maytansincids such as maytansine and ansamitocins;  mi tog:razone;
mitexar!trone; mcpi.danmol; nitraerine; pentcstatin; phenamet;
pirarubicin; .osoxantrone; podophyllinic acid; 2-- ethylhydrazide;
procarbazine; P51C5 polysaccharide complex (CPIs Natural Products, Eugene,
OR) ; razoxane; rhizoxin; sizofiran; spiroge_rnani.um; tenuazonic acid; 40
triaziguone; 2,21,21'-.trichlcrotriethylamine; t.ri.chot ecenes (especially
T- 



2 toxin, verracurin A, roridin A and anguidine) ; urethan; vindesine;
dacarbazine; marncmustine; mitobronitol; mitolactol; pipohrcman;
gacytosine; arabinoside :"Ara-C"); cycl.ophosphamide; thictepa; taxcids,
e.g., TAXOLO paclitaxel (Bristol- Myers Squibb Oncology, Princeton, nr.J.),
45 ABRA;{2U E"" Cremophor-free, albumin-engineered nanoparticle formulation
of  32 paclitaxel (American Pharmaceutical partners, Scha'x,,,Lerg,
Illinois), and  TAXOTERE(r) doxetaxel (Rh: ne- Poulenc Rorer, Antony,
France); chloranbucil;  GF;b[LAR(r) gemca.tabine; 6- thioguanine,
mercaptopurine; methotrexate; platinum  analogs such as cisplatin and
carboplatin; vinblastine; platinum, etoposide 5 (VP-16) ; ifosfamide;
mitoxantrone; vincristine; NAVELSINEa vincrelbine;  novantrcne; teniposide;
edatrexat.e; daunomycin_; aminopterin; xeloda;  ibandronate; CPT-11;
topoisomerase inhibitor RFS 2000;  di.fluorcmetlhylornithine (DMFO) ;
retinoids such as retinoi_c acid;  capecitabine; and pharmaceutically
acceptable salts, acids or derivatives  i0 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-estrogens and  selective
estrogen receptor modulators (SE_MS) , including, for example,  tamo.xi.fen
(including NOLfADEXg tamoxifen), ralcxi.fene, droloxifene, 4 (5
hydroxytamoxifan, t.rioxifene, keoxifene, LY11.7018, onapri stone: and
FARESTU_:= toremifene; arcmatase inhibitors that inhibit the enzyme
aromatase, which regulates estrogen production in the adrenal glands, such
as, for example, 4(5)-imidazoles, aminoglutethimide, MEGASE(r)(r) megestrol
acetate, .AROMAS1N5 exemestane, formestanie, fadrozole, RIVISOR(r)"
vorozole, 20 F:?Cd':SRA'z letrozole, and ARIMIDEX(r) anastrozole; and
anti-androgens such as  flutamide, nilutamide, bicalutamide, leuprolide,
and goserelin; as well as  troxacitabine (a l,3-di.ooxolane nucleoside
cytos.ne analog); antiaonsa  oligoz_lcleotides, parti.cularly those which
inhibit expression of genes in  signaling pathways implicated in abhe.rant
cell proliferation, such as, for 25 exancle, P1CC-.alpha, Ralf and H--Ras;
ribozymes such as a VEGF expression.  inhibitor (e.g., ANGIO?YME(r)
ribozyme) and a HER2 expression inhibitor;  vaccines such as gene therapy
vaccines, for example, :1LLOVF:CTIN"' vaccine,  LEIrm;CTINC vaccine, and
vAxTD(r) vaccine; PROLEUKIN(r) r'11,--2; LURTOTECAN(r)  topoisomerase I
inhibitor; ABARELIX@ rmR_R; and pharmaceutically acceptable  30 salts,
acids or derivatives of any of the above. A "growth inhibitor} agent" when
used herein refers to a compound or  composition which inhibits growth of a
cell, either in vitro or in vivo.  Thus; the growth inhibitory agent is one
which significantly reduces the  percentage of cells overexpressing such
genes in S phase. Examples of 35 growth inhibitory agents- include agents
that block cell cycle progression  (at a place other than S phase), such as
agents that induce Cl arrest and  N-phase arrest. Classical M--phase
blockers include the vincas (vincr.tstine  



and vi_.blastine) , taxol, and topo II inhibitors such as doxorubicin,
epirubicin, da'unorubicin, etoposide, and bleomycin, `whose agents that 40
arrest GI also spill over into S-phase arrest, for example, DNA a_lkylating
agents such as tamoxifen, prednisone, dacarbazine, mechlorethamine,
cisplatin, methotrexate, 5-fluorouraeil, and ara-C, Further information
can be found in The Molecular Basis of Cancer, Mendelsohn and Israel, eds.,
Chapter 1, entitled "Cell cycle regulation, oncogens, and ant.i.neoplastic
33 drugs by Murakami at ai. (WE Saunders: Philadelphia, 1995) , especially
p.  13 The term "cytokine" is a generic term for proteins released by one
cell population which act on another cell as intercellular mediators.  t
Examples of such cytokines are lymphokines, monokines, and. traditional
polypeptide hormones. Included among the cytokines are growth hormone such
as human growth hormone, N-methionyl human growth hormone, and bovine
growth, hormone; parathyroid hormone; thyroxine; insulin; proinsulin;
relaxin; prorelaxin; glycoprotein hormones such as follicle stimulating 10
hormone (FSH), thyroid sti.mulating hormone (TS13), and luteinicing hormone
(LH); hepatic growth factor; fibroblast growth factor; prolactir,;
placental  lactogen; tumor necrosis factor-a and --f3;
mullerian-inhibi.t_ing substance;  mouse gonadotropin-associated peptide;
inhibin; activin; vascular  endothelial growth factor; integrin;
thrombopcietin (TPC); nerve growth 15 factors; platelet-growth factor;
transforming growth factor-- (TGFs) such as  TGF-a and TGF-[3; insulin-like
growth factor-I and -II; erythropoietin  (EPO); osteoinductive factors;
intererons such as interferon-a, -,3 and - gamma; colony stimulating
factors (CSFs) such as macrophage-CSF (M--CSF);  granulocyte-macrophage-CSF
(GM-CSF); and granulocyte-CSF (G-CSF) 20 interleukins (ILs) such as IL-1,
IL-2, IL-3, IL-4, IL-^, IL-6, IL-7, IL-E,  IL-9, IL-.Ii, IL-12; and other
polypeptide factors .including LIF and kit  ligand (XL) . As used herein,
the term cy'tokine includes proteins fro=n  natural sources or from
recombinant cell culture and biologically active  equivalents of the native
sequence cytokinee. A package insert" is used to refer to instructions
customarily  25 included in commercial packages of therapeutic products,
that contain  information about the indications, usage, dosage,
administration,  contra.indi cations, other therapeutic products to be
conjoined with the  packaged product, and/or warnings concerning the use of
such therapeutic  30 products, etc. The terms "treating", `treatment" and
"therapy" as used herein refer  to curative therapy, prophylactic therapy,
and preventative therapy. The term ""mammal" as used herein refers to any
mammal classified as a  mammal, including humans, cows, horses: dogs and
cats, in. a preferred  



35 embodiment of the invention, the mammal is a human. II. Compositions and
Methods of the Invention A cytokine related to the TNT ligand family, the
cytokine identified  herein as "Apo--2 ligand" or "TRAIL"" has been
described. The. predicted  40 mature amino acid sequence of native human
Apo-2 ligand contains 281 amino acids, and has a calculated molecular
weight of approximately 32.5 kDa.  The absence of a signal sequence and the
presence of an internal.  hydrophobic region suggest that Apo-2 ligand is a
type II trarasmembrane  prote.n. Soluble extracellular domain Apo-2 liqand
poly-peptides have also  34 been described. See, e.g., W097/25428 published
July 17, 199%. Apo-2L  substitutional variants have further been described.
rlanine scanning  techniques have been utilized to identify various
substitutional variant  molecules having biological activity. Particular
substitutional variants ;.z of the Apc-2 ligand include those in which at
least one amino acid is  substituted by another amino acids such as an
alanine residue. These  substitutional variants are identified, for
example, as 1rD203A"; "D21SA"  and 1 D269A. This nomenclature is used to
identify Apo-2 ligand variants  wherein the aspartic acid residues at
positions 203, 2:1.8, and/or 269 (using ;.E the numbering shown in Figure
1) are substituted by alanine residues.  Optionally, the Apo--2L variants
of the present invention may comprise one  or more of the amino acid
substitutions, Optionally, such Apo-2L variants  will be DR4 or. CAS
receptor selective variants. The description below relates to methods of
producing Apo-2 ligand,  i7 including Apo-2 ligand variants, by culturing
host cells transformed or  transfected with a vector containing Apo-2
ligand encoding nucleic acid and  recovering the polypeptide from the cell
culture. The DNA encoding Apo-2 ligand may be obtained from any cDNA
library  prepared from tissue believed to possess the Apo-2 ligand mRNA and
to  20 express it at a detectable level. Accordingly, human Apo-2 ligand
DNA can be conveniently obtained from a cDMij. library prepared from human
tissues,  such as the bacteriophage library of human. placental cDNA as
described in  ?79971/25428. The Apo-2 ligand-encoding gene may also be
obtained from a  genomic library or by cli.goni-,cleotide synthesis. 25
Libraries can be screened with probes (such as antibodies to the Apo- 2
ligand or oligonucleoticdes of at least about 20-80 bases) designed to
identify the gene of interest or the protein encoded by it. Screening the
oDNA or genomic library with the selected probe may be conducted using
standard procedures, such as described in Sambrook et al., Molecular 30
Cloning: A Laboratory Manual %New York: Cold Spring Harbor Laboratory
Press, 1989). An alternative means to isolate the gene encoding Apo-2
ligand is to use .PC.R, methodology [Sambrook et al. , supra,; Dieff:enhach
et  al., PCR Prime.r:A Laboratory Manual (Cold Spring Harbor Laboratory
Press,  



995) ]  35 Amino acid sequence fragments or variants or Apo-2 ligand can be
prepared by introducing appropriate nucleotide changes into the Apn-2
ligand DNA, or by synthesis of the desired Apo-2 ligand polypeptide. Such
fragments or variants represent insertions, substitutions, and/or deletions
of residues within or at one or both of the ends of the intracellular 40
region, the transmembrane region, or the extracellular region, or of the
amino acid sequence shown for the full-length Apo-2 ligand in Figure 1.
Any combination of insertion, substitution, and/or deletion can be made to
arrive at the final construct, provided that the final construct possesses,
for instance, a desired biological activity, such as apoptotic activity, as
45 defined herein. In a preferred embodiment, the fragments or variants
have  35 at least about. 80% amino acid sequence ident.i.ty, more
preferably, at least  about 90% sequence identity, and even more
preferably, at least 95%, 95%,  97%, 98 or 99% sequence identity with the
sequences identified herein for  the intracellular, transmembrane, or
ext.racellular domains of Apo-2 ligand, 5 or the full-length sequence for
Apo-2 ligand, The amino acid changes also  may alter post-translational
processes of the Apo-- ligand, such as  changing the number or position of
glycosylation sites or altering the  membrane anchoring characteristics.
Variations in the Apo-2 ligand sequence as described above can be  10 made
using any of the techniques and guidelines for conservative and non-
conservative mutations set forth in U.S. Pat. No. 5,864; 934. These include
oligonucleotide-mediated (site-directed) mutagenesis, alanine scanning, and
PCR mutagenesis. scanning amino acid analysis can be employed to identify
one or more  15 amino acids along a contiguous sequence. Among the
preferred scanning  amino acids are relatively small, neutral amino acids.
Such amino acids  include alanine, glycine, serine and cysteine. Alanine is
typically a  preferred scanning amino acid among this group because it
eliminates the  side-chain beyond the beta-carbon and is less likely to
alter the main_ 20 Chain conformation of the variant. [Cu- gingham at al. ,
Science, 244:1381  (1989)), Alanine is also typically preferred because it
is the most common  amino acid. Further, it is frequently found in both
buried and exposed  positions [Creighton, The Proteins; (Weld, Freeman &
Co., NY); Chothia,  Mol., 5101., 150;1 (1976)]. 25 Amino acids may he
grouped according to similarities in the  properties of their side chains
(in A. L. Lehninger, in Biochemistry,  second ed., pp. 73-75, worth
Publishers, New York (1975)): 17.) non-polar: Ala (A) , Val (v) , Leu (L) ,
Ile (I) , Pro (P) , Phe (F) , Trp  (w) , Met (M) 



30 (2) uncharged polar: Cly (C) , Ser (5), Thr (T) , cys (C), Tyr (Y) , Asn
(N),  Gin (Q) (3) acidic: Asp (E) , Glu (E) (4) basic: Lys (:4) , Arg (R),
Tiffs (ii) Alternatively, naturally occurring residues may be divided into
35 groups based on common side-chain properties: (1) hydrophobic:
Norieuci.ne, Net, Ala, Val, Leu, Ile;  (2) neutral hydrophilic: Cys, Ser,
Thr, Asn, Gln; (3) acidic: Asp, (flu; (4) basic; His, Lys, Arg; 40 (5)
residues that influence chain orientation: Gly, Pro;  (6) aromatic: Trp,
Tyr, Phe, 36 Table 1 original t Exemplary Preferred  Residue-. .-
Substitutions Substitutions  P1a :At v al; , .,;; Ile V il. - - ---- - -
--- Lye; t1i Aar Lys  - - -------- - - --------- Asn (N) Gin; Ilis; Asp,
Lye; Arg ^.n  1Asp (D -___ __;Gl Asn n -- - - - - --- - - -------- ys
(C)-_. Sez; Ala Ser G .gin  -ln t~? x.  i.2-inn; G.u ... - - -------------
Asp lu 4F) _._' r,ZSYp; Gin Gl-" (g,3) Ala Ala  Him {lz) P. n; Gln; Lys;
=erg eru lie (I) Len; Val, Diet; Ala; -+ m._.  Phe; Norleucine Len (L) '3
rtes ine it Val; lie  Met; Ala; Pne , Lys {K) Arg; Gln Asn Arg... `...  Met
iDt? ez; Pl'v; Ile Leu 1, n she (X'?.. - rp; LeuVal; 'Ile; A 1. Tyr Tyr pro
(r) Ala Ala  oer (i) dhr Thr  Tl r. (T) Val; Ser ser  Trp (W) Tyr; she Tyr



Tyr (Y) T--. P; Thr; Ser Phe t  Cal i[') 1e; Let:; Met; Phe; Lei,  Ile;
Norieuoine  i Variations in the Apo-2 Tigard sequence also included within
the  scone of the invention relate to amino-terminal derivatives or
modified  forms. Such Apo-2 ligand sequences include any of the Apo-2
ligand  polypeptides described herein having a methionine or modified
methionine  (such as formyl methionyl or other blocked methionyl. species)
at the N 10 terminus of the. polypeptide sequence, The nucleic acid (e.g.,
cDNA or genomic DNA) encoding native or  variant Apo ligand may be inserted
into a replicable vector for further  cloning (amplification of the DNA) or
for .expression. Various vectors are  publicly available. The vector
components generally include, but. are not 15 limited to, one or more of
the following: a. signal sequence, an origin of  replication, one or more
marker genes, an enhancer element, a promoter, and  a transcription
termination sequence, each of which is described belaww*.  Optional signal
sequences, origins of replication, marker genes, enhancer  37 elements and
transcription terminator sequences that may be employed are  known in the
art and described in further detail in 34097i25425. Expression and cloning
vectors usually contain a promoter that is  recognized, by the host
organism and is operably linked to the Apo-2 ligand  5 nucle.i.c acid
sequence. Promoters are untranslated sequences located upstream (5') to the
start codon of a structural gene (generally within  about. 100 to 1000 bp)
that control the transcription and translation of a  particular nucleic
acid sequence, such as the Apo-2 ligand nucleic acid  sequence, to which
they are operably linked. Such promoters typically fall 10 into two
classes, inducible and constitutive. Inducible promoters are  promoters
that initiate increased levels of transcription from DNA under  their:
control in response to some change in culture conditions, e.g.; the
presence or absence of a nutrient or a change in temperature. At this time
a large number of promoters recognized by a variety of potential host cells
15 are well known, These promoters are operably linked to Apo-2 ligand
encoding DNA by removing the promoter from the source DNA by restriction
enzyme digestion and inserting: the isolated promoter sequence into the
vector. Both the native Apo-2 ligand promoter sequence. and many
heterologous promoters may be used to direct amplification and/or  20
expression of the Apo-2 ligand DNA. Promoters suitable for use with
prokaryotic and eukaryotic hosts are  known in the art, and are described
in further detail in W097/25428. A preferred method for the production of
soluble Apo-2L in E. cold  



employs an inducible promoter for the regulation of product expression,  25
The use of a controllable, inducible promoter allows for culture growth to
the desirable cell density before induction of product expression and
accumulation of significant amounts of product which may not be well
tolerated by the host. Several inducible promoter systems Cr? polymera_se,
trp and alkaline  30 phosphat.ase (AP)) have been evaluated by Applicants
for the expression of  Apo--2L (form 114-281) . The use of each of these
three promoters resulted  in significant amounts of soluble, biologically
active Apo-2L trimer being  recovered from the har'v'ested cell paste. The
AP promoter is preferred  among these three inducible promoter systems
tested because of tighter 35 promoter control_ and the higher cell density
and titers reached in  harvested cell paste. Construction of suitable
vectors containing one or more of the above- listed components employs
standard ligation techniques. Isolated plasmids  or DNA fragments are
cleaved, tailored, and re-ligated in the form desired  40 to generate the
plasmids required. For analysis to confirm correct sequences in plasmids
constructed,  the ligation mixtures can be used to transform Coll K12
strain 294 (ATCC  31,446) and successful transformants selected by
ampicillin or tetracycline  resistance where appropriate. Plasmi.ds from
the transformants are  38 prepared, analyzed by restriction endonuclease
digestion, and/or sequenced  using standard techniques known in the art,
[See, e.g., Messing et as ,  Nucleic Acids Ees., 9:309 (1981); Ma_xam et
al., Methods in Enzymology,  .65:499 ;1980)7. ..`.u Expression vectors that
provide for the transient expression in  mammalian cells of DNA encoding
Apo-2 ligand may be employed. In general,  transient expression involves
the use of an expression vector that is able  to replicate efficiently in a
host cell, such that the host cell'  accumulates many copies of the
expression vector and, in turn, synthesizes 10 high levels of a desired
polypeptide encoded by the expression vector  [Sambrook at al sum? .
Transient expression systems, comprising a  suitable expression vector and
a host cell, allow for the convenient peptides encoded by cloned DNAs, as
well as  positive identification of poly for the rapid screening of such
polypeptides for desired biological or  15 physiological properties. Thus,
transient expression systems are  particularly useful in the invention for
purposes of identifying analogs  and variants of Apo-2 ligand that are
biologically active Apo-2 ligand. other methods, vectors, and host cells
suitable for adaptation to the  synthesis of Apo-2 ligand in recombinant
vertebrate cell culture are  20 described in Gething et al., Nature,
293:620-625 (1981); Mantei et all.,  



Nature, 281:40-46 ;1979); EP 117,060; and EP 117,058. Suitable host cells
for cloning or expressing the DNA in the vectors  herein include
prokaryote, yeast, or higher eukaryote cells. Suitable  prokaryotes for
this purpose include but are not limited to euhacter.i.a, g e or Gram
positive organisms, for example,  25 such as Gram-neativ Snterchacteriaceae
such as Esca.erichia, e.g., B. col'., Fnterebacter,  Erwinia, Klehsie7la,
Proteus, Salmonella, e.g., Salmonella cvuhimurium,  :erratic, e.g.,
Serratie m:ar-cescans, and shicella, as well as Bacilli such  as B.
subti.lis and B, licheniformis B. Iicheniformia 41P disclosed 30 in DD
'169,710 published 12 April 1984) , Pseudomonas such as P. aeruginosa,  and
Streptomyces. Preferably, the host cell should secrete minimal amounts  of
p.roteolytic enzymes. In addition to prokaryotes, eukaryotic microbes such
as filamentous  fungi or yeast are suitable cloning or expression hosts for
Apo-2 liuand- 35 encoding vectors. Suitable host cells for the expression
of glycosylated Z.po-2 ligand are derived from mral'icel .u.;.ar organisms.
Examples of all  such host cells, including CHO cells, are described
further in W097/25428.  Host cells are transfected and preferably
transformed with the above described expression or cloning vectors for
Apo-2 ligand production and  40 cultured in nutrient media modified as
appropriate for inducing promoters,  selecting transsformants, or
amplifying the genes encoding the desired  sequences. Transfection refers
to the taking up of an expression vector by a  host cell whether or not any
coding sequences are in fact expressed.  39 Numerous methods of
transfection are known to the ordinarily skilled  artisan: for example,
CaPO4 and electroporation. Successful transfection is  generally recognized
when any indication of the operation of this vector  o cur , within the
host cell. 5 Transformation means introducing DNA into an organism so that
the DNA  is replicahle, either as an extrachromosomal element or by
chromosomal  integrant. Depending on the host cell used, transformation is
done using  standard techniques appropriate to such cells. The calcium
treatment  employing calcium chloride, as described in Sambrook et al.,
supra, or 10 elect roporat. ion is generally used f or prokaryotes or other
cells that  :7robacteri um  contain substantial cell-wall barriers.
Infection. with tumefaciens is used for transformation of certain plant
cells, as described  by Shaw et al., Gene, 23:315 ,'19831 and TWO 89/05559
published 29 June 1939.  in addition, plants may be transfected using
ultrasound treatment. as  15 described. in WO 91/00356 published 1.0
January 199'.. For mammalian cells without such cell walls, the calcium
phosphate  



precipitation method of Graham and van der Eb, Virology, 5.2:456--457
(1978)  may be employed. General aspects of mammalian cell host system
trans formations have been described in 17.5. Pat. No. 4,399,216, 20
Transformations into yeast are typically carried out according to the
method of Van Solingen et al., J. ;3act., 130:946 (1977) and. Hsiao et al.,
Prot. Natl.. Acad. Sci. (USA), '7 E:2829 (1979). However, other methods for
introducing DNA into cells, such as by nuclear mic.:oinject'en,
electroporation, bacterial prctoplast fusion with intact cells, or 25
polycations, e.g., polybrene, polyornithine, may also be used. For various
techniques for transforming mammalian cells, see Keown et ai., methods in
Enzymology, 185:527-537 (1990) and Mansour at al.., Nature. 336;345-352
(1989). Prokaryotic cells used to produce Apo-2 ligand tray he cultured in
3c0 suitable culture media as described generally in Sambrook et al supra.
Particular forms of culture media that may he employed for culturing B.
colt are described further in the Examples below. Mammalian host cells
used to produce Apo-2 ligand may be cultured in a variety of culture media.
Examples of commercially available culture media include Ham's Flo  35
(Sigma), minimal Essential Medium ("HEM", Sigma), RPMI-1640 (Sigma), and
Dulbecco's Modified Eagle's Medium (']DMEM", Sigma). Any such media may be
supplemented as necessary with hormones and/or other growth factors (such
as insulin, transferrin, or epidermal growth factor), salts (such as sodium
chloride, calcium, magnesium, and phosphate), buffers (such as HEPES), 40
nucleosides (such as adenosine and thymidine), antibiotics (such as
Gentamycin~' drug), trace elements (defined as inorganic compounds usually
present at final concentrations 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
40 in the art. The culture conditions, such as temperature, pH:, and the
like,  are those previously used with the host cell selected for
expression, and  will be apparent to the ordinarily skilled artisan. in
general, principles, protocols, and practical techricraes for  maximizing
the productivity of mammalian cell cultures can he found in  Mammalian Cell
Biotechnology: A Practical --_ Approach, M. Butler.. ed. (IRL  -----------
----------- Press, 1991) . In accordance with one aspect of the 'present
invention, are or more  divalent metal ions will typically be added to or
included in the culture  0 media for culturing or fermenting the host
cells. The divalent metal !.one are preferably present in or added to the
culture media. at a concentration  level sufficient to enhance storage
stability, enhance solubility, or  assist. in forming stable Apo-2L trimers
coordinated by one or more zinc  



i.ans. The amount of divalent metal ions which may be added will be 15
dependent, in part, on the host cell density in the culture or potential
host cell sensitivity to such divalent metal ions. At higher host cell
densities in the culture, it may be beneficial to increase the
concentration of divalent metal ions. If the divalent meta'. ions are added
during or after product exp.?ression by the host cells, it may be desirable
20 to adjust or increase the divalent metal ion concentration as product
expression by the host cells increases. it is generally believed that
trace levels of divalent. metal ions which may be present in typical
commonly available cell culture media may not be sufficient for stable
trimer formation. Thus, addition of further quantities of divalent metal
25 ions, as described herein, is preferred. The divalent metal ions are
preferably added to the culture media at  a concentration which does not
adversely or negatively affect host cell  growth, if the divalent metal
ions are being added during the growth phase  of the host cells in the
culture. In snake flask cultures, it was observed 30 that ZnSO4 added at
concentrations of greater than 1 mM can result in lower  host cell density.
Those skilled in the art appreciate that bacterial  cells can sequester
metal ions effectively by forming metal ion complexes  with cellular
matrices. `Thus, in the cell cultures, it is preferable to  add the
selected divalent metal ions to the culture media after the growth 35 phase
(after the de si.red host cell density is achieved) or Just prior to
product expression by the host cells. To ensure that sufficient amounts of
divalent metal ions are present, additional divalent metal ions may be
added or fed to the cell culture media during the product expression phase.
The divalent metal ion concentration in the culture media should not  40
exceed the concentration which may be detrimental or toxic to the host
cells. In the methods of the invention employing the host cell, E. coi.i,
it is preferred that the concentration of the divalent metal ion
concentration in the culture media does not exceed about 1mM (preferably,
1mM) . Even more preferably, the divalent metal ion concentration in the
4.5 culture media is about 50 micromolar to about 250 micrcmolar. Most  41
preferably, the divalent metal ion used in such methods is zinc sulfate.
It is desirable to add the divalent metal ions to the cell culture in an
amount wherein the metal ions and Apo-2 ligand trimer can be present at a
one to one molar ratio. 5 The divalent metal ions can be added to the cell
culture in any  acceptable form. For instance, a solution of. the metal ion
can be made  using water, and the divalent metal ion solution can then be
added or fed  to the culture media. Expression of the Apo-2L may be
measured in a sample directly, for  10 example, by conventional Southern
blotting, Northern blotting to quantitate  



the transcription of mRNA 1Th mas, Proc. Natl. Acad. Sci. USA, 77:5201-5205
(19F.0)1, dot blotting (D;NA analysis), or in situ hybridization, using an
appropriately labeled probe, based on the sequences provided herein.
various labels may be employed, most commonly ra,dioisotopea, and 15
particularly 32p. However, other techniques may also be employed, such as
using biotin-modified nucleotides for introduction into a polynucleotide.
The biotin then serves as the site for binding to avidin or antibodies,
which may be labeled with a wide variety of labels, such as  radionucleot
ides, fluorescens or enzymes. Alter-natively, antibodies may be 20 employed
that can recognize specific duplexes, including DNA duplexes, RNA
duplexes, and DNA-RNs hybrid duplexes or DNA-protein duplexes. The
antibodies in turn may be labeled and the assay may be carried out where
the duplex is bound to a surface, so that upon the formation of duplex on
the surface, the presence of antibody bound to the duplex can be detected.
25 Gene expression, alternatively, may be measured by immunological
methods,  such as immunohistochemical staining of cells or tissue sections
and assay  of cell culture or body fluids, to quantitate directly the
expression of  gene product. With iamiunvhistcchemical staining techniques,
a cell sample  .is prepared, typically by dehydration and fixation,
followed by reaction 30 with labeled antibodies specific for the gene
product coupled, where the  labels are usually visually detectable, such as
enz-vmatic labels,  fluorescent labels, luminescent labels, and the like.
Antibodies useful for immunchistccher,;ical staining and/or assay of
sample fluids may be either monoclonal or polyclonai, and may be prepared
35 in any mammal conveniently, the antibodies may be prepared against a
native Apo-2 l.igand polypeptide or against a synthetic peptide based on
the  DNA sequences provided herein or against exogenous sequence fused to
Apo-2  ligand USIA and encoding a specific antibody epitope. Apo-2 ligand
preferably is recovered from the culture medium as a  40 secreted
polypeptide, although it also may be recovered from host cell  lysates when
directly produced without a secretory signal. If the Apo-2  li.gand is me;
sb'rane-bound, it can be released from the membrane using a  suitable
detergent solution (e.g. Triton-[ 1.00) or its extracellular region  may be
released by enzymatic cleavage. 42 when Apo-2 ligand is produced in a
recombinant cell other than one of  human origin, the Apo-2 ligand is free
of proteins or polypeptides of human  origin. However, it is usually
necessary to recover or purify Apo-2 ligand  from recombinant cell proteins
or poly"eptides to obtain preparations that  are substantially homoc,eneous
as to Apo-2 ligand.. As a first step, the  culture medium or lysate may be
centrifuged to remove particulate cell  debris. Apo-2 ligand thereafter is
purified from contaminant soluble  proteins and polypeptides, with the
following procedures being exemplary of  



suitable purification procedures: by fractionation on an ion-exchange LO
column; ethanol precipitation; reverse phase HPLC; chromatography on silica
or a cation-exchange resin such as DEAF or Chi; chromatofocusing; EDS-
PAGE; ammonium sulfate precipi.tation; gel' filtration using, for example,
Sephadcx G-75; diafiltration and protein A Sepharose columns to remove
contaminants such as I9G. 15 In a preferred embodiment, the Apo-2 ligand
can be isolated by  affinity chromatography. Apo-2 ligand fracments or
variants in which  residues have been deleted, inserted, or substituted are
recovered in the  same fashion as native Apo-2 ligand, taking account of
any substantial  changes in properties occasioned by the variation. For
example, 20 preparation of an Apo-2 ligand..fusion with another protein or
polypeptide,  -g., a bacterial or viral antigen, facilitates purification;
an  immuncaffinity colunu, containing antibody to the antigen car, be used
to  adsorb the fusion polypeptide. A protease inhibitor such as phenyl
methyl sulfonyl fluoride (PMSF)  25 also may be useful to inhibit
proteolytic degradation during purification,  and antibiotics may be
included to prevent the growth. of adventitious  contaminants. one skilled
in the art will appreciate that purification  methods suitable for native
Apo-2 ligand may require modification to  account for changes in the
character Of Apo-.2 ligand or its var.:-ants upon  30 expression in
recombinant cell culture. During any such purification steps, it may be
desirable to expose the  recovered Apo-2L to a divalent metal
ion.-containing solution or to  purification material (such as a
chromatography medium or support)  containing one or more divalent metal
ions. In a preferred embodiment, the 35 divalent metal ions and/or reducing
agent is used during recovery or  purification of the Apo-27 Optionally,
both divalent metal ions and.  reducing agent, such as DTT or SME, may be
used during recovery or  purification Of the Apo-2L. It is believed that
use of divalent metal. ions  during recovery or purification will provide
for stability of Apo-23L trimer  40 or preserve Apo-21, trimer formed
during the cell culturing step. The description below also relates to
methods of producing Apo-2  ligand covalently attached (hereinafter
"conjugated") to one or more  chemical groups. Chemical groups suitable for
use in an Apo-2L conjugate  of the present invention are preferably not
significantly toxic or 45, immunogenic. The chemical group is optional. ly
selected to produce an Apo- 43 2L conjugate that can be stored and used
under conditions suitable for  storage. A variety of exemplary chemical
groups that can be conjugated to  pol.ypeptides are knows: in the :art and
include for example carbohydrates,  such as those carbohydrates that occur
naturally on glycopr-oteins,  polyglutamate, and non-proteinaceous
polymers, such as polyols (see, e.g.,  



U.S. Patent No. 6,245,901). A polyol, for.- example, can be conjugated to
polypept..des such as an  Apo-'.L at one or more amino acid residues,
including lysine residues, as is  disclosed An NO 93/00109, supra, The
polyol employed can be any water- 10 soluble poly(alkylene oxide) polymer
and can have a linear or branched  chain. Suitable polyols include those
substituted at one or more hydroxyl  positions with a chemical group, such
as an alkyl group having between one  and four carbons, Typically, the
polyol is a poly(alkylene glycol), such  as pol.y(ethylene glycol) (PEG),
and thus, for ease of description, the  is remainder of the discussion
relates to an exemplary embodiment. wherein the  polyol employed is PEG and
the process of. conjugating the polyol to a  polypeptide is termed
"pegylation.I However, those skilled in the art  recognise that other
polyols, such as, for example, poly(propylene glycol)  and
polyolylene-polypropylene glycol copolymers, can be employed using the  20
techniques for conjugation described herein for PEG. The average molecular
weight of the EEG employed in the pegylation of  the Apo-2L can vary, and
typically may range from about 500 to about 30,000  Batons (D). Preferably,
the average molecular weight of the PEG is from  about 1,000 to about
25,000 n, and more preferably from about 1,000 to 25 about 5,000 D. In one
embodiment, pegylation is carried out with PEG  having an average molecular
weight of about 1,000 D. optionally, the PEG  homopolyrm r is
unsubstituted, but it may also be substituted at one end  with an alkyl
group. Preferably, the alkyl group is a Cl-C4 alkyl group,  and most
preferably a methyl group. PEG preparations are commercially 30 available,
and typically, those PEG preparations suitable for use is the  present
invention are nonhomogeneous preparations sold according to average
molecular weight. For example, commercially available PEG(S000i
preparations typically contain molecules that vary slightly in molecular
weight, usually  500 D. 'n The Apo-2 ligand of the intention may be in
various forms, such as in  monomer form or trimer form (comprising three
monomers) Optionally, an  Apo-2L trimer will be pegylated in a manner such
that a PEG molecule is  linked. or conjugated to one, two or, each of the
three monomers that make up  the trimeric Apo--2L. In such an embodiment,
it is preferred that the PEG 40 employed have an average molecular weight
of about 1,000 to about 5,000 D.  it is also contemplated that the Apo-21:
t.rimers may be "partially"  pegylated, i.e., wherein only one or two of
the three monomers that make up  the trimer are linked or conjugated. to
PEG. 44 variety of methods for pegylating proteins are known in the art.
Specific methods of producing protein; conjugated to PG include the
methods described in U.S. Pat. No. 4,179,337, U.S. Pat. No. 4,935,455 and  



U.S. Patent No. 5,649:5335. Typically the protein covalently bonded via
one or more of the amino acid residues of the protein to a terminal
reactive group on the polymer, depending mainly on the reaction conditions,
the molecular weight of the pol.,mier., etc. The polymer with the reactive
group(s) is designated herein as activated polymer. The reactive group
selectively reacts with free amino or other reactive groups on the protein.
10 The PEG polymer can be coupled to the amino or other reactive group on
the  protein in either a random or a site specific manner. It will be
understood, however, that the type and amount of the reactive group chosen,
as well as the typee of polymer employed, to obtain optimum results, will
depend on the particular protein or protein variant employed to avoid 15
having the reactive group react with too many particularly active groups on
the protein, As this may not be possible to avoid completely, it is
recommended that generally from about 0.1 to 1000 moles, preferably 2 to
200 moles, of activated polymer per mole of protein, depending on protein
concentration, is employed. The final amount of activated polymer per mole
20 of protein is a balance to maintain optimum activity, while at the same
time optimiz.i.ng, if possible, the circulatory half-life of the protein.
It is further contemplated that the Apo2l, described herein may be  also be
linked or fused to leucine zipper sequences using techniques known  in the
art, 25 W+4'i'R ?'#RiWW W%'RavR1*WA iF A'k Wi' Methods for generating death
receptor antibodies and CD20 antibodies  are also described herein. The
antigen to be used for production of, or  screening for, antibody may be,
e.g., a soluble form of the antigen or a  portion thereof, containing the
desired epitope. Alternatively, or 30 additionally, cells expressing the
antigen at their cell surface can be  used to generate, or screen for,
antibody. Other forms of the antigen  usefu. for generating antibody will
be apparent to those skilled in the  art. 35 (s.? Polyclonal antibodies
Polyclonal antibodies are preferably raised in animals by multiple
subcutaneous (se) or intraperitoneal. (ip) injections of the relevant
antigen and an adjuvant. It may be useful to conjugate the relevant
antigen to a protein that is immunogenic in the species to be immunized, 40
e.g., keyhole limpet hemocyanin, serum .albumin, bovine thyrog.obulin, or
Soybean trypsin inhibitor using a bifunctional or derivatizing agent, for
example, maleimidobenzoyl sulfosuccinimide ester (conjugation through
cysteine residues), .1-hydroxysuacinimide (through lysine residues)  4S
glutaraldehy'de, succinic anhydride, 80012, or R1N=C-NR, where Lt and Ri
are- different alkyl groups. An mall are immunized against the antigen,
immunogenic conjugates, or  



derivatives by combining, e.g., 100 jig or 5 },g of the protein or
conjugate  5 (for rabbits or mice, respect..vely) with 3 volumes of
Freund's complete adjuvant and injecting the solution intradermally at
multiple sites. One  month later the animals are boosted with 1/5 to 1,/10
the original amount of  peptide or conjugate in Freund's complete adjuvant
by subcutaneous  injection at multiple sites. Seven to 14 days later the
animals are bled 10 and the serum is assayed for antibody titer. Animals
are boosted until the  titer plateaus. Preferably, the animal is boosted
with the conjugate of  the same antigen, but conjugated to a different
protein acid/or through a also can be made in  different cross-linking
reagent. Conjugates recombinant cell culture as protein fusions. Also,
aggregating agents such  15 as alum are suitably used to enhance the immune
response. (iij :-Terioclona.! antibodies Monoclonal antibodies are obtained
from a population of substantially  homogeneous antibodies, i.e., the
individual antibodies comprising the  population are identical except. for.
possible naturally occurring mutations 20 that may he present in minor
amounts, Thus, the modifier "monoclonal"  indicates the character of the
antibody as not being a mixture of discrete  antibodies, For example, the
monoclonal antibodies may be made using the  hybridoma method first
described by Kohler et al., Mature, 256:495 (19715),  4, Bib: 567?. '25 or
may be made by recombinant DNA methods (U.S. Patent No. In the hvbridoma
method, a mouse or other appropriate host animal,  such as a hamster, is
immunized as here..nabove described to elicit  lymphocytes that produce or
are capable of producing antibodies that will  specifically hind. to the
protein used for immunization. Alternatively, 0 lymphocytes may be
immunized in vitro. Lymphocytes then are fused with  myeloma cells using a
suitable fusing agent., such as polyethylene glycol,  to fo_-rm a hybridoma
cell. (Coding, monoclonal. antibodies: Principles and  Practice, pp.59-1.03
(Academic Press, 1985)), The hyb.r.idoma cells thus prepared are seeded and
grown in a suitable  35 culture medium that preferably contains one or more
substances that inhibit  the growth or survival of the unfused, parental
myeloma cells. For  example, if the parental myeloma cells lack the enzyme
hypoxanthine guanine  phosphoribosyl transterase (HGPP.T or 1IPRT), the
Culture medium for the  hyhridomas typically will include hypoxanthine,
aminopterin, and thymidine 40 (HAT medium), which substances prevent the
growth of HGPRT-deficient cells.  Preferred myeloma cells are those that
fuse efficiently, support  stable high-level production of antibody by the
selected antibody-producing  cells, and are sensitive to a medium such as
HAT medium. Among these,  preferred myeloma cell lines are mu.r..ne myeloma
lines, such as those  



46 derived from MOPC-21 and 'ADC-1l mouse tumors available from the Salk
Institute Cell Distribution Center, San Diego, California ':ISA, and SP--2
or  X53-Ag8-653 cells available from the American Tyne Culture Collection,
Manassas, Virginia. 'ISA. Human myeloma and mouse-human .h=.teromyeloma
cell 5 lines also have been described for the production of human
monoclonal  al.,  antibodies (Kosbor, J. Immunol., 133.3001 (1984); Brodeur
at  Monoclonal Antibody Production Techniques and Applications, pp, 5l--63
:Marcel Dekker, Inc., New York, 1987)) Culture medium in which hybridoma
cells are growing is assayed for  0 production of monoclonal antibodies
directed againat the antigen.  Preferably, the binding specificity of
monoclonal antibodies produced by  hybridoma. cells is determined by
ime.unoprecipitation or by an. in vitro  binding assay, such as
radioimmunoassay (RIA) or enzyme--linked  immunoabsorbent assay (BLISA) .
i5 The binding :affinity of the monoclonal antibody can, for example, be
determined by the Scatchard analysis of Munson at al., Anal. Biochew.,
107:220 (1960). After hybridoma :ells are identified that produce
antibodies of the  desired specific.i.ty, affinity, and/or activity, the
clones may be subcloned  20 by limiting dilution procedures and grown by
standard methods (coding, Monoclonal Antibodies: Principles and Practice,
pp.59-103 (Academic Press,  1986)). suitable culture media for this purpose
include, for example, D- MEN or RPM-1-D640 medium. In addition, the
hlrbridoma cells may be grown in  vivo as aecites tumors in an animal. 25
The monoclonal antibodies secreted by the subclones are suitably  separated
from the culture medium, ascites fluid, or serum by conventional  immu
oglobulin purification procedures such as, for example, protein A- Se
pharcse, i;ydroxylayaatite o^_romatography, gel electrophoresis, dialysis,
or affinity chromatography. 30 DNA encoding the monoclonal antibodies is
readily isolated and  sequenced using conventional procedures (e.g., by
using oligonucleotide  probes that are capable of binding specifically to
genes encoding the heavy  and light chains of murine antibodies) . The
hybridoma cells serve as a  preferred source of such DNA. Once isolated,
the DNA may be placed into :35 expression vectors, which are then
transfected into host cells such as E.  cell cells, simian COS cells,
Chinese Hamster Ovary i050) cells, or myeloma  cells that do not otherwise
produce immunoglohulin 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 40 include Sker.r:a at
al., Cur:. Opinion _.n Immunol., 5:256-262 (1993) and  pliickthun, Immunoi.
Revs., 130`:151-3.88 :1992). 



In a further embodiment, antibodies or antibody fragments can be  isolated
from antibody phase libraries generated using the techniques  described in
McCafferty at al., Nature, 348:552-554 ;1990), Clackson at  47 a3., Nature,
352:624-6288 (1991) and Marks et al., j. n?nl. azc:T. 222:581- 5^7 (1991)
describe the isolation of marine and human antibodies,  respectively, using
phase libraries. Subsequent publications describe the  production of high
affinity (nM range) human antibodies by chain shuffling 5 (Mar;cs et al.,
BicirTechnology, 18:779-783 (1992)), as well as combinatorial  infection
and in vivo re,coubination as a strategy for. constructing very  large
phase libraries (Waterhouse et al., Nuc, Acids, Res., 21:2265-226.6  (1993)
Thus, these techniques are viable alternatives to traditional  monoclonal
antibody hybridoma techniques for isolation of monoclonal  10 antibodies.
The anA also may be modified, for example, by substituting the coding
sequence for human heavy- and light-chain constant domains in place of the
homologous rriurine sequences (U,S, Patent No. 4,816,567; Morrison, at al.,
Proc- Nat" Acad. Sci. USA, 81.55851 (19554)), or by covalently joining to
the 15 immunaglobulin coding segpaence all or part of the coding sequence
for a  nor,-immuncglobuliu po.y~:eptide. Typically such non-imnrunoglc:bul
in polypeptides are substituted for  the constant domains of an antibody,
or they are substituted for the  variable domains of one antigen-combining
site of an antibody to create a 20 chimeric bivalent antibody comprising
one antigen-combining site having  specificity for an antigen and another
antigen-combining site having  specificity for a different antigen. (iii)
Humanized antibodies Methods for humanizing non-human antibodies have been
described in  25 the art. Preferably, a humanized antibody has one or more
amino acid  residues introduced into it from a source which is non-'human.
These non- human amino acid residues are often referred to as "import"
residues, which  are typically taken from an "import" variable domain.
Humanization can be  essentially performed following the method of Winter
and co--workers (Jones 30 et Pi., Nature, 321:522-525 (1986); 'iechminn et
al., Nature, 332:323-327  (1986); Verhoeyen at al., Science, 239:1534-1536
(1988)), by substituting  hyperrariable region sequences for the
corresponding sequences of a human  antibody. Accordingly, such humanizedll
antibodies are chimeric antibodies  (U.S. Patent No. 4,816,567) wherein
substantially less than an intact human 35 variable domain has been
substituted by the corresponding sequence from a  non-human species. In
practice, humanized antibodies are typically human  antibodies in which
some hypervariable region residues and possibly some PR  residues are
substituted by residues from analogous sites in rodent  antibodies. 



40 The choice of human variable domains, both light and heavy, to be  used
in making the humanized antibodies is very important to reduce
antigenicity. According to the so-called "best--fit" method, the sequence
of the variable domain of a rodent antibody is screened against the entire
library of known human variable-domain sequences. The human sequence
wh..i.ch  48 is closest to that of the rodent is then accepted as the human
framework  region (FR) for the humanized antibody (Sims et a.2" J.
Immunol., 151:2296  (19933); Chothia at Si., ,7. Mci. EioL , 196:901
(1987)). Another method  uses a particular. framework region derived from
the consensus sequence of 5 all human antibodies of a particular subgroup
of light or heavy chains.  The same framework may be used for several
different humanized antibodies  (Carter at al., P.roc. Natl. Acad. Sci.
USA, 89:4235 (1992',; Presta at al.,  J. :.mmunol., 151:2623 (199?)) . it
is further important that antibodies be humanized with retention  10 of
high affinity for the antigen and other favorable biological properties.
To achieve this goal, according to a preferred method, -humanized
antibodies  are prepared by a process of analysis of the parental sequences
and various  conceptual humanized products using three-dimensional models
of the  parental and humanized sequences. Three-dimensional i:muunoglobulin
models 15 are commonly available and are familiar to those skilled in the
art.  Computer programs are available which illustrate and display probable
three-dimensional conformational structures of selected candidate
irrmunoglobulin sequences. Inspection of these displays permits analysis of
the likely role of the residues in the functioning of the candidate 2Z
immunogluuul in sequence, .i. e., the analysis of residues that influence
the  ability of the candidate immunoglobuli.n to bind its antigen. In this
way,  FR residues can be selected and combined frorr. the recipient and
import  sequences so that the desired antibody characteristic, such as
increased  affinity for the target antigen(s), is achieved. in general, the
25 hypervariable region residues are directly and most substantially
involved  in influencing antigen binding. (iv) Human antibodies As an
alternative to htmsaniza.tion, human antibodies can be generated.  For
example, it is now possible to produce transgenic animals (e.g., mice)  30
that are capable, upon i.mmun.ization, of producing a full repertoire of.
human antibodies. in the absence of endogenous immunoglcbuiir. production.
For example, it has been described that the homozygous deletion of the
antibody heavy-chain -joining region (Js) gene in chimeric and germ; line
mutant mice results in complete inhibition of endogenous antibody 35
production. Transfer of the human germ-line irm.unoglobulin gene array in
such germ-line mutant mice will result in the production of human
antibodies upon antigen challenge. See, e.g., Jakobovits at al., Proc.  



Natl. .Acad. S^_4. USA, 50:2551 (1993); Jakohovits at al., Nature, 362:255-
258 (1993); aruggermann et al., year in immuno., 7:33 (1993); and US Patent
10 Nos, 5,591,669, 5,569,369 and 5,545,807. Alternatively, phaqe display
technology (McCafferty et al., Nature  348:552-553 (1990)) can be used to
produce human antibodies and antibody  fragments in vitro, from
immunoglobulin variable (V) domain gene  repertoires from unimmunized
donors. According to this technique, antibody  49 V domain genes are cloned
in-frame into either a major or minor coat  protein gene of a filamentous
be%cteriophage, such as 141.3 or -Ed, and  displayed as functional antibody
fragments on the surface of the phage  particle. Because the filamentous
particle contains a single-stranded DNA 5 copy of the phage genome,
selections based on the functional properties of  the antibody also result
in selection of the gene encoding the antibody  exhibiting those
properties. Thus, the phage mimics some of the properties  of the B cell.
Phage display can be performed in a variety of formats; for  their review
see, e.g., Johnson, Kevin S. and Chisweli, David J., Current i0 Opinion in
Structural Biology 3:564-571 (19'93). Several sources of V-gene  segments
can be used for phage display. Clackson et a_ , Nature, 352:624- 628 (1991)
isolated a diverse array of anti-oxa2olone antibodies from a  small .random
combinatorial library of V genes derived from the spleens of  mmun.zed
mice. A repertoire of V genes from unimmurized human donors can 15 be
constructed and antibodies to a diverse array of antigens (including
self-antigens' can be isolated essentially following the techniques
described, by Marks et al., Cr. Mol. Biol. 222:581-597 (1991), or Griffith
et  al., ENBO J. 12:725-734 (1993). See, also, US Patent Nov. 5,565,332 and
3,573,905. 20 Human antibodies may also be generated by in vitro activated
B cells  (see US Patents 5,507,610 and 5,229,275). (v) Antibody fragments
Various techniques have been developed for the production of antibody
fragments. Traditionally, these fragments were derived via proteolytic  25
digestion of intact antibodies (see, e.g., Morimoto et al. Journal of
Biochemical and Biophysical Methods 24:107-1-17 (1992) and Brennan et al.,
Science, 229:61. (1985)). However, these fragments can now be produced
directly by recombinant host cells. For example, the antibody fragments
can be isolated from the antibody phage libraries discussed above. 30
Alternatively, Fab'-SH fragments can be directly recovered from B. soli and
chemically coupled to form F(ab')2 fragments (Carter et al., Bio/Technology
10:163-167 (1992)). According to another approach, F(ab'); fragments can be
isolated directly from recombinant host cell culture, Other techniques for
the production of antibody fragments will be apparent to the skilled 35
practitioner. In other embodiments, the antibody of choice is a single  



chain Fv fragment (scFv). See WO 93116185; US Patent No. 5,571,694; and US
Patent Nn. 5,587,458. The antibody fragment may also be a "linear
antibody", e.g., as described in US Patent 5,641,870 for example. Such
linear antibody fragments may be nonospecific or. Bispecific. 40 (vi)
Bispecific antibodies Bispecific antibodies are antibodies that have
binding specificities  for at least two different epitopes. Exemplary
Bispecific antibodies may  bind to two different epitopes of the CD20, DR4
or DR5 receptors.  Bispecific antibodies may also be used to localize
cytotoxic agents to a B 45 cell. These antibodies possess a B cell
marker-binding arm and an arm which  50 binds the cytotoxic agent (e.g.
saporin, anti-interferon-a, vinca alkaloid,  ricin A chain, methotrexate or
radioactive isotope hapten). Bispecific  antibodies can be prepared as full
length antibodies or antibody fragments  (e.g. F(ab')y bispecific
antibodies). 5 Methods for making 'bispecific antibodies are. known in the
art.  Traditional production of full length. bispecific antibodies is based
on the  coexpression of two tmmmioglo'nulin heavy chain-light chain pairs,
where the  two chains have different specificities (Millstein et al.,
Nature, 305:537- 539 (1983)). Because of the random assortment of
immunoglobulin heavy and 10 light chains, these hybridomas (cuadromas)
produce a potential mixture of  10 different antibody molecules, of which
only one has the correct  bispecific structure. Purification of the correct
molecule, which is  usually done by affinity chromatography steps, is
rather cumbersome, and  the product yields are low. similar procedures are
disclosed WO  15 93/08829, and in Traunecker et al., EflBO o_ 10:3655-3659
(3.99:.:. According to a different approach, antibody variable domains with
the  desired binding specificities (antibody-antigen combining sites) are
fused  to immuncglobulin constant domain sequences. The fusion preferably
is with  an, immt:noglobulin heavy chain constant domain, comprising at
least part of 20 the hinge, CI12, and an regions. it is preferred to have
the first heavy- chain constant region (CHI) containing the site necessary
for light chain  binding, present in at least one of the fusions. DNAS
encoding the  immuncglobulin heavy chain fusions and, if desired, the
.imm'rn;oglobulin  light chain, are inserted into separate expression
vector-,, and are co 25 transfected into a suitable host organism. This
provides for great  `l.exibility in adjusting the mutual proportions of the
three polypeptide  fragments in embodiments when unequal ratios of the
three polypeptide  chains used in the construction provide the optimum
yields. It i. ,  however, possible to insert. the coding sequences for two
or all three 30 polypeptide chains in expression vector when the expression
of at least  two polypeptide chains in equal ratios results in high yields
or when the  ratios are of no particular significance. 



In a preferred embodiment of this approach, the bispecific antibodies  are
composed of a hybrid immuncglobulin heavy chain with a first binding  35
specificity in one arm, and a hybrid immunoglobulin heavy chain-light chain
pair (providing a second binding specifficity) in the other arm, It was
found that this asymmetric structure facilitates the separation of the
desired bispecific compound from unwanted immuncglobulin chair
combinations: as the presence of an immunoglobuli.n light chain in only one
40) half of the bispecific molecule provides for a facile way of
separation.  This approach is disclosed in WOO 94/04590. For further
details of  generating bispecific antibodies see, for example, Suresh at
al., Methods  in Enzymology, 121:210 (1986). According to another approach
described  in ITS patent No. ;,'111, 15A, the interface between a pair of
antibody 45 molecules can be engineered to maximize the percentage of
heterodimers  51 which are recovered from recombinant cell culture, The
preferred interface  comprises at "east a part, of the C,,3 domain of an
antibody constant domain.  In this method, one or more small amino acid
side chains from the interface  of the first antibody molecule are replaced
with larger side chains (e.g.  tyrosine or tryptophan). Compensatory
''cavities" of identical. or similar  size to the large side chain(s) are
created on the interface of the second  antibody molecule by replacing
large amino acid side chains with smaller  ones (e.g. alanine or threonine)
. This provides a mechanism for increasing  the Yield of the heterodimer
over other unwanted end-products such as  10 homodi.mers. ?ispecific
antibodies include cross-linked or het.eroconjugate'  a t_bodies. For
example, one of the antibodies in the heterocoujugate can  he coupled to
avidin, the other to bl.otin. Such antibodies have, for  example, been
proposed to target immune system cells to unwanted cells (US 15 Patent No,
4,676,980), and for treatment of HIV infection (Wo 91/00360, Wo  92/200373,
and EP 03059). ..eteroconjugate antibodies may be made using any
convenient cross-linking methods. Suitable cross-linking agents are well
known; in the art, and are disclosed in US Patent No. 4,676,980" along with
a numiber of cross-linking techniques. 2.0 Techniques for generating
hispecif i.c antibodies from antibody  fragments have also been described
in the literature. For example,  bispecific antibodies can be prepared
using chemical linkage. Brennan at  ate. , Science, 229: 51 ;1935) ;
Shalaby et al,, Exp. Med., 175: 217-225  (1992). 25 Various techniques for
making and isolating bispecific antibody  fragments directly from
recombinant cell culture have also been described.  For example, bispecific
antibodies have been produced using leucine  sippers. Isostelny at al., J.
Immunal., 148(5),1547,-1553 (1992), The  leucine zipper peptides from the
Fos and Jun proteins were linked to the 



30 Fab' portions of two different antibodies by gene fusion. The antibody
homodimers were reduced at the hinge region to form monomers and then re-
oxidized to form the antibody heterodimer.-s. This method can also be
utilized for the production of antibody homodimers. The Idiabody':
technology described by Hollinger et al., Proc. Natl. Acad. Sci. LISA, 35
90:64144-6448 (1993) has provided an alternative mechanism for making
bispecific antibody fragments- The fragments comprise a heavv-chain
variable domain (vs) connected to a light--chain variable domain (v5) by a
linker which is too short to allow pairing between the two domains on the
same chain. Accordingly, the V, and V; domains of one fragment are forced
40 to pair with the complementary V5 and V;; domains of another fragment,
thereby forming two antigen-binding sites. Another strategy for making
bispecific antibody fragments by the use of single-chain Fv (sPV) diners
has also been reported. See Gruber et al., C. Imnaunol., 152:5368 (1994).
Antibodies with more than two valencies are contemplated. For  45 example,
trispecific antibodies can be. prepared. Tutt et al. S. Imrunol,  52 147:
60 (1991). Antibodies with three or more antigen binding sites are
described in PIO01/'77342 (Miller and Presta), expressly incorporated
herein  by reference. The antibody used in the methods or included in the
articles of  5 manufacture herein is optionally conjugated to a cytotoxic
agent.  Chemotherapeutic agents useful in the generation of such antibody
cytotoxic agent conjugates have been described above. Conjugates of an
antibody and one or more small molecule toxins, such  as a calicheamicin, a
maytansine (US Patent No. 5, 206,:20), a trichothene,  10 and .:01065 are
also contemplated herein. In one embodiment of the invention, the antibody
is conjugated to one or more maytansine molecules  (e.g. about 1 to about
10 maytansi.ze molecules per antibody molecule)  Maytansine may, for
example, be converted to Nay-SS-Me which may be reduced  to May-5H3 and
reacted with modified antibody (Chari at al, Cancer Research  15 52;
127-131 (1992)) to generate a maytansinoid-antibody conjugate.
Alternatively, the antibody is conjugated to one or more  calicheamicin
molecules. The calicheamicin family of antibiotics is  capable of producing
double-stranded DNA breaks at sub-picot"alar  concentrations, Structural
analogues of a^^alichea,r i.cin which may he used 20 include, rut are not
limited to, Y1', e21, 031, N-acetyl-yJ, PSAC and 8',  (Hinman et al.
Cancer. Research 53:: 3336-3342 (1993) and Lode et a_. Cancer  Research 58:
2925-2928 (1998)) Enzymatically active toxins and fragments thereof which
can be used  include diphtheria A chain, nonbinding active fragments of
diphtheria  25 toxin, exotoxin A chain (from Pseudomonas aerngincsa) ,
ricin A chain, ahr'in A chain, modeccin A chain, alpha-sarcin, Aleurites
fcrdii proteins,  



dianthin proteins, Phytolaca americans proteins (PAPI, PAPA, and PAP-S),
rnomordica charantia inhibitor, curcin, crotin, sapaonari.a officinalis
inhibitor, gelonin, mitogellin, restrictocin., phenomycin, enomycin and the
30 tricothecenes. See, for example, WO 93/21-232 published October 28,
1993.  The present invention further contemplates antibody conjugated with
a  compound with nuc.'.-eolytic activity (e.g. a ribonuclease or a DNA
endonuclease such as a deoxyribcnucleaser DNase) A variety of radioactive
isotopes are available for the production of  35 _es include At2lx 113:
1a2s  radicconj::gated antagonists or antibodies. Examples .ssu Releg, Reus
Sms.=.s 51212, p32 and radioactive isotopes of Lu. Conjugates of the
antibody and oytotoxic agent may be made using a  variety of bifunctional.
protein coupling agents such as N-succinimidyl-3- (2-pyridyldithiol)
propionate (."SDP), succini.mi.dyl-4-(-1-rrtaleimi.domethyl) 40
cyclohexane-l-carhoxylate, itsunot.hiolane (IT), bifunctional derivatives
of  imidoesters (such as dimethyl adipimidate .ICL), active esters (such as
disuccinimidyl suberate), aldehydes (such as glutareldehyde), bis-azido
compounds (such as his (p-azidobenzoyl) hexanediamine), bis-diazonium.
derivatives (such as his- (p-diazoniumberzoyl.)-ethyl enediamine), 45
diisocyanates (such as tolyene 2,6-diisocyanate), and h.i-s--active
fluorine  E3 compounds (such as l;5-difluoro-7.,4-dinitrobenzene). For
example, a ricin  immunotoxin can be prepared as described in Vitetta et
al. Science 23E:  109E (1967) Carbon-14-labeled 1-isoth ocy
an:atabe=~zy1-3-:sethyldiethy lone  triaminepentaacetic acid (MX-DTPA) is
an exemplary chelatinq agent for ., conjugation of radionucleotide to the
antagonist or antibody, see  PW094/110026. The linker may be a "cleavable
linker" facilitating release of  the cytotoxic drug in the cell. For
example, an acid-labile linker,  peptidase--sensitive linker, dimethyl
linker or disukf ids-containing linker  (Chari et al. Cancer. Research 52:
127-131 (1992)) may be used. 7.i7 Alternatively, a fusion protein
comprising the antibody and cytotoxic  agent may he made, e.q. by
recombinant techniques or peptide synthesis. The antibodies of the present
invention may also be conjugated with a  srodrug-activating enzyme which
converts a prodrug (e.g. a peptidyl  cher"otherapeutic agent, see
W081/01145) to an active anti-cancer drug.  15 See, for example, w0
88/07378 and U.S. Patent No. 4,975,278. The enzyme component of such
conjugates includes any enzyme capable  of acting on a prodrug in such a
way so as to covert it into its more  active, cytotoxic form. Enzymes that
are useful in the method of this invention include, but  20 are not limited
to, alkaline phosphatase useful for converting phosphate- containing
prodrugs into free drugs; arylsulfatase useful for converting
sulfate-containing prodrugs into free drugs; cytosine deaminase useful for



converting non-toxic 5-fluorocytosine into the anti-cancer drug, 5- .m
fluarou.rac.1, proteases, such as se.rratia protease, thev'...clysin,  25
subtilisia:, carboxypeptidases and catheps.i.ns (such as cathepsins B and
L), that are useful for converting peptide-containing prodrugs. into free
drugs,  D-alariylcarboxypeptidases, useful for converting prodrugs that
contain n- amino acid substit.uelit. s; carbohydrate-cleaving enzymes such
as galactosidase and neuraminidase useful for converting glycosylated
prodrugs into free drugs; P-lactamase useful for converting drugs
derivatized with  if-lactams into free drugs; and penicillin amidases, such
as penicillin V  amidase or penicillin G amidase, useful for converting
drugs derivati.zed at  their amine nitrogens with phenoxyacetyl or
pheny+lacet/1 groups,  respectively, into free drugs. Alternatively,
antibodies with enzymatic 35 activity, also known in the art as abzymes'I,
can be used to convert the  prodrugs of the invention into free active
drugs (s,ee, e.g., Massey, Nature  329: 457-458 (1987)). Antibody--abzyme
conjugates can be prepared as  described herein for delivery of the abzyme
to a tumor cell population. The enzymes of this invention can he covalently
bound to the antibody  40 by techniques well known in the art such as the
use of the  heterobifunctional cross' inking reagents discussed above.
Alternatively,  fusion proteins comprising at least the antigen binding
region of an  antibody linked to at least a functionally active portion of
an enzyme of  the invention can be constructed using recombinant D A
techniques well  54 known in the art (see, e.g., Neuberger et a!., Nature,
312: 604-603  (1982)). Other modifications of the antibody are contemplated
herein. For  example, the antibody may be linked to one of a variety of
nonproteinaceous  5 polyrrs.rs, e.g., polyethylene glycol, polypropylene
glycol, polyoxyalkyl,enes, or copolymers of polyethylene glycol and
polypropylene  glycol. To increase the serum half Life of the antibody, one
may incorporate  a salvage receptor binding epitope into the antibody
(especially an  10 antibody fragment) as described in A, Patent 5,739,277,
for example. As used herein, the term "salvage receptor binding epitope"
refers to an  epitope of the .c region of an IgG molecule (e.g., IgGi,
IgG2, TgG,, or Ig(3$  that is responsible for increasing the in vivo serum
half-life of the IgG  molecule. Alternatively, or additiona..ly, one may
increase, or decrease, 15 serum half-life by altering the amino acid
sequence of the Fc region of an  antibody to generate variants with altered
FcRn binding. Antibodies with  altered ioitn binding and/or serum half life
are described in W000/42072  (Presto, L.). 2() 4#*ninik k#tn
w`la*Ak******** *#'#>r h#k#>k sV Formulations comprising Apo2L/'17A:L,
death receptor antibodies,  



and/or 0020 antibodies are also provided by the present invention. It is
believed that such formulations will be particularly suitable for storage
as well as for therapeutic administration. The formulations may be 25
prepared by known techniques. For instance, the formulations may be
prepared by buffer exchange on a gel filtration column, Typically, an
appropriate amount of an acceptable salt or carrier is  used in the
formulation to render the formulation isotonic. Examples of
pharmaceutically-acceptable carriers include saline, Ringer 'C solution and
30 dextrose solution. The pH of the formulation is preferably from about 6
to  about 9, and more preferably from about 7 to about 7.5. It will be
apparent to those persons skilled in the art that certain carriers may be
more preferable depending upon, for instance, the route of administration
and concentrations of Apo-2 ligand, death receptor antibodies, and/or CD20
35 antibodies. Therapeutic compositions can be prepared by mixing the
desired  molecules having the appropriate degree of purity with optional
carriers,  excipients, or stabilizers (Remington's Pharmaceutical Sciences,
16th  edition, Osol, A. ed. (1980)), in the form of lyophilized
formulations, 40 aqueous solutions or aqueous suspensions. Acceptable
carriers, excipients,  or stabilizers are preferably nontoxic to recipients
at the dosages and  concentrations employed, and include buffers such as
Tris, FHEPE,S, PIPES,  phosphate, citrate, and other organic acids;
antioxidants including  ascorbic acid and methionine; preservatives (such
as  55 octadecy-ldimethylbenzyl ammonium chloride; hexamethoni?m chloride;
benzalkonium chloride, benzethonium chloride; phenol, butyl or 'nenzy'l
alcohol; alkyl parabens such as methyl- or propyl parahen; catechoi-;
resorcinol; cyclohexanol; '-pentarol; and m-cresol); low molecular weight S
(less than about 1.0 residues) polypeptides; proteins, such as serum
albumin, gelatin, or immunoglobuli.ns; hydrophilic polymers such as
polyvinylpyrrolidone; amino acids such as glycine, glutamine, asparagire,
histidine, arginine, or lysine; monosaccharides, disaccharides, and other
carbohydrates including glucose, mannose, or dextrins; sugars such as 10
sucrose, mannitol, trehalose or sorbitol; salt-forming counter-ions such as
sodium; and/or non--ionic surfactants such as TWSEYT'", PLTMONICS'M or
polyethylene glycol (PEG) Additional examples of such carriers include ion
exchangers, alumina,  aluminum stearate, lecithin, serum proteins, such as
human serum albumin,  15 buffer substances such as glycine, sorbic acid,
potassium sorbate, partial glyceride mixtures of saturated vegetable fatty
acids, water, salts, or  electrolytes such as protamine sulfate, discdi.um
hydrogen phosphate,  potassium hydrogen phosphate, sodium chloride,
colloidal si.ica, magnesium  trip licate, polyvinyl pyrrolidone, and
cellulose-based substances. 



20 Carriers for topical or gel-based forms include polysaccharides such as
sodium carboxy-methylcellulose or methylcellulose polyvinylpyrrolidone,
polyacr-ylates, polyoxyethylene-pclyoxypropylene-bloek polymers,
polyethylene glycol, and wood wax alcohols. For all administ_rat ions,
conventional depot forms are suitably used. Such forms include, for 25
example, ulicrocansules, nano-capsules, liposomes, plasters, inhalation
forms, nose sprays, sublingual tablets, and sustained-release preparations.
Formulations to be used for in vivo administration should be sterile. This
is readily accomplished by filtration through sterile. filtration
membranes, prior to or following lyvphilizaticn and reconstitution. The  30
formulation may be stored in lyophilized form or in solution if
administered systemically. If in lyophilised form, it is typically
formulated in combination with other ingredients for reconstitution with an
appropriate diluent at the time for use. An example of a liquid
formulation is a sterile, clear, colorless unpreserved solution filled in a
35 single-dose vial for subcutaneous injection. Thcrapeutio formulations
generally are placed into a container having  a sterile access port, for
example, an intravenous solution bag or vial  having a stopper pierceable
by a hypodermic injection needle. The  formulations are preferably
administered as repeated intravenous 40 subcutaneous fs.c..), intramuscular
ii.m.) injections or infusions, or as  aerosol formulations sui-table for
intranasal or intrapulmonary delivery  (for intrapulmonary delivery see,
e.g., EP 257,356). Apo2L/TRAIL, death receptor antibodies, and CD20
antibodies can also  be administered in the form of sustained-release
preparations. Suitable  56 examples of sustained-release preparations
include semipermeable matrices  of solid hydrophobic polymers containing
the protein, which :matrices are in  the form of shaper. articles, e.g,.,
films, or microcapsules. Examples of  sustained-release matrices include
polyesters, hydrogels pcly(2 :5 hydrox_yeth.yl--methac.yl ate) as described
by Langer at al., J. B.iomed. Mater.  Res., 15: 3.57-277 (1981) and Langer,
chem. Tech., 12: 98-105 (1922) or  poly(vinylalcohol)), polylactides (U.S.
Patent No. 3,773,919, EP 58,481)  copolymers of 1,-glutami, acid and gamma
ethy.-L-glutamate (Sidman et al.,  Biopolym.ers_, 22: 547-556 (3.383)),
non-degradable ethylene-vinyl acetate lil (Langer, et al., supra),
degradable lactic acid-glycolic acid copolymers  such as the Lupron Depot
(injectable microspheres composed of lactic acid- g:lycolic acid copolymer
and leuprolide acetate), and poly -D--(-?-3  hydroxybutyric acid (EP
133,988). The Apo2L/TRAIL, death receptor antibodies, and CD20 antibodies
i5 descrribed herein can be employed in a variety of therapeutic
app'lications- 8mong these applications are methods of treating various
cancers and immune  related diseases. Diagnosis in mammals of the various
pathological  



conditions described herein can be made by the skilled practitioner.
Diagnostic techniques are available in the art which allow, e.g., for the
20 diagnosis or detection of cancer or immune related disease in a mammal.
For instance, cancers may be identified through techniques, including but.
not limited to, palpation, blood analysis, x-ray, NNR and the like. immune
related diseases can also he readily identified.. In systemic lupus
erythematosus, the central mediator of disease is the production of auto 25
reactive antibodies to self proteins/tissues and the subsequent generation
of immune-mediated inflammation.. Multiple organs and systems are affected
clinically including kidney, lung, musculoske'letal system, mtc.ocutaneous,
eye, central nervous system, cardiovascular system, gastrointestinal tract,
bone marrow and blood. Rheumatoid arthritis (811) is a chronic systemic 30
autoimmune inflammatory disease that mainly involves the synovial membrane
of mult.i.nle joints with resultant injury to the articular cartilage. The
pathogenesis is T lymphocyte dependent and is associated with the
production of .rheumatoid factors, auto-antibodies directed against self
IqG, with the resultant formation of immune complexes that attain high 35
levels in joint fluid and blood. These complexes in the joint may induce
the marked infiltrate of lymphocytes and monoCytes into the ssyn.oviunl and
subsequent marked synovial changes; the joint space/fluid if infiltrated by
similar cells with the addition of numerous neutrophils. Tissues affected
are primarily the joints, often in symmetrical pattern. However, extra 40
articular disease also occurs in two major forms. One form in the
development of extra-articular lesions with ongoing progressive joint  .sea
and typical lesions of pulmonary fibrosis, vasculitis, and  cutaneous
ulcers. The second form of extra-articular disease is the so  called
Felty's syndrome which occurs late in the R.A disease course,  57 sometimes
after joint disease has become quiescent, and involve-, the  presence of
neutropenia, thrombocytopenia and splenomegay. This can be  accompanied by
vasculitis in multiple organs with formations of infarcts,  skin ulcers and
gangrene. Patients often also develop rheumatoid nodules 5 in the subcutis
tissue overlying affected joints; the nodules late stage  have necrotic
centers surrounded by a mixed inflammatory cell infiltrate- Other
manifestations which can occur in RA include: pericarditis,  pleuritis,
coronary arteritis, interstitial pneumonitis with pulmonary  fibrosis,
keratoconjunctivitis sicca, and rheumatoid nodules. 10 The Ar~o2L,death
receptor antibodies, and CD20 antibodies can  be administered in accord
with known methods, such as intravenous  administration. as a bolus or by
continuous infusion over a period of time,  by intramuscular,
intraperitoneal, i.ntra.cerebrospinal, subcutaneous, i.ntra- articular,
intrasynovial, intrathecal, oral, topical, or inhalation routes. ;5
Optionally, administration may be performed through mini-pump infusion  



using various commercially available devices. Effective dosages and
schedules for administering A:po2L/TRAIL, death  receptor antibodies, and
CD20 antibodies may be determined empirically, and  making such
determinations is within the skill in the art. Single or 2 0 multiple
dosages may be employed. It is presently believed that an  effective dosage
or amount of Apo2L/TRAIL used alone may range from about 1  q/kg to about
100 m5/ kg of body weight. or more per day. Interspecies  u scaling of
dosages can be performed in a manner known in the art, e.g., _an c
disclosed in Mordenti at al., Pharreaceut. Res., 3:1351 c(1991) 25 When in
vivo administration of an Apo2L/TRAAIL is employed, normal  dosage amounts
may vary from about 10 ng/kg to up to 3.00 ,,,g/kg of mammal  body weight
or more per day, preferably about 1 jig/kg/day to 10 mg/kg/day,  depending
upon the route of administration, Guidance as to particular  dosages and
methods of delivery is provided in the literature; see, for 30 example,
t?.5. Pat. Nos. 4,657,760; 5,206,344; or 5,225,21.2. It is  anticipated
that different formulations will be effective for different  treatment
compounds and different disorders, that administration targeting  one organ
or tissue, for example, may necessitate delivery in a manner  different
from that to another organ or tissue. Those skilled in the art 35 will
understand that the dosage of Apo2L/RAIL that must be administered will
vary depending on, for example, the mammal which, will receive the
Apo2L/TRAIL, the route of administration, and other drugs or therapies
being  administered to the mammal. The CD20 antibody may be an antibody
such as Rituximab or humanized  40 21-Y7, which is not conjugated to a
cytotoxic agent. Suitable dosages for an  unconjugated antibody are, for
example, in the range from about 20 mg/m' to  about 1000 mg/mz. In one
embodiment, the dosage of the antibody differs  from that presently
recommended for Rituximab. Exemplary dosage regimens  58 for the CD20
antibody include 375 mg/m2 weekly x 4 or 8; or 1000 mg x 2  .g. on days 1
and 15) It is contemplated that yet additional therapies may be employed in
the  methods. The one or more other therapies may include but are not
l.i.r"ited to,  .. administration of radiation therapy, cytokine (s) :
growth inhibitory agent(s) chemotherapeutic agent(s), cytotoxic agent(s):
Lyrosine kinase inhibitors;  ras farnesyl t.ranef erase inhibitors,
angiogenesis inhibitors, and cyclin- denendent kinase inhibitors which are
known in the art and defined further  with particularity in section l
above. 10 Exemplary therapeutic antibodies include anti-HEF2 antibodies
including rhuNAb 4D.5 (HERCEPTIN,) (Carter et al., Proc. :Earl. Acad. Scar.
USA, 89:4285-4289 (1.992), U.S. Patent No. 5,725:856); anti-IL-B (St John_
et-.  



al., Chest, l03e932 (1993), and International Publication No. 140
95/23865);  anti-v= antibodies including humanized and/or affinity matured
anti-VFGF 15 antibodies such as the humanized anti-VEGF antibody huA4.6.l
AVRSTIN, (Kim  at al., Growth Factors, 7:53-64 (1992), International
Publication No. WO  96/30045, and WO 9.8/45331., published October 15,
1998); anti-PSCA  antibodies (WO01/40309) ; anti-CD40 antibodies, including
S2i6 and humanized  variants thereof (54000/75348) ; anti-CD11a antibodies
including Raptiva'" (US 20 Patent No. 5,622,700; WO 98/23761, Steppe at
al., Transplant .ntl. 4:3-7  (7.991.:, and ~Iourmant at al.,
Transplantation 58;377--380 (1994)); anti-Igo:  antibodies (Presta at al.,
IT, immunoI. 151.2623-2632 (1993), and  International Publication No. WO
95/19381;US Patent No. 5,714,338, issued  February 3, 1998 or. US Patent
No. 5,091,3:.3, issued February 25, 1992, NO 25 93/04173 published March 4,
1993, or international Application No.  pCT/US98/13410 filed June 30, 1998,
US Patent No. 5,714,338); anti-CD18  antibodies (ITS Patent No. 5,622,700,
issued April 22, 1997, or as in NO  97/26912, published July 31, 1997);
anti-Apo-2 receptor antibody antibodies  (N0 98/51793 published November
19, 1998) ; anti-TNF-alpha antibodies 30 including c:A2 (REMICADE,) ,
CDP571 and MAF-195 (See, CS Patent No. 5,672,347  issued September 30,
1997, Lorenz at at. J. Immunol. 156(41:1646-16E33  and Dhainaut at al.
:cit. Care Med. ?.3 (::):1461-1469 41995)); anti.. T.i.ssue Factor (TF)
antibodies (European Patent No. 0 420 937 d1 granted  November 9, 1994);
anti-human a,-5; integrin antibodies (NC. 96/06248  35 published February
19, 1998); anti-EGFR antibodies (chi"erized or humanized 225 antibody as in
INTO 9666/40210 published December 19, 1996); anti-0L3  antibodies such as
OK'I'3 (US Patent No. 4,515,893 issued may 7, 1985); anti- CD, 25 or
anti-Tao antibodies such as CHI-62:1 (SINRZECT,) and 7E`.NAP?X (See  US
Patent No. 5,693,762 issued December 2, 1997); anti-CD4 antibodies such 401
as the cV-7412 antibody (Choy at al. .Arthritis Rheum 39(1):52-56 (1996));
anti-CD52 antibodies such as CAnPAT11-7.1 (R.techmann at al. Nature
332:323- 337 (1968); anti-Fe receptor antibodies such as the 1,122 antibody
directed  against Fc RI as in Graziano at al. J. Immunol. 155(10).4996-5002
(1995);  anti- care inoembryon,ic antigen (CEA) antibodies such as h;1N-14
(Sharkey et  59 al, Cancer Rev. 55(23Suppl): 5935s-59455 .1995); antibodies
directed  against breast epithelial cells including huBra-3, hii-Mc 3 and
CHL6  (Ceriani at al. Cancer Res. 55{23); 5852s-58555 (1395); and Richman
at. al..  Cancer Res, 55(23 Supp); 5316s-5920s (1995)); antibodies that
bind to colon 5 carcinoma cells such as C242 (Litton at al. Bur J. Immunol
2601:1-9  (1996)); anti-CD38 antibodies, e.g. AT 13/5 (Ellis at al. J.
Immunol.  155(2):925-937 (1995)): anti-0033 antibodies such as Hu M195
(:7urcic et al.  Cancer Res 55(23 Suppl);59085-5910s f1995) and CMA-676 or
CDP771; anti-CD22  antibodies such as LL2 or LymphoCide (Juweid et al.
Cancer Res 55(23 10 Suppl):5599s--5.907s (1995); ant:.-EpCAM antibodies
such as 17-1A (PANOREX,)  



anti-GpIIb/TIIa antibodies such as abcir_imab or c7E3 Fab (REGPRO,) ; anti-
RSV antibodies such as MEDI--493 (SYN:AGIS ) , anti-C2MST antibodies such
as  PROTOVIR; anti-HTantibodies such as PR0542; anti-hepatitis antibodies
such as the anti-Sep B antibody OSTA.VSR,; anti-CA 125 antibody OvaRex; 15
anti-idiotypic GD3 epitope antibody BEC2; anti-,v,3 antibody VITAXIN;
anti-human renal cell carcinoma antibody such as ch-0250; ING-1; anti-human
1.7-1A antibody (362.2W94); anti-human colorectal tumor antibody (A33);
anti- human melanoma antibody R24 directed against GD3 ganglioside;
anti-lur.;an  sc^uamous--cell carcinoma (SF-25); and anti-human leukocyte
antigen (HLA) 20 antibodies such as Smart ZD10 and the anti-3aan DR
antibody Oncolym (Lym-1)  Preparation and dosing schedules for
chemotherapeutic agents may be  used according to manufacturers'
instructions or as determined empirically  by the skilled practitioner.
Preparation and dosing schedules for such  chemotherapy are also described
in Chemotherapy Service Ed., M.C. Perry, 25 Williams & Wilkins, Baltimore,
MD ,1992) . The chemotherapeutic agent may  precede, or follow
administration of the Apo2L/TRAIL, death receptor  antibody, arid/or C:D20
antibody, or may he given simultaneously therewith. Som.ettimes, it may be
beneficial to also administer one or more  cytokines or growth inhibitory
agent. 30 The Apo2L/TR_a,IL, death receptor antibodies, and 0020 antibodies
(and  one or more other therapies) may be administered concurrently or
setraentially. Following administration, treated cells in vatro can be
analyzed. Where there has been in vivo treatment, a treated mammal can be
monitored in various ways well known to the skilled practitioner. For. 35
instance, cancer cells can be examined pathologically to assay for necrosis
or serum can be analyzed for immune system responses. For PAS, and other
autoimmune diseases, the Apo2L/TRAIL, death  receptor antibody, and/or CD20
antibody may be combined with any one or  more of the imminosuppressive
agents, chemotherapeutic agents and/or 40 cytokines listed in the
definitions section above; any one or more disease- modifying antirheumatic
drugs (DMARDS), such as hydroiaycloroquine,  sulfasalazine, methotrexate,
le.flunomide, azathioprine, D-penicillamine,  Gold (oral), Gold.
(intramuscular), minocycline, cyclosporine,  Staphylococcal p.rote.i.n A
ir::mureadscrption, intra.,enous immunorllobul in  60 (PIG) nonsteroidal
antiinflammatory drugs (NSAIDS) ; glucocorticoid (e.g.  via joint
injection); corticoster-oid (e.g. methylpradni.soI-one and/or  prednisone)
; folate; an anti-tumor necrosis factor (TNF) antibody, e.g.
etanercept./ENEEEL'"', infl.iximab(REP';I D2E7 (X:,o.l) or CDP-870 5
(Celltech); IL--1R antagonist (e.g. Kineret); 1L-10 antagonist (e.g.
Ilodecakin); a blood, clotting modulator (e.g. WinRho) ; an IL-6
antagonist/anti.--TNF (CEP 1011); CD40 antagonist (e.g. SDEC 131); 19-Fc
receptor antagonist (MDX33); immunomodulator (e.g. thalidomide or lmmuDvn);



anti--CDS antibody (e.g. S5g1.i ; macrophage inhibitor (e.g. MDSE 23); i0J
costiraulatory blocker (e.g. EMS 185667 or Tolerimab); complement inhibitor
(e.g, h5Gl.l, 3E10 or an anti-decay accelerating factor (DAF) antibody); or
IL-2 antagonist (zxSMMAI T) For 3 cell malign:anci.es, e.g., the Apo2L
TRAIL, death receptor  antibody, and/or CD20 antibody may be combined with.
a chemotherapeutic  15 agent; cytokine, e.g. a I hokine such as IL-2,
1L-12, or an interferon, such as interferon alpha-2a; other antibody, e.g.,
a radiolabeled antibody  such as ibritumomab tiuxetan (ZF.VALINO), iodine
1131 tositumomab (BEXXATc".,i ,  I Lym-I (CNCOL` M ) ,
ynY-:GY-9PHOCIDEanti--CD52 antibody, such as alerstuzumab
(C.aNPAT?$-:!.F3') , anti-EhA-DR-? antibody, such as apolizumab,  20
anti-CD80 antibody (e.g. IDEC--114), epratuzumab, Hu1D'i0 (SMART ID10'"'),
CD19  antibody, CD40 antibody or CD22 antibody; an immunomodulator (e.g.
thalidomide or ImmuDyn) ; an inhibitor of angiogenesis (e.g. an anti-
vascular endothelial growth factor (VEGF) antibody such as AV.A:GTIN`Q or
thalidomide); idiotype vaccine (EPOCH); ONCO-TCS'"; HSPPC-96 (ONCOPHAGE'");
25 l.i.posomal therapy (e.g. daunorubicin citrate liposome), etc. in
another embodiment of the invention, articles of manufacture  containing
materials useful for the treatment of cancer or immune related  disease,
described above, are provided. In one aspect, the article of  manufacture
comprises (a) a container comprising CD20 antibody (preferably 30 the
container comprises the antibody and a pharmaceutically acceptable  carrier
or diluent within the container) ; (b) a container comprising  Apo2LJTRAII:
or death receptor antibody (preferably the container comprises  the
Apo2L/TR.AIL or death receptor antibody and a pharmaceutically  acceptable
carrier or diluent within the container); and (c) a Package 35 insert with
instructions for treating cancer or immune related disease in a  patient,
wherein the instructions indicate that amounts of the C.D20  antibody and
the Apo2L/TRAIL or death receptor antibody are administered to  the patient
that are effective to provide synergistic acts"-vity in treating  the
disease. 40 In all of these aspects, the package insert is on or associated
with.  the container, Suitable containers include, for example, bottles,
vials,  syringes, etc. The containers may be formed from a variety of
materials  such as glass or plastic. The container holds or contains a
composition  that is effective for treating the cancer or immune related
disease and may.  61 have a sterile access pert (for example the container
may be an intravenous  solution bag or a vial having a stopper pierceable
by a hypodermic  injection needle) At least one active agent. in the
composition is the  CD20 antibody, Apo2L/TRAIL or death receptor antibody.
The label or  package insert indicates that the composition is used for
treating cancer  or immune related disease in a. patient or subject
eligible for treatment  



with specific guidance regarding dosing amounts and intervals of antibody
and any other medicament being provided. The article of r: manufacture may
further comprise an additional container comprising a pharmaceutically 10
acceptable diluent buffer, such as bacter.iiostatic water for injection
(BwFIi, phosphate-buffered saline, Ringer's solution, and/or dextrose
solution. The. article of manufacture may further include other materials
desirable from a commercial and user standpoint, including other buffers,
diluents, filters, needles, and syringes. 1$ The following examples are
offered for illustrative purposes only,  and are not. intended to limit the
scope of the present invention in any  way. A IT patent and literature
references cited in the present  specification are hereby incorporated by
reference in their entirety. 20 MWIPL s Commercially available reagents
referred to in the examples were used  according to manufacturer's
instructions unless otherwise indicated. The  source of those cells
identified in the following exa,r,ples, and throughout  the specification,
by way of reference to the ATCC i.s the American Type  25 Culture
collection, ,Manassas, Virginia, Exampled  Ana1,.3.sis of :ZmC'~ ?1Y,:i+LLL
xe~gUca' n^.'~:~< .ion in IS 1 Ist2czz:a  cell lines 30 To examine the
cell-surface expression of Apo2L/TRAIL, receptors (DR4,  oR5, DcRI, and
DcR2) in human lymphoma cell lines, the B lymphoma cell  lines Ramos,
Daudi, Raji, and B:IAB! ATCC) were analyzed by FACE using  monoclonal
antibodies specific for DR4 (mJab 4H6.17 ,S; ATCC ISB-12455), DR5  (ma
3H3.14.5, H5-12534), DcRI (n.b SG9; Genentech, Inc.), or DcR2 (mAb 35 1G9,
Genentech, Tnc.) For Ramos cells, the analysis was carried out twice  to
ensure reproducibility (RA1170S A and B), As illustrated in Figure 4, DR4
and DRS were expressed at significant  levels (mean. fluorescence shift of
approximately 0,5 -- 1.? units) in all  four of the cell lines, while DCRI
and DcR2 were expressed at lower or 40 minimal levels (mean fluorescence
shift of approximately 0 - 0.3 units).  21e 2 Exam  Analysis of CD.O
exxress_ion in B lymphoma cell lines To examine the cell-surface expression
of CD20 in human lymphoma cell  45 Lines, the F lymphoma cell linen Ramos,
Baud), Ravi, and DJAB (ATCC) were  62 analyzed by FACS using a monoclonal
antibody specific for CD20 RIT:.:LAiv(r)',  Geneatec h, Inc.) . For Ramos
cells, the analysis was carried out twice to  ensure reproducibility (RPMCS
A and B) As illustrated in Figure 5, all four cell lines expressed high
levels  5 of CD20, indicated by a mean fluorescence shift of approximately
5 - 15  



units. Example 3 Effect of Apo2L/TRAIL, RITUXAN(r), or combination
treatment on the 10 of n e at b ivh-.x e"s nM23 i,sn taoma .troy xeno
i.z2its  in SC--D mice SCSD mice were injected subcutaneously with human
B-cell  non'sodgkin's BTA.2. lymphoma cells (ATCC) (20 million cells per
mouse) and  tumors were allowed to grow to -200 mm-'. The. mice were then
divided into 4 15 study groups (8 mice per group) and treated with five
int.ra-peritoneal (IF)  doses per week over 2 weeks (i.e., days 0-4 and
7-:11) of vehicle Arg- Succinate/20mmN Trs.s/0.02% Tween 20 pH -7.2),
Apo2L/TRAIL (amino acids 114- 281 of Figure 1) (60 mg/kg), or with 1 IF
dose per week over 2 weeks (i.e.,  days 0 and 7) of RITUXANe' (4 mg/kg,
Genentech, Inc.), or the combination of  20 these latter Apo2L/TRAIL and
Rla-,Mq5 regimens (Figure 6) Tumors in vehicle-treated mice grew rapidly,
while single-agent  Apo2L/TRAIL or RIT' AN(r) treatment markedly delayed
tumor growth. One mouse  in the Apo2L/TRAIL group showed complete tumor
ablation, leaving a tumor  incidence (TI) of 7/8, RITUXAN` treatment did
not ablate any tumors but 25 showed a more prolonged effect. Importantly,
combined treatment with  Ayo2L/TRAIT: and RITT-KANC caused a dramatic
reduction in tumor volume in all  mice, with 5 out of 8 mice showing
complete tumor ablation and 3/8 showing  minimal tumor growth for at least
28 days. These results indicate that  Apo21, / TRATI, and RITTJXAN5 can
exert synergistic anti-tumor activity against.  30 lymphoma. xenog.rafts.
Example 4 Effect. of Apo2L/TF aIL_ R'ITUXA N'~, or combination treatment on
the  -- gZ)v c f. rye es ba shed subcu:ta akous BL-' fl yt1"'hom~ tJ!'t?t \
ter;:. ztg`  35 grown in SCID mice, P. similar study to the one described
in Example 3 was conducted. SLID  mice were injected subcutaneously with
human L-cell non-Hodgkin's EJ<'S  lymphoma cells (ATI:C) (20 million cells
per mouse) and tumors were allowed  to grow to -200 mm', The mice were then
divided into 4 study groups (8 mice 40 per group) and treated with five
intraperitoneal (IF) doses per week over  2 weeks days 0-4 and 7-11) of
vehicle (0.5M Arg-Succin:ate/2OtM  Trio/0.02a Tween 20 pH =7.2),
Apo2L/TRAIL ("'Apo2L.0,'; amino acids 114-281  of Fig.l) (60 mg/tg), or
with I IF dose per week over 2 weeks (i.e., days 0  and 7) of RITC'XAN5 (4
mg/kg), or the combination of these latter.  45 Apc2L/'T`RAIL. and RITDX.l
(r) regimens. 63 The results are shown in wig. 7. Tumors in vehicle-treated
mice grew  rapidly, while single-agent Apo2L/TRAIL or RITLxXTi."^3`''
treatment markedly  delayed tumor growth.. Neither Apo2L/TRAIL nor
RIT[,.XAN'' alone caused any  



complete regressions, while RI'I2IXASae showed a more prolonged effect. As
in 5 the study described in Example 3, conthined treatment with
Apo2L/'!-?AIL and  RITAYa*7(r) caused a remarkable reduction in tumor
volume in all mice, with S  out of 7 mice showing complete tumor ablation.
These results indicate that  Apo2L/'TRAI.T., and RITCP.IAb7(r)(r) can exert
synergistic anti-tumor activity against  lymphoma. xenografts. 16 Exam le 5
Effect of Apc2L/TRAIL, RITOXANO, or combination treatment on caspase  ?3.
Ut W.>I n f. a:Fy};+]`.el :. 41 C t;dn ol} T3}vrst> ,Or  ---- - --------
xenografts crown in SLID mice To examine the processing of
apoptosis-mediating caspases in treated  tumors (indicated by proteolytic
caspase processing), SOID mice were  injected subcutaneously with human
B-cell non Hodgkin's I3JAB3 lymphoma cells  (ATCC) (20 million cells per
mouse) and tumors were allowed to grow to --200  mm:'. The mice were then
treated with vehicle (0.507 Arg-Succinate/20fM 20 Tris/0.02% Tween 20 pH
=7.2) (n=1), = IP dose of Apo2L,;TRAII: (60 mg/kg)  or I IP dose of RITOXI
(r) (4 mg/ kg, Genentech, Inc.) (n.=2) , or the  combination of those
latter A"o2L/TRAIL and RITMUX_\!" doses (n=2) . Two days  after treatment,
the tumors were harvested, lysed in lysis buffer, and  subjected to
immunoblot with specific antibodies against Caspese 8, 3, 9, 25 , and 7
(wits: anti.--beta actin antibody as a loading control) to visualize
caspase processing (Figure 6). Apo2L/TRAIL treatment (A) induced increased
processing of caspase 8,  3, 9, and 7 as compared to the vehicle control
(V), while RITUXAN(r) (R) did  not induce camase processing. Notably,
combination treatment with 30 Apo2L/TRATL and RITCLX<00` (AR) did not
further increase caspase processing  as compared to Apo2L/I`RAIL alone.
These results suggest that the  synergistic anti-tumor activity between
Apo2L/TRAIL and RITUXA,NC`' not  necessarily mediated by enhancement of
apoptosis, suggesting that  combination of apoptosis activation mediated by
Apo2L/TRAIL and complement 35 dependent lysis together with ADCC mediated
by RI7"JXAN(r) may underlie the  observed anti-tumor synergy. Example -6
Effect of s~r5n atic DRS art 70v.A;+, RITL7XAN(r) or combination treatment
40 on the... growth of p-e-established subcutaneous BJAB lymphoma tumor
xencgrafts in SLID mice SLID mice were i injected subcutaneously with human
B-cell  ncn-I7odgkin's EJAB lymphoma cells (ATCC) (20 million cells per
mouse) and  45 tumors were allowed to grow to -200 mm3. The mice were then
divided into 4 (54 study groups mice per gxoup) and treated with one
intr'aperitoneal IIr)  



injection per week over 2 weeks (i.e., days 0 and 7) of vehicle (0.514 Arg-
Succinate/20m1 'T"risj0.02% Tween 20 pH =7.2), agonise DR5 monoclonal
antibody ,"Apcrnala") (10 mg/kg), or RITIJXAN(r) (4 mg/kg) , or the
combination o.f ., these latter DRS antibody and R.XTWan(r) regimens
(Figure 9) - Tumors in  vehicle-treated mice grew rapidly, while
single-agent OHS antibody or  RITOXAN'r treatment markedly delayed tumor
growth. Importantly, combined  treatment with OR5 antibody and RITAXAN(r)
caused a dramatic reduction in  tumor volume in all mice, with 5 out of 7
mice showing complete tumor 10 ablation and 2/7 showing minimal tumor
growth for at least 35 days. 'these  results indicate that agonist CJR5
antibody and RITUXAN5 can exert  synergistic anti-tumor activity against
lymphoma xenograts. Exam =a ' I S Y. e z YRy Ant hods, or = m' a Ot; L 6 t
R,;,e*;.t.  Oil c ass p coos z f re ectak shrc su? t "Or'r  tumor
xenografts grown in 9CID mice To examine the processing of
apoptcsis-mediating caspasea in treated  20 tumors (indicated by
proteolytic caspase processing9010 mice were  injected subcutaneously with
human B-cell nonNodgxin'e BJB lymphoma cells  (ATCC) (20 million cells per
mouse) and tumors were allowed to grow to -200  ma!!'. The mice were then
treated with vehicle (0.SM Arg-Succinate/20m1  Tris;0.02% Tween 20 pll
-7.2) (n=l), or I IF dose of RITUXAN(r) (4 25 mg/.g) (n=2), or I IP dose of
agonist DR5 antibody (100 mg(kg) (n=2), or the  combination of these latter
ORS antibody and RITTXAN(r) doses (11=2) . Two  days after treatment, the
tumors were harvested, lysed in lysis huf.fer, and  subjected to immunoblot
with specific antibodies against Caspase 5, 3; 9,  and 7 (with anti-beta
actin antibody as a loading control) to visualise  30 caspase processing
(Figure 10) Agonise DRS antibody treatment (A) induced increased processing
of  caspase 8, 3, 9, and , as compared to the vehicle control (v), while
RIT`UXAN5 (R) did not induce caspase processing. Notably, combination
treatment with DR5 antibody and RITIXAN" (AR) did not further increase 35
caspase processing as compared to DRS antibody alone. These results suggest
that the synergistic anti-tumor activity between DRS antibody and RITuLl
(r)  is not necessarily mediated by enhancement of apoptosis, but rather
that  the combination of apoptosis activation mediated by agonist DRS
antibody  and complement-dependent lysis together with A00C mediated by
RITOXANC may  40 underlie the observed. anti-tumor synergy. Further data
illustrating expression of CD20 and Apc2L;TR_AIL  receptors in NHL cell
lines and the effects of Rituximab, Apo2L/TRAIT, and  combinations thereof
an cancer cells are provided in Figures Il.--la. 65 WHAT IS CLAIMED IS: 1.
A use of a synergistic effective amount of Apo2L/TRAIL polypeptide and CD20



antibody for the manufacture of medicament for the treatment of mammalian
cancer cells. 2. The use of claim 1 wherein said Apo2LiTRAIL polypeptide
comprises amino  acids 1-281 of Fig. 1 (SEQ ID NO:1) or a fragment or
variant thereof. 3. The use of claim I wherein said Apo2L/TRAIL polypeptide
comprises amino  acids 114-281 of Fig. 1 (SEQ ID NO:1). 4. The use of claim
1 wherein said cancer cells are exposed to said synergistic  effective
amount of Apo2L/TRAIL polypeptide and CD20 antibody in vivo. 5. The use of
claim 1 wherein said cancer cells are lymphoma cells. 6. The use of claim 1
further comprising exposing the cancer cells to one or more  growth
inhibitory agents. 7. The use of claim I further comprising exposing the
cells to radiation. 8. The use of claim 1 wherein said Apo2LITRAIL
polypeptide is expressed in a  recombinant host cell selected from the
group consisting of a CHO cell, yeast cell  and E. codi. 9. The use of
claim 1 wherein said Apo2LITRAIL polypeptide is linked to a  polyethylene
glycol molecule. 10. The use of claim I wherein said CD20 antibody is a
monoclonal antibody.  66 11. The use of claim 10 wherein said CD20 antibody
is the antibody Rituximab.  12. A use of a synergistic effective amount of
Apo2L/TRAIL polypeptide and  CD20 antibody for the manufacture of
medicament for the treatment of an  immune related disease. 13. The use of
claim 12 wherein said Apo2L/TRAIL polypeptide comprises amino  acids 1-281
of Fig. 1 (SEQ ID NO: 1) or a fragment or variant thereof. 14. The use of
claim 12 wherein said Apo2L/TRAIL polypeptide comprises amino  acids
114-281 of Fig. 1 (SEQ ID NO:1). 15. The use of claim 12 wherein said
Apo2LITRAIL polypeptide is expressed in a  recombinant host cell selected
from the group consisting of a CHO cell, yeast cell  and E. coll. 16. The
use of claim 12 wherein said Apo2LITRAIL polypeptide is linked to a
polyethylene glycol molecule, 17. The use of claim 12 wherein said immune
related disease is rheumatoid  arthritis or multiple sclerosis. 18. The use
of claim 12 wherein said CD20 antibody is a monoclonal antibody.  19. The
use of claim 18 wherein said CD20 antibody is the antibody Rituximab.  20.
The use of claim I or 12 wherein said Apo2LITRAIL polypeptide and CD20
antibody are administered sequentially. 21. The use of claim 1 or 12
wherein said Apo2LiTRAIL polypeptide and CD20  antibody are administered
concurrently. 67 22. A use of synergistic effective amounts of Apo2L/TRAIL
polypeptide and  CD20 antibody in the preparation of a formulation or a kit
or an article of  



manufacture for treating mammalian cancer cells. 23. The use of claim 22
wherein said cancer cells are exposed to said synergistic  effective amount
of Apo2L/TRAIL polypeptide and CD20 antibody in vivo. 24. The use of claim
22 wherein said cancer cells are lymphoma cells. 25. The use of claim 22
further comprising exposing the cancer cells to one or  more growth
inhibitory agents. 26. The use of claim 22 further comprising exposing the
cells to radiation. 27. The use of claim 22 wherein said CD20 antibody is a
monoclonal antibody.  28. The use of claim 27 wherein said CD20 antibody is
the antibody Rituximab.  29. The use of claim 22 wherein said Apo2L/TRAIL
polypeptide comprises amino  acids 114-281 of Figure 1. 30. The use of
claim 24 wherein said lymphoma cells are non-Hodgkin's  lymphoma cells. 31.
A use of a synergistic effective amount of Apo2L/TRAIL polypeptide and
CD20 antibody in the preparation of a formulation or a kit or an article of
manufacture for treating an immune related disease in a mammal. 32. The use
of claim 31 wherein said immune related disease is rheumatoid  arthritis or
multiple sclerosis. 68 33, The use of claim 31 wherein said CD20 antibody
is a monoclonal antibody.  34. The use of claim 33 wherein said CD20
antibody is the antibody Rituximab.  35. The use of claim 22 or 31 wherein
said Apo2L/TRAIL polypeptide and CD20  antibody are administered
sequentially. 36. The use of claim 22 or 31 wherein said Apo2L/TRAIL
polypeptide and CD20  antibody are administered concurrently. 37. An
article of manufacture for the treatment of cancer or immune related
disease, comprising (a) a container comprising CD20 antibody; (b) a
container  comprising Apo2L/TRAIL polypeptide; and (c) a package insert
with instructions  for treating cancer or immune related disease in a
patient, wherein the  instructions indicate that amounts of the CD20
antibody and Apo2L/TRAIL  polypeptide are administered to the patient that
are effective to provide  synergistic activity in treating the disease. 38.
The article of manufacture of claim 37 wherein the CD20 antibody is
Rituximab or humanized 2H7. 39. A use of Apo2L/TRAIL polypeptide and
Rituximab in the preparation of a  formulation or an article of manufacture
for the treatment of lymphoma. 40. The use of claim 39 wherein the lymphoma
is human B-cell non-Hodgkin's  lymphoma. 41. The use of claim 39 wherein
the Apo2L/TRAIL polypeptide comprises amino  acids 114-281 of Figure 1. 69
P2031R1A PCT Sequence Listing  Sequence Listing 



<110> Genentech, Inc. <120> METHODS OF USING DEATH RECEPTOR LIGANDS AND
CD20 ANTIBODIES  <130> P2031R1A PCT <140> PCT/US2005/031907  <141>
2005-09-07 <150> us 60/607,909  <151> 2004-09-08  <150> us 60/666,553
<151> 2005-03-30  <160> 11 <210> 1  <211> 281  <212> PRT <213> Homo sapiens
<400> 1 Met Ala met met Glu Val Gln Gly Gly Pro Ser Leu Gly Gln Thr  .1 5
10 15  Cys Val Leu Ile Val Ile Phe Thr Val Leu Leu Gln Ser Leu Cys 20 25 30
val Ala Val Thr Tyr Val Tyr Phe Thr Asn Glu Leu Lys Gln met  35 40 45 Gln
Asp Lys Tyr Ser Lys ser Gly Ile Ala cys Phe Leu Lys Glu  50 55 60  .Asp Asp
ser Tyr Trp ASP Pro Asn Asp Glu Glu Ser Met Asn Ser 65 70 75  Pro Cys Trp
Gln Val Lys Trp Gln Leu Arg Gln Leu Val Arg Lys  80 85 90 Met Ile Leu Arg
Thr Ser Glu Glu Thr Ile ser Thr Val Gln Glu  95 100 105  Lys Gln Gln Asn
Ile Ser Pro Leu Val Arg Glu Arg Gly Pro Gln 110 115 120  Arg Val Ala Ala
His Ile Thr Gly Thr Arg Gly Arg Ser Asn Thr  125 130 135 Leu Ser Ser Pro
Asn ser Lys Asn Glu Lys Ala Leu Gly Arg Lys  140 145 150  Ile Asn Ser Trp
Glu Ser Ser Arg ser Gly His Ser Phe Leu Ser 155 160 165  Asn Leu His Leu
Arg Asn Gly Glu Leu Val Ile His Glu Lys Gly  170 175 180 Phe Tyr Tyr Ile
Tyr Ser Gin Thr Tyr Phe Arg Phe Gin Glu Glu  185 190 195  Ile Lys Glu Asn
Thr Lys Asn Asp Lys Gln Met Val Gln Tyr Ile 200 205 210  



Tyr Lys Tyr Thr ser Tyr Pro Asp Pro Ile Leu Leu Met Lys Ser  Page 1
P2O31RIA PCT Sequence Listing 215 220 225  Ala Arg non 5ar cys Trp ser Lys
Asp Ala Glu Tyr Gly Lei; Tyr  230 235 240 5er Ile Tyr Gln Gly Gly Ile Phe
Glu Leu Lys Glu Asn Asp Arg  245 250 255  Ile Phe Val Ser Val Thr Asn Glu
His Leta Ile Asp Yet Asp His 260 265 270  Glu Ala Sep- Phe Phe Gly Ala Phe
Leu Val Gly 275 280  <210>.2 <212> 1042  <212"> DNA <213> Homo sapiens
<220> <221> N  <222> 447 <223> may be T or G  <400> 2 tttcctcact gactataaaa
gaatagagaa ggaagggci_t: cag:gaccgg 50  ctgcctggct gacttacagc agtcagact:c
t:gacaggatc atggctatga 100  tggaggtcca ggggggaccc agcctgggac agacctgcgt
gctgatcgtg 150  at:cttcacag tgctcctgca gtctctctgt gtggctgtaa cttacgtgta 200
ctttaccaac gagctgaagc agatgcagga caagtactcc aaaagtggca 250  ttgcttgttt
cttaaaagaa gatgacagtt attgggaccc caatgacgaa 300  gagactatga acagcccctg
ctgcicaagtc aagtggcaac tccgtcagct 350  cgttanaaag atgatt:t:tga gaacctctga
ggaaaccatt tctacagttc 400  aagaaaagca acaaaatatt tctcccctag tgagagaaag
aggtccncag 450  agagtagcag ctcacataac tgggaccaga ggaagaagca acacattgtc 500
ttctccaaac tccaagaatg aaaaggctct gggccgcaaa ataaactcct 550  gggaatcatc
aaggagtggg cattcattcc tgagcaactt gcacttgagg 600  aat.ggtgaac tggtcatcca
tgaaaaaggg ttttactaca tctattccca 650  aacatacttt cgatttcagg aggaaataaa
agaaaacac:a aagaacgaca 700  aacaaatggt ccaatatatt tacaaataca caagttatcc
tgaccctata 750  ttgttgatga aaatgtgctag aaatagttgt tggtctaaag atgcagaata 800
tggactctat tccatctatc aagggggaat atttgagctt= aaggaaaatg 850  acagattttt
tgtttctgta acaaatc;agc: acttgataga catggaccat 900  gaagccagtt tt:ttcggggc:
ctttttagtt ggctaactga cctggaaaga 950  aaaaacaata acctcaaagt gactattcag
ttttcaggat gat_acac.tat 1000  gaagatgttt caaaaaatct gaccaaaaca aacaaacaga
as 1042 <210> 3 



Page 2 P2031R1A PCT sequence Listing  <211> 468 <212> PRT <213> Homo
sapiens  <400> 3 Met Ala Pro Pro Pro Ala Arg Val His Leu Gly Ala Phe Leu
Ala  1 5 10 15  Val Thr Pro Asn Pro Gly Ser Ala Ala Ser Gly Thr Glu Ala Ala
20 25 30  Ala Ala Thr Pro ser Lys Val Trp Gly Ser Ser Ala Gly Arg Ile  35
40 45 Glu Pro Arg Gly Gly Gly Arg Gly Ala Leu Pro Thr 5er met Gly  50 55 60
Gln His Gly Pro Ser Ala Arg Ala Arg Ala Gly Arg Ala Pro Gly 65 70 75  Pro
Arg Pro Ala Arg Glu Ala Ser Pro Arg Leo Arg Val His Lys  80 85 90 Thr Phe
Lys Phe Val Val Val Gly val Leu Leu Gln Val Val Pro  95 100 105  ser ser
Ala Ala Thr Ile Lys Leu His Asp Gln ser Ile Gly Thr 110 115 120  Gln Gln
Trp Glu His Ser Pro Leo Gly GiU Leo Cys Pro Pro Gly  125 130 135 ser His
Arg 5er Glu Arg Pro Gly Ala Cys Asn Arg cys Thr Glu  140 145 150  Gly Val
Gly Tyr Thr Asn Ala 5er Asn Asn Leu Phe Ala cys Leu 155 160 165  Pro Cys
Thr Ala Cys Lys 5er Asp Glu G1u Glu Arg Ser,Pro cys  170 175 180 Thr Thr
Thr Arg Asn Thr Ala Cys Gln Cys Lys Pro Gly Thr Phe  185 190 195  Arg Asn
Asp Asn Ser Ala Glu Met Cys Arg Lys Cys Ser Thr Gly 200 205 210  Cys Pro
Arg Gly Met Val Lys Val Lys Asp Cys Thr Pro Trp 5er  215 220 225 Asp Ile
Glu Cys Val His Lys Glu 5er Gly Asn Gly His Asn Ile  230 235 240  Trp Val
Ile Leu Val Val Thr Leu Val Val Pro Leu Leu Leu Val 245 250 255  Ala Val
Leu Ile Val Cys Cys Cys Ile Gly Ser Gly Cys Gly Gly  260 265 270 Asp Pro
Lys Cys Met Asp Arg Val Cys Phe Trp Arg Leo Gly Leu  



275 280 285  Leu Arg Gly Pro Gly Ala Glu Asp Asn Ala His Asn Glu Ile Leu
290 295 300  ser Asn Ala Asp 5er Leu 5er Thr Phe Val ser Glu Gln Gln met
305 310 315  Page 3 P2031H1A PCT Sequence Listin Glu Ser Gin Glu Pro Ala
Asp Leu Thr Gly Val Thr Val Gin ser  320 325 330  Pro Gly Glu Ala Gin cys
Leu Leu Giy Pro Ala Glu Ala Glu Gly 335 340 345  Ser Gin Arg Arg Arg LeU
Leu val Pro Ala Asn Gly Ala ASP Pro  3.50 355 360 Thr Glu Thr Leu Met Leu
Phe Phe Asp LYs Phe Ala .Asn Ile Val  365 370 375  Pro Phe .Asp ser Trp Asp
Gin Leu Met Arg Gin Leu .Asp Leu Thr 380 38S 390  tyS Asn GtU Ile Asp Val
Val Arg Ala Gly Thr Ala Gly Pro Gly  395 400 405 ASP Ala Leu Tyr Ala Met
Leu Met Lys Trp Val Asn Lys Thr Gly  410 415 420  Arg Asn Ala ser lie His
Thr Leu Leu Asp Ala L.eu Glu Arg Met 425 430 435  Glu Glu Arg His Ala Lys
Glu Lys Ile Gin ASP Leu Leu val Asp  440 445 450 ser Gly Lys Phe Ile Tyr
LeU Glu Asp Gly Thr Gl_y Ser Ala va  455 460 465  Ser Leu Glu <210>  <211>
1407  <212> DNA <213> Ho:::o sapiens  <400> 4 atggcgccac caccagctag
agtacatcta ggtgcgti_cc tggcagtgac 50  tCCgaatccc gggagcgcaq cgagtgggac
agaggcagcc gcggccacac 100  ccagcaaagt gtggggctct tccgcgggga ggattgaacc
acgaggcggg 150  ggccgaggag cgctccctac ctccatggga cagcacggac ccagtgcccg 200
ggcccgggca gggcgcgccc caggacccag gccggcgcgg gaagccagcc 250  ctcggctccg
ggtccacaag accttcaagt tt_gtcgtcgt cggggtcctg 300  ctgcaggtcg tacctagctc
agctgcaacc atgatcaatc aattggcaca 350  aattggcaca cagcaatggg aacatagccc
tttgggagag ttgtgtccac 400  caggatctca tagatcagaa cgtcc.tggag cctgtaaccg
gtgcacagag 450  ggtgtgggtt acaccaatgc. ttccaacaat ttgtttgctt. gcctcccatg
500  



tacagctte,t aaatcagatg aagaagagaq aagtccctgc accacgacca 550  ggaacacagc
atgtcagtgc aaaccaggaa. ct:ttccggaa tgacaattci: 600  gctgagatgi gccggaagtg
cagcacaggg tgccccagag ggatggtcaa 650  ggtcaaggat tgtacgccct ggagtgacat
cgagtgtgtc cacaaagaat 700  caggcaatgg acataatat:a tgggt:gatt:: tggtt:gtgac
tt:tggttgrt 750  Page 4 P2031R1A PCT Sequence Listing  ccgttgctgt
tggtggctgt gctgattgtc tgttgttgca tcggctcagg 800  ttgtggaggg gaccccaagt
gcatggacag ggtgtgtttc tggcgcttgg 850  gtctcctacg agggcctggg gctgaggaca
atgctcacaa cgagattctg 900  agcaacgcag actcgctgtc cactttcgtc tctgagcagc
aaatggaaag 950  ccaggagccg gcagatttga caggtgtcac tgtacagtcc ccaggggagg 1000
cacagtgtct gctgggaccg gcagaagctg aagggtctca gaggaggagg 1050  ctgctggttc
cagcaaatgg tgctgacccc actgagactc tgatgctgtt 1100  ctttgacaag tttgcaaaca
tcgtgccctt tgactcctgg gaccagctca 1150  tgaggcagct ggacctcacg aaaaatgaga
tcgatgtggt cagagctggt 1200  acagcaggcc caggggatgc cttgtatgca atgctgatga
aatgggtcaa 1250  caaaactgga cggaacgcct cgatccacac cctgctggat gccttggaga
1300  ggatggaaga gagacatgca aaagagaaga ttcaggacct cttggtggac 1350
tctggaaagt tcatctactt agaagatggc acaggctctg ccgtgtcctt 1400  ggagtga 1407
<210> 5  <211> 411  <212> PRT <213> Homo sapiens  <400> 5 Met Glu Gln Arg
Gly Gln Asn Ala Pro Ala Ala 5er Gly Ala Arg  1 5 10 15  Lys Arg His Gly Pro
Gly Pro Arg Glu Ala Arg Gly Ala Arg Pro 20 25 30  Gly Leu Arg Val Pro Lys
Thr Leu Val Leu Val Val Ala Ala Val  35 40 45 Leu Leu Leu val 5er Ala Glu
5er Ala Leu Ile Thr Gln Gln Asp  50 55 60  Leu Ala Pro Gln Gln Arg Ala Ala
Pro Gln Gln Lys Arg 5er 5er 65 70 75  Pro Ser Glu Gly Leu Cys Pro Pro Gly
His His Ile Ser Glu Asp  80 85 90 Gly Arg Asp Cys Ile Ser Cys Lys Tyr Gly
Gln Asp Tyr 5er Thr  95 100 105  His Trp Asn Asp Leu Leu Phe Cys Leu Arg
Cys Thr Arg Cys Asp 110 115 120  5er Gly Glu Val Glu Leu 5er Pro Cys Thr
Thr Thr Arg Asn Thr  



125 130 135 Val Cys Gln Cys Glu Glu Gly Thr Phe Arg Glu Glu Asp Ser Pro
140 145 150  Glu Met Cys Arg Lys Cys Arg Thr Gly Cys Pro Arg Gly Met Val
155 160 165  Page 5 P2031R1A PCT Sequence Listing Lys Val Gly Asp Cys Thr
Pro Trp Ser Asp Ile Glu Cys Val His  170 175 180  Lys Glu Ser Gly Ile Ile
Ile Gly Val Thr Val Ala Ala Val val 185 190 195  Leu Ile Val Ala Val Phe
Val Cys Lys Ser Leu Leu Trp Lys Lys  200 205 210 Val Leu Pro Tyr Leu Lys
Gly Ile Cys Ser Gly Gly Gly Gly Asp  215 220 225  Pro Glu Arg Val Asp Arg
ser ser Gln Arg Pro Gly Ala Glu Asp 230 235 240  Asn Val Leu Asn Glu Ile
Val Ser Ile Leu Gin Pro Thr Gln Val  245 250 255 Pro Giu Gln Glu Met Glu
Val Gln Glu Pro Ala Glu Pro Thr Gly  260 265 270  val Asn Met Leu Ser Pro
Gly Glu Ser Glu His Leu Leu Glu Pro 275 280 285  Ala Glu Ala Glu Arg Ser
Gin Arg Arg Ar9 Leu Leu Val Pro Ala  290 29s 300 Asn Glu Gly Asp Pro Thr
Glu Thr Leu Arg Gln Cys Phe Asp Asp  305 310 315  Phe Ala Asp Leu Val Pro
Phe Asp ser Trp Glu Pro Leu Met Arg 320 325 330  Lys Leu Gly Leu Met ASP
Asn Glu Ile Lys Val Ala Lys Ala Glu  335 340 345 Ala Ala Gly His Arg Asp
Thr Leu Tyr Thr Met Leu Ile Lys Trp  350 355 360  Val Asn Lys Thr Gly Arg
Asp Ala Ser Val His Thr Leu Leu Asp 365 370 375  Ala Leu Glu Thr Leu Gly
Glu Arg Leu Ala Lys Gin Lys Ile Glu  380 385 390 .Asp His Leu Leu ser ser
Gly Lys Phe Met Tyr Leu Glu Gly Asn  395 400 405  Ala Asp Ser Ala Leu Ser
410  <210> 6 <211> 440  



<212> PRT <213> Homo sapiens  <400> 6 Met Glu Gin Arg Gly Gin Asn Ala Pro
Ala Ala Ser Gly Ala Arg  1 5 10 15  Lys Arg His Gly Pro Gly Pro Arg Glu Ala
Arg Gly Ala Arg Pro 20 25 30  Gly Pro Arg Val Pro Lys Thr Leu Val Leu Val
Val Ala Ala Val  35 40 45 Leu Leu Leu Val Ser Ala Glu Ser Ala Leu Ile Thr
Gln Gln Asp  50 55 60  Page 6 P2031RIA PCT sequence Listing Leu Ala Pro Gin
G1n Arg Ala Ala Pro Gin Gin Lys Arg 5er ser  65 70 75  Pro Ser Glu Gly Leu
Cys Pro Pro Gly His His Ile Ser Glu Asp 80 85 90  Giy Arg Asp Cys Ile 5er
cys Lys Tyr Gly Gln Asp Tyr 5er Thr  95 100 105 His Trp Asn Asp Leu Leu Phe
Cys Leu Arg Cys Thr Arg Cys Asp  1.10 115 120  Ser Gly Glu Val Glu Leu ser
Pro Cys Thr Thr Thr Arg Asn -1-hr 125 1.30 135  valcys Gin Cys Glu Glu Gly
Thr Phe Arg Glu Glu Asp Ser Pro  140 145 150 Glu Met: cys Arg Lys Cys Arg
Thr Gly CyS Pro Arg Gly Met val  155 160 165  Lys Val Giy ASP Cys Thr Pro
-t'r'ip Ser Asp Ile Gu Cys Val His 170 115 180  Lys. Glu Ser Giy Thr Lys
HIS ser Gly Glu Ala Pro Ala Val Glu  185 190 195 Glu Thr Val Thr 5er 5er
Pro Gly Thr Pro Ala Set, Pro Cys 5er  200 205 210  Lou 5er Giy Ile Ile Ile
Gly Val Thr Val Ala Ala val Val Leu 215 220 225  11e Val Ala Val Phe Val
Cys Lys Ser Leu Leu Trp Lys Lys Val  230 235 240 Lea Pro Tyr Leu Lys Giy
Ile r_ys 5er Gly Gly Gly Giy Asp Pro  245 250 255  Glu Are? Val Asp Arg 5er
ser Gln Arta Pro (ly Ala Glu Asp Asn 260 265 270  Val Leu Asn Glu Ile Val
ser Ile Leu Gin Pro Thr Gln Val Pro  27S 280 285 



Glu Gin Glu Met Glu Val Gin Glu Pro Ala Glu Pro Thr (Ay Val  290 295 300
Asn Met Leu Set- Pro Gly Glu 5er Glu His Leu Leu Glu Pro Ala 30S 310 315
Glu Ala Glu Arg 5er Gin Arg Arg Arg Leu Leu Val Pro Ala Asn  320 325 330
Glu Gly Asp Pro Thr Glu Thr Lou Ar'9 Gln Cys Phe Asp Asp Phe  33.5 340 345
Ala Asp Leu Val Pro Phe Asp Ser Trp Glu Pro Leu met Arg Lys 3S0 355 360
Leu Gly Leu Met ASP Asn Glu ile Lys val Ala Lys Ala Glu .Ala  365 370 375
Ala Gly His Ary Asp Thr Lou Tyr Thr Met LE li Lys Trp Val 380 385 390  ASn
Lys Thr Gly Arc ASP Ala Ser Val His Thr Lou Leu A S p Ala  Page 7 P2031RIA
PCT Sequence Listing 395 400 405  Leu Glu Thr Leu Gly Glu Arg Leu Ala Lys
Gin Lys Ile Glu Asp  410 415 420 His Leu Leu 5er ser Gly Lys Phe Met Tyr
Leu Glu Gly Asn Ala  425 430 435  Asp 5er Ala Met Ser 440  <210> 7 <211>
107  <212> PRT <213> Artificial sequence  <220> <223> synthetic  <400> 7
Asp Ile Gin Met Thr Gln 5er Pro Ser Ser Leu Ser Ala Ser Val  1 5 10 15  Gly
Asp Arg Val Thr Ile Thr Cys Arg Ala Ser ser 5er Val ser 20 25 30  Tyr Met
His Trp Tyr Gin Gln Lys Pro Gly Lys Ala Pro Lys Pro  35 40 45 Leu Ile Tyr
Ala Pro Ser Asn Leu Ala 5er Gly Val Pro Ser Arg  50 55 60  Phe Ser Gly Ser
Gly 5er Gly Thr Asp Phe Thr Leu Thr Ile Ser 65 70 75  ser Leu Gin Pro Glu
Asp Phe Ala Thr Tyr Tyr cys Gin Gln Trp  80 85 90 



Ser Phe Asn Pro Pro Thr Phe Gly Gin Gly Thr Lys Val Glu Ile  95 100 105
Lys Arg <210> 8  <211> 122  <212> PRT <213> Artificial sequence  <220>
<223> synthetic  <400> 8 Glu Val Gin Leu Val Glu Ser Gly Gly Gly Leu Val
Gin Pro Gly  1 5 10 15  Gly 5er Leu Arg Leu Ser Cys Ala Ala 5er Gly Tyr Thr
Phe Thr 20 25 30  5er Tyr Asn met His Trp Val Arg Gin 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 5er 65 70
75  Page 8 P2031R1A PCT Sequence Listing Lys Asn Thr Leu Tyr Leu Gin Met
Asn Ser Leu Arg Ala Glu Asp  80 85 90  Thr Ala Val Tyr Tyr Cys Ala Arg Val
Val Tyr Tyr Ser Asn Ser 95 100 105  Tyr Trp Tyr Phe Asp Val Trp Gly Gin Gly
Thr Leu Val Thr Val  110 115 120  Ser Ser <210> 9  <211> 213  <212> PRT
<213> Artificial sequence  <220> <228> synthetic  <400> 9 Asp Ile Gln Met
Thr Gin ser Pro Ser ser Lets ser Ala Ser Val  1 5 10 15  Gly .Asp Arg Val
Thr Ile Thr Cyr 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 Lets Ile Tyr Ala Pro Ser
Asn Lear Ala Ser Gly Val Pro Ser .Arg  



50 55 ru0  Phe ser Gly Ser Gly ser Gly Thr Asp Phe Thr Leu Thr We Ser 65 70
75  ser Leu Gln Pro Glu Asp Phe Ala Thr Tyr Tyr Cys Gln Gin 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 5er Val Phe Ile :she Pro Pro Ser 110 115 120
Asp Glu Gln Leu Lys 5er Gly Thr Ala 5er Val Val Cys Leu Les  125 130 135
Asn Asn Pl'e Tyr Pro Arg Glu Ala Lys Val Gln Trp Lys Val Asp  140 145 150
Asn Ala Leu An 5er Gly Asn ser On Glu Ser val Thr Glu Gin 155 160 165  Asp
5er Lys Asp Ser Thr Tyr 5er Leu 5er 5er 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 Gin Gly Leu ser Ser Pro val Thr Lys 5er Phe Asn Arg 200 205 210  Gly
Glu Cys <210> 10  <211> 452 Page 9 P2031RIA PCT Sequence Listing  <212> PRT
<213> Artificial sequence  <220> <223> synthetic  <400> 10 Glu Val Gln Leu
Val Glu Ser Gly Gly Gly Leu Val Gln Pro Gly  1 5 10 15  Gly Ser Leu Arg Leu
Ser Cys Ala Ala ser Gly Tyr Thr Phe Thr 20 25 30  Ser Tyr Asn Met His Trp
Val Arg Gln Ala Pro Gly Lys Gly Leu  35 40 45 Glu Trp Val Gly Ala Ile Tyr
Pro Gly Asn Gly Asp Thr Ser Tyr  50 55 60  Asn Gln Lys Phe Lys Gly Arg Phe
Thr Ile Ser Val Asp LyS ser 65 70 75  Lys Asn Thr Leu Tyr Leu Gln Met Asn
ser Leu Arg Ala Glu Asp  80 85 90 



Thr Ala Val Tyr Tyr Cys Ala Arg Val Val Tyr Tyr Ser Asn Ser  95 100 105
Tyr Trp Tyr Phe Asp Val Trp Gly Gln Gly Thr Leu Val Thr Val 110 115 120
Ser Ser Ala Ser Thr Lys Gly Pro Ser Val Phe Pro Leu Ala Pro  125 130 135
Ser ser Lys ser Thr Ser Gly Gly Thr Ala Ala Leu Gly Cys Leu  140 145 150
Val Lys Asp Tyr Phe Pro Glu Pro Val Thr Val Ser Trp Asn Ser 155 160 165
Gly Ala Leu Thr ser Gly Val His Thr Phe Pro Ala Val Leu Gln  170 175 180
5er 5er 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 5er 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 5er Val Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr 245 250 255
Leu Met Ile 5er 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 5er Thr Tyr Arg Val Val Ser Val Leu The Val Leu His  Page 10
P2031RIA PCT Sequence Listing 305 310 315  Gin Asp Trp Les: Asn Gly Lys Glu
Tyr Lys Cys Lys Val 5er 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 Gin Val
Tyr The Leu Pro Pro 5er Arg 350 355 360  Glu Glu Met Thr Lys rasa Gin Val
ser Leu Thr Cys Leu Val Lys  365 370 375 Gly Phe Tyr Pro 5er Asp Ile Ala
Val Glu Trp Glu sea- 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 5er Lys Leu Thr Val Asp Lys 5er
410 415 420 Arg Trp Gin Gln Gly Asn Val Phe 5er Cys Ser Val Met His Glu
425 430 435  Ala Leu His Asn His Tyr Thr Gin Lys Ser Leu Ser Leu 5er Pro
440 445 450  Gly Lys <210> 11  <211> 452  <212> PRT <213> Artificial
sequence  <220> <223> synthetic  <400> II Clu Val Gln Leu Val Glu ser Gly
Gly Gly Leu Val Gln Pro Gly  1 5 10 15  Gly ser Leu Arg Leu 5er Cys Ala Ala
5er Gly Tyr Thr Phe Thr 20 25 30  5er Tyr Asn Met His Trp Val Arty Gin Ala
Pro Gly Lys Gly Leu  35 40 45 clu Trp Val Gly Ala Ile Tyr Pro Gly Asn Gly
Asp Thr ser Tyr  50 55 60  Asn Gin Lys Phe Lys Gly .Arg Phe Thr Ile Ser Val
Asp Lys ter 65 i0 75  Lys Asn Thr Leu Tyr Leu Gln Met Asn 5er Leu Arg Ala
Glu Asp  80 85 90 Ala Val Tyr Tyr Cys Ala Arg Val Val Tyr Tyr Ser Asn 5er
95 100 105  Tyr Trp Tyr Phe Asp Val Trp Gly Gin Gly Thr Leu Val Thr Val 110
115 120  ser ser Ala 5er Thr Lys Gly Pro ser Val Phe Pro Leu Ala Pro  125
130 135  Page 11 P2031R1A PCT Sequence Listing 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 Leo 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
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
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eD_lY _ tl, N aT 2/15 1 ATGGCGCCAC CACCAGCTAG AGTACATCTA GGTCCTTTCC
TGGCAGTGAC  TACCGCGGTG GTGGTCGATC TCATGTAGAT CCACGCAAGG ACCGTCACTG  1
MetAlaProP roProAlaAr gVaMsLeu GlyAlaPheL euAlavalTh 51 TCCGAATCCC
GGGAGCGCAG CGAGTGGGAC AGAGGCAGCC GCGGCCACAC  AGGCTTAGGG CCCTCGCGTC
GCTCACCCTG TTTCCGTCGG CGCCGGTGTG  rProAsnPro GlySerAlaA laSerGlyTh
rGluAlaAla AlaAlaThrPro 101 CCAGCAAAGT GTGGGGCTCT TCCGCGGGGA GGATTGAACC
ACGAGGCGGG  GGTCGTTTCA CACCCCGAGA AGGCGCCCCT CCTAACTTGG TGCTCCGCCC  35
SerLysVa 1TrpGlySer SerAlaGlyA rgIleGluPr oArgGlyGly  151 GGCCGAGGAG
CGCTCCCTAC CTCCATGGGA CAGCACGGAC CCAGTGCCCG CCGGCTCCTC GCGAGGGATG
GAGGTACCCT GTCGTGCCTG GGTCACGGGC  GlyArgGlyA SaLeuProTh rSerMetGly
GInaisolyP roSerAlaArg  201 GGCCCGGGCA GGGCGCGCCC CAGGACCCAG GCCGGCGCGG
GAAGCGAGGC CCGGCCCCGT CCCGCGCGGG GTCCTGGGTC CGGCCGCGCC CTTCGGTCGG  68
AlaArgAla GlyArgAlaP roGlyProAr gProAlaArg GluAla.SerP  251 CTCGGCTCCG
GGTCCACAAG ACCTTCAAGT TTGTCGTCGT CGGGGTCCTG GAGCCGAGGC CCAGGTGTTC
TGGAAGTTCA AACAGCAGCA GCCCCAGGAC  roArgLeuAr gValHisLys ThrPheLysP
heValValVa 10lyValLeu  301 CTGCAGGTCG TACCTAGCTC AGCTGCAACC ATGATCAATC
AATTGGCACA GACGTCCAGC AAGGATCCAG TCGACGTTGG TAGTTTGAAG TACTAGTTAG  101
LeuGlnValV alProSarSe rAlaAlaThr IleLysLeuH isAspGlnSe  351 AATTGGCACA
CAGCACTGGG AACATAGCCC TTTGGGAGAG TTGTGTCCAC TTAACCGTGT GTCGTTACCC
TTCTATCGGG AAACCCTCTC AACACAGGTG  rIleGlyThr G1nGlnTrpC 1uHiBSerPr
oLeuGlyGlu LeuCysProPro  401 CAGGACCTAA TAGATCAGAA CGTCCTGGAG CCTGTAACCG
GTGCACAGAG GTCCTAGAGT ATCTAGTCTT GCAGGACCTC CGACATTGGC CACGTGTCTC  135
GlySerHi sArgSerGlu ArgProGlyA laCysAsnAr gCysThrGlu  451 GGTGTGGGTT
ACACCAATGC TTCCAACAAT TTGTTTGCTT GCCTCCCATG CCACACCCAA TGTGGTTACG
AAGGTTGTTA AACAAACGAA CGCAGCGTAC  G1yVa1G1yT yrThrAsnAl aSerAsnAsn
LeuPheAlaC ysLeuProCys  501 TACAGCTTGT AAATCAGGTG AACAACAGCG AAGTCCCTGC
ACCACGACCA ATGTCGAACA TTTAGTCTAC TTCTTCTCTC TTCAGGGACG TGGTGCTGGT  168
ThrAlaCys LysSerAspG luGluGluAr gSerProCys ThrThrThrA  551 GGAACACAGC
ATGTCAGTGC AAACCACCAA CTTTCCGGAA TGACAATTCT CCTTGTGTCG TACAGTCACG
TTTGGTCCTT GAAAGGCCTT ACTGTTAAGA  rgAsnThrAl aCysGinCys LysProGly'T
hrPheArgAs nAspAsnSer  601 GCTGAGATGT GCCGGAAGTG CAGCACAGGG TGCCCCAGAG
GGATGGTCAA CGACTCTACA CGGCCTTCAC GTCGTGTCCC ACGGGGTCTC CCTACCAGTT  



201 AlaGiuMetC ysArgLysCy sSerThrGly CysProArgG IyMetValLy  651 GGTCAAGGAT
TGTACGCCCT GGAGTGACAT CGAGTGTGTC CACAAAGAAT CCAGTTCCTA ACATGCGGGA
CCTCACTGTA GTGCACACAG GTGTTTCTTA  sValLysASp CysThrPrOT rpSerASpll
eGluCysVal HisLysGluSer FIG. 2A 3/15  701 CAGCAAATGG ACATAATATA TGGGTGATTT
TGGTTGTGAC TTTGGTTGTT GTCCGTTACC TGTATTATAT ACCCACTAAA ACCAACACTG
AAACCAACAA  235 G1yASnGl yHisAsnlle TrpValIleL euValValTh rLeuValVa1  751
CCGTTGCTGT TGGTGGCTGT GCTGATTGTC TGTTGTTGCA TCGGCTCAGG GGCAACGACA
ACCACCGACA CGACTAACAG ACAACAACGT AGCCGAGTCC  ProLeuLeuL euValAlaVa
1LeulleVal CysCyeCysI leGlySeroly  801 TTGTGGAGGG GACCCCAAGT GCATGGACAG
GGTGTGTTTC TGGCGCTTGG AACACCTCCC CTGGGGTTCA CGTACCTGTC CCACACAAAG
ACCGCGAACC  268 CysGlyGly AspProLySC ysMetAspAr gValCysPhe TxpArgLeuG  851
GTCTCCTACG AGGGCCTGGG GCTGAGGACA ATGCTCACAA CGAGATTCTG CAGAGCATGC
TCCCGGACCC CGACTCCTGT TACGAGTGTT GCTCTAAGAC  lyLeuLeuAr golyProGly
AlaGluASpA snAlaHisAS nGluIleLeu  901 AGCAACGCAG ACTCGCTGTC CACTTTCGTC
TCTGAGCAGC AAATGGAAAG TCGTTGCGTC TGAGCGACAG CTGAAAGCAG AGACTCGTCG
TTTACCTTTC  301 SerASnAlaA spSerLeuSe rThrPheVal SerGiuGlnG 1nMetGluSe  951
CCAGGAGCCG GCAGATTTGA CAGGTGTCAC TGTACAGTCC CCAGGGGAGG GGTCCTCGGC
CGTCTAAACT GTCCACATGT ACATGTCAGG GGTCCCCTCC  rGlnGluPro AlaAspLeuT
hrGlyValTh rValGlnSer ProGlyGluAla  1001 CACAGTGTCT GCTGGGACCG GCAGAAGCTG
AAGGGTCTCA GAGGAGGAGG GTGTCACAGA CGACCCTGGC CGTCTTCGAC TTCCCAGAGT
CTCCTCCTCC  335 G1nCysLe uLeuGlyPro A1aGluAlaG luolySerG1 nArgArgArg  1051
CTGCTGGTTC CAGCAAATGG TGCTGACCCC ACTGAGACTC TGATGCTGTT GACGACCAAG
GTCGGTTACC ACGACTGGGG TGACTCTGAG ACTACGACAA  LeuLeuValP roAlaAsnGl
yAlaASpPro ThrGluThrL euMetLeuPhe  1101 CTTTGACAAG TTTGCAAACA TCGTGCCCTT
TGACTCTTAG GACCAGCTCA GAAACTGTTC AAACGTTTGT AGCACGGGAA ACTGACGACC
CTGGTCGAGT  368 PheAspLys PheAlaASnI leValProPh eAspSerTrp AspGlnLeuM  1151
TGAGGCAGCT GGACCTCACG AAAAATGAGA TCGATGTGGT CAGAGCTGGT ACTCCGTCGA
CCTGGAGTGC TTTTTACTCT AGCTACACCA GTCTCGACCA  etArgGlnLe uAspLeuThr
LysAsnGluI leAspValVa lAxgAlaGly  1201 ACAGCAGGCC CAGGGGATGC CTTGTATGCA
ATGCTGATGA AATGGGTCAA TGTCGTCCGG GTCCCCTACG GAACATACGT TACGACTACT
TTACCCAGTT  401 ThrAlaGlyP roGlyAspAl aLeuTyrAla MetLewmetL ysTrpValAs
1251 CAAAACTGGA CGGAACGCCT CGATCCACAC CCTGCTGGAT GCCTTGGAGA GTTTTAATCT
GCCTTGGAGA GCTAGGTGTG GGACGACCTA CGGAACGTCT  nLysThrGly ArgAsnAlaS
erlleHiSTh rLeuLeuASp AlaLeuGluArg  1301 GGATGGACAA GAGACATGCA AAAGAGAAGA
TTCAGGACCT CTTGGTGGAC 



CCTACCTTCT CTCTGTACGT TTTCTCTTCT AAGTCCTGGA GAACCACCTG  435 MetGluGl
uArgHisAla LysGluLysl leGlnAspLe uLeuValASp  1351 TCTGGAAAGT TCATCTACTT
AGAAGATGGC ACAGGCTCTG CCGTGTCCTT AGACCTTTCA AGTAGATGAA TCTTCTACC:G
TGTCCGAGAC GGCAACGACA  SerGlyLysP heIleTyrLe uGluAspGly ThrGlySerA
laValserLeu  1401 GGAGTGA CCTCACT  468 G1uOP* FIG. 2 4/15  1 Pik,
Ql!3'.Sf?a"~lSGaSRi ".t tx17C~i~'FC ;.TiRL^.ARX'CvI,7l''V's "`z'L'i
"X.S'YAAt?',aY:L'~,''+iAF`.4.. LTTQQD  61 LF F(FQR S~SF R B ?9HGLCP x IH28k
A[ RSDCSSI Y5 C3{ DY43'l1`t3S' NDLLF C-LRC-TRE'J  121 S`G'F'4'L'`y,$EC'
2'TRN IC F4 EGTPREZDS =14C Cog`T{t`yAA ~aCG'(~"`D "3'Ptq'SD 'LyVTi  181 R1
IS( Ct't'V .A.UV'F+I'4?,A.~'TMF"i~CECa. +7~~5?~. EYI.ICU TCSGGRGDP,EFL'S
DRSS4 AE  241 'Re"SSL~2PT'{2`"XaEEA`&il'6F'T'GYX?1.9?f>SSE&Li,EP;
7k?SQIii'3RLL~?P:  301 NEGDPTETLRQCF`DDFADLVPFDSWEE _ GL8alX1S t -
GFTs~t7'E'S~YTAII?3.i2  361
SdNATGRDASVFiTLLDALETLGERI,AK~KIEDHLLSSGKF'M7CLEGNAD3AL9 ~ 12 A  FIG. 5/15
Met Glu Gln Arg Gly Gin Asn Ala Pro Ala Ala Ser Gly Ala Arg Lys 1 5 10 15
Arg His Gly Pro Gly Pro Arg Gin Ala Arg Gly Ala Arg Pro Gly Pro  20 25 30
Arg Val Pro Lys Thr Lou Val Leu Val Val Ala Ala Val Lau Lau Leu  35 40 45
Val Ser Ala Gin Ser Ala Lou Ile Thr Gin Gin Asp Lou Ala Pro Gin 50 55 60
Gin Arg Ala Ala Pro Gln Gln Lys Arg Ser Ser Pro Ser Gin Gly Lou  65 70 75
80 Cys Pro Pro Gly His His Ile Ser Glu Asp Gly Arg Asp Cys Ile Ser  85 90
95  Cys Lys Tyr Gly Gln Asp Tyr Ser Thr His Trp Ann Asp Lau Lau Phe 100 105
110  Cys Lau Arg Cyr Thr Arg Cys Asp Ser Gly Gin Val Glu Lou Ser Pro  115
120 125 Cys Thr Thr Thr Arg Asn Thr Val Cys Gin Cys Glu Glu Gly Thr Phe
130 135 140  Arg Gin Glu Asp Ser Pro Glu Met Cys Arg Lys Cys Arg Thr Gly
Cys  145 150 155 160  Pro Arg Gly Met Val Lys Val Gly Asp Cys Thr Pro Trp
Ser Asp Ile 165 170 175  Gin Cys Val His Lys Gin Ser Gly Thr Lys His Ser
Gly Glu Ala Pro  



180 185 190 Ala Val Gin Gin Thr Val Thr Ser Ser Pro Gly Thr Pro Ala Ser Pro
195 200 205  Cys Ser Lau Ser Gly Ile Ile Ile Gly Val Thr Val Ala Ala Val
Val 210 215 220  Lau Ile Val Ala Val Phe Val Cys Lys Ser Lou Lau Trp Lys
Lys Val  225 230 235 240  Lou Pro Tyr Lou Lys Gly Ile Cys Ser Gly Gly Gly
Gly Asp Pro Glu 245 250 255  Arg Val Asp Arg Ser Bar Gin Arg Pro Gly Ala
Gin Asp Ann Val Lau  260 265 270 Asn Gin Ile Val Ser Ile Lou Gln Pro Thr
Gln Val Pro Glu Gln Gin  275 280~y 285 FIG. (r)7 6/15  Met Glu Val Gln Glu
Pro Ala Glu Pro Thr Gly Val Asn Met Lau Ser 290 295 300  Pro Gly Glu Ser
Gin His Leu Lou Glu Pro Ala Glu Ala Glu Arg Bar  305 310 315 320  G1n Arg
Arg Arg Lau Lau Val Pro Ala Asn Gin Gly Asp Pro Thr Glu 325 330 335  Thr
Lau Arg Gin Cys Phe Asp Asp Phe Ala Asp Lou Val Pro Phe Asp  340 345 350
Bar Trp Glu Pro Lou Met Arg Lye Leu Gly Lou Not Asp Asn Gin Ile  355 360
365  Lys Val Ala Lys Ala Glu Ala Ala Gly His Arg Asp Thr Lou Tyr Thr 370
375 380  Met Lau Ile Lys Trp Val Asn Lys Thr Gly Arg Asp Ala Bar Val His
385 390 395 400  Thr Lau Lou Asp Ala Lau Gin Thr Lou Gly Glu Arg Lau Ala
Lys Gln 405 410 415  Lys Ile Gin Asp His Lau Lau Ber Bar Gly Lys Phe Met
Tyr Lau Glu  420 425 430 Gly Asn Ala Asp Bar Ala Met Bar a  435 440 !~r . M
7/15  2.0 1.9  1.8  1.7  1.6  



a 1.4  ! 1.3  U 1.2n I 1.1 1  1.0 0.9  0.8  0.7  let  cu 0.6 0.4  0.3 r f
02 0.1  0.0  Ramox.A Ramos B Dauth {:A~~7 E3JAB FI .4  15: O  U  m i ~  I
Raman A Ramos B Daa i RAJA B.#AE FIG. 5 8/15  ~^ iypii Apo2L (60 mglkg) 118
CR J- Rituxan (4 mgtkg) 018 CR  Tumor goo t *t r ~- Apo2L+Rituxan 518 CR  f
Volume f r+ v  (mm') 6013 yaf{. I F  R0 0 0 10 20 30 40 50 60  Apo2L 44+4+
44444 Day Rituxan 4 4 ~} FIG. 6 Apo2L.0 (60 mg/kg/mouse; 5x/wk; IP) Alone
and in Combination with  Rituxan (4 mg/kg/mouse;1xlwk; IP) vs. BJAB (SCIU
Mice) Xenograft  1600. x ~sr, 



_ - Cry  0?'7 0!7  --0- - Vehicle; T1=7/7 pr  1400F Apo2L.0; TI-7f7 (r) m
Rrtuxan; TI 7/7 +7 017  1200 Apo2L.0+Rituxan Ti=217+7~  P f Mouse sac'd due
to tumor Mean 1000 exceeding size limits  Tumor f  Volume 800 3 1  600- r
Tj 11 f 1F  a 0 10 20 30 40, 50 60  Rituxan Rx A A Days Vehicle & AUM A"
Apo2L 0 Rx FIG. 7 9115  V A R R AR AR  8 7L,7-- !-~- 3 4w Illp"Oplo   7 ~-
"~,; '  Ac --)P- ftm am am  FIG. V R R A A AR AR  --~Fs hvv v-.k s ~:r  3
Novo am Iii o- H 6. Ac -rte "'r L - --- ------- ------ Aawl 10  FIG, 10/15
Apomab (10 mg/kglmouse; lxlwk; IP) Alone and in Combination with  Rituxan
(4 mglkg/mouse; lxlwk; IP) vs. BJAB (SCID Mice) Xenograft  1600 



pp  1400 x- - Vehicle; TI=717 017 07 (r)_ _ Rituxan; TI=71717 G,7 / - E3
Apomab; TI=717 +17 ;017 .  1200- { - - Apomab+Rituxan TI=4/7 17 15+7  --
1000 Mouse sac'd due to tumor  / Mean 1 exceeding size limits  Tumor Volume
000  (mm3) q00 400-,: 0 10 20 30 50 60  Rituxan Rx A A Days Apomab Rx A A
Vehicle Rx AMU AMU FIG. 9 11/15 1atdl I  t mss " RAJI BJAB +  DOHH2  J OCLY
19 J Ramos T1 +  0 Ramos Al +  Colo205 + J ti q [G. o N ro o? C m  [L` er m
cV ci c C ~ Mean FITC Shift N (Background Subtracted) a  o CL  Cc  o Rs
RAJI a s ''-_ uu ? z B J B  a 0OHH,,2  C3 OCLY 19  Ramos TI  Ramon Al
:.'). +a3 C) it) 0 



Mean FITC Shift  (Background Subtracted) 12/15  Cooperation of Apo2L/TRAIL
and Rituximab Against Subcutaneous Ramos RAI Xenografts 1600 p ., 1 r T ;
r, s r.i ~, PR E CE  1100 1 - * - Vehicle O19 ~l"9~  0 Apo2UTRAIL 0/9 0/9
1200 A-  R fuxi nab i 0/9 t n,/D  Mean Apo2LITRAIL+Rltuximab 119 213  Tumor
1000 tf Volume f  (mm3) s f  600 I 400  200  o rim 0 5 10 15 20 25 35
Vehicle Apo2LTIRAIL Days  t Rltuximab a a I 92 Cooperation of Apo2UTRAIL
and Rituximab Against  DOHH-2 Follicular Lymphoma Xenografts 1600 3 i _ PR
CR  110O TI Vehicle DO- 10 Apo2L/TRAIL Oil  12 Rltuximab 0/10 011  Mean
.Aph2l-r' 1l,+RituximabJ 9i;O11/l0'  Tumor 1000 z Volume  (mm3) 60l?  600-
400- 200 0 5 10 16 20  Vehicle Apo2UTRAIL Days  Rltuximab A A W FIG,1 13/15
Rituximab and Apo2LITRAIL Kill BJAB 



Cells by Independent Mechanisms Caspase-317 Activity 2LIT  -4- ApoLffRAIL
Rituximab CD56 + NK _,_ _ Rituximab+anti-Fe  (E:T=10:1) 1500 A  q. C?  Af-R
Caspase-317 f '~ +~  1000 Activity {yr  (RFU) .'Y  ~OOm. r 1 10 100 law
FIG. 14A Concentration (ng/ml) NK Mediated ADCC ~__~_.-. Apo2LJTRAIL i  40
----T-rrrrrT r-2-rrr`'S Rituximab  CD56 + NK A- - Rituximab+anti-Fc
(E:T=10:1) A+R  Percent  `_ _ .  Cytotoxicity ~.- _, ------- 0 0 r r- r
z-rr ; i 10 ThU 1000 FIG. 14B Concentration (nylmi) 14/15  Rituximab and
Apo2L!TRAIL Kill BJAB Cells by Independent Mechanisms Ceti Viability
Apc2UTR-fi1t-- r,-rrrcx;- :ter --q-.- Rituximab 3I 1 A- - Rituximab+anti-Fc
x- - Apo2L/TRAIL+  Rituximab+anti-Fc  6000 -(.(F''  RFU ::T$ FA+iRiczFe R
~9C4~ x  - 98- 3L 10 100, 1,000 10000 FIG. 14C Concentration (ng/real) 



Cooperation of Apo2UiRAIL and Rituximab Against  Ramos T1
(Rltuximabresistant) Tumors 3X10 _ P`y"  x-- Vehicle 015 ill3  25i 0 m 0
Apo2LlTRAIL 11?'0 [}lz, f A-- Rituximab 01 r~  Mean Apo2LlTRAIL+  20G0 i` T
Rituximab Tumor tr ,A-  Volume 15. f/ x 1  (mm3) 1000 r  500 r , t a a g 10
15 20 25  Vehicle Apo2LrrRAIL Days  Rituximab A A FIG. 15 15/15
Cooperation of Apo2LITRAIL and Rituximab  Against Disseminated BJAB-Luc
Tumors  8000 0ev 3  6000 } ! )  Mean Intens 4000 tY ! II  2000- ` i  0
Vehid Rttt Aniab Rp021 Combo  TR IL 00,000- Mean Day 2Fi fk  100000
Intensity 1  200000 1 d 1_ -~_< VeNde Rifsxi vab Apo2L cmt,n  TRAIL C1
100: 71 L 



Vehicle  Riituximab  Apo2Lil RAIL % 5T3o2LUTRP.IL+  Survival 50 ~,,;r
C~ltuxmab  0 25 50 75 100 Vehicle - - Time (Days)  Apo2LfTRAIL -  Rituximab
T t FIG. 6 
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