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METHOD FOR MAKING MONOCLONAL 
ANTIBODIES AND CROSS-REACTIVE 

ANTIBODIES OBTAINABLE BY THE METHOD 

RELATED APPLICATION 

[0001] This is a divisional of non-provisional application 
Ser. No. 09/329,633 ?led Jun. 10, 1999 Which claims 
priority under 35 USC 119(e) to provisional application Ser. 
No. 60/089,253 ?led Jun. 12, 1998, the contents of Which are 
incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] This invention relates generally to a method for 
making monoclonal antibodies. The invention further per 
tains to antibodies obtainable by the method Which speci? 
cally cross-react With tWo or more different receptors to 
Which Apo-2 ligand (Apo-2L) can bind. 

[0004] 2. Description of Related Art 

[0005] Native antibodies are synthesiZed primarily by 
specialiZed lymphocytes called “plasma cells”. Production 
of a strong antibody response in a host animal is controlled 
by inducing and regulating the differentiation of B cells into 
these plasma cells. This differentiation involves virgin B 
cells (Which have a modi?ed antibody as a cell-surface 
antigen receptor and do not secrete antibodies) becoming 
activated B cells (Which both secrete antibodies and have 
cell-surface antibodies), then plasma cells (Which are highly 
specialiZed antibody factories With no surface antigen recep 
tors). This differentiation process is in?uenced by the pres 
ence of antigen and by cellular communication betWeen B 
cells and helper T cells. 

[0006] Because of their ability to bind selectively to an 
antigen of interest, antibodies have been used Widely for 
research, diagnostic and therapeutic applications. The poten 
tial uses for antibodies Were expanded With the development 
of monoclonal antibodies. In contrast to polyclonal antise 
rum, Which includes a mixture of antibodies directed against 
different epitopes, monoclonal antibodies are directed 
against a single determinant or epitope on the antigen and 
are homogeneous. Moreover, monoclonal antibodies can be 
produced in unlimited quantities. 

[0007] The seminal Work by Kohler and Milstein 
described the ?rst method for obtaining hybridomas that can 
produce monoclonal antibodies [Kohler and Milstein Nature 
256:495 (1975)]. In this method, an antibody-secreting 
immune cell, isolated from an immuniZed mouse, is fused 
With a myeloma cell, a type of B cell tumor. The resultant 
hybrid cells (i.e. hybridomas) can be maintained in vitro and 
continue to secrete antibodies With a de?ned speci?city. 

[0008] Since murine monoclonal antibodies are derived 
from mice, their use as therapeutic agents in humans is 
limited because of the human anti-mouse response that 
occurs upon administration of the murine antibody to a 
patient. Accordingly, researchers have engineered non-hu 
man antibodies to make them appear more human. Such 
engineered antibodies are called “chimeric” antibodies; in 
Which a non-human antigen-binding domain is coupled to a 
human constant domain (Cabilly et al., US. Pat. No. 4,816, 
567). The isotype of the human constant domain may be 
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selected to tailor the chimeric antibody for participation in 
antibody-dependent cellular cytotoxicity (ADCC) and 
complement-dependent cytotoxicity. In a further effort to 
resolve the antigen binding functions of antibodies and to 
minimiZe the use of heterologous sequences in human 
antibodies, Winter and colleagues [(Jones et al., Nature 
321:522-525 (1986); Riechmann et al., Nature 332:323-327 
(1988); Verhoeyen et al., Science 239:1534-1536 (1988)] 
have substituted rodent complementarity determining region 
(CDR) residues for the corresponding segments of a human 
antibody to generate humaniZed antibodies. As used herein, 
the term “humanized” antibody is an embodiment of chi 
meric antibodies Wherein substantially less than an intact 
human variable domain has been substituted by the corre 
sponding sequence from a non-human species. In practice, 
humaniZed antibodies are typically human antibodies in 
Which CDR residues and possibly some frameWork region 
(FR) residues are substituted by residues from analogous 
sites in rodent antibodies. 

[0009] Other groups have developed methods for making 
fully “human” monoclonal antibodies. Such antibodies may 
be generated by immortaliZing a human cell secreting a 
speci?c antibody using an Epstein-Barr virus (EBV) [Stein 
itZ et al. Nature 269:420-422 (1977)]; or by preparing a 
human-human hybridoma secreting the monoclonal anti 
body [Olsson et al. PNAS (USA) 77:5429-5431 (1980)]. 
Human antibodies can also be derived from phage-display 
libraries [Hoogenboom et al.,]. Mol. Biol., 227:381 (1991); 
Marks et al., J. Mol. Biol., 222:581-597 (1992); Vaughan et 
al. Nature Biotech 14:309 (1996)]. 

[0010] Alternatively, human antibodies have been made in 
transgenic laboratory animals, in Which human immunoglo 
bulin loci have been introduced into the animal and the 
endogenous immunoglobulin genes are partially or com 
pletely inactivated [FishWild et al. Nature Biotech. 14:845 
851 (1996); and MendeZ et al. Nature Genetics 15:146-156 
(1997)]. 

SUMMARY OF THE INVENTION 

[0011] The present invention, in one aspect, provides a 
method for making monoclonal antibodies Wherein an ani 
mal is immuniZed With tWo or more different antigens and 
monoclonal antibodies are made and identi?ed Which bind 
to each antigen. Surprisingly, it Was discovered herein that 
sera titers from animals immuniZed With a mixture of 
different antigens Were similar to those achieved in animals 
immuniZed With a single antigen. 

[0012] This method is thought to be useful for reducing 
the number of animals that need to be immuniZed and 
sacri?ced in order to make tWo or more monoclonal anti 
bodies With differing antigen-binding speci?cities. 

[0013] Moreover, it Was discovered that the method Was 
useful for making antibodies that cross-reacted With tWo or 
more different antigens. For example, antibodies Were made 
Which speci?cally cross-reacted With tWo or more different 
Apo-2L receptors. 

[0014] Accordingly, the invention provides a method for 
making antibodies comprising the folloWing steps: 

[0015] (a) immuniZing an animal With tWo or more 
different antigens so as to generate polyclonal anti 
bodies against each antigen in the animal; 



US 2002/0004227 A1 

[0016] (b) preparing monoclonal antibodies using 
immune cells of the immunized animal Which pro 
duce said polyclonal antibodies; and 

[0017] (c) screening said monoclonal antibodies to 
identify one or more monoclonal antibodies that bind 
to each antigen. In the screening step, one ?nds at 
least one monoclonal antibody against at least tWo 
different antigens. 

[0018] Preferably, at least one monoclonal antibody is 
found for each antigen With Which the animal Was immu 
niZed. 

[0019] Preferably, the animal is immuniZed With a com 
position comprising a mixture of the tWo or more different 
antigens; and step (b) comprises fusing immune cells from 
the immuniZed animal With myeloma cells in order to 
generate hybridoma cell lines producing the monoclonal 
antibodies. 

[0020] In one embodiment, the method further comprises 
identifying one or more monoclonal antibodies that cross 
react With tWo or more of the different antigens. 

[0021] The invention further provides a monoclonal anti 
body that has been made according to the above method (eg 
one that cross-reacts With tWo or more structurally or 

functionally related antigens). 

[0022] The invention also relates to an antibody that 
speci?cally cross-reacts With tWo or more different Apo-2L 
receptors; e.g. Which speci?cally binds to Apo-2 polypeptide 
and further speci?cally cross-reacts With another Apo-2L 
receptor. 

[0023] The present application further supplies a mono 
clonal antibody Which has the biological characteristics of a 
monoclonal antibody selected from the group consisting of 
3H1.18.10, 3H3.14.5 and 3D5.1.10. 

[0024] Moreover, the invention provides hybridoma cell 
lines that produce any of the monoclonal antibodies dis 
closed herein. 

[0025] The invention also relates to isolated nucleic acid 
comprising DNA encoding an antibody as herein disclosed; 
a vector comprising the nucleic acid; a host cell comprising 
the vector; a method of producing an antibody comprising 
culturing the host cell under conditions Wherein the DNA is 
expressed and, optionally, further comprising recovering the 
antibody from the host cell culture. 

[0026] The invention further provides a composition com 
prising an antibody as described herein and a carrier. 

[0027] In addition, a method of inducing apoptosis in 
mammalian cancer cells is provided Which comprises expos 
ing mammalian cancer cells to an effective amount of a 

cross-reactive, agonistic anti-Apo-2L receptor antibody as 
disclosed herein. 

[0028] The invention further pertains to an article of 
manufacture comprising a container and a composition 
contained Within said container, Wherein the composition 
includes an antibody as described herein. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0029] FIG. 1 depicts an exemplary mixed antigen immu 
niZation scheme for the immunogens: Apo-2-IgG, DR4-IgG, 
DcR1-IgG and DcR2-IgG. 
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[0030] FIG. 2 illustrates single antigen immuniZation 
schemes for the antigens: Apo-2-IgG, DR4-IgG and DcR2 
IgG. 

[0031] FIG. 3 shoWs antigen speci?c sera titers of mice 
immuniZed With DR4-IgG, Apo-2-IgG or DcR2-IgG indi 
vidually. Sera Were collected from Balb/c mice (5 mice/ 

group) Which Were immuniZed 10 times into Foot Pad With 1 pg of each immunoadhesin molecule in MPL-TDM. 

The activity toWard human IgG Fc portion Was preadsorbed 
by incubating 100 ml of sera (1:500 dilution in PBS) With 3 
mg per 50 ml of CD4-IgG for 1 hr at room temperature (RT). 
Serial dilutions of this preadsorbed sera Were than prepared 
in PBS. The antigen speci?c activities of this preadsorbed 
sera Were determined in a capture ELISA using the speci?c 
antigen coated microtiter Wells. 

[0032] FIG. 4 shoWs antigen speci?c sera titers of mice 
immuniZed With DR4-IgG, Apo-2-IgG, DcR1-IgG and 
DcR2-IgG together. Mice Were immuniZed into ER with a 
mixture of DR4-IgG, Apo-2-IgG, DcR1-IgG and DcR2-IgG 
(mice Were immuniZed 14 times; DcR2-IgG Was only 
included in the mixture for the ?nal 6 immuniZations) 1 pg 
per injection of each immunogen Was used. The activity to 
human IgG Fc in the sera Was adsorbed by incubating With 
CD4-IgG as described above. The activity of this pread 
sorbed sera speci?c for each antigen Was determined in a 
capture ELISA using the microtiter Wells coated With the 
speci?c antigen. 

[0033] FIGS. 5A and 5B shoW the nucleotide sequence of 
a native sequence human Apo-2 cDNA (SEQ ID N011) and 
its derived amino acid sequence (SEQ ID NO:2). 

[0034] FIGS. 6A, 6B and 6C depict antibody binding to 
Apo2-L receptors: DR4, Apo-2, DcR1 and DcR2 as deter 
mined by ELISA. The antibodies are: 3H3.14.5 (FIG. 6A), 
3H1.18.10 (FIG. 6B), and 3D5.1.10 (FIG. 6C). 

[0035] FIGS. 7A, 7B and 7C shoW FACS analysis for 
antibodies 3H1.18.10 (FIG. 7A), 3H3.14.5 (FIG. 7B), and 
3D5.1.10 (FIG. 7C) [illustrated by bold lines] as compared 
to IgG controls [dotted lines]. The antibodies all recogniZed 
Apo-2 expressed in human 9D cells. 

[0036] FIG. 8 depicts apoptosis induced by antibodies 
3H1.18.10 (3H1), 3113.145 (3H3) and 3135.110 (3135), an 
isotype-matched control (IgG), and Apo-2L. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0037] 
[0038] The term “antibody” is used in the broadest sense 
and speci?cally covers monoclonal antibodies (including 
agonist, antagonist, and blocking or neutraliZing antibodies) 
and antibody compositions With polyepitopic speci?city. 

I. De?nitions 

[0039] The term “monoclonal antibody” as used herein 
refers to an antibody obtained from a population of substan 
tially homogeneous antibodies, i.e., the individual antibod 
ies comprising the population are identical except for pos 
sible naturally-occurring mutations that may be present in 
minor amounts. Monoclonal antibodies are highly speci?c, 
being directed against a single antigenic site. Furthermore, 
in contrast to conventional (polyclonal) antibody prepara 
tions Which typically include different antibodies directed 
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against different determinants (epitopes), each monoclonal 
antibody is directed against a single determinant on the 
antigen. 

[0040] The monoclonal antibodies herein include hybrid 
and recombinant antibodies produced by splicing a variable 
(including hypervariable) domain of an antibody With a 
constant domain, or a light chain With a heavy chain, or a 
chain from one species With a chain from another species, or 
fusions With heterologous proteins, regardless of species of 
origin or immunoglobulin class or subclass designation, as 
Well as antibody fragments (e.g., Fab, Fab‘, F(ab‘)2, and Fv), 
so long as they exhibit the desired biological activity. See, 
eg US. Pat. No. 4,816,567 and Mage et al., in Monoclonal 
Antibody Production Techniques andApplications, pp.79-97 
(Marcel Dekker, Inc.: NeW York, 1987). 

[0041] Thus, the modi?er “monoclonal” indicates the 
character of the antibody as being obtained from a substan 
tially 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 
of the present invention may be made by the hybridoma 
method ?rst described by Kohler and Milstein, Nature, 
256:495 (1975), or may be made by recombinant DNA 
methods such as described in US. Pat. No. 4,816,567. The 
“monoclonal antibodies” may also be isolated from phage 
libraries generated using the techniques described in McCaf 
ferty et al., Nature, 348:552-554 (1990), for example. 

[0042] “Single-chain Fv” or “scFv” antibody fragments 
comprise the VH and VL domains of antibody, Wherein these 
domains are present in a single polypeptide chain. Generally, 
the Fv polypeptide further comprises a polypeptide linker 
betWeen the VH and VL domains Which enables the scFv to 
form the desired structure for antigen binding. For a revieW 
of scFv see, e.g., Pluckthun, The Pharmacology of Mono 
clonal Antibodies, vol. 113, Rosenburg and Moore eds. 
Springer-Verlag, NeW York, pp. 269-315 (1994). 

[0043] “HumaniZed” forms of non-human (e.g. murine) 
antibodies are speci?c chimeric immunoglobulins, immu 
noglobulin chains, or fragments thereof (such as Fv, Fab, 
Fab‘, F(ab‘)2 or other antigen-binding subsequences of anti 
bodies) Which contain minimal sequence derived from non 
human immunoglobulin. For the most part, humaniZed anti 
bodies 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, or 
rabbit having the desired speci?city, af?nity, and capacity. In 
some instances, Fv frameWork region (FR) residues of the 
human immunoglobulin are replaced by corresponding non 
human residues. Furthermore, the humaniZed antibody may 
comprise residues Which are found neither in the recipient 
antibody or the donor antibody. These modi?cations are 
made to further re?ne and optimiZe antibody performance. 
In general, the humaniZed antibody Will comprise substan 
tially all of at least one, and typically tWo, variable domains, 
in Which all or substantially all of the hypervariable regions 
correspond to those of a non-human immunoglobulin and all 
or substantially all of the FR regions are those of a human 
immunoglobulin consensus sequence. The humaniZed anti 
body optimally also Will comprise at least a portion of an 
immunoglobulin constant region or domain (Fc), typically 
that of a human immunoglobulin. 
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[0044] The term “hypervariable region” When used herein 
refers to the amino acid residues of an antibody Which are 
responsible for antigen-binding. The hypervariable region 
comprises amino acid residues from a “complementarity 
determining region” or “CDR” (i.e. residues 24-34 (L1), 
50-56 (L2) and 89-97 (L3) in the light chain variable domain 
and 31-35 (H1), 50-65 (H2) and 95-102 (H3) in the heavy 
chain variable domain; Kabat et al., Sequences of Proteins of 
Immunological Interest, 5th Ed. Public Health Service, 
National Institutes of Health, Bethesda, Md. (1991)) and/or 
those residues from a “hypervariable loop” (i.e. residues 
26-32 (L1), 50-52 (L2) and 91-96 (L3) in the light chain 
variable domain and 26-32 (H1), 53-55 (H2) and 96-101 
(H3) in the heavy chain variable domain; Chothia and Lesk 
J. Mol. Biol. 196:901-917 (1987)). “Framework” or “FR” 
residues are those variable domain residues other than the 
hypervariable region residues as herein de?ned. 

[0045] The terms “Apo-2 ligand” or “Apo-2L” refer to the 
Apo-2L polypeptides disclosed in WO97/25428, published 
Jul. 17, 1997 and expressly incorporated herein by reference. 
For purposes of the present application, these terms also 
refer to the polypeptides disclosed in WO97/01633, pub 
lished Jan. 16, 1997 and expressly incorporated herein by 
reference. 

[0046] An “Apo-2L receptor” is a polypeptide to Which 
Apo-2L (as herein de?ned) can speci?cally bind. The term 
“Apo-2L receptor” When used herein encompasses native 
sequence Apo-2L receptors and variants thereof (Which are 
further de?ned herein). These terms encompass Apo-2L 
receptor from a variety of mammals, including humans. The 
Apo-2L receptor may be isolated from a variety of sources, 
such as from human tissue types or from another source, or 
prepared by recombinant or synthetic methods. Examples of 
“native sequence” Apo-2L receptors include Apo-2 polypep 
tide (as described herein beloW), native sequence “DR4” as 
described in Pan et al. Science 276:111-113 (1997); native 
sequence “decoy receptor 1” or “DcR1” as in Sheridan et al., 
Science 277:818-821 (1997); and native sequence “decoy 
receptor 2” or “DcR2” as in Marsters et al. Curr. Biol. 
711003-1006 (1997) and native sequence osteoprotegerin 
[see Simonet et al. Cell 89:309-319 (1997) and Emery et al. 
J. Interferon and Cytokine Research 18(5): A47 Abstract 
2.17 (1998)] 
[0047] The terms “Apo-2 polypeptide” and “Apo-2” When 
used herein encompass native sequence Apo-2 and Apo-2 
variants (Which are further de?ned herein). These terms 
encompass Apo-2 from a variety of mammals, including 
humans. The Apo-2 may be isolated from a variety of 
sources, such as from human tissue types or from another 
source, or prepared by recombinant or synthetic methods. 

[0048] A “native sequence” polypeptide (e.g. “native 
sequence Apo-2”) comprises a polypeptide having the same 
amino acid sequence as a polypeptide derived from nature. 
Thus, a native sequence polypeptide can have the amino acid 
sequence of naturally-occurring polypeptide from any mam 
mal. Such native sequence polypeptide can be isolated from 
nature or can be produced by recombinant or synthetic 
means. The term “native sequence” polypeptide speci?cally 
encompasses naturally-occurring truncated or secreted 
forms of the polypeptide (e.g., an extracellular domain 
sequence), naturally-occurring variant forms (e.g., alterna 
tively spliced forms) and naturally-occurring allelic variants 
of the polypeptide. 
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[0049] A naturally-occurring variant form of Apo-2 
includes an Apo-2 having an amino acid substitution at 
residue 410 in the amino acid sequence shoWn in FIG. 5 
(SEQ ID NO:2). In one embodiment of such naturally 
occurring variant form, the leucine residue at position 410 is 
substituted by a methionine residue. In FIG. 5 (SEQ ID 
NO:2), the amino acid residue at position 410 is identi?ed as 
“Xaa” to indicate that the amino acid may, optionally, be 
either leucine or methionine. In FIG. 10 (SEQ ID NO:2), the 
nucleotide at position 1367 is identi?ed as “W” to indicate 
that the nucleotide may be either adenine (A) or thymine (T) 
or uracil In one embodiment of the invention, the native 
sequence Apo-2 is a mature or full-length native sequence 
Apo-2 comprising amino acids 1 to 411 of FIG. 5 (SEQ ID 
NO:2). Optionally, the Apo-2 is obtained or obtainable by 
expressing the polypeptide encoded by the cDNA insert of 
the vector deposited as ATCC 209021. 

[0050] An “extracellular domain” or “ECD” (e.g. “Apo-2 
extracellular domain” or “Apo-2 ECD”) refers to a form of 
a receptor polypeptide Which is essentially free of the 
transmembrane and cytoplasmic domains of the receptor. 
Ordinarily, the ECD Will have less than 1% of such trans 
membrane and/or cytoplasmic domains and preferably, Will 
have less than 0.5% of such domains. Optionally, Apo-2 
ECD Will comprise amino acid residues 54 to 182 of FIG. 
5 (SEQ ID NO:2) or amino acid residues 1 to 182 of FIG. 
5 (SEQ ID NO:2). Optionally, Apo-2 ECD Will comprise 
one or more cysteine-rich domains, and preferably, one or 
both of the cysteine-rich domains identi?ed for the sequence 
shoWn in Sheridan et al., Science 277:818-821 (1997). It Will 
be understood by the skilled artisan that the transmembrane 
domain identi?ed for the Apo-2 polypeptide herein is iden 
ti?ed pursuant to criteria routinely employed in the art for 
identifying that type of hydrophobic domain. The exact 
boundaries of a transmembrane domain may vary but most 
likely by no more than about 5 amino acids at either end of 
the domain speci?cally mentioned herein. 

[0051] A polypeptide “variant” (e.g. “Apo-2 variant”) 
means a biologically active polypeptide having at least about 
80% amino acid sequence identity With the native sequence 
polypeptide, eg with Apo-2 having the deduced amino acid 
sequence shoWn in FIG. 5 (SEQ ID NO:2) for a full-length 
native sequence human Apo-2 or the sequences identi?ed 
herein for Apo-2 ECD or death domain. Such variants 
include, for instance, polypeptides Wherein one or more 
amino acid residues are added, or deleted, at the N- or 
C-terminus of the polypeptide [eg in the case of Apo-2 in 
the sequence of FIG. 5 (SEQ ID NO:2) or the sequences 
identi?ed herein for Apo-2 ECD or death domain]. 

[0052] Examples of “antibody variants” include human 
iZed variants of non-human antibodies, “af?nity matured” 
antibodies (see, eg Hawkins et al. J. M01. Biol. 254: 
889-896 [1992] and LoWman et al. Biochemistry 30(45): 
10832-10837 [1991]) and antibody mutants With altered 
effector function(s) (see, e.g., US. Pat. No. 5,648,260 issued 
on Jul. 15, 1997, expressly incorporated herein by refer 
ence). 
[0053] Ordinarily, a variant Will have at least about 80% 
amino acid sequence identity, more preferably at least about 
90% amino acid sequence identity, and even more preferably 
at least about 95% amino acid sequence identity With native 
sequence [eg for Apo-2, With the amino acid sequence of 
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FIG. 5 (SEQ ID NO:2) or the sequences identi?ed herein for 
Apo-2 ECD or death domain]. 

[0054] “Percent (%) amino acid sequence identity” is 
de?ned as the percentage of amino acid residues in a 
candidate sequence that are identical With the amino acid 
residues in the native sequence, after aligning the sequences 
and introducing gaps, if necessary, to achieve the maximum 
percent sequence identity, and not considering any conser 
vative substitutions as part of the sequence identity. Align 
ment for purposes of determining percent amino acid 
sequence identity can be achieved in various Ways that are 
Within the skill in the art, for instance, using publicly 
available computer softWare such as ALIGNTM or Megalign 
(DNASTAR) softWare. Those skilled in the art can deter 
mine appropriate parameters for measuring alignment, 
including any algorithms needed to achieve maximal align 
ment over the full length of the sequences being compared. 

[0055] The term “epitope tagged” When used herein refers 
to a polypeptide, or a domain sequence thereof, fused to a 
“tag polypeptide”. The tag polypeptide has enough residues 
to provide an epitope against Which an antibody can be 
made, yet is short enough such that it does not interfere With 
activity of the polypeptide. The tag polypeptide preferably 
also is fairly unique so that the antibody does not substan 
tially cross-react With other epitopes. Suitable tag polypep 
tides generally have at least six amino acid residues and 
usually betWeen about 8 to about 50 amino acid residues 
(preferably, betWeen about 10 to about 20 residues). “Bio 
logically active” and “desired biological activity” With 
respect to an Apo-2L receptor for the purposes herein means 
(1) having the ability to modulate apoptosis (either in an 
agonistic or stimulating manner or in an antagonistic or 
blocking manner) in at least one type of mammalian cell in 
vivo or ex vivo; (2) having the ability to bind Apo-2 ligand; 
or (3) having the ability to modulate Apo-2 ligand signaling 
and Apo-2 ligand activity. 

[0056] 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 con 
densation of cytoplasm, loss of plasma membrane 
microvilli, segmentation of the nucleus, degradation of 
chromosomal DNA or loss of mitochondrial function. This 
activity can be determined and measured, for instance, by 
cell viability assays, FACS analysis or DNA electrophoresis, 
all of Which are knoWn in the art. 

[0057] The terms “treating,”“treatment,” and “therapy” as 
used herein refer to curative therapy, prophylactic therapy, 
and preventative therapy. 

[0058] The terms “cancer” and “cancerous” refer to or 
describe the physiological condition in mammals that is 
typically characteriZed by unregulated cell groWth. 
Examples of cancer include but are not limited to, carci 
noma, lymphoma, blastoma, sarcoma, and leukemia. More 
particular examples of such cancers include squamous cell 
cancer, small-cell lung cancer, non-small cell lung cancer, 
blastoma, gastrointestinal cancer, renal cancer, pancreatic 
cancer, glioblastoma, neuroblastoma, cervical cancer, ova 
rian cancer, liver cancer, stomach cancer, bladder cancer, 
hepatoma, breast cancer, colon cancer, colorectal cancer, 
endometrial carcinoma, salivary gland carcinoma, kidney 
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cancer, liver cancer, prostate cancer, vulval cancer, thyroid 
cancer, hepatic carcinoma and various types of head and 
neck cancer. 

[0059] The term “mammal” as used herein refers to any 
mammal classi?ed as a mammal, including humans, coWs, 
horses, dogs and cats. 

[0060] The terms “antigen” and “immunogen” are used 
interchangeably herein to refer to a molecule or substance 
Which induces an immune response (preferably an antibody 
response) in an animal immuniZed thereWith (i.e. the antigen 
is “immunogenic” in the animal). The antigen may be a 
protein, peptide, carbohydrate, nucleic acid, lipid, hapten or 
other naturally occurring or synthetic compound. Preferably 
the antigen is a “protein” having a molecular Weight of 
greater than about 4 kD. The protein may, for example, be 
a cellular, bacterial or viral protein. 

[0061] By “different antigens” is meant antigens that are 
structurally distinct; e.g., in the case of peptides or proteins, 
having different amino acid sequences. 

[0062] The expression “structurally or functionally related 
antigens” refers to antigens With similar structures and/or 
similar functions. For example, the antigens may comprise 
receptors (or fragments thereof), optionally fused to heter 
ologous amino acid sequences, Which are bound by and/or 
activated by the same ligand, e.g., Apo-2L receptors as 
described herein. Other examples of structurally and func 
tionally related receptors include members of the ErbB2 
receptor family, such as the EGF receptor, HER2, HER3 and 
HER4 receptor; and members of the Rse, Axl and Mer 
receptor family. Examples of structurally or functionally 
related ligands include the neuregulins, insulin-like groWth 
factors (IGFs), etc. 

[0063] The protein antigen of interest may be a “receptor” 
[ie a protein molecule Which exists in nature on a cell 
surface or Within the cytoplasm of a cell and Which is 
capable of binding to one or more ligand(s)]. Another 
exemplary antigen is a protein “ligand”[i.e. a molecule 
capable of binding to and, optionally, activating one or more 
receptor(s); eg a groWth factor]. The antigen herein may, 
for example, comprise a fragment of a receptor or ligand, 
optionally fused to one or more heterologous amino acid 
sequences (eg the antigen may be an immunoadhesin). 

[0064] As used herein, the term “immunoadhesin” desig 
nates antibody-like molecules Which combine the “binding 
domain” of a heterologous “adhesin” protein (eg a receptor, 
ligand or enZyme) With an immunoglobulin constant 
domain. Structurally, the immunoadhesins comprise a fusion 
of the adhesin amino acid sequence With the desired binding 
speci?city Which is other than the antigen recognition and 
binding site (antigen combining site) of an antibody (i.e. is 
“heterologous”) and an immunoglobulin constant domain 
sequence. See, e.g., US. Pat. No. 5,565,335 and Us. Pat. 
No. 5,116,964, expressly incorporated herein by reference. 

[0065] The term “ligand binding domain” as used herein 
refers to any native cell-surface receptor or any region or 
derivative thereof retaining at least a qualitative ligand 
binding ability of a corresponding native receptor. In a 
speci?c embodiment, the receptor is from a cell-surface 
polypeptide having an extracellular domain that is homolo 
gous to a member of the immunoglobulin supergenefamily. 
Other receptors, Which are not members of the immunoglo 
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bulin supergenefamily but are nonetheless speci?cally cov 
ered by this de?nition, are receptors for cytokines, and in 
particular receptors With tyrosine kinase activity (receptor 
tyrosine kinases), members of the hematopoietin and nerve 
groWth factor receptor superfamilies, and cell adhesion 
molecules, e.g. (E-, L- and P-) selectins. 

[0066] The term “receptor binding domain” is used to 
designate any native ligand for a receptor, including cell 
adhesion molecules, or any region or derivative of such 
native ligand retaining at least a qualitative receptor binding 
ability of a corresponding native ligand. This de?nition, 
among others, speci?cally includes binding sequences from 
ligands for the above-mentioned receptors. 

[0067] An “antibody-immunoadhesin chimera” comprises 
a molecule that combines at least one binding domain of an 
antibody (as herein de?ned) With at least one immunoad 
hesin (as de?ned in this application). Exemplary antibody 
immunoadhesin chimeras are the bispeci?c CD4-IgG chi 
meras described in Berg et al., PNAS (USA) 88:4723-4727 
(1991) and ChamoW et al., J. Immunol. 15314268 (1994). 

[0068] An “isolated” polypeptide is one that has been 
identi?ed and separated and/or recovered from a component 
of its natural environment. Contaminant components of its 
natural environment are materials that Would interfere With 
diagnostic or therapeutic uses for the polypeptide, and may 
include enZymes, hormones, and other proteinaceous or 
nonproteinaceous solutes. In preferred embodiments, the 
polypeptide Will be puri?ed (1) to greater than 95% by 
Weight of polypeptide as determined by the LoWry method, 
and most preferably more than 99% by Weight, (2) to a 
degree suf?cient to obtain at least 15 residues of N-terminal 
or internal amino acid sequence by use of a spinning cup 
sequenator, or (3) to homogeneity by SDS-PAGE under 
reducing or nonreducing conditions using Coomassie blue 
or, preferably, silver stain. 

[0069] A “puri?ed” antigen is one Which has been sub 
jected to one or more puri?cation procedures. The puri?ed 
antigen may be “homogeneous”, Which is used herein to 
refer to a composition comprising at least about 70% to 
about 100% by Weight of the antigen of interest, based on 
total Weight of the composition, preferably at least about 
80% to about 100% by Weight of the antigen of interest. 

[0070] The term “immunizing” refers to the step or steps 
of administering one or more antigens to an animal so that 
antibodies can be raised in the animal. Generally, immuniZ 
ing comprises injecting the antigen or antigens into the 
animal. ImmuniZation may involve one or more administra 
tions of the antigen or antigens. 

[0071] The “animal” to be immuniZed herein is preferably 
a rodent. Other animals Which can be immuniZed herein 
include non-human primates such as Old World monkey 
(e.g. baboon or macaque, including Rhesus monkey and 
cynomolgus monkey; see US. Pat. No. 5,658,570); birds 
(e.g. chickens); rabbits; goats; sheep; coWs; horses; pigs; 
donkeys; dogs etc. 

[0072] A “rodent” is an animal belonging to the rodentia 
order of placental mammals. Exemplary rodents include 
mice, rats, guinea pigs, squirrels, hamsters, ferrets etc, With 
mice being the preferred rodent for immuniZing according to 
the method herein. “Polyclonal antibodies” or “polyclonal 
antisera” refer to immune serum containing a mixture of 
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antibodies speci?c for one (monovalent or speci?c antisera) 
or more (polyvalent antisera) antigens Which may be pre 
pared from the blood of animals immunized With the antigen 
or antigens. 

[0073] The term “immune cells” refers to cells Which are 
capable of producing antibodies. The immune cells of par 
ticular interest herein are lymphoid cells derived, eg from 
spleen, peripheral blood lymphoctes (PBLs), lymph node, 
inguinal node, Peyers patch, tonsil, bone marroW, cord 
blood, pleural effusions and tumor-in?ltrating lymphocytes 
(TIL). 
[0074] By “solid phase” is meant a nonaqueous matrix to 
Which a molecule of interest can speci?cally or nonspeci? 
cally adhere (e.g., an assay plate). 

[0075] An “adjuvant” is a nonspeci?c stimulant of the 
immune response. The adjuvant may be in the form of a 
composition comprising either or both of the folloWing 
components: (a) a substance designed to form a deposit 
protecting the antigen(s) from rapid catabolism (e. g. mineral 
oil, alum, aluminium hydroxide, liposome or surfactant [e.g. 
pluronic polyol]) and (b) a substance that nonspeci?cally 
stimulates the immune response of the immuniZed host 
animal (eg by increasing lymphokine levels therein). 
Exemplary molecules for increasing lymphokine levels 
include lipopolysaccaride (LPS) or a Lipid A portion 
thereof; Bordetalla pertussis; pertussis toxin; Mycobacte 
rium tuberculosis; and muramyl dipeptide (MDP). 
Examples of adjuvants include Freund’s adjuvant (option 
ally comprising killed M. tuberculosis; complete Freund’s 
adjuvant); aluminium hydroxide adjuvant; and monophos 
phoryl Lipid A-synthetic trehalose dicorynomylcolate 
(MPL-TDM). 
[0076] By “screening” is meant subjecting one or more 
monoclonal antibodies (e.g., puri?ed antibody and/or hybri 
doma culture supernatant comprising the antibody) to one or 
more assays Which determine qualitatively and/or quantita 
tively the ability of an antibody to bind to an antigen of 
interest. 

[0077] By “immuno-assay” is meant an assay that deter 
mines binding of an antibody to an antigen, Wherein either 
the antibody or antigen, or both, are optionally adsorbed on 
a solid phase (i.e., an “immunoadsorbent” assay) at some 
stage of the assay. Exemplary such assays include ELISAs, 
radioimmunoassays (RIAs), and FACS assays. 

[0078] An antibody Which “cross-reacts” With tWo or more 
different antigens is capable of binding to each of the 
different antigens, eg as determined by ELISA or FACS as 
in the examples beloW. 

[0079] An antibody Which “speci?cally cross-reacts” With 
tWo or more different antigens is one Which binds to a ?rst 
antigen and further binds to a second different antigen, 
Wherein the binding ability (e.g. OD 450/620; FIGS. 6A-C) 
of the antibody for the second antigen at an antibody 
concentration of about 10 ug/mL is from about 50% to about 
100% (preferably from about 75% to about 100%) of the 
binding ability of the ?rst antigen as determined in a capture 
ELISA as in the examples beloW. For example, the antibody 
may bind speci?cally to Apo-2 (the “?rst antigen”) and 
speci?cally cross-react With another Apo-2L receptor such 
as DR4 (the “second antigen”), Wherein the extent of bind 
ing of about 10 ug/mL of the antibody to DR4 is about 50% 
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to about 100% of the binding ability of the antibody for 
Apo-2 in the capture ELISA herein. 

[0080] The Word “label” When used herein refers to a 
detectable compound or composition Which can be conju 
gated directly or indirectly to a molecule of interest and may 
itself be detectable (e.g., radioisotope labels or ?uorescent 
labels) or, in the case of an enZymatic label, may catalyZe 
chemical alteration of a substrate compound or composition 
Which is detectable. 

[0081] An “isolated” nucleic acid molecule is a nucleic 
acid molecule that is identi?ed and separated from at least 
one contaminant nucleic acid molecule With Which it is 
ordinarily associated in the natural source of the polypeptide 
nucleic acid. An isolated nucleic acid molecule is other than 
in the form or setting in Which it is found in nature. Isolated 
nucleic acid molecules therefore are distinguished from the 
nucleic acid molecule as it exists in natural cells. HoWever, 
an isolated nucleic acid molecule includes a nucleic acid 
molecule contained in cells that ordinarily express the 
polypeptide Where, for example, the nucleic acid molecule is 
in a chromosomal location different from that of natural 
cells. 

[0082] The expression “control sequences” refers to DNA 
sequences necessary for the expression of an operably linked 
coding sequence in a particular host organism. The control 
sequences that are suitable for 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. 

[0083] Nucleic acid is “operably linked” When it is placed 
into a functional relationship With another nucleic acid 
sequence. For example, DNA for a presequence or secretory 
leader is operably linked to DNA for a polypeptide if it is 
expressed as a preprotein that participates in the secretion of 
the polypeptide; a promoter or enhancer is operably linked 
to a coding sequence if it affects the transcription of the 
sequence; or a ribosome binding site is operably linked to a 
coding sequence if it is positioned so as to facilitate trans 
lation. Generally, “operably linked” means that the DNA 
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 accom 
plished by ligation at convenient restriction sites. If such 
sites do not exist, the synthetic oligonucleotide adaptors or 
linkers are used in accordance With conventional practice. 

[0084] As used herein, the expressions “cell,”“cell line,” 
and “cell culture” are used interchangeably and all such 
designations include progeny. Thus, the Words “transfor 
mants” and “transformed cells” include the primary subject 
cell and cultures derived therefrom Without regard for the 
number of transfers. It is also understood that all progeny 
may not be precisely identical in DNA content, due to 
deliberate or inadvertent mutations. Mutant progeny that 
have the same function or biological activity as screened for 
in the originally transformed cell are included. Where dis 
tinct designations are intended, it Will be clear from the 
context. 

[0085] The term “cytotoxic agent” as used herein 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. I131, I125, Y90 and Re186), 
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chemotherapeutic agents, and toxins such as enZymatically 
active toxins of bacterial, fungal, plant or animal origin, or 
variants and/or fragments thereof. 

[0086] A “chemotherapeutic agent” is a chemical com 
pound useful in the treatment of cancer. Examples of che 
motherapeutic agents include adriamycin, doxorubicin, epi 
rubicin, 5-?uorouracil, cytosine arabinoside (“Ara-C”), 
cyclophosphamide, thiotepa, busulfan, cytoxin, taxoids, e.g. 
paclitaxel (TAXOLTM, Bristol-Myers Squibb Oncology, 
Princeton, N.J.), and doxetaxel (Taxotere, Rhone-Poulenc 
Rorer, Antony, Rnace), toxotere, methotrexate, cisplatin, 
melphalan, vinblastine, bleomycin, etoposide, ifosfamide, 
mitomycin C, mitoxantrone, vincristine, vinorelbine, carbo 
platin, teniposide, daunomycin, carminomycin, aminopterin, 
dactinomycin, mitomycins, esperamicins (see US. Pat. No. 
4,675,187), melphalan and other related nitrogen mustards. 
Also included in this de?nition are hormonal agents that act 
to regulate or inhibit hormone action on tumors such as 
tamoxifen and onapristone. 

[0087] The term “prodrug” as used in this application 
refers to a precursor or derivative form of a pharmaceuti 
cally active substance that is less cytotoxic to tumor cells 
compared to the parent drug and is capable of being enZy 
matically activated or converted into the more active parent 
form. See, e.g., Wilman, “Prodrugs in Cancer Chemothera 
py”Bi0chemical Society Transactions, 14, pp. 375-382, 
615th Meeting Belfast (1986) and Stella et al., “Prodrugs: A 
Chemical Approach to Targeted Drug Delivery,”Directed 
Drug Delivery, Borchardt et al., (ed.), pp. 247-267, Humana 
Press (1985). The prodrugs of this invention include, but are 
not limited to, phosphate-containing prodrugs, thiophos 
phate-containing prodrugs, sulfate-containing prodrugs, 
peptide-containing prodrugs, D-amino acid-modi?ed pro 
drugs, glycosylated prodrugs, [3-lactam-containing pro 
drugs, optionally substituted phenoxyacetamide-containing 
prodrugs or optionally substituted phenylacetamide-contain 
ing prodrugs, 5-?uorocytosine and other 5-?uorouridine 
prodrugs Which can be converted into the more active 
cytotoxic free drug. Examples of cytotoxic drugs that can be 
derivatiZed into a prodrug form for use in this invention 
include, but are not limited to, those chemotherapeutic 
agents described above. 

MODES FOR CARRYING OUT THE 
INVENTION 

[0088] A. Mixed Antigen ImmuniZation Protocol 

[0089] In one aspect, the invention provides a method for 
making monoclonal antibodies Wherein an animal is immu 
niZed With tWo or more different antigens so as to generate 
polyclonal antibodies, and preferably monoclonal antibod 
ies, against the tWo or more antigens With Which the animal 
Was immuniZed. This method Will be described in more 
detail in the folloWing sections. 

[0090] Antigen selection and preparation 

[0091] The method herein involves preparation of anti 
bodies directed against one or more different antigens. 
Preferably, at least one of the antigens is (and preferably all 
of the antigens are) is a biologically important molecule and 
administration of an antibody thereagainst to a mammal 
suffering from a disease or disorder can result in a thera 
peutic bene?t in that mammal. In the preferred embodiment 
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of the invention, the antigen is a protein. HoWever, other 
nonpolypeptide antigens (e.g. tumor associated glycolipids; 
see US. Pat. 5,091,178) may be used. 

[0092] Exemplary protein antigens include molecules 
such as renin; a groWth hormone, including human groWth 
hormone and bovine groWth hormone; groWth hormone 
releasing factor; parathyroid hormone; thyroid stimulating 
hormone; lipoproteins; alpha-1-antitrypsin; insulin A-chain; 
insulin B-chain; proinsulin; follicle stimulating hormone; 
calcitonin; luteiniZing hormone; glucagon; clotting factors 
such as factor VIIIC, factor IX, tissue factor, and von 
Willebrands factor; anti-clotting factors such as Protein C; 
atrial natriuretic factor; lung surfactant; a plasminogen acti 
vator, such as urokinase or human urine or tissue-type 

plasminogen activator (t-PA); bombesin; thrombin; 
hemopoietic groWth factor; tumor necrosis factor-alpha and 
-beta; enkephalinase; RANTES (regulated on activation 
normally T-cell expressed and secreted); human macrophage 
in?ammatory protein (MIP-1-alpha); a serum albumin such 
as human serum albumin; Muellerian-inhibiting substance; 
relaxin A-chain; relaxin B-chain; prorelaxin; mouse gona 
dotropin-associated peptide; a microbial protein, such as 
beta-lactamase; DNase; IgE; a cytotoxic T-lymphocyte asso 
ciated antigen (CTLA), such as CTLA-4; inhibin; activin; 
vascular endothelial groWth factor (VEGF); receptors for 
hormones or groWth factors; protein A or D; rheumatoid 
factors; a neurotrophic factor such as bone-derived neu 
rotrophic factor (BDNF), neurotrophin-3, 4, -5, or -6 (NT-3, 
NT-4, NT-5, or NT-6), or a nerve growth factor such as 
NGF-B; platelet-derived groWth factor (PDGF); ?broblast 
groWth factor such as aFGF and bFGF; epidermal groWth 
factor (EGF); transforming groWth factor (TGF) such as 
TGF-alpha and TGF-beta, including TGF-Bl, TGF-[32, 
TGF-[33, TGF-[34, or TGF-[35; insulin-like groWth factor-I 
and -II (IGF-I and IGF-II); des(1-3)-IGF-I (brain IGF-I), 
insulin-like groWth factor binding proteins; CD proteins 
such as CD3, CD4, CD8, CD19 and CD20; erythropoietin; 
osteoinductive factors; immunotoxins; a bone morphoge 
netic protein (BMP); an interferon such as interferon-alpha, 
-beta, and -gamma; colony stimulating factors (CSFs), e.g., 
M-CSF, GM-CSF, and G-CSF; interleukins (ILs), e.g., IL-1 
to IL-10; superoxide dismutase; T-cell receptors; surface 
membrane proteins; decay accelerating factor; viral antigen 
such as, for example, a portion of the AIDS envelope; 
transport proteins; homing receptors; addressins; regulatory 
proteins; integrins such as CD11a, CD11b, CD11c, CD18, 
an ICAM, VLA-4 and VCAM; a tumor associated antigen 
such as HER2, HER3 or HER4 receptor; and variants and/or 
fragments of any of the above-listed polypeptides. 

[0093] Preferred molecular targets for antibodies encom 
passed by the present invention include CD proteins such as 
CD3, CD4, CD8, CD19, CD20 and CD34; members of the 
ErbB receptor family such as the EGF receptor, HER2, 
HER3 or HER4 receptor; cell adhesion molecules such as 
LEA-1, Mac1, p150.95, VLA-4, ICAM-1, VCAM and 
(xv/[33 integrin including either 0t or [3 subunits thereof (eg 
anti-CD11a, anti-CD18 or anti-CD11b antibodies); groWth 
factors such as VEGF; IgE; blood group antigens; ?k2/?t3 
receptor; obesity (OB) receptor; mpl receptor; CTLA-4; 
protein C; an Apo-2L receptor such as Apo-2, DR4, DcR1 
and DcR2; and variants and/or fragments of the above 
identi?ed molecules etc. 
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[0094] Each antigen to be used in the method is preferably 
puri?ed to form an essentially homogeneous preparation of 
the antigen using puri?cation techniques available in the art. 
Examples of puri?cation procedures Which can be used 
include fractionation on a hydrophobic interaction chroma 
tography (eg on phenyl sepharose), ethanol precipitation, 
isoelectric focusing, Reverse Phase HPLC, chromatography 
on silica, chromatography on HEPARIN SEPHAROSETM, 
anion exchange chromatography, cation exchange chroma 
tography, chromatofocusing, SDS-PAGE, ammonium sul 
fate precipitation, hydroxylapatite chromatography, gel elec 
trophoresis, dialysis, affinity chromatography (eg using 
protein A, protein G, an antibody, a speci?c substrate, ligand 
or antigen as the capture reagent) or combinations of tWo or 
more of these methods. 

[0095] In the case of a protein antigen, an immunoadhesin 
may be prepared by fusing the protein (or a fragment 
thereof) to an immunoglobulin Fc region and purifying the 
resultant immunoadhesin by Protein A or Protein G chro 
matography. 
[0096] Soluble antigens or fragments thereof, optionally 
conjugated to one or more other molecules, can be used as 
immunogens for generating antibodies. For transmembrane 
molecules, such as receptors, fragments of these (eg the 
extracellular domain of a receptor) can be used as the 
immunogen. Optionally, the protein of interest or a fragment 
thereof is fused With a heterologous molecule, eg to form 
an immunoadhesin as in the examples beloW. 

[0097] For loW molecular Weight antigens (such as hap 
tens and synthetic peptides) and other antigens it may be 
desirable to couple the antigen With a “carrier molecule” 
such as serum albumin [e.g. bovine serum albumin (BSA)], 
ovalbumin, keyhole limpet hemacyanin (KLH), bovine thy 
roglobulin, soybean trypsin inhibitor or puri?ed protein 
derivative of tuberculin (PPD). Such carrier molecules may 
be immunogenic in the animal to be immuniZed (i.e. they 
may provide class II-T-cell receptor binding sites). Coupling 
may be achieved using a bifunctional coupling agent, such 
as maleimidobenZoyl sulfosuccinimide ester (conjugation 
through cysteine residues), N-hydroxysuccinimide (through 
lysine residues), carbodiimide, glutaraldehyde, succinic 
anhydride, SOCIZ, or R1N=C=NR, Where R and R1 are 
different alkyl groups. Alternatively, or in addition, the 
antigen and carrier molecule may be generated as a fusion 
protein. In general, approximately 1 mole of hapten per 50 
amino acids of carrier molecule is a reasonable coupling 
ratio. 

[0098] The antigen may be made more antigenic by cou 
pling to large matrices, such as agarose beads; chemical 
coupling to cells (e.g. red blood cells); converting the 
antigen to larger compounds by self-polymeriZation (eg 
using chemical cross-linkers such as dinitrophenol or arsy 
nyl, or by partial denaturation); preparing an immune com 
plex; binding the antigen to nitrocellulose; and/or binding 
the antigen to a “carrier” protein (see above). 
[0099] In another embodiment, the antigen is present in or 
on a cell, bacteria or virus and the host animal is immuniZed 
With the cell, bacteria or virus. Such antigen may be native 
to the cell, bacteria or virus or may have been introduced 
synthetically (eg by recombinant techniques, chemical 
coupling, etc) . Preferably hoWever, each of the antigens 
With Which the animal is immuniZed has been puri?ed by at 
least one puri?cation step. 
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[0100] (ii) ImmuniZation 

[0101] The animal or host to be immuniZed With the 
antigens is selected. In the preferred embodiment, the animal 
is a rodent, eg a mouse. 

[0102] The mouse to be immuniZed may, for example, be 
an “antigen-free” mouse as described in US. Pat. No. 
5,721,122, expressly incorporated herein by reference. 

[0103] In one embodiment, the host is a transgenic animal 
in Which human immunoglobulin loci have been introduced. 
For example, the transgenic animal may be a mouse com 
prising introduced human immunoglobulin genes and one in 
Which the endogenous immunoglobulin genes have been 
partially or completely inactivated. Upon challenge, human 
antibody production in such transgenic hosts is observed, 
Which closely resembles that seen in humans in all respects, 
including gene rearrangement, assembly, and antibody rep 
ertoire. This approach is described, for example, in US. Pat. 
Nos. 5,545,807; 5,545,806; 5,569,825; 5,625,126; 5,633, 
425; 5,661,016, and in the folloWing scienti?c publications: 
Marks et al., Bio/Technology 10: 779-783 (1992); Lonberg et 
al., Nature 368:856-859 (1994); Morrison, Nature 368:812 
13 (1994); FishWild et al., Nature Biotechnology 14:845-51 
(1996); Neuberger, Nature Biotechnology 14:826 (1996); 
Lonberg and HusZar, Intern. Rev. Immunol. 13:65-93 (1995). 

[0104] The amount of each antigen administered to the 
host animal may, for example, range from about 0.01 ug to 
about 250 ug, preferably from about 0.1 ug to about 100 ug. 
The present invention involves immuniZing the host animal 
With tWo or more different antigens, eg from about tWo to 
about ten different antigens, preferably from about three to 
about four different antigens. In the preferred embodiment of 
the invention, the host animal is immuniZed With a compo 
sition comprising a mixture of the tWo or more different 
antigens and, optionally, a physiologically acceptable dilu 
ent, such as PBS or other buffer. Alternatively, the animal 
can be immuniZed With the antigens separately. The antigens 
used to prepare the composition have preferably been puri 
?ed by at least by one puri?cation step. 

[0105] The host animal may be immuniZed With the anti 
gens in a variety of different Ways. For example, by subcu 
taneous, intramuscular, intradermal, intravenous, and/or 
intraperitoneal injections. In addition, injections into lym 
phoid organs, popliteal lymph node and/or footpads are 
possible. It may be desirable to immuniZe the animal using 
a combination of tWo or more different administration 

routes, separately and/or simultaneously. 

[0106] Where the primary response is Weak, it may be 
desirable to boost the animal at spaced intervals until the 
antibody titer increases or plateaus. After immuniZation, 
samples of serum (test bleeds) may be taken to check the 
production of speci?c antibodies. Preferably, the host animal 
is given a ?nal boost about 3-5 days prior to isolation of 
immune cells from the host animal. 

[0107] (iii) Monoclonal antibody production 

[0108] Monoclonal antibodies may be made using the 
hybridoma method ?rst described by Kohler et al., Nature, 
256:495 (1975). In the hybridoma method, “immune cells” 
that produce or are capable of producing polyclonal anti 
bodies are obtained from the animal immuniZed as described 
above. Various immune cells are described above, With 



US 2002/0004227 A1 

lymph nodes or spleen being the preferred source of immune 
cells for generating monoclonal antibodies. Such cells may 
then be fused With myeloma cells using a suitable “fusing 
agent”, such as polyethylene glycol or Sendai virus, to form 
a hybridoma cell [Goding, Monoclonal Antibodies: Prin 
ciples and Practice, pp.59-103 (Academic Press, 1986)]. 

[0109] The hybridoma cells thus prepared are seeded and 
groWn in a suitable 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 gua 
nine phosphoribosyl transferase (HGPRT or HPRT), the 
culture medium for the hybridomas typically Will include 
hypoxanthine, aminopterin, and thymidine (HAT medium), 
Which substances prevent the groWth of HGPRT-de?cient 
cells. 

[0110] Preferred myeloma cells are those that fuse effi 
ciently, 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 murine myeloma lines, such as those 
derived from MOPC-21 and MPC-11 mouse tumors avail 
able from the Salk Institute Cell Distribution Center, San 
Diego, Calif. USA, and P3X63AgU.1, SP-2 or X63-Ag8 
653 cells available from the American Type Culture Collec 
tion, Manassas, Va., USA. The 210-RCY3.Ag1.2.3 rat 
myeloma cell line is also available. Human myeloma and 
mouse-human heteromyeloma cell lines also have been 
described for the production of human monoclonal antibod 
ies [KoZbor, J. Immunol, 133:3001 (1984); Brodeur et al., 
Monoclonal Antibody Production Techniques and Applica 
tions, pp. 51-63 (Marcel Dekker, Inc., NeW York, 1987)]. 

[0111] Alternatively, hybridoma cell lines may be pre 
pared from the immune cells of the immuniZed animal in 
other ways, eg by immortaliZing the immune cells With a 
virus (eg with Epstein Barr Virus), or With an oncogene in 
order to produce an immortaliZed cell line producing the 
monoclonal antibody of interest. See, also, Babcook et al. 
PNAS (USA), 93:7843-7848 (1996), concerning production 
of monoclonal antibodies by cloning immunoglobulin 
cDNAs from single cells producing speci?c antibodies for 
yet another strategy for preparing monoclonal antibodies 
using immune cells of the immuniZed animal. 

[0112] (iv) Screening 
[0113] Screening is performed to identify one or more 
monoclonal antibodies capable of binding to each antigen. 
Generally, one screen for antibodies Which bind to each 
antigen With Which the animal has been immuniZed. Such 
screening may be performed on culture supernatant and/or 
puri?ed antibodies, from each hybridoma culture superna 
tant resulting from fusion. Alternatively, or in addition, 
screening may be carried out using culture supernatant 
and/or puri?ed antibodies from cloned hybridoma cells (see 
beloW). In addition, Where cross-reactive antibodies are of 
interest, the ability of the monoclonal antibodies to cross 
react With tWo or more different antigens may be deter 
mined. Moreover, it may be desirable to screen for antibod 
ies With certain functional characteristics (eg agonistic 
activity, blocking activity, etc). 

[0114] The binding speci?city of monoclonal antibodies 
produced by hybridoma cells may, for example, be deter 
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mined in an immuno-assay, eg by immunoprecipitation or 
other in vitro binding assay, such as radioimmunoassay 
(RIA) or enZyme-linked immunoadsorbent assay (ELISA). 

[0115] There are three general classes of screening meth 
ods that can be employed (a) antibody capture assays; (b) 
antigen capture assays; and (c) functional screens. 

[0116] In antibody capture assays, the antigen may be 
bound to a solid phase, monoclonal antibodies to be tested 
are alloWed to bind to the antigen, unbound antibodies are 
removed by Washing, and then the bound antibodies are 
detected, eg by a secondary reagent such as a labeled 
antibody that speci?cally recogniZes the antibody. 

[0117] For an antigen capture assay, the antigen may be 
labeled directly (various labels are described herein) . In one 
embodiment, monoclonal antibodies to be tested may be 
bound to a solid phase and then reacted With the optionally 
labeled antigen. Alternatively, the antibody-antigen complex 
may be alloWed to form by immunoprecipitation prior to 
binding of the monoclonal antibody to be tested to a solid 
phase. Once the antibody-antigen complexes are bound to 
the solid phase, unbound antigen may be removed by 
Washing and positives may be identi?ed by detecting the 
antigen. 
[0118] Various functional screens exist for identifying 
monoclonal antibodies With desired activities. Examples 
include the agonistic activity assay and blocking assay of the 
examples beloW; keratinocyte monolayer adhesion assay 
and the mixed lymphocyte response (MLR) assay [Werther 
et al. J. Immunol. 157:4986-4995 (1996)]; tumor cell groWth 
inhibition assays (as described in WO 89/06692, for 
example); antibody-dependent cellular cytotoxicity (ADCC) 
and complement-mediated cytotoxicity (CDC) assays (US. 
Pat. No. 5,500,362); and hematopoiesis assays (see WO 
95/27062). The class/subclass of the antibodies may be 
determined, e.g., by double-diffusion assays; antibody cap 
ture on antigen-coated plates; and/or antibody capture on 
anti-IgG antibodies. 

[0119] To screen for antibodies Which bind to a particular 
epitope on the antigen of interest (e.g., those Which block 
binding of any of the antibodies disclosed herein to an 
Apo-2L receptor), a routine cross-blocking assay such as 
that described in Antibodies, A Laboratory Manual, Cold 
Spring Harbor Laboratory, Ed HarloW and David Lane 
(1988), can be performed. Alternatively, epitope mapping, 
eg as described in Champe et al.,]. Biol. Chem. 270:1388 
1394 (1995), can be performed to determine Whether the 
antibody binds an epitope of interest. 

[0120] After hybridoma cells are identi?ed that produce 
antibodies of the desired speci?city, af?nity, and/or activity, 
single-cell clones may be subcloned by limiting dilution 
procedures [Goding, MonoclonalAntibodies: Principles and 
Practice, pp.59-103 (Academic Press, 1986)]; Single cell 
cloning by picks; or cloning by groWth in soft agar [HarloW 
and Lane, Antibodies: A Laboratory Manual Cold Spring 
Harbor Laboratory (1988); pps 224-227]. 

[0121] Hybridoma clones may be groWn by standard 
methods. Suitable culture media for this purpose include, for 
example, DMEM or RPMI-1640 medium. In addition, the 
hybridoma cells may be groWn in vivo as ascites tumors in 
an animal. [HarloW and Lane, Antibodies: A Laboratory 
Manual Cold Spring Harbor Laboratory (1988); Chapter 7]. 
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[0122] The monoclonal antibodies secreted by the sub 
clones are suitably separated from the culture medium, 
ascites ?uid, or serum by conventional immunoglobulin 
puri?cation procedures such as, for eXample, protein G or 
A-Sepharose, hydroXylapatite chromatography, gel electro 
phoresis, dialysis, or af?nity chromatography. 

[0123] (v) Cloning and further modi?cations of the MAb 

[0124] DNA encoding the monoclonal antibodies is 
readily isolated and sequenced using conventional proce 
dures (e.g., by using oligonucleotide probes that are capable 
of binding speci?cally to genes encoding the heavy and light 
chains of the monoclonal antibodies) . The hybridoma cells 
serve as a preferred source of such DNA. Once isolated, the 
DNA may be placed into eXpression vectors, Which are then 
transfected into host cells such as E. coli cells, simian COS 
cells, Chinese hamster ovary (CHO) cells, or myeloma cells 
that do not otherWise produce immunoglobulin protein, to 
obtain the synthesis of monoclonal antibodies in the recom 
binant host cells. Recombinant production of antibodies Will 
be described in more detail beloW. 

[0125] The DNA also may be modi?ed, for eXample, by 
substituting the coding sequence for human heavy- and 
light-chain constant domains in place of the homologous 
murine sequences [U.S. Pat. No. 4,816,567; Morrison, et al., 
Proc. Natl Acad. Sci. USA, 81:6851 (1984)], or by 
covalently joining to the immunoglobulin coding sequence 
all or part of the coding sequence for a non-immunoglobulin 
polypeptide. 
[0126] Typically such non-immunoglobulin 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 chimeric bivalent 
antibody comprising one antigen-combining site having 
speci?city for an antigen and another antigen-combining site 
having speci?city for a different antigen. 

[0127] In one embodiment, the monoclonal antibody is 
humaniZed. HumaniZed forms of non-human (e.g., murine) 
antibodies are chimeric immunoglobulins, immunoglobulin 
chains or fragments thereof [such as Fv, Fab, Fab‘, F(ab‘)2 or 
other antigen-binding subsequences of antibodies] Which 
contain minimal sequence derived from non-human immu 
noglobulin. 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 et al., Nature, 321:522-525 (1986); 
Riechmann et al., Nature, 332:323-327 (1988); Verhoeyen et 
al., Science, 239:1534-1536 (1988)], by substituting rodent 
CDRs or CDR sequences for the corresponding sequences of 
a human antibody. Accordingly, such “humanized” antibod 
ies are chimeric antibodies (US. Pat. No. 4,816,567) 
Wherein substantially less than an intact human variable 
domain has been substituted by the corresponding sequence 
from a non-human species. In practice, humaniZed antibod 
ies are typically human antibodies in Which some hyper 
variable region residues and possibly some FR residues are 
substituted by residues from analogous sites in rodent anti 
bodies. 

[0128] The choice of human variable domains, both light 
and heavy, to be used in making the humaniZed antibodies 
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is very important to reduce antigenicity. According to the 
so-called “best-?t” 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 Which is closest to that of the rodent is then 
accepted as the human frameWork (FR) for the humaniZed 
antibody [Sims et al., J. Immunol, 151:2296 (1993); 
Chothia et al., J. Mol. Biol, 196:901 (1987)]. Another 
method uses a particular frameWork derived from the con 
sensus sequence of all human antibodies of a particular 
subgroup of light or heavy chains. The same frameWork may 
be used for several different humaniZed antibodies [Carter et 
al., Proc. Natl. Acad. Sci. USA, 89:4285 (1992); Presta et al., 
J. Immnol, 151:2623 (1993)]. 

[0129] It is further important that antibodies be humaniZed 
With retention of high af?nity for the antigen and other 
favorable biological properties. To achieve this goal, accord 
ing to a preferred method, humaniZed antibodies are pre 
pared by a process of analysis of the parental sequences and 
various conceptual humaniZed products using three-dimen 
sional models of the parental and humaniZed sequences. 
Three-dimensional immunoglobulin models are commonly 
available and are familiar to those skilled in the art. Com 
puter programs are available Which illustrate and display 
probable three-dimensional conformational structures of 
selected candidate immunoglobulin sequences. Inspection 
of these displays permits analysis of the likely role of the 
residues in the functioning of the candidate immunoglobulin 
sequence, i.e., the analysis of residues that in?uence the 
ability of the candidate immunoglobulin to bind its antigen. 
In this Way, FR residues can be selected and combined from 
the recipient and import sequences so that the desired 
antibody characteristic, such as increased af?nity for the 
target antigen(s), is achieved. In general, the hypervariable 
region residues are directly and most substantially involved 
in in?uencing antigen binding. 

[0130] The antibodies of the invention may also be pre 
pared as monovalent antibodies. Methods for preparing 
monovalent antibodies are Well knoWn in the art. For 
eXample, one method involves recombinant eXpression of 
immunoglobulin light chain and modi?ed heavy chain. The 
heavy chain is truncated generally at any point in the Fc 
region so as to prevent heavy chain crosslinking. Alterna 
tively, the relevant cysteine residues are substituted With 
another amino acid residue or are deleted so as to prevent 
crosslinking. 

[0131] In vitro methods are also suitable for preparing 
monovalent antibodies. Digestion of antibodies to produce 
fragments thereof, particularly, Fab fragments, can be 
accomplished using routine techniques knoWn in the art. For 
instance, digestion can be performed using papain. 
Examples of papain digestion are described in WO 94/29348 
published Dec. 22, 1994 and Us. Pat. No. 4,342,566. Papain 
digestion of antibodies typically produces tWo identical 
antigen binding fragments, called Fab fragments, each With 
a single antigen binding site, and a residual Fc fragment. 
Pepsin treatment yields an F(ab‘)2 fragment that has tWo 
antigen combining sites and is still capable of cross-linking 
antigen. 

[0132] The Fab fragments produced in the antibody diges 
tion also contain the constant domains of the light chain and 
the ?rst constant domain (CH1) of the heavy chain. Fab‘ 
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fragments differ from Fab fragments by the addition of a feW 
residues at the carboxy terminus of the heavy chain CH1 
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 
a free thiol group. F(ab‘)2 antibody fragments originally 
Were produced as pairs of Fab‘ fragments Which have hinge 
cysteines betWeen them. Other chemical couplings of anti 
body fragments are also knoWn. 

[0133] It may be desirable to generate a multispeci?c 
antibody comprising the monoclonal antibody. Multispeci?c 
antibodies have binding speci?cities for at least tWo different 
antigens. While such molecules normally Will only bind tWo 
antigen (i.e. bispeci?c antibodies, BsAbs), antibodies With 
additional speci?cities such as trispeci?c antibodies are 
encompassed by this expression When used herein. Bispe 
ci?c antibodies can be prepared as full length antibodies or 
antibody fragments [e.g. F(ab‘)2 bispeci?c antibodies]. 

[0134] Methods for making bispeci?c antibodies are 
knoWn in the art. Traditional production of full length 
bispeci?c antibodies is based on the coexpression of tWo 
immunoglobulin heavy chain-light chain pairs, Where the 
tWo chains have different speci?cities [Millstein et al., 
Nature, 305:537-539 (1983)]. Because of the random assort 
ment of immunoglobulin heavy and light chains, these 
hybridomas (quadromas) produce a potential mixture of 10 
different antibody molecules, of Which only one has the 
correct bispeci?c structure. Puri?cation of the correct mol 
ecule, Which is usually done by affinity chromatography 
steps, is rather cumbersome, and the product yields are loW. 
Similar procedures are disclosed in WO 93/08829, and in 
Traunecker et al., EMBO J., 10:3655-3659 (1991). 

[0135] According to a different approach, antibody vari 
able domains With the desired binding speci?cities (anti 
body-antigen combining sites) are fused to immunoglobulin 
constant domain sequences. The fusion preferably is With an 
immunoglobulin heavy chain constant domain, comprising 
at least part of the hinge, CH2, and CH3 regions. It is 
preferred to have the ?rst heavy-chain constant region 
(CH1) containing the site necessary for light chain binding, 
present in at least one of the fusions. DNAs encoding the 
immunoglobulin heavy chain fusions and, if desired, the 
immunoglobulin light chain, are inserted into separate 
expression vectors, and are co-transfected into a suitable 
host organism. This provides for great ?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 is, hoWever, possible to insert the coding sequences for 
tWo or all three polypeptide chains in one 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 signi?cance. 

[0136] In a preferred embodiment of this approach, the 
bispeci?c antibodies are composed of a hybrid immunoglo 
bulin heavy chain With a ?rst binding speci?city in one arm, 
and a hybrid immunoglobulin heavy chain-light chain pair 
(providing a second binding speci?city) in the other arm. It 
Was found that this symmetric structure facilitates the sepa 
ration of the desired bispeci?c compound from unWanted 
immunoglobulin chain combinations, as the presence of an 
immunoglobulin light chain in only one half of the bispeci?c 
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molecule provides for a facile Way of separation. This 
approach is disclosed in WO 94/04690. For further details of 
generating bispeci?c antibodies see, for example, Suresh et 
al., Methods in Enzymology, 121:210 (1986). 

[0137] According to another approach described in 
WO96/27011, the interface betWeen a pair of antibody 
molecules can be engineered to maximiZe the percentage of 
heterodimers Which are recovered from recombinant cell 
culture. The preferred interface comprises at least a part of 
the CH3 domain of an antibody constant domain. In this 
method, one or more small amino acid side chains from the 
interface of the ?rst antibody molecule are replaced With 
larger side chains (e.g. tyrosine or tryptophan). Compensa 
tory “cavities” of identical or similar siZe to the large side 
chain(s) are created on the interface of the second antibody 
molecule by replacing large amino acid side chains With 
smaller ones (eg alanine or threonine). This provides a 
mechanism for increasing the yield of the heterodimer over 
other unWanted end-products such as homodimers. 

[0138] Bispeci?c antibodies include cross-linked or “het 
eroconjugate” antibodies. For example, one of the antibodies 
in the heteroconjugate can be coupled to avidin, the other to 
biotin. Such antibodies have, for example, been proposed to 
target immune system cells to unWanted cells (US. Pat. No. 
4,676,980), and for treatment of HIV infection (WO 
91/00360, WO 92/200373, and EP 03089). Heteroconjugate 
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. Pat. No. 4,676,980, along With 
a number of cross-linking techniques. 

[0139] Antibodies With more than tWo valencies are con 
templated. For example, trispeci?c antibodies can be pre 
pared. Tutt et al. J. Immunol. 147: 60 (1991). 

[0140] The invention also pertains to immunoconjugates 
comprising the antibody described herein conjugated to a 
cytotoxic agent such as a chemotherapeutic agent, toxin (eg 
an enZymatically active toxin of bacterial, fungal, plant or 
animal origin, or fragments thereof), or a radioactive isotope 
(i.e., a radioconjugate). 

[0141] Chemotherapeutic agents useful in the generation 
of such immunoconjugates have been described above. 
EnZymatically active toxins and fragments thereof Which 
can be used include diphtheria A chain, nonbinding active 
fragments of diphtheria toxin, exotoxin A chain (from 
Pseudomonas aeruginosa), ricin A chain, abrin A chain, 
modeccin A chain, alpha-sarcin, Aleurites fora'ii proteins, 
dianthin proteins, Phytolaca americana proteins (PAPI, 
PAPII, and PAP-S), momordica charantia inhibitor, curcin, 
crotin, sapaonaria of?cinalis inhibitor, gelonin, mitogellin, 
restrictocin, phenomycin, enomycin and the tricothecenes. A 
variety of radionuclides are available for the production of 
radioconjugate antibodies. Examples include 212Bi, 1311, 
131In, 90Y and 186Re. 

[0142] Conjugates of the antibody and cytotoxic agent 
may be made using a variety of bifunctional protein cou 
pling agents such as N-succinimidyl-3-(2-pyridyldithiol) 
propionate (SPDP), iminothiolane (IT), bifunctional deriva 
tives of imidoesters (such as dimethyl adipimidate HCL), 
active esters (such as disuccinimidyl suberate), aldehydes 
(such as glutareldehyde), bis-aZido compounds (such as bis 
(p-aZidobenZoyl) hexanediamine), bis-diaZonium deriva 






















