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(57) ABSTRACT 

Compositions and methods for the treatment of cancer, 
particularly melanoma, myeloma, small cell lung cancer, 
thymic lymphoma, T-cell lymphoma, B-cell lymphoma, 
osteosarcoma, and acute T-cell leukemia, are disclosed. 
Illustrative compositions include one or more anti-ganglio 
side antibodies and polynucleotides that encode such anti 
ganglioside antibodies. These antibodies may be for 
example, hamster antibodies, chimeric human/hamster anti 
bodies, or humanized antibodies. The disclosed composi 
tions are useful, for example, in the treatment of cancer and 
can be used to induce apoptosis in a cancer cell. 
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ANTIBODIES TO TREAT CANCER 

REFERENCES TO RELATED APPLICATIONS 

[0001] This application claims priority from the following 
US. Provisional Patent Applications: Ser. No. 60/339,736, 
?led on Dec. 11, 2001, Ser. No. 60/388,956, ?led Jun. 14, 
2002, Ser. No. 60/399,103, ?led Jul. 26, 2002, and Ser. No. 
60/400,958, ?led Aug. 01, 2002. The contents of these 
provisional applications are incorporated herein by refer 
ence in their entireties. 

FIELD OF THE INVENTION 

[0002] The present invention relates to antibodies that can 
be used in the treatment of cancer, including myeloma, 
melanoma, and small cell lung cancer. It also relates to 
methods for the use of such antibodies that speci?cally bind 
to tumor cells, in Which they can inhibit cellular prolifera 
tion, and induce apotosis. 

BACKGROUND OF THE INVENTION 

[0003] Gangliosides are glycosphingolipids that are 
present in high numbers on cells of neural crest origin as 
Well as on a Wide variety of tumor cells of neuroectoderrnal 
origin. Por‘toukalian et al;, Eur. J. Biochem.94:19-23 (1979); 
Yates et al., J. Lipid Res. 20:428-436 (1979). More speci? 
cally, expression of the gangliosides GD2, GD3, and GM2 
has been reported in neuroblastoma, lung small cell carci 
noma, and melanoma, each of Which are highly malignant 
neuroectoderrnal tumors. J. Exp. Med., 155:1133 (1982); J. 
Biol. Chem. 257:12752 (1982); CancerRes. 47:225 (1987); 
Cancer Res. 47:1098 (1987); Cancer Res. 45:2642 (1985); 
Proc. Natl. Acad. Sci. USA. 80:5392 (1983). 

[0004] The chemical structure of gangliosides includes a 
hydrophilic carbohydrate portion (one or more sialic acids 
linked to an oligosaccharide) attached to a hydrophobic lipid 
moiety composed of a long-chain base (sphingosine) and a 
fatty acid (ceramide). (G is an abbreviation for ganglioside 
and M, D, and T are abbreviations for mono, di, and tri, 
respectively; for further discussion of ganglioside nomen 
clature, see, Lehninger, Biochemistry, pp. 294-296 (Worth 
Publishers, 1981) and Wiegandt, in Glycolipids: NeW Com 
prehensive Biochemistry (Neuberger et al., ed., Elsevier, 
1985), pp. 199-260; see, also, FIG. 1 for a schematic of 
ganglioside biosynthesis). 
[0005] Gangliosides are believed to be involved in cell 
recognition, immunosuppression, adhesion and signal trans 
duction. The ceramide portion anchors the ganglioside into 
the cell membrane and may, thereby, modulate intracellular 
signal transduction as a second messenger. The ganglioside 
designated GM2 is one of a group of sialic acid residue 
containing glycolipids and is uniquely characteriZed by its 
presence in only trace amounts in normal cells and its 
upregulation in a variety of cancer cells such as, for 
example, lung small cell carcinoma, melanoma, and neuro 
blastoma. 

[0006] Because they are immunogenic, gangliosides have 
received much attention as possible vaccine targets. For 
example, vaccination With a GM2 ganglioside, has been 
shoWn to stimulate high levels of anti-GM2 antibodies in 
melanoma patients. GM2 vaccines comprising either bacilli 
Calmette-Gueriii (BCG) or, more recently, keyhole limpet 
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hemagglutinin (KLH) as adj uvant have been tested in human 
clinical trials. Livingston et al., Proc. Natl. Acad. Sci USA. 
84:2911-2915 (1987); Livingston, In “Immunity to Cancer 
II.” Eds MS Mitchell, Pub Alan L. Liss, Inc., NY; Irie et al. 
US. Patent No. 4,557,931; KirkWood et al. J. Clin. Oncol. 
19(5):1430-1436 (2001); Chapman et al. Clin. Cancer Res. 
6(3):874-879 (2000). 
[0007] In an effort to develop a therapeutic agent against 
GM2-positive cells, a number of investigators have reported 
the production of anti-GM2 antibodies. For example, 
Yamaguchi et al., described the isolation of lymphocytes 
from a GM2-vaccinated patient and the transformation of 
those lymphocytes With Epstein-Barr virus to produce an 
antibody (designated 3-207) simultaneously reactive for 
both GM2 and GD2. Proc. Natl. Acad. Sci. USA 87:3333 
3337 (1990). Similarly, Irie et al., disclosed a human mono 
clonal anti-GM2 antibody for melanoma treatment. Lancet 
1:786-787 (1989); see, also, Tai et al., Proc. Nat. Acad. Sci. 
USA. 80:5392-5396 (1983) (disclosing a human anti-GM2 
monoclonal antibody designated L55) and Yamasaki et al. 
US. Pat. No. 4,965,498 (disclosing a monoclonal antibody 
speci?c to a sugar chain containing an N-glycolylneuramine 
acid and having the ability to bind to at least N-glycolyl 
GM2 ganglioside). Furthermore, Ritter et al., disclosed 
antibodies produced folloWing immunization With a 
lipopolysaccharide antigen of Campylobacler jejuni that 
reportedly binds to monosialogangliosides, including both 
GM2 and GM1. Int. J. Cancer 66(2):184-190 (1996). 

[0008] Nakamura et al. have described tWo murine anti 
GM2 monoclonal IgM antibodies, KM696 and KM697, as 
Well as corresponding chimeric antibodies, KM966 and 
KM967, constructed by replacing the variable domain heavy 
and light chain cDNAs of a human IgGI With the corre 
sponding variable domain heavy and light chain cDNAs of 
KM696 and KM697, respectively. Cancer Research 
54:1511-1516 (1994); US. Pat. Nos. 5,830,470 and 5,874, 
255. These investigators also reported CDR-grafted variants 
of the KM696/KM966 and the KM697/KM967 antibodies 
designated KM8966 and KM8967, respectively. US. Pat. 
Nos. 5,939,532 and 6,042,828. Indirect immuno?uorescence 
staining of tumor cell lines With the KM966 chimeric 
antibody demonstrated that GM2 Was expressed on pulmo 
nary tumor cells and leukemia cells as Well as neuroecto 
dermal origin tumor cells. 

SUMMARY OF THE INVENTION 

[0009] The invention is based on the discovery that certain 
antibodies, e.g., monoclonal antibodies, speci?cally bind to 
monosialo-GM2 on the surface of numerous types of tumor 
cells, but do not bind to other gangliosides. These mono 
clonal antibodies can block proliferation and induce apop 
tosis of tumor cells to Which they speci?cally bind. 

[0010] The invention features a method of inhibiting pro 
liferation of a myeloma tumor cell expressing a ganglioside 
antigen (e.g., monosialo-GM2, asialo-GM2, disialo-GM2, 
monosialo-GM3, disialo-GD1a, disialo-GD1b, asialo-GM1, 
monosialo-GM1, lysosialo-GM1, trisialo-GTlb, and 
disialo-GD3) in Which the method includes contacting the 
cell With an antibody (e.g., chimeric antibody, a humaniZed 
antibody, a human antibody, a primatiZed antibody, 
DMF10.167.4, DMF10.62.3, a chimeric antibody having a 
variable region of DMF10.167.4, a chimeric antibody hav 
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ing a variable region of DMF10.62.3, a humanized antibody 
having all complementary determinant regions of DMF 
1067.4, and a chimeric antibody With a light chain amino 
acid sequence of SEQ ID N012l (e.g., isoleucine at linear 
position 52 is replaced With valine), in Which and a heavy 
chain amino acid sequence of SEQ ID N0122 (e.g., threo 
nine at linear position 78 of SEQ ID N0122 is replaced With 
lysine), and the antibody speci?cally binds to the ganglio 
side. 

[0011] The invention also features a method of inhibiting 
the proliferation of a cancer cell (e.g., a thymic lymphoma, 
T-cell lymphoma, B-cell lymphoma, melanoma, osteosar 
coma, acute T-cell leukemia, small cell lung cancer, and 
myeloma cell) in Which the method includes contacting the 
cell With a chimeric antibody (e.g., administered in vivo to 
a mammal,) that includes a light chain amino acid sequence 
of SEQ ID N012l (e.g., in Which isoleucine at linear 
position 52 is replace With valine) and a heavy chain amino 
acid sequence of SEQ ID N0122 (e. g., in Which threonine at 
linear position 78 is replaced With lysine). 

[0012] The invention further features a puri?ed chimeric 
antibody (e.g., an antibody that is effective in inhibiting cell 
proliferation of a tumor cell to Which the antibody speci? 
cally binds, an antibody that is effective in inducing apop 
tosis in a tumor cell to Which the antibody speci?cally binds, 
an antibody that binds speci?cally to monosialo-GM2 on the 
surface of a tumor cell and induces apoptosis in a monolayer, 
a single-cell suspension of the tumor cells, or both, an 
antibody that includes a light chain having the amino acid 
sequence of SEQ ID N012l and a heavy chain having the 
amino acid sequence of SEQ ID N0122, or an antibody that 
binds speci?cally to monosialo-GM2 on the surface of a 
tumor cell and induces apoptosis in a monolayer, a single 
cell suspension of tumor cells, or both), or antigen-binding 
fragment thereof, in Which the chimeric antibody includes 
an amino acid sequence comprising SEQ ID N012l (e.g., in 
Which isoleucine at linear position 52 is replaced With 
valine) or SEQ ID N0122 (e.g., in Which threonine at linear 
position 78 is replaced With lysine). 

[0013] The invention includes an puri?ed antibody light 
chain that includes the sequence of SEQ ID N012l. 

[0014] Additionally, the invention includes an isolated 
nucleic acid molecule that includes a nucleotide sequence 
(e.g., the nucleotide sequence comprises SEQ ID N018) 
including that encodes the antibody light chain of a puri?ed 
antibody light chain (e.g., in Which isoleucine at linear 
position 52 of the light chain consisting of SEQ ID N012l 
is replaced With valine) that includes the sequence of SEQ 
ID N012l. 

[0015] The invention further includes an isolated nucleic 
acid molecule that includes a nucleotide sequence that 
encodes the antibody light chain in Which isoleucine at 
linear position 52 of SEQ ID N012l is replaced With valine. 

[0016] The invention also includes a puri?ed antibody that 
includes the light chain of claim that includes the sequence 
of SEQ ID N012l and a heavy chain. 

[0017] Also featured in the invention is a puri?ed antibody 
heavy chain having the amino acid sequence of SEQ ID 
N0122 (e.g., Wherein a threonine at linear position 78 is 
replaced With a lysine). 
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[0018] The invention further features an isolated nucleic 
acid molecule in Which the nucleic acid molecule includes a 
nucleic acid sequence that encodes the antibody heavy chain 
having the amino acid sequence of SEQ ID N0122 (e.g., 
Wherein a threonine at linear position 78 is replaced With a 
lysine). 

[0019] Also featured as part of the invention is an isolated 
nucleic acid molecule in Which the nucleic acid molecule 
(e.g., including the nucleic acid sequence of SEQ ID N017) 
encodes the antibody heavy chain of the amino acid 
sequence of SEQ ID N0122. 

[0020] The invention also includes a puri?ed antibody 
comprising the heavy chain having he amino acid sequence 
of SEQ ID N0122. 

[0021] The invention additionally features a puri?ed anti 
body (e.g., an antibody effective in inhibiting cell prolifera 
tion of a tumor cell to Which the antibody speci?cally binds, 
an antibody effective in inducing apoptosis in a tumor cell to 
Which the antibody speci?cally binds, or an antibody that 
binds speci?cally to monosialo-GM2 on the surface of a 
tumor cell and induces apoptosis in a monolayer, a single 
cell suspension of the tumor cells, or both), or antigen 
binding fragment thereof, Wherein the antibody comprises a 
complementary determinant region (CDR) With an amino 
acid sequence of SEQ ID N01l3, SEQ ID N01l4, SEQ ID 
N01l5, SEQ ID N01l6, SEQ ID N01l7, or SEQ ID N01l8. 

[0022] The invention also includes a method of inhibiting 
groWth of a tumor cell (e.g., in Which groWth of the tumor 
cell is inhibited by inhibiting proliferation of the cell, in 
Which the groWth of the tumor cell is inhibited by inducing 
apoptosis of the cell) in Which the method includes contact 
ing the tumor cell With a chimeric antibody having a light 
chain amino acid sequence of SEQ ID N012l and a heavy 
chain amino acid sequence of SEQ ID N0122. 

[0023] The invention further includes an isolated nucleic 
acid that includes the nucleic acid sequence of SEQ ID 
N015, 6, 9, 10, 11, or 12. 

[0024] Additionally, the invention includes a polypeptide 
that includes the amino acid sequence of SEQ ID N01l9, 20, 
23, 24, 25, or 26. 

[0025] The invention also includes a puri?ed monoclonal 
antibody, or antigen-binding fragment thereof, in Which the 
monoclonal antibody comprises an amino acid sequence of 
SEQ ID N01l9, 20, 23, 24, 25, or 26. 

[0026] The invention further features an antibody, or anti 
gen-binding fragment thereof, in Which the antibody com 
prises a complementary determinant region (CDR) With an 
amino acid sequence of SEQ. ID N01l3, SEQ ID N01l4, 
SEQ ID N01l5, SEQ ID N01l6, SEQ ID N01l7, or SEQ ID 
N01 1 8. 

[0027] As used in this speci?cation and the appended 
claims, the singular forms a, an” and “the” include plural 
references unless the content clearly dictates otherWise. 

[0028] An “isolated nucleic acid sequence” is a nucleic 
acid sequence that is substantially free of the genes that ?ank 
the nucleic acid sequence in the genome of the organism in 
Which it naturally occurs. The term therefore includes a 
recombinant nucleic acid sequence incorporated into a vec 
tor, into an autonomously replicating plasmid or virus, or 
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into the genomic nucleic acid sequence of a prokaryote or 
eukaryote. It also includes a separate molecule such as a 
cDNA, a genomic fragment, a fragment produced by poly 
merase chain reaction (PCR), or a restriction fragment. 

[0029] An antibody that “speci?cally binds” to monosialo 
GM2 binds to monosialo-GM2, but that does not recogniZe 
and bind to other molecules in a sample, such as a biological 
sample that naturally includes monosialo-GM2. 

[0030] “Conservative” amino acid substitutions are sub 
stitutions in Which one amino acid residue is replaced With 
another amino acid residue having a similar side chain. 
Families of amino acid residues having similar side chains 
have been de?ned in the art. These families include amino 
acids With basic side chains (e. g., lysine, arginine, histidine), 
acidic side chains (e.g., aspartic acid, glutamic acid), 
uncharged polar side chains (e.g., glycine, asparagine, 
glutamine, serine, threonine, tyrosine, cysteine), nonpolar 
side chains (e.g., alanine, valine, leucine, isoleucine, proline, 
phenylalanine, methionine, tryptophan), beta-branched side 
chains (e.g., threonine, valine, isoleucine) and aromatic side 
chains (e.g., tyrosine, phenylalanine, tryptophan, histidine). 
Any one of a family of amino acids can be used to replace 
any other members of the family in a conservative substi 
tution. 

[0031] The terms “polypeptide, peptide, and protein” are 
used interchangeably herein to refer to a chain of amino acid 
residues. 

[0032] An “antigen-binding fragment” of an antibody is a 
portion of the antibody that is capable of binding to an 
epitope on an antigen (for example, monosialo-GM2) bound 
by the full antibody. 

[0033] An “epitope” is a particular region of an antigen 
(for example, monosialo-GM2) to to Which an antibody 
binds and Which is capable of eliciting an immune response. 

[0034] An “isolated” antibody is an antibody that is sub 
stantially free from other naturally-occurring organic mol 
ecules With Which it is naturally associated. 

[0035] An antibody or other molecule that blocks cell 
proliferation is an antibody or molecule that inhibits cell 
cycle, division, or both. 

[0036] A “reporter group” is a molecule or compound that 
has a physical or chemical characteristic such as lumines 
cence, ?uorescence, enzymatic activity, electron density, or 
radioactivity that can be readily measured or detected by 
appropriate detector systems or procedures. 

[0037] “Contacting” a cell With an antibody includes both 
in vivo and in vitro methods Whereby an antibody may 
speci?cally bind to an antigen. The antigen can be expressed 
on the surface of a cell. Such methods include for example 
administering a solution containing the antibody (eg 
through an injection or other methods knoWn in the art) to 
a mammal. Additionally, in vitro methods of contacting a 
cell With an antibody include adding the antibody to a 
solution or cell culture dish in Which the test cells are 
groWing. 

[0038] An antibody may inhibit the proliferation of a cell 
though mechanisms including, but not limited to, inducing 
apoptosis, mediating antibody dependent cellular cytotoxic 
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ity, mediating complement dependent cytotoxicty, blocking 
angeogensis or destroying vasculature. 

[0039] The practice of the present invention Will employ, 
unless indicated speci?cally to the contrary, conventional 
methods of virology, immunology, microbiology, molecular 
biology and recombinant DNA techniques Within the skill of 
the art, many of Which are described beloW for the purpose 
of illustration. Such techniques are explained more fully in 
the literature. See, e.g., Sambrook, et al. Molecular Cloning: 
A Laboratory Manual (2nd Edition, 1989); Maniatis et al. 
Molecular Cloning: A Laboratory Manual (1982); DNA 
Cloning: A Practical Approach, vol. I & II (D. Glover, ed.); 
Oligonucleotide Synthesis (N. Gait, ed., 1984); Nucleic Acid 
Hybridization (B. Hames & S. Higgins, eds., 1985); Tran 
scription and Translation (B. Hames & S. Higgins, eds., 
1984); Animal Cell Culture (R. Freshney, ed., 1986); Perbal, 
A Practical Guide to Molecular Cloning (1984). 

[0040] Unless otherWise de?ned, all technical and scien 
ti?c terms used herein have the same meaning as commonly 
understood by one of ordinary skill in the art to Which this 
invention belongs. Although methods and materials similar 
or equivalent to those described herein can be used in the 
practice or testing of the present invention, suitable methods 
and materials are described beloW. All publications, patent 
applications, patents, and other references mentioned herein 
are incorporated by reference in their entirety. In case of 
con?ict, the present speci?cation, including de?nitions, Will 
control. In addition, the materials, methods, and examples 
are illustrative only and not intended to be limiting. 

[0041] The invention features antibodies that recogniZe 
monosialo-GM2 expressed on tumor cells. The antibodies 
can be used to inhibit proliferation of tumor cells and induce 
apoptosis of tumor cells to Which they speci?cally bind. The 
monoclonal antibodies can be used diagnostically (for 
example, to determine the presence of malignant cells), or 
can be used therapeutically to treat tumor cells by them 
selves or through their delivery of an attached antitumor 
agent. 

[0042] Other features and advantages of the invention Will 
be apparent from the folloWing detailed description, and 
from the claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 
AND SEQUENCE LISTING 

[0043] FIG. 1 is a diagrammatic representation of gan 
glioside biosynthesis. It employs the folloWing abbrevia 
tions: Cer, ceramide; Glc, glucose; Gal, galactose; GalNAc, 
N-acetylgalactosamine; Sia, sialic acid; LacCer, lactosylce 
ramide. This ?gure is adapted from Takamiya et al., Proc. 
Natl. Acad. Sci. USA 93:10662 (1996). 

[0044] FIG. 2 is a bar graph depicting the ganglioside 
binding activity of the hamster monoclonal antibodies des 
ignated DMF 10.1674 and DMF 10.623. It employs the 
folloWing abbreviations: As=asialo, Ms=monosialo, Ds=di 
sialo, Ts=trisialo, and Ls=lysosialo and Chl/Meth=Chloro 
form Methanol diluent. 

[0045] SEQ ID NO: 1 is the polynucleotide sequence of an 
antisense primer for the light chain of a chimeric anti 
monosialo-GM2 antibody. 

[0046] SEQ ID NO: 2 is the polynucleotide sequence of a 
sense primer for the light chain of a chimeric anti-mono 
sialo-GM2 antibody. 
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[0047] SEQ ID NO: 3 is the polynucleotide sequence of an 
anti-sense primer for the heavy chain of a chimeric anti 
monosialo-GM2 antibody. 

[0048] SEQ ID NO: 4 is the polynucleotide sequence of a 
sense primer for the heavy chain of a chimeric anti-mono 
sial6-GM2 antibody. 

[0049] SEQ ID NO: 5 is the polynucleotide sequence of 
the V] of DMFl0.62.3. 

[0050] SEQ ID NO: 6 is the polynucleotide sequence of 
the VD] of DMFl0.62.3. 

[0051] SEQ ID NO: 7 is the polynucleotide sequence the 
V]-C (light chain) of a chimeric anti-monosialo-GM2 anti 
body. 

[0052] SEQ ID NO: 8 is the polynucleotide sequence of 
the VD] -C (heavy chain) of a chimeric anti-monosialo-GM2 
antibody. 

[0053] SEQ ID NO: 9 is the polynucleotide sequence of 
the V] of DMFlO.l67.4. 

[0054] SEQ ID NO: 10 is the polynucleotide sequence of 
the VD] of DMFlO.l67.4. 

[0055] SEQ ID NO: 11 is the polynucleotide sequence of 
the V] of DMFl0.l67.4 With its endogenous leader 
sequence. 

[0056] SEQ ID NO: 12 is the polynucleotide sequence of 
the VD] of DMFl0.l67.4 With its endogenous leader 
sequence. 

[0057] SEQ ID NO: 13 is the amino acid sequence of 
CDR3 of the light chain of DMFl0.l67.4 and DMF10.62.3. 

[0058] SEQ ID NO: 14 is the amino acid sequence of 
CDR2 of the light chain of DMFl0.l67.4 and DMF10.62.3. 

[0059] SEQ ID NO: 15 is the amino acid sequence of 
CDRl of the light chain of DMFl0.l67.4 and DMF10.62.3. 

[0060] SEQ ID NO: 16 is the amino acid sequence of 
CDR3 of the heavy chain of DMFl0.l67.4 and 
DMF10.62.3. 

[0061] SEQ ID NO: 17 is the amino acid sequence of 
CDR2 of the heavy chain of DMFl0.l67.4 and 
DMF10.62.3. 

[0062] SEQ ID NO: 18 is the amino acid sequence of 
CDRl of the heavy chain of DMFl0.l67.4 and 
DMF10.62.3. 

[0063] SEQ ID NO: 19 is the amino acid sequence of the 
V] of DMFl0.62.3. 

[0064] SEQ ID NO: 20 is the amino acid sequence of the 
VD] of DMFl0.62.3. 

[0065] SEQ ID NO: 21 is the amino acid sequence of the 
V] -C (light chain) of a chimeric anti-monosialo-GM2 anti 
body. 

[0066] SEQ ID NO: 22 is the amino acid sequence ofthe 
VD]-C (heavy chain) of a chimeric anti-monosialo-GM2 
antibody. 

[0067] SEQ ID NO: 23 is the amino acid sequence of the 
V] of DMFlO.l67.4. 
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[0068] SEQ ID NO: 24 is the amino acid sequence the 
VD] of DMFl0.l67.4. 

[0069] SEQ ID NO: 25 is the amino acid sequence of the 
V] of DMF10.167.4 With its endogenous leader sequence. 

[0070] SEQ ID NO: 26 is the amino acid sequence of the 
VD] of DMFl0.l67.4 With its endogenous leader sequence. 

DETAILED DESCRIPTION 

[0071] The present invention features antibodies, e.g., 
monoclonal antibodies that speci?cally bind to monosialo 
GM2. Monosialo-GM2 occurs on a variety of types of tumor 
cells, including thymic lymphoma, T-cell tumor, a B-cell 
lymphoma, melanoma, osteosarcoma, and acute T-cell leu 
kemia. Importantly, it Was demonstrated that monosialo 
GM2 is over-expressed on certain myeloma cell lines. 
Expression of monosialo-GM2 has also been observed in a 
variety of different species, including humans, monkeys, and 
mice. Upon binding of an antibody of the invention to a cell 
over-expressing monosialo-GM2, the cell stops proliferating 
and undergoes apoptosis. The antibodies of the invention 
(e.g., DMFl0.l67.4 and ChGM2) can be used to treat 
myeloma. They can be used to treat melanoma and small cell 
lung carcinoma. Additionally, they can be used to treat other 
cancers, e.g., hematological malignancies, breast cancers, 
ovarian cancers, uterine cancers, lung cancers, GI cancers 
(including those affecting the oropharynx, esophagus, stom 
ach, small and large intestine, rectum), pancreatic cancer, 
liver cancer, biliary cancers, kidney cancer, skin cancers, 
adrenal cancers, endocrine cancers, brain cancers, neural 
cancers, bladder cancer, bone cancer, connective tissue 
cancers, squamous cell carcinoma, adenocarcinoma, and 
mesothelioma, provided that the cancer expresses or over 
expresses monosialo-GM2. 

[0072] Three hybridoma cell lines that produce mono 
clonal antibodies that speci?cally bind to monosialo-GM2 
have been deposited With the ATCC under Accession No. 
PTA-377 (DMF10.62.3), Accession No. PTA-405 
(DMF10.167.4), or Accession No. PTA-404 
(DMF10.34.36). 
[0073] The antibodies described herein have a variety of 
uses. The antibodies can be used in in vitro diagnostic assays 
to determine the presence of malignant cells in mammalian, 
e.g., human, tissues. The antibodies can also be used to 
localiZe and image tumors in vivo by administering to a 
subject an isolated antibody described herein Which is 
labeled With a reporter group. The antibodies also have 
therapeutic applications, such as to treat tumors or deliver an 
anti-tumor agent (e.g., as a treatment for myeloma, small 
cell lung carcinoma, or melanoma). 

Methods of Making Antibodies 

[0074] Antibodies are immunoglobulin molecules and 
immunologically active portions of immunoglobulin mol 
ecules. Examples of fragments of immunoglobulin mol 
ecules include fragments of an antibody, e.g., F(ab) and 
F(ab')2 portions, Which can speci?cally bind to monosialo 
GM2. Fragments can be generated by treating the antibody 
With an enzyme such as pepsin. The term monoclonal 
antibody or monoclonal antibody composition refers to a 
population of antibody molecules that contain only one 
species of an antigen binding site capable of immunoreact 
ing With a particular epitope of, e.g., a ganglioside, polypep 
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tide, or protein. A monoclonal antibody composition thus 
typically displays a single binding af?nity for the epitope to 
Which it speci?cally binds. 

[0075] Immunization Polyclonal and monoclonal antibod 
ies against monosialo-GM2 can be raised by immunizing a 
suitable subject (e. g., a hamster, rabbit, goat, mouse, or other 
mammal) With an immunogenic preparation Which contains 
a suitable immunogen. Immunogens include cells such as 
cells from immortalized cell lines E71023, RMA-S, CTLL, 
LB17.4, A20, WEHI-231, PBK101A2, C23, B16, MC57, 
WOP-3027, 293T, 143Btk, Jurkat, or Cos, that have all been 
shoWn to express monosialo-GM2. Alternatively, the immu 
nogen can be puri?ed or isolated monosialo-GM2. 

[0076] The antibodies raised in the subject can then be 
screened to determine if the antibodies bind to fetal thy 
mocytes While not binding to adult thymocytes. Such anti 
bodies can be further screened in the assays described 
herein. For example, these antibodies can be assayed to 
determine if they inhibit cell proliferation of cells to Which 
they bind; induce homotypic aggregation of cells; and/or 
induce apoptosis in cells to Which they bind. Suitable 
methods to identify an antibody With the desired character 
istics are described herein. For example, the ability of an 
antibody to induce cell death upon binding to a cell can be 
assayed using commercially available kits from R&D (Min 
neapolis, Minn.) or Pharmingen (San Diego, Calif.). 

[0077] The unit dose of immunogen (e.g., puri?ed mono 
sialo-GM2, tumor cell expressing monosialo-GM2) and the 
immunization regimen Will depend upon the subject to be 
immunized, its immune status, and the body Weight of the 
subject. To enhance an immune response in the subject, an 
immunogen can be administered With an adjuvant, such as 
Freund’s complete or incomplete adjuvant. 

[0078] Immunization of a subject With an immunogen as 
described above induces a polyclonal antibody response. 
The antibody titer in the immunized subject can be moni 
tored over time by standard techniques such as an ELISA 
using an immobilized antigen, e.g., monosialo-GM2. 

[0079] Other methods of raising antibodies against mono 
sialo-GM2 include using transgenic mice Which express 
human immunoglobin genes (see, e.g., Wood et al. PCT 
publication WO 91/00906, Kucherlapati et al. PCT publi 
cation W0 91/ 10741; or Lonberg et al. PCT publication WO 
92/03918). Alternatively, human monoclonal antibodies can 
be produced by introducing an antigen into immune de? 
cient mice that have been engrafted With human antibody 
producing cells or tissues (e.g;, human bone marroW cells, 
peripheral blood lymphocytes (PBL), human fetal lymph 
node tissue, or hematopoietic stem cells). Such methods 
include raising antibodies in SCID-hu mice (see Duchosal et 
al. PCT publication WO 93/05796; US. Pat. No. 5,411,749; 
or McCune et al. (1988) Science 241:1632-1639)) or Rag 
1/Rag-2 de?cient mice. Human antibody-immune de?cient 
mice are also commercially available. For example, Rag-2 
de?cient mice are available from Taconic Farms (German 
toWn, N.Y.). 

Hybridomas 

[0080] Monoclonal antibodies can be generated by immu 
nizing a subject With an immunogen. At the appropriate time 
after immunization, e.g., When the antibody titers are at a 
su?iciently high level, antibody producing cells can be 
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harvested from an immunized animal and used to prepare 
monoclonal antibodies using standard techniques. For 
example, the antibody producing cells can be fused by 
standard somatic cell fusion procedures With immortalizing 
cells to yield hybridoma cells. Such techniques are Well 
knoWn in the art, and include, for example, the hybridoma 
technique as originally developed by Kohler and Milstein, 
(1975) Nature, 256: 495-497), the human B cell hybridoma 
technique (Kozbar et al., (1983) Immunology Today, 4: 72), 
and the EBV-hybridoma technique to produce human mono 
clonal antibodies (Cole et al., (1985) MonoclonalAntibodies 
and Cancer Therapy, Alan R. Liss, Inc. pp. 77-96). The 
technology for producing monoclonal antibody hybridomas 
is Well knoWn. 

[0081] Monoclonal antibodies can also be made by har 
vesting antibody producing cells, e.g., splenocytes, from 
transgenic mice expressing human immunogloulin genes 
and Which have been immunized With monosialo-GM2. The 
splenocytes can be immortalized through fusion With human 
myelomas or through transformation With Epstein-Barr 
virus (EBV). These hybridomas can be made using human 
B cell-or EBV-hybridoma techniques described in the art 
(see, e.g., Boyle et al., European Patent Publication No. 0 
614 984). 

[0082] Hybridoma cells producing a monoclonal antibody 
Which speci?cally binds to monosialo-GM2 are detected by 
screening the hybridoma culture supematants by, for 
example, screening to select antibodies that speci?cally bind 
to the immobilized monosialo-GM2, or by testing the anti 
bodies as described herein to determine if the antibodies 
have the desired characteristics, e.g., the ability to inhibit 
cell proliferation. 

[0083] Hybridoma cells that produce monoclonal antibod 
ies that test positive in the screening assays described herein 
can be cultured in a nutrient medium under conditions and 
for a time suf?cient to alloW the hybridoma cells to secrete 
the monoclonal antibodies into the culture medium, to 
thereby produce Whole antibodies. Tissue culture techniques 
and culture media suitable for hybridoma cells are generally 
described in the art (see, e.g., R. H. Kenneth, in Monoclonal 
Antibodies: A New Dimension In Biological Analyses, Ple 
num Publishing Corp., NeW York, N.Y. (1980). Conditioned 
hybridoma culture supernatant containing the antibody can 
then be collected. 

Recombinant Combinatorial Antibody Libraries 

[0084] Monoclonal antibodies can be engineered by con 
structing a recombinant combinatorial immunoglobulin 
library and screening the library With monosialo-GM2. Kits 
for generating and screening phage display libraries are 
commercially available (e.g., the Pharmacia Recombinant 
Phage Antibody System, Catalog No. 27-9400-01; and the 
Stratagene SurfZAP Phage Display Kit, Catalog No. 
240612). Brie?y, the antibody library is screened to identify 
and isolate phages that express an antibody that speci?cally 
binds to monosialo-GM2. In a preferred embodiment, the 
primary screening of the library involves screening With an 
immobilized monosialo-GM2. 

[0085] Following screening, the display phage is isolated 
and the nucleic acid encoding the selected antibody can be 
recovered from the display phage (e.g., from the phage 
genome) and subcloned into other expression vectors by 
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Well known recombinant DNA techniques. The nucleic acid 
can be further manipulated (e.g., linked to nucleic acid 
encoding additional immunoglobulin domains, such as addi 
tional constant regions) and/or expressed in a host cell. 

Chimeric and Humanized Antibodies 

[0086] Recombinant forms of antibodies, such as chimeric 
and humanized antibodies, can also be prepared to minimize 
the response by a human patient to the antibody. When 
antibodies produced in non-human subjects or derived from 
expression of non-human antibody genes are used therapeu 
tically in humans, they are recognized to varying degrees as 
foreign, and an immune response may be generated in the 
patient. One approach to minimize or eliminate this immune 
reaction is to produce chimeric antibody derivatives, i.e., 
antibody molecules that combine a non-human animal vari 
able region and a human constant region. Such antibodies 
retain the epitope binding speci?city of the original mono 
clonal antibody, but may be less immunogenic When admin 
istered to humans, and therefore more likely to be tolerated 
by the patient. 

[0087] Chimeric monoclonal antibodies can be produced 
by recombinant DNA techniques knoWn in the art. For 
example, a gene encoding the constant region of a non 
human antibody molecule is substituted With a gene encod 
ing a human constant region. (see Robinson et al., PCT 
Patent Publication PCT/US86/02269; Akira, et al., European 
Patent Application 184,187; or Taniguchi, M., European 
Patent Application 171,496). 

[0088] A chimeric antibody can be further “humanized” 
by replacing portions of the variable region not involved in 
antigen binding With equivalent portions from human vari 
able regions. General revieWs of “humanized” chimeric 
antibodies are provided by Morrison, S. L. (1985) Science, 
229:1202-1207 and by Oi et al. (1986) BioTechniques, 
4:214. Such methods include isolating, manipulating, and 
expressing the nucleic acid sequences that encode all or part 
of an immunoglobulin variable region from at least one of a 
heavy or light chain. The cDNA encoding the humanized 
chimeric antibody, or fragment thereof, can then be cloned 
into an appropriate expression vector. Suitable “humanized” 
antibodies can be altematively produced by (complementa 
rity determining region (CDR) substitution (see US. Pat. 
No. 5,225,539; Jones et al. (1986) Nature 321:552-525; 
Verhoeyan et al. (1988) Science 239:1534; and Beidler et al. 
(1988) Jlmmunol. 141:4053-4060). 

[0089] Epitope imprinting can also be used to produce a 
“human” antibody polypeptide dimer that retains the binding 
speci?city of the hamster antibodies speci?c for monosialo 
GM2produced by the hybridoma deposited as ATCC Acces 
sion No. PTA-377, Accession No. PTA-405, or Accession 
No. PTA-404. Brie?y, a gene encoding a non-human vari 
able region (VH) With speci?c binding to an antigen and a 
human constant region (CH1), is expressed in E. coli and 
infected With a phage library of human VKCK genes. Phage 
displaying antibody fragments are then screened for binding 
to monosialo-GM2. Selected human VK genes are recloned 
for expression of VKCK chains and E. coli harboring these 
chains are infected With a phage library of human VHCHl 
genes and the library is subject to rounds of screening With 
antigen coated tubes. See Hoogenboom et al. PCT publica 
tion WO 93/06213. 
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Chimeric Anti-Monosialo-GM2 Antibodies 

[0090] Among other things, the present invention provides 
chimeric antibodies that are highly speci?c for monosialo 
GM2. These chimeric anti-monosialo-GM2 antibodies 
(“ChGM2 mAb”) are effective at inducing apoptosis in 
tumor cell monolayers and/or single-cell suspensions and in 
inhibiting the in vivo proliferation of tumor cells. 

[0091] As part of the present invention, it Was determined 
that several hamster monoclonal antibodies speci?cally rec 
ognize the ganglioside monosialo-GM2. This ganglioside is 
present on the surface of many tumor cells. In general, the 
ChGM2 antibodies of the present invention have the respec 
tive Fab and CDR regions from the hamster mAbs desig 
nated DMF 10.623 and DMF 101674. A chimeric anti 
monosialo-GM2 antibody of the present invention can also 
have Fab or CDR regions of the hamster mAb designated 
DMF 10.34.36. Also provided are methods of using these 
chimeric anti-monosialo-GM2 antibodies in the treatment of 
cancer. 

[0092] The present invention provides chimeric anti 
monosialo-GM2 antibodies that exhibit tumor cell-speci?c 
binding and that both induce apoptosis and inhibit prolif 
eration in the cells to Which they bind. An antibody, or 
antigen-binding fragment thereof, is said to “speci?cally 
bind,”“immunogically bind,” and/or is “immunologically 
reactive” to monosialo-GM2 if it reacts at a detectable level 
(Within, for example, an ELISA assay) to monosialo-GM2, 
but not to asialo-GM2, disialo-GM2, monosialo-GM3, 
disialo-GD1a, disialo-GD1b, asialo-GM1, monosialo-GMl, 
lysosialo-GM1, trisialo-GT1b, and/or disialo-GD3. 

[0093] “Immunological binding,” as used herein, gener 
ally refers to the non-covalent interactions of the type that 
occurs betWeen an antibody, or fragment thereof, and an 
antigen for Which the antibody is speci?c. Immunological 
binding properties of selected antibodies can be quanti?ed 
using methods Well knoWn in the art. See, generally, Davies 
et al. Annual Rev. Biochem. 59:439-473 (1990). 

[0094] An “antigen-binding site,” or “binding portion” of 
an antibody refers to the part of the immunoglobulin mol 
ecule that participates in antigen binding. The antigen bind 
ing site is formed by amino acid residues of the N-terminal 
variable (“V”) regions of the heavy (“H”) and light (“L”) 
chains. Three highly divergent stretches Within the V regions 
of the heavy and light chains are referred to as “hypervari 
able regions” Which are interposed betWeen more conserved 
?anking stretches knoWn as “frameWork regions,” or 
“FWRs”. Thus, the term “FWR” refers to amino acid 
sequences Which are naturally found betWeen and adjacent 
to hypervariable regions in immunoglobulins. In an antibody 
molecule, the three hypervariable regions of a light chain 
and the three hypervariable regions of a heavy chain are 
disposed relative to each other in three-dimensional space to 
form an antigen-binding surface. The antigen-binding, sur 
face is complementary to the three-dimensional surface of a 
bound antigen, and the three hypervariable regions of each 
of the heavy and light chains are referred to as “comple 
mentary determinant region,” or “CDRs.” 

[0095] A monoclonal antibody may be cleaved into vari 
ous fragments by methods knoWn in the art. The proteolytic 
enzyme papain preferentially cleaves IgG molecules to yield 
several fragments, tWo of Which (the “Fab” fragments) each 
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comprise a covalent heterodimer that includes an intact 
antigen-binding site. Another fragment produced from 
papain cleavage of an antibody is the Fc (fragment crystal 
liZable). The Fc fragment is constant among a given class of 
antibodies and mediates binding of a cell or complement to 
an antibody When the antigen binding sites (Fabs) are 
occupied by an antigen. 

[0096] The Fc regions are particularly constant Within a 
given species. When a therapeutic monoclonal antibody 
from a ?rst species is administered to a second species, the 
immune system of the second species may mount an 
immune response to the Fc region of the mAb. Such an 
immune response can lead to the rapid destruction and 
clearing of the mAb from the second species. Such clearing 
can limit the efficacy of a therapeutic antibody. 

[0097] The chimeric mAbs of the present invention have 
a Fab portion that is derived from a hamster mAb that 
speci?cally binds to monosialo-GM2 on tumor cells. The Fc 
region of this hamster antibody is replaced With the Fc 
region of a human antibody, Which limits undesirable immu 
nological response toWard non-human antibodies. 

[0098] Antibodies and antigen-binding fragments have a 
heavy chain and a light chain complementary determinant 
region (CDR) set, Which are respectively interposed 
betWeen a heavy chain and a light chain FWR set that 
provide support to the CDRs and de?ne the spatial relation 
ship of the CDRs relative to each other. As used herein, the 
term “CDR set” refers to the three hypervariable regions of 
a heavy or light chain V region. Proceeding from the 
N-terminus of a heavy or light chain, these regions are 
denoted as “CDRl,”, “CDR2,” and “CDR3” respectively. 
An antigen-binding site, therefore, includes six CDRs, com 
prising the CDR set from each of a heavy and a light chain 
V region. Crystalfographic analysis of a number of antigen 
antibody complexes has demonstrated that the amino acid 
residues of CDRs form extensive contact With bound anti 
gen, Wherein the most extensive antigen contact is With the 
heavy chain CDR3. Thus, the molecular recognition units 
are primarily responsible for the speci?city of an antigen 
binding site. 

[0099] As used herein, the term “FWR set” refers to the 
four ?anking amino acid sequences that frame the CDRs of 
a CDR set of a heavy or light chain V region. Some FWR 
residues may contact bound antigen; hoWever, FWRs are 
primarily responsible for folding the V region into the 
antigen-binding site. The FWR residues directly adjacent to 
the CDRs are particularly important for the folding of the V 
region. Within FWRs, certain amino acid residues and 
certain structural features are very highly conserved. In this 
regard, all V region sequences contain an internal disul?de 
loop of around 90 amino acid residues. When the V regions 
fold into a binding-site, the CDRs are displayed as project 
ing loop motifs, Which form an antigen-binding surface. It is 
generally recogniZed that there are conserved structural 
regions of FWRs that in?uence the folded shape of the CDR 
loops into certain “canonical” structures, regardless of the 
precise CDR amino acid sequence. Further, certain FWR 
residues are knoWn to participate in non-covalent interdo 
main contacts Which stabiliZe the interaction of the antibody 
heavy and light chains. 

[0100] Both the light chain and heavy chain variable 
regions of the chimeric anti-monosialo-GM2 antibodies 
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have three complementary determinant regions, CDRs, 
joined by frameWork regions, FWR. A ChGM2 monoclonal 
antibody of the present invention may have a heavy chain 
CDRl With an amino acid sequence of THYVS (SEQ ID 
NO: 18), a heavy chain CDR 2 With an amino acid sequence 
of WIFGGSARTNYNQKFQG (SEQ ID NO: 17), and a 
heavy chain CDR3 With an amino acid sequence of QVG 
WDDALDF (SEQ ID NO: 16). 

[0101] Additionally, the ChGM2 mAb may have a light 
chain CDRl With an amino acid sequence of RSSQSLFS 
GNYNYLA (SEQ ID NO: 15), a heavy chain CDR 2 With 
an amino acid sequence of YASTRHT (SEQ ID NO: 14), 
and a heavy chain CDR3 With an amino acid sequence of 
QQHYSSPRT (SEQ ID NO: 13). 

HumaniZed Antibodies 

[0102] In addition to the chimeric antibodies made for the 
present invention, other humaniZed antibodies may be pro 
duced that reduce the undesirable immunological response 
toWard non-human antibodies in a human patient. These 
humaniZed antibody molecules can have an antigen-binding 
site derived from the hamster antibodies. For example, the 
non-human CDRs described above, can be grafted into 
human FWR and fused to a human constant domain. Winter 
et al. Nature 349:293-299 (1991); Lobuglio et al. Proc. Nat. 
Acad. Sci. USA 86:4220-4224 (1989); ShaW et al. J Immu 
nol. 138:4534-4538 (1987); and BroWn et al. Cancer Res. 
47:3577-3583 (1987). The hamster CDRs may be grafted 
into a human supporting FWR prior to fusion With an 
appropriate human antibody constant domain. Riechmann et 
al. Nature 332:323-327 (1988); Verhoeyen et al. Science 
239:1534-1536 (1988); and Jones et al. Nature 321:522-525 
(1986). Non-human CDRs can be supported by recombi 
nantly-veneered FWRs. European Patent Publication No. 
519,596, published Dec. 23, 1992. These “humanized” mol 
ecules are designed to minimiZe unWanted immunological 
response toWard non-human antihuman antibody molecules 
that limits the duration and effectiveness of therapeutic 
applications of those moieties in human recipients. Simi 
larly, “primatiZed” antibodies are designed to minimiZe 
unWanted immunological response toWard non-primate anti 
primate antibody molecules the limits the duration and 
effectiveness of therapeutic applications of those moieties in 
primate recipients (e.g., humans, chimpanzees, gorillas, 
orangutans, etc.). 

[0103] The terms “veneered FWRs” and “recombinantly 
veneered FWRs” refer to the selective replacement of FWR 
residues from, e.g., a hamster heavy or light chain V region, 
With human FWR residues in order to provide a xenogeneic 
molecule comprising an antigen-binding site Which retains 
substantially all of the native FWR folding structure. 
Veneering techniques are based on the understanding that 
the ligand-binding characteristics of an antigen-binding site 
are determined primarily by the structure and relative dis 
position of the heavy and light chain CDR sets Within the 
antigen-binding surface (Dayies et al. Ann. Rev. Biochem. 
59:439-473 (1990)). Thus, antigen binding speci?city can be 
preserved in a humaniZed antibody only Wherein the CDR 
structures, their interaction With each other, and their inter 
action With the rest of the V region domains are carefully 
maintained. By using veneering techniques, exterior (eg., 
solvent-accessible) FWR residues, Which are readily 
encountered by the immune system, are selectively replaced 
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With human residues to provide a hybrid molecule that 
comprises either a Weakly immunogenic, or substantially 
non-immunogenic, veneered surface. 

[0104] The process of veneering makes use of the avail 
able sequence data for human antibody variable domains 
compiled by Kabat et al., in Sequences of Proteins of 
Immunological Interest, 4th ed., (US. Dept. of Health and 
Human Services, US. Government Printing O?ice, 1987), 
updates to the Kabat database, and other accessible US. and 
foreign databases (both nucleic acid and protein). Solvent 
accessibilities of V region amino acids can be deduced from 
the knoWn three-dimensional structure for human and non 
human antibody fragments. 

[0105] There are tWo general steps in veneering a non 
human antigen-binding site. Initially, the FWRs of the 
variable domains of an antibody molecule of interest are 
compared With corresponding FWR sequences of human 
variable domains available databases. The most homologous 
human V regions are then compared residue by residue to 
corresponding non-human amino acids. The residues in the 
non-human FWR that differ from the human counterpart are 
replaced by the residues present in the human moiety using 
recombinant techniques Well knoWn in the art. Residue 
sWitching is carried out With moieties that are at least 
partially exposed (solvent accessible), and care is exercised 
in the replacement of amino acid residues that may have a 
signi?cant effect on the tertiary structure of V region 
domains, such as proline, glycine and charged amino acids. 

[0106] In this manner, the resultant “veneered” non-hu 
man antigen-binding sites are thus designed to retain the 
non-human CDR residues, the residues substantially adja 
cent to the CDRs, the residues identi?ed as buried or mostly 
buried (solvent inaccessible), the residues believed to par 
ticipate in non-covalent (e. g., electrostatic and hydrophobic) 
contacts betWeen heavy and light chain domains, and the 
residues from conserved structural regions of the FWRs 
Which are believed to in?uence the “canonical” tertiary 
structures of the CDR loops. These design criteria are then 
used to prepare recombinant nucleotide sequences that com 
bine the CDRs of both the heavy and light-chain of a 
non-human antigen-binding site into human-appearing 
FWRs that can be used to transfect mammalian cells for the 
expression of recombinant human antibodies that exhibit the 
antigen speci?city of the non-human antibody molecule. 

Antibody Fragments 
[0107] The present invention encompasses neW antitumor 
antibodies and any fragments thereof containing the active 
binding region of the antibody, such as Fab, F(ab')2, and Fv 
fragments. Such fragments can be produced from the anti 
body using techniques Well established in the art (see, e.g., 
Rousseaux et al., in Methods EnZymol., 121:663-69 Aca 
demic Press, (1986)). For example, the F(ab')2 fragments can 
be produced by pepsin digestion of the antibody molecule, 
and the Fab fragments can be generated by reducing the 
disulphide bridges of the F(ab')2 fragments. 

Utility of Antibodies 

[0108] The antibodies described herein have a variety of 
uses. The antibodies can be used in vitro for diagnostic 
purposes to determine the presence of malignant cells in 
human tissues. The method involves examining a tissue 
sample for the presence of monosialo-GM2. For example, 

Dec. 7, 2006 

the tissue sample can be contacted With the monoclonal 
antibody produced by the hybridoma cell line ATCC Acces 
sion NO PTA-377, Accession No. PTA-405, or Accession 
No. PTA-404, and the ability of the antibody to speci?cally 
bind to the cells in the tissue sample is determined. Binding 
indicates the presence of a tumor cell. Alternatively, the 
antibody can also be used to screen blood samples for 
released antigen. 

[0109] The antibodies can also be used to localiZe a tumor 
in vivo by administering to a subject an isolated antibody of 
the present invention that is labeled With a reporter group 
Which gives a detectable signal. The bound antibodies are 
then detected using external scintigraphy, emission tomog 
raphy, or radionuclear scanning. The method can be used to 
stage a cancer in a patient With respect to the extent of the 
disease and to monitor changes in response to therapy. 

[0110] The antibodies also have therapeutic applications. 
The neW antibodies can be used to treat tumors, because 
speci?c binding of the antibody to the tumor cell causes the 
cell to stop proliferating and to die. The antibodies of the 
invention can be used to treat myeloma, small cell lung 
carcinoma, or melanoma. They can be used to treat other 
cancers, e.g., hematological malignancies, breast cancers, 
ovarian cancers, uterine cancers, lung cancers, GI cancers 
(including those affecting the oropharynx, esophagus, stom 
ach, small and large intestine, rectum), pancreatic cancer, 
liver cancer, biliary cancers, kidney cancer, skin cancers, 
adrenal cancers, endocrine cancers, brain cancers, neural 
cancers, bladder cancer, bone cancer, connective tissue 
cancers, squamous cell carcinoma, adenocarcinoma, and 
mesothelioma, provided that the cancer expresses or over 
expresses monosialo-GM2. 

[0111] The antibodies can also be used therapeutically, 
e.g., as targeting agents, to deliver antitumor agents to the 
tumors. Such anti-tumor agents include chemotherapeutic 
drugs, toxins, immunological response modulators, 
enZymes, and radioisotopes. 

Detectable Labels 

[0112] The antibodies that react With monosialo-GM2 can 
be used diagnostically, e.g., to detect the presence of a tumor 
in a sample in vitro, or to locate and/or image a tumor in a 
subject. Detection can be facilitated by coupling the anti 
body to a detectable label. Examples of detectable labels 
include various enZymes, prosthetic groups, ?uorescent 
materials, luminescent materials, bioluminescent materials, 
electron dense labels, labels for MRI, and radioactive mate 
rials. Examples of suitable enZymes include horseradish 
peroxidase, alkaline phosphatase, [3-galactosidase, or ace 
tylcholinesterase; examples of suitable prosthetic group 
complexes include streptavidin/biotin and avidin/biotin; 
examples of suitable ?uorescent materials include umbellif 
erone, ?uorescein, ?uorescein isothiocyanate, rhodamine, 
dichlorotriaZinylamine ?uorescein, dansyl chloride or phy 
coerythrin; an example of a luminescent material includes 
luminol; examples of bioluminescent materials include 
luciferase, luciferin, and aequorin, and examples of suitable 
radioactive material include 125I, 131I, 35S or 3H. 

Antibodies as Targeting Agents 

[0113] The antibodies and antibody fragments described 
herein can be conjugated to a moiety and the antibody can 
be used to direct the moiety to the site of a tumor cell Which 
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expresses monosialo-GM2. Examples of moieties include 
toxins, radionuclides, or chemotherapeutic agents Which can 
be used to kill tumor cells, or imaging agents Which can be 
used to locate and siZe tumors expressing monosialo-GM2. 
The antibodies used to direct the moiety to the tumor in 
humans are preferably monoclonal antibodies, e.g., a 
humaniZed monoclonal antibodies. 

[0114] The antibody can be fused to the moiety, e.g., the 
toxin, either by virtue of the moiety and the antibody being 
encoded by a fused gene Which encodes a hybrid protein 
molecule, or by means of conjugation, e.g., a non-peptide 
covalent bond, e.g., a non-amide bond, Which is used to join 
separately produced antibody and the moiety. 

[0115] The antibody described herein can also be fused to 
another antibody that is speci?c for immune cells and 
stimulates the immune cells to kill the tumor. 

Toxins 

[0116] Useful toxin molecules that can be linked to the 
neW antibodies include peptide toxins, Which are signi? 
cantly cytotoxic When present intracellularly. “Linked” 
mean attached or bound covalently or non-covalently With a 
bond that cannot by disrupted under normal physiological 
conditions for at least 24 hours. Examples of other toxins 
include cytotoxins, metabolic disrupters (inhibitors and acti 
vators) that disrupt enZymatic activity and thereby kill tumor 
cells, and radioactive molecules that kill all cells Within a 
de?ned radius of the effector portion. A metabolic disrupter 
is a molecule, e. g., an enZyme or a cytokine, that changes the 
metabolism of a cell such that its normal function is altered. 
Broadly, the term toxin includes any effector that causes 
death to a tumor cell. 

[0117] Many peptide toxins have a generaliZed eukaryotic 
receptor binding domain; in these instances the toxin must 
be modi?ed to prevent killing cells not bearing the targeted 
protein (e.g., to prevent killing of cells not bearing mono 
sialo-GM2 but having a receptor for the unmodi?ed toxin). 
Such modi?cations must be made in a manner that preserves 
the cytotoxic function of the molecule. Potentially useful 
toxins include, but are not limited to: diphtheria toxin, 
cholera toxin, ricin, ot-Shiga-like toxin (SLT-I, SLT-II, SLT 
IIV), LT toxin, C3 toxin, Shiga toxin, pertussis toxin, tetanus 
toxin, Pseudomonas exotoxin, alorin, saponin, modeccin, 
and gelanin. Other toxins include tumor necrosis factor 
alpha (TNF-ot) and lymphotoxin (LT). Another toxin Which 
has antitumor activity is calicheamicin gamma 1, a diyne 
ene containing antitumor antibiotic With considerable 
potency against tumors (Zein, N., et al., Science, 24011198 
201 (1988)). 

[0118] As an example, diphtheria toxin can be conjugated 
to the antibodies described herein. Diphtheria toxin, Whose 
sequence is knoWn, is described in detail in Murphy, U.S. 
Pat. No. 4,675,382, Which is incorporated herein by refer 
ence. The natural diphtheria toxin molecule secreted by 
Corynebaclerium diphlheriae consists of several functional 
domains that can be characteriZed, starting at the amino 
terminal end of the molecule, as enZymatically-active Frag 
ment A (amino acids Glyl-Argl93) and Fragment B (amino 
acids Serl94-Ser535), Which includes a translocation domain 
and a generaliZed cell binding domain (amino acid residues 
475 through 535). 
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Linkage of Toxins to Antibodies 

[0119] The antibody and the toxin moiety can be linked in 
any of several Ways. If the compound is produced by 
expression of a fused gene, a peptide bond serves as the link 
betWeen the cytotoxin and the antibody. Alternatively, the 
toxin and the antibody can be produced separately and later 
coupled by means of a non-peptide covalent bond. For 
example, the covalent linkage may take the form of a 
disul?de bond. In this case, the DNA encoding this antibody 
can be engineered, by conventional methods, to contain an 
extra cysteine codon. 

[0120] For a disul?de bond linkage, the toxin molecule is 
also derivatiZed With a sulfhydryl group reactive With the 
cysteine of the modi?ed antibody. In the case of a peptide 
toxin this linkage can be accomplished by inserting a 
cysteine codon into the DNA sequence encoding the toxin. 
Alternatively, a sulfhydryl group, either by itself or as part 
of a cysteine residue, can be introduced using solid phase 
polypeptide techniques. For example, the introduction of 
sulfhydryl groups into peptides is described by Hiskey, 
Peptides, 3:137 (1981). 

[0121] DerivatiZation can also be carried out according to 
the method described for the derivatiZation of a peptide 
hormone in Bacha et al., U.S. Pat. No. 4,468,382. The 
introduction of sulfhydryl groups into proteins is described 
in Maasen et al., Eur J. Biochem., 134132 (1983). Once the 
required sulfhydryl groups are present, the cytotoxin and the 
antibody are puri?ed, both sulfur groups are reduced, cyto 
toxin and antibody are mixed (in a ratio of about 1:5 to 1:20), 
and disul?de bond formation is alloWed to proceed to 
completion (generally 20 to 30 minutes) at room tempera 
ture. The mixture is then dialyZed against phosphate bulf 
ered saline to remove unreacted antibody and toxin mol 
ecules. SephadexR chromatography or the like is used to 
separate the desired toxin-antibody conjugate compounds 
from toxin-toxin and antibody-antibody conjugates on the 
basis of siZe. 

Immune Response Modulators 

[0122] The antitumor moiety can also be a modulator of 
the immune system that either activates or inhibits the 
body’s immune system at the local level. For example, 
cytokines, e.g., lymphokines such as IL-2, delivered to a 
tumor can cause the proliferation of cytotoxic T-lympho 
cytes or natural killer cells in the vicinity of the tumor. 

Radioactive Molecules 

[0123] The moiety or reporter group can also be a radio 
active molecule, e.g., a radionucleotide, or a so-called sen 
sitiZer, e.g., a precursor molecule, that becomes radioactive 
under speci?c conditions, e.g., boron When exposed to a 
beam of loW-energy neutrons, in the so-called “boron neu 
tron capture therapy” (BNCT). Barth et al., Scienti?c Ameri 
can, October 1990:100-107 (1990). Compounds With such 
radioactive effector portions can be used both to inhibit 
tumor cell proliferation and to label the tumor cells for 
imaging purposes. 

[0124] Radionuclides are single atom radioactive mol 
ecules that can emit either 0t, [3, or y particles. Alpha particle 
emitters are preferred to [3 or U particle emitters, because 
they release far higher energy emissions over a shorter 
distance, and are therefore ef?cient Without signi?cantly 
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penetrating, and harming, normal tissues. Suitable particle 
emitting radionuclides include 211At, 212Pb, and 212Bi. 

[0125] The radioactive molecule must be tightly linked to 
the antibody, e.g., either directly or by a bifunctional chelate. 
This chelate must not alloW elution and thus premature 
release ofthe radioactive molecule in vivo. (see, e.g.,Wald 
mann, Science, 252:1657-62-(1991)). 

[0126] For example, to adapt BNCT to the present inven 
tion, a stable isotope of boron, e.g., boron 10, is selected as 
the antitumor moiety or e?fector portion of the compound. 
The boron is delivered to and concentrates in or on the tumor 

cells by the speci?c binding of the antibody to the tumor cell. 
After a time that alloWs a suf?cient amount of the boron to 
accumulate, the tumor is imaged and irradiated With a beam 
of loW-energy neutrons, having an energy of about 0.025 eV. 
While this neutron irradiation, by itself, causes little damage 
to either the healthy tissue surrounding the tumor, or the 
tumor itself, boron 10 (e.g., on the surface of a tumor cell) 
captures the neutrons, thereby forming an unstable isotope, 
boron 11. Boron 11 instantly ?ssions yielding lithium 7 
nuclei and energetic particles, about 2.79 million Ev. 
These heavy particles are a highly lethal, but very localiZed, 
form of radiation, because particles have a path length of 
only about one cell diameter (10 microns). 

[0127] Calculations have shoWn that to destroy a tumor 
cell, about one billion boron atoms are required along With 
a How of thermal neutrons of from 1012 to 1013 neutrons per 

square centimeter, so that the radiation generated by the particles exceeds the background radiation generated by 

neutron capture reactions With nitrogen and hydrogen. 

Imaging Moieties 

[0128] The antibodies described herein speci?cally bind to 
monosialo-GM2 and are thus also useful to detect and/or 
image human tumors. One such approach involves the 
detection of tumors in vivo by tumor imaging techniques 
using the antibody labeled With an appropriate moiety or 
reporter group, e.g., an imaging reagent that produces a 
detectable signal. Imaging reagents and procedures for 
labeling antibodies With such reagents are Well knoWn (see, 
e.g., Wensel and Meares, Radio Immunoimaging and Radio 
immunotherapy, Elsevier, NY. (1983); Colcher et al., Meth. 
EnZymol, 121 1802-16 (1986)). The labeled antibody can be 
detected by a technique such as radionuclear scanning (see, 
e.g., BradWell et al. in Monoclonal Antibodies for Cancer 
Detection and Therapy, BaldWin et al. (eds.), pp. 65-85, 
Academic Press (1985)), or magnetic resonance imaging. 

Administration 

[0129] The antibodies described herein can be adminis 
tered to a subject, e.g., an animal or a human, to image or 
treat tumors. The antibodies can be administered alone, or in 
a mixture, e. g., in the presence of a pharmaceutically accept 
able excipient or carrier (e.g., physiological saline). The 
excipient or carrier is selected on the basis of the mode and 
route of administration. Suitable pharmaceutical carriers are 
described in Remington ’s Pharmaceutical Sciences W. 
Martin), a Well knoWn reference text in this ?eld, and in the 
USP/NF (United States Pharmacopeia and the National 
For'mularly). 
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Pharmaceutical Compositions 

[0130] In some embodiments, the present invention con 
cerns formulation of one or more of the anti-monosialo 

GM2 antibodies disclosed herein in pharmaceutically-ac 
ceptable carriers for administration to a cell or an animal, 
either alone, or in combination With one or more other 
modalities of therapy. 

[0131] A pharmaceutical composition is formulated to be 
compatible With its intended route of administration. 
Examples of routes of administration include parenteral, 
e.g., intravenous, intraderrnal, subcutaneous, oral (e.g., inha 
lation), transderrnal (e.g., topical), transmucosal, and rectal 
administration. Solutions or suspensions used for parenteral, 
intraderrnal, or subcutaneous application can include the 
folloWing components: a sterile diluent such as Water for 
injection, saline solution, ?xed oils, polyethylene glycols, 
glycerine, propylene glycol or other synthetic solvents; 
antibacterial agents such as benZyl alcohol or methyl para 
bens; antioxidants such as ascorbic acid or sodium bisul?te; 
chelating agents such as ethylenediaminetetraacetic acid; 
bulfers such as acetates, citrates or phosphates and agents for 
the adjustment of tonicity such as sodium chloride or 
dextrose. pH can be adjusted With acids or bases, such as 
hydrochloric acid or sodium hydroxide. The parenteral 
preparation can be enclosed in ampoules, disposable 
syringes, or multiple dose vials made of glass or plastic. 

Carriers and Buffers 

[0132] It Will be understood that, if desired, a composition 
as disclosed herein may be administered in combination 
With other agents as Well, such as, e.g., other proteins or 
various pharmaceutically-active agents. The compositions 
may thus be delivered along With various other agents as 
required in the particular instance. Such compositions may 
be puri?ed from host cells or other biological sources, or 
alternatively may be chemically synthesiZed. 

[0133] Therefore, in another aspect of the present inven 
tion, pharmaceutical compositions are provided comprising 
one or more of the anti-monsialo-GM2 antibodies described 
herein in combination With a physiologically acceptable 
carrier. In certain preferred embodiments, the pharmaceuti 
cal compositions of the invention include a ChGM2 mAb for 
use in prophylactic and/or therapeutic applications. 

[0134] It Will be apparent that any of the pharmaceutical 
compositions described herein can contain pharmaceutically 
acceptable salts of the anti-monosialo-GM2 antibodies. 
Such salts can be prepared, for example, from pharmaceu 
tically acceptable non-toxic bases, including organic bases 
(e.g., salts of primary, secondary and tertiary amines and 
basic amino acids) and inorganic bases (e.g., sodium, potas 
sium, lithium, ammonium, calcium and magnesium salts). 
[0135] While any suitable carrier knoWn to those of ordi 
nary skill in the art may be employed in the pharmaceutical 
compositions of this invention, the type of carrier Will 
typically vary depending on the mode of administration. 
Compositions of the present invention may be formulated 
for any appropriate manner of administration, including for 
example, topical, oral, nasal, mucosal, intravenous, intrac 
ranial, intraperitoneal, subcutaneous and intramuscular 
administration. 

[0136] Carriers for use Within such pharmaceutical com 
positions are biocompatible, and may also be biodegradable. 
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In certain embodiments, the formulation may provide a 
relatively constant level of active component release. In 
other embodiments, however, a more rapid rate of release 
immediately upon administration may be desired. The for 
mulation of such compositions is Well Within the level of 
ordinary skill in the art using knoWn techniques. Illustrative 
carriers useful in this regard include microparticles of poly 
(lactide-co-glycolide), polyacrylate, latex, starch, cellulose, 
dextran and the like. Other illustrative delayed-release car 
riers include supramolecular biovectors, Which comprise a 
non-liquid hydrophilic core (e.g., a cross-linked polysaccha 
ride or oligosaccharide) and, optionally, an external layer 
comprising an amphiphilic compound, such as a phospho 
lipid (see e.g., US. Pat. No. 5,151,254 and PCT applications 
WO 94/20078, WO/94/23701 and WO 96/06638). The 
amount of active compound contained Within a sustained 
release formulation depends upon the site of implantation, 
the rate and expected duration of release and the nature of 
the condition to be treated or prevented. 

[0137] The pharmaceutical compositions of the invention 
Will often further comprise one or more buffers (e.g., neutral 
buffered saline or phosphate buffered saline), carbohydrates 
(e.g., glucose, mannose, sucrose or dextrans), mannitol, 
proteins, gangliosides or amino acids such as glycine, anti 
oxidants, bacteriostats, chelating agents such as EDTA or 
glutathione, adjuvants (e.g., aluminum hydroxide), solutes 
that render the formulation isotonic, hypotonic or Weakly 
hypertonic With the blood of a recipient, suspending agents, 
thickening agents and/or preservatives. Alternatively, com 
positions of the present invention may be formulated as a 
lyophiliZate. 
Polynucleotide-based Compositions 
[0138] In another embodiment, illustrative compositions 
of the present invention comprise DNA encoding one or 
more of the anti-ganglioside antibodies as described above, 
such that the antibody is generated in vivo. The polynucle 
otide may be administered Within any of a variety of delivery 
systems knoWn to those of ordinary skill in the art. Indeed, 
numerous gene delivery techniques are Well knoWn in the 
art, such as those described by Rolland, Crit. Rev. Therap. 
Drug Carrier Systems 15:143-198, 1998, and references 
cited therein. Appropriate polynucleotide expression sys 
tems Will, of course, contain the necessary DNA regulatory 
sequences for expression in a patient (such as a suitable 
promoter and terminating signal). 

Packaging 
[0139] The pharmaceutical compositions described herein 
may be presented in unit-dose or multi-dose containers, such 
as sealed ampoules or vials, along With instructions for use, 
e.g., to treat a speci?c cancer. Such containers are typically 
sealed in such a Way to preserve the sterility and stability of 
the formulation until use. In general formulations may be 
stored as suspensions, solutions or emulsions in oily or 
aqueous vehicles. Alternatively, a pharmaceutical composi 
tion may be stored in a freeze-dried condition requiring only 
the addition of a sterile liquid carrier immediately prior to 
use. 

Dosing, Delivery, and Treatment Regimens: 

[0140] The development of suitable dosing and treatment 
regimens for using the particular compositions described 
herein in a variety of treatment regimens, including e.g., 
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oral, parenteral, intravenous, intranasal, and intramuscular 
administration and formulation, is Well knoWn in the art, 
some of Which are brie?y discussed beloW for general 
purposes of illustration. 

[0141] In certain circumstances it Will be desirable to 
deliver the pharmaceutical compositions disclosed herein 
parenterally, intravenously, intramuscularly, or intraperito 
neally. Such approaches are Well knoWn to the skilled 
artisan, some of Whicn are further described, for example, in 
US. Pat. No. 5,543,158; US. Pat. No. 5,641,515 and US. 
Pat. No. 5,399,363. In certain embodiments, solutions of the 
active compounds as free base or pharmacologically accept 
able salts may be prepared in Water suitably mixed With a 
surfactant, such as hydroxypropylcellulose. Dispersions 
may also be prepared in glycerol, liquid polyethylene gly 
cols, and mixtures thereof and in oils. Under ordinary 
conditions of storage and use, these preparations generally 
Will contain a preservative to prevent the groWth of micro 
organisms. 

[0142] Illustrative pharmaceutical forms suitable for 
injectable use include sterile aqueous solutions or disper 
sions and sterile poWders for the extemporaneous prepara 
tion of sterile injectable solutions or dispersions (for 
example, see US. Pat. No. 5,466,468). In all cases the form 
must be sterile and must be ?uid to the extent that easy 
syringability exists. It must be stable under the conditions of 
manufacture and storage and must be preserved against the 
contaminating action of microorganisms, such as bacteria 
and fungi. The carrier can be a solvent or dispersion medium 
containing, for example, Water, ethanol, polyol (e.g., glyc 
erol, propylene glycol, and liquid polyethylene glycol, and 
the like), suitable mixtures thereof, and/or vegetable oils. 
Proper ?uidity may be maintained, for example, by the use 
of a coating, such as lecithin, by the maintenance of the 
required particle siZe in the case of dispersion and/ or by the 
use of surfactants. The prevention of the action of microor 
ganisms can be facilitated by various antibacterial and 
antifungal agents, for example, parabens, chlorobutanol, 
phenol, sorbic acid, thimerosal, and the like. In many cases, 
it Will be preferable to include isotonic agents, for example, 
sugars or sodium chloride. Prolonged absorption of the 
injectable compositions can be brought about by the use in 
the compositions of agents delaying absorption, for 
example, aluminum monostearate and gelatin. 

[0143] In some embodiments, for parenteral administra 
tion in an aqueous solution, the solution should be suitably 
bu?‘ered if necessary and the liquid diluent ?rst rendered 
isotonic With sufficient saline or glucose. These particular 
aqueous solutions are especially suitable for intravenous, 
intramuscular, subcutaneous and intraperitoneal administra 
tion. In this connection, a sterile aqueous medium that can 
be employed Will be knoWn to those of skill in the art in light 
of the present disclosure. For example, one dosage may be 
dissolved in 1 ml of isotonic NaCl solution and either added 
to 1000 ml of hypodermoclysis ?uid or injected at the 
proposed site of infusion, (see for example, “Remington’s 
Pharmaceutical Sciences” 15th Edition, pages 1035-1038 
and 1570-1580). Some variation in dosage Will necessarily 
occur depending on the condition of the subject being 
treated. Moreover, for human administration, preparations 
Will of course preferably meet sterility, pyrogenicity, and the 
general safety and purity standards as required by FDA 
O?ice of Biologics standards. 
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[0144] In another embodiment of the invention, the com 
positions disclosed herein may be formulated in a neutral or 
salt form. Illustrative pharmaceutically acceptable salts 
include the acid addition salts (formed With the free amino 
groups of the protein) and Which are formed With inorganic 
acids such as, for example, hydrochloric or phosphoric 
acids, or such organic acids as acetic, oxalic, tartaric, man 
delic, and the like. Salts formed With the free carboxyl 
groups can also be derived from inorganic bases such as, for 
example, sodium, potassium, ammonium, calcium, or ferric 
hydroxides, and such organic bases as isopropylamine, 
trimethylamine, histidine, procaine and the like. Upon for 
mulation, solutions Will be administered in a manner com 
patible With the dosage formulation and in such amount as 
is therapeutically effective. 

[0145] The carriers can further comprise any and all 
solvents, dispersion media, vehicles, coatings, diluents, anti 
bacterial and antifungal agents, isotonic and absorption 
delaying agents, buffers, carrier solutions, suspensions, col 
loids, and the like. The use of such media and agents for 
pharmaceutical active substances is Well knoWn in the art. 
Except insofar as any conventional media or agent is incom 
patible With the active ingredient, its use in the therapeutic 
compositions is contemplated. Supplementary active ingre 
dients can also be incorporated into the compositions. The 
phrase "pharmaceutically-acceptable” refers to molecular 
entities and compositions that do not produce an allergic or 
similar untoWard reaction When administered to a human. 

[0146] The anti-monosialo-GM2 antibody compositions 
described herein may be used in therapeutic methods for the 
treatment of cancer. For example, a pharmaceutical compo 
sition containing the ChGM2 antibodies of the invention, 
may be administered to a human patient. Such pharmaceu 
tical compositions may be administered either prior to or 
folloWing surgical removal of primary tumors and/or treat 
ment such as administration of radiotherapy or conventional 
chemotherapeutic drugs. Administration of the ChGM2 anti 
body compositions may be by any suitable method, includ 
ing administration by intravenous, intraperitoneal, intramus 
cular, subcutaneous, intranasal, intradermal, anal, vaginal, 
topical and oral routes. 

[0147] Anti-monosialo-GM2 speci?c antibodies of the 
present invention may be employed in passive immuno 
therapeutic methods. These treatment methods involve the 
delivery of ChGM2 antibodies that can directly or indirectly 
mediate antitumor effects, such as inducing apoptosis and/or 
inhibiting proliferation of the tumor cell to Which the 
antibody binds. Such immunotherapeutic methods do not 
necessarily depend on an intact host immune system because 
of the anti-monosialo-GM2 antibody’s ability to induce 
apoptosis in a tumor cell to Which it binds. 

[0148] Routes and frequency of administration of the 
therapeutic compositions of the present invention, as Well as 
dosage, Will vary from individual to individual, and may be 
readily established using standard techniques. In general, the 
pharmaceutical compositions may be administered by inj ec 
tion (e.g., intracutaneous, intramuscular, intravenous or sub 
cutaneous), intranasally (e.g., by aspiration) or orally. 

[0149] An appropriate dosage and treatment regimen pro 
vides the active compound(s) in an amount suf?cient to 
provide therapeutic and/or prophylactic bene?t. Such a 
response can be monitored by establishing an improved 
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clinical outcome (e.g., more frequent remissions, complete 
or partial, or longer disease-free survival) in treated patients 
as compared to non-treated patients. Typically, a suitable 
dose is an amount of a compound that, When administered 
as described above, is capable of promoting an anti-tumor 
response, and is at least 10-50% above the basal (i.e., 
untreated) level. 

[0150] The most effective mode of administration and 
dosage regimen for the compositions of this invention 
depend upon the severity and course of the disease, the 
patient’s health and response to treatment, and the judgment 
of the treating physician. Accordingly, the dosages of the 
compositions should be titrated to the individual patient. An 
effective dose of the antibody composition of this invention 
is in the range of from about 1 ug to about 5000 mg, 
preferably about 1 to about 500 mg, or preferably about 
100-200 mg. 

Diagnostic Kits 

[0151] The invention also encompasses diagnostic kits for 
carrying out the methods disclosed above. The diagnostic kit 
includes (a) a monoclonal antibody described herein, and (b) 
a conjugate of a speci?c binding partner for the antibody and 
a label for detecting bound antibody. The kit may also 
include ancillary agents such as buffering agents and protein 
stabiliZing agents, e.g., polysaccharides and the like. The 
diagnostic kit may further include, Where necessary, other 
components of a signal-producing system including agents 
for reducing background interference, control reagents, and 
an apparatus for conducting a test. In another embodiment, 
the diagnostic kit includes a conjugate of a monoclonal 
antibody of the invention and a label capable of producing 
a detectable signal. Ancillary agents as mentioned above 
may also be present. Instructions on hoW to use the diag 
nostic kit are generally also included. 

EXAMPLES 

[0152] The folloWing examples are given to illustrate 
various embodiments that have been made of the present 
invention. It is to be understood that the folloWing examples 
are not comprehensive or exhaustive of the many types of 
embodiments that can be prepared in accordance With the 
present invention. 

Example 1 

Biological Characterization of Hamster Monoclonal 
Antibody DMF 10.167.4 

[0153] The hamster monoclonal antibody (mAb) DMF 
10167.4 and the clonally related antibody DMF10.623 bind 
to the cell surface of murine thymic lymphoma cells. Anti 
bodies DMF 10167.4 and DMF10.623 Were derived from 
the same fusion. The DMF 10.167.4 mAb induces apoptosis 
and inhibits cellular proliferation of cells to Which the 
antibody binds. Three hamster monoclonal antibodies (DMF 
10.623, DMF 10167.4, and DMF 103436), Were raised 
against E710.23 mouse thymic lymphoma cells, that bound 
to a cell surface ligand on a large number of cell lines 
including a feW normal primary lines as Well as tumor cell 
lines. 
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[0154] The DMF 10.167.4 mAb antibody Was tested for 
ganglioside speci?city. To determine ligand speci?city, indi 
vidual Wells of ELISA plates Were coated overnight, With 
monosialo-GM2, asialo-GM2, disialo-GM2, monosialo 
GM3, disialo-GDla, disialo-GDlb, asialo-GM1, mono 
sialo-GM1, lysosialo-GM1, trisialo-GTlb, and disialo-GD3 
gangliosides (all from Sigma; St. Louis, Mo.). Wells Were 
blocked for 2 hours With blocking buffer (PBS+1% BSA) 
and incubated With primary antibodies, either DMF 
10.167.4, DMF 10.623, or hamster immunoglobulin (lg) as 
a control, diluted 1 ug/ml in blocking buffer for 1 hour. 
Following 5 Washes in PBS, plates Were incubated With goat 
anti-hamster Ig-HRP (Pharmingen; San Diego, Calif.) for 1 
hour in PBS+1% BSA. Plates Were Washed in PBS and 
developed in TMB substrate for 10 minutes before quench 
ing With 1M NaOH. Absorbance Was measured at 450 
nm-570 nm by an ELISA plate reader. (FIG. 2). These data 
shoW that the DMF 10.167.4 mAb bound speci?cally only to 
monosialo-GM2. The structurally related ganglioside mono 
sialo-GM3, lacking 1 terminal galactose residue compared 
to monosialo-GM2, and monosialo-GM 1, possessing one 
additional galactose residue, Were not recognized, nor Was 
the sialic acid de?cient ganglioside asialo-GM2. These 
results suggest that the epitope recogniZed by DMF10.167.4 
mAb consists of a combination of the terminal galactose 
sugar and the sialic acid residue. A molecular description of 
these gangliosides is shoWn in FIG. 1. Treatment of mono 
sialo-GM2 With neuraminidase A, Which cleaves off the 
sialic acid residue, led to a loss of DMF10.167.4 binding as 
measured by ELISA (data not shoWn), further validating the 
epitope speci?city of this mAb. 

[0155] Cell surface binding of hamster monoclonal anti 
body DMF 10.167.4 Was determined by How cytometric 
methods (i.e. FACS analysis). Single suspensions of murine 
thymic lymphoma cells Were generated, cells Were Washed 
3 times With ice cold staining buffer (PBS+1%BSA+AZide), 
and Were incubated for 30 minutes on ice With 10 ug/ml of 
Protein A/G puri?ed hamster mAb DMF 10.167.4. The cells 
Were Washed three times With staining buffer and then 
incubated With a 1:100 dilution of an anti-hamster IgG-FITC 
reagent (Pharmingen; San Diego: Calif.) for 30 minutes on 
ice. FolloWing three Washes, the cells Were re-suspended in 
staining buffer containing Propidium Iodide (PI), a vital 
stain that alloWs for identi?cation of permeable cells, and 
analyZed by FACS. 
[0156] FloW cytometric analysis using the DMF 10.167.4 
mAb Was performed to determine the extent of coverage of 
monosialo-GM2 surface expression on several types of 
human tumor cell lines. As summarized in Table 1, 90% of 
the SCLC lines that Were tested Were positive for monosialo 
GM2 expression. Three lines, NCI-H69, HTB173 and HTB 
180 demonstrated Weak binding, as approximately 15% of 
cells Were positive for DMF10.167.4 binding, Whereas six 
lines, including HTB 175, HTB 171, DMS79, NCI-H128, 
NCI-H187, and SHP-77 demonstrated strong binding With 
greater than 40% of cells staining positive. The SCLC line 
HTB 172 Was negative for monosialo-GM2 expression. For 
melanoma cell lines, 75% of lines tested expressed mono 
sialo-GM2, With CHL-1, Mel S, and Mel D shoWing strong 
positive staining, Whereas MTL450-5 cells Were negative. In 
terms of monosialo-GM2 expression on the cell surface of 
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other types of tumor cell lines, tWo kidney lines, HEK293 
and HICK 10-4, Were strongly positive, as Were the Jurkat 
T cell and K562 B cell leukemia lines, While the HL-60and 
THP-l leukemia lines and the 721 B cell line shoWed no 
monosialo-GM2 expression. Representative lines derived 
from pancreas, breast, prostate, ovarian and myeloma 
tumors Were also analyZed and demonstrated loWer extents 

of coverage (33% to 20%) of monosialo-GM2 expression. 

[0157] Neither the DMF10.167.4 mAb nor the 
DMF10.623 mAb Was able to recogniZe monosialo-GM2 in 
formalin-?xed or froZen tissues by IHC analysis, suggesting 
that the epitope recogniZed by these mAbs is destroyed 
during the tissue preparation process. Because of this 
absence of epitope recognition, ?oW cytometry Was used to 
analyZe DMF10.167.4 mAb reactivity on normal cells 
obtained from Clonetics Inc. that had been dissociated from 
normal tissues and propagated in vitro. This analysis 
revealed that lung and prostate epithelium, as Well as pros 
tate stroma, human aortic and umbilical endothelium, and 
human PBMCs demonstrated no speci?c binding With this 
mAb. Human ?broblasts Were Weakly positive for mono 
sialo-GM2 (less than 10% positive-staining cells), but Were 
found not to apoptose When treated With the mAb in vitro 
(data not shoWn). These data con?rm the over-expression of 
monosialo-GM2 on tumor cell lines and the relative lack of 

monosialo-GM2 expression on normal tissues, making this 
antigen an appropriate target of therapeutic mAbs. 

[0158] For analysis of apoptosis induction, 2><105 murine 
thymic lymphoma cells Were incubated over night With 10 
ug/ml of the DMF 10.167.4 mAb or control mAbs, then 
assayed for annexin positivity and active caspase content by 
incubating the cells With an annexin V-Alexa488 conjugate 
(Molecular Probes; Eugene, Oreg.) or With the CaspaTagTM 
reagent (Intergen; Norcross, Ga.). Cells Were subjected to 
How cytometric analysis to determine the amount of annexin 
positivity or caspa-tag positivity, respectively, as measures 
of induced apoptotic activity. 

[0159] To determine the effective of the mAb on cellular 
proliferation, 3000 cells/Well Were plated into a 96 Well plate 
in triplicate or quadruplicate in a ?nal volume of 200 pl 
media. CHL melanoma or K562 leukemia cells Were 

alloWed to adhere for at least four hrs, then 10-20 ug/ml of 
DMF 10.167.4 mAb or control hamster mAb Was added. 

Cells Were groWn for three days, after Which time 25 uCi of 
3H-thymidine Was added per Well. FolloWing a four hour 
incubation, cells Were lysed then subjected to counting on a 
beta-counter to determine relative levels of 3H incorpora 
tion. 

[0160] Surface binding, apoptosis, caspase activation, and 
proliferation data are shoWn in Table 1. These data revealed 
that the hamster monoclonal antibody, designated DMF 
10.167.4, Was capable of binding to a variety of tumor cell 
lines from breast, pancreas, kidney, ovary, melanoma, leu 
kemia, prostate, and osteosarcoma. Furthermore, this anti 
body Was effective in inducing apoptosis and caspase activ 
ity as Well as in decreasing proliferation in a subset of these 
tumor cell lines. 
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TABLE 1 

EX vivo Biological Characterization of Hamster Antibody DMF 10.167.4 

Surface Apoptosis Caspase Decreased 
Tumor Type by FACS by Annexin Activation Proliferation Source 

BT474 Breast — —/na ATCC; 

Manassas, 
VA 

HTB 175 SCLC +++ ++ 

HTB 171 SCLC +++ 
DMS 79 SCLC +++ 

NCI-H128 SCLC +++ 

NCI-H1H7 SCLC +++ 

SHP-77 SCLC +++ 

NCI-H69 SCLC + 

HTB 173 SCLC + 
HTB 180 SCLC + 
HTB-172 SCLC — 

MB415 Breast + —/na ATCC; 

Manassas, 
VA 

SKBlB Breast — ATCC; 

Manassas, 
VA 

CRL-1687 Pancreas — ATCC; 

Manassas, 
VA 

CRL-1837 Pancreas — — ATCC; 

Manassas, 
VA 

PCT391-34 Pancreas + — ATCC; 

Manassas, 
VA 

HICK 10-4 Renal + ATCC; 

Manassas, 
VA 

HEK293 Renal + —/na ATCC; 

Manassas, 
VA 

OTL298-95 Ovarian — ATCC; 

Manassas, 
VA 

ES-Z Ovarian — ATCC; 

Manassas, 
VA 

OV1063 Ovarian + ATCC; 

Manassas, 
VA 

SKOV3 Ovarian — ATCC; 

Manassas, 
VA 

CHL-l Melanoma ++++ ++/m3 ++ 40%(2) ATCC; 
Manassas, 

VA 
MTL450-5 Melanoma — ATCC; 

Manassas, 
VA 

HL-60 Leukemia — ATCC; 

Manassas, 
VA 

K562 Leukemia +++ ++ + 17%, 25% ATCC; 

Manassas, 
VA 

THP- 1 Leukemia — ATCC; 

Manassas, 
VA 

Du145 Prostate ++ —/na — ATCC; 

Manassas, 
VA 

LnCap Prostate — ATCC; 

Manassas, 
VA 

PC-3 Prostate — — — ATCC; 

Manassas, 
VA 
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Ex vivo Biological Characterization of Hamster Antibody DMF 10.167.4 

Surface Apoptosis Caspase Decreased 
Tumor Type by FACS by Annexin Activation Proliferation Source 

Mel D Melanoma + — — ATCC; 

Manassas, 
VA 

Mel S Melanoma + — — ATCC; 

Manassas, 
VA 

Jurkat T Cell + — — ATCC; 

Leukemia Manassas, 
VA 

721 B Cell — ATCC; 

Leukemia Manassas, 
VA 

Hela Cervical — ATCC; 

Manassas, 
VA 

143BTK Osteosarcoma + ATCC; 

Manassas, 
VA 

RMAS Mouse +++ ++ ATCC; 

Manassas, 
VA 

N. Normal — — Clonetics; 

PrEpithelium Prostate Verviers, 
Belgium 

N.Pr. Normal — — Clonetics; 

Stromal Prostate Verviers, 
Belgium 

N.Lu. Normal Lung — — Clonetics; 

Epithelium Verviers, 
Belgium 

N. Fibroblast Mouse + — Clonetics; 

Verviers, 
Belgium 

Adult Spleen Mouse — 

Adult Mouse — 

Thymus 
Adult BM Mouse — 

Fetal Mouse + 
Thymus 
Activated T Mouse — 

Cells 
Activated B Mouse — 

Cells 

Blank cells indicate that cell line Was not tested. 

Example 2 

Sequence Analysis of cDNA Encoding the Hamster 
DMF 10.167.4 mAb 

[0161] To determine the heavy and light chain variable 
region cDNA sequences of the DMF-10.167.4 mAb total 
RNA Was isolated from ~2 million cells by extracting the 
cells With TriZol reagent (Invitrogen Corp; Carlsbad, Calif). 
First strand cDNA Was generated using the Advantage RT 
for PCR kit (BD Biosciences Clontech; Franklin Lakes, 
N.J.), tailed With dGTP using TdT (Invitrogen Corp.; Carls 
bad, Calif), and then used as a template for PCR ampli? 
cation. The PCR Was carried out using a 5' sense poly-dCTP 
oligo With a 3' anti-sense kappa or gamma chain constant 
region speci?c oligonucleotiodes for ampli?cation of light 
and heavy chains, respectively. The products Were sub 
cloned into the pCR-Blunt vector (Invitrogen Corp; Carls 
bad, Calif.) and subjected to sequence analysis. Clones 
10.167.4H and 10.167.4L Were determined to encode the 
leader sequence and the heavy chain variable region (V DJ) 

and light chain variable region (V J), respectively, of the 
DMF10.167.4 mAb. The sequences are disclosed herein as 
SEQ ID N05: 12 and 11, respectively. The corresponding 
variable region sequences minus the endogenous leader 
sequences are disclosed herein as SEQ ID N05: 10 and 9, 
respectively, and the corresponding amino acid sequences 
encoded by the above DNA sequences are disclosed herein 
as SEQ ID N05: 26, 25, 24 and 23, respectively. 

Example 3 

Anti-Ganglioside Antibodies-DMF 10.623 and 
DMF 10.167.4 are Clonally Related 

[0162] The DMF10.62.3 antibody disclosed and charac 
teriZed in US. patent application Ser. No. 09/618,421 is 
clonally related (i.e. derived from the same parental B cell 
clone) to the DMF10.167.4 antibody disclosed therein and 
further characterized herein and, as a consequence thereof, 
both of these antibodies share functional properties of anti 
gen binding speci?city and af?nity. 
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[0163] The nucleotide sequences of the immunoglobulin 
heavy and light chains of the anti-monosialo-GM2 hamster 
mAb DMF10.62.3 Were determined and compared to the 
corresponding sequences of hamster mAb DMF10.167.4. 
Approximately tWo million DMF10.62.3 hybrid cells Were 
used to isolate MRNA using Tri-reagent (Gibco; San Diego, 
Calif.). First strand cDNA synthesis Was carried out using 
the Advantage RT for PCR kit (BD Biosciences Clontech; 
Franklin Lakes, N.J.). PCR ampli?cation Was performed 
using speci?c constant region and degenerate consensus 
leader oligonucleotide primers provided in the Ig-prime kit 
(Novagen, Inc.; Madison, Wis.). PCR products Were sub 
oloned into the pCR-Blunt vector (Invitrogen Corp.; Carls 
bad, Calif.) and subjected to sequencing analysis. Clones 
10.62.3L and 10.62.3H Were determined to encode the light 
variable region (V J) and heavy variable region (VDJ), 
respectively, of the DMF10.62.3 mAb. Thes sequence of the 
light chain and heavy chain variable regions of the 
DMF10.167.4 mAb Were compared to another hamster 
mAb, DMF10.62.3, Which also Was determined to bind to 
monosialo-GM2. 

[0164] The amino acid sequence of the V] and VD] of 
DMF10.62.3 are disclosed as SEQ ID NOS: 19 and 20 
respectively. The nucleotide sequence of the V] and the VD] 
of DMF10.62.3 are disclosed as SEQ ID NOS: 5 and 6 
respectively. The sequence of DMF10.62.3 and 
DMF10.167.4 Were substantially similar With a single resi 
due change in the light chain variable region and a single 
residue change in the heavy chain variable region. The 
isoleucine at linear position 52 of the of the light chain 
variable region of DMF10.167.4 as de?ned in SEQ ID NO: 
23 is replaced With valine in SEQ ID NO: 19, and the 
threonine at linear position 78 of the heavy chain variable 
region of DMF10.167.4 as de?ned in SEQ ID NO: 24 is 
replaced With lysine in SEQ ID NO: 20. These modi?cations 
are not Within the CDRs of the hamster antibodies. 

[0165] The near identity of the variable regions and iden 
tity of CDR3 con?rm that the DMF10.62.3and 
DMF10.167.4 mAbs are clonally related and, consequently, 
share functional properties such as antigen binding speci 
?city and af?nity. 

Example 4 

Comparision of DMF10.167.4 mAb and L6-20-4 
mAb Ligand Speci?city 

[0166] The ligand speci?city of the anti-monosialo-GM2 
speci?c hamster antibody, DMF10.167.4, is distinct from 
that of the anti-asialo-GM2 speci?c mouse antibody, 
L6-20-4 (ATCC No. HB-8677) described in US. Pat. Nos. 
4,935,495 and 5,091,177 to Hellstrom, et al. The speci?city 
of the DMF10.167.4 mAb Was further characterized by How 
cytometry and ELISA and shoWn to be different than the 
speci?city of the anti-asialo-GM2 L6-20-4 mAb. 

[0167] For How cytometric analysis single cell suspen 
sions of HEK and CHL-1 cells Were generated. Cells Were 
then Washed 3 times With ice cold staining bulfer (PBS+ 
1%BSA+aZide). Next, the cells Were incubated for 30 min 
utes on ice With DMF10.167.4 supernatant or 16-20-4 
supernatant. The cells Were Washed 3 times With staining 
buffer and then incubated With a 1:100 dilution of an 
anti-hamster IgG-FITC reagent (Pharmingen; San Diego, 
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Calif.) or anti-mouse IgG-FITC (Southern Biotech; Bir 
mingham, Ala.) for 30 minutes on ice. Following 3 Washes, 
the cells Were resuspended in staining buffer containing 
Propidium Iodide (PI), a vital stain that alloWs for identi? 
cation of permeable cells, and analyZed by How cytometry. 
The DMF10.167.4 mAb recogniZed both HEK and CHL-1 
cells by FACS as demonstrated by the increase in the mean 
?uorescent intensity (MFI) of 30 for DMF 10.167.4 mAb vs. 
Hamster Ig MFI~3 for both HEK and CHL cells Whereas 
L6-20-4 mAb bound CHL-1 cells (MFI~40 vs. irrelevant 
mouse Ig MFI~3) but not HEK cells (MFI~3 vs irrelevant 
mouse Ig MFI~3) demonstrating that the antibody has 
binding activity. 

[0168] For ELISA analysis monosialo-GM3, monosial 
GM2, and asialo-GM2 Were coated onto Wells of 96 Well 
plates at 0.5 ug/Well in chloroform/methanol. Wells Were 
blocked for 2 hours With PBS+1% BSA and incubated With 
primary antibody supernatants, either DMF 10.167.4 or the 
L6-20-4 mAb, for 1 hour. FolloWing 5 Washes in PBS, plates 
Were incubated With goat anti-hamster or goat anti-mouse 
Ig-HRP (Pharningen; San Diego, Calif.) for 1 hour. Plates 
Were Washed in PBS and developed in TMB substrate for 10 
minutes before quenching With 1M,NaOH. Absorbance Was 
measured at 450 nm-570 nm by an ELISA plate reader. 
These results demonstrate that DMF10.167.4 speci?cally 
bound monosialo-GM2 (OD450 2.64 vs OD45O=0.099 for 
monosialo-GM3 and 0.139 for asialo-GM2 and 0.159 for 
methanol) Whereas L6-20-4 shoWed no speci?c binding to 
monosialo-GM2 (OD45O=0.032for methanol, 0.0245 for 
monosialo-GM3, 0.026 for monosialo-GM2, and 0.03 for 
asialo-GM2). These data collectively con?rmed that the 
DMF10.167.4 mAb bound speci?cally to monosialo-GM2, 
and is of a different speci?city than that of the L6-20-4 mAb. 

Example 5 

The In Vivo Effect of the DMF10.62.3 Antibody 

[0169] AKR mice Were injected IV or IP With 5><106 
syngeneic E710.2.3 tumor cells and received saline or an 
injection IP of 0.5 mg of control hamster antibody or 
DMF10.62.3 antibody on the initial day and again 10 days 
later. The survival of animals Was folloWed for 50 days 
(Table 2). These data shoW that the DMF10.62.3 mAb can 
block tumor formation and prolong viability in vivo. 

TABLE 2 

Treatment Survival Average time to death 

1. saline 0% 35 days 
2. control antibody 0% 33 days 
3. DMF62.3 100% (No deaths) 

Example 6 

Human Myeloma Cell-Surface Binding By 
DMF10.167.4 mAb 

[0170] To determine if monosialo-GM2 is expressed on 
the surface of myeloma cells and recogniZed by the 
DMF10.167.4 mAb, 1><106 cells Were incubated With 10 
ug/ml irrelevant hamster IgG or DMF10.167.4 mAb on ice, 
then Washed 3 times With staining bulfer (PBS+1% BSA+ 
AZide). Cells Were then incubated With FITC-conjugated 
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anti-hamster IgG on ice, and then Washed 3 times With 
staining bulfer. Cells Were resuspended in staining buffer 
containing propidium iodide, a vital stain that distinguishes 
permeable cells from viable cells, then analyZed by ?oW 
cytometry. As demonstrated by the increase in the mean 
?uorescent intensity (MFI) values of the DMF10.167.4 mAb 
compared to irrelevant hamster I gG, Which is a measurement 
of the relative binding ability, the DMF10.167.4 mAb Was 
shoWn to recogniZe and bind to monosialo-GM2 on the 
surface of several human myeloma cell lines, including 
DP-6 (Irrelevant: 3.03 vs. DMF10.167.4: 93.81), OPM-2 
(2.82 vs. 488.1), U266 (1.86 vs. 232.7), RPMI-8226 (6.14 
vs. 150.8) and NCI-H929 (4;2 vs. 62.7). These data indicate 
that the DMF10.167.4 mab recogniZes monosialo-GM2 on a 
number of myeloma cell lines and suggest that the mAb 
could be used for the therapeutic treatment of multiple 
myeloma. 

Example 7 

Apoptosis of Human Myeloma Cells by 
DMF10.167.4 mAb Treatment 

[0171] To demonstrate the apoptotic potential of the 
DMF10.167.4 mAb on myeloma cells, 2><105 U-266 cells 
Were plated and incubated O/N With 20 ug/ml of the anti 
DMF10.167.4 mAb or irrelevant hamster IgG, then assayed 
for annexin positivity and active caspase content by incu 
bating the cells With an annexin V-Alexa488 conjugate 
(Molecular Probes). Cells Were subjected to ?oW cytometric 
analysis to determine the amount of annexin positivity as a 
measure of DMF10.167.4 mAb-induced apoptotic activity. 
The irrelevant hamster IgG revealed a background of 9.6% 
apoptosis, Whereas the DMF10.167.4 mAb Was responsible 
for inducing 31.3% of the cells to undergo apoptosis, a 
greater than 3-fold increase. These data indicate that the 
hamster anti-monosialo-GM2 mAb could be used as a 
therapeutic antibpdy by targeting monosialo-GM2 on 
myeloma tumors. 

Example 8 

Human Melanoma Cell Surface Binding BY 
DMF10.167.4 mAb 

[0172] To determine if monsialo-GM2 is expressed on the 
surface of melanoma cells and recogniZed by the 
DMF10.167.4 mAb, 1><106 CHL-1 cells Were incubated With 
10 ug/ml irrelevant hamster IgG or DMF10.167.4 mAb on 
ice, then Washed 3 times With staining bulfer (PBS+1% 
BSA+AZide). Cells Were then incubated With FITC-conju 
gated anti-hamster IgG on ice, and then Washed 3 times With 
staining bulfer. Cells Were resuspended in staining buffer 
containing propidium iodide, a vital stain that distinguishes 
permeable cells from viable cells, then analyZed by ?oW 
cytometry. As demonstrated by the increase in the mean 
?uorescent intensity (MFI) values of the DMF10.167.4 mAb 
compared to irrelevant hamster I gG, Which is a measurement 
of the relative binding ability, the DMF10.167.4 mAb Was 
shoWn to recogniZe and bind to monosialo-GM2 on the 
surface of the CHL-1 melanoma cell line (Irrelevant: 3.2 vs. 
DMF10.167.4: ~100). These data indicate that the 
DMF10.167.4 mAb recogniZes monosialo-GM2 on mela 
noma cells and suggest that the mAb could be used for the 
therapeutic treatment of melanoma. 

Dec. 7, 2006 

Example 9 

Apoptosis Of Human Melanoma Cells By 
DMF10.167.4 mAb Treatment 

[0173] To demonstrate the apoptotic potential of the 
DMF10.167.4 mAb on melanoma cells, 2><105 CHL-1 cells 
Were plated and incubated O/N With 20 ug/ml of the 
DMF10.167.4 mAb or irrelevant hamster IgG, then assayed 
for annexin positivity and active caspase content by incu 
bating the cells With an annexin V-Alexa488 conjugate 
(Molecular Probes). Cells Were subjected to ?oW cytometric 
analysis to determine the amount of annexin positivity as a 
measure of DMF10.167.4 mAb induced apoptotic activity. 
The irrelevant hamster IgG revealed a background of 4.6% 
apoptosis, Whereas the DMF10.167.4 mAb Was responsible 
for inducing 42.1% of the cells to undergo apoptosis, a 
greater than 9-fold increase. These data indicate that the 
hamster anti-monosialo-GM2 mAb could be used as a 
therapeutic antibody by targeting monosialo-GM2 on mela 
noma tumors. 

Example 10 

Human Small Cell Lung Cancer (SCLC) Surface 
Binding By DMF10.167.4 mAb 

[0174] To determine if monosialo-GM2 is expressed on 
the surface of SCLC cells and recogniZed by the 
DMF10.167.4 mAb, 1><106 cells from numerous SCLC cell 
lines Were incubated With 10 ug/ml irrelevant hamster IgG 
or DMF10.167.4 mAb on ice, then Washed 3 times With 
staining bulfer (PBS+1% BSA+AZide). Cells Were then 
incubated With FITC-conjugated anti-hamster IgG on ice, 
and then Washed 3 times With staining bulfer. Cells Were 
resuspended in staining buffer containing propidium iodide, 
a vital stain that distinguishes permeable cells from viable 
cells, then analyZed by ?oW cytometry. As demonstrated by 
the increase in the mean ?uorescent intensity (MFI) values 
of the DMF10.167.4 mAb compared to irrelevant hamster 
IgG, Which is a measurement of the relative binding ability, 
the DMF10.167.4 mAb Was shoWn to recogniZe and bind to 
monosialo-GM2 on the surface of the SCLC cell lines, 
including NCI-H69 (Irrelevant: 3.6 vs. DMF10.167.4: 22.3), 
NCI-H128 (4.79 vs 115.49), HTB 171(10.44 vs. 673.85), 
HTB 173 (4.04 vs 20.91), HTB 175 (6.18 vs 730.46), 
DMS79 (8.38 vs 31.65), HTB 180 (6.21 vs 39.98), NCI 
H187 (7.37 vs 374.5) and SHP-77 (5.69 vs 140.1). These 
data indicate that the DMF10.167.4 mAb recogniZes mono 
sialo-GM2 on SCLC cells and suggest that the mAb could 
be used for the therapeutic treatment of small cell lung 
cancer. 

Example 11 

DMF10.167.4 mAb Suppresses Human Melanoma 
Tumor Formation In Vivo 

[0175] To determine if the anti-monosialo-GM2 mAb 
Would suppress tumor formation (prophylactic model) in 
mice, We performed tumor model studies in vivo using the 
CHL-1 melanoma cell line. Fifteen female SCID mice Were 
injected sub-cutaneously With 5><106 CHL-1 cells, and then 
separated into 3 groups of 5 animals. One group of ?ve mice 
Was untreated, one group received 100 pg of the hamster 
DMF10.167.4 anti-monosialo-GM2 mAb intravenously, and 






























