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7) ABSTRACT

Disclosed herein are compositions and methods for reducing
the growth of hematopoietic malignant cells (e.g., B-cell leu-
kemia cells). The methods involve reducing the growth of
hematopoietic malignant cells by contacting hematopoietic
malignant cells with GP88 antagonists. GP88 is an 88 KDa
autocrine growth factor that promotes the growth of hemato-
poietic malignant cells. Antagonists to GP88 are provided
which inhibitits expression or biological activity. The antago-
nists include antisense oligonucleotides and antibodies. Also
provided are methods for determining if a patient is respond-
ing or is responsive to anti-cancer therapy (e.g., glucocorti-
coid therapy). Increased levels of GP88 in hematopoietic cells
indicates a patient is not responding or responsive to anti-
cancer therapy.

5 Claims, 33 Drawing Sheets



US 8,911,950 B2
Page 2

(56) References Cited

OTHER PUBLICATIONS

J. Barnwell et al., “A Human 88-kD Membrane Glycoprotein (CD36)
Functions in Vitro as a Receptor for a Cytoadherence Ligand on
Plasmodium falciparum-infected Erythrocytes,” J. Clin. Invest., Sep.
1989, vol. 84, pp. 765-772.

V. Bhandari et al.. “Isolation and sequence fo the granulin precursor
c¢DNA from human bone marrow reveals tandem cysteine-rich
granulin domains,” Proc. Natl. Acad. Sci. USA, vol. 89, Mar. 1992,
pp. 1715-1719.

R. Daniel et al,, “Cellular localization of Gene Expression for
Progranulin,” Journal of Histochemistry and Cytochemistry, Jul.
2000, vol. 48, No. 7, pp. 999-1009.

Hoqueet al., “The growth factor granulin interacts with cyclin T1 and
modulates P-TEfb-dependent transcription,” Mol Cell Biol., Mar.
2003, vol. 23, No. S, pp. 1688-1702.

MB Jones et al., “The granulin-epithelin precursor/PC-cell-derived
growth factor is a growth factor for epithelial ovarian cancer,” Clin
Cancer Res., Jan. 2003, vol. 9, No. 1, pp. 44-51.

WeKimetal., “PC cell-derived growth factor stimulates proliferation
and confers Trastuzumab resistance to Her-2-overexpressing breast
cancer cells,” Clin Cancer Res. Jul. 15, 2006, vol. 12, pp. 4192-4199.
C. Landry et al., Expression of Oligodendrocytic mRNAs in Glial
Tumors: Changes Associated with Tumor Grade and Extent of
Neoplastic Infiltration', Cancer Research, Sep. 15, 1997, vol. 57, pp.
4098-4104.

L. M. Liau et al.,, “Identification of a Human Glioma-associated
Growth Factor Gene, granulin, Using Differential Immuno-absorp-
tion',” Cancer Research, Mar. 1, 2000, vol. 60, pp. 1353-1360.
S.Leeetal., “Fnhanced Sensitization to Taxol-induced Apoptosis by
Herceptin Pretreatment in ErbB2-overexpressing Breast Cancer
Cells'” Cancer Research, Oct. 15, 2002, vol. 62, pp. 5703-5710.

R Lu et al., “Inhibition of PC-cell-derived growth factor (PCDGF,
epithelin/granulin precursor) expression by antisense PCDGF ¢cDNA
transfection inhibits tumorigenicity of the human breast carcinoma
cell line MDA-MB-468,” Proc Natl Acad Sci USA, Apr. 11, 2000,
vol. 97, No. 8, pp. 3993-3998.

R. Luetal., “Stimulation of PC cell-derived growth factor (epithelin/
granulin precursor) expression by estradiol in human breast cancer
cells,” Biochem Biophys Res Commun., Mar. 5, 1999, vol. 256, No.
1, pp. 204-207.

R. Lu et al., “Mediation of estrogen mitogenic effect in human breast
cancer MCF-7 cells by PC-cell-derived growth factor (PCDGEF/
granulin precursor),” Proc Natl Acad Sci USA, Jan. 2001, vol. 98, No.
1, pp. 142-147.

R. Lu et al., “Resveratrol, a natural product derived from grape,
exhibits antiestrogenic activity and inhibits the growth of human
breast cancer cells,” J Cell Physiol., Jun. 1999, vol. 179, No. 3, pp.
297-304.

G. Monami et al., “Proepithelin Regulates Prostate Cancer Cell Biol-
ogy by Promoting Cell Growth, Migration, and Anchorage-Indepen-
dent Growth”, Am J. Pathol., Mar. 2009, vol. 174, No. 3, pp. 1037-
1047.

CX Pan et al., “PC cell-derived growth factor expression in prostatic
intraepithelial neoplasia and prostatic adenocarcinoma,” Clin Cancer
Res., Feb. 15, 2004, vol. 10, No. 4, pp. 1333-1337.

G. Serrero “Autocrine growth factor revisited: PC-cell-derived
growth factor (progranulin), a critical player in breast cancer
tumorigenesis,” Biochem Biophys Res Commun., Aug. 29, 2003,
vol. 3, pp. 409-413.

G. Serrero “Endocrine and autocrine control of growth and differen-
tiation of teratoma-derived cell lines,” Prog. Clin. Bio. Res., 1986,
vol. 226, pp. 191-204.

G. Serrero “Expression of PC cell-derived growth factor in benign
and malignant human breast epithelium,” Hum Pathol., Nov. 2003,
vol. 34, No. 11, pp. 1148-1154.

G. Serrero et al., IHC Study of a novel molecular marker of infiltrat-
ing ductal carcinoma, The Third Era of Hope meeting for the Depart-
ment of Defense (DOD) Breast Cancer Research Program (BCRP)
held Sep. 25-28, 2002.

W. Tangkeangsirisin et al., “PC cell-derived growth factor (PCDGF/
GP88, progranulin) stimulates migration, invasiveness and VEGF
expression in breast cancer cells,” Carcinogenesis, Sep. 25, 2004, vol.
9, pp. 1587-1592.

W. Tangkeangsirisin et al., “PC cell-derived growth factor mediates
tamoxifen resistance and promotes tumor growth of human breast
cancercell,” Cancer Res. Mar. 1, 2004, vol. 64, No. 5, pp. 1737-1743.
N. Terakawa MD, et al., “Approaches Targeted to Estrogen Receptors
for Treatment of Tamoxifen-Resistant Breast Cancer: A Brief Over-
view,” Oncology, 2000, vol. 59, pp. 3-4.

H. E. Turner et al., “Expression analysis of cydins in pituitary
adenomas and the normal pituitary gland,” Clinical Endocrinology,
(2000), vol. 53, pp. 337-344.

H. Zhang et al., “Inhibition of tumorigenicity of the teratoma PC cell
line by transfection with antisense cDNA for PC cell-derived growth
factor (PCDGE, epithelin/granulin precursor),” Proc Natl Acad Sci
USA Nov. 24, 1998, vol. 95, No. 24, pp. 14202-14207.

W. Wang et al., “PC cell-derived growth factor confers resistance to
dexamethasone and promotes tumorigenesis in human multiple
myeloma,” Clin Cancer Res. Jan. 1, 2006, vol. 12, No. 1, pp. 49-56.
W. Wang et al, “PC-Cell Derived Growth Factor (PCDG,
progranulin) Expression and Action in Human Multiple Myelomas,”
Proceedings of American Association for Cancer Research, Mar.
2001, vol. 42, p. 835.

W. Wang et al., “PC cell-derived growth factor (granulin precursor)
expression and action in human multiple myeloma,” Clin Cancer
Res., Jun. 2003, vol. 9, No. 6, pp. 2221-2228.

X. Xia et al,, “Identification of cell surface binding sites for PC
cell-derived growth factor, PCDGF, (epithelin/granulin precursor) on
epithelial cells and fibroblasts,” Biochem Biophys Res Commun,
Apr. 17, 1998, vol. 245, No. 2, pp. 539-543.

T. Zanocco-Marani et al., “Biological Activities and Signaling Path-
ways of the Granulin/Epithelin Precursor,” Cancer Research, Oct. 15,
1999, vol. 59, No. 20, pp. 5331-5340.

He Zhiheng et al, “Progranulin Gene Expression Regulates
Epithelial Cell Growth and Promotes Tumor Growth in Vivo!,” Can-
cer Research 59, Jul. 1, 1999, pp. 3222-3229.

International Search Report dated Mar. 31, 2005, Appln. No. PCT/
US2003/039225.

G. Serrero etal., “Effect of Testosterone on the Growth Properties and
on Epidermal Growth Factor Receptor Expression in the Teratoma-
derived Tumorigenic Cell Line 1246-3A,” Cancer Research, vol. 52,
1992, pp. 4242-4247.

B. Alberts et al., “Molecular Biology of the Cell,” Garland Publish-
ing, Inc., 1983.

M. Cross et al., “Growth Factors in Development, Transformation,
and Tumorigenesis,” Cell, vol. 64, 1991, pp. 271-280.

M. B. Sporn et al., “Autocrine Secretion and Malignant Transforma-
tion of Cells,” The New England Journal of Medicine, vol. 303, 1980,
pp. 878-880.

J. Zhou et al., “Purification of an Autocrine Growth Factor Homolo-
gous with Mouse Epithelin Precursor from a Highly Tumorgenic Cell
Line,” The Journal of Biological Chemistry, vol. 268, No. 15, 1993,
pp. 10863-10869.

G. Plowman et al., “The Epithelin Precursor Encodes Two Proteins
with Opposing Activities on Epithelial Cell Growth,” The Journal of
Biological Chemistry, vol. 267, No. 18, 1992, pp. 13073-13078.

A. Bateman et al., “Granulins, a Novel Class of Peptide from
Leukocytes,” Biochemical and Biophysical Research Communica-
tions, vol. 173, No. 3, 1990, pp. 1161-1168.

J. Nestor et al, “A Synthetic Fragment of Rat Transforming Growth
Factor with Receptor Binding and Antigenic Properties,” Biochemi-
cal and Biophysical Research Communications, vol. 129, No. 1,
1985, pp. 226-232.

J. Adelman et al., “In Vitro Deletional Mutagenesis for Bacterial
Production of the 20,000-Dalton Form of Human Pituitary Growth
Hormone,” DNA, vol. 2, No. 3, 1983, pp. 183-193.

G. Serrero et al., “AnIn Vitro Model to Study Adipose Differentiation
in Serum-Free Medium,” Analytical Biochemistry 120, 1982, pp.
351-359.

G. Serrero-Dave, “Study of a Teratoma-Derived Adiopogenic Cell
Line 1246 and Isolation of an Insulin-Independent Variant in Serum-
Free Medium,” Cancer Center, University of California, pp. 366-376.



US 8,911,950 B2
Page 3

(56) References Cited
OTHER PUBLICATIONS

G. Serrero, “Tumorigenicity Associated with Loss of Differentiation
and of Response to Insulin in the Adipogenic Cell Line 1246,” In
Vitro Cellular & Development Biology, vol. 21, No. 9, 1985, pp.
537-540.

G. Serrero et al., “Decreased Transforming Growth Factor-p
Response and Binding in Insulin-independent Teratoma-Derived
Cell Lines with Increased Tumorigenic Properties,” Journal of Cel-
lular Physiology, vol. 149, 1991, pp. 503-511.

C. Arteaga et al., “Type I Somatomedin Receptor,” Cancer Research,
vol. 49, 1989, pp. 6237-6241.

P. Schofield et al.,, “The Biological Effects of a High Molecular
Weight Form of IGF II in a Pluripotential Human Teratocarcinoma
Cell Line,” Anticancer Research, vol. 14, 1994, pp. 533-538.

J. Trojan et al., “Gene therapy of murine teratocarcinoma: Separate
functions for insulin-like growth factors I and II in immunogenicity
and differentiation,” Proc. Natl. Acad. Sci. USA, vol. 91, 1994, pp.
6088-6092.

J. Trojan et al., “Treatment and Prevention of Rat Glioblastoma by
Immunogenic C6 Cells Expressing Antisense Insulin-Like Growth
Factor I RNA,” Science, vol. 259, 1993, pp. 94-96.

G. Kohler et al., “Continuous cultures of fused cells secreting anti-
body of predefined specificity,” Nature, vol. 256, 1975, pp. 495-497.
S. F. de St. Groth et al., “Production of Monolonal Antibodies:
Strategy and Tactics,” Journal of Immunology Methods, vol. 35,
1980, pp. 1-21.

M. Schreier, et al., “Hybridoma Techniques,” Cold Spring Harbor
Laboratory, 1980.

S. Cabilly et al, “Generation of antibody activity from
immunoglobulin polypeptide chains produced in Escherichia coli,”
Proc. Natl. Acad. Sci. USA, vol. 81, 1984, pp. 6851-6855.

S. Morrison et al., “Chimeric human antibody molecules; Mouse
antigen-binding domains with human constant region domains,”
Proc. Natl. Acad. Sci. USA, vol. 81, 1984, pp. 6851-6855.

A. Liu et al., “Chimeric mouse-human IgG1 antibody that can medi-
ate lysis of cancer cells,” Proc. Natl. Acad. Sci. USA, vol. 84, 1987,
pp- 3439-3443.

M. Better et al., “Escherichia coli Secretion of an Active Chimeric
Antibody Fragment,” Science, vol. 240, 1988, pp. 1041-1043.

L. Riechmann et al., “Reshaping human antibodies for therapy,”
Nature, vol. 332, 1988, pp. 323-327.

M. Baca et al., “Antibody Humanization Using Monovalent Phage
Display,” I. Biol. Chem., vol. 272, No. 16, 1997, pp. 10678-10684.
M. J. Rosok et al., “A Combinational Library Strategy for the Rapid
Humanization of anticarcinoma BR96 Fab,” J. Biol. Chem., vol. 271,
No.37, 1996, pp. 22611-22618.

R. L. Wahl et al., “Improved Radioimaging and Tumor Localization
with Monoclonal F(ab”),” The Journal of Nuclear Medicine, vol. 24,
No. 4, 1983, pp. 316-325.

J. L. Mulshine, “Clinical Use of a Monoclonal Antibody to
Bombesin-lik Peptide in Patients with Lung Cancer,” Annals New
York Academy of Sciences, pp. 360-372.

S. H. Munroe et al., “Antisense RNA inhibits splicing of pre-mRNA
in vitro,” The EMBO Journal, vol. 7, No. 8, 1988, pp. 2523-2532.
K. B. Mulis, et al., “Specific Synthesis of DNA in vitro via a
Polymerase-Catalyzed Catalyzed Chain Reaction,” Methods in
Enzymology, vol. 155, 1987, pp. 335-350.

D. Mercola et al., “Antisense approaches to cancer gene therapy,”
Cancer Gene Therapy, vol. 2, No. 1, 1995, pp. 47-59.

R. W. Wagner, “Gene inhibition using antisense
oligodeoxynucleotides,” Nature, vol. 372, 1994, pp. 333-335.

T. Maniatis et al., “Molecular Cloning: A Laboratory Manual,” Cold
Spring Harbor Laboratory, 1982.

W. Brysch et al, “Design and Application of Antisense
Oligonucleotides in Cell Culture, in vivo, and as Therapeutic
Agents,” Cellular and Molecular Neurobiology, vol. 14, No. 5, 1994,
pp. 557-568.

C. Helene, “Rational Design of Sequence-specific oncogene Inhibi-
tors Based on Antisense and Antigene Oligonucleotides,” Eur. J.
Cancer, vol. 27, No. 11, 1991, pp. 1466-1471.

R. V. Giles et al., Optimization of Antisense Oligodeoxynucleotide
Structure for Targeting ber-abl mRNA, Blood, vol. 86, No. 2, 1995,
pp. 744-754.

D. S. Thaler et al., “Extending the chemistry that supports genetic
information transfer in vivo: Phosphorothioate DNA, phosphorothio-
ate RNA, 2'-O-methyl RNA, and methyl phosphonate DNA,” Proc.
Natl. Acad. Sci. USA, vol. 93, 1996, pp. 1352-1356.

S. Gryaznov et al., “Oligonucleotide N3'-P5' phosphoramidates as
antisense agents,” Nucleic Acids Research, vol. 24, No. 8, 1996, pp.
1508-1514.

K. Lappalainen et al., “Cationic liposomes improve stability and
intracellular delivery of antisense oligonucleotides into CaSki cells,”
Biochimica et Biophysica Acta 1196, 1994, pp. 201-208.

B. Ensoli et al., “Block of AIDS-Kaposi’s Sarcoma (KS) Cell
Growth, Angiogenesis, and Lesion Formation in Nude mice by
Antisense Oligonucleotide Targeting Basic Fibroblast Growth Fac-
tor,” The Journal of Clinical Investigation, Inc., vol. 94, 1994, pp.
1736-1746.

B. Peng et al., “Growth Inhibition of Malignant CD5+B (B-1) Cells
by Antisense IL-10 Oligonucleotide,” Leukemia Research, vol. 19,
No. 3, 1995, pp. 159-167.

R. S. Donovan et al., “Review: Optimizing inducer and culture con-
ditions for expression of foreign proteins under the control of the lac
promoter,” Journal of Industrial Microbiology, vol. 16, 1996, pp.
145-154.

Y. Cenatiempo, “Prokaryotic gene expression in vitro: Transcription-
translation coupled systems,” Biochimie, vol. 68, 1986, pp. 505-515.
S. Gottesman, “Bacterial Regulation: Global Regulatory Networks,”
Ann, Rev. Genet., vol. 18, 1984, pp. 415-441.

D. H. Hamer et al., “Regulation In Vivo of a Cloned Mammalian
Gene: Cadmium Induces the Transcription of a Mouse Metal-
lothionein Gene in SV40 Vectors,” Journal of Molecular and Applied
Genetics, vol. 1, No. 4, 1982, pp. 273-288.

S. L. McKnight, “Functional Relationships between Transcriptional
Control Signals of the Thymidine Kinase Gene of Herpes Simplex
Virus,” Cell, vol. 31, 1982, pp. 355-365.

S. A. Johnston et al., “Isolation of the yeast regulatory gene GAL4
and analysis ofits dosage effects on the galactose/melibiose regulon,”
Proc. Natl. Acad. Sci. USA, vol. 79, 1982, pp. 6971-6975.

C. Benoist et al., “In vivo sequence requirements of the SV40 early
promoter region,” Nature, vol. 290, 1981, pp. 304-310.

S. Andersson et al., “Cloning, Structure, and Expression of the
Mitochondrial Cytochrome P-450 Sterol 26-Hydroxylase, a Bile
Acid Biosynthetic Enzyme,” The Journal of Biological Chemistry,
vol. 264, No. 14, 1989, pp. 8222-8229.

L. Sepp-Lorenzino et al., “Insulin and Insulin-like Growth Factor
Signaling are Defective in the MDA MB-468 Human Breast Cancer
Cell Line,” Cell Growth & Differentiation, vol. 5, 1994, pp. 1077-
1083.

J.M. Culouscouetal., “Biochemical Analysisofthe Epithelin Recep-
tor,” The Journal of Biological Chemistry, vol. 268, No. 14, 1993, pp.
10458-10462.

C. B. Siegall, “Targeted Toxins as Anticancer Agents,” Cancer, vol.
74, No. 3, 1994, pp. 1006-1012.

H. Zhang, “Overexpression of PC Cell Derived Growth Factor
(PCDGF) Contributes to the Highly Tumorigenic Properties of Pro-
ducer Cell Line PC,” a Dissertation submitted in partial fulfillment of
the requirements for the degree of Doctor of Philosophy, Chemistry,
Fall of 1997, 143 pages, Clarkson University.

V. Bandhari et al., “Structure and Chromosmal Location of the
Human Granulin Gene,” Biochemical and Biophysical Research
Communications, vol. 188, No. 6, 1993, pp. 57-63, XP001021601.
Furopean Search Report dated Oct. 23, 2001.

Bhandari et al., “The Complementary Deopxyribonucleic Acid
Sequence, Tissue Distribution, and Cellular Localization of the Rat
Granulin Precursor,” Endocrinology, vol. 133, No. 6, 1993, pp. 2682-
2689, XP001021601.

V. Mittall, Nature Reviews Genetics 5, 355-365 (2004).

* cited by examiner



US 8,911,950 B2

Sheet 1 of 33

Dec. 16, 2014

U.S. Patent

V1Ol

WO

J1VSATTI3O.

€1 ovzL Ve - od
STIID JINIADIHOINNL-NON ANV JINIORRONNL A9 88d9 40 NOILLONAOA™d



US 8,911,950 B2

Sheet 2 of 33

Dec. 16, 2014

U.S. Patent

q1L°'Did
zeldy |
88dO
sTiIEo  ovel  ve | od
NOISSIddXd YNYW 88dD



U.S. Patent Dec. 16, 2014 Sheet 3 of 33 US 8,911,950 B2

FAA-NNYIS
S8d %¢

PC CELLS

FIG.1C

 NITNSNI

S84 %2

1246 CELLS

- S84 %0}

GP88 mRNA EXPRESSION IN VARIOUS CULTURE CONDITIONS
GP88
RPL32



U.S. Patent Dec. 16, 2014 Sheet 4 of 33 US 8,911,950 B2

1004
& \
Ln .
aned
o 'Y
E 8-
S .
'ES' -
&5
& §0-
2
Z
40 T I T | 1 |
0 100 200 300
ANTI K19T 196 (ig)

FIG.2



€9l

S7130 Od G3L034SNVIL TOHLNOD

US 8,911,950 B2

Sheet 5 of 33

Dec. 16, 2014

NOISS3ddX3
88d9O 40 NOLLIGIHNI A8 JDIN HED NI NOILVINRIO JONNL 40 JON3SaY

U.S. Patent



U.S. Patent Dec. 16, 2014 Sheet 6 of 33 US 8,911,950 B2

GP88

jown] 94!

SAIOBULI0Y) |

FIG.4

GP88 PROTEIN EXPRESSION IN TUMOR AND SURROUNDING TISSUES



US 8,911,950 B2

Sheet 7 of 33

Dec. 16, 2014

U.S. Patent

g'olid

VNYW 88do

=
Q
Ry
~

9v-aiN-vain
F-aiN-van

8
€9

ST130 VINONIONUVO AYVININVIN NVINNH LNIAN3d3ANI
OGNV LNIAN3Id3A-NIO0HLST NI NOISSTIdXT YNYW 884D



U.S. Patent Dec. 16, 2014 Sheet 8 of 33 US 8,911,950 B2

30000

20000

CPM

10000

177
CONTROL

Mhmny-
MBI

= W

0

—
(=
[ ]
<
(=]

DOSE (ng/mi)

FIG.6A

30000

20000

CPM

NN'm

10000 _

| - ///

A /ﬁ

CONTROL 25 50 0
DOSE (ng/mi)

FIG.6B

200

L =]



US 8,911,950 B2

Sheet 9 of 33

Dec. 16, 2014

U.S. Patent

NO

ALVSAT 1130 88d0O

= = U
—

dSNISIINY  TTOHINOD
ST130 Od A3LIO3ASNVIL

TOULNOD ANV IASNISILNVY NI 88d9 10 NOISSIUdX3



US 8,911,950 B2

46
8
72
286
88
478,
152
526
168
574
184

L M S W L
P AG Y S
F s K

TGT T&T CCC ATG CCC
C C P M P
H & A

CCC ACG GGC ACC CAC
T 6T H

P

v

C TGT CCT GCT GGC TAT TCT 238
¢

W

Sheet 10 of 33
H

CG TEG GGA
W G
V H C ¢ P
TGC GTT TCA
¢ VvV §

S

T GGC
G
GA

GGT T
G
C AGA GTG CAT TGC TGT CCC CAT GGG GCC
¢
R

H
R

T

C CA
GA
D

CA

T
D
A
T

AC

C
H

C CAG
Q
G GTT
v

T

Dec. 16, 2014
A
i

TGT GAA
¢ E
61T
v

TG
¢

C

GC

T
c

IT

C
A
I

T
S

TcT

S
CTG
L

GC

T
C

G&C
G
GAC
D

T
C

GA
0
GT

T
c

&C

E GGA CCC CGA CGC AGA CAG ACC ATG TGG GTC CTG ATG AGC TGG CTG
T
c

TA
GC
A
C

C
L
TGT CTT CTC ACT GTG TCT GG& ACT TCC AGC TGC TGC CCG TTC TCT AAG

c L LTV S GTS S C C P

Mouse GP88 cDNA

ACC
T
CAG
Q
TC
S

U.S. Patent

670
216

80

—

o

8.
B
5.,
mF

O Q.

=



US 8,911,950 B2

Sheet 11 of 33

Dec. 16, 2014

U.S. Patent

Mouse GP88 cDNA (co inued)

718
232

C ¢ P

TAT GEC TGC TGT CCA
G

GG AAG
K Y

G
G

CTA CCC ACT
L P T

&

GT GA
E

TCT ACC TGC T
s T ¢ C

T

GA
D

766
814
264

248
Q S K ¢ L S8 K N Y

C C S D HL HZCTCUPAQ
I

I

N A

GAC ACT GTA TGT GAC CTG ATC CAG AGT AAG TGC CTA TCC AAG AAC TAC

ATG CCC AAT GCC ATC TGC TGT TCC GAC CAC CTG CAC TGC TGC CCC CAG

b T vV ¢ D L

M P

958
P F A K AV C 312

¢

TGC TGT CCA TTT &CC AAG GCC GTG TGT

c

T GGG GCC TGG GGC
G A W &

<

2=
G o

328

C
@ C H T

CG GCA GGG TTT CAG TGT CAC ACA 1006
A G F

C
P

&C

T
¢

TGC
C

CAT
H

CAC ATT
H I

T

GAG GA
E D

TGT GAG
¢

344

VP OW M K

CGC CTG CCA GAC CCA CAG ATC TTG AAG AGT 1102

CAA GTA CCC TGG ATG AAG 1054
Q

360

K-S

ACA CCT TGT GAT GAC TTC ACT AGS TGT CCT ACA AAC AAT ACC T&C

L

D P 0 I

L_P

¢ CCC CTC
P_L R

ATA GC
I_A

AAG GTC
K_Y

1150
376

c bbb FTRZC®PTNWNTHOC

GAT
LI.°P

T&C
¢

1198
392

I P E A

TGT CCC ATC CCA GAG GCT
P

¢

GGC TGC
G C

GG

CT
W

GA
D

T TCT GGG
S G

AX
N

C

5o
=19

G GGC TIC ACA TGT 1246
F T C 408

G

G D I 449

P AR QT TP L QI

GAG AAG ATA CCT GCC CGC CAG ACA ACC CCG CTC CAA ATT GGA GAT ATC 1342
I

E K

FIG.8B



1390
456
472
488
504
536

1438

US 8,911,950 B2

P H A Y C
I @ P PV
S A GV

L

Sheet 12 of 33
PV & @ T CC P

C ¢ Q
Q T € C K D

A

G GCC TGC TGC CAG CTG CCC CAT GCT GTG TGC

Dec. 16, 2014
Y

GGT TGT GAC CAG CAT ACC AGC TGC CCA GTA GGG CAA ACC TGC TGC CCA

TGT GAG GAC CGG CAG CAC TGT TGC CCG GCC GGG TAC ACC TGC AAC GTG 1486
C EDRQHCCPAGY TCNYVY

AAG GCG AGG ACC TGT GAG AAG GAT GTC GAT TTT ATC CAG CCT CCC GTG 1534
CAT TTC T&C CAT GAT AAC CAG ACC TGT TGT AAA GAC AGT GCA GGA GTC 1630

Mouse GP8S cDNA (continued)

G C D Q HT S C

AGC CTC AAG GGA AGT TG

S L K G § W

K AR T CE KDV D F
H F C H D N

TGG GCC TGC TGT CCC TAC

W A C C P

U.S. Patent

WO 0 [=)] o O [
RE E¥ HB® EB5ERERS
5 8- § #5IEEE
g4 8. B H8EEE
8.1 5. ¢ BEEEEE
Boq £. & ZEEEGE
g BEL F BEEE8E
54 E. 8 E£3BEs
54 2. § S5FIEE
5. 8. 5 £B3EBEZ
8. B. § BUFEESE
B. 8J & 3B§58E3
B. 5. . EEZZEER
5. EJ B. BEEZEEE
8. $J £. 4HEEER
B, $J B. 3EEEEBE
5. B 3. BEYHESE
g= Bl 8. GBEIEE&

FIG.8C



U.S. Patent Dec. 16, 2014 Sheet 13 of 33 US 8,911,950 B2

Nucleotide sequence of human granulin/epithelin precursor (human GP88).
Human Granulin Genbank M75161%

Egcaggcaga ccatgtggac cttggtgage tgggtggect taacageagg getggtggct
ggaacgcggt geccagatgg teagttetge cctgtggect getgectgga ceceggagga
gecagetaca getgetgeeg tececttcty gacaaatgge ccacaacact gagcagacat
ctgggtagee cctgccaggt tgatgeccac tgetetgecg geeactectg catetttace
gtcteaggga cttecagttg ctgecectte ccagaggecg tggeatgegg ggatggecat
cactgctgee cacggggett ccactgeagt geagacggga gatcetgett ccaaagatca
ggtaacaact ccgﬂgggtgc catccagtge cctgatagtc agttcgaatg cecggactte
tccacgtget gtgttatggt cgatggetec tggoggtget gecccatgee ceaggettee
tgctgtgaag acagggtgca ctgctgteeg cacggtgect tetgegacet ggtteacace
cgctgeatca cacccacggg cacceaccee ctggcaaaga agetecctge ccagaggact
aacagggcag tggecttgtc cageteggtc atgtgteegg acgeacggte ceggtgecct
gatggttcta cctgctgtga getgeccagt gggaagtatg getgetgece aatgeccaac
gccacctget getecgatea cotgeactge tgeececaag acactgtg;g tgacctgate
cagagtaagt gcctctccaa ggagaacget accacggace tcctcactaa getgectgeg
cacacagtgg gcgatgtgaa atgtgacatg gaggtgaget gcccagatgg ctatacetge
tgecgtctac agteggggge ctgggactge tgcectttta cccaggetgt gtgetgtoag
gaccacatac actgctgtec cgegaggttt acgtgtgaca cgcagaaggg tacctgtgaa
caggggccce accaggtgec ctggatggag aaggecccag cteaccteag cetgecagac
ccacaagcct tgaagagaga tgtcccctgt gataatgtca geagetgtee ctecteegat
acctgctgee aactcacgtc tggggagtgg ggetgetgte caatcccaga ggetgtetge
tgctecggace accagcactg ctgeccecag cgatacacgt gtotagetga ggggeagtgt
cagcgaggaa gcgagatcgt goctggactg gagaagatge ctgcccgecg cggttectta
tceccacceca gagacategg ctgtgaccag cacaccaget geccagtggg cggaacctge
tgcccgagee agggtgggag ctgggcctge tgccagttge cecatgetgt gtgetgegag
gatcgecage actgctgece ggctggetac acctgeaacg tgaaggeteg atcetgegag
aaggaagtgg tctetgecea gectgecace ttectggece gtageectea cgtyggtatg
aaggacgtag agtgtggaga aggacactte tgecatgata accagacctg ctgecgagac
aaccgacagy gctgggectg ctgtecctac geecagggeg tetgttgtge tgateggege
cactgctgte ctgctggett cegetgegea cgeaggggta ccaagtgttt gegcagggag
geccegeget gggacgecce titgagggac ccageettoa gacagetget gtgaggaaca
gtactgaaga ctctgcagee ctegggacce cactcggagg gtgccctetg cteaggecte
gtactgaaga ctctgcagee ctegggacee cactcggagg gtgecctety ctcaggecte
cctagcacct ccccctaace aaattetece tggaccecat tetgagetee ceatcaccat
gaggaggtogg gectcaatet aaggeccttc cetgteagaa ggogatigag geaaaagece
attacaagct gecatceect cceegtttea gtggaccetg tggccaggtg ctttteccta
tecacagggg tgtttotgtg ttgggtgtge tttcaataaa gtttgtcact ttctt*

FIG.9A
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Amino-acid sequence of human granulin/epithelin precursor (human GP88).

MWTLVSWVALTAGLVAGTRCPDGQFCPVACCLDPGGASYSCCRP

LLDKWPTTLSRHLGGPCQVDAHCSAGHSCIFTVSGTSSCCPFPEAVACGDGHHCCPRG
FHCSADGRSCFQRSGNNSVGAIQCPDSQFECPDFSTCCVMVDGSHGCCPMPQASCCED
RVHCCPHGAFCDLVHTRCITPTGTHPLAKKLPAQRTNRAVALSSSYMCPDARSRCPDG
STCCELPSGKYGCCPMPNATCCSDHLHCCPQDTVCDLIQSKCLSKENATTDLLTYLPA
HTVGDVKCDMEVSCPDGYTCCRLOSGAWGCCPFTQAVCCEDHIHCCPAGFTCDTQKGT
CEQGPHQVPWNEKAPAHL SLPDPQALKRDVPCDNVSSCPSSDTCCQLTSGEWECCPIP
EAVCCSDHQHCCPQRYTCVAEGQCQRGSE IVAGLEKMPARRGSLSHPRDIGCDQHTSC
PVGGETCCPSQGGSWACCQLPHAVCCEDRQHCCPAGYTCNVKARSCEKEVVSAQPATFL
ARSPHVGVKDVECGEGHFCHDNQTCCRDNRQGWACCPYAQGVCCADRRHCCPAGFRCA

RRGTKCLRREAPRWDAPLROPALROLL *
FIG.9B



US 8,911,950 B2

oL '9id

(Z2661) LR 12 URWMO|d WoJ) SL aduanbas J0sundsad uilayilds asnow
p3ouanbas usaq BARY §°0°8°Y ULLNUBJE 40 SNULWLEI-NID 4°3'Q ) G'Y uinuesb:bt a0’ y'gy
27T NITBHLLJD 3SNoW2 1

R SR T T B R R LR PPy CRRRERI
r90uanbas SNSLSSUOD

689 jama:a@mﬁzmgjmmﬂ.uﬁ%wuxn_wwauuzmwmmuu@xj_\&uu«z >w qwmuuu._.ozm_xu H_Iwmwuu>z

Sheet 15 of 33

Dec. 16, 2014

U.S. Patent

£1e w>zmw.ﬁﬂ>mmoHmc>oxqu<v_>zu._.>w<muu:Qmamuu:S.E._ouu<3w m V_Jmmuu._.omﬂmguwa

8eY ch.Etowd‘&xmqngooug \,mod.._utmoauuxozﬁ_muub{ummauuwz omm z.ﬁuu.“.zzhau m.EomunDﬂ

09E @Jud.mmmi_mmﬁfz%gmwaunmuEuowo(m‘uu:HIouuu><v_<..ﬁuum_3 <w.~ 2.Euuw>mun_um>uzm UVSH._

gt izcmzo.._umv_oa(mu_._u_mdauuxywomum@v_muauum mpwm\,:.ﬂum »wqauxmx.wa umwo

JAS ._zIm._.Hmn_Eo._._mzuum>z<w uomqwo, &ﬁau wmuomuoh

L1 QYATOVVIV TMSHIAMK
J0N3ND3S NI3LOY¥d 884D 3SNOMW



U.S. Patent Dec. 16, 2014 Sheet 16 of 33 US 8,911,950 B2

GP88 cDNA CLONE in SK

§mul Xbal '
L /0 s 1

0 +138 +1770

STRUCTURE OF pCMV, EXPRESSION VECTOR

FIG. 11



US 8,911,950 B2

Sheet 17 of 33

Dec. 16, 2014

U.S. Patent

(AR IE

88d9DJ-|gz) ©9id

-+ 8gdo peIeqEIUN
ST130 797100 Ol 88d9 -Igz; 40 ONDINIT-SSO™UD



U.S. Patent Dec. 16, 2014 Sheet 18 of 33 US 8,911,950 B2

€le
od

9700
tle
od

#9100

FIG.13

o+

116—
85—

CROSS-LINKING OF 1251.rGP88
kDa
205 —

CELLS

Unlabeled rGP88



U.S. Patent Dec. 16, 2014 Sheet 19 of 33 US 8,911,950 B2

GP88 EXPRESSION IN NON TUMORIGENIC (MCF 10A)
AND MALIGNANT (MCF 7, MDA-468) HUMAN

MAMMARY EPITHELIAL CELLS
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1
METHODS AND COMPOSITIONS FOR
INHIBITING THE GROWTH OF
HEMATOPOIETIC MALIGNANT CELLS

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is a Divisional of application Ser. No.
12/420,676, filed Apr. 8, 2009, now U.S. Pat. No. 8,007,997,
which is a continuation of application Ser. No. 10/321,587,
filed Dec. 18, 2002, now abandoned, which is a continuation-
in-part of U.S. application Ser. No. 09/456,886, filed Dec. 8,
1999, now U.S. Pat. No. 6,720,159, which is a divisional of
U.S. application Ser. No. 08/991,862, filed Dec. 16, 1997,
now U.S. Pat. No. 6,309,826, which is a continuation-in-part
of U.S. patent application Ser. No. 08/863,079, filed May 23,
1997, now abandoned all of which are hereby incorporated by
reference in their entirety.

FIELD OF THE INVENTION

This invention relates to cell biology, physiology and medi-
cine, and concerns an 88 kDa glycoprotein growth factor
(“GP88” or “PCDGF”) and compositions and methods which
affect the expression and biological activity of GP88. These
compositions and methods are useful for diagnosis and treat-
ment of diseases including cancer.

REFERENCES

Several publications are referenced herein by Arabic
numerals within parenthesis. Full citations for these refer-
ences may be found at the end of the specification immedi-
ately preceding the claims.

BACKGROUND OF THE INVENTION

The proliferation and differentiation of cells in multicellu-
lar organisms is subject to a highly regulated process. A
distinguishing feature of cancer cells is the absence of control
over this process; proliferation and differentiation become
deregulated resulting in uncontrolled growth. Significant
research efforts have been directed toward better understand-
ing this difference between normal and tumor cells. One area
of research focus is growth factors and, more specifically,
autocrine growth stimulation.

Growth factors are polypeptides which carry messages to
cells concerning growth, differentiation, migration and gene
expression. Typically, growth factors are produced in one cell
and act on another cell to stimulate proliferation. However,
certain malignant cells, in culture, demonstrate a greater or
absolute reliance on an autocrine growth mechanism. Malig-
nant cells which observe this autocrine behavior circumvent
the regulation of growth factor production by other cells and
are therefore unregulated in their growth.

Study of autocrine growth control advances understanding
of cell growth mechanisms and leads to important advances in
the diagnosis and treatment of cancer. Toward this end, a
number of growth factors have been studied, including insu-
lin-like growth factors (“IGF-I” and “IGF-II”), gastrin-re-
leasing peptide (“GRP”), transforming growth factors alpha
and beta (“TGF-a” and “TGF-b”), and epidermal growth
factor (“EGF”).

The present invention is directed to a recently discovered
growth factor. This growth factor was first discovered in the
culture medium of a highly tumorigenic “PC cell line,” an
insulin-independent variant isolated from the teratoma
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derived adipogenic cell line 1246. This growth factor is
referred to herein as “GP88.” GP88 has been purified and
structurally characterized. Amino acid sequencing of GP88
indicates that GP88 has amino acid sequence similarities with
the mouse granulin/epithelin precursor.

Granulins/epithelins (“grn/epi”) are 6 kDa polypeptides
and belong to a novel family of double cysteine rich polypep-
tides. U.S. Pat. No. 5,416,192 (Shoyab et al.) is directed to 6
kDa epithelins, particularly epithelin 1 and epithelin 2.
According to Shoyab, both epithelins are encoded by a com-
mon 63.5 kDa precursor, which is processed into smaller
forms as soon as it is synthesized, so that the only natural
products found in biological samples are the 6 kDa forms.
Shoyab et al. teaches that the epithelin precursor is biologi-
cally inactive.

Contrary to the teachings of Shoyab et al., the inventor’s
laboratory has demonstrated that the precursor is not pro-
cessed as soon as it is synthesized. Studies, conducted in part
by this inventor, have demonstrated that the precursor (i.e.,
GP88) is in fact secreted as an 88 kDa glycoprotein with an
N-linked carbohydrate moiety of 20 kDa. Analysis of the
N-terminal sequence of GP88 indicates that GP88 starts at
amino acid 17 of the grn/epi precursor, demonstrating that the
first 17 amino acids from the protein sequence deduced from
the precursor cDNA correspond to a signal peptide compat-
ible with targeting for membrane localization or for secretion.

Also in contrast to the teachings of Shoyab et al., the
inventor demonstrated that GP8S8 is biologically active and
has growth promoting activity, particularly as an autocrine
growth factor for the producer cells.

Hematopoietic malignancies are malignant blood diseases
including various lymphomas and leukemias. Leukemias of
B-cell lineage include, but are not limited to, acute lympho-
cytic leukemia, B cell lymphoma, and multiple myeloma.
Multiple myeloma (“MM”) is a clonal B-cell neoplasm and
the second most prevalent blood cancer, representing 1% of
all cancers and 2% of all cancer deaths. B-cells (or B-lym-
phocytes) are precursor cells that differentiate into plasma
cells after exposure to particular antigens. Plasma cells pro-
duce immunoglobulins and have a limited life span. However,
uncontrolled growth of plasma cells in a clonal lineage of B
cells may lead to accumulation of plasma cells producing
monoclonal immunoglobulins or immunoglobulin fragments
(e.g., M protein). MM is characterized by bone degradation
and fractures, anemia, increased risk of infection, and
decreased production of platelets in addition to other symp-
toms. The incidence of MM, currently about 14,000 new
cases per year, has been steadily increasing in the United
States for several decades (1). There has been little improve-
ment in the treatment of human MM over the past 25 years
and there is no cure for the disease (3). The few available
therapies for treatment of MM have severe side effects and are
of limited efficacy. For nearly 3 decades, the standard treat-
ment for human MM has been glucocorticoid and/or chemo-
therapy with melphalan and prednisone alone or combina-
tions of alkylating agents such as glucocorticoids and
anthracyclines (4). However, almost all patients with MM
who initially respond to glucocorticoid therapy relapse, with
a median survival of two to three years following diagnosis
(5). During the progression of MM to more aggressive forms
of the disease, MM cells become insensitive to the killing
effect of glucocorticoids leaving only the use of chemothera-
peutic agents to control the disease.

What is needed are new compositions and methods for
treatment and diagnosis of MM, and particularly composi-
tions and methods that inhibit the proliferation and survival of
multiple myeloma cells.
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3
SUMMARY OF INVENTION

The inventor has now unexpectedly discovered that a gly-
coprotein (GP88), which is expressed in a tightly regulated
fashion in normal cells, is overexpressed and unregulated in
highly tumorigenic cells derived from the normal cells, that
GP88 acts as a stringently required growth stimulator and
survival factor for the tumorigenic cells and that inhibition of
GP88 expression or action in the tumorigenic cells results in
an inhibition ofthe tumorigenic properties of the overproduc-
ing cells.

The inventor has further discovered that GP88 is overex-
pressed in hematopoietic malignant cells such as leukemia
cells of B-cell lineage (e.g., acute lymphocytic leukemia, B
cell-lymphoma, and multiple myeloma). GP88 stimulates the
tumorigenic properties of hematopoietic malignant cells
while inhibition of GP88 expression and biological activity
greatly reduces the tumorigenic properties of hematopoietic
malignant cells. An embodiment of the invention provides
methods of inhibiting the growth or viability of hematopoi-
etic malignant cells. In one embodiment of the invention, a
GP88 antagonist inhibits multiple myeloma cell growth. In
another embodiment of the invention, a composition for
inhibiting the growth or viability of hematopoietic malignant
cells comprising a GP88 antagonist (e.g., an anti-GP88 anti-
body, or anti-GP88 nucleic acid) is provided. In yet another
embodiment, a method of diagnosing B-cell leukemia is pro-
vided comprising detecting GP88 (e.g., GP88 protein, or
nucleic acids encoding GP88) in a tissue sample containing B
cells (e.g., tissue suspected of containing myeloma cells
including, but not limited to blood, bone marrow, lymph,
liver, and spleen) and diagnosing multiple myeloma by deter-
mining whether GP88 protein is present in the tissue sample.
The presence of GP88 in B cells indicates multiple myeloma.
Alternatively, detecting GP88 in B-cells indicates the pres-
ence of leukemia cells of B-cell lineage. Thus, the presence of
GP88 serves as a prognostic marker for B-cell leukemia.

The invention also provides methods for determining
whether a patient is responding or responsive to glucocorti-
coid therapy by comparing the level of GP88 in a tissue
sample containing B-cells at a first time with the level of
GP88 in a tissue sample containing B-cells at a second time.
Increased levels of GP88 in tissue samples over time indicate
a' patient is not responding or responsive to glucocorticoid
therapy.

This invention provides GP88 antagonizing compositions
capable of inhibiting the expression or activity of GP88,
methods for treating diseases associated with a defect in
GP88 quantity or activity such as but not limited to cancer in
a mammal in tissues including, for example, blood, cere-
brospinal fluid, serum, plasma, urine, nipple aspirate, liver,
kidney, breast, bone, bone marrow, testes, brain, ovary, skin,
and lung, methods for determining the susceptibility of a
subject to diseases associated with a defect in GP88 expres-
sion or action, methods for measuring susceptibility to GP88
antagonizing therapy, and methods, reagents, and kits for the
in vitro and in vivo detection of GP88 and tumorigenic activ-
ity in cells.

Additional objects and advantages of the invention will be
set forth in part in the description that follows, and in part will
be obvious from the description, or may be learned by the
practice of the invention.

To achieve the objects and in accordance with the purpose
of the invention, as embodied and properly described herein,
the present invention provides compositions for diagnosis
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and treatment of diseases such as but not limited to multiple
myeloma in which cells exhibit an altered expression of GP88
or altered response to GP8S.

Use of the term ‘“altered expression” herein means
increased expression or overexpression of GP88 by a statis-
tically significant amount as compared to corresponding not-
mal cells or surrounding peripheral cells. The term “altered
expression” also means expression which became unregu-
lated or constitutive without being necessarily elevated. Use
of the terms increased or altered “response” to GP88 means a
condition wherein increase in any of the biological functions
(e.g., growth, differentiation, viral infectivity) conferred by
GP88 results in the same or equivalent condition as altered
expression of GP88.

Use of the term “GP88” herein means epithelin/granulin
precursor in cell extracts and extracellular fluids, and is
intended to include not only GP88 according to the amino
acid sequences included in FIG. 8 or 9, which are of mouse
and human origins, but also GP88 of other species. “GP88”
does not include epithelin 1 or epithelin 2 peptides as
described in U.S. Pat. No. 5,416,192 (Shoyab et al.). In addi-
tion, the term also includes functional derivatives thereof
having additional components such as a carbohydrate moiety
including a glycoprotein or other modified structures.

Also intended by the term GP88 is any polypeptide frag-
ment having at least 10 amino acids present in the above
mentioned sequences. Sequences of this length are useful as
antigens and for making immunogenic conjugates with car-
riers for the production of antibodies specific for various
epitopes of the entire protein. Such polypeptides are useful in
screening such antibodies and in the methods directed to
detection of GP8S8 in biological fluids. It is well known in the
art that peptides are useful in generation of antibodies to
larger proteins (7). In one embodiment of this invention, it is
shown that peptides from 12-19 amino-acids in length have
been successfully used to develop antibodies that recognize
full length GPSS.

The polypeptide of this invention may exist covalently or
non-covalently bound to another molecule. For example, it
may be fused to one or more other polypeptides via one or
more peptide bonds such as glutathione transferase, poly-
histidine, or myc tag.

The polypeptide is sufficiently large to comprise an anti-
genetically distinct determinant or epitope which can be used
as an immunogen to reproduce or test antibodies against
GP8R or a functional derivative thereof.

One embodiment includes the polypeptide substantially
free of other mammalian peptides. GP88 of the present inven-
tion can be biochemically or immunochemically purified
from cells, tissues or a biological fluid. Alternatively, the
polypeptide can be produced by recombinant means in a
prokaryotic or eukaryotic expression system and host cells.

“Substantially free of other mammalian polypeptides”
reflects the fact that the polypeptide can be synthesized in a
prokaryotic or a non-mammalian or mammalian eukaryotic
organism, if desired. Alternatively, methods are well known
for the synthesis of polypeptides of desired sequences by
chemical synthesis on solid phase supports and their subse-
quent separation from the support. Alternatively, the protein
can be purified from tissues or fluids of mammals where it
naturally occurs so that it is at least 90% pure (on a weight
basis) or even 99% pure, if desired, of other mammalian
polypeptides, and is therefore substantially free from them.
This can be achieved by subjecting the tissue extracts or fluids
to standard protein purification such as on immunoabsorbants
bearing antibodies reactive against the protein. One embodi-
ment of the present invention describes purification methods
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for the purification of naturally occurring GP88 and of recom-
binant GP88 expressed in baculovirus infected insect cells.
Alternatively, purification from such tissues or fluids can be
achieved by a combination of standard methods such as but
not limited to the ones described in reference (4).

As an alternative to a native purified or recombinant gly-
coprotein or polypeptide, “GP88” is intended to also include
functional derivatives. By functional derivative is meant a
“fragment,” “variant,” “analog,” or “chemical derivative” of
the protein or glycoprotein as defined below. A functional
derivative retains at least a portion of the function of the full
length GP88 which permits its utility in accordance with the
present invention.

A “fragment” of GP88 refers to any subset of the molecule
thatis a shorter peptide that retains the tumorigenic properties
of the full-length GP88 protein. This corresponds for example
butis not limited to regions such as K19T and S14R for mouse
GP88. and E19V and A14R (equivalent to murine K19T and
S14R, respectively) for human GP88.

A “variant” of GP88 refers to a molecule substantially
similar to either the entire peptide or a fragment thereof.
Variant peptides may be prepared by direct chemical synthe-
sis of the variant peptide using methods known in the art.

Alternatively, amino acid sequence variants of the peptide
can be prepared by modifying the DNA which encodes the
synthesized protein or peptide. Such variants include, for
example, deletions, insertions, or substitutions of residues
within the amino-acid sequence of GP88. Any combination of
deletion, insertion, and substitution may also be made to
arrive at the final construct, provided the final construct pos-
sesses the desired activity. The mutation that will be made in
the DNA encoding the variant peptide must not alter the
reading frame and preferably will not create complementary
regions that could produce secondary mRNA structures. At
the genetic level these variants are prepared by site directed
mutagenesis (8) of nucleotides in the DNA encoding the
peptide molecule thereby producing DNA encoding the vari-
ant, and thereafter expressing the DNA in recombinant cell
culture. The variant typically exhibits the same qualitative
biological activity as the nonvariant peptide.

An “analog” of GP88 protein refers to a non-natural mol-
ecule substantially similar to either the entire molecule or a
fragment thereof.

A “chemical derivative” contains additional chemical moi-
eties not normally a part of the peptide or protein. Covalent
modifications of the peptide are also included within the
scope of this invention. Such modifications may be intro-
duced into the molecule by reacting targeted amino-acid resi-
dues of the peptide with an organic derivatizing agent that is
capable of reacting with selected side chains or terminal
amino-acid residues. Most commonly derivatized residues
are cysteinyl, histidyl, lysinyl, arginyl, tyrosyl, glutaminyl,
asparaginyl and amino terminal residues. Hydroxylation of
proline and lysine, phosphorylation of hydroxyl groups of
seryl and threonyl residues, methylation of the alpha-amino
groups of lysine, histidine, and histidine side chains, acetyla-
tion of the N-terminal amine and amidation of the C-terminal
carboxylic groups. Such derivatized moieties may improve
the solubility, absorption, biological halflife and the like. The
moieties may also eliminate or attenuate any undesirable side
effect of the protein and the like. In addition, derivatization
with bifunctional agents is useful for cross-linking the pep-
tide to water insoluble support matrices or to other macromo-
lecular carriers. Commonly used cross-linking agents include
glutaraldehyde, N-hydroxysuccinimide esters, homobifunc-
tional imidoesters, 1,1-bis(-diazoloacetyl)-2-phenylethane,
and bifunctional maleimides. Derivatizing agents such as
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6
methyl-3-[9p-azidophenyl)]dithiopropioimidate yield photo-
activatable intermediates that are capable of forming
crosslinks in the presence of light. Alternatively, reactive
water-insoluble matrices such as cyanogen bromide activated
carbohydrates and the reactive substrates described in U.S.
Pat. Nos. 3,969,287 and 3,691,016 may be employed for
protein immobilization.

Use of the term GP88 “antagonizing agents™ herein means
any composition that inhibits or blocks GP88 expression,
production or secretion, or any composition that inhibits or
blocks the biological activity of GP88. This can be achieved
by any mode of action such as but not limited to the following:

(A) GP88 antagonizing agents include any reagent or mol-
ecule inhibiting GP88 expression or production including but
not limited to:

(1) antisense GP88 DNA or RNA molecules that inhibit
GP88 expression by inhibiting GP88 translation;

(2) reagents (hormones, growth factors, small molecules)
that inhibit GP88 mRNA and/or protein expression at the
transcriptional, translational or post-translational levels;

(3) factors, reagents or hormones that inhibit GP88 secre-
tion;

(B) GPS88 antagonizing agents also include any reagent or
molecule that will inhibit GP88 action or biological activity
such as but not limited to:

(1) neutralizing antibodies to GP88 that bind the protein
and prevent it from exerting its biological activity;

(2) antibodies to the GP88 receptor that prevent GP88 from
binding to its receptor and from exerting its biological activ-
ity;

(3) competitive inhibitors of GP88 binding to its receptors
(e.g., proteins, ribozymes, aptamers, small molecules);

(4) inhibitors of GP88 signaling pathways (e.g., proteins,
ribozymes. aptamers, small molecules).

Specific examples presented herein provide a description
of preferred embodiments, particularly the use of neutralizing
antibodies to inhibit GP88 biological action and the growth of
multiple myeloma cells; the use of antisense GP88 cDNA and
antisense GP88 oligonucleotides to inhibit GP88 expression
leading to inhibition of the tumorigenic properties of PC
cells; characterization of GP8S8 receptors on cell surfaces of
several cell lines including the mammary epithelial cell line
C5TMG, the 1246 and PC cell lines and the mink lung epi-
thelial cell line CCL64.

In one embodiment of the invention, the GP88 antagoniz-
ing agents are antisense oligonucleotides to GP88. The anti-
sense oligonucleotides preferably inhibit GP88 expression by
inhibiting translation of the GP88 protein. In another embodi-
ment, the antagonizing agent is RNAi (RNA interference
nucleic acids). RNAi are double-stranded RNA molecules
that are homologous to the target gene (e.g., GP88) and inter-
fere with the target gene’s activity.

Alternatively, such a composition may comprise reagents,
factors or hormones that inhibit GP88 expression by regulat-
ing GP88 gene transcriptional activity. Such a composition
may comprise reagents, factors or hormones that inhibit
GP88 post-translational modification and its secretion. Such
a composition may comprise reagents that act as GP88
antagonists that block GP88 activity by competing with GP88
for binding to GP88 cell surface receptors. Alternatively, such
a composition may comprise factors or reagents that inhibit
the signaling pathway transduced by GP88 once binding to its
receptors on diseased cells.

The composition may also comprise reagents that block
GP88 action such as an antibody specific to GP88 that neu-
tralizes its biological activity, or an antibody to the GP88
receptor that blocks its activity.
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The antibodies of the invention (neutralizing and others)
are preferably used as a treatment for multiple myeloma or
other diseases in cells which exhibit an increased expression
of GP88. By the term “neutralizing” it shall be understood
that the antibody has the ability to inhibit or block the normal
biological activity of GP88, including GP88’s ability to
stimulate cell proliferation, increase cell survival, or to induce
tumor growth in experimental animals and in humans. An
effective amount of anti-GP88 antibody is administered to an
animal, including humans, by various routes. [n an alternative
embodiment, the anti-GP88 antibody is used as a diagnostic
to detect cells which exhibit an altered (increased) expression
of GP88 as occurring in diseases such as but not limited to
cancers (e.g.. multiple myeloma), and to identify diseased
cells whose growth is dependent on GP88 and which will
respond to GP88 antagonizing therapy. In yet another
embodiment, the anti-GP88 antibody is used to deliver com-
pounds such as cytotoxic factors or antisense oligonucle-
otides to cells expressing or responsive to GP88. The cyto-
toxic factors may be attached, linked, or associated with the
anti-GP88 antibody.

The antisense oligonucleotides of the invention are also
used as a treatment for cancer in cells which exhibit an
increased expression of GP88, such as hematopoietic malig-
nant cells (e.g., B-cell leukemia cells). An effective amount of
the antisense oligonucleotide is administered to an animal,
including humans, by various routes.

The present invention also provides a method for determin-
ing the susceptibility to diseases associated with a defect in
GP88 expression or action which comprises obtaining a
sample of biological fluid or tissue and measuring the amount
of GP88 in the fluid or tissue or measuring the susceptibility
of the cells to respond to GP88. In the case of cancer (e.g.,
hematopoietic malignancy), the amount of GP88 being pro-
portional to the susceptibility to the cancer.

The present invention also provides a method for measur-
ing the degree of severity of cancer (e.g., hematopoietic
malignancy) which comprises obtaining a sample of biologi-
cal fluid or tissue and measuring the amount of GP88 in the
fluid or tissue sample, the amount of GP88 being proportional
to the degree or severity of the cancer. In one embodiment of
the invention, the tissue sample is derived from bone, bone
marrow, or serum. In another embodiment of the invention,
the presence of GP88 in B cells is detected.

The present invention also provides a method for measur-
ing susceptibility to GP88 antagonizing therapy which com-
prises obtaining a sample of the diseased tissue (biopsy) or a
tissue suspected of being diseased, maintaining the cells
derived from the sample in culture, treating the cells derived
from the culture with anti-GP88 neutralizing antibody and
determining if the neutralizing antibody inhibits the cell
growth. The ability of the antibody to inhibit cell growth is
indicative that the cells are dependent on GP88 to proliferate
and is predictive that GP88 antagonizing therapy will be
efficacious. In addition, the invention provides methods for
determining whether a patient is responding or responsive to
glucocorticoid therapy by comparing the level of GP88 in a
tissue sample taken at a first time with a tissue sample taken at
a second time. Increased levels of GP8S in tissue samples
containing B-cells indicates the patient is not responding or is
not responsive to glucocorticoid therapy.

The present invention also provides a method for determin-
ing the susceptibility to cancer associated with an abnormal-
ity in GP88 receptor level or activity which comprises obtain-
ing a sample of tissue and measuring the amount of GP88
receptor protein or mRNA in the tissue or measuring the
kinase activity of the receptor in the tissue (GP88 binding to
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its receptor induces phosphorylation of cellular proteins
including the receptor for GP8S).

The present invention also provides a method for targeting
GP88 antagonizing reagents to the diseased site by conjugat-
ing them to an anti-GP88 antibody or an anti-GP88 receptor
antibody.

The accompanying drawings, which are incorporated in
and constitute a part of this specification, illustrate embodi-
ments of the invention and, together with the description,
serve to explain the principles of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A compares the level of expression of GP8S8 protein
in the 1246, 1246-3A and PC cell lines. Cells were cultured in
DME-F12 medium supplemented with 2% fetal bovine
serum (PBS). Immunoprecipitation and Western blot analysis
with anti-K19T antibody measured GP88 expression levels.

FIG. 1B compares the level of GP88 mRNA expression in
the 1246, 1246-3A and PC cell lines. mRNA for RPL32 is
used as an internal control for equal amounts of RNA loading.

FIG. 1C compares the expression of GP88 mRNA in 1246
cells (left panel) and in PC cells (right panel) in serum-free
and serum containing medium. The results show that GP88
expression in 1246 cells is inhibited by the addition of fetal
bovine serum whereas such inhibition is not observed in the
highly tumorigenic PC cells.

FIG. 2 illustrates the effect of treatment of the highly tum-
origenic PC cells with increasing concentrations of anti-
GP88 neutralizing antibody.

FIG. 3 shows C3H mice injected subcutaneously with 10°
antisense GP88 transfected PC cells (bottom) and with empty
vector transfected control PC cells (top).

FIG. 4 shows in vivo GP88 expression levels in C3H mice
tumor tissues and in surrounding normal tissues.

FIG. 5 shows GP88 mRNA expression levels in estrogen
receptor positive and estrogen receptor negative human mam-
mary carcinoma cell lines.

FIG. 6 shows the effect of increasing concentrations of
GP388 on the growth of the mouse mammary epithelial cell
line C57.

FIG. 7 shows the growth properties and tumorigenic ability
of PC cells transfected with a cytomegalovirus promoter con-
trolled expression vector containing GP88 in antisense orien-
tation and PC cells transfected with an empty vector.

FIG. 8 shows the nucleotide [SEQ ID NO:1] and deduced
amino acid sequence [SEQ ID NO:2] of mouse GP88. Peptide
regions used as antigens to raise anti-GP88 antibodies K19T
and S14R are underlined. The region cloned in the antisense
orientation in the pCMV4 mammalian expression vector is
indicated between the brackets.

FIG. 9A shows the nucleotide sequence of human GP88
¢DNA [SEQ ID NO:16]. Indicated between brackets is the
region cloned in the antisense orientation into the pcDNA3
mammalian expression system; and

FIG. 9B shows the deduced amino-acid sequence of human
GP88 [SEQ ID NO:17]. The E19V region used as antigen to
develop anti-human GP88 neutralizing antibody is under-
lined. Tt also indicates the region A14R equivalent to the
mouse S14R region.

FIG. 10 shows the amino-acid sequence of mouse GP88
[SEQ ID NO:2] arranged to show the 7 and one-half repeats
defined as granulins g, f, B, A, C, D and e (right side). This
representation shows that the region K19T and S14R used to
raise GP88 antibodies for developing anti-GP88 neutralizing
antibodies is found between two epithlin/granulin repeats in
what is considered a variant region. Indicated on the right
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hand side is the granulin classification of the repeats accord-
ing to Bateman et al (6). Granulin B and granulin A are also
defined as epithelin 2 and epithelin 1 respectively according
to Plowman et al., 1992 (5).

FIG. 11 shows a schematic representation of pCMV4 and a
GP88 cDNA clone indicating the restriction sites used to
clone GP88 antisense cDNA into the expression vector.

FIG. 12 shows the cross-linking of 2*1-rGP88 to GP88 cell
surface receptors on CCL-64 cells. The cross-linking reaction
was cartied out with disuccinimidyl suberate (DSS). Reac-
tion products were analyzed by SDS-PAGE on a 7% poly-
acrylamide gel.

FIG. 13 shows the cross-linking of **1-rGP88 to GP8§ cell
surface receptors on 3T3 fibroblasts, PC cells and CS57TMG
mammary epithelial cells. The results show that these various
cell lines display GP88 cell surface receptors of similar
molecular weight as the ones on CCL64 cells (FIG. 12).

FIG. 14 shows GP88 expression levels in non-tumorigenic
MCF 10A and in malignant (MCF 7, MDA-468) human
mammary epithelial cells.

FIG. 15 shows that GP88 expression is inhibited by anti-
sense GP88 cDNA transfection in human breast carcinoma
MDA-468 cells.

FIG. 16 shows GP88 protein expression in various human
hematological cell lines. GP88 is expressed in human mul-
tiple myeloma cell lines ARP-1 and RPMI 8226, human B
cell lines Raji and Daudi, human macrophage cell line
KOPM28, but not in human T cell lines Jurkat and KOPT-K1.

FIG. 17 shows that GP88 mRNA is expressed in human
multiple myeloma cell lines ARP-1 and RPMI 8226.

FIGS. 18A and 18B show the effect of GP88 protein on the
growth of RPMI 8226 cells. FIG. 18A shows that GP88
increases the live cell density of serum starved RPMI 8226
cells while FIG. 18B shows that GP88 increases the percent
viability of serum starved RPMI 8226.

FIGS. 19A and 19B show the effect of GP88 on the growth
of ARP-1 cells. FIG. 18 A shows that GP88 increases the live
cell density of serum starved ARP-1 cells while FIG. 18B
shows that GP88 increases the percent viability of serum
starved ARP-1 cells.

FIG. 20 shows the effect of anti-GP88 neutralizing anti-
body on the growth of RPMI 8226 cells. Treatment of RPMI
8226 cells with anti-GP88 antibody inhibited cell growth by
50% compared to cells that did not receive GP88 antibody
(control AB) or cells treated with a combination of GP88 and
anti-GP88 antibody.

FIGS. 21A and 21B show the effect of GP88 and PD98059
(a MEK inhibitor) on cell growth and survival. GP88
increased both live cell density (FIG. 21A) and percent sur-
vival (FIG. 21B) in ARP-1 cells. These results show that
GP88 activates the MAPK pathway in ARP-1 cells and that
MAPK stimulates GP88-induced cell growth.

FIG. 22 shows that phosphorylation of Erkl and Frk2
through the MAPK pathway is blocked by MEK inhibitor
PD98059 in ARP-1 cells. These results show that GP88 acti-
vates the MAPK pathway in ARP-1 cells and that MAPK
stimulates GP88-induced cell growth.

FIG. 23 shows that GP88 stimulated phosphorylation of
Aklin ARP-1 cells is blocked by PI3 K inhibitor LY294002.
The results show that GP88 activates the PI3 kinase signal
pathway in ARP-1 cells.

FIG. 24 shows that GP88 does not induce phosphorylation
of STATS. The results show that GP88 does not activate the
JAK/STAT3 signal pathway in human multiple myeloma
cells.

FIGS.25A, 25B, and 25C show the results of triple-stained
bone marrow smears from multiple myeloma patients. The
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bone marrow smears were stained for the presence of GP88
and for markers of the kappa and lambda light chains. The
bone marrow smears were stained with DAPI (FIG. 25A),
anti-human kappa/lambda chain antibody (FIG. 25B), and
anti-GP88 antibody (25C).

FIG. 26 shows that the effect of dexamethasone on the
expression of GP88 mRNA in multiple myeloma (ARP-1)
cells. Dexamethasone significantly inhibits the expression of
GP88 mRNA in ARP-1 cells.

FIGS. 27A and 27B shows the effects of GP88 on the cell
growth (27A) and viability (27B) of dexamethasone-treated
ARP-1 cells. Dexamethasone decreases the cell growth and
viability of ARP-1 cells. GP88 partially reverses the negative
effects of dexamethasone on the cell growth and viability of
ARP-1 cells.

FIG. 28 shows the effect of GP88 on PARP cleavage in
dexamethasone-treated ARP-1 cells. GP88 significantly
reduces PARP cleavage at 24 and 48 hours following treat-
ment with dexamethasone.

FIG. 29 shows GP88 protein expression in ARP-1 cells
transfected with GP88 nucleic acid (lane 2) and an empty
vector that does not contain GP88 nucleic acid (lane 1). GP88
is overexpressed in ARP-1 cells transfected with GP88
nucleic acid.

FIGS. 30A and 30B shows the effect of dexamethasone on
the cell growth (30A) and viahility (30B) of ARP-1 cells
transfected with GP88 nucleic acid and ARP-1 cells trans-
fected with an empty vector. The decrease in cell growth and
viability of ARP-1 cells treated with dexamethasone is sig-
nificantly reduced in cells transfected with GP88 nucleic acid.

FIG. 31 shows the effect of dexamethasone on PARP cleav-
age in ARP-1 cells overexpressing GP88. ARP-1 cells over-
expressing GP88 have significantly reduced levels of PARP
cleavage.

DETAILED DESCRIPTION OF THE INVENTION

Reference will now be made in detail to the presently
preferred embodiments of the invention, which, together with
the following examples, serve to explain the principles of the
invention.

Biological Activity of GP88

The invention relates to GP88 and antitumor compositions
useful for treating and diagnosing diseases linked to altered
(increased) expression of GP88 (e.g., multiple myeloma).
Alternatively this invention is used for treating and diagnos-
ing diseases linked to increased responsiveness to GP8S.
Using a murine model system consisting of three cell lines,
the inventor has shown that cells which overexpress GP88
form tumors. The parent cell line, 1246, is a C3H mouse
adipogenic cell line which proliferates and differentiates into
adipocytes in a defined medium under stringent regulation by
insulin. The 1246 cells cannot form tumors in a syngeneic
animal (C3H mouse) even when injected at a high cell den-
sity. An insulin independent cell line, 1246-3A, was isolated
from 1246 cells maintained in insulin-free medium. The
1246-3 A cells lost the ability to differentiate and form tumors
when 10° are injected subcutaneously in syngeneic mice. A
highly tumorigenic cell line, PC. was developed from 1246-
3A cells by an in vitro-in vivo shuttle technique. The PC cells
formed tumors when 107 cells were injected into syngeneic
mice.

GP88 is overexpressed in the insulin-independent tumori-
genic cell lines relative to the parent non-tumorigenic insulin-
dependent cell line. Moreover, the degree of overexpression
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of GP88 positively correlates with the degree of tumorigenic-
ity of these cells, demonstrating for the first time that GP88 is
important in tumorigenesis (FIG. 1). With reference to FIG. 1,
since GP88 is synthesized by cells but also secreted in culture
medium, the level of GP88 was determined in cell lysates and
in culture medium (CM). All cells were cultivated in DME/
F12 nutrient medium supplemented with 2% fetal bovine
serum. When cells reached confluency, culture medium (CM)
was collected and cell lysates were prepared by incubation in
buffer containing detergent followed by a 10,000xg centrifu-
gation. Cell lysate and conditioned medium were normalized
by cell number. Samples from cell lysate and conditioned
medium were analyzed by Western blot analysis using an
anti-GP88 antibody, as explained below.

The development of a neutralizing antibody confirmed
GP88’s key role in tumorigenesis. When an anti-GP88 anti-
body directed to the K19T region of mouse GP88 was added
to the culture medium, the growth of highly tumorigenic PC
cells was inhibited in a dose dependent fashion (F1G. 2). With
reference to FIG. 2, PC cells were cultivated in 96 well plates
at a density 2x10* cells/well in DME/F12 medium supple-
mented with human fibronectin (2 pg/ml) and human trans-
ferrin (10 pg/ml). Increasing concentrations of anti-GP88
IgG fraction were added to the wells after the cells were
attached. Control cells were treated with equivalent concen-
trations of non-immune 1gG. Two days later, 0.25 mCi of
3H-thymidine was added per well for 6 hrs. Cells were then
harvested to count *H-thymidine incorporated into DNA as a
measure for cell proliferation.

Moreover, when the expression of GP88 was specifically
inhibited by antisense GP88 cDNA in PC cells, the produc-
tion of GP88 was reduced and these PC cells could no longer
form tumors in syngeneic C3H mouse. In addition, these PC
cells regained responsiveness to insulin. With reference to
FIG. 3 and Tables 1 and 2, C3H female mice were injected
subcutaneously with 10° antisense GP88 transfected PC cells
(as explained below) or 10° empty vector transfected PC cells.
Mice were monitored daily for tumor appearance. Photo-
graphs were taken 45 days after injection of the cells. The
results show that mice injected with antisense GP88 PC cells
do not develop tumors, in contrast to the mice injected with
empty vector transfected PC cells used as control.

TABLE 1

COMPARISON OF TUMORIGENIC PROPERTIES OF GFP88
ANTISENSE TRANSFECTED CELLS, CONTROL
TRANSFECTED CELLS AND PC CELLS

AVERAGE NUMBER
DAY OF OF AVERAGE
CELLS TUMOR MICE WITH TUMOR
INJECTED DETECTION TUMORS WEIGHT (g)
PC 15£3.0 5/5 9.0£3.2
P14 15£3.7 5/5 7827
ASGP88 — 0/5 —

PC: Control non-transfected cells

P-14: Empty vector control transfected PC cells

ASGP88: PC cells transfected with expression vector containing GP8& antisense cDNA
Tumors were excised and weighed at 45 days.

— indicates no tumor formation.
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TABLE 2
COMPARISON OF PROPERTIES OF 1246, PC CELLS AND
GP88 ANTISENSE CELLS
insulin GP88 antisense
independence transfection
1246 cells PC cells Antisense GP 88 cells

insulin responsive
for growth and
differentiation

insulin-independent for
growth differentiation
deficient

autocrine production
of insulin-related

recovery of insulin
responsiveness for growth
(differentiation?)

factor

cell surface insulin  cell surface insulin cell surface insulin receptor

receptor expression  receptor expression expression elevated

high very low

GP8R expression GP88 expression GP88 expression inhibited

low constitutively high by antisense

GP8R expression No inhibition by serum

inhibited by serum

GP8R expression GP88 expression recovery of insulin

regulated by insulin constitutive regulation for endogenous
GP8R expression

non-tumorigenic highly tumorigenic non-tumorigenic

Comparison of the expression of GP88 indicates that in
vivo GP88 levels in tumors is dramatically higher than in
normal tissues (FIG. 4). C3H mice were injected with 10° PC
cells. Tumor bearing mice were euthanized. Tumors, fat pads
and connective tissue were collected. Cell lysates were pre-
pared by incubation in buffer containing detergent as
described above for FIG. 1. Protein concentration of tissue
extracts was determined, and equivalent amounts of proteins
for each sample were analyzed by SDS-PAGE followed by
Western blot analysis using anti-GP88 antibody to measure
the content of GP88 in tissue extracts. The results showed that
the level of GP88 in tumor extracts is at least 10-fold higher
than in surrounding connective and fat tissues.

In normal cells (1246 cells, fibroblasts), the expression of
GP88 is regulated, in particular by insulin, and inhibited by
fetal bovine serum. In tumorigenic cells, a loss of regulation
of normal growth leads to the increased expression of GP88
and the acquisition of GP88 dependence for growth. There-
fore, inhibition of GP88 expression and/or action is an effec-
tive approach to suppression of tumorigenesis. Detection of
an elevated GP88 expression in biopsies provides diagnostic
analysis of tumors that are responsive to GP88 inhibition
therapy.

GP881is also a tumor-inducing factor in human cancers. As
seen in the 1246-3A cell line, a loss of responsiveness to
insulin (or to IGF-I) and a concurrent increase in malignancy
has been well documented in several human cancers includ-
ing but not limited to breast cancers. Specifically, breast car-
cinoma is accompanied by the acquisition of an insulin/IGF-I
autocrine loop, which is also the starting point of the devel-
opment of tumorigenic properties in the mouse model system
discussed above. Furthermore, GP88 expression is elevated
in human breast carcinomas. More specifically, with refer-
enceto FIG. 5, human GP88 was highly expressed in estrogen
receptor positive and also in estrogen receptor negative insu-
lin/IGF-I independent highly malignant cells. Also, GP881is a
potent growth factor for mammary epithelial cells (FIG. 6).
The data in FIG. 5 was obtained by cultivating MCF7, MDA-
MB-453 and MDA-MB-468 cells in DME/F12 medium
supplemented with 10% fetal bovine serum (FBS). RNA was
extracted from each cell line by the RNAzol method and
poly-A* RNA prepared. GP88 mRNA expression was exam-
ined by Northern blot analysis with 3 pg of poly-A™ RNA for
each cell line using a >*P-labeled GP88 cDNA probe.



US 8,911,950 B2

13

For Northern blot analysis of GP88 mRNA expression in
rodent cells or tissues (mouse and rats), we used a mouse
GP88 cDNA probe 311 bp in length starting at nucleotide 551
to 862 (corresponding to amino-acid sequence 160 to 270).
RNA can be extracted by a variety of methods (Sambrook™,
Molecular Biology manual: 35) well known to people of
ordinary skill in the art. The method of choice was to extract
RNA using RNAzol (Cinnabiotech) or Trizol (Gibco-BRL)
solutions which consists of a single step extraction by guani-
dinium isothiocyanate and phenol-chloroform.

For Northern blot analysis of GP88 mRNA expression in
human cell lines, a 672 bp human GP88 ¢cDNA probe was
developed corresponding to nucleotide 1002 to 1674 (corre-
sponding to amino-acid sequence 334-558) of human GP88.
See example 8 for a detailed and specific description of the
Northern blot analysis method used in the preferred embodi-
ments.

With respect to FIG. 6, CS7MG cells were cultivated in the
presence of increasing concentrations of GP88 purified from
PC cells conditioned medium (top panel), and recombinant
GP88expressed ininsect cells (bottom panel), to demonstrate
the growth stimulating effect of increasing concentrations of
GP88 on the growth of the mouse mammary epithelial cell
line C57MG.

A correlation between FIG. 1 autocrine production and
increased malignancy has also been well established for glio-
blastomas, teratocarcinomas and breast carcinomas. In these
cancers, GP88 expression is also elevated in human tumors
when compared to non-tumorigenic human fibroblasts and
other human cell lines. GP88 promotes the growth of mam-
mary carcinoma cells.

Anti-GP88 Antibodies

The invention provides compositions for treating and diag-
nosing diseases linked to increased expression of GP88. This
also will apply to treatment and diagnosis of diseases linked
to increased responsiveness to GP88. The compositions of
this invention include anti-GP88 antibodies which neutralize
the biological activity of GP83.

The present invention is also directed to an antibody spe-
cific for an epitope of GP88 and the use of such antibody to
detect the presence or measure the quantity or concentration
of GP88 molecule, a functional derivative thereof or a homo-
logue from different animal species in a cell, a cell or tissue
extract, culture medium or biological fluid. Moreover, anti-
GP88 antibody can be used to target cytotoxic molecules to a
specific site.

For use as antigen for development of antibodies, the GP88
protein naturally produced or expressed in recombinant form
or functional derivative thereof, preferably having at least 9
amino-acids, is obtained and used to immunize an animal for
production of polyclonal or monoclonal antibody. An anti-
body is said to be capable of binding a molecule ifit is capable
of reacting with the molecule to thereby bind the molecule to
the antibody. The specific reaction is meant to indicate that the
antigen will react in a highly selective manner with its corre-
sponding antibody and not with the multitude of other anti-
bodies which may be evoked by other antigens.

The term antibody herein includes but is not limited to
human and non-human polyclonal antibodies, human and
non-human monoclonal antibodies (mAbs), chimeric anti-
bodies, anti-idiotypic antibodies (anti-IdAb) and humanized
antibodies. Polyclonal antibodies are heterogeneous popula-
tions of antibody molecules derived either from sera of ani-
mals immunized with an antigen or from chicken eggs.
Monoclonal antibodies (“mAbs”) are substantially homoge-
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neous populations of antibodies to specific antigens. mAbs
may be obtained by methods known to those skilled in the art
(U.S. Pat. No. 4,376,110). Such antibodies may be of any
immunological class including IgG, IgM, IgE, IgA, IgD and
any subclass thereof. The hybridoma producing human and
non-human antibodies to GP88 may be cultivated in vitro or
in vivo. For production of a large amount of mAbs, in vivo is
the presently preferred method of production. Briefly, cells
from the individual hybridomas are injected intraperitoneally
into pristane primed Balb/c mice or Nude mice to produce
ascites fluid containing high concentrations of the desired
mAbs. mAbs may be purified from such ascites fluids or from
culture supernatants using standard chromatography meth-
ods well known to those of skill in the art.

Human monoclonal Ab to human GP88 can be prepared by
immunizing transgenic mice expressing human immunoglo-
bulin genes. Hybridoma produced by using lymphocytes
from these transgenic animals will produce human immuno-
globulin instead of mouse immunoglobulin.

Since most monoclonal antibodies are derived from murine
source and other non-human sources, their clinical efficiency
may be limited due to the immunogenicity of rodent mAbs
administered to humans, weak recruitment of effector func-
tion and rapid clearance from serum. To circumvent these
problems, the antigen-binding properties of murine antibod-
ies can be conferred to human antibodies through a process
called humanization. A humanized antibody contains the
amino-acid sequences for the 6 complementarity-determin-
ing regions (CDRs) of the parent murine mAb which are
grafted onto a human antibody framework. The low content
of non-human sequences in humanized antibodies (around
5%) has proven effective in both reducing the immunogenic-
ity and prolonging the serum half life in humans. Methods
such as the ones using monovalent phage display and combi-
natorial library strategy for humanization of monoclonal anti-
bodies are now widely applied to the humanization of a vari-
ety of antibodies and are known to people skilled in the art.
These humanized antibodies and human antibodies devel-
oped with transgenic animals as described above are of great
therapeutic use for several diseases including but not limited
to cancer.

Hybridoma supernatants and sera are screened for the pres-
ence of antibody specific for GP88 by any number of immu-
noassays including dot blots and standard immunoassays
(EIA or ELISA) which are well known in the art. Once a
supernatant has been identified as having an antibody of
interest, it may be further screened by Western blotting to
identify the size of the antigen to which the antibody binds.
One of ordinary skill in the art will know how to prepare and
screen such hybridomas without undue experimentation in
order to obtain a desired polyclonal or mAb.

Chimeric antibodies have different portions derived from
different animal species. For example, a chimeric antibody
mighthave a variable region from a murinemAb and a human
immunoglobulin constant region. Chimeric antibodies and
methods for their production are also known to those skilled
in the art.

Accordingly, mAbs generated against GP88 may be used
to induce human and non-human anti-IdAbs in suitable ani-
mals. Spleen cells from such immunized mice are used to
produce hybridomas secreting human or non-human anti-Id
mAbs. Further, the anti-Id mAbs can be coupled to a carrier
such as Keyhole Limpet Hemocyanin (KLLH) or bovine serum
albumin (BSA) and used to immunize additional mice. Sera
from these mice will contain human or non-human anti-anti-
1dAb that have the binding properties of the original mAb
specific for a GP88 polypeptide epitope. The anti-Id mAbs



US 8,911,950 B2

15

thus have their own idiotypic epitopes or idiotypes structur-
ally similar to the epitope being evaluated.

The term antibody is also meant to include both intact
molecules as well as fragments thereof such as, for example,
Fab and F(ab")2, which are capable of binding to the antigen.
Fab and F(ab")2 fragments lack the Fc fragment of intact
antibody, clear more rapidly from the circulation and may
have less non-specific tissue binding than an intact antibody.
Such fragments are typically produced by proteolytic cleav-
age, using enzymes such as papain (to generate Fab frag-
ments) and pepsin (to generate F(ab")2 fragments). It will be
appreciated that Fab and F(ab')2 and other fragments of the
antibodies useful in the present invention may be used for the
detection or quantitation of GP88, and for treatment of patho-
logical states related to GP88 expression, according to the
methods disclosed herein for intact antibody molecules.

According to the present invention, antibodies that neutral-
ize GP88 activity in vitro can be used to neutralize GP88
activity in vivo to treat diseases associated with increased
GP88 expression or increased responsiveness to GP88, such
as but not limited to multiple myeloma. A subject, preferably
a human subject, suffering from multiple myeloma or other
disease associated with increased GP88 expression is treated
with an antibody to GP88. Such treatment may be performed
in conjunction with other anti-cancer or anti-viral therapy. A
typical regimen comprises administration of an effective
amount of the antibody specific for GP88 administered overa
period of one or several weeks and including between about
one and six months. The antibody of the present invention
may be administered by any means that achieves its intended
purpose. For example, administration may be by various
routes including but not limited to subcutaneous, intravenous,
intradermal, intramuscular, intraperitoneal and oral.
Parenteral administration can be by bolus injection or by
gradual perfusion over time. Preparations for parenteral
administration include sterile aqueous or non-aqueous solu-
tions, suspensions and emulsions, which may contain auxil-
iary agents or excipients known in the art. Pharmaceutical
compositions such as tablets and capsules can also be pre-
pared according to routine methods. It is understood that the
dosage of will be dependent upon the age, sex and weight of
the recipient, kind of concurrent treatment, if any, frequency
of treatment and the nature of the effect desired. The ranges of
effective doses provided below are not intended to limit the
invention and merely represent preferred dose ranges. How-
ever the most preferred dosage will be tailored to the indi-
vidual subject as is understood and determinable by one
skilled in the art. The total dose required for each treatment
may be administered by multiple doses or in a single dose.
Effective amounts of antibody are from about 0.01 pg to about
100 mg/kg body weight and preferably from about 10 ug to
about 50 mg/kg. Antibody may be administered alone or in
conjunction with other therapeutics directed to the same dis-
ease.

According to the present invention and concerning the
neutralizing antibody, GP88 neutralizing antibodies can be
used in all therapeutic cases where it is necessary to inhibit
GP88 biological activity, even though there may not neces-
sarily be a change in GP88 expression, including cases where
there is an overexpression of GP88 cell surface receptors and
thisinturn results in an increased biological activity, or where
there is an alteration in GP88 signaling pathways or receptors
leading to the fact that the signaling pathways are always
“turned on.”” In one embodiment, the GP88 neutralizing anti-
bodies are used to inhibit the growth of multiple myeloma
cells. Neutralizing antibodies to growth factor and to growth
factor receptors have been successfully used to inhibit the
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growth of cells whose proliferation is dependent on this
growth factor. This has been the case for IGF-I receptor in
human breast carcinoma cells and bombesin for lung cancer.
The antibody to GP88 can also be used to deliver compounds
such as, but not limited to, cytotoxic reagents such as toxins,
oncotoxing, mitotoxing and immunotoxins, or antisense oli-
gonucleotides, in order to specifically target them to cells
expressing or responsive to GP88.

One region that allows antigen to develop a neutralizing
antibody to GP88 is the 19 amino-acid region defined as
K19T in the mouse GP88, and E19V in the human GP88
which is not located within the epithelin/granulin 6 kDa
repeats but between these repeats, specifically between
granulin A (epithelin 1) and granulin C in what is considered
a variant region (see FIG. 10). Without wishing to be bound
by theory, it is believed that the region important for the
biological activity of GP88 lies outside of the epithelin
repeats.

The antibodies or fragments of antibodies useful in the
present invention may also be used to quantitatively or quali-
tatively detect the presence of cells which express the GP88
protein. This can be accomplished by immunofluorescence
techniques employing a fluorescently labeled antibody (see
below) with fluorescent microscopic, flow cytometric, or
fluorometric detection. The reaction of antibodies and
polypeptides of the present invention may be detected by
immunoassay methods well known in the art.

The antibodies of the present invention may be employed
histologically as in light microscopy, immunofluorescence or
immunoelectron microscopy, forinsitu detection of the GP88
protein in tissues samples or biopsies. In situ detection may be
accomplished by removing a histological specimen from a
patient and applying the appropriately labeled antibody of the
present invention. The antibody (or fragment) is preferably
provided by applying or overlaying the labeled antibody (or
fragment) to the biological sample. Through the use of such a
procedure, it is possible to determine not only the presence of
the GP88 protein but also its distribution in the examined
tissue. Using the present invention, those of ordinary skill in
the art will readily perceive that any wide variety of histologi-
cal methods (such as staining procedures) can be modified in
order to achieve such in situ detection.

Assays for GP88 typically comprise incubating a biologi-
cal sample such as a biological fluid, a tissue extract, freshly
harvested or cultured cells or their culture medium in the
presence of a detectably labeled antibody capable of identi-
fying the GP88 protein and detecting the antibody by any of
a number of techniques well known in the art.

The biological sample may be treated with a solid phase
support or carrier such as nitrocellulose or other solid support
capable of immobilizing cells or cell particles or soluble
proteins. The support may then be washed followed by treat-
ment with the detectably labeled anti-GP8S8 antibody. This is
followed by wash ofthe support to remove unbound antibody.
The amount of bound label on said support may then be
detected by conventional means. By solid phase support is
intended any support capable of binding antigen or antibodies
such as but not limited to glass, polystyrene polypropylene,
nylon, modified cellulose, or polyacryvlamide.

The binding activity of a given lot of antibody to the GP88
protein may be determined according to well known methods.
Those skilled in the art will be able to determine operative and
optimal assay conditions for each determination by employ-
ing routine experimentation.

Detection of the GP8S8 protein or functional derivative
thereof and of a specific antibody for the protein may be
accomplished by a variety of immunoassays well known in
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the art such as enzyme linked immunoassays (EIA) or radio-
immunoassays (RIA). Such assays are well known in the art
and one of'skill will readily know how to carry out such assays
using the anti-GP88 antibodies and GP88 protein of the
present invention.

Such immunoassays are useful to detect and quantitate
GP88 protein in serum or other biological fluid as well as in
tissues, cells, cell extracts, or biopsies. In a preferred embodi-
ment, the concentration of GP88 is measured in a tissue
specimen as a means for diagnosing cancer or other disease
associated with increased expression of GP88.

The presence of certain types of cancers (e.g., multiple
myeloma) and the degree of malignancy are said to be “pro-
portional” to an increase in the level of the GP88 protein. The
term “proportional” as used herein is not intended to be lim-
ited to a linear or constant relationship between the level of
protein and the malignant properties of the cancer. The term
“proportional” as used herein, is intended to indicate that an
increased level of GP88 protein is related to appearance,
recurrence or display of malignant properties of a cancer or
other disease associated with increased expression of GP88 at
ranges of concentration of the protein that can be readily
determined by one skilled in the art.

Another embodiment of the invention relates to evaluating
the efficacy of anti-cancer or anti-viral drug or agent by mea-
suring the ability of the drug or agent to inhibit the expression
or production of GP88. The antibodies of the present inven-
tion are useful in a method for evaluating anti-cancer or
anti-viral drugs in that they can be employed to determine the
amount of the GP88 protein in one of the above-mentioned
immunoassays. Alternatively, the amount of the GP88 protein
produced is measured by bioassay (cell proliferation assay) as
described herein. The bioassay and immunoassay can be used
in combination for a more precise assessment.

An additional embodiment is directed to an assay for diag-
nosing cancers or other diseases associated with an increase
in GP88 expression based on measuring in a tissue or biologi-
cal fluid the amount of mRNA sequences present that encode
GP88 or a functional derivative thereof, preferably using an
RNA-DNA hybridization assay. The presence of certain can-
cers and the degree of malignancy is proportional to the
amount of such mRNA present. For such assays the source of
mRNA will be biopsies and surrounding tissues. The pre-
ferred technique for measuring the amount of mRNA is a
hybridization assay using DNA of complementarity base
sequence.

Another related embodiment is directed to an assay for
diagnosing cancers or other diseases associated with an
increase in GP88 responsiveness based on measuring on a
tissue biopsy whether treatment with anti-GP88 neutralizing
antibody will inhibit its growth or other biological activity.

Anotherrelated embodiment is a method for measuring the
efficacy of anti-cancer or anti-viral drug or agent which com-
prises the steps of measuring the agent’s effect on inhibiting
the expression of mRNA for GP88. Similarly such method
can be used to identify or evaluate the efficacy of GP88
antagonizing agents by measuring the ability of said agent to
inhibit the production of GP88 mRNA.

Nucleic acid detection assays, especially hybridization
assays, can be based on any characteristic of the nucleic acid
molecule such as its size, sequence, or susceptibility to diges-
tion by restriction endonucleases. The sensitivity of such
assays can be increased by altering the manner in which
detection is reported or signaled to the observer. A wide
variety of labels have been extensively developed and used by
those of ordinary skill in the art, including enzymatic, radio-
isotopic, fluorescent, chemical labels and modified bases.
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One method for overcoming the sensitivity limitation of a
nucleic acid for detection is to selectively amplify the nucleic
acid prior to performing the assay. This method has been
referred as the “polymerase chain reaction” or PCR (U.S. Pat.
Nos. 4,683,202 and 4,582,788). The PCR reaction provides a
method for selectively increasing the concentration of a par-
ticular nucleic acid sequence even when that sequence has not
been previously purified and is present only in a single copy
in a particular sample.

GP88 Antisense Components

This invention also provides GP88 antisense components.
The constitutive expression of antisense RNA in cells has
been shown to inhibit the expression of more than 20 genes
and the list continues to grow. Possible mechanisms for anti-
sense effects are the blockage of translation or prevention of
splicing, both of which have been observed in vitro. Interfer-
ence with splicing allows the use of intron sequences which
should be less conserved and therefore result in greater speci-
ficity, inhibiting expression of a gene product of one species
but not its homologue in another species. Alternatively,
nucleic acid sequences which inhibit or interfere with gene
expression (e.g., RNAI, ribozymes, aptamers) can be used to
inhibit or interfere with the activity of RNA or DNA encoding
GPS8S.

The term antisense component corresponds to an RNA
sequence as well as a DNA sequence coding therefor, which
is sufficiently complementary to a particular mRNA mol-
ecule, for which the antisense RNA 1is specific, to cause
molecular hybridization between the antisense RNA and the
mRNA such that translation of the mRNA is inhibited. Such
hybridization can occur under in vivo conditions. The action
of the antisense RNA results in specific inhibition of gene
expression in the cells.

According to the present invention, transfection of B-cell
leukemia cells with DNA antisense to the GP88 cDNA inhib-
its endogenous GP88 expression and inhibits tumorigenicity
of the antisense cDNA transfected cells. This antisense DNA
must have sufficient complementarity, about 18-30 nucle-
otides in length, to the GP88 gene so that the antisense RNA
can hybridize to the GP88 gene (or mRNA) and inhibit GP88
gene expression regardless of whether the action is at the level
of splicing, transcription, or translation. The degree of inhi-
bition is readily discernible to one skilled in the art without
undue experimentation given the teachings herein and pref-
erably is sufficient to inhibit the growth of cells whose pro-
liferation is dependent on the expression of GP88. One of
ordinary skill in the art will recognize that the antisense RNA
approach is but a number of known mechanisms which can be
employed to block specific gene expression.

The antisense components of the present invention may be
hybridizable to any of several portions of the target GP88
c¢DNA, including the coding sequence, 3' or 5' untranslated
regions, or other intronic sequences, or to GPS§ mRNA. As is
readily discernible by one of ordinary skill in the art, the
minimal amount of homology required by the present inven-
tion is that sufficient to result in hybridization to the GP88
DNA or mRNA and in inhibition of transcription of the DNA,
or translation or function of the mRNA, preferably without
affecting the function of other mRNA molecules and the
expression of other unrelated genes.

Antisense RNA is delivered to a cell by transformation or
transfection via a vector, including retroviral vectors and
plasmids, into which has been placed DNA encoding the
antisense RNA with the appropriate regulatory sequences
including a promoter to result in expression of the antisense
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RNA in a host cell. Stable transfection of various antisense
expression vectors containing GP88 cDNA fragments in the
antisense orientation have been performed. One can also
deliver antisense components to cells using a retroviral vec-
tor. Delivery can also be achieved by liposomes.

For purpose of antisense technology for in vivo therapy, the
currently preferred method is to use antisense oligonucle-
otides, instead of performing stable transfection of an anti-
sense cDNA fragment constructed into an expression vector.
Antisense oligonucleotides having a size of 15-30 bases in
length and with sequences hybridizable to any of several
portions of the target GP88 cDNA, including the coding
sequence, 3' or 5' untranslated regions, or other intronic
sequences, or to GP88 mRNA, are preferred. Sequences for
the antisense oligonucleotides to GP88 are preferably
selected as being the ones that have the most potent antisense
effects. Factors that govern a target site for the antisense
oligonucleotide sequence are related to the length of the oli-
gonucleotide, binding affinity, and accessibility of the target
sequence. Sequences may be screened in vitro for potency of
their antisense activity by measuring inhibition of GP88 pro-
tein translation and GP88 related phenotype, e.g., inhibition
of cell proliferation in cells in culture. In general it is known
that most regions of the RNA (5' and 3' untranslated regions,
AUG initiation, coding, splice junctions and introns) can be
targeted using antisense oligonucleotides.

The preferred GP88 antisense oligonucleotides are those
oligonucleotides which are stable, have a high resilience to
nucleases (enzymes that could potentially degrade oligo-
nucleotides), possess suitable pharmacokinetics to allow
them to traffic to disease tissue at non-toxic doses, and have
the ability to cross through plasma membranes.

Phosphaorothioate antisense oligonucleotides may be used.
Modifications of the phosphodiester linkage as well as of the
heterocycle or the sugar may provide an increase in efficiency.
With respect to modification of the phosphodiester linkage,
phosphorothioate may be used. An N3'-P5' phosphoramidate
linkage has been described as stabilizing oligonucleotides to
nucleases and increasing the binding to RNA. Peptide nucleic
acid (PNA) linkage is a complete replacement of the ribose
and phosphodiester backbone and is stable to nucleases,
increases the binding affinity to RNA, and does not allow
cleavage by RNAse H. Its basic structure is also amenable to
modifications that may allow its optimization as an antisense
component. With respect to modifications of the heterocycle,
certain heterocycle modifications have proven to augment
antisense effects without interfering with RNAse H activity.
An example of such modification is C-5 thiazole modifica-
tion. Finally, modification of the sugar may also be consid-
ered. 2'-O-propyl and 2'-methoxyethoxy ribose modifications
stabilize oligonucleotides to nucleases in cell culture and in
vivo. Cell culture and in vivo tumor experiments using these
types of oligonucleotides targeted to c-raf-1 resulted in
enhanced potency.

The delivery route will be the one that provides the best
antisense effect as measured according to the criteria
described above. In vitro cell culture assays and in vivo tumor
growth assays using antisense oligonucleotides have shown
that delivery mediated by cationic liposomes, by retrovixal
vectors and direct delivery are efficient. Another possible
delivery mode is targeting using antibody to cell surface
markers for the tumor cells. Antibody to GP88 or to its recep-
tor may serve this purpose.

Inhibiting the Growth of Hematopoietic Malignant
Cells

Preferred embodiments of the invention are directed to
methods and compositions for reducing, interfering with,
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and/or inhibiting the growth and proliferation of hematopoi-
etic malignant cells. Hematopoietic cells are divided into
three categories: erythroid, myeloid and lymphoid cells. The
erythroid cells are red blood cells and their precursors.
Myeloid cells include monocytes, granulocytes, basophils,
eosinophils and megakaryocytes. Myeloma is a type of can-
cer originating from myeloid cells (monocytes). Hematopoi-
etic malignant cells include, but are not limited to leukemias
(e.g., ALL (Acute lymphoblastic leukemia), AML (acute
myelogenous leukemia), CML (chronic myelogenous leuke-
mia), acute bilineage leukemia, acute undifferentiated leuke-
mia, chronic lymphocytic leukemia, juvenile chronic myel-
ogenous leukemia, prolymphocytic leukemia, MDS
(myelodysplastic syndromes), acquired idiopathic sidero-
blastic anemia, acute myelofibrosis, chronic myelomono-
cytic leukemia, essential thrombocythemia, myelodysplastic
disorders, myelofibrosis myeloid metaplasia, paroxysmal
nocturnal hemoglobinuria, polycythemia vera, refractory
anemia, refractory anemia with excess blasts (RAEB), refrac-
tory anemia with excess blasts in transformation (RAEB-T)),
and lymphomas (e.g., Hodgkin lymphoma, non-Hodgkin
lymphoma, plasma cell dyscrasia, multiple myeloma, plasma
cell leukemia, waldenstrom macroglobulinemia).

As described above, hematopoietic malignant cells express
elevated levels of GP88. The present invention demonstrates
that GP8S is the first growth factor shown to be a prognostic
indicator of hematopoietic malignancies (e.g., B-cell leuke-
mias such as multiple myeloma), and that GP88 antagonists
reduce, inhibit, and/or interfere with the growth of hemato-
poietic malignant cells.

As shown in FIGS. 16 and 17, GP88 protein (FIG. 16) and
mRNA (FIG. 17) is overexpressed in human multiple
myeloma cell lines ARP-1 and RPMI 8226 and human B cell
lines Raji and Daudi and not expressed in human T-cell lines
jurkat and KOPTI-K1. In addition, GP88 stimulates growth
and increases the percent survival of multiple myeloma cells.
The live cell density (i.e., growth) and viability of RPMI 8226
multiple myeloma cells increased in a dose dependant man-
ner in response to increased amounts of GP88 (FIGS. 18A
and 18B). As shown in FIG. 18A, the live cell density of
RPMI 8226 cells increased by 3-fold in the presence of 200
ng/ml of GP8S8. Likewise, the percent survival of RPMI 8226
cells increased by 2-fold after 48 hours in the presence of 100
or 200 ng/ml of GP88. The growth and viability response of
RPMI 8226 myeloma cells to GP88 is similar to that of
myeloma cells to IL-6 (compare FIG. 18A col. 3 to col. 4 and
FIG. 18B col. 3 to col. 4). Similar results were obtained with
ARP-1 multiple myeloma cells. The live cell density of
ARP-1 cells more than doubled in the presence of 200 ng/ml
of GP88. (FIG. 19A). The percent survival of ARP-1 multiple
myeloma cells doubled after 48 hours in the presence of 200
ng/ml of GP88. IL-6 also doubled both the live cell density
and percent survival after 48 hours of ARP-1 cells. (FIGS.
19A and 19B). Reducing, inhibiting, or interfering with the
growth stimulatory and survival effects of GP88 on myeloma
cells reduces the growth and survival of multiple myeloma
cells, providing a therapeutic benefit to multiple myeloma
patients.

In one embodiment of the invention, a method of inhibit-
ing, reducing, or interfering with the growth of hematopoietic
malignant cells (e.g., B-cell leukemias cells such as myeloma
cells) by contacting hematopoietic malignant cells with a
GP88 antagonist is provided. As described above, GP88
antagonists (e.g., anti-GP88 antibodies) inhibit the growth of
myeloma cells. In another embodiment of the invention, the
hematopoietic malignant cells are human myeloma cells.
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GP88 antagonists (e.g., anti-GP88 antibodies or antibody
fragments, and GP88 small molecules) bind to GP88 secreted
from the cell and inhibit and/or interfere with the biological
activity of GP88. GP88 antagonists can, for example, bind to
GP88 and prevent GP88 from binding to its receptor on the
cell surface. GP88 antagonists (e.g., anti-GP88 antisense
polynucleotides) can also enter the cell and inhibit or interfere
with the expression of the GP88 protein. For example, anti-
GP88 antisense polynucleotides can hybridize with mRNA
encoding GP88 and block translation of the GP88 protein.
Alternatively, the GP88 antagonist may be conjugated or
linked to another molecule capable of interfering or inhibiting
cell growth (e.g., toxins, antibodies, antibody fragments, and
nucleic acids). GP88 antagonists also can interfere with the
biological activity of GP88 by binding to a molecule other
than GP88. For example, GP88 antagonists can bind to,
inhibit, and/or interfere with the activity of the GP88 receptor
and thus interfere with the binding of GP88 to its receptor.

The term “GP88 antagonist” refers to any composition that
inhibits or blocks GP88 expression, production or secretion,
or any composition that inhibits or blocks the biological activ-
ity of GP88 including, but not limited to, anti-GP88 antibod-
ies, anti-GP88 antisense polynucleotides, anti-GP88 receptor
antibodies, anti-GP88 small molecules. In one embodiment
of the invention, the GP88 antagonist is an anti-GP88 anti-
body or antibody fragment. The term “antibody fragment”
refers to any section, portion, or part of an antibody that
retains the antigen binding properties of the antibody. Anti-
GP88antibodies also include antibody fragments, humanized
antibodies, humanized antibody fragments and can be made
as described above.

The term “contacting” refers to delivering GP88 antagonist
to hematopoietic malignant cells (e.g., leukemia cells of
B-cell lineage) wherein the GP88 antagonist can interact with
the cell either directly (e.g., binding to GP88 inside the cell)
or indirectly (e.g., binding to GP88 and preventing GP88
from directly contacting myeloma cells). A GP88 antagonist
may be injected into the blood stream of a patient suffering
from a hematopoietic malignancy to bind GP88 and prevent
GP88 from stimulating hematopoietic malignant cell growth.
GP88 antagonist may also be microinjected into a cell by
shooting pellets coated with GP88 antagonist inside the cell
in order to prevent secretion of GP88. Hematopoietic malig-
nant cells may also be transfected with nucleic acid encoding
a GP88 antagonist. Alternatively, patients can be treated with
a GP88 small molecule antagonist to block GP88 activity.
Contacting hematopoietic malignant cells with GP88 antago-
nist blocks the activity of GP88 and therefore inhibits,
reduces, and/or interferes with the growth of the cells. GP88
antagonists such as anti-GP88 antibodies and anti-GP88 anti-
sense nucleic acids can be made and administered by any
suitable mechanism (e.g., injection, and aerosol) as described
above.

Administration of GP88 antagonists to hematopoietic
malignant cells significantly reduces the growth of the cells.
For example, anti-GP88 neutralizing antibody inhibits the
growth of RPMI 8226 multiple myeloma cells by about 50%
while treatment of the same cells with non-immuno rabbit
IgG did not show any significant inhibition of cell growth.
(FIG. 20). Addition of exogenous GP88 reversed the inhibi-
tory effect of the anti-GP88 neutralizing antibody. (FIG. 20).
The reversal of GP88 antagonist induced growth inhibition by
the addition of exogenous GP88 demonstrates that GP88 is a
growth factor for myeloma cells. The growth of myeloma
cells can be measured by several methods including, but not
limited to, measuring the live cell density in vitro by staining
cells with trypan blue, uptake of radioactive nucleotides, cell
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mass, BudR incorporation, ELISA, cell metabolism, spec-
troscopy, and direct measurement of the dimensions of a
tumor mass.

Preferred embodiments of the invention are also directed to
methods of diagnosing B-cell leukemia by detecting GP88 in
tissue samples containing B-cells (e.g., blood, bone marrow,
lymph, spleen, liver). The presence of GP88 in tissue samples
containing B-cells indicates B-cell leukemia. GP88 protein or
nucleic acid can be detected as described above. Also pro-
vided are methods of diagnosing B-cell leukemia by detect-
ing the presence of GP88 in B-cells. The presence of GP88 in
B-cells indicates B-cell leukemia.

In another embodiment of the invention, the presence of
GP88 in bone marrow cells indicates the presence of multiple
myeloma cells. The presence of immunoglobulin lambda or
kappa light chains in bone marrow cells is a marker for
neoplastic or potentially neoplastic myeloma cells. Hitzman
et al., Immunoperoxidase staining of bone marrow sections,
Cancer 48(11):2438-46 (1981). Immunostaining bone mar-
row sections for the presence of lambda or kappa immuno-
globulin light chains allows for detection of myeloma cases
that are difficult to diagnose such as nonsecretory myeloma.
1d. Asshown in Table 1, such myeloma cells that stain positive
for kappa or lambda light chains also stain positive for GP88.

TABLE 1

Expression of Ig light chain and GP88 in bone marrow smears
From multiple myeloma patients

Patients Ig K chain Ig A chain GP88
1 + - +
2 - - -
3 - + +
4 + - +
Sa - - -
5b + - +
6 - - -
7 - + +
8 + - +
9 - - -

10 + - +
11 + - +
12 + - +

GP88 is not detected in bone marrow cells from patients in
remission or in cells that do not express kappa or lambda
immunoglobulin light chains. Furthermore, patients in remis-
sion for multiple myeloma (e.g., Patient 5a) do not express
GP88. Patient 5a relapsed and displayed the symptoms of
multiple myeloma (Patient 5b). Patient 5b was positive for
both the kappa light chain and GP88. Thus, GP88 serves as a
biological marker for multiple myeloma. An example of a
triple stain for the presence of a control (DAPI), kappa/
lambda light chains, and GP88 in the same patient sample is
shown in FIGS. 25A, 25B, and 25C respectively. Detecting
the presence of GP88 in bone marrow cells is indicative of
whether multiple myeloma cells are present. The presence of
GP88 can be detected by GP88 antagonists (e.g., anti-GP88
antibodies, anti-GP88 nucleic acid) using a variety of meth-
odologies including, but not limited to, immunostaining,
immunofluorescence, in situ hybridization, western blot,
northern blot, and southern blot.

The Presence of GP88 Indicates Whether a Patient is
Responding or Responsive to Anti-Cancer Therapy

Anti-cancer agents such as glucocorticoids and glucocor-
ticoid analogs (e.g., dexamethasone, prednisolone, methyl-
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prednisolone, hydrocortisone, betamethasone, prednisone,
fludrocortisone, cortisone, corticosterone, triameinolone, and
paramethasone) alone or in combination with chemotherapy
(e.g., alkylating agents) are used to treat patients with
hematopoietic malignancies (e.g., B-cell leukemia). How-
ever, certain patients may not be responsive to anti-cancer
therapy. In addition, it is well known that patients that are
initially responsive to anti-cancer therapy develop resistance
and no longer respond to the drugs.

For example, prolonged systemic exposure to glucocorti-
coids may have severe adverse side effects such as: (1) endo-
crine and metabolic disturbances including, but not limited
to, Cushing-like syndrome, hirsutism, menstrual irregulari-
ties, premature epiphyseal closure, secondary adrenocortical
and pituitary unresponsiveness, decreased glucose tolerance,
and negative nitrogen and calcium balance; (2) fluid and
electrolyte disturbances such as sodium and fluid retention,
hypertension, potassium loss, and hypokalaemic alkalosis;
(3) musculo-skeletal effects (e.g., myopathy, abdominal dis-
tension, osteoporosis, aseptic necrosis of femoral and
humeral heads); (4) gastro-intestinal effects including gastric
and duodenal ulceration, perforation, and hemorrhage; (5)
dermatological effects such as impaired wound healing, skin
atrophy, striae, petechiae and ecchymoses, bruising, facial
erythema, increased sweating, and acne; (6) central nervous
system effects (e.g.,, psychic disturbances ranging from
euphoria to frank psychotic manifestations, convulsions,
pseudotumor cerebri (benign intracranial hypertension) with
vomiting and papilloedema); (7) ophthalmic effects includ-
ing glaucoma, increased intraocular pressure, posterior sub-
capsular cataracts; and (8) immunosuppressive effects such
as increased susceptibility to infections, decreased respon-
siveness to vaccination and skin tests. Thus, unnecessary
exposure to anti-cancer therapy (e.g., glucocorticoids, such as
dexamethasone), should be limited to the extent possible to
avoid causing complications and discomfort without signifi-
cant positive benefits.

Dexamethasone induces apoptosis of multiple myeloma
cells. Asshown in FIG. 26, dexamethasone also inhibits GP88
protein expression. GP88 protein expression was measured
by Western blot analysis of conditioned media collected by
ARP-1 cell cultures in the presence and absence of dexam-
ethasone alone and in combination with IL-6 (FIG. 26). Dex-
amethasone significantly inhibited the expression of GP88
protein. The addition of exogenous GP88 overcomes the apo-
ptosis-inducing effects of dexamethasone (FIGS. 27A and
27B). As shown in FIGS. 27A and 27B, GPSS significantly
increased both cell growth (FIG. 27A) and cell viability (FIG.
27B) of ARP-1 cells treated with dexamethasone. FIG. 28
shows that GP88 significantly reduces the cleavage of an
apoptosis marker PARP (Poly (ADP-ribose) polymerase) in
dexamethasone-treated ARP-1 cells. Cleavage of PARP into
two fragments is a marker of cell apoptosis. Thus, GP88 has
an anti-apoptotic effect and can inhibit dexamethasone-in-
duced killing of B-cell leukemia cells.

Increased levels of GP88 in MM cells are responsible for
the transition of MM cells to a glucocorticoid resistant form.
As shown in FIG. 29, cells transfected with GP88 (ARP-1/
PCDGF) produced ten times more GP88 than untransfected
cells or control ARP-1 cells that were transfected with empty
vector (ARP-1/EV). (FIG. 29). MM cells transfected with
GP88 show an increased growth rate and viability (resistance
to the killing effect of dexamethasone) (FIGS. 30A and 30B).
As shown in FIG. 30A, the ARP-1/PCDGEF cells had a higher
growth rate and were more resistant to the apoptotic effects of
dexamethasone (columns 1 and 2) than the ARP-1/empty
vector control cells (columns 3 and 4). Likewise, the ARP-1/

10

15

20

25

30

35

40

45

50

55

60

24

PCDGF cells showed increased viability in response to the
addition of dexamethasone (columns 1 and 2) that the ARP-
1/empty vector cells. Thus, the presence of GP88 indicates
that B-cells are or have become dexamethasone-resistant.

Methods of determining whether a patient is responding or
responsive to anti-cancer therapy by detecting the presence of
GP88 in a tissue sample containing B-cells are also provided
by the invention. The term “responding” to anti-cancer
therapy refers to patients who are receiving anti-cancer
therapy. One embodiment of the invention will determine if
such patients should continue to receive anti-cancer therapy.
The term “responsive” to anti-cancer therapy refers to
patients who are not yet receiving anti-cancer therapy.
Another embodiment of the invention will determine if such
patients should begin to receive anti-cancer therapy.
Increased levels of GP88 in tissue samples (e.g., detectable
increase in the level of GP88) containing B-cells over time
indicate that the patient is not responding or responsive to
anti-cancer therapy (e.g., glucocorticoids such as dexametha-
sone). Alternatively, increased levels of GP88 in B-cells com-
pared to normal or peripheral tissues is sufficient to indicate
that the patient is not responding or responsive to glucocor-
ticoid therapy. GP88 protein and/or nucleic acids (e.g., DNA
or RNA encoding GP88) can be detected as described above
(e.g., using anti-GP88 antibodies, antisense nucleic acids). In
another embodiment, the GP88 level in an individual
patient’s B cells or tissues containing B-cells can be periodi-
cally monitored. An increased level of GP88 in a patient’s
B-cells or in tissues containing B-cells over time indicates
that the patient is not responding or responsive to anti-cancer
therapy.

Recombinant GP88

The present invention is also directed to DNA expression
systems for expressing a recombinant GP88 polypeptide or a
functional derivative thereof substantially free of other mam-
malian DNA sequences. Such DNA may be double or single
stranded. The DNA sequence should preferably have about
20 or more nucleotides to allow hybridization to another
polynucleotide. In order to achieve higher specificity of
hybridization, characterized by the absence of hybridization
to sequences other than those encoding the GP88 protein ora
homologue or functional derivative thereof, a length of at
least 50 nucleotides is preferred.

The present invention is also directed to the above DNA
molecules, expressible vehicles or vectors as well as hosts
transfected or transformed with the vehicles and capable of
expressing the polypeptide. Such hosts may be prokaryotic,
preferably bacteria, or eukaryotic, preferably yeast, mamma-
lian or insect cells. A preferred vector system includes bacu-
lovirus expressed in insect cells. The DNA can be incorpo-
rated into host organisms by transformation, transduction,
transfection, infection or related processes known in the art.
In addition to DNA and mRNA sequences encoding the GP88
polypeptide, the invention also provides methods for expres-
sion of the nucleic acid sequence. Further, the genetic
sequences and oligonucleotides allow identification and clon-
ing of additional polypeptides having sequence homology to
the polypeptide GP88 described here.

An expression vector is a vector which (due to the presence
of appropriate transcriptional and/or translational control
sequences) is capable of expressing a DNA (or cDNA) mol-
ecule which has been cloned into the vector and thereby
produces a polypeptide or protein. Expression of the cloned
sequence occurs when the expression vector is introduced
into an appropriate host cell. If a prokaryotic expression vec-
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tor is employed, then the appropriate host cell would be any
prokaryotic cell capable of expressing the cloned sequence.
Similarly, if an eukaryotic expression system is employed,
then the appropriate host cell would be any eukaryotic cell
capable of expressing the cloned sequence. Baculovirus vec-
tor, for example, can be used to clone GP88 ¢DNA and
subsequently express the cDNA in insect cells.

A DNA sequence encoding GP88 polypeptide or its func-
tional derivatives may be recombined with vector DNA in
accordance with conventional techniques including blunt-
ended or staggered ended termini for ligation, restriction
enzyme digestion to provide appropriate termini, filling in
cohesive ends as appropriate, alkaline phosphatase treatment
to avoid undesirable joining, and ligation with proper enzyme
ligases. Techniques for such manipulations are discussed in
(35).

A nucleic acid molecule is capable of expressing a
polypeptide if it contains nucleotide sequences which contain
transcriptional and translational regulatory information and
such sequences are operably linked to nucleotide sequences
which encode the polypeptide. An operable linkage is a link-
age in which the regulatory DNA sequences and the DNA
sequence sought to be expressed are connected in such a way
as to permit gene expression. The precise nature of the regu-
latory regions needed for gene expression may vary from
organism to organism but shall in general include a promoter
region, which in prokaryotes contains both the promoter
(which directs the initiation of RNA transcription) as well as
the DNA sequences which when transcribed into RNA will
signal the initiation of protein synthesis. Such regions will
normally include those 5' non-coding sequences involved
with the initiation of transcription, translation such as the
TATA box, capping sequence, CAAT sequence and the like.

If desired, the 3' non-coding region to the gene sequence
encoding the protein may be obtained by described methods
(screening appropriate cDNA library or PCR amplification).
This region may be retained for the presence of transcrip-
tional termination regulatory sequences such as termination
and polyadenylation. Thus, by retaining the 3' region natu-
rally contiguous to the DNA sequence coding for the protein,
the transcriptional termination signals may be provided.
Where the transcription termination signals are not provided
or satisfactorily functional in the expression host cells, then a
3' region from another gene may be substituted.

Two DNA sequences such as a promoter region sequence
and GP88 encoding sequence are said to be operably linked if
the nature of the linkage between the sequences does not
resultin the introduction of a frame-shift mutation or interfere
with the ability of the promoter sequence to direct transcrip-
tion of the polypeptide gene sequence.

The promoter sequences may be prokaryotic, eukaryotic or
viral. Suitable promoters are inducible, repressible or consti-
tutive. Examples of suitable prokaryotic promoters are
reviewed by.

Eukaryotic promoters include but are not limited to the
promoter for the mouse methallothionein I gene, the TK
promoter of Herpes Virus, the gene gal4 promoter, the SV40
early promoter, the mouse mammary tumor virus (MMTV)
promoter, and the cytomegalovirus (CMV) promoter. Strong
promoters are preferred. Examples of such promoters are
those which recognize the T3, SP6 and T7 polymerases, the
PL promoter of bacteriophage lambda, the recA promoter, the
promoter of the mouse methallothionein I gene, the SV40
promoter and the CMV promoter.

Itisto be understood that application of the teachings of the
present invention to a specific problem or environment will be
within the capability of one having ordinary skill in the art in
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light of the teachings contained herein. The present invention
is more fully illustrated by the following non-limiting
examples.

Example 1
Cell Lines and Reagents

Daudi, Raji, KOPM-28, ARP-1, RPMI 8226, Jurkat,
KOPT-K1, and HL-60 were obtained from the American Type
Culture Collection (ATCC, Manhassas, Va.). RPMI 1640
medium, FBS, and Trizol was obtained from Invitrogen life
technologies (Carlsbad, Calif.). Alexa 456 conjugated goat
anti mouse IgG F(ab')2 and Alexa 488 conjugated goat anti
rabbit IgG F(ab")2 were obtained from Molecular Probes
(Eugene, Oreg.). IL-6 was obtained from Upstate Biotechnol-
ogy Inc. (Lack Placid, N.Y.). PD98059, anti phosph-MAPK
antibody, anti phosph-Akt antibody, anti Akt antibody, anti
phosph-tyr-STAT?3 were obtained from New England Biolabs
(Beverly, Mass.). Anti STAT3 was obtained from BD Bio-
sciences. Anti MAPK antibody was obtained from Santa Cruz
Biotechnology (Santa Cruze, Calif.). LY194002 was
obtained from Biomol (Plymouth Meeting, Pa.). Supersignal
Western chemiluminescent substrate was obtained from
Pierce (Rockford, I11.). Immobilon-P transfer membranes
were obtained from Millipore (Bedford, Mass.). Monoclonal
antibodies to anti human k or A light chains were obtained
from Dako (Carpinteria, Calif.). Protein A sepharose was
obtained from Amersham Pharmacia Biotech (Piscataway,
N.I.). GP88 and anti-GP88 antibody were purified in our lab
and are described in U.S. Pat. No. 6,670,183. All other
reagents were obtained from Sigma.

GP88 Protein Expression

Daudi, Raji, KOPM-28, ARP-1, RPMI 8226, Jurkat,
HL-60, and KOPT-K1 were cultured at a density of 1x10°
cells/ml in RPMI medium supplemented with 10% FBS.
Until the cells reach a density of 1x10° cells/ml, the culture
media equivalent to 1.5x10” live cells were collected to mea-
sure GP88 protein expression. Immunoprecipitaion and
Western Blot analysis were carried out as described previ-
ously (18) using 50 ug/ml anti-GP88 F(ab') conjugated to
HRP as the detecting antibody.

Northern Blot Analysis

RPMI 8226 and ARP-1 cell were cultured in 10% PBS
RPMI medium. RNA isolation was carried out using Trizol.
Northern Blot analysis was carried out as described previ-
ously (18).

Cell Growth and Survival Assay

RPMI 8226 or ARP-1 cells were cultured in 10% FBS
RPMI. Before the assay, cells were washed by serum free
RPMI 1640 twice and cultured in serum free RPMI 1640
medium for 24 hours. GP88 or IL-6 was added to media at
indicated concentration. Live cell density and viability were
determined by trypan blue exclusion and cell counting.
Experiments were carried out in triplicate sets with results
expressed as mean+SD.

Anti-GP88 Neutralizing Assay

RPMI 8226 cells were cultured in 10% FBS RPMI 1640,
washed by RPMI 1640 twice, and cultured in RPMI 1640
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media at 1x10° cells/ml. Affinity purified anti-GP88, non-
immuno rabbit IgG, or affinity purified anti-GP88 antibody
with GP88 was added as appropriate. After 48 hours, live cell
density was checked by trypan blue staining and cell count-
ing. Experiments were carried out in triplicate sets and the
result was expressed as mean+SD.

MAPK Assay

ARP-1 cells were cultured in 10% PBS RPMI 1640
medium, washed by RPMI 1640 twice, and resuspended at
2.5x10° live cells/m] in RPMI 1640. After overnight starva-
tion, ARP-1 cells were either treated with or without 30 pM
PD98059 for 60 min. GP88 was added to final concentration
of 200 ng/ml except wells for negative controls. Ten millili-
ters of cell culture was used for each sample. After ten min-
utes of incubation, the cells were lysed by loading buffer. Cell
lysates were separated on a 12.5% SDS-PAGE gel. The
phosph-MAPK and total MAPK proteins were detected by
anti-phosph-MAPK and MAPK antibodies respectively
using Western blot analysis.

Akt Assay

ARP-1 cells were cultured in 10% FBS RPMI 1640
medium, washed in RPMI 1640 twice, and resuspended at
2.5x10° live cells/m] in RPMI 1640. After overnight starva-
tion, ARP-1 cells were either treated with or without 50 pM
LY194002 for ten minutes. GP88 was added to the experi-
mental wells on a microtiter plate at a final concentration of
200 ng/ml. GP88 was not added to control wells. Ten milli-
liters of cell culture was used for each sample. After ten
minutes of incubation, cells were lysed by loading buffer. Cell
lysates were separated on a 12.5% SDS-PAGE gel. The
phosph-Akt and total Akt proteins were detected by anti-
phoph-Akt and anti Akt antibodies respectively using West-
ern blot analysis.

STAT3 Assay

ARP-1 cells were cultured in 10% FBS RPMI 1640
medium, washed twice in RPMI 1640 medium, and resus-
pended at 2.5x10° live cells/ml in RPMI 1640. After starva-
tion of the cell culture overnight, ARP-1 cells were treated
with 200 ng/m1 GP88 or 10 ng/ml IL-6 for 15 min. Cells were
lysed by loading buffer and separated on a 7.5% SDS-PAGE.
3x10° cells were used for each sample. The phosph-tyr-
STAT3 and total STAT3 proteins were detected by anti-
phosph-tyr-STAT?3 and anti STAT3 antibodies respectively
using Western blot analysis.

Immunocytochemistry Studies

Bone marrow smears obtained from multiple myeloma
patients at the University of Maryland Greenbaum Cancer
Center were fixed for 15 minutes on ice with 2% paraform-
aldehyde in PBS, washed by PBS, and permeabilized with
0.2% Triton X100 for 15 minutes at room temperature. The
slides were stained with 0.85 pg/ml rabbit anti-human GP88
antibody at room temperature for 1 hour, washed by PBS, and
incubated with secondary 2 pg/ml Alexa 488-conjugated goat
anti rabbit [gG F(ab')2 at room temperature for 1 hour. These
slides were also stained with 0.25 ug/ml monoclonal antibod-
ies to anti human x or A light chains at room temperature for
1 hour, washed by PBS, and followed by incubation with 1
pg/ml Alexa456 conjugated goat anti mouse 1gG F(ab')2 at
room temperature for 1 hour. Finally, samples were stained by
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0.5 pg/ml DAPI at room temperature for 15 minutes. Stained
bone marrow samples were observed with Olympus BX40
fluorescence microscope equipped with 100 W mercury lamp
and appropriate filters.

GP88 Expression in Human Hematological Cell Line

We examined GP88 expression in several human leukemic
cell lines. Samples examined were standardized to the same
cell number. FIG. 16 shows GP88 protein expression was
high in human B cell lines (Raji and Daudi) and human MM
cell lines (ARP-1 and RPMI 8226). In contrast, no GP88 was
produced in human T cell lines (Jurkat and KOPT-K1) and
promyelocytic leukemia (HL-60). A low level of GP88 was
found in macrophage cell line (KOPM-28). HL-60 is a pro-
myelocytic cell line that can be induced to differentiate ter-
minally to granulocyte-like cells or monocyte/macrophage-
like cells upon exposure to different reagents (19). These
results show that GP88 is preferentially expressed by hema-
tological malignancies of B cell lineage. The level of GP88
mRNA expression in the MM cell lines ARP-1 and RPMI
8226 is shown in FIG. 17.

GP88 Function in Two Human MM Cell Lines
RPMI 8226 and ARP-1

The effect of exogenously added GP88 on the growth and
survival of RPMI 8226 (FIG. 18) and ARP-1 (FIG. 19) was
examined and compared to IL-6, a known paracrine growth
stimulator of MM cell growth. As shown in FIG. 3A, RPMI
8226 cells were starved in RPMI medium only for 24 hours,
then GP88 or IL-6 was added to medium. After 24 hour
treatment 50 ng/ml (5.7x10-7 M), 100 ng/ml (1.1x10-6 M),
200 ng/ml (2.3x10-6 M) GP88, and 10 ng/ml (4.5x10-7 M)
1L-6 stimulated the growth of RPMI 8226 cells by 1.3, 1.5,
1.5, and 1.6-fold, respectively. After 48 hour treatment, 50,
100, 200 ng/ml GP88, and 10 ng/ml IL-6 stimulated the
growth of RPMI 8226 cells by 1.7, 2.5, 2.6, and 2.8 fold,
respectively. These data show that GP88 stimulates the
growth of RPMI 8226 cells in a dose and time dependent
fashion similarly to IL-6. In addition to stimulating the
growth of human MM cells, exogenous GP88 also stimulated
cell survival of RPMI 8226 similarly to IL-6 (FIG. 18B).

Dex-sensitive ARP-1 cells exhibited similar growth and
survival effects in response to GP88. As shown in FIG. 194,
ARP-1 cells were starved in serum-free medium for 24 hours,
then GP88 or IL-6 was added to medium. At 24 hours of
treatment, 200 ng/ml GP88 and 10 ng/ml IL-6 stimulated the
growth of ARP-1 cells by 1.3 and 1.4 fold, respectively. After
48 hours of treatment, 200 ng/ml GP88 and 10 ng/ml. IL-6
stimulated the growth of ARP-1 cells by 2.3 and 2.6 fold,
respectively. Similarly exogenous GP88 also stimulated cell
survival of ARP-1 (FIG. 19B).

Effect of Anti-GP88 Neutralizing Antibody on the
Growth of RPMI 8226 Cells

In order to check whether GP88 produced and secreted by
MM cells was required for cell growth, we examined the
effect of anti-GP88 neutralizing antibody on the growth of
RPMI 8226 cells. We have shown previously that this anti-
body was able to inhibit the proliferation of breast cancer cells
overexpressing GP88 (20). As shown in FIG. 20, treatment of
RPMI 8226 cell with 200 ug/ml affinity purified anti-GP88
antibody inhibited RPMI 8226 cell growth by about 50% in
serum free condition. However, treatment of RPMI 8226 cells



US 8,911,950 B2

29
with 200 pg/ml non-immuno rabbit IgG did not significantly
inhibit RPMI 8226 cell growth. Addition of exogenous 200
ng/ml GP88 prevented the inhibition effect of anti-GP88 anti-
body. These results show that GP88 stimulated MM cell
growth in an autocrine fashion.

Signaling Pathway Stimulated by GP88 in ARP-1
Cells

We examined signal pathways involved in growth factor
signal transduction to determine their role, if any, in the GP88
signal transduction pathway in MM cells. MAPK signal path-
way plays a key role in proliferation process and MAPK
activity is stimulated in response to many different growth
factors (21, 22). PI3K signal pathway is primarily associated
with survival and cell growth regulation (23, 24). FIG. 21
shows that stimulation of ARP-1 cell growth and survival by
200 ng/ml of GP88 was blocked by the MEK inhibitor
PD98059 at 30 uM. FIG. 22 shows 200 ng/ml GP88 activated
the phosphorylation of Erk1 and Erk2 and this phosphoryla-
tion was also inhibited by 30 pM PD98059. Together, these
results show that GP88 activated MAPK signal pathway in
ARP-1 cells and that MAPK was responsible for stimulation
of cell growth by GP8S8. To determine the role of the PI3K
signal pathway, we assessed the phosphorylation of Akt. Akt
contains an amino-terminal pleckstrin homology (PH)
domain that binds phosphorylated lipids at the membrane in
response to activation of PI3 kinase (25, 26). FIG. 23 shows
that GP88 stimulates the phosphorylation of Akt in ARP-1
cells and this phosphorylation was inhibited by PI3 K inhibi-
tor LY294002 at 50 uM. These results showed that GP88
activated PI3 kinase signal pathway in ARP-1 cells.

MAPK and JAK/STAT pathways are two important signal-
ing pathways in human MM cells induced by IL-6 (6). In
order to check whether GP88 activates JAK/STAT pathways
in human MM cells, the phosphorylation of STAT3 was
assessed following stimulation of MM cells by 200 ng/ml
GP88 or 10 ng/ml IL-6. As shown in FIG. 24, only IL-6, but
not GP88, stimulates the phosphorylation of STAT3. These
data suggest that GP88 does not activate the JAK/STAT3
pathway in human MM cells.

Immunocytochemistry Studies of Human Patient
Bone Marrow Smears

We examined GP88 expression in 13 bone marrow biopsy
samples from patients with multiple myeloma by immuno-
cytochemistry staining of GP88 and human /A light chains.
The presence k or A light chains in bone marrow cells is a
marker of myeloma cells (27). Table 1 demonstrates that
GP88 was overexpressed in bone marrow smears of MM
patients. Staining of the samples with anti-human « or A light
chains showed that the myeloma cells that stained positive for
GP88 were positive for k or A light chains indicating that the
cells that overexpress GP88 in bone marrow smears of MM
patients are the multiple myeloma cells. GP88-positive cells
were notobserved in the bone marrow smears from patients in
remission (patients 2, 5a, 6 and 9) where x or A light chain-
positive cells were not detected. It is important to note that
when the relapse of MM disease occurred in patient 5a, GP88
expression was detected in the bone marrow samples and
co-localized with cells expressing  light chains (5b in Table
1). The /A chain positive cells showed 100% GP88 positive
staining by counting 100 /A chain positive cells. A typical
triple staining by DAPI, k/A chain, and GP88 is shown in FIG.
25. These data clearly indicated that GP88 expression is asso-
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ciated with myeloma cells from all MM patients examined
and correlated well with the presence of the disease.

The Effects of Dexamethasone (Dex) and IL-6 Effect
on GP88 Protein Expression in ARP-1 Cells

ARP-1 cells were seeded in 10% CT-FBS RPMI 1640 in
the presence of 10-7M Dex or 10 ng/ml1 IL-6 added alone or
in combination. Control cells were cultivated with vehicle
medium that did not contain Dex or IL-6. After 48 hours, the
cell culture medium was changed to RPMI 1640 for 24 hours
and the conditioned medium was collected. The GP88
secreted in the conditioned medium was measured by immu-
noprecipitation and western blot analysis (FIG. 26). Dex
inhibited the expression of GP88 in Dex-treated ARP-1 cells.

The Effects of Exogenous Addition of GP88 and
IL-6 on Dex-Induced Cell Death

ARP-1 cells were cultured in media containing 10% CT-
FBS RPMI 1640 medium in the presence of 10-7 M Dex, 200
ng/ml GP88, or 10 ng/ml IL-6 added alone or in combination.
After 48 hours; the live cell density and cell viability were
checked by trypan blue exclusion and counting with a
hemocytometer. FIG. 27A shows the effect on live cell den-
sity and FIG. 27B shows the effect on cell viability. GP88
increased the growth and viability of Dex-treated ARP-1
cells.

The Effects of GP88 on PARP Cleavage in ARP-1
Cells

ARP-1 cells were seeded and treated with 10-7 M Dex, 200
ng/ml PCDGF, and 10 ng/ml IL-6 as described above. Cells
were collected at 24 hours and 48 hours. ARP-1 cells were
lysed and 100 pg protein per lane were used to analyze PARP
cleavage by SDS-PAGE and western blot analysis. GP88
inhibited the apoptotic effects of Dex on Dex-treated ARP-1
cells (FIG. 28).

Overexpression of GP88 in ARP-1 Cells

Dexamethasone-sensitive human MM cell line ARP-1 was
transfected with expression vector pcDNA3 containing a
CMYV promoter, a neomycin resistant gene, and GP88 cDNA
by electroporation. Transfected cells were selected in the
presence of G418. GP88 expression in the cell culture media
was detected by immunoprecipitation and westernblot analy-
sis. As shown in FIG. 29, ARP-1 cells transfected with GP88
(ARP-1/PCDGF) had elevated levels of GP88 compared to
cells transfected with an empty expression vector (ARP-1/
EV).

The Effects of Dex on ARP-1 and GP88
Overexpressed ARP-1 Cells

ARP-1/PCDGF cells that overexpress GP88 and ARP-1/
EV were cultured in 10% CT-FBS RPMI with or without 10-7
M Dex. Cell density (A) and viability (B) were measured after
24 hours. As shown in FIGS. 30A and 30B, Dex-induced
reduction in cell growth and viability was significantly
reduced in cells with elevated levels of GP88 (columns 1 and
2) compared to cells that did not express GP88 (columns 3
and 4).

The Effects of GP88 Over Expression Dex-induced
PARP Cleavage

Empty vector control and PCDGF overexpressing ARP-1
cells were treated with or without 10-7 M Dex. After 48 hours,
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the cells were lysed to measure the expression of intact and
cleaved PARP (FIG. 31). Cells overexpressing GP88 (ARP-
1/PCDGF) showed greatly reduced cleavage of PARP com-
pared to cells that did not express GP88. Thus, GP88 inhibits
the apoptotic effects of dexamethasone on ARP-1 cells.
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<160> NUMBER OF SEQ ID NOS:

<210> SEQ ID NO 1

<211> LENGTH:

<212> TYPE: DNA
<213> ORGANISM: Mus musculus

<400> SEQUENCE:

cggaccecga cgcagacaga cc atg tgg gte ctg atg age tgg ctg gee tte
Met Trp Val Leu Met Ser Trp Leu Ala Phe

gcg
Ala

cet
Pro

aac

gge
Gly

cte
Leu
75

tet

Ser

gca
Ala

gte
Val

tgc
Cys

tect
Ser
155
gac

Asp

cta
Leu

ttt
Phe

acc
Thr
aat
235

gta
Val

gca
Ala

gtt
Val

cct
Pro

tece
Ser
60

act
Thr

tgt
Cys

gat
Asp

cag
Gln

att
Ile
140

tgc
Cys

ctyg
Leu

aag
Lys

tet
Ser

tgc
Cys
220

gce

Ala

tgt
Cys

999
Gly

gce
Ala

ctt
Leu
45

tgc
Cys

gtg
Val

ggt
Gly

999
Gly

tgt
Cys
125

atg
Met

tgt
Cys

gtt
Val

aag
Lys

gte
Val
205

tgt

Cys

atc
Ile

gac
Asp

cty
Leu

tgc
Cys
30

cty
Leu

cag
Gln

tet
Ser

gat
Asp

aaa
Lys
110

cet
Pro

gtt
Val

gaa
Glu

cac
His

tte
Phe
190

gtg
Val

gag
Glu

tgc
Cys

bt

ctyg
Leu

2137

1

gta
Val
15

tge
Cys

gac
Asp

acc
Thr

999
Gly

gge
Gly
95

tee
Ser

999
Gly

gat
Asp

gac
Asp

aca
Thr
175

cct
Pro

tgc
Cys

cta
Leu

tgt
Cys

atc
Ile
255

gce
Ala

ctt
Leu

aca
Thr

cat
His

act
Thr
80

tac
Tyr

tge
Cys

age
Ser

ggt
Gly

aga
Arg
160

cga
Arg

gca
Ala

cct
Pro

cce
Pro

tce
Ser
240

cag
Gln

1

gga
Gly

gac
Asp

tgg
Trp

gge
Gly
65

tece
Ser

cac
His

tte
Phe

cag
Gln

tcg
Ser
145

gtg
Val

tgc
Cys

caa
Gln

gat
Asp

act
Thr
225

gac

Asp

agt
Ser

17

aca
Thr

cag
Gln

cet
Pro
50

cac
His

age
Ser

tge
Cys

cag
Gln

ttt
Phe
130

tgg
Trp

cat
His

gtt
Val

aag
Lys

gct
Ala
210

999
Gly

cac
His

aag
Lys

SEQUENCE LISTING

cag
Gln

gga
Gly
35

aga
Arg

tgt
Cys

tge
Cys

tge
Cys

atg
Met
115

gaa
Glu

gga
Gly

tgc
Cys

tca
Ser

acc
Thr
195

aag

Lys

aag
Lys

ctyg
Leu

tgc
Cys

tgt
Cys
20

gg9a
Gly

ata
Ile

cet
Pro

tgce
Cys

cee
Pro
100

tca
Ser

tgt
Cys

tgt
Cys

tgt
Cys

cccec
Pro
180

aac
Asn

acc
Thr

tat
Tyr

cac
His

cta
Leu
260

5

cca
Pro

gce
Ala

acg
Thr

gct
Ala

ceg
Pro
85

cag
Gln

gat
Asp

cct
Pro

tgt
Cys

cee
Pro
165

acg
Thr

agce
Ser

cag
Gln

ggc
Gly

tgce
Cys
245

tee
Ser

gat
Asp

aac
Asn

age
Ser

gge
Gly
70

tte
Phe

gge
Gly

aac
Asn

gac
Asp

[eele}
Pro
150

cat
His

ggce
Gly

gca
Ala

tgt
Cys

tgc
Cys
230

tgc

Cys

aag
Lys

999
Gly

tac
Tyr

cat
His
55

tat
Tyr

tct
Ser

tte
Phe

cce
Pro

tct
Ser
135

atg
Met

999
Gly

acce
Thr

gtg
Val

[eele}
Pro
215

tgt

Cys

cce
Pro

aac
Asn

cag
Gln

age
Ser
40

cat
Hisg

tect
Ser

aag
Lys

cac
Hisg

ttyg
Leu
120

gce
Ala

cCccC
Pro

gce
Ala

cac
His

tct
Ser
200

gat

Asp

cca
Pro

cag
Gln

tac
Tyr

ttc
Phe
25

tgc
Cys

cta
Leu

tgt
Cys

ggt
Gly

tgt
Cys
105

ggt
Gly

acc
Thr

cag
Gln

tece
Ser

acc
Thr
185

ttyg
Leu

gat
Asp

atg
Met

gac
Asp

acc
Thr
265

10

tge
Cys

tgt
Cys

gat
Asp

ctt
Leu

gtg
Val
90

agt
Ser

gct
Ala

tge
Cys

gcc
Ala

tgt
Cys
170

cta
Leu

cct
Pro

tct
Ser

cece
Pro

act
Thr
250

acg
Thr

52

100

148

196

244

292

340

388

436

484

532

580

628

676

724

772

820
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-continued

36

gat
Asp

gac
Asp

act
Thr

gat
Asp
315

g9a
Gly

ata
Ile

cct
Pro

cte
Leu

tygc
Cys
395

cag
Gln

ata
Ile

gac
Asp

aag
Lys

gac
Asp
475

agg
Arg

acc
Thr

tge
Cys

tge
Cys

tygc
Cys
555

cte
Leu

atg
Met

999
Gly
300

cac
His

acc
Thr

gee
Ala

tgt
Cys

aat
Asn
380

tca
Ser

999
Gly

cct
Pro

cag
Gln

gga
Gly
4560

cgg
Arg

acc
Thr

cte
Leu

cat
His

tgt
Cys
540

cce
Pro

ctyg
Leu

gag
Glu
285

gce
Ala

att
Ile

tgc
Cys

cee
Pro

gat
Asp
365

tet
Ser

gac
Asp

tac
Tyr

gce
Ala

cat
His
445

agt
Ser

cag
Gln

tgt
Cys

ggce
Gly

gat
Asp
525

cece

Pro

ggt
Gly

acc
Thr
270

gty
Val

tgg
Trp

cat
His

gaa
Glu

cte
Leu
350

gac
Asp

999
Gly

aac
Asn

tgt
Cys

cgc
Arg
430

ace
Thr

tgg
Trp

cac
His

gag
Glu

cet
Pro
510

aac
Asn

tac
Tyr

g9¢
Gly

aag
Lys

age
Ser

ggce
Gly

tge
Cys

atg
Met
335

cge
Arg

tte
Phe

gac
Asp

cag
Gln

cag
Gln
415

cag
Gln

age
Ser

gee
Ala

tgt
Cys

aag
Lys
495

aag

Lys

cag
Gln

cta
Leu

ttec
Phe

ctyg
Leu

tge
Cys

tge
Cys

tge
Cys
320

ggt
Gly

¢ty
Leu

act
Thr

tgg
Trp

cat
His
400

aag
Lys

aca
Thr

tge
Cys

tge
Cys

tgc
Cys
480

gat
Asp

gtt
Val

acc
Thr

aag
Lys

cac
His
560

cct
Pro

cet
Pro

tgt
Cys
305

cey
Pro

atc
Ile

cea
Pro

agg
Arg

gge
Gly
385

tge
Cys

gga
Gly

acc
Thr

cca
Pro

tge
Cys
465

ceg
Pro

gte
Val

999
Gly

tgt
Cys

ggt
Gly
545

tgt
Cys

gga
Gly

gaa
Glu
290

cca
Pro

gca
Ala

cte
Leu

gac
Asp

tgt
Cys
370

tge
Cys

tgc
Cys

gac
Asp

ccyg
Pro

gta
Val
450

cag
Gln

gce
Ala

gat
Asp

aat
Asn

tgt
Cys
530

gte

Val

tca
Ser

tac
Tyr
275

gga
Gly

ttt
Phe

g99g
Gly

caa
Gln

cea
Pro
355

cct
Pro

tgt
Cys

cct
Pro

aca
Thr

cte
Leu
435

999
Gly

cty
Leu

999
Gly

ttt
Phe

gtg
Val
515

aaa

Lys

tge
Cys

gce
Ala

cca
Pro

tat
Tyr

gce
Ala

tte
Phe

gta
Val
340

cay
Gln

aca
Thr

cee
Pro

cag
Gln

atg
Met
420

caa
Gln

caa
Gln

cece
Pro

tac
Tyr

atc
Ile
500

gag
Glu

gac
Asp

tgt
Cys

agg
Arg

gtg
Val

ace
Thr

aag
Lys

cay
Gln
325

999
Gly

ate
Ile

aac
Asn

atce
Ile

gge
Gly
405

gtg
Val

att
Ile

acce
Thr

cat
His

acce
Thr
485

cag
Gln

tgt
Cys

agt
Ser

aga
Arg

gga
Gly
565

aag
Lys

tyge
Cys

gce
Ala
310

tgt
Cys

tgg
Trp

tty
Leu

aat
Asn

cca
Pro
390

ttc
Phe

gct
Ala

g9a
Gly

tge
Cys

gct
Ala
470

tge
Cys

cct
Pro

gga
Gly

gca
Ala

gat
Asp
550

acc
Thr

gag
Glu

tyge
Cys
295

gtg
Val

cac
His

atg
Met

aag
Lys

acc
Thr
375

gag
Glu

aca
Thr

ggc¢
Gly

gat
Asp

tge
Cys
455

gtg
Val

aac
Asn

cce
Pro

gaa
Glu

gga
Gly
535

gga
Gly

aag
Lys

gtg
Val
280

cge
Arg

tgt
Cys

aca
Thr

aag
Lys

agt
Ser
360

tgc
Cys

get
Ala

tgt
Cys

ctyg
Leu

atc
Ile
440

cca
Pro

tgc
Cys

gtg
Val

gtg
Val

999
Gly
520

gtc
Val

cgt
Arg

tgt
Cys

aag
Lys

cte
Leu

tgt
Cys

gag
Glu

aag
Lys
345

gat
Asp

tgc
Cys

gte
Val

ctyg
Leu

gag
Glu
425

ggt
Gly

age
Ser

tgt
Cys

aag
Lys

cte
Leu
505

cat

His

tgg
Trp

cac
His

tty
Leu

tgc
Cys

aac
Asn

gac
Asp

aaa
Lys
330

gtc
Val

aca
Thr

aaa
Lys

tge
Cys

gct
Ala
410

aag
Lys

tgt
Cys

cte
Leu

gag
Glu

gcg
Ala
490

ctg
Leu

tte
Phe

gcc
2la

tgt
Cys

cga
Arg
570

868

916

964

1012

1060

1108

1156

1204

1252

1300

1348

1396

1444

1492

1540

1588

1636

1684

1732
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37

-continued
aag aag att cct cgc tgg gac atg ttt ttg agg gat ccg gtc cca aga 1780
Lys Lys Ile Pro Arg Trp Asp Met Phe Leu Arg Asp Pro Val Pro Arg
575 580 585
ccg cta ctg taaggaaggyg ctacagactt aaggaactcc acagtectgy 1829

Pro Leu Leu

gaaccctgtt ccgagggtac ccactactca ggccteccta gcegectecte ccectaacgte 1889
tececceggect actcatectyg agtcacccta tcaccatggyg aggtggagec tcaaactaaa 1949
accttctttt atggaaagaa ggctectggce aaaagccccyg tatcaaactg ccatttcette 2009
cggtttcetgt ggaccttgtyg gecaggtgcet ctteccgage cacaggtgtt ctgtgagett 2069
gcttgtgtgt gtgtgcgegt gtgcgtgtgt tgctccaata aagtttgtac gcetttcectgaa 2129
aaaaaaaa 2137
<210> SEQ ID NO 2

<211l> LENGTH: 589

<212> TYPE: PRT

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 2

Met Trp Val Leu Met Ser Trp Leu Ala Phe Ala Ala Gly Leu Val 2la
1 5 10 15

Gly Thr Gln Cys Pro Asp Gly Gln Phe Cys Pro Val Ala Cys Cys Leu
20 25 30

Asp Gln Gly Gly Ala Asn Tyr Ser Cys Cys Asn Pro Leu Leu 2Asp Thr
35 40 45

Trp Pro Arg Ile Thr Ser His His Leu Asp Gly Ser Cys Gln Thr His
50 55 60

Gly His Cys Pro Ala Gly Tyr Ser Cys Leu Leu Thr Val Ser Gly Thr
65 70 75 80

Ser Ser Cys Cys Pro Phe Ser Lys Gly Val Ser Cys Gly Asp Gly Tyr
85 90 95

His Cys Cys Pro Gln Gly Phe His Cys Ser Ala Asp Gly Lys Ser Cys
100 105 110

Phe Gln Met Ser Asp Asn Pro Leu Gly Ala Val Gln Cys Pro Gly Ser
115 120 125

Gln Phe Glu Cys Pro Agp Ser Ala Thr Cys Cys Ile Met Val Asp Gly
130 135 140

Ser Trp Gly Cys Cys Pro Met Pro Gln Ala Ser Cys Cys Glu 2Asp Arg
145 150 155 160

Val His Cys Cys Pro His Gly Ala Ser Cys Asp Leu Val His Thr Arg
165 170 175

Cys Val Ser Pro Thr Gly Thr His Thr Leu Leu Lys Lys Phe Pro Ala
180 185 190

Gln Lys Thr Asn Ser Ala Val Ser Leu Pro Phe Ser Val Val Cys Pro
195 200 205

Asp Ala Lys Thr Gln Cys Pro Asp Asp Ser Thr Cys Cys Glu Leu Pro
210 215 220

Thr Gly Lys Tyr Gly Cys Cys Pro Met Pro Asn Ala Ile Cys Cys Ser
225 230 235 240

Asgp His Leu His Cys Cys Pro Gln Asp Thr Val Cys Asp Leu Ile Gln
245 250 255

Ser Lys Cys Leu Ser Lys Asn Tyr Thr Thr Asp Leu Leu Thr Lys Leu
260 265 270
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-continued

40

Pro

Pro

Cys

305

Pro

Ile

Pro

Arg

Gly

385

Cys

Gly

Thr

Pro

Cys

465

Pro

Val

Gly

Cys

Gly

545

Cys

Asp

Gly Tyr Pro Val
275

Glu Gly Tyr Thr
290

Pro Phe Ala Lys
Ala Gly Phe Gln
325

Leu Gln Val Gly
340

Asp Pro Gln Ile
355

Cys Pro Thr Asn
370

Cys Cys Pro Ile
Cys Pro Gln Gly
405

Asp Thr Met Val
420

Pro Leu Gln Ile
435

Val Gly Gln Thr
450

Gln Leu Pro Hisg
Ala Gly Tyr Thr
485

Asp Phe Ile Gln
500

Asn Val Glu Cys
515

Cys Lys Asp Ser
530

Val Cys Cys Arg
Ser Ala Arg Gly
565

Met Phe Leu Arg
580

<210> SEQ ID NO 3
<211> LENGTH: 19
<212> TYPE: PRT

<213>

<220> FEATURE:

<223>

<400> SEQUENCE: 3

Lys

Cys

Ala

310

Cys

Trp

Leu

Asn

Pro

390

Phe

Ala

Gly

Cys

Ala

470

Cys

Pro

Gly

Ala

Asp

550

Thr

Asp

Glu

Cys

295

Val

His

Met

Lys

Thr

375

Glu

Thr

Gly

Asp

Cys

455

Val

Asn

Pro

Glu

Gly

535

Gly

Lys

Pro

Val

280

Arg

Cys

Thr

Lys

Ser

360

Cys

Ala

Cys

Leu

Ile

440

Pro

Cys

Val

Val

Gly

520

Val

Arg

Cys

Val

Lys

Leu

Cys

Glu

Lys

345

Asp

Cys

Val

Leu

Glu

425

Gly

Ser

Cys

Lys

Leu

505

His

Trp

His

Leu

Pro
585

ORGANISM: Artificial Sequence

Cys

Asn

Agp

Lys

330

Val

Thr

Lys

Cys

Ala

410

Lys

Cys

Leu

Glu

Ala

490

Leu

Phe

Ala

Cys

Arg

570

Arg

Asp

Thr

Asp

315

Gly

Ile

Pro

Leu

Cys

395

Gln

Ile

Asp

Lys

Asp

475

Arg

Thr

Cys

Cys

Cys

555

Lys

Pro

OTHER INFORMATION: synthetic peptide

Met

Gly

bt

300

Thr

Ala

Cys

Asn

380

Ser

Gly

Pro

Gln

Gly

460

Arg

Thr

Leu

His

Cys

540

Pro

Lys

Leu

Glu

285

Ala

Ile

Cys

Pro

Asp

365

Ser

Asp

Tyr

Ala

His

445

Ser

Gln

Cys

Gly

Asp

525

Pro

Gly

Ile

Leu

Val

Trp

His

Glu

Leu

350

Asp

Gly

Asn

Cys

Arg

430

Thr

Trp

Hisg

Glu

Pro

510

Asn

Tyr

Gly

Pro

Ser

Gly

Cys

Met

335

Arg

Phe

Asp

Gln

Gln

415

Gln

Ser

Ala

Cys

Lys

495

Lys

Gln

Leu

Phe

Arg
575

Cys

Cys

Cys

320

Gly

Leu

Thr

Trp

His

400

Lys

Thr

Cys

Cys

Cys

480

Asp

Val

Thr

Lys

His

560

Trp

Lys Lys Val Ile Ala Pro Arg Arg Leu Pro Asp Pro Gln Ile Leu Lys

1

Ser

5

Asp Thr

10

15
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41

-continued

42

<210> SEQ ID NO 4

<211>» LENGTH: 12

<212>» TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: synthetic peptide

<400> SEQUENCE: 4

Pro Asp Ala Lys Thr Gln Cys Pro Asp Asp Ser Thr
1 5 10

<210> SEQ ID NO 5

<211> LENGTH: 14

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

«<220> FEATURE:

<223> OTHER INFORMATION: synthetic peptide

<400> SEQUENCE: 5

Ser Ala Arg Gly Thr Lys Cys Leu Arg Lys Lys Ile Pro Arg
1 5 10

<210> SEQ ID NO 6

<211> LENGTH: 19

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: synthetic peptide

«<400> SEQUENCE: 6

Glu Lys Ala Pro Ala His Leu Ser Leu Pro Asp Pro Gln Ala Leu Lys
1 5 10 15

Arg Asp Val

«<210> SEQ ID NO 7

<211> LENGTH: 14

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: synthetic peptide

<400> SEQUENCE: 7

Ala Arg Arg Gly Thr Lys Cys Leu Arg Arg Glu Ala Pro Arg
1 5 10

<210> SEQ ID NO 8

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

«220> FEATURE:

<223> OTHER INFORMATION: synthetic oligonucleotide

<400> SEQUENCE: 8

cctacttgge agtacatcta cgta

«<210> SEQ ID NO 9

«<211> LENGTH: 27

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: synthetic oligonucleotide

<400> SEQUENCE: 9

cgagaattca ggcagaccat gtgggte

24

27
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<210> SEQ ID NO 10

<211>» LENGTH: 27

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: synthetic oligonucleotide

<400> SEQUENCE: 10

cgagaattca ggcagaccat gtgggte

<210> SEQ ID NO 11

<21l> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: synthetic oligonucleotide

<400> SEQUENCE: 11

ctgacggttc actaaacgayg cte

<210> SEQ ID NO 12

«<211> LENGTH: 25

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: synthetic oligonucleotide

<400> SEQUENCE: 12

ggatccacgyg agttgttace tgatc

<210> SEQ ID NO 13

<211> LENGTH: 25

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: synthetic oligonucleotide

<400> SEQUENCE: 13

gaattcgcayg gcagaccatg tggac

<210> SEQ ID NO 14

«<211> LENGTH: 21

«212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: synthetic oligonucleotide

<400> SEQUENCE: 14

gggtccacat ggtctgectg ¢

<210> SEQ ID NO 15

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: synthetic oligonucleotide

<400> SEQUENCE: 15
gccaccagee ctgctgttaa ggec
<210> SEQ ID NO 16
<211> LENGTH: 2095

<212> TYPE: DNA
<213> ORGANISM: Homo sapiens

27
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<400> SEQUENCE: 16
cgcaggcaga c¢c atg tgg acc ctg gtg agc tgg gtg gcc tta aca gca ggyg 51
Met Trp Thr Leu Val Ser Trp Val Ala Leu Thr 2la Gly
1 5 10
ctg gtg gct gga acg cgg tgc cca gat ggt cag ttc tgc cct gtg gcc 99
Leu Val Ala Gly Thr Arg Cys Pro Asp Gly Gln Phe Cys Pro Val 2Ala
15 20 25
tgc tgc ctg gac ccc gga gga gcc age tac age tge tge cgt cco ctt 147
Cys Cys Leu Asp Pro Gly Gly Ala Ser Tyr Ser Cys Cys Arg Pro Leu
30 35 40 45
ctg gac aaa tgg ccc aca aca ctg agc agg cat ctg ggt ggc ccc tyc 195
Leu Asp Lys Trp Pro Thr Thr Leu Ser Arg His Leu Gly Gly Pro Cys
50 55 60
cag gtt gat gcc cac tgce tet gee gge cac tee tge ate ttt acc gte 243
Gln Val Asp Ala His Cys Ser Ala Gly His Ser Cys Ile Phe Thr Val
65 70 75
tca ggg act tee agt tge tge cee tte cca gag gce gtg gca tgc ggg 291
Ser Gly Thr Ser Ser Cys Cys Pro Phe Pro Glu Ala Val Ala Cys Gly
80 85 90
gat ggc cat cac tgc tgc cca cgg ggc ttc cac tgc agt gca gac ggg 339
Asp Gly His His Cys Cys Pro Arg Gly Phe His Cys Ser Ala Asp Gly
95 100 105
cga tcc tgc tte caa aga tca ggt aac aac tce gtg ggt goc atc cag 387
Arg Ser Cys Phe Gln Arg Ser Gly Asn Asn Ser Val Gly Ala Ile Gln
110 115 120 125
tgc cct gat agt cag ttc gaa tgc ccg gac tte tee acg tgce tgt gtt 435
Cys Pro Asp Ser Gln Phe Glu Cys Pro Asp Phe Ser Thr Cys Cys Val
130 135 140
atg gtc gat ggc tcc tgg ggg tgc tgc ccc atg ccc cag gct tece tgc 483
Met Val Asp Gly Ser Trp Gly Cys Cys Pro Met Pro Gln Ala Ser Cys
145 150 155
tgt gaa gac agg gtg cac tge tgt ccg cac ggt gee tte tge gac ctg 531
Cys Glu Asp Arg Val His Cys Cys Pro His Gly Ala Phe Cys Asp Leu
160 165 170
gtt cac acc cgc tgc atc aca ccc acg gge acce cac cce ctg gca aag 579
Val His Thr Arg Cys Ile Thr Pro Thr Gly Thr His Pro Leu Ala Lys
175 180 185
aag ctc cct gce cag agg act aac agg gca gtg gcc ttg tce age tcg 627
Lys Leu Pro Ala Gln Arg Thr Asn Arg Ala Val Ala Leu Ser Ser Ser
190 195 200 205
gtc atg tgt ccg gac gca cgg tce cgg tgc cct gat ggt tect acc tgce 675
Val Met Cys Pro Asp Ala Arg Ser Arg Cys Pro Asp Gly Ser Thr Cys
210 215 220
tgt gag ctg ccc agt ggg aag tat ggc tgc tgce cca atg ccc aac gcc 723
Cys Glu Leu Pro Ser Gly Lys Tyr Gly Cys Cys Pro Met Pro Asn Ala
225 230 235
acc tgc tgc tecc gat cac ctg cac tgc tgc cce caa gac act gtg tgt 771
Thr Cys Cys Ser Asp His Leu His Cys Cys Pro Gln Asp Thr Val Cys
240 245 250
gac ctg atc cag agt aag tgc ctc tcc aag gag aac gct acc acg gac 819
Asp Leu Ile Gln Ser Lys Cys Leu Ser Lys Glu Asn Ala Thr Thr Asp
255 260 265
ctc cte act aag ctg cct geg cac aca gtg ggc gat gtg aaa tgt gac 867
Leu Leu Thr Lys Leu Pro Ala His Thr Val Gly Asp Val Lys Cys Asp
270 275 280 285
atg gag gtg agc tgc cca gat ggc tat acc tgc tgce cgt cta cag tcg 915

Met Glu Val Ser Cys Pro Asp Gly Tyr Thr Cys Cys Arg Leu Gln Ser
290 295 300
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ggg gcc tgg ggc tygc tgc cct ttt acc cag gct gtg tge tgt gag gac 963
Gly Ala Trp Gly Cys Cys Pro Phe Thr Gln Ala Val Cys Cys Glu Asp
305 310 315
cac ata cac tgc tgt ccc geg ggg ttt acg tgt gac acg cag aag ggt 1011
His Ile His Cys Cys Pro Ala Gly Phe Thr Cys Asp Thr Gln Lys Gly
320 325 330
acc tgt gaa cag ggg c¢cc cac cag gty ccc tgg atg gag aag gcc cca 1059
Thr Cys Glu Gln Gly Pro His Gln Val Pro Trp Met Glu Lys Ala Pro
335 340 345
gct cac ctc age ctg cca gac cca caa goc ttg aag aga gat gtc ccc 1107
Ala His Leu Ser Leu Pro Asp Pro Gln Ala Leu Lys Arg Asp Val Pro
350 355 360 365
tgt gat aat gtc age agc tgt ccc tee tec gat acce tge tge caa ctce 1155
Cys Asp Asn Val Ser Ser Cys Pro Ser Ser Asp Thr Cys Cys Gln Leu
370 375 380
acg tct ggg gag tgg ggc tge tgt cca atc cca gag gct gtc tgce tgce 1203
Thr Ser Gly Glu Trp Gly Cys Cys Pro Ile Pro Glu Ala Val Cys Cys
385 390 395
tcg gac cac cag cac tgce tge cecc cag cga tac acg tgt gta get gag 1251
Ser Asp His Gln His Cys Cys Pro Gln Arg Tyr Thr Cys Val Ala Glu
400 405 410
ggg cag tygt cag cga gga agc gag atc gtg gect gga c¢tg gag aag atg 1299
Gly Gln Cys Gln Arg Gly Ser Glu Ile Val Ala Gly Leu Glu Lys Met
415 420 425
cct gee cge cge ggt tece tta tec cac cecc aga gac ate gge tgt gac 1347
Pro Ala Arg Arg Gly Ser Leu Ser His Pro Arg Asp Ile Gly Cys 2Asp
430 435 440 445
cag cac acc agc tgc ccg gtg ggc gga acc tgc tgc ccg agc cag ggt 1395
Gln His Thr Ser Cys Pro Val Gly Gly Thr Cys Cys Pro Ser Gln Gly
450 455 460
ggg agc tgg gec tge tge cag ttg cecc cat get gtg tge tge gag gat 1443
Gly Ser Trp Ala Cys Cys Gln Leu Pro His Ala Val Cys Cys Glu Asp
465 470 475
cgc cag cac tgc tgc ccg goct ggc tac acc tgc aac gtg aag gct cga 1491
Arg Gln His Cys Cys Pro Ala Gly Tyr Thr Cys Asn Val Lys Ala Arg
480 485 490
tcec tgc gag aag gaa gtg gtc tect gee cag cct gee acce tte ctg gec 1539
Ser Cys Glu Lys Glu Val Val Ser Ala Gln Pro Ala Thr Phe Leu 2la
495 500 505
cgt agc cct cac gtg ggt gtg aag gac gtg gag tgt ggg gaa gga cac 1587
Arg Ser Pro His Val Gly Val Lys Asp Val Glu Cys Gly Glu Gly His
510 515 520 525
ttc tgc cat gat aac cag acc tgc tgc cga gac aac cga cag ggc tgg 1635
Phe Cys Hig Asp Asn Gln Thr Cys Cys Arg Asp Asn Arg Gln Gly Trp
530 535 540
gce tge tgt ccc tac gcc cag gge gtc tgt tgt get gat cgg cgc cac 1683
Ala Cys Cys Pro Tyr Ala Gln Gly Val Cys Cys Ala Asp Arg Arg His
545 550 555
tgc tgt cct gect gge tte cge tge gca cgc agg ggt acc aag tgt ttg 1731
Cys Cys Pro Ala Gly Phe Arg Cys Ala Arg Arg Gly Thr Lys Cys Leu
560 565 570
cgc agg gag gcc ccg cgc tgg gac gcc cct ttg agg gac cca gee ttg 1779
Arg Arg Glu Ala Pro Arg Trp Asp Ala Pro Leu Arg Asp Pro Ala Leu
575 580 585
aga cag ctg ctg tgagggacag tactgaagac tctgcagccc tcgggacccc 1831
Arg Gln Leu Leu

590



49

US 8,911,950 B2

-continued

50

actcggaggg

ggaccceatt

ctgtcagaayg

tggaccctgt

ttcaataaag

tgccctetge

ctgagctece

ggggttgagg

ggccaggtygce

tttgtcactt

<210> SEQ ID NO 17
<211> LENGTH: 593
<212> TYPE: PRT
<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 17

tcaggcctee ctagcaccte

catcaccatg ggaggtgggy

caaaagccca ttacaagety

ttttecctat ccacaggggt

tctt

Met Trp Thr Leu Val Ser Trp Val Ala Leu Thr

1

Gly

Asp

Trp

Ala

65

Ser

Phe

Ser

Gly

145

Arg

Arg

Ala

Pro

Pro

225

Ser

Gln

Lys

Ser

Gly
305

Thr

Pro

Pro

50

His

Ser

Cys

Gln

Gln

130

Ser

Val

Cys

Gln

Asp

210

Ser

Asp

Ser

Leu

Cys

290

Cys

Arg

Gly

35

Thr

Cys

Cys

Cys

Arg

115

Phe

Trp

His

Ile

Arg

195

Ala

Gly

His

Lys

Pro

275

Pro

Cys

10

Cys Pro Asp Gly Gln Phe Cys Pro

20

25

Gly Ala Ser Tyr Ser Cys Cys Arg

40

Thr Leu Ser Arg His Leu Gly Gly

55

Ser Ala Gly His Ser Cys Ile Phe

70

75

Cys Pro Phe Pro Glu Ala Val Ala

85

90

Pro Arg Gly Phe His Cys Ser Ala

100

105

Ser Gly Asn Asn Ser Val Gly Ala

120

Glu Cys Pro Asp Phe Ser Thr Cys

135

Gly Cys Cys Pro Met Pro Gln Ala
150 155

Cys Cys Pro His Gly Ala Phe Cys

165

170

Thr Pro Thr Gly Thr His Pro Leu

180

185

Thr Asn Arg Ala Val Ala Leu Ser

200

Arg Ser Arg Cys Pro Asp Gly Ser

215

Lys Tyr Gly Cys Cys Pro Met Pro
230 235

Leu His Cys Cys Pro Gln Asp Thr

245

250

Cys Leu Ser Lys Glu Asn Ala Thr

260

265

Ala His Thr Val Gly Asp Val Lys

280

Asp Gly Tyr Thr Cys Cys Arg Leu

295

Pro Phe Thr Gln Ala Val Cys Cys
310 315

cccctaacca aattctcecect
¢ctcaatcta aggcccttee
c¢catccecte cccgtttecag

gtttgtgtgt tgggtgtget

Ala Gly Leu Val 2la
15

Val Ala Cys Cys Leu
30

Pro Leu Leu Asp Lys
45

Pro Cys Gln Val Asp
60

Thr Val Ser Gly Thr
80

Cys Gly Asp Gly His
95

Asp Gly Arg Ser Cys
110

Ile Gln Cys Pro Asp
125

Cys Val Met Val Asp
140

Ser Cys Cys Glu Asp
160

Asp Leu Val His Thr
175

Ala Lys Lys Leu Pro
190

Ser Ser Val Met Cys
205

Thr Cys Cys Glu Leu
220

Asn Ala Thr Cys Cys
240

Val Cys Asp Leu Ile
255

Thr Asp Leu Leu Thr
270

Cys Asp Met Glu Val
285

Gln Ser Gly Ala Trp
300

Glu Asp His Ile His
320

1891

1951

2011

2071

2095
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Ala Phe Thr Thr

330

Cys Cys Pro Gly

325

Cys Asp

Gln Gln Val Met

345

His Pro Glu Ala Pro

340

Gly Pro Trp Lys

Gln Ala Val Pro

365

Leu
360

Pro Pro

355

Ser Leu Asp Lys Arg Asp

Val Thr Gln

380

Ser Leu

375

Ser Ser Pro Ser

370

Asp Cys Cys

Glu
385

Ile Glu Ala Val

395

Pro Pro

390

Trp Gly Cys Cys Cys Cys

Gln Pro Gln Thr Val Ala Glu

405

His Cys Arg Tyr Cys

410

Gln Ser Glu Ile Val Ala Leu Met

420

Arg Gly Gly

425

Glu Lys

Ser Leu Ser His Pro Ile

435

Arg Gly Arg

440

Asp Gly Cys Asp

445
Val Thr
455

Gln
460

Ser Cys Pro Pro Ser

450

Gly Gly Cys Cys Gly

Ala
465

Gln Pro His Ala Val Glu

470

Cys Cys Leu Cys Cys

475

Asp

Ala Thr Val

490

Cys Cys Pro Gly Asn Ala

485

Tyr Cys Lys Arg

Glu Val Val

500

Ala Gln Ala

505

Lys Ser Pro Thr Phe Leu Ala

Val Val Val Glu

520

His
525

Gly
515

Lys Asp Cys Gly Glu Gly

Asn Gln Thr Asn

530

Asp Cys Cys Arg

535

Asp Arg Gln Gly

540

Trp

Ala Gln Val

550

Pro Ala His

545

Tyr Gly Cys Cys Asp Arg

555

Arg

Ala Phe Ala Thr

570

Gly Arg Cys Leu

565

Arg Arg Gly Lys Cys

Ala Pro Arg Trp Ala Pro Leu Pro Ala Leu

580

Asp Arg

585

Asp

Leu

Gln Lys Gly Thr Cys

Ala

350

Cys

Thr

Ser

Gly

Pro

430

Gln

Gly

Arg

Ser

Arg

510

Phe

Ala

Cys

Arg

Arg
590

Glu
335

His Leu

Asp Asn
Ser

Gly

His
400

Asp

Gln
415

Cys

2la Arg

His Thr

Ser Trp

Gln His

480
Cys Glu
495

Ser Pro

Cys His
Cys Cys

Pro
560

Cys

Arg Glu

575

Gln Leu

The invention claimed is:
1. A method for diagnosing B-cell leukemia in a subject
comptising:
a) obtaining a biological sample from a subject; and
b) assaying for the presence of GP88 in said sample with an
anti-GP88 antibody or antigen-binding fragment
thereof, said anti-GP-88 antibody binding to an epitope
within SEQ ID NO:6;
wherein the presence of GP88 in said biological sample indi-
cates B-cell leukemia in said subject.
2. The method of claim 1, wherein said B-cell leukemia is
multiple myeloma.

50

55

3. The method of claim 1, wherein said biological sample
comprises a material selected from the group consisting of
blood, bone marrow, lymph, spleen, and liver.

4. The method of claim 1, wherein said anti-GP88 antibody
is chimeric or humanized.

5. The method of claim 3, comprising determining whether
GP88 is present in a bone marrow tissue sample, wherein the
presence of GP88 in said bone marrow tissue sample indi-
cates multiple myeloma in the subject.
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