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E #1 PCRERNTSLBOFVIRY LAF KT I(7—

[ | BEBF A T5A4T— (" —=3") FoFEIATSAT— (5" —3")

[ (craps TTGCACAARAGACTGCCAAG CATGAAGTCTGGGTGCTGTG

: (EHIB S 14) (EHES 15)

- AATTCCACACTGTGCCCTTC GTGGAGTCTGGAAGGACTCE

: EFIEE 16) EFIBE 17)

o 1o TGCGACTAGCCCCTGTCTAT CATGCACAAGGCTCACATCT

[ EHES 13) EFIES 19)

oo GCACCCAAGAGCAAGACTTC CGAGCTGCCTCTTITTCAAC

: (EFIRS 20) EFIEE 21)

ot 10 AATGCTTCCTGCCTCTGTCT ATCACTGGGCTTCACCACTT

: EFIES 22) (5B 23)

(o 5 AGAAAGGGGACCCTGACTCT AAGATCCTCACCGTCCTTGA

: EHES 20) EFIES 25)

: AGGAGCTGTGGARAACATGG CATAACAGACGGTGGCACAA

| THREET | mrigs o) (EFIBE 27)

{ogse ACAGGTGGATGTGTTTCCTG TTCATCCTCCCCCTICTTCT

[ (ELFIB S 28) (EFIBE 29)

{vrswtor ¢ | CTOCTGGACATCATGACAGC AGCGGCTCCAAGTCTTGATA

[ 5B S 30) (EHIES 3D)

. CCAGGCAACAAAAGGACAGA TGCCTTCTGTCATTGGGAAT

[ (EFIBE 32) (EFIES 33)

(120 /Epns | CCAGTGCATCATGTGTGTCA CCCGAAATCCAGAGAGATGA

[ (EEFIE B 34) (& FI% S 35)

Tioevsss | CTGGCACCTCCTACGTCARR TGAATCCTTTCCCTTTATGRTC

[ (EFIBE 36) (EFIES 37

i - GAGGTGCAGTCCAAAAGGAA TGTGTTGGCGTACAGGTCTTTG

[ (EFIES 38) (EFIES 39)

[ 5orpps | TCTGTTGGCGTACAGETCITTG | TGIGTTGGCGTACAGOTCTTTG

[ EFIES 40) EFIBS 41)
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#11 PCROBESH(T)

BT £ T i & AN EHOHAX

IGFBP-3 95 60 72 27 247

Mac-2BP 95 60 72 29 249

B 1G-H3 95 60 72 27 199

PCI 95 60 72 28 249

FAT 10 95 60 12 27 246

EPLIN 8 95 60 72 26 261
THIfAZEE v 95 60 72 26 252

PAZ8 o 95 60 72 27 250

VFH- AR - 95 60 72 29 197

Bene 95 60 72 26 265

HIF-2 o /EPAS-1 95 60 72 26 250

L-zvoF 95 60 12 26 195

RNF 95 60 72 29 200

B-FUF 95 60 72 21 275
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REAGENTS AND METHODS FOR IDENTIFYING AND MODULATING
EXPRESSION OF GENES REGULATED BY RETINOIDS
BACKGROUND OF THE INVENTION

This application claims priority to U.S. Provisional Application Serial No.
60/207,535, filed May 26, 2000.

This application was supported by a grant from the National Institutes of Health,
No.ROI CA62099. The government may have certain rights in this invention.

L Field Of The Invention

This invention is related to changes in cellular gene expression and compounds
that produce changes in cellular gene expression. In particular, the invention is related
to the identification of genes the expression of which is medulated by a class of
compounds known as retinoids, being chemically related to retineic acid and Vitamin A,
More specifically, the invention provides methods for identifying compounds other than
retinoids that modulate expression of these cellular genes. The invention also provides
reagents that are recombinant mammalian cells containing recombinant expression
constructs that express a reporter gene under the franseriptional conirol of a promoter for
a gene that is regulated by retinoids, and methods for using such cells for identifying

compounds other than retinoids that modulate expression of these cellular genes.

2. Summary Of The Related Art

Retinoids are naturally-occurring or synthetic derivatives of vitamin A. They
comprise a class of clinically important differentiation agents that regulate cell growth
and differentiation at the level of transcription, by binding to nuclear receptors that act as
ligand-dependent &@cripﬁou factors. These compounds induce cellular differentiation

or terminal proliferation arrest in a number of tumor cell types in vive and in vifre that
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express retinoid receptors (Warrell, 1997, in CANCER. PRINCIPLES & PRACTICE OF
ONCOLOoGY (DeVita et al., eds.), pp. 483-490 (Lippincott-Raver, Philadelphia), making
them useful for treating some cancers, such as acute promyelocytic lenkemia and cancer
chemoprevention,

The target of retinoid action is the cell nucleus, where retinoids bind to two types
of receptors, termed RARs (retinoic acid receptors) and RXRs (retinoid X receptors)
(Mangelsdorf ez al., 1994, “The retinoid receptors,” in: The Retinoids: biology,
chemistry, and medicine, Sporn ef al., eds., New York: Raven Press, pp. 319-351.)
Retinoid-bound receptor molecules form homo- (RXR-RXR) and heterodimers (RAR-
RXR) that act as transcription factors. These dimers bind to specific cis-regulatory
sequences in the promoters of retinoid-responsive target genes, termed RARE (Retinoic
Acid Response Elements), regulating their transoription. The resulting changes in gene
expression are caused either directly by retinoid receptor regulation of target gene
expression, or indirectly through the action of retinoid-activated signal transduction
pathways, for example, pathways activated by the transcription factor AP-1. These gene
cxpression changes are ultimafely responsible for the growth-inhibitory effect of
retinoids (Warrell, 7d.).

Although retineids have had some clinical success in cancer treatment, their use
has been limited by at least fwo factors: development of resistancé (Miller et al., 1998,
Cancer 83: 1471-1482) or toxicity. Development of resistance is due in part to
alterations of retinoic acid receptors and retinoid receptor-mediated pathways (Miller ef
al., ibid.). Toxicity is generally atiributed to the broad physiologic consequences of
refinoids, resulting from pleiotropic changes in gene expression produced by treatment
with retinoids.

Several growth-inhibitory genes have been previously found te be inducible by
retinoids in epithelial cells. None of these genes, however, was shown to be solely

responsible for the growth-inhibitory effect of retinoids.
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Adame et al., 1992, Endocrinology 131: 1858-1866 disclosed induction of
insulin-like growth factor binding protein 3 (IGFBP-3) in breast carcinoma cell lines.

Swisshelm et al., 1995, Proc. Natl. Acad, Sci. US4 92: 4472-4476 identified
another insulin-like growth factor binding protein, IGFBP-7 (also known as insulin-like
growth factor binding protein related protein 1, or IGFBP-1P1, and mac25) as a protein
induced by treatment of cells with fenretinide (4-hydroxyphenylretinamide, 4-HPR).
This protein was also shown to be down-regulated in mammary carcinoma cell lines.

Kato et al., 1996, Oncogene 12: 1361-1364 showed that introduction of mac25
¢DNA info an osteasarcoma cell line inhibited growth.

Gueev et al., 1996, Cancer Res. 56: 1545-1550 identified IGFBP-3 as a protein
induced in breast carcinoma cells both by all-#rans retinoic acid (RA) and by
transforming growth factor B (TGF-$). RA-mediated growth inhibition in these cells
was alleviated by introducing an antisense oligonucleotide into the cells that inhibitea
IGFBP-3 expression, or by introducing exogenous IGFBP-3 into the cells.

DiSepio ef al., 1998, Proc. Natl. dcad. Sci. USA 95: 14811-14815 showed that
tazarotene-induced gene 3 (TIG-3, also known as retinoid-inducible gene 1, RIG-1), a
putative tumor suppressor gene, is induced in primary human keratinocytes. TIG-3
shows decreased expression in cancer cells, mhibits the growth of cancer cells when
expressed, and shares sequence homology with a known tumer suppressor gene, H-rev
107.

Huang et al., 2000, Molec. Cell. Endocrinol. 159: 15-24 showed that TIG-3 was

induced by retinoids in a gastric carcinoma cell line in vitro.
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Liu et al., 2000, J. Cancer Res. Clin. Oncol. 126: 85-90 teported that RA—
induced expression of a metastasis suppressor gene, nm23-H1 in a hepatocarcinoma cell
line.

The teachings of the prior art suggest that one mechanism of retinoid-mediated
growth inhibition is the activation (or re-activation) of tumor suppressor genes and other
growth-inhibitory genes that have been repressed or whose expression has been down-
regulated in tumor cells. However, the reports in the art fail to indicate the identity or
number of growth-inhibitory genes that are activated under the conditions of retinoid-
induced growth arrest. Such reports also fail to indic;ate if retinoid-induced genes are
induced by retinoids directly, through RARE sites in their promoters, or indirectly. In
the latter case, it should be possible to activate such growth-inhibitory genes even in the
cells that are not responsive to retinoids.

There remains a need in this art to identify genes whose expression is modulated
by retinoids, and especially growth-inhibitory genes that are induced by retinoids
indirectly. There is also a need in this art to develop methods for assessing the cft;ams of
compounds on expression of retinoid-modulated cellular genes, particularly growth-
inhibitory genes. There is an additional need to develop alternative compounds that
mimic the effects of retinoids on cellular gene expression, to which resistance is not so
easily developed and that lack the toxicity and other systemic side-effects of retinoids in

current clinical use.

SUMMARY OF THE INVENTION
This invention provides genes whose expression is modulated by retinoids and

reagents and methods for identifying compounds that mimic the effects of retinoids
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without producing resistance or toxicity to said compounds.

In a first aspect, the invention provides a recombinant expression construct
enceding a reporter gene operably linked to a promoter from a gene the expression of
which is induced by a retinoid and which does not contain a RARE site. In preferced
embodiments, the reporter gene encodes firefly Iuciferase, chloramphenicol
acetyltransferase, beta-galactosidase, green fluorescent protein, or alkaline phosphatase.

Preferred retinoids include all-frans retinoic acid, fenretinide, 9-cis retinoic acid, 13-cis

retinoic acid, efretinate and retinol (Vitamin A). Most preferred promoters comprising
the recombinant expression constructs of the invention are promoters from a cellular
gene that is known to be induced by a retinoid and to have a growth-inhibitory activity.
In preferred embodiments, the cellular gene promoter is from human insulin-iike growth
factor binding protein-3 (IGFBP-3; SEQ ID NO. 1), secreted cell adhesion protein BIG-
H3 (SEQ ID NO. 2), epithelial protein lost in neoplasm (EPLIN; SEQ ID NO. 3),
ubiquitin-like protein FAT10 (SEQ ID NO. 4), proteasome activator PA28 subunit a
(PA28¢; SEQ ID NO.:5), Mac-2 binding protein (Mac-2 BP; SEQ ID NO.:6), Protein C
inhibitor (PCI; SEQ ID NO.:7), T cell receptor gamma (SEQ ID NO.:8), retinal oxidase
(SEQ ID NO.:9), Bene (SEQ ID NQ.:10), HIF-2alpha/ EPAS-1 (SEQ ID NO.:11), or
selectin L (SEQ ID NO.: 12). In particularly preferred embodiments, the promoter is
from human insulin-like growth factor binding protein-3 (IGFBP-3; SEQ ID NO. 1),
secreted cell adhesion protein BIG-H3 (SEQ ID NO. 2), epithelial protein lost in
neoplasm (EPLIN; SEQ ID NO. 3), ubiquitin-like protein FAT10 (SEQ ID NO. 4), or
proteasome activator PA28 subunit « (PA28¢; SEQ ID NO. 5).

In a second embodiment, the invention provides a mammalian cell containing a

recombinant expression construct of the invention enceding a reporter gene under the
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transcriptional conirol of a promoter from a refinoid-inducible cellular gene. In
preferred embodiments, the reporter gene encodes firefly luciferase, chloramphenicol
acetyliransferase, beta~galactosidase, green fluorescent protein, or alkaline phosphatase.
Preferred retinoids include all-irans retinoic acid, fenretinide, 9-cis retinoic acid, 13-cis
retinoic acid, efretinate and retinol. Most preferred promoters comprising the
recombinant expression constructs of the invention are promoters from a cellular gene
that is known to be induced by a retinoid and to have a growth-inhibitory activity or
from human insulin-like growth factor binding protein-3 (JGFBP-3; SEQ ID NO. 1),
secreted cell adhesion protein BIG-H3 (SEQ ID NO. 2), epithelial protein lost in
neoplasm (EPLIN; SEQ ID NO. 3}, ubiquitin-like protein FAT10 (SEQ ID NO. 4),
proteasome activator PA28 subunit 0. (PA280; SEQ ID NO.:5), Mac-2 binding protein
{Mac-2 BP; SEQ ID NO.:6), Protein C inhibitor (PCI; SEQ ID NO.:7), T cell receptor
gamma (SEQ ID NO.:8), retinal oxidase (SEQ ID NO.:9), Bene (SEQ ID NO.:10), HIF-
2alpha/ EPAS-1 (SEQ ID NO.:11), or selectin L (SEQ ID NO.:12). In particularly
preferred embodiments, the promoter is from human insulin-like growth factor binding
protein-3 (JGFBP-3; SEQ ID NO. 1), secreted cell adhesion protein fIG-H3 (SEQ ID
NO. 2), epithelial protein lost in neoplasm (EPLIN; SEQ ID NO. 3), ubiquitin-like
protein FAT10 (SEQ ID NO. 4), or proteasome activator PA28 subunit « (PA28a; SEQ
ID NO. 5).

In a third embodiment, the invention provides a method for identifying a
compound that induces expression of a retinoid-inducible gene in a mammalian cell. In
this method, recombinant mammalian cells according to the invention containing a
recombinant expression construct of the invention encoding a reporter gene under the

transcriptional control of a promoter from a retinoid-inducible cellular gene are cultured

JP 2004-509608 A 2004.4.2



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

(28)

WO 01/92578 PCT/US01/17161

10

15

20

under conditions that induce expression of at least ome retinoid-induced gene in
mammalian cells in the presence and absence ofa compound. Reporter gene expression
is compared in the cell in the presence of the compound with reporter gene expression in
said cellin the absence of the compound. Compounds that induce retinoid-induced gene
expression are identified if reporter gene expression is higher in the presence of the
compound than in the absence of the compound. In preferred embodiments, the reporter
gene encodes firefly luciferase, chioramphenicol acetyliransferase, beta-galactosidase,
green fluorescent protein, or alkaline phosphatase. Preferred retinoids include all-frarns
retinoic acid, fenretinide, 9-cis retinoic acid, 13-¢is retinoic acid, etretinate and retinol..
Most preferred promoters comprising the recombinant expression constructs of the
invention are promoters of a cellular gene that is known to be induced by a retinoid and

to have a growth-inhibitory activity or from human insulin-like growth factor binding

protein-3 (IGFBP-3; SEQ ID NO. 1), secreted cell adhesion protein BIG-H3 (SEQ ID .

NO. 2), epithelial protein lost in neoplasm (EPLIN; SEQ ID NO. 3), ubiquitin-like
protein FAT10 (SEQ ID NO. 4), proteasome activator PA28 subunit o (PA28a; SEQ ID
NO.:5), Mac-2 binding protein (Mac-2 BP; SEQ ID NO.:6), Protein C inhibitor (PCI;
SEQ ID NO.:7), T cell receptor gamma (SEQ ID NO.:8), retinal oxidase (SEQ 1D
NO.:9), Bene (SEQ ID NO.:10), HIF-2alpha/ EPAS-1 (SEQ ID NO.:11), or selectin L
(SEQID NO.:12). Inparticularly preferred embodiments, the promoter is from human
insulin-like growth factor binding protein-3 (IGFBP-3; SEQ ID NO. 1), secreted cell
adhesion protein BIG-H3 (SEQ ID NO. 2), epithelial protein lost in neoplasm (EPLIN;
SEQ ID NO. 3), ubiquitin-like protein FAT10 (SEQ ID NO. 4), or proteasome activator
PA28 subunit « (PA28¢; SEQ ID NO. 5). In preferred embodiments, expression of the

reporter gene is detected using an immunological reagent, by hybridization to a
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complementary, detectably-labeled nucleic acid, or by detecting an activity of the
reporter gene product.

In a fourth embodiment, the invention provides a method for identifying a
compound that induces expression of a retinoid-inducible gene in a mammalian cell. In
this aspect of the invention, mammalian cells are cultured in the presence and absence of
the compound. The cells are then assayed for expression of at least one cellular gene
whose expression is induced by a retinoid. Compounds that induce expression of a
retinoid-inducible gene in a mammalian cell are identified if expression of the cellular
genes of subpart (b) is higher in the presence of the compound than in the absence of the
compound. Preferred retinoids include all-frans retinoic acid, fenretinide, 9-cis retinoic
acid, 13-cis retinoic acid, efretinate and retinol. The gene is a cellular gene that is
known to be induced by a retinoid and to have a growth-inhibitory activity or human
insulin-like growth factor binding protein-3 (IGFBP-3; NCBI Accession No.
M35878.1), secreted cell adhesion protein BIG-H3 (Accession No. AC004503.1),
epithelial protein lost in neoplasm (EPLIN; Accession No. AH009382.1), ubiquitin-like
protein FAT10 (Accession No. AL031983), Mac-2 binding protein (Mac-2 BP;
Accession No. U91729), Protein C inhibitor (PCT; Accession No. AL(49839.3), T cell
receptor gamma (Accession No. AC006033.2), retinal oxidase (Accession No.
AF010260), Bene (Accession No. AP001234.3), HIF-2alpha/EPAS-1 (Accession No.
NT_005065.3), selectin L (Accession No. AL021940.1), or proteasome activator PA28
subunit a (PA28a; Accession No. AL136295.2). In particularly preferred embodiments,
the gene is human IGFBP-3, BIG-H3, EPLIN, FAT10 or PA28c. In preferred
embodiments, expression of the celtular gene is detected using an immunological

reagent, by hybridization to a complementary, detectably-labeled nucleic acid, or by
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detecting an activity of the gene product.

The invention also provides methods for treating an animal having cancer to
prevent or ameliorate the disease. In this aspect, a therapeutically-effective dose of a
compound identified by the invention that induces expression of a retinoid-induced gene
is administered to an animal, most preferably a human, in need thereof.

Specific preferred embodiments of the present invention will become evident
from the following more detailed description of certain preferred embodiments and the

claims.

BRIEF DESCRIPTION OF THE DRAWINGS

Figures 1A and 1B are graphs showing the effects of retinoic acid (RA) on
colony formation by MCF-7 cells. In each assay, 1.5 x 107 cells were plated per P100,
in the absence or in the presence of RA.. For clonogenic assays, cells were trypsinized
after treatment, and 2,500 cells were plated per P100 and grown in drug-free media.
Colonies comprising at least 60-80 cells were scored 12-14 days after plating; these
results were normalized by the number of colonies formed by untreated cells. Each
point represents the mean and standard deviation for triplicate assays. Figurc 1A shows
the effect of treatment with 100 nM RA for the indicated number of days. Figure 1B
shows the effect of 40 hr treatment with the indicated doses of RA.

Figures 2A. through 2C show the results of RT-PCR analysis of changes in the
expression of retinoid-inducible genes as described in Example 1. The identity of each
gene is followed by the NCBI Accession Number (in parentheses). Figure 2A shows a
time course of changes in gene expression on the indicated days after the addition of 100

nM RA. The designations “R5” and “R8” correspond to days 5 and 8 after release from

JP 2004-509608 A 2004.4.2
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S-day RA treatment, respectively. Figure 2B shows the effects of 40 hr treatment with
the indicated doses of RA. Figure 2C shows a time course of changes in gene
expression on the indicated days after the addition of 1 pM fenretinide.
Figure 3A is a photomicrograph and Figure 3B is a photograph of an immunoblot
showing induction of IGFBP-3, HIF20/EPAS-1 and EPLIN proteins in R A-treated cells.
Figure 3A shows the results of immunocytechemical analysis of IGFBP-3,
HIF2a/EPAS-1 and EPLIN in untreated MCF-7 cells and in cells treated with 100 nM
RA for 5 days. Figure 3B shows immunoblotting analysis of EPLIN in untreated MCF~

7 cells and in cells treated with 100 oM RA for the indicated number of days.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

This invention provides genes induced to express by retinoids. The invention
alse provides reagents and methods for identifying compounds that mimic the gene
expression inducing properties of retinoids but lack toxicity and propensity for cells to
develop resistance that is characteristic of retinoid treatment.

The present inventors have determined that retinoid treatment of retinoid-
sensitive cells, such as human breast carcinoma MCE-7 cells, induces the expression of a
group of genes that comprise a cohort of retinoid-inducible genes. Several of these
genes are growth-inhibitory genes, i.e., genes whose expression inthibits the growth or
tumorigenicity of tumor cells. These genes are important , infer alia, as targets to be
induced in tumor cells and other cells that proliferate inappropriately or pathogenically
to inhibit the growth thereof. Jt was known in the art that genes whose expression was
regulatable by retinoids contained a specific class of sequences in their promoters,

termed RARE (Mangelsdorf et al., 1994, in THE RETINOIDS: BIOLOGY, CHEMISTRY, AND

-10-

JP 2004-509608 A 2004.4.2



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

(32)

WO 01/92578 PCT/US01/17161

10

15

20

MEDICINE, (Spom et al., eds.), pp. 327-330 (Raven Press, New York). Surprisingly,
however, all but one of the genes most strongly induced by retinoids in MCF-7 cells as
determined by the inventors did not contain such RARE sequences in their promoters.
This unexpected result indicated that retinoids activate these genes indirectly, by a
mechamism that does not require RXR homodimer or RAR-RXR heterodimer binding to
RARE sequences for these genes. This result also suggested that compounds other than
retinoids should be capable of inducing expression of these (and perhaps other) growth-
inhibitory genes in both retinoid-sensitive and retinoid-insensitive cells. Before the
present invention, there was no reason to suspect that retinoid-insensitive cells could be
induced to express retinoid-inducible growth inhibitory genes.

Disclosed hersin is the inventors' discovery of 13 retinoid-inducible genes,
including several genes having growth-inhibitory effects in mammalian cells. One of
ordinary skill will appreciate that these results are not exhaustive, and other growth
inhibitory genes may be induced by retinoids in mammalian cells. In view of the instant
results, the skilled worker will also appreciate that some of these additional genes will be
expected 1o lack RARE sequences in their promoters and thus be indirectly induced by
retinoids. As disclosed herein, retinoid-inducible genes lacking RARE sequences in
their promoters are useful targets for identifying compounds other than retinoids that
mimic the physiologically-based growth inhibitory effect on cell profiferation.
Identifying such compounds advantageously provides alternative agents for producing
growth arrest in mammalian cells, particularly tumor cells and other cells that proliferate
inappropriately or pathogenically. Such compounds are beneficial because they can
mimic the growth-inhibitory effects of retinoids.

Another advantage of such compounds is that they can be expected to have a

~11-
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growth-inhibitory effect without producing systemic side effects found with other
growtb-inhibitory compounds known in the prior art. For example, many growth-
inhibitory drugs and compounds known in the prior art disadvantageously induce p21

gene expression, which induces senescence, growth arrest and apoptosis by activating a

plurality of genes, the expression of which is fated with the development of
diseases, particularly age-related diseases such as Alzheimer’s disease, atherosclerosis,
renal disease, and arthritis (as disclosed in co-owned and co-pending U.S. Serial No.
60/ , filed February 1, 2001 (Attorney Docket No. 99,216-E) and U.S.

Serial No. 09/ filed May 21, 2001 (Attorney Docket No. 99,216-F),

incorporated by reference herein. Retinoic acid-induced growth inhibition in MCF-7
cells, in confrast, does not induce p21 (Zhu ef al., 1997, Exp. Cell Res. 234: 293-299).
The genes identified herein that are induced by retinoids are not known to be associated
with any disease or disadvantageous or pathogenic effect when expressed in an animal.
Thus, identification of such compounds that mimic the growth-inhibitory effects of
retinoids by inducing expression of one or a plurality of the genes identified herein can
be expected to have reduced or no such side-effects, making them better agents for anti-
tumor and other therapies. Discovery of compounds that mimic the growth-inhibitory
effects of retinoids without producing the toxic side effects of growth-inhibitory
compounds known in the art is thus advantageously provided by the invention.

As provided herein, mammalian genes responsive to retinoids but not containing
RARE sites in their promoters include human insulin-like growth factor binding protein-
3 (IGFBP-3; NCBI Accession No. M35878.1), secreted cell adhesion protein BIG-H3
(Accession No. AC004503.1), epithelial protein lost in neoplasm (EPLIN; Accession

No. AH009382.1), ubiquitin-like protein FAT10 (Accession No. AL031983), Mac-2

-12 -

JP 2004-509608 A 2004.4.2



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

(34)

WO 01/92578 PCT/US01/17161

10

15

20

binding protein (Mac-2 BP; Accession No. U91%29), protein C inhibitor (PCL;
Accession No. AL049839.3), T cell receptor gamma (Accession No. AC006033.2),
retinal oxidase (Accession No. AF010260), Bene (Accession No. AP001234.3), HIE-
2alpha/EPAS-1 (Accession No. NT_005065.3), selectin L (Accession No. AL021940.1),
or proteasome activator PA28 subunit « (PA28e; Accession No. AL136295.2).

For the purposes of this invention, reference to a cell” or "cells” is intended to
be equivalent, and particularly encompasses i vitro cultures of mammalian cells grown
and maintained as known in the art.

For the purposes of this invention, reference to "cellular genes" in the plural is
intended to encompass a single gene as well as two or more genes. It will also be
understood by those with skill in the art that effects of modulation of cellular gene
expression, or reporter constructs under the franscriptional control of promoters derived
from cellular genes, can be detected in a first gene and then the effect replicated by
testing a second or amy number of additional genes or reporter gene constructs.
Alternatively, expression of two or more genes or reporter gene constructs can be
assayed simultaneously within the scope of this invention.

As used herein, the term “RARE site” is intended to encompass two hexameric
core motifs (as defined in Mangelsdorf et al., 1994, in THE RETINOIDS: BIOLOGY,
CHEMISTRY, AND MEDICINE, (Sporn et al., eds.), pp. 327-330 (Raven Press, New York),
separated by one, twe or five nucleotides), wherein the hexameric motifs are arranged as
direct, inverted or palindromic repeats.

The instant inventors have shown that treatment of MCF-7 human breast
carcinoma cells with low doses of retinoids induces gradual growth arrest with minimal

cytotoxicity and phenotypic features of cell senescence (Chang et al., 1999, Cancer Res.

-13-
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59: 3761-3767). Relatively low doses of RA were found to induce irreversible growth
arrest in MCF-7 cells, while producing only a minor reduction in cell numbers caused by
cell death. This effect with “low dose” RA (between 10-100 nM) required 4-6 days of
continuous exposure to RA to become apparent. Low-dose retinoid treatment was
accompanied by the development of phenotypic changes in the treated cells
characteristic for cellular senescence, including the development of an enlarged,
flattened cellular morphology and expression of the sen.escence~asséciated marker, SA-
p-galactosidase (SA-B-gal). Induction of SA-B-gal was also observed in xenografts of
MCEF-10T neo mammary epithelial cells iz vivo after treatment with fenretinide. These
results suggested that retinoid treatment induces senescence in tumor cells in vive and in
vitro when administered in cytostatic doses.

Senescence can be induced in a mammalian cell in a number of ways known to
those with skill in the art. For example, senescence is a natural consequence of normal
cell growth, either in vive or in vitro: there are a limited number of cell divisions,
passages or generations that a normal cell can undergo before it becomes senescent. The
precise number varies with cell type and species of origin (Hayflick & Moorhead, 1961,
Exp. Cell Res. 25: 585-621). Senescence can also be induced in both normal and tumor
cells by treatment with cytotoxic drugs such as most anticancer drugs or radiation. See,
Chaﬁg etal, 1999, Cancer Res. 59:3761-3767. Sencscence also can be rapidly induced
in any mammalian cell by transducing into that cell a tumor suppressor gene (such as
P53, p21, p16 or Rb) and expressing the gene therein. See, Sugrue ef al., 1997, Proc.
Natl. Acad. Sci, USA 94: 9648-9653; Uhrbom et al., 1997, Oncogene 15: 505-514; Xu
et al., 1997, Oncogene 15: 2589-2596; Vogt et al., 1998, Celz Growth Differ. 9: 139-

146. These and other means and methods for inducing senescence in mammalian cells
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will be appreciated and understood by those with skill in the art, and fall within the
compass of this invention.

The reagents of the present invention include any mammalian cell, preferably a
redent or primate cell, more preferably a mouse cell and most preferably a human cell,
that can induce ceflular gene expression in response to a retinoid, wherein such gene is

either the end JUS gEne or an ex gene introduced by genetic engineering.

Preferred cells include mammalian cells, preferably rodent or primate cells, and more
preferably mouse or human cells.

Recombinani expression construets can be introduced into appropriate
‘mammalian cells as understood by those with skill in the art, Preferred embodiments of
said constructs are produced in transmissible vectors, more preferably viral vectors and
most preferably retrovirus vectors, adenovirus vectors, adeno-associated virus vectors,

and vaccinia virus vectors, as known in the art. See, generally, MAMMALIAN CELL

BIOTECHNOLOGY: A PRACTICAL APPROACH, (Butler, ed.), Oxford University Press: New . -

York, 1991, pp. 57-84.

The invention also provides recombinant expression constructs wherein a |

reporter gene is under the transcriptional control of a promoter of a gene whose
expression is induced by a retinoid. In preferred embodiments of this aspect of the
invention, the retinoid is all-frans retinoic acid, fenretinide, 9~cis retinoic acid, 13-cis
retinoic acid, etretinate or retinol. In preferred embodiments, the promoters are derived
from genes whose expression is induced or otherwise increased by treatment of the cell
‘with a retinoid, and preferably from human insulin-like growth factor binding protein-3
(IGFBP-3; SEQ ID NO. 1), secreted cell adhesion protein PIG-H3 (SEQ ID NO. 2),

epithelial protein lost in neoplasm (EPLIN; SEQ ID NO. 3), ubiquitin-like protein
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FAT10 (SEQIDNOQ. 4), proteasome activator PA28 subunit o. (PA280; SEQID NO.:5),
Mac-2 binding protein (Mac-2 BP; SEQ ID NO.:6), Protein C inhibitor (PCT; SEQ ID
NO.:7), T cell receptor gamma (SEQ ID NO.:8), reiinal oxidase (SEQ ID NO.:9), Bene
(SEQ ID NO.:10), HIF-Zalpha/ EPAS-1 (SEQ ID NO.:11), or selectin L (SEQ ID
NO.:12). Most preferably, the promoter is derived from human insulin-like growth
factor binding protein-3 (IGFBP-3; SEQ ID NO. 1), secreted cell adhesion protein BIG-
H3 (SEQ ID NO. 2), epithelial protein lost in neoplasm (EPLIN; SEQ ID NO. 3),
ubiguitin-like protein FAT10 (SEQ ID NO. 4), or proteasome activator PA28 subunit o
(PA280; SEQID NO.:5), Mac-2 binding protein (Mac-2 BP; SEQ ID NO.:6), Protein C
inhibitor (PCT; SEQ ID NO.:7), T cell receptor gamma (SEQ ID NO.:8), retinal oxidase
(SEQ ID NO.:9), Bene (SEQ ID NO.:10), Hﬁ?—Zalpha/ EPAS-1 (SEQ ID NO.:11), or
selectin L (SEQ ID NO.:12). Most preferably, the promoter is derived from human
insulin-like growth factor binding protein-3 (IGFBP-3; SEQ ID NO. 1), secreted cell

adhesion protein BIG-H3 (SEQ ID NO. 2), epithelial protein lost in neoplasm (EPLIN;

SEQ ID NO. 3), ubiquitin-like protein FAT10 (SEQ ID NO. 4), or proteasome activator

PA28 subunit o (PA28q; SEQ ID NO. 5). These reporier genes are then used as
sensitive and convenient indicators of the effects of retinoid-induced gene expression,
and enable compounds that mimic the effects of retinoids in mammalian cells to be
easily identified. Host cells for these constructs include any mammalian cell. Reporter
genes useful in the practice of this aspect of the invention include but are not limited to

firefly luciferase, chloramphenicol acetylfransfe beta-galactosidase, green

fluorescent protein, and alkaline phosphatase.
The following Examples are intended to further illustrate certain preferred

embodiments of the invention and are not limiting in nature.
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EXAMPLE 1
Analysis of Gene Expression Modulation by Treatment
With Retinoic Acid

Cytological and gene expression analyses were performed to determine the
effects of retinoic acid treatment on MCF-7 cells in culture.

Clonogenic assays were performed to analyze the differences in proliferative
capacity in MCF-7 cells after treatment with 1000M RA for varying times. Cells were
exposed to 100nM RA for 1-7 days and tested for their capacity to form colonies after
treatment at each time point. As shown in Figure 1A, plating efficiency, normalized to
untreated control, decreased with time of cell incubation with 100nM RA. The decrease
was initially rapid (from 100% to 40% plating efficiency after 2 days incubation with
RA) and decreased more slowly to a final plating efficiency of about 10% at day 7.
Figure 1B shows the plating efficiency of MCF-7 cells at varying concentrations of RA;
these results show a dose-dependent reduction in plating efficiency at all tested doses (as
low as 10 nM). Significant reduction in plating efficiency was observed at
concenirations much lower than conventionally used (= 1uM) to study the effects of
retinoids on cell growth.

These results were consistent with a reduction in cell growth and proliferative
capacity due to retinoid-medulated changes in cellular gene expression. To study gene
expression changes, poly(A)+ RNA was isolated from untreated MCF-7 cells and from
cells treated for 5 days with 100 nM RA. ¢DNA was prepared from these RNA
populations and the ¢DNA hybridized with a cDNA microarray (Human UniGEM V
cDINA microarray, Incyte Genomics, St. Louis, MO) that contains >7,000 ¢DNAs of

different human genes and ESTs. cDNA probe synthesis, hybridization with the
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microarray and signal analyses were conducted by IncyteGenomics as a commercial
service,

None of the genes in the microarray showed an increase in relative hybridization
intensity over 2.5-fold or a decrease over 3-fold in RA-treated cells. Changes in RNA
levels of a total of 47 genes that showed the biggest differences in microarray
hybridization were tested by reverse transcription-PCR (RT-PCR) analysis. Of these, 27
genes showed 1.4-2.5 fold increase and 20 genes showed 1.7-3.0 fold decrease in
“‘balanced differential expression’ (a measure of relative hybridization intensity).

RT-PCR analysis was carried out essentially as described (Noonan et al., 1990,
Proc. Natl. Acad. Sci. US4 87: 7160-7164), using B-actin as an internal normalization
standard. Sequences of RT-PCR primers and PCR conditions for thirteen genes most

strongly induced by RA are as follows:
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RT-PCR. aésays confirmed altered expression for 43 of 47 genes and showed that
13 upregulated genes were induced by RA much more strongly (5-10 fold or more) than
indicated by microarray hybridization; these results are shown in Figures 2A and 2B.
Time course analysis of changes in RNA levels of these 13 genes (Fig. 2A) showed that
many of them increased their expressioﬁ between days 1 and 4 of RA treatment, in
parallel with the loss of clonogenicity (shown in Fig. 1A). Analysis of RA dose-
dependence of gene expression (shown in Fig. 2B) showed that almost all of these genes
were induced even by the lowest (10 nM) dose of RA that produced detectable loss of
clonogenicity (shown in Fig. 1B). All 13 genes were also induced by treatment with 1
uM of another retinoid, fenretinide, which is used in breast cancer chemoprevention
{these results are shown in Fig. 2C).

Induction of three genes in this group was tested and confirmed at the protein
level, by immunocytochemical assays, shown in Figure 3A, using rabbit polyclonal
antibody against EPLIN (a gift of Dr. David Chang, UCLA), and goat pelyclonal

antibodies against IGFBP-3 and EPAS-1/HIF-2a (Santa Cruz Biotechnology, Inc., Santa

Cruz, CA) and standard techniques. Antibody staining was d d using Vectastain kit
(Vector Labs, Burlingame, CA) according to the manufacturer’s instructions. These
results show that induction of IGFBP-3, EPAS-1/HIF2¢:, and EPLIN mRNA was
accompanied by increased expression of the corresponding proteins in RA-treated cells.

These results showed that RA and fenretinide strongly induced the expression of
acommon set of genes under the conditions where these retinoids inhibit cell growth and

induce the senescent phenotype.
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The genes detected as discussed in Example 1 were found by literature research
to have biological functions that are relevant to the cellular effects of retinoids.

Strikingly, 4 of 13 genes that are strongly induced by retinoids have been
reported to possess antiproliferative activity. The first gene encodes insulin-like growth
factor binding protein-3 (IGFBP-3), a secreted factor that was shown to be inducible by
RA in breast carcinoma cells and to inhibit the growth of these cells (Adamo et al.,
1992, Endocrinology 131: 1858-1866; Gucev ef al., 1996, Cancer Res. 56: 1545-1550).
In addition to its role in IGF sequestration, IGFBP-3 was recently found to bind and
modulate the transcriptional activity of a retinoid receptor RXRa (Liu et al., 2000, J.
Biol. Chem. 275: 33607-33613). Induction of IGFBP-3 was confirmed by
immunocytochemical assays shown in Fig. 3A.

Another growth-inhibitory gene induced by treatment with retinoids encodes
secreted cell adhesion protein B1G-H3, which is inducible by TGF-B in several cell types
{Skonier et al., 1992, DNA Cell Biol. 11: 511-522). Transfection of fIG-H3 was shown
to inhibit the tumorigenicity of Chinese hamster ovary cells (Skonier ef al., 1994, DNA
Cell Biol. 13: 571-584). PIG-H3 is expressed in normal but not in neoplastically
transformed human fibroblasts (Schenker & Trueb, 1998, Exp.Cell Res. 239: 161-168),
suggesting that this gene may be a tumor suppressor.

The third gene encodes a LIM domain protein termed EPLIN, an actin-binding
protein that is expressed in primary epithelial cells but downregulated in different types
of carcinomas (Maul & Chang, 1999, Oncogene 18: 7838-7841). Ectopic expression of

EPLIN was shown to suppress cell proliferation in an osteosarcoma cell line (Maul &
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Chang, 7d.). The EPLIN gene encodes two protein isoforms, EPLINe and EPLING, with
the larger (P) isoform showing a stronger growth-inhibitory effect. The observed
induction of EPLIN gene expression was confirmed by immunocytochemical and
immunoblotting assays (results shown in Figures 3A and 3B). These assays were
performed using rabbit polyclonal antibody against EPLIN (a gift of Dr. David Chang,
UCLA) and were carried out by standard techniques. Antibody staining was detected
using Vectastain kit (Vector Labs) for immunocytochemistry and horseradish
peroxidase-conjugated goat anti-rabbit IgG (Santa Cruz) for immunobloting.
Electrophoretic mobility of EFLIN in MCF-7 cells (110 kDa; Fig. 3B) corresponds to
the B isoform, consistent with the art that showed stronger growth inhibition by this
isoform.

The fourth gene encodes an ubiquitin-like protein FAT10. FAT10 interacts with
a mitotic spindle protein Mad?2, and its overexpression in Hela carcinoma cells was
reported to be detrimental to cell survival (Liv ez al., 1999, Proc. Natl. Acad. Sci. USA

96: 4313-4318.

Retinoic acid treatment is known to promote proteasome-mediated degradation.

of retinoic acid receptor RAR« (Zhu.et al., 1999, Proc. Nutl. Acad. Sci. USA 96:14807-
14812) and of cyclin D (Spinella et al., 1999, J. Biol. Chem. 274: 22013-22018).
Proteasome-mediated cyclin D degradation has been proposed as 2 mechanism for
retinoid-induced growth arrest (Spinella ez al., Jd.). Remarkably, one of the R A~induced
genes encodes proteasome activator PA28 subunit « (PA28 o). Expression of PA28a is
sufficient to activate the proteasome (Groetirup ef al., 1996, Nature 381:166-168), and
the induction of this gene may account at least in part for proteasome activation by

retinoids. Pa28c: therefore can be regarded as another growth inhibitor.
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Still another RA-induced gene encodes retinal oxidase (aldehyde oxidase), an
enzyme that catalyses the final step of RA synthesis from vitamin A (Huang et al., 1999,
Arch. Biochem. Biophys. 364: 264-272). The observed induction of retinal oxidase
suggests that retinoid treatment may stirmulate RA synthesis in the treated cells,
providing a potential positive feedback mechanism.

Aside from BIG-H3, two other induced genes encode secreted proteins that may
contribute to the senescence-like flattened morphology and increased adhesion of RA~
treated MCF-7 cells. One of these encodes Mac-2 binding protein (Mac-2 BP), a cell
adhesion factor of the extracellular matrix (Sasaki ez al., 1998, EMBO J. 17: 1606-1613).
Mac-2 BP is also upregulated in p21-induced senescence of human fibrosarcoma cells
{Chang et al., 2000, Proc. Natl. dcad. Sei. USA 97: 4291-4296). The other gene encodes
protein C inhibitor (PCI), a non-specific serine protease inhibitor, which is normally
produced by the liver. While retinoid-treated MCF-7 cells express markers of

senescence, none of the genes that are strongly induced by RA in this cell line has been

associated with epithelial cell differentiation. Two of the induced genes, however, -

encode transmembrane proteins specific for the hematopoietic lineage, including the
Jeukocyte homing receptor L-selectin and T-cell receptor. Induction of these genes
correlates with a well-documented differentiating effect of retinoids in hematopoietic
malignancies (Warrell, 1997, ibid.). RA also induces another transmembrane protein,
Bene, which has no known function.

The last two RA-induced gemes encode kmown or putative transcripiional
regulators. One of them is HIF-20/EPAS-1, a member of a family of PAS domain
transcription factors that mediate the effects of hypoxia and some other stress factors on

gene expression (Semenza, 1999, Adunu. Rev. Cell. Dev. Biol. 15: 551-578).
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Interestingly, IGFBP-3 is also one of the hypoxia-stimulated genes (Feldser ez al., 1999,
Cancer Res. 59: 3915-3918). Induction of HIF-20/EPAS-1 was confirmed by
immunocytochemical assays sho% in Fig. 3A.

The final RA-induced gene encodes a ring finger protein RNF (accession number
Y07828). While the RNF function is unknown, it shares 25-38% amino acid identity
with a family of regulatory proteins, some of which have been implicated in retinoid
response, senescence or differentiation. These include TIF1eo, which functions as a
ligand-dependent transcriptional coactivator of retinoid receptors (Le Douarin ef al.,
1995, EMBQO J. 14: 2020-2033), as well as promyelocytic leukemia (PML) gene, which
is fused with RARa in the t(15;17) translocation in PML (Kakizuka ez al., 1991, Cell 66:
663-674). PML has been recently identified as a mediator of accelerated senescence
induced by mutant RAS in human fibroblasts (Ferbeyre et al., 2000, Genes Dev. 14:
2015-2027). Another member of the same family is HERF1, which is required for
terminal differentiation of erythroid cells (Harada ez al., 1999, Mol. Cell. Biol. 19: 3808-
3815). Interestingly, HERF1, RNF and FAT10 all map to the major histocompatibility-
locus on chromosome 6p21.3. This locus also contains the gene for RARq, wl;lich was
reported io be induced by RA (Shang et al., 1999, /. Biol. Chem. 274:18005-18010) and
to be upregulated in senescent mammary cells (Swisshelm er «l., 1994, Cell Growth
Differ. 5: 133-141). '

As disclosed herein, retinoid treatment of breast carcinoma cells concurrently
induces several genes with known antiproliferative functions, including candidate tumor
suppressors that are selectively downregulated in neoplastic cells (EPLIN and BIG-H3).
Since the UniGem V array comprises only a fraction of all human genes, the actual

number of growth inhibitors that are co-induced by retinoids should be much higher than
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the genes identified herein. Such additional retinoid-inducible growth inhibitors can be
readily identified, however, by hybridizing ¢cDNA probes described herein with larger
cDNA arrays or combinations of arrays, or by carrying differential cDNA cloning using
methods that are well known in the art (see, for example, International Patent
Application, Publication No. WO00/61751, incorporated by reference herein.

These results demonstrated that retinoids can induce several growth-inhibitory
genes, which provide a basis for developing reagents for screening compounds capable
of inducing one or more of these genes without producing retinoid-associated resistance

or foxicity.

EXAMPLE 3
Construction of Retinoid-regulated Promoter-Reporter Gene Constructs
That Are Induced with Retinoic Acid

In order to produce reporter gene constructs under the transcriptional control of
retinoid-induced genes, promoter sequences for all 13 genes that are strongly induced by
retinoids, comprising 1400-1500 bp upstream of the 5 end of the longest available
cDNA sequence of the respective genes, were identified in the human genome database.

These sequences were then analyzed for the presence of two closely spaced
hexameric core motifs of RARE sites (Mangelsdorf ef al., 1994, in THE RETINOIDS:
BIOLOGY, CHEMISTRY, AND MEDICINE, (Sporn ef al., eds.), pp. 327-330 (Raven Press,
New York), in variable orientations, using Regulatory Sequence Analysis Tools,
available at: hitp://www.nemb.ulb.ac.be/bioinformatics/rsa-~tools/.

A putative RARE site t"oun‘d in onty one promoter, ring finger protein RNF,
where the sequence:

AGGTCACAGCCAGTTCA (SEQ ID No.:42)
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(boldface indicates the RARE core motifs; Mangelsdorf et al., 1994, ibid.) appears in
inverse orientation about 360 bp upsiream of the apparent transeription start site. None
of the other promoters contained discernable RARE sequences, suggesting that most of
these genes are induced by retinoids through indirect mechanisms. Interestingly, RNF is
also the only gene in this group to reach its maximum expression after just one day of
treatment (see Fig. 2A), suggesting that RNF is likely to be directly inducible by
retinoids.

It is remarkable that none of the growth-inhibitory genes that show strong and
sustained induction in RA-treated MCF-7 cells contain RARE sites in their promoters,
suggesting that it may be possible to induce these growth-inhibitory genes in cells that
lack retinoid receptors, and using non-retinoid inducing agents. Reporter gene-
containing constructs, under the transcriptional control of a promoter from a retinoid-
induced gene, particularly a gene lacking a RARE sequence in the promoter, enable
screening of test compounds for the capacity te induce gene expression from these genes
in a way that mimics the gene-inducing effects of retinoids without producing toxicity or
development of resistance.

Such reporter gene constructs are prepared as follows. The promoter region of a
retinoid-regulated gene, such as BIG-H3, is identified in the genomic sequence (NCBI
accession number AC004503 ) as adjacent to the 5” end of the cDNA. Polymerase chain
reaction (PCR) amplification of the promoter-specific DNA is performed using genomic

DNA from human MCF-7 cells as the template and the following primers for PIG-H3:

5’ GGCCAGGTGCCTCTICTTAG 3’ (sense) (SEQ ID NO.:43)

and

§’ CGGCTCCAGGGAAGTGAG 3’ (antisense) (SEQ ID NO.:44)
-27-

JP 2004-509608 A 2004.4.2



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

(49)

WO 01/92578 PCT/US01/17161

10

15

20

using PfisTurbo DNA Polymerase (Stratagene) and 28 cycles of PCR where each cycle
consisted of 45 sec. at 95°C, 1 min 30 sec. at 60°C, and 2 min. at 72°C. A 1020 bp
fragment is amplified using this method and cloned into the TOPQ TA cloning vector
pCRIVTOPO (Tavitrogen). The sequence identity of this construct is verified, and the
Hindlll-Xho I fragment containing the promoter in the correct orientation is then inserted
into the Hindlll and Xio I sites in a firefly luciferase-reporter vector pGL2-Basic
(Promega, Madison, WI) using standard recombinant genetic techniques (Sambrook et
al., 1990, MOLECULAR CLONING: A  LABORATORY MANUAL, Co]d Spring Harbor
Laboratory Press: New York).

The ability of this construct to drive retinoid-inducible luciferase expression in
mammalian cells is demonstrated in transient transfection assays, as described in U.S.

Provisional Patent Application Serial No. 60/ filed February 1, 2001

(Attorney Docket No. 99,216-E) and U.S. Patent Application Serial No. 09/ .
filed May 21, 2001 (Attorney Docket Ne. 99,216-F), incorporated by reference herein.
Briefly, transfection is carried out using LIPOFECTAMINE 2000 (Life Technologies,
Inc. Gaithersburg). Cells are plated at a density of 70,000 cells/ well in 12 well plates in
1 mL. media containing 2mM glutamine, 10% FBS, 0.IlmM NEAA (Non- Essential
Amino Acids , GIBCO), 1mM sodium pyruvate, and 10pg/mL insulin, and without
penicillin/streptomycin. After culturing the cells for a sufficient time that they attached
to the culture dish, transfection was performed in triplicate according to the
manufacturer’s instructions, using 1 g pGL2- basic vector DNA and [pg pGL2- BIG-
H3 promoter DNA. After 10 hours, culture media is replaced with media containing
penicillin/ streptomycin at standard tissue culture concentrations. The cells were then

incubated in the presence or absence of 100nM atRA for 72 hours. After incubation,
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cells are washed twice with phosphate-buffered saline and collected in 100 pL of
Reporter Lysis Buffer (Promega ). The lysate is left at room temperature for 10 minutes
followed by 1 cycle of freeze / thaw using a dry ice-cthanol bath for freezing the cell
sample and thawing in a 37°C water bath. 50uL aliquots are transferred to fresh tubes
for Firefly Luciferase Assay (Promega). Luciferase activity is measured as described
above using a Turner 20/20 luminometer at 47.9% sensitivity with a 5 sec. delay period
and 15 sec. integration time. An additional aliquot is removed from the cell lysate to
measure protein concentration using Bio-Rad protein assay kit (Bradford assay).
Luciferase activity for each sample is normalized to protein content and expressed as
luciferase activity/ g protein. All assays are carried out in triplicate and displayed as a
mean and standard deviation.

To develop a stably transfected cell line with retinoid-regulated luciferase
expression, the construct described above is introduced into a cell line that is susceptible
to growth inhibition by retinoids, such as MCF7 cells by cotransfection with a vector
encoding a selectable marker, such as pBabePuro, carrying puromycin N-
acetyltransferaseas a selectable marker.  Transfection is camried out using
LIPOFECTAMINE 2000 (Life Technologies, Inc., Gaithersburg, MD), using a 10:1 ratio of
the construct and a plasmid or other vector containing a selectable marker. Stable
transfectants are selected using an appropriate amount of a selecting agent specific for
the selectable marker encoded by the plasmid or vector. Selective agent-resistant cell
lines are isolated and tested for Juciferase activity (using a Luciferase Assay System,
Promega), in the presence and in the absence of 100 nM RA, or another retinoid at 2
concentration that produces growth inhibition in the recipient cell line. '

This assay is performed as follows. Cells are plated at a density of 40,000
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cells/well in 12 well plates in 1 mL of media containing penicillin/streptormyoin,
glutamine and 10% fetal calf serum (FCS). After attachment, cells are treated with
100nM RA or left untreated for different periods of time. Cells are washed twice with
phosphate-buffered saline and collected in 300 pL of Reporter Lysis Buffer (RLB;
Promega). The lysate is centrifuged briefly at 10,000 g to pellet debris, and 50 pL
aliquots are transferred to fresh tubes for use in the Firefly Luciferase assay (Promega).
Luciferase activity is measured using a Turner 20/20 luminometer at 55.6% sensitivity
with a 5 second delay period and 15 second integration time. An additional aliquet is
removed from the cell lysate to measure protein concentration using the Bio-Rad protein
assay kit (Bradford assay). Luciferase activity for each sample is normalized to protein
content and expressed as [uciferase activity/ pg protein. All assays are carried out in
iriplicate and displayed as a mean and standard deviation.

Such constructs and cells provide a basis for a screening assay for identifying

compounds that induce retinoid-induced gene expression. The same type of screening -

can also be conducted using transient transfection assays with promoter constructs of

retinoid-inducible genes rather than stably-transfected cell lines. The methods for high-

throughput screening based on Iuciferase expression are well known in the art (see Storz

et al., 1999, Analyt. Biochem. 276: 97-104 for a recent example of a iransient
transfection-based assay and Roos ef al., 2000, Virelogy 273: 307-315 for an example of
screening based on a stably transfected cell line). Compounds identified using these
cells and assays are in turn useful for developing therapeutic agents that can induce gene
expression of retinoid-inducible genes without the concomitant toxicity or tendency to
produce retinoid resistance.

The absence of retinoid responsive elements in the promoters of almost all of the
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genes shown herein to be induced by retinoid treatment of MCF-7 cells also suggests
that compounds other than retinoids can be screened for their capacity to induce
retinoid-inducible gene expression in the absence of retinoids or in cells lacking retinoid
receptors. Such screening assays are performed as follows. A recombinant expression
construct, prepared as described above and verified for inducibility by retinoids, is
iniroduced by transfection into any mammalian cell line, whether sensitive or insensitive
to retinoids, for example HT1080 cells (A.T.C.C. Accession No. CCL121) that are
known to lack retinoic acid receptors. Stable transfectants are selected as described
above using an appropriate amount of a selecting agent specific for the selectable matker
encoded by the plasmid or vector, and selective agent-resistant cell lines are isolated
thereby.

These cells are used in luciferase activity assays (using a Luciferase Assay
System, Promega) as described above. These assays are performed on cells cultured in
the presence or absence of increasing amounts of the compound to be tested for different
periods of time, or cultured in compound-free media.

This assay is performed substantially as described above. Cells are plated at a
density of 40,000 cells/well in 12 well plates in 1 mL of media containing
penicillin/streptomyein, glutamine and 10% fetal calf serum (FCS). After attachment,
cells are treated with increasing concentration of a compound to be tested, or left
untreated for different periods of time. Cells are washed with PBS, collected in 300 pL
RLB, centrifuged briefly to remove debris, and then assayed as above using the Firefly
Luciferase assay. Protein concentrations are determined to normalize the Iuciferase
results, which are expressed as luciferase activity/ pg protein, All assays are carried out

in triplicate and displayed as a mean and standard deviation. Finally, cells ave assayed in
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parallel for growth inhibition by the tested compound using cell counting or measuring
cell number after staining with MTT (3-(4,5-dimethylthiazol-2-y1)-2,5-
diphenyltetrazolium bromide), methylene blue or other cell-specific stain

Tt should be understood that the foregoing disclosure emphasizes certain specific
5 embodiments of the invention aud that all modifications or alternatives equivalent
thereto are within the spirit and scope of the invention as set forth in the appended

claims.
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‘WE CLAIM:

1. A recombinant expression construct encoding a reporter gene operably
linked to a promoter from a gene the expression of which is induced by a retinoid,

wherein the promotet does not contain a RARE site.

2. A recombinant expression construct according to Claim 1, wherein the
reporter gene encodes firefly luciferase, chloramphenicol acetyltransferase, beta-

galactosidase, green fluorescent protein, or alkaline phosphatase.

3. A recombinant expression construct according to Claim 1, wherein the
retinoid is all-frans retinoic acid, fenretinide, 9-cis retinoic acid, 13-cis retinoic acid,

etretinate or retinol.

4. A recombinant expression construct according to Claim 1, wherein the
promoter is a promoter from human insulin-like growth factor binding protein-3
(IGFBP-3; SEQ ID NO. 1), secreted cell adhesion protein pIG-H3 (SEQ ID NO. 2),
epithelial protein lost in neoplasm (EPLIN; SEQ ID NO. 3), ubiquitin-like protein
FATI10 (SEQ ID NO. 4), proteasome activator PA28 subunit o (PA280; SEQ ID NO.:5),
Mac-2 binding protein (Mac-2 BP; SEQ ID NO.:6), Protein C inhibiter (PCI; SEQ ID
NO.:7), T celt receptor gamma (SEQ ID NO.:8), retinal oxidase (SEQ ID NO.:9), Bene
(SEQ ID NO.:10), HIF-2alpha/ EPAS-1 (SEQ ID NO.:11) or selectin I, (SEQ ID

NO.:12).

5. A recombinant expression construct according to Claim 1, wherein the

33

JP 2004-509608 A 2004.4.2



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

(55)

WO 01/92578 PCT/US01/17161

15

20

promoter is a promoter from a cellular gene wherein expression thereof in a mammalian

cell is induced by a retinoid and inhibits growth of the cell thereby.

6. A recombinant expression construct according to Claim 5, wherein the
promoter is a promoter from human insulin-like growth factor binding protein-3
(IGFBP-3; SEQ ID NO. 1), secreted cell adhesion protein BIG-H3 (SEQ ID NO. 2),
epithelial protein lost in neoplasm (EPLIN; SEQ ID NO. 3), ubiquitin-like protein
FATI10(SEQ ID NO. 4), or proteasome activator PA28 subunit e (PA28¢; SEQ ID NO.

5).

7. A. recombinant mammalian cell comprising a recombinant expression

construct according te claim 1, 2, 3, 4, 5, or 6.

8, A method for identifying a compound that induces expression-of a

retinoid-inducible gene in a mammalian cell, the method comprising the steps of:

(a) culturing a recombinant mammalian cell according to claim 7 in the
presence and absence of a compound;

(b)  comparing reporter gene expression in said cell in the presence of the
compound with reporter gene expression in said cell in the absence of the
compound; and

()  identifying the compound that induces retinoid-induced gene expression
if reporter gene expression is higher in the presence of the compound

than in the absence of the compound.
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9. The method of claim 8, wherein expression of the reporter gene is

detected using an immunological reagent.

10.  The method of claim 8, wherein expression of the reporter gene is

s detected by assaying for an activity of the reporter gene product.

11.  Themethod of claim 8, where expression of the reporter gene is detected

by hybridization to a complementary nucleic acid.

10 12. A method for identifying 2 compound that induces expression of a
retinoid-induced gene in a mammalian cell, comprising the steps of:
() culturing the cell in the presence and absence of the compound;
(b) assaying the cell for changes in expression of at least one cellular gene
whose expression is induced by a retinoid wherein the promoter does not
15 contain a RARE site; and
(c) identifying the compound as an inducer of retinoid-induced geme
expression if expression of the cellular genes of subpart (b) is higher in

the presence of the compound.

20 13.  Themethod of claim 13, wherein the cellular gene is insulin-like growth
factor binding protein-3 (IGFBP-3; NCBI Accession No. M35878.1), secreted cell
adhesion protein BIG-H3 (Accession No. AC004503.1), epithelial protein lost in
neoplasm (EPLIN; Accession No. AH009382.1), ubiquitin-like protein FATI0

(Accession No. AL031983), Mac-2 binding protein (Mac-2 BP; Accession Na.
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U91729), Protein C inhibitor (PCI; Accession No. AL049839.3), T cell receptor gamma
(Accession No. AC006033.2), retinal oxidase (Accession No. AF010260), Bene
(Accession No. AP001234.3), HIF-2alpha/EPAS-1 (Accession No. NT_005065.3),
selectin L (Accession No. AL021940.1), or proteasome activator PA28 subunit o

(PA28a; Accession No. AL136295.2).

14, The method of claim 12, wherein the cellular gene is a gene wherein
expression thereof in a mammalian cell is induced by a retinoid and inhibits growth of

the cell thereby.

15, The method of elaim 12, wherein the cellular gene is human insulin-like
growth factor binding protein-3 (IGFBP-3), secreted cell adhesion protein BIG-H3,
epithelial protein lost in neoplasm(EPL]N), ubiquitin-like protein FAT10 ot proteasome

activator PA28 subunit « (PA28a).

16, The methed of claim 12, wherein expression of the cellular gene is

detected using an immunological reagent.

17. The method of claim 12, wherein expression of the cellular gene is

detected by assaying for an activity of the cellular gene praduct.

18. The method of claim 12, where expression of the cellular gene is detected

by hybridization to a complementary nucleic acid.
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19, A method for treating an animal to prevent or ameliorate the effects of
cancer, the method comprising the steps of administering to an animal in need thereofa
therapeutically-effective dose of a pharmaceutical composition ofa compound identified

according to the method of claims 8 or 12.

20. The method of claim 19, wherein the animal is a human.
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<160>
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<210>
<211>
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<213>
<220>

<221>
<223>

<400>

SEQUENCE LISTING

Roninson, Igor Dokmanovic, Milos

Chang,
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Bey-Dih

REAGENTS AND METHODS FOR IDENTIFYING AND MODULATING EXPRESSION OF
GENES REGULATED BY RETINOIDS

99,216-1

60/207,535
2000-05-26

44

PatentIn version 3.0
1

1806

DNR
Homo sapiens

misc_feature

IGFBP-2 NCBI acc. number :

1

ggggattegt tttgtttect teaattttee

caacgcagat actagaagga ggtgatacaa

acggtttect gtaaacaagg ttgagtgtag

cataagaaaa tgacggtgct gggccttegt

tggtetettt ttatttgtag aggtccaatt

attgatcttt ccattctaaa aggagagtat

t 95 g

gacaaggaga gacactgggc gagagatcga

taacttcacc caaggctteg tcgetggagg

tactccaaac tgcaaaggge tocttcaagt

atttcaacag cgttcaggaa agtcteoctoe

cccacaaact ctttggaaaa gtgccttgaa

ccagegtect ctgttggtea ccgaaggagg

gtgcoagaga aggccgacag gagttacage

tactgaaazag tgtttagatt gcagagataa

aatacgaagt cgccttcaaa aaatgacaat

M25878.1

aatga;at ca
gagaraggaa
ccacageocetyg
cacccegggy
atttatttat
atatgtataa
gaggacgaga
ttaggagaga
ggaatggagy
cacctateca
cgcggaggte
aaatttaatc
gggtgegeag
gaccteageg
gctagaatcc

gaaaattgeo

gagatcctgt
cagcaagcga
agcactgtgg
ccctecattg
ttagtacaag
aaggaagety
gagagaaagg
cagaaatgat
agctcctgat
cctoctaagg
tcaccgette
ctcaatccaa
acaaaactga
cgcaattgeg
caacgcateg

tattaaagga

tettgggtgt
cgattatgge
gagaagagcet
ttcttgtett
agggaaégaa
tatagatatg
gagggagagg
gaatgaagat
ttgctattac
caagcgtoca
ceactecace
tcctggacca
agasactcga
cocegaactt
agaatacagt

ctatttggtt

720

780

8490
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aattacgttt
ctccatttga
aatatttgaa
cttgeggtgt
aggceceggg
gggtgtaaat
gteceaagac
aatgcggagc
cgagagcogga
gagtgactgg
cettggttcet
ccgggegagt
gggocccgoa
cgtteegggy

gcccag

<210> 2

<211> 1553

<212> DNA

cagcagtgce
aaacataatc
aagccctgee
agcaacacgt
gecatctteag
taaacceege
ttegeetgee
gctgtatgec
aggggtaagg
ggtgaceggg
tgtagacgac
ctegagetge
geegtgectyg

cgtgtoctgy

<213> Homo sapiens

<220>

<221> misc_feature
<223> Beta IG~H3 prowmoter NCBI acc. number AC004503.1

<400> 2
gactcagggt

ttctgaacat
tgactctcet
ctactacace
agctetecea
cactggccat
cctgctacct
ccagataact

tttcaggect

gtceocaaace
ggeaccatca
tteteecctt
cctecacattt
tggtecette
gtcacttgee
tectecectt
tgagtttegt

cagagcaggt

(63)
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cagtttattg tctttattat tettttgteg tgggtgtaaa 1020
ta cecc t tg taa 1080
ttaaggagca ttegettgece ggtocactct taattgggga 1140
gagagtctte ttgegttgag aagtaagcct ggaasaggoga 1200
atgegtattt gtgggcccct ggggatataa acagcccage 1260
agtgeettgg ctcoctgaga cccaaatgta agtcagasat 1320
aacggaatta aattttagaa agctccacga ggtacacacg 1380
agttteceeg acaccggete gecgeaggga gacctcacco 1440
geggeggggt caaggagatc gggggtgetg agttggocag 1500
ggtgctgagg tggcctggag tgecggagty gocgggoaca 1560
aaggtgacgyg gctecgggeg tgagcacgag gageaggtge 1620
acgcceccga gotcggocce ggetgcteag ggcgaageac 1680
cgcocgacceg cccacctece aacceccact cctgggageg 1740
gecacecegg cttctatata cgggeoeggeg cgcccgggec isoo0
1806

actcatctac ctggcaageo tgeactetge atgtgoectca 60
ctgctgeaat gtecagacca caaacaccct acaatatcet 120
ctecetgtat acagactcca aattctattg agactattac 180
geccagectt ceccatctet gectetacca ccatagttca 240
ctggttacct gttctitcttg cctecttaag cctctcatga 300
teccacccate accogetagyg ctottagetg gagtctggge 360
cttcectace cttgactcca cctecetgty ctteagecaa 420
gaatgcatgce ctcagtttac ctgattaact cattttcatc 480
atcaccetgt cagggcecagg tgcetcttet tagetcccaa 540

2
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agccecaget
gcttttteac
gctagcagtyg
taccatgtga
cagaatctat
accaaggtga
acctgoccca
gagcatgaca
cagetectgg
ctcecocteac
cecccageat
ttggaagcag
gagggagaga
cacagtgegg
aggcggeecg
tecegetoge
ccgecegett
<210> 3

<211l> B840
<212> DNA

actctteatg
aaagggctta
ccaagtaact
caatttgttt
ctggcaggta
ggaccccacc
catttttgge
ggtggggtgg
ggtgcagaaa
ceectecctge
goaggaccega
ccacaggagg
g9g9agggagyg
gagegggtay
cectecttge
agcttactta

gcccgtoggt

<213> Homo sapiens

<220>

<221> misc_feature
<223> EPLIN beta promotexr NCBI acc. number

<400> 3
tggeatattc

gaagtgtaat
tgaattccga
gasagaagga
ggggcaggat
attctgaaty

aaccgtttte

atcacctgtt
tacaagegtt
aaagctteag
tactatcaaa
ggccaagtge
gaggagtaaa

aggattaatg

gaacatcatt
ggtcteacte
gacaggtgat
acctgecttg
ctgttgeaga
ctitecocacy
gtttotgtgg
g99tggaggy
caagtctgat
agtgttttgt
agcccocgag
cctaagggac
getggoagty
gtgcccaggg
acgggeegge
acctggeceg

cgctagcteg

ggaaatctct
ttcoccacgag
aaaacttgtg
aggcatcatg
taggccaatt
aacagctgtt

tacttaattce

(64)
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ggettggget acggatcttc ccaaattgga 600
attctattaa tocatctgtg tctecccagg 660
taatagatgc ttgggtaagt atcacctcett 720
agctecteca gggeaggact cttgectttg 780
gatgtttact gaagaaggga atgaattagt 840
ggctecaaaa gcagcttaga gcccaacaaa 200
atcacacgat ttactcatct gtctticaat 960
attagagatt gaggagctgg ggagggtggt 1020
gggccatggt gttctgggaa teagcactge 1080
agectcaaga tcagtgaggg aatctteggg 1140
acagctgtee ctecagtecca aggtccccat 1200
ctataccctt ggtttgagga agactgtgge 1260
agggcaaggyg ctgggaaaac tgagcacggg 1320
cagccagggg cgcacgggtt gggaggogec 1380
ceagcttecce cgeccotgge gtoecgeteoe 1440
ggcggeggag g cac tt g 1500
cteggtgege gtegtoccge tee 1553
AH009382.1
cttetecacac atttteatta acttcttgag 60
cagceectac taataacgca tcaagetgea 120
gtctgaaacc ctactatgct tgaggtacag 180
cagectggeac ggaactggga caagaatttyg 240
gacggtctee aaaccattag cacagetect 300
ggagaactty gacgtcatct gocctigtca 360
agctttttece actacaccac acagcctoct 420
3
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gtaaaacace
gttgagctta
ggagttaagg
cagagaaagg
agcgoccgoa
gegeacgete

gggeggggte

<210> 4

ctecctgeac
ggaaaaacct
acaaagtaga
cgtgceegagg
cegecagage
agcccgagge

Cggggegggy

<211> 1200

<212> DNA

<213> Homo sapiens

<220>

<221> misc_feature
<223> FAT10 promoter NCBI acc. number AL031983

<400> 4
agtagaaacc

taataactta
ttgtccaact
tatgatgttt
acaatgggtt
ttaaaatget
tttaagtact
ttattaattc
tgctggaaca
tactetttte
agaggcattt
aaaagagtta
tcatggtggt
gagattgggy
gacacagcta
gctteaacag

tocecatgttt

tacttcaagt
aatgagatat
gtatgctaat
ggtgggttag
tacagggatyg
gaaacagtaa
caccaaatat
atttgtgeat
gtgctaaaga
taaagattac
gaaggaagtg
gggaaggett
ggggatagag
tgttcaagga
gacatagaga
acaaagatct

ggaatgaggt

acaacttace
gagtggcetce
gctgcacaga
tagactagge
gactggagca
cgcacgggag

cegcaggage

tceccataaaa
ttecacactte
gtaagtgttc
gtgtattaaa
taaccccate
ataaggtaac
tacttttect
ttagtaaaca
tacaagttaa
agacaagcag
tagaggatag
tttgacgaag
ttggaggaaa
tatgcceggga
toctgeagett
tteectgagaa

ttgcaaatag

cocaaagoac
agagtcaaac
ggcccacgte
cecegggeage
gacgegageg
gctgtctgge

agtaggtgtt

teatctgett
agtagtaaat
tgagcatgtt
tgcatttetyg
ataagtgaag
atttaataat
tttttegtta
tttatazatt
ttaagacaca
acgatgctat
aagatggaca
atactgttta
aggcatgete
attcaaggaaz
aggtitggge
aagggaaaag

attgcttgag

4

caggaaccta
tgcgataacy
gtgcaagtge
aaasacccty
ctgggcacgt
gtgcgegeco

agcagettyy

ttcactttca
acactttttg
taaggcaggt
attttggata
gagcacctgt
atgttgtgca
tttacttact
atttectgtyg
atcacgacce
tgttgaagaa
cataacccag
cacegtgtgt
agtggegtygy
cgagaattec
tgtgggtata
ttttcaacac

gagagaagta

(65)

PCT/US01/17161
gctggotaga 480
ttgagtcaga 540
gtgtetectt 600
teecgtegec 880
agceggtgge 720
cegeggeggt 780
tcgegacagg 840
gtacagtatt 60
ttagataatt 120
taggttaage 180
ttttcagtgt 240
acttacttca 300
gttecttgaaa 260
tttcattcat 420
cetgacagea 480
cecaagattce 540
acatgctctg 600
gatggggagy 660
tettataaat 720
agatggcaga 780
catagacaca 840
gatccaggtyg 200
agaaagacca 960
tgtgatcaga 1020
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(66)

PCT/US01/17161

aagcattott tgtctattaa ctoctgccca geaaaagtga aagaaaattc atgggageoat

gcaagaacaa agagcacagc aaagctggac aaacacagea atccaggcag gggatttcea

actcaactct ggtatataag ctgcatgeaa agtecttttt ctgtctctgg tttetggece

<210> 5

<211> 1478

<212> DNA

<213> Howo sapiens

<220>

<221> mwisc_feature
<223> PA 28 alpha promcter NCBI

<400> 5
gtggagtggg

ttectggota
cagcectgoc
cgegeacagyg
ctecccacct
ctgaggacgy
aacctecace
ctgggacaga
tggcectgtet
ctgtagcaac
ggaccacgge
ctctectgget
gtegeacctg
tgcaaatatt
ttgececttge
cteoagtttag
cectecaaat
tattagccag
ggcasacgtg
gteogeccagg

ttcaagegat

caccgcegaag
gtggggeggg
atggaagggy
cgectctteac
ccgetggece
cgggtecgeg
teecegectoe
taagctttac
ttectagect
ggcaccagag
tgcagatgec
taaaacccett
tecteoceottt
tgggctattt
taataatcee
atgtcacctc
ctattacaaa
gtgttttitt
tgtgtgtgtg
gtggagtgea

tctectgett

ggaaagcgaa
gagggetgga
cggtgcegea
ccaccctece
ggtccoegea
teccteoocate
caactggctce
ttagggctet
tgctagegtg
ctggcageat
attctataac
teteagetge
aagtccactt
gtttcteaga
tttgectaaa
ttcagagaga
tcatcctgtt
tttttttteo
tgtgtgtgty
gtggcaccat

cagcactacgg

acc. numwber AL136295.2

agcggtaggyg
g9gaggcgggs
gaggagggcyg
cgcgocgect
teoecgectec
gecaagococa
cecacctget
tecgtettte
ggectetgge
ccctatecaa
ccactcteac
ctgttgaccet
tctactgett
tgtgteatgt
acacccttac
actattttca
ttagtacatt
aggataattt
tgtgtgtgtt
ctaggeteac

agtagctagg

cgectegeace
teggatggag
gegggtgagy
cgcgagggoe
cgccacctge
agccagtcte
ctettettco
cctagagatyg
teotgecgaca
geacggacca
ggageagegy
ttgaatgaaa
gcecettcat
tecatttctge
cctgggtgtt
teatcettta
catagcattt
actgatttaa
gggggacgga
tgeaacctce

actacaggcy

cagcteegec
gaggeggggt
cteogoctag
agcttccagg
cgecegecge
tecgegtece
cctgetoege
gaataagacce
teetgegeac
actetectect
gtteoatgeot
tccaaaaget
tcattacact
ctecagggect
gteattggtt
taaggaacct
atctetetga
accaggtttt
gtetegetet
acctccaggy

cgteccacca

1080
1140

1200

60
120
180
240
300

360

480
540

600

1020
1080
1140
1200

1260
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WO 01/92578 PCT/US01/17161

cgccoggeta attttttgta tttttagtag agacggggtt tcaccatgtt agccaggatg 1320

gactcgatet cctgaccteg tgatcecgece gecteggect cocasagtge tgggattgea 1380

ggcatgagee accgegtotg gocaactttt tctataaagg geocagagagt aaatatttta 1440

ggctttatag gocttacagt gtctgtctac tcaactct 1478
<210> 6

<211> 3271

<212> DNA

<213> Homo sapiens

<220>

<221> misc_feature

<223>

<400>

Mac-2 BP promoter NCBI acc. number U91729.1

[

aagcecteccg aatagetggy attasaggeg cotaccacca tgtttggeta attatttgta 60

tttttttgta gacacggggt ttcaccatcet tgaccaggct ggtottgaac tcoctgacctce 120

gtgatctace cacctcagec toctgaagty ctgggtagtt tcottaaaaag gtaaacatat 180
atctaccata tgacccagta atcctgctec taggtattta cacaassataa atacttattt 240
tcacacaaag acttgtatcc asatgtttce agcagettta tgeataatag tggaagatgg 300
aatgacccaa atgtccatca gtgcaaacat gtattaacag tggtgttctg tccatacagt 360
gggccgocac cocagoaaacc caggageeag ttactgattg ttgagatage atggatggat 420
ctecagaagea ctgktggtaag taaaagaage cacatgcaaa atattaaata ctgtatgatt 480

ccatttagag ggaattctag ggtccaggag tggtgcctca tgoctgtaat cocageoactt 540

tgggaggcag aggcagggcey ggatcacctg agttcagggg ttegaggeca goctggocaa 600

tgtggagaaa ccccttcetet actaaaaata caaaaattag ctggoegtgg tggtgggege 660

acctgtaatc ccagetactc gggaggctga ggeaggagaa tcacttggac ctgagaggcea 720

gagattgcag tgagocgaga ttgttccact geactccage ctgggcaatyg gagggagact 780

gtgtcttaaa aaagaagaca aaatagaggg aattctagga aaggcaacca gcagtggeag 840

aagctgagay gtggttgcetg ggaagggget gogggaggty gtggctgcag aggggbataa 200

gagaattett aggggtgatt gaaacgecct aggtaatgat tgttgtcatg ataccatcge 960

tacacatttg ccaaaacttt gcacgtaaat tatatgccaa gaaagccaat ttttaaaaag 1020

aaggaaagga tgggtttgaa accccagttc ttcccctacc agetgeacaa ctttagocga 1080

ttacgtegee tcactgagee totgttttet catctgtaac agggaatata agagcagetg 1140

cttcccatca tggctggaag tattaaatge attecatttgt ggcaaggett atagtaatge 1200

6
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ctyggcgaaat
gtagaggcac
geactttecc
atctgagget
teceetgtoa
cccaggggag
tacctgectg
ttttaaaacc
teectggeca
totgcactca
ttecagetge
tgecagctgee
ctggotgtet
tgggggettt
taggcattag
ccactggtea
cagaaacaag
attaggccag
ccaccggeee
ggctgggete
gacagcecagy
cecgggaatgg
aaagggaatg

tga

ccatattage
aaaagatgac
ttecatgtet
tteacccage
gegcetteoeet
cagatgktyg
gatggettag
tttcccagea
cttgggeaga
ggcecttaat
acctgecect
taaaacctca
éggactctaa
taaatgeoece
gagtttgtaa
gaggectggg
agcggctgek
ctggacccag
cagcagectyg
acagccccac
ccttgggtgg
gagggggtge
ggtatgagct

a

(68)

PCT/US01/17161

tattataggg agegttcctc aatttgcgga gaggtttggg

cttacaggee
tgggagegge
totettctea
ceaceccaty
gtgctcogat
gactttceceg
cttoccagay
agtcattage
ccggatgaga
ggatcttcac
caccttgaag
gctgecaggy
tgectgtece
aactccctga
cacatcccaa
gattgectea
gagctcaggo
ggcccacatc
cctgaaacca
ttgaaggcca
tocccaaggy

ggacagagcc

ctetggggtc
tcteagtgee
geectetgtg
cectgtgtgg
ctgtcagagt

cttececctoe

aggtgttgga
teectecect
tggtcageat
tgttcaceca
ccacagccac

cgtcoaccaa

gtaggagagt
gcagggtcca
ggggacaggg
gccaagagea
gccageaacg
accaccaggt

acgccagcce

agttaaccat
ttcctgatga
gagcogagee
gtcatcgcac
tecacgagga
gactetgggy
atgccctece
actgctgaga
tttttttaaa
aagttectet
gaaatagtca
aaccagggce
ctactcccayg
tgattectte
ggctcatcca
ctgagcagtyg
cggaggatge
ctetecagtea
geagtgtgge
agagcetgggg
acagttgagg
attatgtcac
ggccacaggt
gcteoctecac
gacagtgcca
cagagagggt
tgctagacce
geagactgte

ctgaccacct

7

teteatctet
cagcagttct
gctgeccett
accggaaagy
ggcetetggg
ctaaagattc
gtectctgea
agggatgatyg
ctocccacag
ggaggggatt
ttgaatgtet
tteccacccag
agatggtgac
tgtccagececc
gaaccatggy
aagcceagea
ctgottecct
gaagctgget
ceggggecae
geeetetggy
tgceggettt
ccagagaggce
ccagcagtgg
tggccagetg
tgcaaccttg
ggatttgcac
aggaaaagac
tgggcccaga

ggcggocttt

gaaatgccce
gtccacacga
cceetgoectyg
ccttgegage
ttttecattt
ggcacctgag
ctectgtect
ctggggttte
ccagttctat
aggcaaacceg
gacctctggyg
tgggactgee
ttectgggte
aggctgagaa
gtgcaagtga
ttgaccatgyg
ctgetetgee
ctecaccgget
cgcaggetea
aaccacacag
cagtgggagg
tetgteccoc
cgagcacagyg
catacctggt
tggggcacag
atgagcagec
toggageget
gectetgett

ccaactgagt

1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940

3000
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gtggctgtta
agcctggeac
cagcagcagce
ctettttetg

tgggtcaaag

<210> 7

gtectettge
tgatagccac
caatcccgga
aagcatttec

gaccagtcty

<211> 2500

<212> DNA

<213> Howmo sapiens

<220>

<221> wisgc_feature
<223> PCI promoter NCBI acc. number AL049839.3

<400> 7
ctgccatgee

tgctgttatt
ccaaaatcac
agcctgagot
ggaggcatyy
ggccaaggoc
agacaaagat
gckgtcacaa
tetggaaget
ctccttgget
gtetetatee
ggcccactet
atagtcacat
ttcagecaga
ttaggagggy
ggagaagggy
cgtttgetga
ctgagttcat

ggccagaagc

tactgctcac
atcactatct
actacaagga
gtttectact
gcacaggaac
acgteaggag
gagtgocteo
agtcccaggyg
ggaagtctga
cacaggtgge
tgatctecte
agtgacctea
tctggggtat
acaggaggac
aagatgtete
acagtttgea
atgaacaggg
agaaggacca

tcacatggaa

aggecttget

ceagecagac

teceaccttg

aggcagagct gagacaaaag agaggggccce

agacatctat
tgggatcage

cagagggatc

acttccatag
tacagttatg
cacagcaggy
gcagagggay
ggctettggg
tgatgggaga
tcatctggaa
getaggggge
gattaaggea
tgecttetoe
tttttaattt
ttetaactca
tgaaggtaag
g9tggggatg
tctgtgggac
tactggtatt
caaggccage
cagcgeccty

gcagcttagt

gtcaggtggt
ctgaccacge

c

cacgtgeoccec
gagcagtggc
ctgagatttg
gaggcaagac
tgaagtggag
cecccacaaayg
gatgaaaaga
tteaacaaca
ccagcaggat
ctgtetteac
ttgtgtaagy
gteccctett
gacttcagca
tocacatgaa
aagggtggea
ctgcctacce
agtgcetgaty
ccatgtgcca

tecctggtaa

8

ttetggaaat

tececatactgy

caagcaceos
tcaaggtgta
aacccaggca
ttetaccegt
ggaggaagag
gcecteoectga
tgtctttgee
gazatttott
ttgttectte
ctggtettee
acgtagtcat
taaaagceet
tatgcatttt
gaggttcagg
tggagoagcc
cagggtggac
gtcccaggea
aaccaggaca

cctegagaty

(69)

PCT/US01/17161
ggcctetgee 3060
tggggagtat 3120
cgaaagtaga 3180
gagaggcttc 3240

3271
atggtgtagg 60
actgacttge 120
gtggctteag 180
agccagatgg 240
gaggactgaa 300
gaagagctag 360
tgcatggget 420
tctttacaac 480
caaggceact 540
ctetgtgeat 600
attgggttgy 660
atctecagat 720
ggdggcacaa 780
cagaattcct 840
cectgggggas 200
actecactcag 960
tgtagetggt 1020
ccagagtgaa 1080
ctgatgagac 1140
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agagcagagc
tgtggatggg
tcetectecct
tgtgtaaacc
ccaaacatac

ctecacceet

<210> 8

agagggaaca
tagacaggat
cettectete
ctcatgecca

ccattgagty

ctctgaggac -

<211> 1674

<212> DNA

<213> Homo sapiens

<220>

<221> misc_feature
<223> T cell receptor gamma promoter NCBI acc. number

<400> 8
cttacgagce

cactygtgett
cttggctgag
tegttgtaaa
tgcaaggtcet
geggeecaccc
cattgtctte
tagctctget
ggetgggece
ccteagctac
ctattgtetyg
aaactgctet
ttacccactg
cttatatcac
tc;cttttgc
agctgtetgt
tctcaaacaa

tctteogagt

ccaaggactg
tetgecaggg
tecaccaagt
geggtgtect
gcagcctgag
cagcaagttyg
tgagagcttyg
cagctaccea
tecatcccag
ctgaataatg
ttgttettte
ccccagtgea
ggagctgeag
tgtectgggy
accatcataa
acccatatce
agtctgctea

tcectgtatyg

ctetecctee
toctgeoectg
cccgteatee
gtcttgeggy
ttgggtaggg

accttettte

ccagegttga
cagcctgaaa
caaacttcce
caccacctgt
atcagaccac
tcaggctggt
tetteaacca
cacagéctgc
tttgtttget
tacatctect
tctaageocaa
toocttazaa
ctcactgeea
aaacagcaaa
agtaaaaaaa
agctaactct
tagccagagt

cataactacc

atateccate
geagecagac
ctaaatcttyg
tgccatecct
acatctctgg

cetttecagaa

tgtgtggage
toaccgcaga
atgggtgagy
tagcacttce
atagtttaga
gttgttggtt
gctggagaga
agcaccgggt
tetgtitgaag
gaatcceogge
gacatttaat
gctgetgtgt
ctgcccagea
ggtcaaatta
aatcttaagt
tggacatttt
gaactcatte

cacattgecce

9

ctccaaaatg
cectgectty
tectegageo
totetttgaa
aaagtcagea

caaagaacag

agtgacagca
gaagcgttag
gtgacatggg
agtctgtgtyg
cggecaccte
getggggetg
tgttggtecy
ccttetggte
attcaggttc
ttctecteaa
ccgtecccaay
tecagattte
tcgcaagaga
tgttttctac
cggacctcag
caagtacgtc
cetteccoca

aagccaggag

(70)

PCT/US01/17161
tgtecectitga 1200
ggtctgeace 1260
actgccacce 1320
gctgaatgga 1380
cctggaccag 1440
ccaccatgea 1500
AC006033.2
tgtctgeagy 60
acctetgtgg 120
geccectgea 180
aagacagtce 240
agaccacaag 300
tgacatgcag 360
tcaagcoget 420
accttcatga 480
ctgtecocecte 540
tgacagtttc 600
gtatttttac 660
catgcttaat 720
gtatcataac 780
caaatgcogtg 840
ttaaatcgaa 200
tgacatggga 960
aaccatatct 1020
cttgagcatc lo80
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agcctcaatt
catttcctgyg
tecccacceac
ttgctetete
tgtgatgtgg
ttecacgace
ceacattceo
aggaagctta
cgecacctag

atttetetet

«210> 9

ctececteta
ctcaccacty
cttececcoatg
taccttgect
ccacccocte
cacttctatyg
tggctaatte
cctcacceag
tgecttecte

cattctaaac

<211> 1510

<212> DNA

<213> Homo sapiens

<220>

<221> misc_feature
<223> Retinal oxidase promoter NCBI acc.

<400> 9
cacctatgaa

tttagatctt
gaagcaatta
ttttcaatgt
acatgcaaat
tttagacacg
tatttaggge
caaaacgtty
acttttatgt
ataacatggg
ttgtcccact
taaaagtgaa
ttgctgtatt

atttaccaga

gtgttecttge
aatatttagt
gccacattea
gttaatagtg
acattgcaca
tgaaatggtg
taaaatatgt
accattgtta
gcaaagtttg
aaaatgttct
taagttttta
cgtggtaagt
ttocaagttt

taaactttgt

attcaccgea
cctecaccte
gccactagac
ctgaagatga
cetgtectte
gattgacttg
ctgtttatee
taagtccagy
tetectagea

gacagttaag

cctetcccoe
gcatagggaa
aaasatggtt
ttaaaaagtc
gctttgtttg
ttgeggetga
ccaggattgg
aagctcagtyg
gaaaatttca
aaggtatgge
aaggtgttaa
tctaagttgt
tttttttaag

ggttagttac

ctctaattce
acgcacctee
tgacctggtc
agtccagagt
catcttcatt
aatttttttg
ttectgggete
atggagatge
cctectacee

agtteccagg

ccaaaaattg
ataagtagag
catttcaata
tgttttagat
attcaaagaa
ctazaaggat
cttttaaata
aagggeaggt
caataaaatt
aagtgaaaag
aagtacatgt
gggcttacag
ttttccaaga

tggataaact

10

tgaggattct
atacatccca
cttrtectge
tcttaggata
tagtcacttt
tgtttggact
agcoecagge
tteaaattge
aagtcttgge

ggagtaagat

aacctgaatt
tagazaaaca
gaacaactga
gaaaagagac
gtcaagtgta
gtgtatgtgt
ctacaaazaa
agatgccaat
tttgtgttta
aagcctggaa
tteaaaaagt
gtgttcttta
tgttttacat

gtasatagtg

1)

number AF010260

PCT/US01/17161
acgtcoctaaa il4a0
tcteggeecce 1200
tctaaagtce 1260
agaggttcte 1320
cktgeotggaa 1280
geattetact 1440
agtctteecoe 1500
tttetettea 1560
ctgtttacce 1620
catg 1674
taatcaaagc 60
ataccaggga 120
cctggtttet 180
tgatgagacce 240
aaagacattt 300
gtttttgaag 360
tggagtatgce 420
tgcactoctte 480
cataaatgaa 540
aataactagt 600
aaggatagac 660
tttttatget 720
ctetgttett 780
ataaaattt 840
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taagtttata
ttaattgeag
cttatatttc
agagttccaa
dggaggggagt
agtaacataa
agggtgtgac
cgeceggatga
ccgggaagag
cgttoggogt
cggtgcecgee

cctogaacca

<210> 10

tcaagatage
ttgttgecat
taaaagatca
taaatatgat
tactaatgtt
gaccatcaza
acagacgceta
tttccgecca
ttoctggeaa
ggatgggtty

gggtcecagy

<211> 1954

<212> DNA

<213> Homeo sapiens

<220>

<221> misc_feature

<223> BPBeune promoter NCBI acc.

<400> 10
caaatatctg

ttecectttge
gaaccaaggy
cgattgttag
caaaagcatc
tctgeacage
tttttgecaat
aaatttacaa
cacttcteaa
ctggecatca
atggtgatca

acacttitac

gaagataaaa
agggcatcte
ggaaatggag
gaaattcaag
agcaacaaaa
aaaagaaaca
ctacceatct
gaaaaaaatc
aagatgacat
gagaaatgca
ttazaaagte

actgttggtg

actteatttt
tggaagtgat
agttgtaaac
tgtttacact
cecagactta
agcaatgtee
agecgecactg
catagagggc
agagctcagy
gtactttagg

tgcecgetac

gcataaaaga
ttttotgtet
caggaagect
gggttgaaaa
gcocaaaattg
accatcagag
gacaaaggge
aaacaaccca
ttatgcagce
aatcaaaacce
aggaaacaac

ggactgtaaa

aaaaccagta
ggtaaaaacc
ctatttgttt
taagagtcca
aatccagety
caggacttac
gegaggagat
gccagtgacy
taacgttgga
cteccageaag

tteccagaac

aggagcttca
ctagttaaaa
ggeccctetg
gcatgggeaa
agaaatggga
tgaacaggca
taatatccag
atcaaaaagt
aacagacaca
ataatgagat
aggtgetgga

ctagttcaac

11

attattaggt
gcaattactt
tececctaagat
ggactacagc
gaacaccace
aatgtttgcet
gaaggggtey
cecacacacyg
tcttaattea
coccgeeeca

ctecgectoe

number AP001234.3

ttagccagta
gcteaggtga
agtcatggta
ggacttcatyg
tctaattaza
acctacagaa
aatctacaaa
gggtgaagga
tgaaaaaatg
accatcteac
gaggatgtyg

cattgtgaaa

(72)

PCT/US01/17161
tggtgcaaaa 200
ttgeaccaac 960
cegetettge 1020
aggcctggtt 1080
taaaatatge 1140
aagacgcaag 1200
tetteatott 1260
tgctggtgte 1320
aggetttetc 1380
ctoggegggt 1440
cgcteeggge 1500

1510
tagagcatgt 60
agttaggagg 120
aagtcacatc 180
tctaaaacac 240
ctaaagagct 300
tgggagazaa 360
gaacttaaac 420
tatgaacaga 480
ctcatcatea 540
accagttaga 600
agaaatagga 660
gacagtgtgg 720

JP 2004-509608 A 2004.4.2



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

WO 01/92578

cgattectea
atatacccaa
gttgcactat
tggattaaga
gagttcacgt
ttgcaaggac
agaacacttg
2999999agg
cacaccaaca
tagaacttaa
caagggttta
atgtettgtt
ccaacattta
tatatacgto
aagaatgcaa
ctgcagcaac
gcacgtgega
acaggtatag
tgagagtece
aaaaatttgg

acatactget

<210> 11

<211> 1520

<212> DNA

aggattgaga
aggattataa
tcacaatagce
aaatgtggcea
cctttgtagy
agaaaaccaa
gacacagtgt
gatagcatta
tggeacatgt
agtataataa
atgcagaaat
ggotcaagea
aaacaggata
tttggcacge
gaaaaattga
aagtttectt
ataagggcag
aaccactact
ttcaagttty
tttttatttt

caaaaaatct

<213> Homo sapiens

<220>

<221> misc_feature
<223> HIF-2alpha/ EPAS promoter

<400> 11

actagaaata
atcatgctge
aaagacttgg
catatacacc
gacatggatg
acactgcatg
ggggaacace
ggagatatac
atacacatga
aaaaataaaa
cgtgaacaga
gtattggeat
tttcacatgy
gattgaaacyg
tgtgatgtge
gattataaag
aaattaatca
aggtgatatt
ttacataatc
tttaagcaac

tcataacatt

caacttcaag ttacacctgt gaaactcatg

cgtecectgt cotcteccoa gatgtocctt

tcagegeggy geaggggage actgggocceg

ccatttgace
tataaagaca
aaccaaccca
gtggaatact
aaactggaaa
ttetgactea
acacaccagg
ctaatgtaaa
aacaaaccty
taaaataaat
gggactcteg
atacactttt
azaatccata
cgotaattge
cttatcacaa
gtetttageg
aatttatcaa
gaggcttttyg
ttetttgtge
atcagetgea

attt

cagcocatcce
catgcacacg
aatgtccaac
atgcagceat
ceatcattet
tagatgggaa
gcctgttgtg
tgaggagtta
cactttgtge
aaaaaataaa
accaactctg
aaacaattct
aattcggtta
atcagectat
ttcattacct
tgagaggtac
ctatttggeg
tacaatttat
aacgtacaag

ctagttgage

(73)

PCT/US01/17161
gttactgggy 780
tatgtttatt 840
aatgatagac 200
aaaaaatgat 560
gagcaaacta 1020
ttgaacaatg 1080
gggtaggggg 1140
atgggtgcag 1200
acatgtatcc 1260
aaaagaaatt 1320
gcctgtgaat 1380
gaataagttg 1440
tattgcttag 1500
ctttetatge 1560
cctatttect 1620
aggtgttatg 1680
atggctegag 1740
agcaagtttt iso0
agcaaagtag 1860
ttttgacaayg 1920

1954

NCBI acc. number NT_005065.3

ggtecttoca cagacttcaa aaactaaggg

ccecategee ggtagegagt gggagacage

gagatggaag gcagcgtcaa aagcgcocgct

12

60

120

180
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ggaaaatcec
acctgtagec
tgagatgcag
aaccagactg
ctetgecgea
ctgggagagy
cagacggtca
gocgetgggg
gcagegtgga
ggcacggege
cceggageoe
agtcccacee
goaggagacyg
geogegegte
ctgeoggoge
gccccgtgoe
gctttacact
cgctectgag
ccggectecy
tcagaaaagt
ttttegggte
ccteceeagte
acctgactge
<210> 12
<211l> 1469
<212> DNA
<213> Homo

<220>

tgagcgctaa
tttgggttte
tgacttgagg
acttctcecaa
tceccgecaa
gaaggaagag
agtcagetge
gccgagaaat
ggggcteege
cggtacgagg
ggcteccgge
cgotaccege
gggcgcageg
cceattggee
gtgceccgece
cgceccaage
cgegagegga
geggecgtac
actcetteeg
gactectttt
tgacagecte
acctttctee

geggggeget

sapiens

<221> misc_feature
<223> Selectin promoter NCBI acc. number AL021940.1

<400> 12

cgt

t cct

&

ccaggactte
gcacatggec
ttetgaacte
aaccazaccyg
taggcgeage
gtecccacega
tatecccace
getggcocogyg
acaccgacge
cgccoctogg
cgccoagacyg
cgggageagy
gggacgcagt
acacacccge
cggcocgacgg
ccgecacacyg
aatccteggo
actcccageca
ccagggaaaa
cacceactec

accceegece

catcgacqct
aactcttgte
geeceggect
cectggeacaa
cctagatcaa
aaagggcgea
tggceegagyg
cgetgeoege
tgtggegeaa
ccctgegeag
acctcataaa
aggogggeca
gagccgacey
gceggtgeec
agtttttaaa
ggtecggtge
agtgtcctga
ttegagecac
aggaacttgg
ttececcggac

ccgeacctag

ggcggeagag
actccaagat
cgggeggete
gceggtaage
ttteettgea
tcgecoccacge
gccagggacyg
ggtecctgece
ctgeegtece
gctgectete
caagtccteg
gggteaggge
gagcteggeg
gccocooegea
gtgggetgea
ccgectgeget
gactgtatgg
ttettttttt
gttecettet
ccegeeteeg

cccgeegege

(74)

PCT/US01/17161
aatttccaac 240
agggcaggeco 300
cacactgggg 360
asagggecte 420
aaccaccctg 480
ctgctictee 540
cogaaacgca 600
caggagcecgea 660
tegttccaag 720
ccgcagcaat 780
cececgacgegg B840
aagtgcggagy 900
agaggctgeg 960
cgggegggge 1020
cteoegegece 1080
ggccgeggga 1140
teegececayg 1200
tcagctcage 1260
ctttgaaaac 1320°
cteegteate 1380
cgecgeaggtt 1440
gecaccttee 1500

1520

catggctttg cttggtectt ctetagttct tetgcagecc atigagecte ttgacttage

13

60
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acaagggtet
atgtcaacag
cctocccettt
tagactggece
gactagattc
tecttacect
toctgetect
ttectectte
taaatgctaa
acaaatcaaa
gecagtggact
ggacgtcctt
getttteace
tgagatggtt
aggaagaccc
aaataataat
taatctttat
aaagaggtta
cagaaccata
geattttgaa
tcaatagaca
actaccatca
atggataaat
ctgaatagac
<210> 13

<211> 1490
<212> DNA

caggtccttg
aaagccttge
teccteceect
tetattgeet
tetettectt
cectecteett
cttettetac
tctetetect
actaactctt
actgcatttce
tgactcgttt
gttagtggea
gtgtaggttt

ttataagact

actgatgtga

aacaacaaca
aacagctcte
agaaacaaat
ggaggtagag
aagattaaca
caataaaaaa
gagattacta
tectggacac

taataacaag

<213> Homo sapiens

<220>

<221> misc_feature

cccaaaggga
tttettteat
tecteoctgea
ccecactgaga

ccctecttte

‘cactcattgt

ttgttettgt
cctectectt
ggctacetgt
agacatattt
cggttectte
cttcectgaag
gggagectac
gcatgtgaaa
gtcaatgagt
aaaactctga
tgctatagat
tcaaaaacta
acacgaaaaa
aaatagatgg
tggtaaaggg
taaacatctt
atacacccte

ttctgaaat

gtgtgctgtg
ttctcotaace
cttctettte
caaaaatgaa
tatcctteet
Egttgetgtt
tottgttttt
cttttccace
ggtaaatgge
atgatgtttyg
accteegtet
ttaacccotg
aagtaccttt
ttaggaccca
caaatgcaaa
agctecagege
atgattatta
gegaaagaca
gcctteaaaa
accactaget
gatattacca
tacacaaata

ccaagactaa

ctgcaggtag
cagtctcaca
ctectttecee
ctgctgatea
teecattetee
cttettocte
gtttggttct
acectecect
ccttggaaat
caaaacttea
ttecttgete
aagagagece
aatattcttg
tatgatgaag
tcagatttge
cccatattta
tecccattet
agaaataact
aatcaataaa
agactaataa
ctgatcecgt
aactagaaaa

accaggaaga

(75)

PCT/USO01/17161
actgcactga 120
tectectect 180
acccoctttee 240
aaagtaatgt 300
tatgcatett 360
ttetttttee 420
tgttectecte 480
atctttttea 540
tgcaaatact 600
gtagagctaa 660
accacctagt 720
atgctctota 780
gactataaaa 840
gacaataaaa 900
atttttagga 960
ttatattgtt 1020
aaagagtote 1080
aagatcagag 1140
tocaggagcet 1200
gaaagaagaa 1260
agaaatacaa 1320
tctagaagaa 1380
agtcaaatcc 1440

1469

<223> Ring finger protein RNF promoter acc. nmumber AP00051E8.1

<400> 13

JP 2004-509608 A 2004.4.2
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taaatcatca
gcagtttagg
aaacaaacaa
gttgctataa
gaggtgctat
agagtgtatyg
agattaagat
ggagagtgag
ttttecttaa
tatgtaacac
atcagagaag
atgggcacgg
ctactacagyg
aaagaacaac
gttgaccctg
aattctgtga
gctctaccaa
tgaccttteca
atcccceata
acataccttt
attcaaagta
ctctttataa
cctettettt
ttctetgact
cagacttgge
<210> 12

<211> 20
<212> DNA

tgccagtcaa
agtataagta
aaagaaagglt
ggggagccac
taataattac
atcactctgg
cagacaaaaa
gaggtgaggg
gacaagaggc
tggttgatat
caccaagaay
agacaccagce
tgttgtgggy
tctttagaaa
tgactggaaa
ggagccaaag
ggcttgaact
gtaggeatca
agtggtgttt
agtccaaagt
tceatttgtt
tattttctag
tectetotet
cecttetece

acagcttect

<213> Homo sapiens

<220>

<221> wmisc_feature
<223> Sense primer for IGFEP-3

acaaaaccty
aaacaattta
ctggaggtat
ataatttata
accaggacaa
ctattattat
ttaatggtgt
tggaagctat
aaggagggaa
attectagte
gaagaagaag
atactggaga
aggcagaaga
ggaagtteoct
tteccoaagg
cacctgaggt
ttgcatacaa
ccacccagee
ggtgcccegy
tcaggacaac
cteaagaggt
atcctaaatt
ctgctettet
ttcctagaaa

acagtcttga

tcaaaagtta
cagatgttag
aacatttctg
gtccaaactg
agtgaaacce
aataatcatc
acttcttget
accaagagaa
ggttaggaca
ataacaaaag
aacatataga
catacagaga
teaccagggg
tgectatect
taggtgatga
agagaattgce
gatgcccaaa
ctecactece
tcattctgat
ttatttcact
agcaaggtag
ttacgetttt
aactaattgy
cagtatccac

aacagcectyg

15

aattctgott
actgttttaa
aaagtctttg
gacattictg
aggatggttc
cacaagceect
ggggacagac
ggggtaggga
tgaatgtaca
ccatagaagg
cagaattgge
aaaaatcaac
caagagcaaa
actgagctag
taacctctac
ccttececta
geattgeagt
tactcagage
tttagtcaac
ttataagcag
gactgeccat
ctatcattta
cagaatctct
agtggactcc

ttgttetgte

(76)

PCT/US01/17161
ctaggggeca (]
tttaacccta 120
gtttacagca 180
aaagtgaaag 240
caggcaaagc 300
‘gtttgaccta 360
ggctgataat 420
ggaagcacce 480
gaagggaatg 540
caagtcaggyg 600
azagcaaaga 660
agaggacaga 720
gtgcaaaaac 780
agagtggttg 840
attttcacaa s00
ctttccagat 960
gaactggctg 1020
tgattgggaa 1080
caccatacaa 1140
cctattacac 1200
ctgttttect 1260
tttttttcte 1320
gacctccact 1380
ggggctccta 1440

1490
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<400> 14
ttgcacaaaa gactgccaag 20
<210> 15
<211> 20
<212> DNA
<213> Homo sapiens
«220>
<221> misc_feature
<223> BAntisense primer for IGFBP-3
<400> 15
catgaagtct gggtgctgtg 20
<210> 16
<211> 20
<212> DNA
<213> Homo sapiens
<220>
<221> misc_feature
<223> gense primer for Mac-2 BP
<400> 16
aattccacac tgtgeccottc 20
<210> 17
<211> 20
<212> DNA
<213> Homo sapiens
<220>
<221> misc_feature
<223> BAntisense primer for Mac-2 BP
<400> 17
gtggagtcty gaaggactgy 20
<210> 18
<211l> 20
<212> DNA
<213> Homo sapiens
<220>
<221> misc_feature
<223> GZense primer for beta IG-H3
<400> 18
tgcgactage coctgtetat 20
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(78)

WO 01/92578 PCT/USO01/17161
<210> 19
<211> 20
<212> DNA

<213> Homo sapiens

<220>
<221> misc_feature
<223> Antisense primer for beta IG-H3

<400> 19

catgcacaag gotcacatct 20
«210> 20

<211> 20

<212> DNA

<213> Homo sapiens

<220>
<221> misc_feature
<223> gSense primer for PCI

<400> 20
gcacccaaga gcaagactte 20
<210> 21
<211i> 20

<212> DNA
<213> Homo sapiens

<220>
<221> misc_feature
<223> Antisense primer for PCI

<400> 21

cgagetgect ctttttgaac 20
<210> 22

<211l> 20

<212> DNA

<213> Homo sapiens

<220
<221> misc_feature
<223> Sense primer for FAT 10

<400> 22

aatgcttcot goctetgtgt 20
<210> 23

<211l> 20

<212> DNA

JP 2004-509608 A 2004.4.2
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WO 01/92578 PCT/US01/17161

<213> Homo sapiens

<220
<221> misc_feature
<223> Antisense primer for FAT 10

<400> 23

atcactggge ttcaccactt 20
<210> 24

<211> 20

<212> DNA

<213> Homo sapiens

<220>
<221» misc_feature
<223> Bense primer for EPLIN beta

<400> 24
agaaagggga ccctgactgt 20
<210> 25
<211> 20

<212> DHNA
<213> Homo sapiens

<220>
<221> misc_feature
<223> Antisense primer for EPLIN beta

<400> 25

aagatccteca cegtecttga 20
<210> 26

<21l> 20

<212> DNA

<213> Homo sapiens

<220>
<221> misc_feature
<223> Sense primer for T cell receptor gamma

<400> 26

aggagcetgtyg gaaaacatgy 20
<210> 27

<211> 20

<212> DNA

<213> Homo sapiens

<220>
<221> misc_feature

JP 2004-509608 A 2004.4.2
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<223>

Antisense primer for T cell receptor gamma

<400> 27

cataacagac ggtggcacaa 20
<210> 28

<211> 20

<212> DRA

<213> Homo sapiens

<220>

<221> misc_feature

<223> Sense primer for P28 alpha

<400> 28

acaggtggat gtgtttegtyg 20
<210> 29

<211> 20

<212> DNA

<213> Homo sapiens

<220>

<221> misc_feature

<223> Antisense primer for P28 alpha

<400> 29

tteoatcctoe cecttettet 20
<210> 30

<211> 20

<212> DNA

<213> Howo sapiens

<220>

<221> misc_feature

<323> Sense primer for Retinal oxidase

<400> 30

gtggtggaca tcatgacagce 20
<210> 31

<211> 20

<212> DNA

<213> Homo sapiens

<220>

<221> wisc_feature

<223> Antisense primer for Retinal oxidase

<400> 31

JP 2004-509608 A 2004.4.2
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agcggctcoa agtctigata

<210>
«211>
<212>
<213>

<220>

<221>
<223>

<400>

32

20

DNA

Homo sapiens

misc_feature
8ense primer for Bene

32

ccaggcaaca aaaggagaga

<210>
<211>
<212>
<213>

<220>

<221>
<223>

<400>

33

20

DNA

Homo sapiens

misc feature
Antisense primer for Bene

33

tgcecttetgt cattgggaat

<210>
<211>
<212>
<213>

<220>

<221>
<223>

<400>

34

20

DA

Homo sapiens

misc_feature
Sense primer for HIF-2alpha/ ERAS-1

34

ceagtgcate atgtgtgtca

<210>
<2131>
<212>
<213>

<220>

<221>
<223>

<400>

35

20

DNA

Homo sapiens

misc_feature
Antisense primer for HIF-2alpha/ EPAS-1

35

cccgaaatee agagagatga

<210>

36
20

(81)

PCT/US01/17161

20

20

20

20

20
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(82)
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<211> 20

<212> DNA

<213> Homo sapiens

<2203

<221> misc_feature

<223> Sense primer for Selectin

<400> 36
' gtggcaccte ctacgtcaaa 20
<21la> 37

<211= 22

<212> DNA

<213> Homo sapiens

<220>

<221> misc_feature

<223> BAntisense primer for Selectin

<400> 37

tgaatccttt ceoctttatgg te 22
<210> 38

<211l> 20

<212> DNA

<213> Homo sapiens

<220>

<221> misc_feature

<223> gense primer for ring finger protein RNF

<400> 38

gaggtgcagt ccaaaaggaa 20
<210> 38

<211> 22

<212> DNA

<213> Homo sapiens

<220>

<221> misc_feature

<223> BAntisense primer for ring finger protein RNF

<400> 3%

tgtgttggeg tacaggtett tg 22
<210> 40

<211> 22

<212> DNA

<213> Homo sapiens

21
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(83)

WO 01/92578 PCT/US01/17161
<220>
<221> misc_feature
<223> Sense primer for Beta-actin
<400> 40
tgtgttggeg tacaggtett tg 22
<210> 41
<211> 22
<212> DNA
<213> Homo sapiens
<220>
<221> misc feature
<223> Antisense primer for Beta-actin
<400> 41
tgtgttggeg tacaggtett tg 22
<210> 42
<211> 17
<212> DNA
<213> Homo sapiens
<220>
<221> misc_feature
<223> RARE sequence from ring finger protein RNF promotex
<400> 42
aggtcacagc cagttca 17
<210> 43
<21l> 20
<212> DNA
<213> Homo sapiens
<220>
<221> misc_feature
<223> Sense primer for beta-IG-H3 reporter geme construction
<400> 43
ggccaggtge ctcottettag 20
<210> 44
<211> 18
<212> DNA
<213> BHomo sapiens
<220>
<221> misc_feature
<223> BAntisense primer for beta-IG-H3 reporter gene comstruction

22
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<400> 44
cggctccagg gaagtgag

23

(84)

PCT/US01/17161

is
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This International Search Report has not been established in respect of cenain claims under Article 17(2)(a) for the following reasons:

1. D Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. [¥] claims Nos: 19,20

because they relate to parts of the International Application that do not comply with the prescribed requirements to such
an extent that no meaningful Intemational Search can be carried out, specifically:

see FURTHER INFORMATION sheet PCT/ISA/210

3. [:' Claims Nos.:

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box Il Observations where unity of invention is lacking (Continuation of item 2 of first sheet)

This International Searching Authority found multiple ions in this i i ication, as follows:

see additional sheet

1. As all required additional search fees were timely paid by the appficant, this Internationa! Search Report covers all
searchable claims.

2. D As all searchable claims could be searched without effort justifying an additional fee, this Autherity did not invite payment
of any additional fee.

3. D As only soms of the required additional search fees were timely paid by the applicant, this International Search Report
covers only those claims for which fees were paid, specifically claims Nos.:

4. D No required additional search fees were timely paid by the applicant. Consequently, this Internationat Search Report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest D The additional search fees were accompanied by the applicant's protest.

m No protest accompanied the payment of additional search fees.
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FURTHER INFORMATION CONTINUED FROM  PCT/ISA/ 210

Continuation of Box I.2

Claims Nos.: 19,20

Although claims 19 and 20 are directed to a method of treatment of the
human/animal body, the search could have been carried out and based on
the alleged effects of the compound/composition. Nevertheless, no such
search was carried out for claims 19 and 20 because the application does
not provide support within the meaning of Article 6 PCT and/or disclosure
within the meaning of Article 5 PCT for a compound/composition.

The applicant’s attention is drawn to the fact that claims, or parts of
claims, relating to inventions in respect of which no international
search report has been established need not be the subject of an
international preliminary examination (Rule 66.1(e) PCT). The applicant
is advised that the EPO policy when acting as an International
Preliminary Examining Authority is normally not to carry out a
preliminary examination on matter which has not been searched. This is
the case irrespective of whether or not the claims are amended following
receipt of the search report or during any Chapter II procedure.
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