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INDUCTION OF TUMOR CELL SENESCENCE BY RETINOID

RECEPTOR AGONISTS AND ANTAGONISTS
(Atty. Docket No. ORD-001PC)

BACKGROUND OF THE INVENTION

Related Applications

This application claims the benefit of U.S. Provisional Application Serial No. 60/647,842
filed on January 28, 2005, the contents of which are incorporated herein by reference in its

entirety.

Field of the invention

The invention relates to the induction of tumor cell growth arrest. More particularly, the
invention relates to the use of retinoid receptor agonists and antagonists to mediate such
induction of growth arrest.

Summary of the related art

Retinoids, natural and synthetic derivatives of vitamin A, are used in leukemia treatment
and chemoprevention of cancers. These physiological regulators of gene expression were shown
to be efficacious in the treatment of promyelocytic leukemia and (to a lesser degree) in
chemoprevention of several cancers, in particular breast carcinoma.

Warrell, In Cancer, Principles and Practice of Oncology, V.T.H.S.DeVita and
S.A.Rosenbert, eds. (Philadelphia: Lippincot Williams and Wilkins), pp. 489-494 (2001) teaches
that retinoid treatment, however, produces a certain amount of systemic toxic responses, such as
intracranial hypertension or hyperleukocytosis.

The antitumor effect of retinoids is most often attributed to the induction of
differentiation (Altucci and Gronemeyer, Nat. Rev. Cancer /, 181-193 (2001), but Roninson and
Dokmanovic, J. Cell Biochem. 88: 83-94 (2003) teach that these compounds also stop the growth
of tumor cells by activating the programs of apoptosis or senescence. Roninson and
Dokmanovic, supra also teaches that senescence is observed at the lowest and generally non-
toxic concentrations of retinoids, and (ii) it involves upregulation of several growth-inhibitory
proteins, including secreted factors that arrest the growth of neighboring non-senescent cells.
Senescent tumor cells may therefore be regarded as a reservoir of secreted factors that provide

for long-term inhibition of tumor growth.
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Dokmanovic et al., PCT/US01/17161 teaches that retinoid-induced senescence of human
MCF-7 breast carcinoma cells is associated with increased RNA expression of several
intracellular and secreted proteins with known growth-inhibitory activities. These include actin-
binding protein EPLIN (Epithelial Protein Lost in Neoplasm) and an ubiquitin-like protein UBD
(formerly known as FAT10), as well as secreted proteins insulin-like growth factor-binding
protein 3 (IGFBP3) and an extracellular matrix component TGFBI (formerly known as BIG-h3).
Induction of these genes can be used as the test for identifying other compounds that are likely to
induce the same form of senescence as retinoids.

Induction of gene expression by retinoids is mediated at the level of transcription,
through binding to dimeric transcription factors formed by retinoic acid receptors (RAR) and
rexinoid receptors (RXR). The best-known mechanism of action of these retinoid receptors
involves their binding to retinoic acid response elements (RARE) in the promoters of retinoid-
responsive genes. Nevertheless, Altucci and Gronemeyer, supra teaches that retinoid receptors
also affect transcription through RARE-independent mechanisms, such as repression of
transcription factor AP-1 (Jun/Fos) and Husmann et al, Biochem. J. 352: 763-772 (2000) teaches
that they can act or by modulating the interaction of Sp1 and GC-rich DNA via ternary complex
formation.

Remarkably, Dokmanovic et al., Cancer Biology & Therapy 1:24-27 (2002) teaches that
only one of 13 genes that were found to be strongly upregulated by retinoids in senescent MCF-7
cells, TRIM31, contains a putative RARE sequence in its promoter, whereas the other genes,
including EPLIN, UBD, IGFBP3 and TGFBI, showed no identifiable RARE sequences This
suggests that retinoids upregulate these genes via a RARE-independent mechanism, but it is
unknown whether this mechanism was mediated by retinoid receptors.

Induction of terminal cell growth arrest is of special interest in anticancer drug
development. There is, therefore, a need to develop compounds that can induce growth arrest in

tumor cells.
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BRIEF SUMMARY OF THE INVENTION

In a first aspect, the invention provides methods for using one or more retinoic acid

receptor (RAR)-modulating compounds to induce growth arrest in proliferating cells and that are
efficient in inducing RARE-independent gene expression and that are inefficient in inducing
RARE-dependent gene expression.

In a second aspect, the invention provides methods for identifying one or more RAR-
modulating compounds that induce growth arrest in proliferating cells and that are efficient in
inducing RARE-independent gene expression and that are inefficient in inducing RARE-
dependent gene expression with relatively few toxic side effects.

In a third aspect, the invention provides compounds identified by the second aspect of the

invention.
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BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 shows the effects of RAR agonists (RA and LGD1550, 100 nM each) and RAR
antagonist LG100815 (10 uM) on luciferase expression from DR5 RARE-containing promoter in
MCF-7 cells. The assays were carried out in triplicate. RA is all-trans retinoic acid. LGD1550
is a pan-RAR agonist. LG100815 is a pan-RAR antagonist.

Figure 2 shows the effects of retinoid agonists and antagonists on MCF-7 cell growth.
The bars represent cell number after 7 days of culture with the addition of DMSO (control), 100
nM RA, 100 nM RAR agonist LGD1550, 100 nM RXR agonist LGD1268, 10 uyM RAR
antagonist LG100815, and 10 uM RXR antagonist LG101208. Experiments were done in
triplicate, and the results are expressed relative to the average of the control.

Figure 3 shows the effects of retinoid agonists and antagonists on growth and the
senescent phenotype of MCF-7 cells. The bars represent percentages of SA-B-gal+ cells after 8
days of treatment with the indicated compounds (in triplicate). The compounds were used at the
same concentrations as in Figure 2.

Figure 4 depicts microarray analysis of changes in gene expression in MCF-7 cells
treated with RAR agonist LGD1550 or RAR antagonist LG100815, plotted using GeneSpring
software. The X axis represents different time points of treatment with RAR ligands (0 point
correspond to cells cultured for 3 days with DMSO carrier). The Y axis shows changes in gene
expression on log scale.

Figure 5 shows the comparison of changes in gene expression produced by RAR agonist
and antagonist. The maximal changes in gene expression for 11,729 probe sets representing
genes that show >1.3 fold effect by either the agonist or the antagonist (dots) are plotted on a log
scale. Encircled dots correspond to the genes that are affected >5-fold by either ligand. Trend
lines (power regression) correspond to the genes with >1.3-fold or >5-fold changes in gene
expression The R? values for the regression lines are 0.6955 with n = 11729 (for >1.3-fold) and
0.7876 with n =316 (for >5-fold).

Figure 6 shows the comparison of changes in gene expression produced by RAR agonist
and antagonist for the 62 genes listed at the top of Table 3 (similar induction by the agonist and
the antagonist; circles) and in Table 4 (preferential induction by the agonist; triangles). The

maximal changes in gene expression are plotted on a log scale.
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The invention relates to the induction of tumor cell growth arrest. More particularly, the

invention relates to the use of retinoic acid receptor modulators to mediate such induction of
growth arrest. The patents and publications cited herein reflect the level of knowledge in the art
and are hereby incorporated by reference in their entirety. Any conflict between the teachings of
these patents and publications and this specification shall be resolved in favor of the latter.

For purposes of determining the metes and bounds of claims containing this term, the
term retinoic acid receptor (RAR) agonist is intended to mean those compounds recognized in
the art as those capable of acting through retinoic acid receptors and are efficient at inducing
RARE-dependent gene expression. Such compounds include, but are not limited to, all-trans-
retinoic acid (RA), 13-cis retinoic acid and LGD1550.

As defined herein, “retinoid-responsive” gene is a gene that is induced by treatment with
a known retinoic acid receptor ligand. As defined herein, a retinoic acid receptor ligand is
intended to mean a retinoic acid receptor agonist and/or a retinoic acid receptor-modulating
compound.

For purposes of determining the metes and bounds of claims containing this term, the
term retinoic acid receptor (RAR)-modulating compound is intended to mean those compounds
capable of acting through retinoic acid receptors and inducing expression of RARE-independent
retinoid-responsive genes but inefficient at inducing RARE-dependent gene expression. Such
compounds include, but are not limited to, LG100815.

As defined herein, “RARE-dependent” gene expression refers to the expression of
retinoid-responsive genes that are preferentially induced by the RAR agonist relative to RAR-
modulating compound (e.g. 3-fold or greater difference in their maximal induction), whether or
not such genes contain RARE elements in their promoters.

As defined herein, “RARE-independent retinoid-responsive” gene expression refers to
the expression of retinoid-responsive genes that (i) do not contain verified RARE elements in
their promoters (see Balmer and Blomhoff, 2005 for a listing of RARE-containing genes) and (ii)
are induced by the RAR agonist and the RAR-modulating compound to a similar degree (e.g. no
more than 2.5-fold difference in their maximal induction).

In a first aspect, the invention provides methods for using one or more RAR-modulating

compounds that are efficient in inducing RARE-independent gene expression and that are
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inefficient in inducing RARE-dependent gene expression to induce growth arrest in proliferating
cells. In preferred embodiments, the proliferating cells are neoplastic cells. In preferred
embodiments the proliferating cells are in a mammal, preferable the mammal is a human. In the
methods according to this aspect of the invention, preferred compounds include ligands of
retinoic acid receptors (RAR). Surprisingly, both agonists and antagonists of RAR induce
growth arrest and senescence in proliferating cells, whereas neither agonists nor antagonists of
rexinoid receptors (RXR) have this effect.

All-trans retinoic acid (RA) and other RAR agonists induce transcription both through a
RARE-dependent mechanism and through RARE-independent mechanisms. The toxicity
associated with these compounds may result from the stimulation of RARE-dependent
transcription. RAR-modulating antagonists are inefficient in inducing RARE-dependent
transcription and therefore should be less toxic. In fact, an RAR antagonist was reported to
decrease the toxicity of RAR agonists. (See Standeven et al., Toxicol. Appl. Pharmacol.
138:169-175 (1996)).

In a second aspect, the invention provides methods for identifying one or more RAR-
modulating compounds that induce growth arrest in proliferating cells with relatively few toxic
side effects that are efficient in inducing RARE-independent gene expression and that are
inefficient in inducing RARE-dependent gene expression. In a preferred embodiment, the
method according to this aspect of the invention comprises providing proliferating cells,
contacting the cells with a test compound, determining the level of RARE-independent retinoid-
responsive gene expression (as defined above), determining the level of RARE-dependent gene
expression (as defined above), and comparing the ratio of RARE-independent retinoid-
responsive gene expression to RARE-dependent gene expression. Test compounds that induce
RARE-independent retinoid-responsive gene expression and that have the highest ratio of
RARE-independent retinoid-responsive gene expression to RARE-dependent gene expression
are determined to be RAR-modulating compounds that induce growth arrest in proliferating cells
and should have relatively non-toxic side effects. In preferred embodiments, the level of RARE-
independent retinoid-responsive and RARE-dependent gene expression is normalized against
cells not treated with the test compound. In certain preferred embodiments, the level of RARE-

independent retinoid-responsive and RARE-dependent gene expression is compared to cells
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treated with a compound known to induce RARE-dependent gene expression, such as RA or
another RAR agonist.

In certain embodiments, RARE-independent retinoid-responsive and/or RARE-dependent
gene expression can be determined by quantitative reverse-transcription PCR. This embodiment
provides a method for identifying one or more RAR-modulating compounds that induce growth
arrest in proliferating cells and that are efficient in inducing RARE-independent gene expression
and that are inefficient in inducing RARE-dependent gene expression, contacting the cells with a
test compound, obtaining cells that have undergone growth arrest, determining the level of
expression of RARE-independent retinoid-responsive genes and determining the level of
expression of RARE-dependent genes wherein test compounds that increase the expression of
RARE-independent retinoid-responsive genes relative to cells not treated with the test compound
and that have the highest ratio of the expression of RARE-independent retinoid-responsive genes
to the expression of RARE-dependent genes, are determined to be RAR-modulating compounds
that are inefficient in inducing RARE-dependent gene expression and induce cell growth arrest.

For example, quantitative reverse-transcription PCR assays in Table 2 show that the ratio
of the fold-induction of TGFBI relative to TRIM31 is 0.19 for 100 nM RA and 0.12 for all three
concentrations of RAR agonist LGD1550, but in the case of RAR antagonist LG100815, this
ratio increases to 0.56 at 1 pM and 0.38 at 10 pM.

In certain embodiments, RARE-independent retinoid-responsive and/or RARE-dependent
gene expression can be determined by hybridization with oligonucleotide or cDNA arrays. For
example, Figure 6 shows that plotting fold increase in gene expression upon treatment with RAR
agonist or RAR-modulating antagonist can be used to identify groups of genes that show either
similar response to both RAR ligands or preferential response to RAR agonist.

In certain embodiments RARE-independent retinoid-responsive and/or RARE-dependent
gene expression can be determined by providing cells transfected with a first gene encoding a
first detectable protein operatively linked to a promoter of a RARE-independent retinoid-
responsive gene and a second gene encoding a second detectable protein, that is different from
and separately detectable in the presence of the first detectable protein, operatively linked to a
promoter of a RARE-dependent gene. This embodiment provides a method for identifying one
or more RAR-modulating compounds that induce growth arrest in proliferating cells and that are

efficient in inducing RARE-independent gene expression and that are inefficient in inducing
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RARE-dependent gene expression, by contacting the cells with a test compound, measuring the
levels of first and second detectable proteins, and comparing the levels of detectable protein
expression. Test compounds that induce RARE-independent retinoid-responsive gene
expression and that have the highest ratio of RARE-independent retinoid-responsive gene
expression to RARE-dependent gene expression are determined to be RAR-modulating
compounds that induce growth arrest in proliferating. Preferred detectable proteins include,
without limitation, firefly luciferase, Renilla luciferase, beta- galactosidase, chloramphenicol
acetyltransferase, horseradish peroxidase, green fluorescent protein, yellow fluorescent protein,
cyan fluorescent protein, fluorescent protein DsRed, alkaline phosphatase and immunologically
detectable proteins or peptides. .

The methods according to this aspect of the invention can be used for testing derivatives
of existing RAR agonists or antagonists (see e.g. Hammond et al., Br J. Cancer 85: 453-462
(2001); Standeven et al., Toxicol. Appl. Pharmacol. 138: 169-175 (1996); Toma et al., Int. J.
Cancer 78: 86-94 (1998); Yang et al., Breast Cancer Res. Treat. 56: 277-291 (1999)), which can
be generated by standard methods of combinatorial chemistry or combinatorial biocatalysis.
This method can also be used with other natural or synthetic retinoids with unknown receptor
specificity.

In a third aspect, the invention provides compounds identified by the second aspect of the

invention, as well as optimized derivatives of such compounds.

The examples below are intended to further illustrate certain preferred embodiments of

the invention, and are not intended to limit the scope of the invention.

Example 1

Effect of compounds on expression of genes associated with senescence

The following compounds were obtained from Ligand Pharmaceuticals (San Diego, CA).
LGD1550 is a pan-RAR agonist. LGD1268 is a pan-RXR agonist. LG100815 is a pan-RAR
antagonist. L.G101208 is a pan-RXR antagonist. The LG100815 compound is a specific RAR
antagonist that binds to RAR, but fails to activate its Retinoic Acid Responsive Element
(RARE)- dependent transcription transactivation function (see Lee et al, Mol. Cell Biol. 19:
1973-1980 (1999)). Also used was all-trans retinoic acid (RA), the most commonly used RAR
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agonist. To determine how these compounds affect the expression of retinoid-inducible growth
inhibitory genes EPLIN, UBD, IGFBP3 and TGFBI, as well as TRIM31 gene that contains a
putative RARE element in its promoter, MCF-7 cells (subline MCF-7 3°SS6) were treated with
individual compounds or their combinations for 2 days, and RNA was extracted by standard
procedures. In the initial assays, gene expression was analyzed by semi-quantitative reverse
transcription-PCR (RT-PCR), as described in Dokmanovic et al., Cancer Biology & Therapy
1:24-27 (2002). In subsequent assays, the initial results were confirmed, expanded and
quantitated by real-time RT-PCR (QPCR), using Applied BioSystems 7900HT real-time PCR
instrument. f-actin was used as a normalization standard. The primers used for Q-PCR of the

corresponding genes are listed in Table 1.

Table 1.

Gene Name Primer Sequences

IGFBP3 sense 5’-TTGCACAAAGACTGCCAAG-3’
antisense 5’-AATCAGTTCACCACAAACAG-3’

TRIM31  sense 5’-CATGAGGGAACGGAAGCGGG-3’
antisense 5’-AACGAGCTTCTTGAGATCGT-3’

UBD sense 5’-AATGCTTCCTGCCTCTGTGT-3’
antisense 5’-CGCTGTCATATGGGTTGGCA-3’

EPLIN-B sense 5’-AGAAGCCGCCCATTCACTGT-3’
antisense 5’-CTGATAGGTGGGGACACAGT-3’

TGFBI  sense 5’-TGCGACTAGCCCCTGTCTAT-3’
antisense 5’-GTGGTGCATTCCTCCTGTAG-3’

B-actin sense 5’-CTTCCTGGGCATGGAGTC-3’
antisense 5’-TGTTGGCGTACAGGTCTTTG-3’

cDNA was prepared by reverse transcription with random primer using 4 g total RNA. 5
ul SYBR Green PCR Master Mix (Applied Biosystems) was mixed with 50 pg cDNA and 0.8
pmol of gene-specific primers and brought up to 10 pl with ultra pure H,0 in 384-well optical
plates. For amplification, reaction mixtures were heated for 2 min at 50°C and 10 min at 95°C,
followed by 40 cycles of two-step PCR consisting of 15 sec at 95°C and 1min at 60°C, to
construct dissociation curves and verify that single PCR products were obtained. PCR products
were also analyzed by gel electrophoresis to confirm that a single product of the expected size
was amplified. Serial cDNA dilutions were used for primer validation experiments to
demonstrate that both target and reference genes had equal amplification efficiency according to

the standard curve method. The comparative Cr method for relative quantitation of gene
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expression described by Applied Biosystems was used to determine expression levels for target
genes. Experiments were carried out in triplicate for each data point. Sequence Detection
Systems software version 2.1 (Applied Biosystems) and Microsoft Excel were used for data

analysis.

The results of a representative set of QPCR assays are shown in Table 2.

Table 2.
Fold induction

Compounds/Genes IGFBP3 | EPLIN | UBD TGFBI | TRIM31
RA (100 nM) 2.540.5 | 3.140.7 | 8.5+2.8 | 6.5+1.4 | 34.4+3.9
LGD1550 (100 nM) 4.242.0 | 4.240.8 | 9.5+0.2 | 5.1+0.6 | 42.7+1.3
LGD1550 (1 uM) 3.740.7 | 3.240.3 | 7.7+1.1 | 3.5%0.4 | 30.340.7
LGD1550 (10 uM) 2.8+1.6 |4.942.5 | 7.3£1.1 | 5.6+0.1 | 45.0+1.4
LGI100815 (1 uM) 2.1+1.1 |3.840.9 | 4.640.6 | 4.3+0.7 | 7.7+4.1
LG100815 (10 uM) 2.0+0.5 |3.2+1.7 | 2.840.6 | 4.410.4 | 11.7+4.4
LG100815 (I pM) + RA

(100nM) 2.4+1.1 | 1.740.5 | 8.0+1.5 | 6.442.1 | 30.3+3.3
LG100815 (10 uM) + RA (100

nM) 1.940.5 | 0.940.2 | 2.240.1 | 3.740.9 | 10.034.6
LGD1268 (100 nM) 1.240.5 | 1.240.2 | 1.0+0.1 | 1.941.1 | 1.3+0.4
LGD1268 (1 uM) 0.9£1.1 |1.040.1 | 0.8+0.2 | 2.2+1.0 | 1.4+0.7
LGD1268 (10 uM) 1.240.4 | 1.440.2 | 1.0£0.2 | 2.440.3 | 3.8+0.7
LG101208 (10 uM) 1.040.2 | 0.840.1 | 1.0£0.1 | 0.9+0.2 | 1.0+0.5

The results of this analysis show the following. The pan-RAR agonist LGD1550 induced
all five genes to approximately the same extent as RA. The pan-RXR agonist LGD1268 induced
only one of five genes (TGFBI) but the extent of induction was much lower than the effect of RA
or LGD1550. These findings indicate that retinoid-inducible gene expression is activated
primarily through RAR.

Whereas the pan-RXR antagonist LG101208 had no effect on gene expression, the pan-
RAR antagonist LG100815, surprisingly, induced the expression of all five genes. The
magnitude of induction by LG100815 was similar to or slightly lower than that of RA or
LGD1550 for EPLIN, IGFBP3, TGFBI and UBD, but 3-4 fold lower for TRIM31 (the only gene
that contains RARE in its promoter). When LG100815 was combined with RA, it decreased the
induction of gene expression by RA to the levels that were similar to or (in the case of EPLIN)

lower than the levels observed with LG100815 alone, with the biggest decrease from RA-
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induced levels observed for TRIM31. This finding was consistent with the notion that
LG100815, while sharing with RA the ability to induce gene expression, also partially

antagonizes the inducing effect of RA.

Example 2
Effect of LG100815 on RARE-dependent induction of transcription
To confirm the ability of LG100815 to antagonize RARE-dependent induction of

transcription analysis of firefly luciferase expression from a RARE-containing artificial promoter
DRS (Stratagene, catalog number 240119) was performed. Cells were plated to the density of 3 x
10° in P60 24 hrs before transient transfection. DRS reporter plasmid (4 1g) was mixed with the
SV40-driven-Renilla luciferase control plasmid (0.04ug) and transfected using Lipofectamine
Plus (Life Technologies/Invitrogen, Carlsbad, CA) as described by the manufacturer. 3 hrs after
transfection, cells were rinsed three times with PBS, trypsinized and replated in a 12-well plate
to the density of 5 x 10* cells per well. Retinoid agonists and antagonists were added 48hrs later,
and the luciferase assay was performed after another 24hrs.

Figure 1 shows the results of DR5-luciferase transient transfection assays, carried out in
the presence of LGD1550, RA, and LG100815, alone or in pairwise combinations. 100 nM
concentrations of RA or LGD1550 agonists strongly activated the RARE-containing promoter
approximately 50-fold, whereas 10 uM of LG100815 antagonist (the concentration used in the
literature for maximal effect) produced an order of magnitude weaker (4.2-fold) induction. On
the other hand, the addition of LG100815 to RA or RAR agonist LGD1550 diminished the
induction of transcription by the latter compounds 2.5-3 times. These results confirm that
LG100815 is inefficient in stimulating RARE-dependent transcription relative to RAR agonists

and that it antagonizes the effect of RAR agonists on such transcription.

Example 3

Induction of senescence in treated cells

Induction of senescence-associated growth-inhibitory genes by the RAR agonist
LGD1550 and the RAR antagonist LG100815 (Table 2) suggests that these compounds may also
be able to induce senescence in the treated cells. To test this, we have analyzed the effects of

different compounds on the growth of MCF-7 cells, as measured by the cell number after 7 days
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exposure to the compounds (Fig. 2) and on the fraction of cells expressing the senescence-
associated B-galactosidase activity (SA-B-gal), a marker of senescence, after 7-day treatment
with the compounds (Fig. 3).

The RAR agonist LGD1550 inhibited the cell growth and induced SA-B-gal to an extent
similar to that of RA, demonstrating that RAR stimulation is sufficient to induce senescence. The
RXR agonist LGD1268 did not inhibit cell growth and did not induce the senescent phenotype;
in fact, LGD1268 treatment produced a modest but reproducible increase in cell growth. The
RXR antagonist LG101208 had no effect on the cell growth or the senescent phenotype. The
RAR antagonist LG100815 produced both growth inhibition and the induction of the senescence
marker; at the highest concentration (10 M), its effects were similar to those of RA and
LGD1550. Hence, an RAR antagonist that inhibits transactivation of RARE-dependent
transcription but stimulates the expression of senescence-associated growth-inhibitory genes,

induces cell growth arrest and senescence in MCF-7 breast carcinoma cells.

Example 4

RAR agonist and antagonist produce similar effects on global gene expression

To determine the effects of the RAR agonist and antagonist on the expression of
essentially all the human genes, MCF-7 cells were treated with 100 nM of RAR agonist
LGD1550 or 10 uM of RAR antagonist LG100815, concentrations that provide maximal
induction of gene expression according to Q-PCR assays (as discussed above). Cells were
treated for 24, 48 or 72 hrs, and total RNA from the untreated or treated cells was isolated using
Qiagen's RNeasy Total RNA Isolation Kit. For gene expression profiling, RNA samples were
provided to the microarray service facility of the Wadsworth Center Genomics Institute, which
carried out biotinylated target preparation and hybridization with Affymetrix U133 2.0 Plus
oligonucleotide microarrays containing 56,000 probe sets representing 48,500 human transcripts.
The hybridization signals were normalized using GCRMA procedure and analyzed using
GeneSpring software (Silicone Genetics). The results of the analysis (Fig. 4a) showed good
concordance among different time points (e.g. 85-93% of genes induced or inhibited >1.5-fold
on day 2 were also induced or inhibited >1.2-fold, respectively, on day 3). The effects of the

agonist and the antagonist also agreed with the results of the earlier analysis of the effects of RA
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on MCF-7 cells, with all 13 genes previously shown by RT-PCR to be induced in that system
(Dokmanovic et al., 2002) also showing induction in the present microarray analysis (Fig. 4b).

Strikingly, the effects of the RAR agonist and the RAR antagonist were exceedingly
similar. 74% of the genes showing >1.5-fold induction and 77% of the genes showing >1.5-fold
inhibition by the antagonist were also induced or inhibited, respectively, at least 1.3-fold by the
agonist, and vice versa (77% and 69%, respectively). Figure 5 plots (on the log scale) the
maximal changes in gene expression (at any time point) produced by the agonist versus those
produced by the antagonist for 11,729 probe sets that showed >1.3-fold changes in gene
expression after treatment with either the agonist or the antagonist. The effects of the agonist
and antagonist on gene expression show highly significant correlation. The regression through
all the data points has an r squared value of 0.6955 with n = 11729 (Student's ¢ test yields
p<<0.0001). The regression line has a slope of 1.027 +/- 0.006 (Figure 5), indicating that the
RAR agonist and the RAR antagonist have the same effect on the majority of the affected genes.
The similarity of the overall effects of the agonist and the antagonist on gene expression agrees
with the results of QPCR analysis of selected genes (see Table 2 above) but contrasts with an
order of magnitude weaker effect of the antagonist on RARE-dependent transcription (see Figure
1).

On the other hand, 316 genes showing the strongest (>5-fold) induction or inhibition by
RAR ligands were significantly more responsive to the agonist than to the antagonist (at
p<<0.0001), with the regression slope increasing to 1.297 +/- 0.038 (this translates to
approximately 2-fold stronger average effect of the agonist relative to the antagonist) (Figure 5).
Whether preferential induction of the most responsive genes by the agonist could indicate the
presence of RARE sequences in the corresponding promoters was considered. Indeed, the gene
showing the strongest induction by the agonist (Figure 5) encodes RA-metabolizing enzyme
CYP26A1 (induced 220-fold by the agonist and 23.5-fold by the antagonist), which was reported
to contain two synergistically acting RARE sequences in its promoter (Loudig et al., 2005). The
effects of the agonist and the antagonist on the expression of 40 human genes, identified by
Balmer and Blomhoff (Balmer and Blomhoff, 2005) as containing canonical and evolutionarily
conserved RARE sequences in their promoters was examined. Only seven of these 40 genes
were induced 21.5-fold in MCF-7 cells by the RAR agonist and just three genes were induced by
the antagonist. RARE-containing genes induced by both ligands showed 3-5 fold stronger

13
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response to the agonist than to the antagonist (Figure 4c). In particular, HOXA1 was induced
95-fold by the agonist but only 18-fold by the antagonist, HOXA4 was induced 7.8-fold by the
agonist and 2.5-fold by the antagonist, and RBP1 was induced 4.4-fold by the agonist and 1.5-
fold by the antagonist. Hence, RARE-containing genes that are responsive to RAR ligands in
MCF-7 cells indeed show stronger response to the agonist than to the antagonist. However,
when promoter sequences of ten randomly chosen genes that show preferential induction by the
agonist for the presence of putative RARE sequences were examined (this analysis was carried
out using MatInspector program as previously described (Dokmanovic et al., 2002)), only one of
ten promoters was found to contain putative RARE sequences. Therefore the majority of genes
showing preferential response to the agonist do not contain RARE sequences in their promoters.
Without wishing to be bound to any particular theory, this finding can be explained as follows.
The agonist induces a small number of genes that have RARE elements in their promoter,
whereas the antagonist is less efficient in inducing such genes. Some of these RARE-containing
genes in their turn cause the activation of a number of other genes, which don’t contain RARE
elements. The latter genes, which are also preferentially induced by the agonist, can therefore
also be regarded as RARE-dependent, despite the absence of RARE in their promoters.

RNA or protein products of genes that are induced to a similar level by both the RAR
agonist and the RAR antagonist can be used as reporters in screening for compounds with
properties similar to LG100815. RNA or protein products of genes from this group (or promoter
constructs for such genes) can be used as reporters in screening for compounds that mimic the
effect of retinoids. Table 3, as shown below, lists a set of 508 genes chosen as preferred
reporters. These genes were selected by being strongly (at least 2-fold) induced by both the
agonist and the antagonist relative to untreated cells and showing no more than two-fold
difference between their induction by the agonist and the antagonist. 62 genes listed at the top of
Table 3 are particularly preferred reporters, as they are most strongly (at least 4-fold) induced by
both the agonist and the antagonist. Table 4, as shown below, lists a set of 53 genes that can be
used as preferred markers to discriminate between RARE-dependent and RARE-independent
induction of transcription. These genes were chosen by being induced at least 3-fold by the
agonist relative to untreated cells and also showing at least 4 times stronger induction by the
agonist than by the antagonist. Figure 6 plots the maximal fold induction of gene expression

produced by the agonist versus that produced by the antagonist for the genes listed in Table 3
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(particularly preferred reporters only) and in Table 4, with the corresponding trend lines. The
relative effects of a tested compound on the genes in Table 3 and Table 4 should indicate
whether the compound behaves as a RAR agonist or RAR antagonist. For example, one can
select matching pairs of genes from Table 3 and Table 4 that are induced by the agonist to
approximately the same degree. A compound that mimics the effects of the agonist should
induce such genes to a similar level, whereas a compound that behaves like an antagonist should

induce the gene from Table 3 to a much greater degree than the gene from Table 4.
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What is claimed is:

A method for inducing growth arrest of proliferating cells comprising contacting the cells
with a retinoic acid receptor (RAR)-modulating compound that induces RARE-
independent retinoid-responsive gene expression and that is inefficient in inducing
RARE-dependent gene expression.

The method according to claim 1, wherein the proliferating cells are neoplastic cells.
The method according to claim 1, wherein the proliferating cells are in a human.

A method for identifying a RAR-modulating compound that induces growth arrest of
proliferating cells and that induces RARE-independent retinoid-responsive gene
expression and that is inefficient in inducing RARE-dependent gene expression
comprising providing proliferating cells, contacting the cells with a test compound,
determining the level of RARE-independent retinoid-responsive gene expression,
determining the level of RARE-dependent gene expression and comparing the levels of
RARE-independent retinoid-responsive gene expression with the level of RARE-
dependent gene expression, wherein a test compound that increases the expression of
RARE-independent retinoid-responsive genes relative to cells not treated with the test
compound and that produces the highest ratio of the expression of RARE-independent
retinoid-responsive genes to the expression of RARE-dependent genes, is determined to
be a RAR-modulating compound that is inefficient in inducing RARE-dependent gene
expression and induces cell growth arrest.

The method according to claim 4, wherein RARE-independent retinoid-responsive gene
expression and RARE-dependent gene expression are determined by providing cells
transfected with a first gene encoding a first detectable protein operatively linked to a
promoter of a RARE-independent retinoid-responsive gene and a second gene encoding a
second detectable protein that is different from and separately detectable in the presence
of the first detectable protein operatively linked to a promoter of a RARE-dependent
gene, measuring the levels of expression of the first and second detectable proteins, and

comparing the levels of expression of the first and second detectable proteins.
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The method according to claim 4, wherein the levels of RARE-independent retinoid-
responsive gene expression and RARE-dependent gene expression is further compared to
cells treated with a compound known to induce RARE-dependent gene expression.

The method according to claim 5, wherein the detectable protein is selected from the
group consisting of firefly luciferase, Renilla luciferase, beta- galactosidase,
chloramphenicol acetyltransferase, horseradish peroxidase, green fluorescent protein,
yellow fluorescent protein, cyan fluorescent protein, fluorescent protein DsRed, alkaline
phosphatase and immunologically detectable proteins or peptides.

The method according to claim 4, wherein RARE-independent retinoid-responsive gene
expression and/or RARE-dependent gene expression is determined by quantitative
reverse transcription PCR.

The method according to claim 4, wherein RARE-independent retinoid-responsive gene
expression and/or RARE-dependent gene expression is determined by microarray
analysis.

The method according to claim 4, wherein the compounds are derivatives of existing
RAR agonists or antagonists.

The method according to claim 4, wherein the RARE-independent retinoid-responsive
genes are selected from the group consisting of IGF-BP3, EPLIN, FAT10, BIG-H3,
RGC32, NR5A2, BDKRB2, EPAS1, LOC283824, CMYAS5, AI935586, GK, RUNX2,
IL8, SPTBN1, LCN2, PSTPIP2, IBRDC2, GPRC5B, FLJ11017, RAI14, OSMR, FBLNS,
SAT, GPCR5A, ABCC4, BTG2, DCDC2, NMES1, DOCKS, C6orfl55, SAMD4,
CCL20, ASB9, STEAP, BF939996, EIF2S3, RIT1, AI918054, CHI3L2 and COL12A1.
The method according to claim 4, wherein the RARE-dependent genes are selected from
the group consisting of CYP26A1, CYP26B1, HOXA1, APXL2, RNASEI, CP,
CA448125, HPS3, HSXIAPAF1, IFIT4, CEACAM1, IGFBP3, TCRGC2, TRIM31,
AK024898, HOXA3, KRT4, SLC1A1, GBP3 and PCSK2.

A compound identified by the method of claim 4.

The method according to claim 5, wherein the levels of RARE-independent retinoid-
responsive gene expression and RARE-dependent gene expression is further compared to

cells treated with a compound known to induce RARE-dependent gene expression.

34



15.

16.

WO 2006/081494 PCT/US2006/003081

The method according to claim 8, wherein the levels of RARE-independent retinoid-
responsive gene expression and RARE-dependent gene expression is further compared to
cells treated with a compound known to induce RARE-dependent gene expression.

The method according to claim 9, wherein the levels of RARE-independent retinoid-
responsive gene expression and RARE-dependent gene expression is further compared to

cells treated with a compound known to induce RARE-dependent gene expression.
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