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CAGG (EHIES :21) ( BB B/E :22)

N4 TGGAGCTAGAAGAGCCCGTAGG |[GCCAAAAGTICAAGGAGCCAA
(BHES :23) ( BERES 24

SAA CAGAGTTGCTGCTATGTCCACCA |CACTCCTTGTGTGCTCCTCACC
(BLRES 25 ( E25|&ES :26)

BAPP TTGCTCCTTTGGTTCGTICT GCTGCCGAGGAAACTGAC
(BHES :27) _ ( F25HES:28)

t-TG  |CCCAGGGAGAAATATCCACTGAA [TCGGGCGGGGGCGGTGGCTCCT

77—t |GCAAC ( BEHEE :29) TCCACT ( BHFE :30)
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F . PCREH

JonE—2| E % pF=—ury H E FAoLE ERYAX
CC3 95°,1 5+ | 63°%51 4 | 72°1 % 40 ¥ 31 1018 bp
NK4 94°1 4 | 655,14 | 72514 40 ¥ 32 877 bp
SAA 94°,1 4 | 68°1 4 | 72°,1 & 40 b 32 1000 bp
BAPP 94° 1 43 [62.9°%14 | 72°,1 % 40 R 30 623 bp
t-TG7—H] 94°1 43 {66514 | 72°,1 % 40 ¥ 33 1600 bp
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WO 02/066681 PCT/US02/02784
TITLE OF THE INVENTION

REAGENTS AND METHODS FOR IDENTIFYING AND MODULATING
EXPRESSION OF GENES REGULATED BY CDK INHIBITORS

5 BACKGROUND OF THE INVENTION

This application claims priority to U.S. Provisional Application Serial No.:
60/265,840, filed February 1, 2001, and U.S. patent application Seriai No: 09/861,925,
filed May 21, 2001,
10 This application was supported by a grant from the National Institutes of Health,
No: I‘§01CA62099. The government may have certain rights in this invention.

1. Field Of The Invention

15 This invention is related to cellular senescence and changes in cellular gene
expression that accompany senescence. In particular, the invention is related to the
identification of genes the expression of which is modulated by a class of cellular gene
products termed cyclin dependent kinase (CDK) inhibitors, induced in cells at the onset
of senescence. More specifically, the invention provides markers of cellular senescence

20 that are genes whose expression is induced by such CDK inhibitors. The invention
provides methods for identifying compounds that inhibit pathological consequences of
cellular senescence by detecting inhibition of induction of these marker genes by CDK
inhibitors in the presence of such compounds. Also provided are reagents that are
recombinant mammalian cells containing recombinant expression constructs encoding

25 different cellular CDK inhibitors, such as p21, pl6 or p27 that are experimentally-
inducible, and recombinant mammalian cells containing a recombinant expression
consiruct that expresses a reporter gene under the transcriptional control of a promoter
for a gene whose expression is induced by endogenous or exogenous, experimentally-
mducible, CDK mhibitors.

30
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2. Summary Of The Related Art

Cell cycle progression is regulated to a large extent by a set of serine/threonine
kinases, known as cyclin-dependent kinases (CDKs). A special group of proteins,
known as CDK inhibitors, interact with and inhibit CDKs, thus causing cell cycle arrest
in a variety of physiological situations (see Sielecki ef al., 2000, J. Med. Chen. 43: 1-18
and references therein). There are two families of CDK inhibitors. The first one,
known as Cip/Kip, includes p21 WHCIPUSA L1kt “and pS7%%2. The second family,
Ink4, includes p16™™ %, p15™ 518 and p19™*  Expression of specific CDK
inhibitors is activated by different factors. For example, contact inhibition induces p27
and p16 expression (Dietrich et al., 1997, Oncogene 15: 2743-2747), extracellular anti-
mitogenic factors such as TGFu induce p15 expression (Reynisdottir ez al., 1995, Genes
Dev, 9: 1831-1845), serum starvation induces p27 expression (Polyak et af., 1994, Genes
Dev. 8:9-22), and UV radiation induces p16 expression (Wang et al., 1996, Cancer Res.
56: 2510-2514). In addition, all of the above {reatmenis, as well as different forms of
DNA damage induce expression of p21, the most pleiotropic of the known CDK
mhibitors {Dotio, 2000, BBA Rev. Cancer 1471: M43-M56).

Of special importance to the field of this invention, two of the CDK inhibitors,
p2l and plé, have been intimately associated with the process of senescence in
mammalian cells. At the onset of replicative senescence (Alcorta et al., 1996, Proc.
Natl. Acad. Sci. USA 93: 13742-13747) and damage-induced accelerated senescence
{Robles & Adami, 1998, Oncogene 16: 1113-1123), p21 induction results in cell growth
arrest. This surge of p21 expression is transient, however, and is followed by stable
activation of p16, which is believed io be responsible for the maintenance of growth
arrest in senescent cells. The knockout of p21 (Brown et al., 1997, Science 277: 831-

834) or pl6 (Serrano et al., 1996, Cell 85: 27-37) delays or prevents the onset of
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senescence. Furthermore, ectopic overexpression of either p21 or p16 induces growth
arrest accompanied by phenotypic markers of senescence in both normal and tumor cells
(Vogt et al., 1998, Cell Growth Differ. 9: 139-146; McConnell ef al., 1998, Curr. Biol.
8:351-354; Fang et él., 1999, Oncogene 18: 2789-2797).

P21 has been independently identified in the art as a proiein that binds and
mhibits CDKs (Harper ef al., 1993, Cell 75: 805-816), as a gene upregulated by wild-
type p53 (el-Deiry et al, 1993, Cancer Res. 55: 2910-2919), and as a growth-inhibitory
gene overexpressed in senescent fibroblasts (Noda et al., 1994, Exp. Cell. Res. 211: 90-
98). Because of its pivotal role in p53-regulated growth arrest, p21 is usually regarded
as a tumor suppressor. Nevertheless, p21 mutations in human cancer are rare (Hall &
Peters, 1996, Adv. Cancer Res. 68: 67-108), and p21 knockout mice develop normally
and do not show an increased rate of tumorigenesis (Deng et al., 1995, Cell §2: 675-
684).

Cellular levels of p21 are increased in response to a variety of stimuli, including
DNA-damaging and differentiating agents. Some of these responses are mediated
through transcriptional activation of the p21 gene by p353, but p21 is alsa regulated by a
variety of p53-independent factors (reviewed in Gartel & Tyner, 1999, Exp. Cell Res.
227:171-181).

Transient induction of p21 mediates different forms of damage-induced growth
arrest, including transient arrest that allows cells to repair DNA damage, as well as
permanent growth arrest (also termed "accelerated senescence"), which is induced in
normal fibroblasts (DiLeonardo et al., 1994, Genes Develop. 8. 2540-2551; Robles &
Adami, 1998, Oncogene 16: 1113-1123) and twmor cells (Chang ef al., 1999, Cancer
Res. 59:3761-3767) by DNA damage or iniroduction of oncogenic RAS (Serrano ef al.,
1997, Cell 88: 593-602). A surge of p21 expression also coincides with the onset of

terminal growth arrest during replicative senescence of aging fibroblasts (Noda et al.,
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1994, ibid.; Alcorta et al., 1996, Proc. Natl. Acad. Sci US4 93:13742-13747; Siein et al.,
1999, Mol, Cell. Biol. 19:2109-2117) and terminal differentiation of postmitotic cells
(El-Deiry et al., 1995, ibid.; Gartel et al., 1996, Exp. Cell Res. 246: 280-289).

While p21 is not a transcription factor per se, 1t has indirect effects on cellular
gene expression that may play a role in its cellular functions (Dotto, 2000, BB4 Rev.
Cancer 1471:M43-M56 and references therein). One of the consequences of CDXK
inhibition by p21 is dephosphorylation of Rb, which in turr inhibits E2F transcription
factors that regulate many genes involved in DNA replication and cell cycle progression
(Nevins, 1998, Cell Growth Differ. 9: 585-593). A comparison of p21-expressing celis
(p21 +/+} and p21-nonecxpressing cells (p21 -/-) has implicated p21 in radiation-induced
inhibition of several genes involved in cell cycle progression (ée Toledo ef al., 1998,
Cell Growth Differ. 9: 887-896). Anotherresult of CDK inhibition by p21 is stimulation
of the transcription cofactor histone acetyltransferase p300, that enhances many
inducible transcription factors including NFxB (Perkins ez al., 1988, Science 275: 523-
527). Activation of p300 may have a pleiotropic effect on gene expression (Snowden &
Perkins, 1988, Biochem. Pharmacol. 55: 1947-1954). p21 may also affect gene
expression through its interactions with many transcriptional regulators and coregulators
other than CDK, such as JNK kinases, apoptosis signal-regulating kinase 1, Myc and
others (Dotto, 2000, BBA Rev. Cancer 1471:M43-M56). These interactions may affect
the expression of genes regulated by the corresponding pathways.

Another CDK inhibitor of particular relevance to the present invention is

6™ ** the human protein has been described by Serrano et al. (1993, Nature 366:

pl
704-707). As mentioned above, p16 is an essential regulator of senescence in
mammalian cells. Itis also a bona fide tamor suppressor and one of the most commonly

mutated genes in human cancers (Hall & Peters, 1996, Adv. Cancer Res. 68: 67-108).

p16 1s known to directly inhibit CDK4 and CDK6, and may indirectly inhibit CDK2 as
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well (McConnell et al., 1999, Molec. Cell. Biol. 19: 1981-1989).

Still another CDK inhibitor of particular relevance to the present invention is
p27%"! p27 was itially identified as an inhibitor of CDK2 in cells that had been
growth arrested by contact mhibition, TGF-[3 or lovastatin (Hengst et al., 1994, Proc.
Natl. Acad. Sci. USA 91: 5291-5295; Polyak et al., 1994, Cell 78: 59-66). p27 also
mediates cell growth atrest in response to differentiation, serum starvation, growth in
suspension and other factors. Levels of p27 expression are frequently altered (both
reduced and increased) in human cancers relative to normal tissues (reviewed in Philipp-
Staheli et al., 2001, Exp. Cell Res. 264: 148-161). p27 has also been proposed to
cooperate with tumor suppressor PTEN in one of the pathways leading to senescence
(Bringold and Serrano, 2000, Exp. Gerontol. 35: 317-329).

There remains a need in this art to identify genes whose expression is modulated
by induction of CDK inhibitor genes such as p21, p16 or p27. There is also a need in
this art to develop targets for assessing the effects of compounds on cellular senescence,

carcinogenesis and age-related diseases.

SUMMARY OF THE INVENTION

This invention provides reagents and methods for identifying genes whose
expression is modulated by induction of CDK irhibitor gene expression. The invention
also provides reagents and methods for identifying compounds that inhibit the effects of
CDK inhibitors such as p21, p27 and p16 on cellular gene expression, as a first step in
rational drug design for preventing pathogenic consequences of cellular senescence,
such as carcinogenesis and age-related diseases.

In a first aspect, the invention provides a mammalian cell containing an inducible
CDX inhibitor gene. In preferred embodiments, the CDK inhibitor gene encodes p21,

plé or p27. In preferred embodiments, the mammalian cell is a recombinant
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mammalian cell comprising a recombinant expression construct encoding an inducible
p21 gene or an inducible pl6 gene or an inducible p27 gene. More preferably, the
construct comprises a nucleotide sequence encoding p21, most preferably human p21,
under the transcriptional control of an inducible promoter. In alternztive embodiments,
the construct comprises a nucleotide sequence encoding the amino-terminal portion of
p21 comprising the CDK binding domain, more preferably comprising amino acids 1
through 78 of the p21 amino acid sequence. In additional embodiments, the construct
comprises a nucleotide sequence encoding pl6, most preferably human p16, under the
transcriptional control of an inducible promoter. In additional embodiments, the
construct comprises a nucleotide sequence encoding p27, preferably human p27 or
mouse p27, under the franseriptional control of an inducible promoter. In preferred
embodiments, the inducible promoter in each such construct can be induced by
contacting the cells with an inducing agent, most preferably a physiolegically-neutral
inducing agent, that induces transcription from the inducible promoter or by removing
an agent that inhibits transcription from such promoter. Preferred cells inciude
mammalian cells, preferably rodent or primate cells, and more preferably mouse or
human cells. In a particularly preferred embodiment are fibrosarcoma cells, more
preferably human fibrosarcoma cells and most preferably cells of the human HT1080
fibrosarcoma cell line and derivatives thereof.

In another embodiment of the first aspect of the invention are provided
recombinant mammalian cells comprising a recombinant expression construct in which a .
reporter gene i1s under the transcriptional control of a promoter derived from a cellular
gene whose expression 18 modulated by a CDK inhibitor, most preferably p21, pl6é or
p27. In a preferred embodiment, the promoter is derived from a cellular gene whose
expression inciuced by a CDK inhibitor such asp21, p16 or p27. Inthese embodiments,

the promoter is most preferably derived from a gene identified in Tabie II; however,
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those with skill in the art will recognize that a promoter from any gene whose expression
is induced by CDK inhibitor gene expression can be advantageously used in such
constructs. Most preferably, the promoter is derived from serum amyloid A (SEQ ID
NO: 1), complement C3 (SEQ ID NO: 2), connective tissue growth factor (SEQ ID NO:
3}, integrin B-3 (SEQ ID NO: 4), activin A (SEQ ID NO: 5), natural killer cell protein 4
(SEQ ID NO: 6), prosaposin (SEQ ID NO: 7), Mac2 binding protein (SEQ ID NQO: 8),
galectin-3 (SEQ ID NO: 9), superoxide dismutase 2 (SEQ ID NO: 10),
granulin/epithelin (SEQ ID NO: 11), p66™° (SEQ ID NO: 12), cathepsin B (SEQ ID NO:
14), B-amyloid precursor protein (SEQ ID NO: 13), tissue transglutaminase (t-TGase;
SEQ ID NO: 16), clusterin (SEQ ID NO: 17), prostacyclin stimulating factor (SEQ ID
NO: 18), vascular endothelial growth factor-C (SEQ ID NO: 19) and tissue inhibitor of
metalloproteinase-1 (SEQ ID NO: 20). Preferred reporter genes comprising the
recombinant expression constructs of the imvention include firefly luciferase, Renilla
luciferase, chloramphenicol acetyliransferase, beta-galactosidase, green fluorescent
protein, or alkaline phosphatase.

In additional preferred embodiments, the invention provides a mammalian ceil
comprising a first recombinant expression construct encoding a reporter gene under the
transcriptional contr;Jl of a promoter for a mammalian gene whose expression is
modulated by a CDK inhibitor, most preferably p21, plé or p27, and a second
recombinant expression construct encoding a mammalian CDK inhibitor gene, wherein
expression of the CDK inhibitor is experimentally-induced in the mammalian cell
thereby. In preferred embodiments, the CDK inhibitor gene is p21, pl6 or p27. In
preferred embodiments, the recombinant expression construct encoding a mammalian
CDK inhibitor gene is under the transcriptional control of an inducible heterologous
promoter, wherein expression of the CDK inhibitor from the recombinant expression

construct is mediated by contacting the recombinant cell with an inducing agent that
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induces transcription from the inducible promoter or by removing an agent that inhibits
transcription from such promoter. Preferably, the consiruct comprises a nucleotide
sequence encoding p2l1, most preferably human p2l. In other embodiments, the
construct comprises a nucleotide sequence encoding the amino-terminal portion of p21
comprising the CDK binding domain, more preferably comprising amino acids 1
through 78 of the p21 amino acid sequence. In alternative preferred embodiments, the
construct comprises a nucleotide sequence encoding pl6, most preferably human pi6.
In alternative preferred embodiments, the construct comprises a nucleotide sequence
encoding p27, preferably human p27 or mouse p27. In a preferred embodiment of the
second recombinant expression construct encoding a reporter gene, the promoter is
derived from a cellular gene whose expression is induced by a CDK inhibitor such as
p21,pl6 orp27. In these embodiments, the promoter is most preferably derived from a
gene identified in Table IT. Preferred reporter genes comprising the second recombinant
expression constructs of the invention include firefly luciferase, Renilla luciferase,
chloramphenicol acetyltransferase, beta-galactosidase, green fluorescent protein, or
alkaline phosphatase. In a particularly preferred embodiment are fibrosarcoma cells,
more preferably human fibrosarcoma cells and most preferably human HT1080
fibrosarcoma cell line and derivatives thereof. The product of the reporter gene or an
endogenous gene that is induced by the CDK ihibitor is preferably detected using an
immunological reagent, by assaying for an activity of the gene product, or by
hybridization to a complementary nucleic acid.

In a second aspect, the invention provides a screening method for identifying
compounds that inhibit CDK inhibitor-induced expression of mitogenic or anti-apoptotic
factors in mammalian cells. In preferred embodiments, the method comprises the steps
of inducing the expression of a CDX inhibitor, most preferably p21, p16 or p27, in the

cells in the presence or absence of a compound, and comparing expression of a mitogen
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or antt-apoptotic compound, or a plurality thereof, in the conditioned media. Inhibitors
of CDX inhibitor effects are identified by having a lesser amount of the mitogen or anii-
apoptotic compound, or a plurality thereof, in the conditioned media in the presence of
the compound than in the absence of the compound. In the methods provided in this
aspect of the invention, any CDK inhibttor-expressing cell is useful, most preferably
cells expressing p21, pl6 or p27, and p21, pl6 or p27 expression in such cells can be
achieved by inducing endogenous p21, pl6 or p27, or by using cells containing an
inducible expression construct encoding p21, pl6 or p27 according to the invention.
Preferred cells include mammalian cells, preferably rodent or primate cells, and more
preferably mouse or human cells. In a particularly preferred embodiment are
fibrosarcoma cells, more preferably human fibrosarcoma cells and most preferably
human HT1080 fibrosarcoma cell line and derivatives thereof. Mitogen or anti-
apoptosis compound expression is detected using an immunological reagent, by assaying
for an activity of the gene product, or by hybridization to a complementary nucleic acid.

In alternative embodiments, the mvention provides methods for identifying
compounds that inhibit CDK inhibitor-induced expression of mitogenic or anti-apoptotic
factors in mammalian cells, wherein the cells comprise a recombinant expression
construct encoding a reporter gene under the transcriptional control of a promoter of a
cellular gene encoding a mitogenic or anti-apoptotic factor that is induced by a CDK
inhibitor such as p21, p16 or p27. In preferred embodiments, promoters include the
promoters for connective tissue growth factor (CTGF; SEQ ID NO: 3), activin A (SEQ
ID NO: 5), epithelin/granulin (SEQ ID NO: 11), galectin-3 (SEQ ID NO: 9), prosaposin
(SEQ ID NO: 7), clusterin (SEQ ID NO: 17), prostacyclin stimulating factor (SEQ ID
NO: 18), vascular endothelial growth factor -C (SEQ ID NO: 19) and tissue inhibitor of
metalloproteinase (SEQ ID NO: 20). Preferred reporter genes include but are not limited

to firefly luciferase, Renilla luciferase, f-galactosidase, alkaline phosphatase and green
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fluorescent protein. In these embodiments, inhibition of CDK inhibitor-mediated
induction of reporter gene expression is used to identify compounds that inhibit
induction of mitogens or anti-apoptotic factors in CDXK inhibitor-expressing cells.

In this aspect, the invention also provides a method for inhibiting production of
mitogenic or anti-apopiotic factors or compounds in a mammalian cell, the method
comprising the steps of contacting the cell with a compound that inhibits production of
mitogenic or anti-apoptotic factors, wherein said compound is identified by the aforesaid
methods of this aspect of the invention. In preferred embodiments, the mammalian cells
contacted with the inhibitory compounds in which production of mitogenic or anti-
apoptotic factors is mhibited are fibroblasts, most preferably stromal fibroblasts. In
preferred embodiments, the compounds are inhibitors of nuclear factor kappa-B (NFxB)
activity or expression.

In a third aspect, the invention provides methods for identifying compounds that
inhibit CDK inhibitor-mediated induction of cellular gene expression. These methods
comprise the steps of inducing or otherwise producing expression of a CDK inhibitor
gene in a mammalian cell; assaying the cell in the presence of the compound for changes
in expression of cellular genes whose expression is induced by the CDK inhibitor; and
identifying compounds that inhibit CDK inhibitor-mediated induction of cellular gene
expression if expression of the cellular genes is changed fo a lesser extent in the
presence of the compound than in the absence of the compound. In preferred
embodiments, the CDK inhibitor is p21, pl6 or p27. In preferred embodiments, the
cellular genes are induced by 2 CDX inhibitor, and compounds that inhibit this induction
of cellular gene expression are detected by detecting expression of the genes at levels
less than those detected when the CDK inhibitor is expressed in the absence of the
compound. In preferred embodiments of this aspect of the inventive methods, the CDK

inhibitor is p21, p16 orp27. In preferred embodiments, the genes are identified in Table
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II. In further alternative embodiments, the method is performed using a recombinant
mamuinalian cell comprising a reporter gene under the transcriptional control of a
promoter derived from a gene whose expression is induced by a CDK inhibitor. When
using construcis comprising promoters derived from genes induced by 2 CDK inhibitor,
the reporter gene product is produced at lesser levels in the presence than the absence of
the compound when the compound inhibits or otherwise interferes with CDK inhibitor-
mediated gene expression modulation. In preferred embodiments of this aspect of the
mventive methods, the CDK inhibitor is p21, p16 or p27. In these embodiments, the
promoter is most preferably derived from a gene identified in Table II. Most preferably,
the promoter is derived from serum amyloid A (SEQ ID NO: 1), complement C3 (SEQ
ID NO: 2), connective tissue growth factor (SEQ ID NO: 3), integrin -3 (SEQ ID NO:
4), activin A (SEQ ID NO: 5}, natural killer cell protein 4 (SEQ ID NO: 6), prosaposin
(SEQ ID NO: 7), Mac2 binding protein (SEQ ID NO: 8), galectin-3 (SEQ ID NO: 9),
superoxide dismutase 2 (SEQ ID NO: 10), granulin/epithelin (SEQ ID NO: 11), p66™°
(SEQ ID NO: 12), cathepsin B (SEQ ID NO: 14), f-amyloid precursor protein (SEQ ID
NO: 15), tissne transglutaminase (t-TGase; SEQ 1D NO: 16), ciusterin (SEQ ID NO:
17), prostacyelin stimulating factor (SEQ ID NO: 18), vascular endothelial growth
factor-C (SEQ ID NO: 19) and tissue inhibitor of metalloproteinase-1 (SEQ ID NO: 20).

Preferred reporter genes comprising the recombinant expression constructs of the
invention include firefly luciferase, Renilla luciferase, chloramphenicol
acetyltransferase, beta-galactosidase, green fluorescent protein, or alkaline phosphatase.
In other preferred embodiments, the cell comprises a first recombinant expression
construct encoding a reporter gene under the transcriptional control of a promoter for a
mammalian gene whose expression is induced by a CDK mbhibitor, and a second
recombinant expression construct encoding a mammalian CDX inhibitor gene, wheremn

expression of the CDK inhibitor is experimentally-induced in the mammalian cell
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thereby. The product of the reporter gene or the endogenous gene that is induced by the
CDK inhibitor is preferably detected using an immunological reagent, by assaying for an
activity of the gene product, or by hybridization to a complementary nucleic acid.

In a fourth aspect, the invention provides methods for identifying compounds
that inhibit pathogenic consequences of senescence in a mammalian cell, wherem such
pathogenic consequences are mediated at least in part by expression of genes induced by
CDX inhibitors. These methods comprise the steps of treating the mammalian cell in the
presence of the compound with an agent or culturing the mammalian cell under
conditions that induce CDK inhibitor gene expression ; assaying the mammalian cell for
induction of genes that are induced by CDK inhibitors; and identifying the compound as
an inhibitor of senescence or pathogenic consequences of senescence if expression of
genes that are induced by the CDX inhibitor are induced to a lesser extent in the
presence of the compound than in the absence of the compound. In preferred
embodiments of this aspect of the inventive methods, the CDK inhibitor is p21, p16 or
p27. In preferred embodiments, the genes are identified in Table II. In further
alternative embodiments, the method is performed using a recombinant mammalian cell
comprising a reporter gene under the transeriptional control of a promoter derived from
a gene whose expression 1s modulated by a CDK inhibitor. In these embodiments,
production of the product of the reporter gene at lesser levels in the presence than the
absence of the compound using constructs comprising promoter derived from genes
induced by the CDK inhibitor, is detected when the compound is an inhibitor of
pathogenic consequences of cell senescence. In preferred embodiments of this aspect of
the inventive methods, the CDK inhibitor is p21, pl6 or p27. The promoters are
preferably derived from genes identified in Table II. The promoter most preferably is
derived from serum amyloid A (SEQ 1D NO: 1), complement C3 (SEQ ID NO: 2),

connective tissue growth factor (SEQ ID NO: 3), integrin -3 (SEQ ID NO: 4), activin A
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(SEQ ID NO: 5), natural killer cell protein 4 (SEQ 11D NO: 6), prosapoesin (SEQ ID NQO:
7}, Mac2 binding protein (SEQ ID NO: 8), galectin-3 (SEQ ID NO: 9), superoxide
dismutase 2 (SEQ ID NO: 10), granulin/epithelin (SEQ ID NO: 11), p66™° (SEQ ID
NOQ: 12), cathepsin B (SEQ ID NO: 14), B-amyloid precursor protein (SEQ ID NO: 15),
tissue transglutaminase (t-TGase; SEQ ID NO: 16), clusterin (SEQ ID NO: 17),
prostacyclin stimulating factor (SEQ ID NO: 18), vascular endothelial growth factor-C
(SEQ ID NO: 19) and tissue inhibitor of metalloproteinase-1 (SEQ IDNO: 20). In: other
preferred embodiments, the cell comprises a first recombinant expression construct
encoding a reporter gene under the transcriptional control of a promoter for a
mammalian gene whose expression is induced by a CDK inhibitor, and a second
recombinant expression construct encoding a mammalian CDK inhibitof gene, wherein
expression of the CDK inhibitor is experimentally-induced in the mammalian cell
thereby. In preferred embodiments of this aspect of the inventive methods, the CDK
inhibitor is p21, p16 or p27. In a particularly preferred embodiment are fibrosarcoma
cells, more preferably human fibrosarcoma cells and most preferably human HT1080
fibrosarcoma cell line and derivatives thereof. The product of the reporter gene or an
endogenous gene that is induced by the CDK inhibitor is preferably detected using an
immunological reagent, by assaying for an activity of the gene product, or by
hybridization to a complementary nucleic acid.

In a fifth aspect, the invention provides methods for inhibiting pathogenic
consequences of celluler senescence, such as carcinogenesis or age-related diseases, the
method comprising the steps of contacting the cell with a compound that inhibits
senescence or the pathogenic consequences of senescence as determined using the
methods provided in the aforesaid aspects of the invention.

In a sixth aspect, the invention provides compounds that are identified using any

of the methods of the invention as disclosed herein.
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In a seventh aspect, the invention provides methods for inhibiting or preventing
gene expression induction by CDK inhibitors. In preferred embodiments, the methods
comprise the step of contacting a cell with a compound identified by the inventive
methods for identifying compounds that inhibit or prevent gene expression induction by
CDK inhibitors. In preferred embodiments, effective amounts of the compounds are
formulated into pharmaceutical composifions using phanmaceutically-acceptable carriers
or other agents and administered to an animal, most preferably an animal suffering from
a disease caused by CDK inhibitor-induced gene expression. In preferred embodiments,
the disease is cancer, Alzheimer’s disease, renal disease, arthritis or atherosclerosis. In
preferred embodiments, the methods employ compounds that are NFkB inhibitors.

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
Figure 1 is a schematic diagram of the IPTG-regulated retroviral vector
LNp21CO3 used to produce the human HT1080 fibrosarcoma cell line variant HT1080

p21-9.

Figure 2A is a graph of the time course of p21 induction after the addition of 50

uM IPTG, where p21 levels were determined by ELISA.

Figure 2B is a graph of the time course of p21 decay after removal of IPTG.
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Figure 3A are photographs of gel electrophoresis patterns of RT-PCR
experiments (left), northern blot analysis of cellular mRNA expression (middle) and
immunoblotting assays for IPTG-induced changes in expression of the denoted genes
(right); C: confrol untreated HT1080 p21-9 cells; I: cells treated for 3 days with 50 pM
IPTG. B32-microglobulin (B2-M) was used as a normalization conirol for RT-PCR and

S14 ribosomal protein gene for northern hybridization.

Figure 3B are photographs of gel electrophoresis of RT-PCR experiments (left)
and immunoblotting analysis (right) showing the time course of changes in the

expression of the denoted p21-inhibited genes upon IPTG addition and release.

Figure 3C are photographs of gel elecirophoresis patterns of RT-PCR
experiments (left) and northem hybridization analysis (right) of the time course of

changes in the expression of the denoted p21-induced genes upon IPTG addition.

Figure 3D is a comparison of gene expression in untreated control HT1080 p21-

9 cells (C), serum-starved quiescent cells (Q) and IPTG-treated senescent cells (1),

Figure 4 is a schematic diagram of the IPTG-regulated retroviral vector

LNp16RO2 used to produce the human HT1086 fibrosarcoma cell line variant HT 1080/

LNpl6RO2.

Figures SA and 5B are diagrams of changes in cell cycle distribution of HT1080

p16-5 (Figure SA) or HT'1080 p27-2 (Figure 5B) cells upon the addition of 50 pM IPTG.

Figures 6A and 6B are photographs of gel electrophoresis patterns of RT-PCR
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experiments for detecting TPTG-induced changes in expression of the denoted genes
upon IPTG-induced expression of pl6 in HT1080 pl6-5 cells (Figure 6A) or p27 in
HT1080 p27-2 cells (Figure 6B). -: control untreated cells; +: cells treated for 3 days

with 50 pM IPTG. [-actin was used as a normalization control for RT-PCR.

Figure 7 illustrates the effects of p21 induction in HT1080 p21-9 cells on the
expression of luciferase reporter genes driven by the promoters of the indicated p21-
inducible genes. The assays were carried out following transient transfection, after two
days (for prosaposin promoter) or three days of culture (for all the other promoters) in
the presence or in the absence of 50 uM IPTG. The assays were carried out in triplicate

(for prosaposin) or in quadruplicate (for all the other constructs).

Figures 8A and &B are graphs showing IPTG dose dependence of luciferase

expression in LulNK4p21 cell line after 24 hrs of IPTG treatment (Figure 8A) and the

time course of luciferase expression upon the addition of 50 pM IPTG (Figure §B).

Figures 9A through 9G illustrate the effects of p21 mduction in HT1080 p21-9
cells on the expression of luciferase reporter genes driven by the NFxB-dependent
promoter (Figure 9A) or by the promoters of the indicated p21-inducible genes (Figures
9B through 9G). The promoter-reporier constructs were mixed at a molar ratio 1:2 with
vectors expressing a dominant inhibitor of NFxB (IKK), C-truncated E1 A mutant that
inhibits p300/CBP (E1AACR2), or non-functional N- and C-truncated version of E1A
(E1AAN/ACR2). Luciferase levels were measured after 3 days in the presence or
absence of IPTG and normalized either by the levels of Renilla luciferase expressed

from the co-transfected pRL-CMV plasmid or (in Fig. 9C) by the level of cellular
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protein. The experiments were carried out in triplicates.

Figure 10 is a bar graph of luciferase activity in LuNK4p21 cells in the presence

and absence of IPTG and incubated with different amounts of NSAIDs.

Figure 11 is a photograph of gel electrophoresis patterns of RT-PCR experiments
using LuNK4p21 for detecting inhibition of IPTG-induced changes in expression of the
denoted genes by different amounts of sulindac; B-actin was used as a normalization

control for RT-PCR.

Figures 12A through 12E iflustrate the effects of p16 induction in HT1080 p16-5
cells on the expression of luciferase reporter genes driven by the NFkB-dependent
promoter (Figure 12A) or by the promoters of the indicated p21-inducible genes (Figures
12B through 12E). Luciferase levels were measured after 3 days in the presence or
absence of IPTG and normalized by the levels of Renilla luciferase expressed from the
co-transfected pRL-CMV plasmid. The experiments in Fig. 12A and Fig. 12E were

carried out in triplicates, and in Figs. 12B, 12C and 12D in single points.

Figures 13 A through 13E illustrate the effects of p27 induction in HT1080 p27-2
cells on the expression of luciferase reporter genes driven by the NFxB-dependent
promoter (Figure 13A) or by the promoters of the indicated p21-inducible genes (Figures
13B through 13E). In Fig. 13A, the promoter-reporter construct was mixed at a molar
ratio 1:2 with a vector expressing a dominant inhibitor of NFxB (IKK). Luciferase levels
were measured after 3 days in the presence or absence of IPTG and normalized by the
levels of Renilla luciferase expressed from the co-transfected pRL-CMV plasmid. All

the experiments were carried out in triplicates.
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

This invention provides reagents and methods for identifying genes involved in
mediating CDK inhibitor-induced cellular senescence and pathogenic consequences of
senescence, and compounds capable of inhibiting senescence and pathogenic
consequences of senescence in mammalian cells. Particularly provided are
embodiments of such reagents and methods for identifying genes involved in cellular
senescence and induced by CDK inhibitors p21, p27 or plé.

For the purposes of this invention, the term “CDK inhibitor” is intended to
encompass members of a family of mammalian genes having the biochemical activity of
cyclin-dependent kinase mhibition. Explicitly contained in this definition are the CDK
inhibitors p15, pl4, p18 and particularly p21, pl6 or p27, the latter three of which are
particularly preferred embodiments of the reagents and methods of this invention.

For the purposes of this invention, reference to "a cell” or "cells” is intended to
be equivalent, and particularly encompasses in vifro 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 construets under the transcriptional control of promoters derived
from cellular genes, can be detected in a first gene and then the effect replicated by
testing a second or any number of additional genes or reporter gene comstructs.
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 "conditioned media" is intended to encompass cell

culture media conditioned by growth of CDK inhibitor--expressing cells that contains
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mitogenic or anti-apopiotic factors. The conditioned media is produced in a preferred
embodiment by culturing CDK inhibitor--expressing cells in a mammalian cell culture
medium, most preferably a synthetic medium that does not contain serum additives.
Any CDK inhibitor-expressing cell is useful for the production of said conditioned
media, and CDK inhibitor expression in such cells can be achieved by inducing
endogenous CDK inhibitors (such as by treatment with DNA damaging agents, ionizing
or ultraviolet radiation, or contact inhibition) or by using cells containing an inducible
CDK inhibitor expression construct according to the invention and culturing the cells in
a physiologically-neutral inducing agent. In preferred embodiments of this aspect of the
invention, the CDK inhibitor 1s p21, p16 or p27. Preferred cells include mammalian
cells, preferably rodent or primate cells, and more preferably mouse or human cells. A
particularly preferred embodiment are fibrosarcoma cells, more preferably human
fibrosarcoma cells and most preferably human HTI1080 fibrosarcoma cell line and
derivatives thereof.

For the purposes of this invention, the term "senescence” will be understood to
mclude permanent cessation of DNA replication and cell growth not reversible by
growth factors, such as occurs at the end of the proliferative lifespan of normal cells or
i normal or tumor cells in response to cytotoxic drugs, DNA damage or other cellular
insult.

Senescence can be induced in a mammalian cell in a number of ways. The first
is a natural consequence of normal cell growth, either in vivo 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). Another method for
inducing senescence in any cell type is treatment with cytotoxic drugs such as most

anticancer drugs, radiation, and cellular differentiating agents. See, Chang et al., 1999,
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Cancer Res. 59:3761-3767. Senescence also can be rapidly induced in any mammalian
cell by transducing into that cell a tumor suppressor gene (such as p53, p21, pl6 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; Vogtef al., 1998, Cell Growth Differ. 3. 139-146

For the purposes of this invention, the term “pathological consequences of
senescence” is intended to encompass diseases such as cancer, atherosclerosis,
Alzheimer's disease, amyloidosis, renal disease and arthritis.

The reagents of the present invention include any mammalian cell, preferably a
rodent or primate cell, more preferably a mouse cell and most preferably a human cell,
that can induce expression of a CDK inhibitor gene, most preferably p21, p16 or p27,
wherein such gene is either the endogenous gene or an exogenous gene introduced by
genetic engineering. Although the Exampies disclose recombinant mammalian cells
comprising recombinant expression constructs encoding inducible p21, p27 and plé
genes, it will be understood that these embodiments are merely a matter of experimental
design choice and convenience, and that the invention fully encompasses induction of
endogenous CDK inhibitor genes such as p21, p27 and pl6.

In preferred embodiments, the invention provides mammalian cells containing a
recombinant expression construct encoding an inducible mammalian p21 gene. In
preferred embodiments, the p21 gene is human p21 having nucleotide and amino acid
sequences as set forth in U.S. Patent NO: 3,424,400, incorporated by reference hereim.
In alternative embodiments, the p21 gene is an amino-terminal portion of the human p21
gene, preferably comprising amino acid residues 1 through 78 of the native human p21
protein (as disclosed in U.S. Patent NO: 5,807,692, incorporated by reference) and more
preferably comprising the CDK binding domain comprising amino acids 21-71 of the

native human p21 protein (Nakanishi et al., 1995, EMBO J. 14: 555-563). Preferred
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host cells mclude mammalian cells, preferably rodent or primate cells, and more
preferably mouse or human cells. Particularly preferred embodiments are fibrosarcoma
cells, more preferably human fibrosarcoma cells and most preferably cells of the human
HT1080 fibrosarcoma cell line and derivatives thereof. A most preferred cell line is an
HT 1080 fibrosarcoma cell line derivative identified as HT1080 p21-9, deposited on
April 6, 2000 with the American Type Culture Collection, Manassas, Virginia U.S.A.
under Accession No. PTA 1664.

In alternative preferred embodiments, the invention provides mammalian cells
containing a recombinant expression construct encoding an inducible mammalian p16
gene. In preferred embodiments, the pl6 gene is human pl6 having nucleotide and
amino acid sequences as set forth in NCBI RefSeq NM_000077 and NP_000068.
Preferred host cells include mammalian cells, preferably rodent or primate cells, and
more preferably mouse or human cells. Particularly preferred embodiments are
fibrosarcoma cells, more preferably human fibrosarcoma cells and most preferably cells
of the human HT 1080 fibrosarcoma cell line and derivatives thereof. A most preferred
cell line is an HT 1080 fibrosarcoma cell line derivative identified as HT1080 p16-5,
deposited on January 31, 2002 with the American Type Culture Collection, Manassas,
Virginia U.S.A. under Accession No.

In alternative preferred embodiments, the invention provides mammalian cells
containing a recombinant expression construct encoding an inducible mammalian p27
gene. In preferred embodiments, the p27 gene is human p27 having nucleotide and
amino acid sequences as set forth in NCBI RefSeq NM_004064 and NP_004055 or
mouse pl6 having nucleotide and amino acid sequences as set forth in NCBI RefSeq
NM_009875 and NP_034005. Preferred host cells include mammalian cells, preferably
rodent or primate cells, and more preferably mouse or human cells. Particularly

preferred embodiments are fibrosarcoma cells, more preferably human fibrosarcoma
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cells and most preferably cells of the human HTI080 fibrosarcoma cell line and
derivatives thereof. A most preferred cell line is an HT 1080 fibrosarcoma cell line
derivative identified as HT1080 p27-2, deposited on January 31, 2002 with the

American Type Culture Collection, Manassas, Virginia U.S.A. under Accession No.

Recombinant expression constructs 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, MOLECULAR VIROLOGY:
A PRACTICAL APPROACH, (Davison & Elliott, ed.), Oxford University Press: New York,
1993.

In additionally preferred embodiments, the recombinant cells of the invention
contain a construct encoding an inducible CDK inhibitor gene, wherein the gene is under
the transcriptional control of an inducible promoter. In more preferred embodiments, the
inducible promoter is responsive to a trans-acting factor whose effects can be modulated
by an inducing agent. The inducing agent can be any factor that can be manipulated
experimentally, including temperature and most preferably the presence or absence of an
inducing agent. Preferably, the inducing agent is a chemical compound, most preferably
a physiologically-neutral compound that is specific for the #rans-acting factor. Inthe use
of constructs comprising inducible promoters as disclosed herein, expression of CDK
inhibitor from the recombinant expression construct is mediated by contacting the
recombinant cell with an inducing agent that induces transcription from the inducible
promoter or by removing an agent that inhibits transcription from such promoter. In
preferred embodiments of this aspect of the inventive methods, the CDK inhibitor is

p21, p27 or pl6. A varicty of inducible promoters and cognate trans-acting factors are
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known in the prior art, mcluding heat shock promoters than can be activated by
increasing the temperature of the cell culture, and more preferably promoter/factor pairs
such as the fer promoter and its cognate fer repressor and fusions thereof with
mammalian transcription factors (as are disclosed in U.S. Patent Nos. 5,654,168,
5,851,796, and 5,968,773), and the bacterial lac promoter of the lactose operon and its
cognate lacl repressor protein. In a preferred embodiment, the recombinant cell
expresses the lacl repressor protein and a recombinant expression construet encoding
human p21 under the conirol of a promoter comprising one or a multiplicity of Jae-
responsive elements, wherein expression of p21 can be induced by contacting the cells
with the physiologically-neutral inducing agent, isopropylthio-p-galactoside. In this
preferred embodiment, the lacl repressor is encoded by a recombinant expression
construct identified as 3'SS {commercially available from Stratagene, LaJolla, CA). In
alternative preferred embodiments, the recombinant cell expresses the lacl repressor
protein and a recombinant expression construct encoding human p16 under the control
of a promoter comprising one or a multiplicity of /ac-responsive elements, wherein
expression of pl6 can be induced by contacting the cells with the physiologically-neutral
inducing agent, isopropylthio-B-galactoside. In this preferred embodiment, the /acl
repressor is encoded by the 3°SS recombinant expression construct (Stratagene). In
alternative preferred embodiments, the recombinant cell expresses the lacl repressor
protein and a recombinant expression construct encoding human p27 or mouse p27
under the control of a promoter comprising one or a multiplicity of lac-responsive
elements, wherein expression of p27 can be induced by contacting the cells with the
physiologically-neutral inducing agent, isopropylthio-p-galactoside. In this preferred
embodiment, the lacl repressor is encoded by the 3’88 recombinant expression construct

(Stratagene).



10

15

20

25

(81) JP 2009-77705 A 2009.4.16

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 modulated by a CDK inhibitor such as p21, pl6 or p27. These include
genes whoge expression is induced by CDK inhibitors. In preferred embodiments of this
aspect of the invention, the CDK inhibitor is p2l, plé or p27. In preferred
embodiments, the promoters are derived from genes whose expression is induced or
otherwise increased by CDX inhibitor expression, and are identified in Table TI. Most
preferably, the promoter is derived from serum amyloid A (SEQ ID NO: 1), complement
C3 (SEQID NO: 2), connective tissue growth factor (SEQ ID NO: 3), integrin p-3 (SEQ
ID NO: 4), activin A (SEQ ID NO: 5), natural killer cell protein 4 (SEQ 1D NO: 6),
prosaposin (SEQ IID NO: 7), Mac2 binding protein (SEQ 1D NO: 8), galectin-3 (SEQ ID
NO: 9), superoxide dismutase 2 (SEQ ID NO: 10), granulin/epithelin (SEQ ID NO: 11),
p66™° (SEQ ID NO: 12), cathepsin B (SEQ ID NO: 14), B-amyloid precursor protein
(SEQ ID NO: 15), tissue transglutaminase (t-T'Gase; SEQ ID NO: 16), clusterin (SEQ
ID NO: 17), prostacyclin stimulating factor (SEQ ID NO: 18), vascular endothelial
growth factor-C (SEQ ID NO: 19) and tissue inhibitor of metalloproteinase-1 (SEQ ID
NO: 20). These reporter genes are then used as sensitive and convenient indicators of
the effects of CDK inhibitor gene expression, and enable compounds that inhibit the
effects of CDK inhibitor expression in mammalian cells to be easily identified. Host
cells for these constructs include any cell in which CDK inhibitor gene expression can
be induced, and preferably include cells also containing recombinant expression
constructs containing an inducible CDK inhibitor gene as described above. Reporter
genes useful in the practice of this aspect of the invention include but are not limited to
firefly luciferase, Renilla luciferase, chloramphenicol acetyltransferase, beta-
galactosidase, green fluorescent protein, and alkaline phosphatase. Particularly preferred

embodiments are fibrosarcoma cells, more preferably human fibrosarcoma cells and
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most preferably cells of the human HT1080 fibrosarcoma cell line and derivatives
thereof. A most preferred cell line is an HT 1080 fibrosarcoma cell line derivative
identified as HT1080/LUNK4p21, deposited on May 17, 2001 with the American Type
Culture Collection, Manassas, Virginia U.S.A. under Accession No. PTA-3381.

In preferred embodiments, cells according to the invention comprise both a first
recombinant expression construct encoding a reporter gene under the transcriptional
control of a promoter for a mammalian gene whose expression is modulated by a CDK.
inhibitor, and a second recombinant expression construct encoding a mammalian CDK
inhibitor gene, wherein CDK inhibitor expression is experimentally-inducible thereby in
the mammalian cell. In preferred embodiments of this aspect of the invention, the CDIK
inhibitor is p21, pl6 or p27. In alternative embodiments, the invention provides a
mammalian cell comprising a recombinant expression construct encoding a reporter
gene under the transcriptional control of a promoter for a mammalian gene whose
expression is induced by a CDK inhibitor, wherein the promoter is from the gene
encoding connective tissue growth factor serum amyloid A (SEQ ID NO: 1),
complement C3 (SEQ ID NO: 2), connective tissue growth factor (SEQ ID NO: 3),
integrin B-3 (SEQ ID NO: 4), activin A (SEQ ID NO: 5), natural killer cell protein 4
(SEQ ID NO: 6), prosaposin (SEQ ID NO: 7), Mac2 binding protein (SEQ ID NO: 8),
galectin-3 (SEQ ID NO: 9), superoxide dismutase 2 (SEQ ID NO: 10),
granulin/epithelin (SEQ ID NO: 11), p66°™® (SEQ ID NO: 12), cathepsin B (SEQ ID NO:
14), B-amyloid precursor protein (SEQ ID NO: 15}, tissue transglutaminase (t-TGase;
SEQ ID NO: 16), clusterin (SEQ ID NO: 17), prostacyclin stimulating factor (SEQ ID
NO: 18), vascular endothelial growth factor-C (SEQ ID NQ: 19) and tissue inhibitor of
metallopmteinase-l (SEQ ID NO: 20). In preferred embodiments of this aspect of the

invention, the CDK inhibitor is p21, p16 or p27.
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The invention also provides screening methods for identifying compounds that
inhibit CDK inhibitor-induced expression of mitogenic or anti-apoptotic factors in
mammalian cells. In preferred embodiments, CDXK inhibitor expression is induced in a
mammalian cell culture in the presence or absence of compounds to be identified as
inhibitors of CDK inhibitor-induced expression of mitogenic or anti-apoptotic factors.
Compounds are identified as inhibitors by inducing expression of CDX inhibitor in the
cells, and comparing the extent of expression of a mitogenic or anti-apoptotic factor, ora
plurality thereof, in the presence of the compound with expression in the absence of the
compound, and inhibitors identified as compounds that have a reduced amount of
expression of a mitogenic or anti-apoptotic factor, or a plurality thereof, in the presence
of the compound. In preferred embodiments of this aspect of the invention, the CDK
inhibitor is p21, pl6 or p27. Any CDX inhibitor-expressing cell is useful for the
production of said conditioned media, and CDK inhibitor expression in such cells can be
achieved by inducing endogenous CDK inhibifors (such as by treatment with DNA
damaging agents and other cytotoxic compounds, and ienizing or ultraviclet radiation, or
contact inhibition) or by using cells containing an inducible CDK inhibitor expression
construct according to the invention: and culturing the cells in a physiologically-neutral
mducing agent. In preferred embodiments of this aspect of the invention, the CDK
inhibitor is p21, p16 or p27. Preferred cells include mammalian cells, preferably rodent
or primate cells, and more preferably mouse or human celis. Particularly preferred
embodiments are fibrosarcoma cells, more preferably human fibrosarcoma cells and
most preferably cells of the human HTI080 fibrosarcoma cell line and derivatives
thereof. An exemplary cell line according to this particularly preferred embodiment of
the invention is an HT 1080 fibrosarcoma cell line derivative identified as HT1080 p21-
9, deposited on April 6, 2000 with the American Type Culture Collection, Manassas,

Virginia U.S.A. under Accession No. PTA 1664. An exemplary cell population is a
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human HT1080 fibrosarcoma dertvative identified as HT1080/LNp16R 02, deposited on
October 10, 2000 with the American Type Culture Collection, Manassas, Virginia
U.S.A. under Accession No. PTA-2580. Another exemplary cell line according to this
particularly preferred embodiment of the invention is an HT 1080 fibrosarcoma cell line
derivative identified as HT1080 p16-5, deposited on with the American Type
Culture Collection, Manassas, Virginia U.S.A. under Accession No.

Another exemplary cell line according to this particularly preferred embodiment of the
mvention is an HT 1080 fibrosarcoma cell line derivative identified as HT1080 p27-2,
deposited on with the American Type Culture Collection, Manassas, Virginia
U.S.A. under Accession No.

In altemative embodiments, the invention provides methods for identifying
compounds that inhibit CDK inhibitor-induced expression of mitogenic or anti-apoptotic
factors in mammalian cells, wherein the cells comprise a recombinant expression
construct encoding a reporter gene under the transcriptional control of a promoter of a
cellular gene that is induced by a CDK inhibitor. In preferred embodiments of this
aspect of the invention, the CDK inhibitor is p21, p16 or p27. Preferred promoters
include the promoters for connective tissue growth factor (CTGF; SEQ ID NO: 3),
activin A (SEQ ID NO: 5), epithelin/granulin (SEQ ID NO: 11}, galectin-3 (SEQ 1D
NO: 9), prosaposin (SEQ ID NO: 7), clusterin (SEQ TD NO: 17), prostacyclin
stimulating factor (SEQ ID NO: 18), vascular endothelial growth factor —C (SEQ ID
NO: 19} and tissue inhibitor of metalloproteinase (SEQ ID NO: 20). Preferred reporter
genes include but are not limited to firefly luciferase, Renilla luciferase, B~galactosidase,
alkaline phosphatase and green fluorescent protein, all of which are commercially
available. In these embodiments, CDK inhibitor expression is induced in the cells, and
the extent of expression of the reporter gene is compared in the presence of the

compound with expression in the absence of the compound. Inhibitors are identified as
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compounds that provide a reduced amount of expression of the reporter gene in the
presence of the compound than in the absence of the compound. Any CDK inhibitor-
expressing cell is useful in this aspect of the invention, and CDK inhibitor expression in
such cells can be achieved by inducing the endogenous inhibitor gene (for example, by
treatment with DNA damaging agents or other cytotoxic compounds, ionizing or
ultraviolet radiation, or contact inhibition) or by using cells containing an inducible
CDK inhibitor expression construct according to the invention and culturing the cells in
a physiologically-neutral inducing agent. In preferred embodiments of this aspect of the
invention, the CDK inhibitor is p21, pl16 or p27. Preferred cells include mammalian
cells, preferably rodent or primate cells, and more preferably mouse or human cells. A
particularly preferred embodiment is fibrosarcoma cells, more preferably human
fibrosarcoma cells and most preferably human HT1080 fibrosarcoma cell line and
derivatives thereof. A most preferred cell line is an HT1080 fibrosarcoma cell line
derivative identified as HT1080/LUNK4p21, deposited on May 17, 2001 with the
American Type Culture Collection, Manassas, Virginia U.S8.A. under Accession No.
PTA-3381.

The invention provides methods for identifying compounds that inhibit
pathogenic consequences of cell senescence, whereby the effects of the compound are
assayed by determining whether the compounds inhibit induction of genes whose
expression is induced by a CDK inhibitor. In the practice of the methods of the
invention, cultured mammalian cells in which a CDK inhibitor can be mduced are
treated to induce the inhibitor gene, for example, by ionizing or ultraviolet radiation, or
contact inhibition treatment or treatment with cytotoxic drugs, or transduced with a
transmissible vector encoding a CDK inhibitor. In preferred embodiments of this aspect
of the invention, the CDK inhibitor is p21, p16 or p27. More preferably, HT1080 p21-9

cells are used in which p21 can be induced by contacting the cells with IPTG (deposited
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on April 6, 2000 with the American Type Culture Collection, Manassas, Virgiia UU.S.A.,
under Accession No. PTA 1664), or HT1080 p16-5 cells (deposited on January 31, 2002
with the American Type Culture Collection, Manassas, Virginia U.S.A. under Accession
No. ) are used in which p16 can be induced with IPTG, or HT1080 p27-2 cells
(deposited on January 31, 2002 with the American Type Culture Collection, Manassas,
Virginia U.S.A. under Accession No. ) are used in which p27 can be induced
with IPTG. Typically, cells are grown in appropriate culture media (e.g., DMEM
supplemented with 10% fetal calf serum (FCS) for HT1080 derivatives). In HT1080
p21-9, HT1080 p16-5 or HT1080 p27-2 cells, CDK inhibitor gene expression is mduced
by adding IPTG to the cuiture media at a concentration of about 50pM. Typically, the
CDK inhibitor is induced in these cells in the presence or absence of the compound to be
tested according to the methods of the invention, mRNA is then isolated from cells in
which the CDK inhibitor is induced, and expression of genes that are regulated by CDK
inhibitors is analyzed. Expression is compared in cells in which the CDK inhibitor is
induced in the presence of the compound with expression induced in the absence of the
compound, and the differences used to identify compounds that affect cellular gene
expression according to the methods set forth herein. In certain embodiments, cellular
gene expression is analyzed using microarrays of oligonucleotides or celluiar ¢cDNAs
such as are commercially available (for example, from Genome Systems, Inc., St. Louis,
MO). In altemative embodiments, genes known to be induced by CDK inhibitors are
assayed. Gene expression can be assayed either by analyzing cellular mRNA or protein
for one or a plurality of CDK inhibitor-modulated genes. In preferred embodiments of
this aspect of the invention, the CDK inhibitor is p21, p16 or p27. Most preferably, the
genes used in these assays are genes identitied in Table II.

In alternative embodiments, such compounds are identified independently of

CDXK inhibitor-directed experimental manipulation. In such assays, cells are treated to
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induce senescence in any of the ways disclosed above, including but not limited to
treatment with cytotoxic drugs, radiation or cellular differentiating agents, or
introduction of a tumor suppressor gene. Expression of genes that are induced by CDK
inhibitors is analyzed in the presence or absence of the test compound. Mostpreferably,
the genes used in these assays are genes identified in Table II, using the types of mRNA
and protein assays discussed above for gene expression analysis.

In alternative embodiments, the cells in which a CDK inhibitor is induced finther
comprise a recombinant expression construct encoding a reporter gene under the
transeriptional control of a promoter of a cellular gene that is induced by a CDK
inhibitor. In preferred embodiments of this aspect of the invention, the CDK inhibitor is
p21, pl6 or p27. In preferred embodiments, the cellular gene is a gene that is induced
by the CDK inhibitor, and the promoter is derived from a gene identified in Table 1L
Examples of known promoters for such genes include serum amyloid A (SEQ ID NO:
1), complement C3 (SEQ ID NO: 2), connective tissue growth factor (SEQ ID NO: 3),
integrin -3 (SEQ ID NO: 4), activin A (SEQ ID NO: 5), natural killer cell protein 4
(SEQ ID NO: 6}, prosaposin (SEQ ID NO: 7), Mac2 binding protein (SEQ ID NO: 8),
galectin-3 (SEQ ID NO: 9), superoxide dismutase 2 (SEQ ID NO: 10),
granulin/epithelin (SEQ ID NO: 11), p66™ (SEQ ID NOQ: 12), cathepsin B (SEQ ID NO:
14), P-amyloid precursor protem (SEQ ID NO: 15), tissue transglutaminase (t-TGase;
SEQ ID NO: 16), clusterin (SEQ ID NO: 17), prostacyclin stimulating factor (SEQ ID
NO: 18), vascular endothelial growth factor-C (SEQ ID NO: 19) and tissue inhibitor of
metalloproteinase-1 (SEQ ID NO: 20). Preferred reporter genes include but are not
limited to firefly luciferase, Renilla luciferase, B-galactosidase, alkaline phosphatase and
green fluorescent protein, all of which are commercially available.

The invention also provides methods for identifying genes associated with

cellular senescence and pathogenic consequences of senescence or that mediate the
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effects of CDK inhibitor-induced cellular senescence. Induction of CDK inhibitors turns
out to be an integral part of cell growth arrest associated with senescence, terminal
differentiation and response to cellular damage. As described in the Examples below,
¢DNA array hybridization showed that these effects were due to p21-induced changes in
gene expression. p2l selectively induced genes that have been associated with cellular
senescence and aging or have been implicated in age-related diseases, including
atherosclerosis, Alzheimer's disease, amyloidosis, renal disease and arthritis. These
findings suggested that cumulative effects of p21 induction in an organism may
contribute to the pathogenesis of cancer and age-related diseases. In addition, a number
of p21-activated genes encode secreted proteins with potential paracrine effects on cell
growth and apoptosis. In agreement with this observation, conditioned media from p21-
induced cells showed mitogenic and anti-apoptotic activity.

In addition, the results presented in the Examples bejow demonstrated that
induced expression of p16 or p27 mimicked the effects of p21 gene expression, and that
the same genes whose expression was modulated by p21 gene expression were also
modulated by p16 or p27 gene expression (see Figure 6). Thus, the methods of the
invention have been extended to include cells in which p16 or p27 gene expression is
induced, either by induction of the endogenous pl6 or p27 gene or in recombinant cells
comprising an inducible expression construct encoding pl6 or p27.

The observed effects of CDK inhibitor induction, particularly p21, p16 and p27
induction on gene expression show numerous correlations with the changes that have
been associated with cell senescence and organism aging. Some of these correlations
come from the analysis of genes that are inhibited by CDK inhibitors. Thus, senescent
fibroblasts were reported to express lower levels of Rb (Stein et al., 1999, Mol. Cell.
Biol, 19: 2109-2117), as was observed upon p21 induction. It is also interesting that

three genes that are inhibited by CDK inhibitors, CHL1, CDC21 and RADS54 encode
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members of the helicase family. A deficiency in another protein of the helicase group
has been identified as the cause of Werner syndrome, a clinical condition associated with
premature aging and, at the cellular level, accelerated senescence of cells in culture
(Gray et al., 1997, Nature Genet. 17: 100-103).

The strongest correlations with the senescent phenotype, however, come from
identification of CDK inhibitor-induced genes, many of which are known to increase
their levels during replicative senescence or organism aging. Overexpression of
extracellular matrix (ECM) proteins is a known hallmark of replicative senescence, and
two CDK inhibitor-induced genes in this group, fibronectin 1 and plasminogen activator
inhibitor 1 (PAI-1), have been frequently associated with cellular senescence (reviewed
in Crisofalo & Pignole, 1996, Exp. Gerontol. 31: 111-123). Other CDK inhibitor-
mnduced genes that were also reported to be overexpressed in senescent fibroblasts
include tissue-type plasminogen activator (t-PA; West ef al., 1996, Exp. Gerontol. 31:
175-193), cathepsin B (diPaolo et al., 1992, Exp. Cell Res. 201: 500-505), integrin B3
(Hashimoto et al., 1997, Biochem. Biophys. Res. Commun. 240: 88-92) and APP (Adler
et al, 1991, Proc. Natl. Acad Sci. USA 88: 16-20). Expression of several CDK
inhibitor-induced proteins was shown to correlate with organism aging, including t-PA
and PAI-1 (Hashimoto et al., 1987, Thromb. Res. 46: 625-633), cathepsin B (Bernstein
et al, 1990, Brain Res. Bull. 24: 43-549) activin A (Loria ef al, 1998, Fur. J.
Endocrinol. 139: 487-492), prosaposin (Mathur et al., 1994, Biochem. Mol. Biol. Int.
34: 1063-1071), APP (Ogomori et al, 1988, J Gerontol. 43: B157-B162), SAA
(Rosenthal & Franklin, 1975, J. Clin. Invest. 55: 746-753) and t-TGase (Singhal ef al.,
1997, J. Investig. Med. 45: 567-575).

The most commonly used marker of cell senescence is the SA-B-gal activity
(Dimri ef al., 1995, Proc. Natl. Acad. Sci. USA 92: 9363-9367). This gene is strongly

elevated in [IPTG-treated HT1080 p21-9 cells (Chang ef al., 1999, Oncogene 18: 4808-
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4818). SA-B-gal was suggested to represent increased activity and altered localization of
the lysosomal P-galactosidase (Dimri et al, 1995, ibid), and other studies have
described elevated lysosome activities in senescent cells (Cristofalo & Kabakijan, 1975,
Mech. Aging Dev. 4: 19-28). Five lysosomal enzymes appear in Table 11, including N-
acetylgalactosamine-6- sulfate sulfatase (GALNS), cathepsin B, acid a-glucosidase, acid
lipase A and Iysosomal pepstatin-insensitive protease. p21 also upregulated genes for
mitochondrial proteins SOD2, metazin and 2, 4-dienoy!-CoA reductase, which correlates
with reports of different mitochondrial genes overexpresssed in senescent cells (Doggett
et al., 1992, Mech. Aging Dev. 65: 239-255; Kodama et al., 1995, Exp. Cell Res. 219:
82-86; Kumazaki ef al., 1998, Mech. Aging Dev. 101: 91-99),

Strikingly, products of many genes that we found to be induced by p21, p16 or
p27 have been linked to age-related diseases, including Alzheimer's disease,
amyloidosis, atherosclerosis and arthritis. Thus, APP gives rise to f-amyloid peptide,
the main component of Alzheimer's amyloid plaques. Complement C3 (Veerhwis et al.,
1995, Virchows Arch. 426: 603-610) and AMP deaminase (Sims et al., 1998, Neurobiol.
Aging 19: 385-391) were also suggested fo play a role in Alzheimer's disease. It is
especially interesting that t-TGese, which is most rapidly induced by p21 and which has
been described as a pleiotropic mediator of cell differentiation, carcinogenesis, apoptosis
and aging (Park et al., 1999, J. Gerontol. A Biol. Sci. 54: B78-B83), is involved in the
formation of plaques associated with both Alzheimer's disease and amyloidosis (Dudek
& Johnson, 1994, Brain Res. 651: 129-133). The latter disease is due to the deposition
of another CDK inhibitor-induced gene product, SAA, which has also been implicated in
atherosclerosis, osteoarthritis and rheumatoid arthritis (Jensen & Whitchead, 1998,
Biochem. J. 334: 489-503). Two other CDK inhibitor upreguiated secreted proteins,
CTGF and galectin 3 are involved in atheroscierosis (Oemar ef al., 1997, Circulaiion 95:

831-839; Nachtigal et al., 1998, 4m. J. Pathol. 152: 1199-1208). In addition, cathepsin
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B (Howie efal, 1985, J. Pathol. 145:307-314), PAI-1 (Cerinic et al., 1998, Life Sci. 63
441-453), fibronectin (Chevalier, 1993, Semin. Arthritis Rheum. 22: 307-318), GALNS
and Mac-2 binding protein (Seki et al., 1998, Arthritis Rheum. 41: 1356-1364) have
been associated with osteoarthritis and/or rheumatoid arthritis.  Furthermore,
senescence-related changes in ECM proteins, such as increased PAIL-1 expression, were
proposed to result in age-specific deterioration in the structure of skin and other tissues
(Campisi, 1998, J. Investig. Dermatol Symp. Proc. 3: 1-5). Increased fibronectin
production by aging cells was also suggested to increase the density of the fibronectin
network in ECM, which may contribute to slower wound healing in aged individuals
(Albini et al., 1988, Coll. Relat. Res. 8: 23-37).

p21 and p21-inducible genes have also been implicated in diabetic nephropathy
and chronic renal failure. Kuan et al. (1998, J. Am. Soc. Nephrol. 9: 986-993) found that
p21 is induced under conditions of glucose-induced mesangial cell hypertrophy, an in
vitro model of diabetic nephropathy. Megyesi ef al. (1996, dm. J. Physiol 271: F1211-
1216) demonsirated that p21 1s induced in vivo in several animal models of acute renal
feilure, and this p21 induction is independent of p53. The functionalrole of p21 in these
pathogenic processes has been demonstrated by Al-Douahji et al. (1999, Kidney Int. 56:
1691-1699), who found that p21(~/-) mice do not develop glomerular hypertrophy under
the conditions of experimental diabetes, and by Megyesi ef al. (1999, Proc Natl Acad Sci
U S A. 96:10830-10835), who showed that p21(-/~) mice do not develop chronic renal
failure after partial renal ablation. Remarkably, Murphy et al. (1999, J. Biol. Chem. 274:
5830-5834), working with the same in vitro model used by Kuan et al. (1998, J. Am.
Soc. Nephrol 9: 986-993), reported that mesangiai cell hypertrophy involves
upregulation of several genes that are shown herein to be inducible by p21. These
include CTGF, fibronectin and plasminogen activator inhibitor 1. The latter study also

showed that CTGF plays a functional role in mesangial matrix accumulation in this
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model system (Murphy et al., 1999, J. Biol. Chem. 274: 5830-5834). These results
implicate p21 and p21-mediated induction of gene expression in the pathogenesis of
renal failure.

Of special interest, p21 induced expression of p66™", a gene recently found to
potentiate oxidative damage, with p66(-/-) mice showing increased stress resistance and
significantly extended lifespan (Migliaccio et al., 1999, Nature 402: 309-313). These
observations suggest that the effects of p21 on gene expression may contribute to the
pathogenesis of multiple diseases and overall restriction of the mammalian lifespan.

A major new class of anticancer drugs undergoing clinical irials is angiogenesis
inhibitors. These agents target not the tumor cells, but rather the growth of stromal
capillaries, stimulated by tumor-secreted angiogenic factors (see Kerbel, 2000,
Carcinogenesis 21:505-515, for a recent review). The vasculature, however, is not the
only stromal element required for tumor growth. It has been shown in multiple studies
that stromal fibroblasts also support the growth of tumor cells in vifro and in vivo, and
that normal and immortalized fibroblasts secrete paracrine faciors that promote
tumorigenicity and inhibit death of carcinoma cells (Gregoire and Lieubeau, 1995,
Cancer Metastasis Rev. 14: 339-350; Camps ef al., 1990, Proc. Natl Acad. Sci. U. 5. A.
87:75-79; Noel et al., 1998, Int. J. Cancer 76: 267-273; Olumi et al., 1998, Cancer Res.
58: 4525-4530). Such factors have been identified in fibroblast-conditioned media
(Chung, 1991, Cancerr Metastasis Rev 10: 263-74) and in coculture studies. In
particular, Olumi et al. (1998, Cancer Res. 58: 4525-4530) showed that coculture of
prostate carcinoma cells with normal prostate fibroblasts strongly decreases carcinoma
cell death and promotes xenograft tumor formation. The paracrine effects of fibroblasts
also have a tumor-promoting activity in carcinogenesis, as has been demonstrated for
initiated prostate epithelial cells (Olumi et al., 1999, Cancer Res. 59: 5002-5011).

Despite these results, this paracrine carcinogenic and tumor-stimulating activity of
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tumor-associated fibroblasts has not yet been exploited as a target for pharmacological
intervention. The present invention provides methods for detecting and identifying
compounds capable of mhibiting mitogen production from such stromal fibroblasts, thus
providing a way to inhibit tumor cell growth.

This paracrine tumor-promoting activity was recently shown to be selectively
mereased during replicative senescence of normal human fibroblasts (Krtolica et al.,
2000, Proc. Amer. Assoc. Can. Res. 41, Abs. 448), a process that involves induction of
p21 and pl6. The tumor-promoting effect of stromal tissue was also shown in a mouse
mammary carcinogenesis model to be induced by ionizing radiation (Barcellos-Hoff and
Ravani, 2000, Cancer Res. 60: 1254-60}, a treatment that produces high p21 levels in
stromal fibroblasts (Meyer et al., 1999, Oncogene 18: 5795-5805). These results
indicate that the paracrine anti-apoptotic and mitogenic activities disclosed herein in
conditioned media of p21-overexpressing cells most likely represent the same biological
phenomenon.

The results disclosed herein indicate that CDK inhibitor induction affects cellular
gene expression in a way fhat may mcrease the probability of the development of cancer
or age-related diseases. A surge of CDK inhibitor expression oceurs not only in normal
replicative senescence but alse in response to cellular damage; in both cases, the
undesirable effects of CDK inhibitor induction would be expected to accumulate in an
age-dependent manner,

Thus, the invention provides methods for identifying compounds that can inhibit
induction of genes associated with the pathogenic consequences of cellular senescence,
particularly genes that are induced during senescence, and particularly genes that are
induced by CDK inhibitor expression. Such compounds would be expected to exhibit
the capacity to prevent, retard or reverse age-related diseases by their effects on CDK

inhibitor-mediated induction of gene expression.
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In one embodiment this invention provides methods for inhibiting gene
expression induced by CDK inhibitors such as p2l, pl6 or p27. In preferred
embodiments, such inhibiting is achieved by contacting cells with an effective amount of
a compound that inhibits activity, expression or nuclear translocation of nuclear factor
kappa-B (NFxB). It will be understood by those with skill in the art that NFxB activity
can be inhibited in cells in at least three ways: first, down-regulating or inhibiting
transcription, processing and/or translation of either of the genes making up the NFxB
heterodimer; second, inhibiting translocation of NF«B from the cytoplasm to the
nucleus, which can depend on inhibiting inactivation of IkB expression and/or activity in
cells; and third, by inhibiting the activity of NF«B itself. This invention encompasses
methods for inhibiting NFkB activity, and thereby inhibiting induction of genes by CDK
inhibitors, in any and all of these ways. Examples of NF«B inhibitors known in the art
mclude N-heterocycle carboximide derivatives (as disclosed, for example, in
International Application Publication NO: WO001/02359); anilide compounds (as
disclosed, for example, in International Application Publication NO: WO00/15603); 4-
pyrimidinoaminoindane derivatives (as disclosed, for example, in International
Application Publication NO: WO00/05234); 4H-1-benzopyran-4-one derivatives (as
disclosed, for example, in Japanese Application NO: JP11193231); xanthine derivatives
(as disclosed, for example, in Japanese Application NO: JP9227561);
carboxyalkenylkbenzoquinone and carboxyalkenylnaphthol derivatives (as disclosed, for
example, in Japanese Application NO: JP7291860); disulfides and derivatives thereof (as
disclosed, for example, in International Application Publication NO: W(099/40907);
protease inhibitors (as disclosed, for example, in European Application Publication NO:
EP652290); flurbiprofen, thalidomide, dexamethasone, pyrrolidine dithiocarbamate,
dimethylfumarate, mesalizine, pimobendan, sulfasalazine, methyl chlorogenate,

chloromethylketone, alpha-tocopherol succinate, tepoxaline, and certain non-steroidal
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anti-inflammatory drugs (NSAIDs), including aspirin, sodium salicylate and sulindac
The following Examples are intended to further illustrate certain preferred
embodiments of the invention and are not limiting in nature.
EXAMPLE 1

Production of a Mammalian Cell comprising
an Inducible p21 Gene

A recombinant derivative of human fibrosarcoma cell line HT1080 p21-9, was
produced essentially according to Chang et al. (1999, Oncogene 18: 4808-4818,
incorporated by reference hereim). This cell line contained a p21 coding sequence under
the transcriptional control of a promoter regulated by isopropyl-p-thiogalactoside
(IPTG). Expression of p21 can be induced by culturing these cells in the presence of a
sufficient amount of IPTG, thereby permtting the sequellae of p21 expression to be
studied in the absence of any additional effects that induction of the endogenous p21
gene might provoke. This cell line has been deposited on April 6, 2000 in the American
Type Culture Collection (A.T.C.C.), Manassas, VA and given Accession Number PTA.
1664,

Briefly, a subline of HT1080 expressing a murine ecotropic retrovirus receptor
and a modified bacterial lacl repressor encoded by the plasmid 3'SS (Stratagene)
(described in Chang & Roninson, 1996, Gene 33: 703-709, incorporated by reference)
was infected with retroviral particles containing recombinant retrovirus LNp21CO3, the
structure of which is shown in Figure 1. This retroviral vector contains the bacterial
neomycin resistance gene (neo) under the transcriptional control of the retroviral long
terminal repeat promoter. p21-encoding sequences are cloned in the opposite orientation
to the transcriptional direction of the neo gene, and under the control of a modified
human eytomegalovirus promoter. Specifically, the CMV promoter contains a three-
fold repeat of bacterial lac operator sequences that make expression from the promoter

sensitive to the /acl repressor expressed in the cell. LNp21CO3 was constructed by
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cloning a 492bp fragment of DNA comprising the p21 coding sequence into the Nofl
and Bglll sites of the parent vector, LNXCO3 (disclosed in Chang & Roninson, ibid.).

After infection, cells infected with the LNp21CO3X vector were selected by
culturing the cells in the presence of 400pug/mL G418 (obtained from BRL-GIBCO,
Gaithersburg, MD). Clonal line HT1080 p21-9 was derived from LNp21CO3
transduced, G418-resistant cell lines by end-point dilution until a clonal cell line was

obtained.

EXAMPLE 2
Cell Growth Assays

HT1080 p21-9 cells produced as described in Example | were used in cell
growth assays to determine what changes in cell growth occurred when p21 was
expressed in the cell.

p21 expression from the LNp21CO3 vector in HT'1080 p21-9 cells was induced
by culturing the cells in DMEM medium containing 10% fetal calf serum (Hyclone,
Logan, UT) and IPTG. Results of these assays are shown in Figures 2A and 2B. Figure
2A shows the time course of p21 protein production in cells cuitured in the presence of
SOuM IPTG. p21 gene expression increased between 6 and 12 hours after introduction
of IPTG into the growth media, which expression peaked at about 24 hours post-
induction. Upon removing the cells from IPTG-containing media, p21 expression fell
about as rapidly as it had risen, returning to pre-induction levels at about 24 hours after
IPTG was removed {Figure 213).

Cell growth in the presence of IPTG was assayed in three ways: measuring “H-
thymidine incorporation (termed the "labeling index"); observing the number of mitotic
cells in the culture by microscopy (termed the "mitotic index") and determining the

distribution of the culture cells in different portions of the cell eycle (termed the “cell
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cycie distribution").

H-thymidine incorporation assays were performed substantially as described by
Dimri et al. (1995, Proc. Natl. Acad. Sci. US4 92: 9363-9367). Cells were cultured in
the presence of H-thymidine for 3h, and then analyzed by autoradiography. DNA
replication was determined by autoradiography ceased entirely by 9 hours after addition
of IPTG to the culture media. The mitotic index was determined by observing cells
microscopically and calculating the number of cells in mitosis after staining with
Sug/ml. 4,6-diamino-2-phenylindole (DAPT), and images were collected using a Leica
DMIRB fluorescence microscope and Vaytek (Fairfield, [owa) imaging system.
Microscopically-detectable mitotic cells disappeared from these cultures by 14 hrs of
IPTG treatment.

Cell cycle distribution was determined using FACS analysis of DNA content
after staining with propidium iodide as described by Jordan et al. (1996, Cancer Res. 56:
816-825) using Becton Dickinson FACSort. Cell cycle distribution stabilized after 24
hrs of IPTG treatment. By this time, 42-43% of IPTG-treated cells were arrested in G1
and G2, respectively, and about 15% of the cells were arrested with S-phase DNA
content. IPTG-treated HT1080 p21-9 celis also developed morphological senescence
markers (enlarged and flattened morphology and increased granularity), as well as SA-[3-
gal activity (Chang ef al., 1999, ibid.). These resuits indicated that induced expression of
p21 produces both cell cycle arrest and a varicty of other changes that are characteristic

of cell senescence.

EXAMPLE 3
Analysis of Gene Expression Modulated
by p21 Gene Expression

The results disclosed in Example 2 suggested that the morphological and cell

cycle consequences of p21 induction could reflect multipie changes in gene expression.
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The effects of p21 induction on cellular gene expression were examined as follows.

Poly(A)" RNA was isolated from untreated HT1080 p21-9 cells and from cells
that were treated for 3 days with 50 pm IPTG. ¢DNA was prepared from the poly(A)"
RNA and used as probes for differential hybridization with the Human UniGEM V
cDNA microarray (as performed by Genome Systems, Inc., St. Louis, MO), which
contains over 4,000 sequence-verified known human genes and 3,000 ESTs. More than
2,500 genes and ESTs showed measurable hybridization signals with probes from both
untreated and IPTG-treated HT1080 p21-9 cells. Genes that were downregulated with
balanced differential expression >2.5 or upregulated with balanced differential
expression >2.0 are listed in Tables I and II, respectively.

Expression of 69 of these genes was individually tested by RT-PCR or northern
hybridization. RT-PCR analysis was carried out essentially as described by Noonan ef
al. (1990, Proc. Natl. Acad. Sci. USA 87: 7160-7164). Probes for northem hybridization
were derived from inserts of the cDNA clones present in the microatray; these cDNAs
were obtained from Genome Systems, Inc. In addition, changes in the expression of
several p21-regulated gene products were analyzed by immunoblotting. The following
primary anttbodies were used for immunoblotiing: mouse monoclonat antibodies against
Cdc2 (Santa Cruz), cyclin A (NeoMarkers), Plk 1 (Zymed) and Rb (PharMingen); rabbit
polyclonal antibodies against MAD2 (BadCo), p107 (Santa Cruz), CTGF (Fisp-12; a gift
of Dr. L. Lau), Prc 1 (a gift of Drs. W. Jiang and T: Hunter), and topoisomerase Ila
(Ab0284; a gift of Dr. W.T. Beck), and sheep polyclonal antibody against SOD2
(Calbiochem). Horse radish peroxidase (HRP)-conjugated secondary antibodies used
were goat anti-mouse and goat anti-rabbit IgG (Santa Cruz) and rabbit anti-sheep IgG
(XPL). Protein concentrations in all samples were equalized after measurement with
BioRad protein assay kit. Immunoblotting was carried out by standard procedures, and

the signal was detected by chemiluminescence using LumiGlo (KPL).
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These results are shown in Figures 3A through 3C. The changes in gene
expression predicted by the microarray assays described above were confirmed for 38/39
downregulated and 27/30 upregulated genes. The observed signal differences in
northern hybridization or RT-PCR. for most of the tested genes (Figure 3A through 3C)
appeared to be higher than the values of balanced differential expression determined
from the cDNA array (Tables T and II), suggesting that cDNA array hybridization tends
to underestimate the magnitude of p21 effects on gene expression. Changes i the
expression of 6 downregulated and 4 upregulated genes were also tested at the protein
level by immunoblotting (Figure 3B) or zymography {(not shown) and were confirmed in
all cases tested.

It was recognized that p2 1-mediated changes in gene expression were comprised
of near-term effects and longer-term effects that followed p21-induced cell growth
arrest. For this purpose, the time course of changes in the RNA levels of a subset of
p21-inhibited (Fig. 3B) and p21-induced genes (Fig. 3C) after the addition and removal
of IPTG was determined. Immunoblotting was used to analyze the time course of p21-
induced changes in Rb phosphorylation (as indicated by electrophoretic mobility) and in
the cellular levels of Rb and several proteins that were inhibited by p21 according to the
cDNA array; these results are shown in Figure 3B. Rb was found to become
dephosphorylated as early as 6 hrs after the addition of IPTG. Furthermore, Rb protein
levels decreased sharply between 12-24 hrs (shown in Figure 3B), buf no significant
changes were detected in RB mRNA levels (data not shown). A similar decrease was

observed for a Rb-related protein p107 (shown in Fig. 3A).

1. Gene expression inhibited by p2 1

All the tested p21-inhibited genes showed a rapid response to p21 induction and

release. Five of these genes (topoisomerase Ila, ORCI, PLK1, PRC1 and XRCC9)
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showed significant inhibition at both RNA and protein levels between 4 and & hrs after
the addition of IPTG (Fig. 3B). This pattern has been termed an "immediate response,”
which parallels the kinetics of cell growth arrest and Rb dephosphorylation. Other p21-
inhibited genes (such as CDC2 or DHFR) showed an "early response" pattern that lags
slightly behind the cessation of DNA replication and mitosis, with a major decrease in
mRNA levels detectable only 12 hrs after the addition of IPTG. All p21-inhibited genes,
however, resumed their expression 12-16 hrs after the removal of IPTG, when the cells
were still growth-arrested and before the resumption of DNA replication and mitosis
(Fig. 3B). This analysis indicated that changes in the expression of p21-inhibited genes
were near-term effects of p21 induction and release and were not a consequence of cell
growth arrest and recovery.

In summary, 69 genes and 3 ESTs were identified by the cDNA microarray as
downregulated in p21-induced cells, with balanced differential expression of 2.5-12.6
(Table IA); five additional genes that are associated with cell cycle progression and have
been identified by our separate assays as downregulated in [PTG-treated cells are listed
in Table IB. A strikingly high fraction of downregulated genes identified by the cDNA
array (43 of 69) were associated with mitosis, DNA replication, segregation and repair
and chromatin assembly, indicating a highly selective nature of p21-mediated inhibition
of gene expression.

The largest group of p21-downregulated genes are that have been implicated in
the signaling, execution and control of mitosis. Many p21-inhibited genes are involved
in DNA replication and segregation, chromatin assembly and DNA repair. Some of
these genes encode enzymes involved in nucleotide biosynthesis, other proteins are
mvolved in DNA replication. Several p21-imhibited genes are associated with DNA
repair. These results suggest opportunities for discovering components of the cellular

program of p21-induced growth arrest that would be targets for therapeutic intervention.
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2. Gene expression induced by n21

In addition to genes repressed by p21 expression, the assays described above
detected genes induced by p21. The pattern of gene expression of p21-induced genes is
shown in Figure 3C. In contrast to p2l-inhibited genes, p2l-upregulated genes
increased their expression only 48 hrs after the addition of IPTG, i.e. after the onset of
growth arrest in all cells. Only one tested gene, tissue transglutaminase (t-TGase),
showed a detectable increase 12 hrs after the addition of IPTG, but its expression
reached a maximum only by 48 hrs {(as shown in Fig. 3C). Furthermore, elevated
expression of all the tested genes (except for t-TGase) persisted for at least three days
after release from IPTG, well after resumption of the cell cycle (not shown). This "late
response” kinetics mdicated that p21 induction of such genes was a delayed effect
relative to p21-mediated growth arrest.

48 known genes and 6 ESTs or genes with unknown functions were identified as
upregulated in p21-induced celis, with balanced differential expression of 2.0-7.8 (Table
II). A very high fraction (20/48) of identifiable genes in this group encode extracellular
matrix (ECM) components (e.g. fibronectin 1, laminin a2, Mac-2 binding protein), other
secreted proteins (e.g. activin A, connective tissue growth factor, serum amyloid A), or
ECM receptors (such as integrin B3). Several of these secreted proteins, as well as a
large group of p21-induced intracellular proteins (Table 1), are known to be induced in
different forms of stress response or to play a role in stress-associated signal
transduction. Remarkably, many genes that we found to be induced by p21 are also
upregulated in cellular senescence, organism aging, or different age-related diseases,
indicating that suppression of p21-mediated gene induction may provide a way to
prevent the development of such diseases. As disclosed in Example 5 below, several

p21-induced genes encode secreted factors with paracrine anti-apoptotic and mitogenic
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activities, and conditioned media from p2 1-induced cells exhibits two biological effects
predicted by the nature of p2l-upregulated genes: stimulation of cell growth and
suppression of apoptosis. This finding, suggests that "paracrine" effects of p21 may
contribute to carcinogenesis through a tumor-promoting effect on neighboring cells.
This raises the possibility that suppression of p21-mediated gene induction may also
provide a way to achieve an anti-carcinogenic effect.

EXAMPLE 4

Identifying the Specificity of p21 Induction by Comparing
IPTG-treated and Serum-Starved HT1080 p21-9 Cells

The identity of p21-induced changes in cellular gene expression that are likely to
be a consequence of cell growth arrest was determined as follows.

Growth arrest (quiescence) was induced in HT1080 p21-9 cells by serum
starvation produced by culturing the cells in serum-free media for 4 days. In serum-
starved cells, unlike IPTG-treated HT1080 p21-9 cells, the cells did not develop a
senescent morphology and showed only very weak SA-B-gal expression. p21 levels in
serum-starved cells were increased only about 2-fold, as opposed to the 15-20 fold
merease seen in IPTG-treated cells, Fig. 3D shows RT-PCR analysis performed as
described above of the expression of a group of p21-inhibited and p21-induced genesin
HT1080 p21-9 cells that were growth- arrested after 4 days in serum-free media or 3
days in the presence of 50 pM IPTG. Genes that were completely inhibited in HT1080
P21-9 cells when the culture media contained 50 uM IPTG were alse inhibited in serum-
starved cells, but most of these genes were inhibited to a lesser extent than in IPTG-
treated cells.

Genes whose expression is induced by p21 showed three distinet patterns. The
first group are genes whose expression is induced as strongly in quiescent cells as in

senescent cells. These include galectin-3, superoxide dismutase 2, complement C3 and
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prosaposin, indicating that their induction was a consequence of cell growth arrest or
that such genes were exquisitely sensitive to slightly elevated p21 levels. The second
group are genes that were up-regulated in quiescent cells but not as strongly as in
senescent cells. These genes include fibronectin-1, Mac2 binding protein and the
Alzheimer precursor protem serum amyloid A. The third group are genes that are not
detectably induced in quiescent cells but are strongly induced in senescent cells. These
genes include CTGF, plasminogen activator mhibitor 1, tissue transglutaminase or
natural killer cell marker protein NK4, integrin beta 3 and activin A.

The difference between the response of certain genes to induction of quiescence
by serum starvation and cellular senescence through IPTG-induced overexpression of
p21 identified these genes as diagnostic markers of senescence. Furthermore, novel
senescence markers can now be identified by comparing their expression between p21-

expressing and quiescent cells.

EXAMPLE 5
Production of Conditioned Media containing Mitogenic Factors and
Mitogenic Activity Assays

Several p2l-upregulated genes (Table II) encode secreted proteins that act as
growth factors, including CTGF (Bradham ef al., 1991, J. Cell Biol. 114: 1285-1294),
activin A (Sakurai et al., 1994, J. Biol. Chem. 269: 14118-14122), epithelin/granulin
(Shoyab et al., 1990, Proc. Natl. Acad. Sci. USA 87:7912-7916) and galectin-3 (Inohara
et al., 1998, Exp Cell Res. 245: 294-302). In addition, galectin-3 (Akahani et al., 1997,
Cancer Res. 57: 5272-5276) and prosaposin (Hiraiwa ef al., 1997, Proc. Natl. Acad. Sci.
USA 94: 4778-4781) were shown to have anti-apoptotic activity. Paracrine anti-apoptotic |
or mitogenic activities have also been reported for several p21-inducible gene products
that are not listed in Table II, since their balanced differential expression values in

c¢DNA. microarray hybridization were 1.8-1.9. This is below the arbitrarily chosen
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minimum value of 2.0 that we have used for inclusion into this Table or verification by
RT-PCR. These proteins are clusterin (Koch-Brandt and Morgans, 1996, Prog. Mol.
Subcell. Biol. 16: 130-149), prostacyclin-stimulating factor (PSF) (Yamauchi et al.,
1994, Biochem. J. 303: 591-598), vascular endothelial growth factor-C (VEGF-C)
(Joukov et al., 1996, EMBO J. 15: 290-298), gelsolin (Ohtsu ef al., 1996, EMBO J 16:
4650-4656) and tissue inhibitor of metalloproteinase-1 (TIMP-1) (Li et af., 1999,
Cancer Res. 59: 6267-6275).

To verify the induction of secreted mitogenic and anti-apoptotic factors by p21,
conditioned media from IPTG-treated HTI1080 p21-9 cells were tested to investigate
whether they would have an effect on cell growth and apoptosis. In these experiments,
conditioned media were prepared by plating 10° HT1080 p21-9 cells per 15¢m plate in
the presence of DMEM/ 10% FCS. The next day, IPTG was added to a final
concentration of 50puM, and this media was replaced three days later with DMEM
supplemented with 0.5% FCS and 50uM IPTG. Two days later (days 3-5 of IPTG
treatment), this conditioned media was collected and stored at 4°C up to 15 days before
use. Control media were prepared by adding IPTG-free DMEM/ 0.5% FCS to untreated
cells grown to the same density as IPTG-treated cells and collecting the media two days
thereafter.

The slow-growing human fibrosarcoma cell line HS 15.T was used to detect
mitogenic activity in these conditioned media. For mitogenic activity assays, both types
of condittoned media, as well as fresh media and 1:1 mixtures of conditioned media and
fresh media were used to test imitogenic activity. In these experiments, the conditioned
media were supplemented with 1% or 2% FCS. Briefly, HS 15.T cells were plated in
12-well plates at 15,000 cells per well. Two days later, these cells were cultured in
different types of media. The cells were grown in conditioned media for 60hr, and the

*H-thymidine at a concentration of 3.13 uCi/ml was added and incubated for 24 hrs.
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Cells were then collected and their “H-thymidine incorporation determined as described
by Mosca ef al. (1992, Mol. Cell. Biol. 12: 4375-4383).

The addition of IPTG to fresh media bad no effect in this assay. There was no
significant difference between cell growth in fresh media and in conditioned media from
untreated HT1080 p21-9 cells. In contrast, conditioned media from IPTG-treated cells
increased "H-thymidine incorporation up to three-fold. Growth stimulation of HS 15.T
by conditioned media from IPTG-ireated cells was also detectable by methylene blue
staining.

The effect of this conditioned media on apoptosis was also determined. These
experiments used a mouse embryo fibroblast line C8, immortalized by E1A. This cell
line is highly susceptible to apoptosis induced by different stimuli (Lowe ef al., 1994,
Science 266: 807-810; Nikiforov ef al., 1996, Oncogene 13: 1709-1719), including
serum starvation (Lowe ef al, 1994, Proc. Natl. Acad. Sci. US4 91: 2026-2030).
Apoptosis was analyzed by plating 3 x 10° C8 cells per 6-cm plate, and replacing the
media on the following day with fresh media supplemented with 0.4% serum or with
conditioned media (no fresh serum added). DNA content analysis and DAPT staining
were carried out after 24 hrs and 48 hrs, and relative cell numbers were measured by
methylene blue staining (Perry ef al., 1992, Mutat. Res. 276: 189-197) after 48 hrs in
low-seram media.

The addition of low-serum fresh media or conditioned media from IPTG-treated
or untreated cells rapidly induced apoptosis m C8 cells, as evidenced by cell detachment
and apoptotic morphology detectable in the majority of cells after DAPIT staining (not
shown). Conditioned media from IPTG-treated cells, however, strongly increased cell
survival relative to fresh media and conditioned media from untreated cells, as measured
by methylene blue staining of cells that remained attached after 48 hrs. The effect of the

conditioned media from p2 1-induced cells was even more apparent in FACS analysis of



10

15

20

25

(106) JP 2009-77705 A 2009.4.16

cellular DNA content, which was carried out on combined attached and floating C8 cells
24 hrs and 48 hrs after media change. Unlike many other cell lines, apoptosis of C8
cells produces only a few cells with decreased (sub-G1) amount of DNA, and it is
characterized by selective disappearance of cells with G2/M DNA content (Nikiforov et
al., 1996, ibid.). Serum-starved cells in conditioned media from IPTG-ireated cells
retained the G2/M fraction and showed cell cycle profiles that resembled control cells
growing in serum-rich media. The addition of IP'T'G by itself had no effect on apoptosis
in C8 cells. Thus, p21 induction in HT1080 cells results in the secretion of mitogenic

and anti-apoptotic factors, as predicted by the nature of p21-unregulated genes.

EXAMPLE 6
Production of Mammalian Cell comprising
Inducible p16™*** or p27""! Genes

Mammalian cell lines comprising inducible CDK inhibitors pl6™** (which
preferentially inhibits CDK4/6; Serrano et al., Nature 16, 704-707, 1993) or p27%*!
(which preferentially inhibits CDK2; Blain et al., J.Biol. Chem. 272, 25863-25872,
1997) were produced generally as described in Example 1 for production of an inducible
p21 containing cell line. A recombinant derivative of human HT1080 fibrosarcoma cell
line containing a recombinant expression construct encoding the bacterial lacl gene and
expressing a murine ecotropic retrovirus receptor (HT 1080 3°SS6; Chang & Roninson,
1996, Gene 183: 137-142) was used to make the inducible lines. For the inducible
expression of p16, a DNA fragment containing a 471bp coding sequence of human p16
(as disclosed in U.S. Patent 5,889,169, incorporated by reference) was cloned into the
IPTG-regulated retroviral vector LNXRO2 (Chang & Reninson, 1996, Gene 183: 137-
142). This retroviral vector contains the bacterial neomyein resistance gene (s7e0) under
the transcriptional control of the retroviral long terminal repeat promoter, permitting

selection using G418 (BRL-GIBCO). The resulting construct, designated LNp16RO2, is
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depicted schematically in Figure 4. For the inducible expression of p27, a vector

LNp27RO2, carrying murine p27 ¢DNA (NCBI RefSeq NM_009875) in the same
LNXRO02 vector has been developed and described by Kokontis ef al., 1998, Mol
Endocrinol. 12: 941-953, and provided to us by Dr. N, Hay, University of Illinois at
Chicago).

The LNp16RO2 and LNp27R02 constructs were introduced individually into
HTI080 3°SS cells using conventional retroviral infection methods. The infected cells
were selected by culturing the cells in the presence of 400pg/mL G418 (obtained from
BRL-GIBCO). The G418-selected population of INpl6RO2 transduced cells was
designated HT1080/LNp16RO2. This cell population has been deposited on October 10,
2000 in the American Type Culture Collection (A.T.C.C.), Manassas, VA and given
Accession Number PTA-2580.

This cell population was subcloned, and 20 clonal cell lines were isolated and
tested for IPTG-inducible growth inhibition. Cell line showing the strongest growth
inhibition was designated HT1080 pl16-5. This cell line has been deposited on January
31, 2002 in the American Type Culture Collection (A.T.C.C.), Manassas, VA and given
Accession Number . Figure 5A shows changes in the cell cycle distribution of
HT1080 p16-5 cells upon the addition of 50 uM IPTG. Fractions of cells in different
phases of the cell cycle were determined using FACS analysis of DNA content after
staining with propidium iodide as described by Jordan ef al. (1996, Cancer Res. 56: 816-
825) using Becton Dickinson FACSort. Cell cycle distribution stabilized after 24 hrs of
IPTG treatment, by which time 33% of IPTG-treated cells were arrested in G1. Such G1
arrest is expected from the inhibition of CDK4/6 by p16.

Similarly, the G418-selected population of ENp27RO2 transduced cells was
subcloned, and 38 clonal cell lines were isolated and tested for IPTG-inducible growth

inhibition. Cell line showing the strongest growth inhibition was designated HT1080
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p27-2. This cell line has been deposited on January 31, 2002 in the American Type
Culture Collection (A.T.C.C.), Manassas, VA and given Accession Number

Figure 5B shows changes in the cell cycle distribution of HT1080 p27-2 cells upon the
addition of 50 pM IPTG. Cell cycle distribution stabilized after 24 hrs of IPTG
treatment, by which time §9% of IPTG-treated cells were arrested in G1. Such G1 arrest

is expected from the inhibition of CDK4/6 by pl16.

EXAMPLE 7
Effects of pl6 and p27 on the Expression of p21-inducible Genes

The HT1080 derivatives HT1080 pl16-5 and HT1080 p27-2, carrying p16 orp27
genes inducible with IPTG as described in Example 6 were used in gene expression
assays as follows.

RINA was obtained from these cell lines, cultured in the presence or absence of
50pM IPTG for three days. These RNA sampies were then used in RT-PCR assays
performed essentially as described above in Example 3, except that B-actin rather than
Bz-microglobulin was used for normalization. Eighteen genes shown above to be
induced by p21 were analyzed for the effects of p16 or p27 gene expression induced by
IPTG treatment of these cells. The tested genes included the genes involved in
Alzheimer’s disease, amyloidosis, arthritis, atherosclerosis and paracrine apoptotic and
mitogenic effects as described above with regard to induced p21 expression. The results
for pl6 are shown in Figure 6A and for p27 in Figure 6B. Ali the fested p21-induced
genes were also induced by TPTG-induced p16 expression, and almost all of the tested
genes (except for t-PA and CTGF) were also induced by p27. The results shown in
Figure 6 also illustrate that pl6 or p27 expression has no detected effect on p21

expression.
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EXAMPLE 8
Production of Recombinant Expression Constructs containing a
Reporter Gene Expressed by a p21-responsive Promoter

Promoter-reporter consiructs were prepared from promoters of several p21-
inducible human genes, including NK4, SAA, Complement C3 (CC3), prosaposin,
BAPP and t-TGase as follows. The promoter region of the CC3 gene was identified in
the human genome sequence (NCBI Accession number M63423.1) as adjacent to the 5°
end of CC3 ¢cDNA (Viket al., 1991, Biochemistry 30: 1080-1085). The promoter region
of the NK4 gene was identified in the human genome sequence (Accession number
AJ003147) as adjacent to the 5’ end of NK4 ¢cDNA (Accession number M59807). The
previously described promoter of the SAA gene (Edbrooke et al., 1989, Mol. Cell. Biol.
9: 1908-1916) was identified in the human genome sequence {Accession number
M26698). The promoter region of the BAPP gene was identified in the human genome
sequence (Accession number X12751) as adjacent to the 5° end of BAPP cDNA
(Accession number XMO009710). The promoter region of the t-TGase gene was
identified in the human genome sequence (Accession number Z46905) as adjacent to the
5’ end of t-TGase cDNA (Accession number M55153). Polymerase chain reaction
(PCR) amplification of promoter-specific DNA was performed using genomic DNA
from HT1080 p21-9 cells as the template. PCR was carried out using Pfulurbo DNA
Polymerase (Stratagene) and primer sets listed in Tabie IIla. The PCR conditions for
each primer set are described in Table IIIb. Primer sets for amplifying promoter
sequences from several genes induced by CDK inhibitors, including the gene promoters
used as disclosed in this Examiner, are set forth in Table ITlc.

PCR products were obtained and cloned into the TOPO TA cloning vectors
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pCR2.1/TOPO (for SAA, CC3, BAPP and t-TGase) or pCRI/TOPO (for NK4). These
constructs were verified by sequencing, and the Kpn I-Xho 1 fragments containing
promoters in the correct orientation were then inserted into the Kpn Tand Xho Isitesina
firefly luciferase-reporter vector pGL2 basic (Promega, Madiso;l, WI) using standard
recombinant genetic techniques (Sambrook et al., ibid.). The clone containing a 480 bp
sequence of the prosaposin promoter, driving firefly luciferase expression has been
described by Sun et al. (1999, Gene 218, 37-47) and provided by Dr. Grabowski
(Children’s Hospital Medical Center, Cincinnati, OH).

Plasmid clones for each promoter construct were tested for p2 1-regulation by a
transient transfection assay. Transient transfection of HT1080 p21-9 cells was carried
out by electroporation, essentially as described in the Bio-Rad protocols. For each
electroporation, HT1080 p21-9 cells were grown to 95% confluence n 15¢m plates
using DMEM supplemented with 10% FC2 serum and containing penicillin,
streptomycin and glutamine. The cells were then trypsinized, resuspended in DMEM or
Opti-MEM medium (GibcoBRL) and spun down at 1,000 rpm in an IEC HIN-SII
centrifuge for 10 minutes. Following centrifugation the media were aspirated and the
cells were again resuspended in Opti-MEM at a concentration of 18-20 million cells per

ml. 400 plof cell suspension (approximately 7 to 8 million cells) was transferred to a 4

cm gap electroporation cuvette (Bio-Rad). 10-20 pg of the promoter-luciferase construct
was added to the cells. In some experiments, a control plasmid pCMVbgal expressing
bacterial 3-galactosidase from the CMV promoter, was added to the mixture at a ratio of
1:10 for normalization, In other experiments, normalization was carried out by adding
vector pRL-CMYV expressing Renilla luciferase from the CMV promoter at a 1:20 molar
ratio, and the firefly luciferase and Renilla luciferase activities were measured in the

same samples using the Dual Luciferase Essay kit (Promega). Electroporations were
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performed using Bio-Rad Gene Pulser at 0.22 volts, with a capacitance extender set to
960uFD, providing a T value of 27 to 30. In preliminary experiments, cell survival and
attachment after electroporation was determined to be approximmately 33%. Cells were
plated in triplicate at an initial density of approximately 50,000 attached cells/well in 12-
well plates. After letting the cells settle for a pertod of 3-6 hours, the media was
aspirated and replaced with fresh media with or without 50 pM IPTG. 2 to 4 days later,
cells were washed twice with phosphate-buffered saline and collected in 300 pL of 1x
Passive Lysis Buffer or Reporter Lysis Buffer {(Proinega), The lysate was centnifuged
briefly at 10,000 g to pellet debris, and 50 pL aliquots were transferred to fresh tubes for
use in the Firefly Luciferase assay (Promega). Luciferase activity was measured using a
Turner 20/20 luminometer at 52.1% sensitivity with a 5 second delay périod and 10-15
second integration time.

Figure 7 shows the results of representative experiments. After 2-4 days of p21-
induction in transfected cells, expression from promoter constructs of p21-induced genes
was mereased about 7.0-fold for NK4, 3.7-fold for SA A, 12.5-fold for CC3, 3.0-fold for
prosaposin, 2.6-fold for BAPP, and 2.3-fold for t-T'Gase. These results indicated that
p21 up-regulates expression of these genes by regulating their promoters, and that
promoter constructs of such genes can be used to assay for p21-mediated regulation of
gene expression. Such assays can be used to identify compounds that inhibit p21-
mediated gene activation, as described below in Example 9.

Table IHa. Primer sequences

Promoter |Sense primer (57->3%) Antisense primer (5°->3)

cC3 GCTAAGAGGATATTGACATTAGA |AGGGGGAGGTGGGTTAGTAG
CAGG (SEQIDNQ: 21) (SEQ ID NO: 22)

NKA TGGAGCTAGAAGAGCCCGTAGG |GCCAAAAGTTCAAGGAGCCAA
(SEQ ID NO: 23) (SEQ ID NO: 24)

SAA CAGAGTTGCTGCTATGTCCACCA |CACTCCTTGTGTGCTCCTCACC
(SEQ ID NO: 25) (SEQ ID NO: 26)

BAPP TTGCTCCITTGGTTCGTTCT (SEQ |GCTGCCGAGGAAACTGAC (SEQ
IDNO:27) ID NO: 28)
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CCCAGGGAGAAATATCCACTGAA |{TCGGGCGGGGGCGGTGGCTCCT

eTGase  lGcAAC (SEQ IDNO: 29) TCCACT (SEQ ID NO: 30)

Table TITh. PCR conditions

Promoter | Denaturation | Annealing Extension Cycles | Product size
CC3 95°, 1min ! 63° 1min | 72° 1 min 40 sec 31 1018 bp
NK4 94°, 1min | 65° 1min | 72° 1 min 40 sec 32 877 bp
SAA 94° 1 min 68°, 1 min | 72°, 1 min 40 sec 32 1000 bp
BAPP 94°, Imin  {62.9% 1 min| 72°, 1 min 40 sec 30 623 bp
t-TGase 94° 1min 66.5°, 1 min| 72° 1 min 40 sec a3 1600 bp
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Table lllc. Primer Sequences

ID NO: | Gene Name Upstream (Sense, 5-37) Downsfream (Antisense, 5§'-3)

1 SAA cagagttgctgetatgtccaceca (SEQ 1D NO: 25) cacicotigtgtaciceticace (SEQ ID NO: 26)

2 Compl. C3 cctaagaggatatigacatiagacagg {SEQ 1D NO: 21) aggoggaggtgggtitagtag (SEQ ID NO; 22)

3 CTGF gecicticagetacciacticctaa (SEQ ID NO: 31) cgaggaggaccacgaagyg (SEQ ID NO: 32)

4 Integrin B3 Gattggicttgeectcaacag (SEQ 1D NQ: 33) ccagceacagtcgoccaga (SEQ 1D NO: 34)

5 Activin tgattccaatgtittictaaaagg (SEQ ID NO: 35) gaatgtctaaagagcetcagaagt (SEQ ID NO; 36)

8 NK4 tggagetagaagageecgtagg (SEQ 1D NO: 23) gecaaaagticaaggagecaag (SEQ 1D NQ: 24)

7 Prosaposin gotitaageaattictggecict (SEQ ID NO: 37) cgtetgacictccgeagtetgeaat (SEQ ID NO: 38)

8 Mac2-BP gtaaaacicceigatgaticetict (SEQ ID NO: 39) ctctgcagaciggtcetitgac (SEQ 1D NO: 40)

9 GAL-3 tgtcticacaaggtggaagtgg (SEQ ID NO: 41) ctggagggcagageacag (SEQ D NO: 42)

10 MnSOD taccaaccctagggotaaaaataaa (SEQ [D NO: 43) atgcigctagtgetggigetac (SEQ 1D NO: 44)

11 Granulin gagactaggaagecacttcictttc (SEQ ID NO: 45) ctggaatgcetgtgtictitictact (SEQ ID NO: 46)

12 p6&shc gtggcagacagggcactc (SEQ 1D NO: 47} ctecctgagetgectsaatg (SEQ ID NO: 48)

14 Cathepsin B Ctccogagtagetgggatia (SEQ ID NO: 51) ccacgtgaccaccgegea (SEQ 1D NQO: 52)

15 BAPP ttgetectttggticatict (SEQ ID NO: 27) gctgecgaggaaactgac (SEQ ID NO: 28)

16 t-Tgase cccagggagaaatatceactigaageaac (SEQ ID NO: 29) tegggegggggegatagetecttccact (SEQ ID NO: 30)
17 Clusterin agcccctigacticicicet (SEQ [D NO: 53) ctectggegacgeegegtt (SEG 1D NQ: 54)

18 PSF aaagtgctgggattagaggegtga (SEQ iD NO: 55) tatgtattgctaagggaagetattggag (SEQ ID NO: 58)
19 VEGF-C gitctiggatcatcaggeaactt (SEQ ID NO: 57) gtggaagdaccgggggtgy (SEQ ID NO: 58)

20 TIMP-1 agaaccggiacccatctcaga (SEQ ID NO: 59) ctgtacctciggtgtetctet (SEQ 1D NO: 60)
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EXAMPLE9
Production of Cells Stably Transfected with a p21-inducible Reporter Construct

To develop a stably transfected cell line with p2l-regulated luciferase
expression, the NK4 promoter-luciferase construct, described in Example 8 and termed
pLuNK4, was introduced into HT1080 p21-9 cells, which carry IPTG-inducible p21, by
cotransfection with pBabePuro carrying puromycin N-acetyltransferase as a selectable
marker. Transfection was carried out using LIPOFECTAMINE 2000 (Life Technologies, .
Inc., Gaithersburg, MD), using a 10:1 ratio of pLuNK4 and pBabePuro. Stable
transfectants were selected using 1 pg/ml puromycin for 5 days. 54 puromycin-
resistant cell lines were isolated and tested for luciferase activity (using a Luciferase
Assay System, Promega), in the presence and in the absence of 50 pM IPTG.

This assay was performed as follows. Cells were plated at a density of 40,000
cells/well in 12 well plates in 1 mL of media containing penicillin/streptomycin,
glutamine and 10% fetal calf serum (FCS). After attachment, cells were treated with 50
uM IPTG or left untreated for different periods of time. Luciferase activity was then
measured as described in Example 8 above. An additional aliquot was removed from
the cell lysate to measure protein concentration using the Bio-Rad protein assay kit
(Bradford assay). Luciferase activity for each sample was normalized to protein content
and expressed as Inciferase activity/ pg protein. All assays were carried out in triplicate
and displayed as a mean and standard deviation.

21 of 54 tested cell lines showed measurable luciferase activity, but only one cell
iine, designated HT1080 LuNK4p21, showed higher luciferase expression in the
presence than in the absence of IPTG. The results of assays carried out with p2 1 LuNK4
cell line are shown in Figure 8A and 8B. Fig. 8A shows the IPTG dose dependence of
luciferase expression after 24 hrs of IPTG treatment, and Fig. 8B shows the time course

of luciferase expression upon the addition of 50 pM IPTG. This analysis shows that
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most of the induction can be achieved using as little as 5 pM IPTG and a treatment
period as short as 17 hrs.

These results demonstrated that the pLulNK4 reporter construct could be used to
produce stably transfected cell lines that were responsive to p21 induction of reporter
gene transcription. Such constructs and cells provide a basis for a screening assay for
identifying compounds that inhibit p21-mediated gene activation. The relatively short
time required for luciferase induction (about 17 hrs), together with the pronounced
(approximately 3-fold) increase in luciferase levels in IPTG-treated cells, should make
the LuNK4p21 cell line suitable for high-throughput screening of compounds that would
inhibit the inducing effect of p21. Other cell lines with similar (and potentially better)
inducibility can also be developed through the methods disclosed herein used to derive
LuNK4p21. The resuits described in Example 8§ demonstrate that the same type of
screening can also be conducted using transient transfection assays with promoter
constructs of p21-inducible genes rather than stably-transfected cell lines. The methods
for high-throughput screening based on luciferase expression are well known in the art
(see Storz et al., 1999, Analyt. Biochem. 276: 97-104 for a recent example of a transient
transfection-based assay and Roos et al., 2000, Virology 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 inhibit or

prevent p21-mediated induction of age-related genes.

EXAMPLE 10
Use of NFkB and p300/CBP Inhibitors to Inhibit p21-Mediated Induction in
Transient Transfection Assays

Examination of promoter sequences of p2 [-inducible genes showed that many of

these promoters, including NK4, contain known or potential NFxB binding sites.
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Several p21-induced genes are known to be positively regulated by NF«B, including
superoxide dismutase 2 (SOD2) (Jones et al., 1997, Mol. Cell. Biol. 17: 6970-6981), t-
TGase (Mirza ef al., 1997, Amer. J. Physiol. 272: G281-G288), Alzheimer's B-amyloid
precursor protein (APP) (Grilli et al., 1996, .J. Biol. Chem. 271: 15002-15007) and the
inflammatory protein serum amyloid A (SAA) (Jensen and Whilehead, 1998, Biochem J.
334:489-503). p21 has been previously shown by transient co-transfection experiments
to activate NFxB-dependent transcription (Perkins ez al., 1997, Science 275: 523-527).
This effect of p21 was shown to be due to the stimulation of transcription cofactors p300
and CBP (Perkins et al., 1997, Science 275: 523-527), it is possible that activation of
p300/CBP or related transcription cofactors may be responsible for the effect of p21 on
some of the upregulated genes. Thus, inhibitors of NFxB or p300/CBP may potentially
prevent the induction of {ranscription by p21.

To determine if IPTG-inducible p21 expression in HT1080 p21-9 cells stimulates
the transcriptional activity of NFkB, we have used transient transfection assays to
investigate the effect of p21 induction on luciferase expression from the plasmid
pNFkB-Luc, commercially available from Stratagene. This plasmid expresses firefly
luciferase from an artificial promoter containing five NFxB consensus sequences. To
evaluate the effects of genetic mhibitors of NFxB on luciferase expression from pNFkB-
Luc, 20 pg of the latter plasmid were mixed (at a molar ratio 1:2) with a plasmid MAD3
(a.k.a. pRC/Pactin-HA-IKKa) that expresses a dominant mutant of IxB kinase o that
selectively inhibits NFxB (DiDonato et al., 1996, Mol. Cell. Biol. 16: 1295-1304)
(provided by Dr. M. Karin, University of California San Diego). This plasmid is referred
to below as IKK. To determine the effect of p300/CBP inhibition on luciferase
expression from pNFkB-Luc, the latter plasmid was similarly mixed in another assay

with a vector expressing a truncated gene for adenoviral E1A protein with a C-terminal
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deletion {ACR2 (120-140)}. The C-truncated E1A (termed E1AACR2) is known to
inhibit p300/CBP and related factors (such as PCAF) but it does not inhibit Rb, the
target of the C-terminal domain of E1A (Chakravarti et ¢l., 1999, Cell 96: 393-403). As
anegative conirol, pNFkB-Luc was mixed with a functionally inactive form of E1A with
deletions at both the C-terminus and the N-terminus {AN(2-36)}, termed E1 AAN/ACR2.
The E1AACR2 and E1AAN/ACR2 constructs were provided by Dr. V. Ogryzko
(NICHHD, NIH). The mixtures of pNFkB-Luc with IKK, E1AACR2 or EIAAN/ACR2
were transfected into HT1080 p21-9 cells by electroporation, as described in Example 8
(with pRL-CMV plasmid further added for normalization). After electroporation, equal
numbers of transfected cells were treated with 50 M IPTG or untreated for three days
(in triplicates). The firefly luciferase activity was measured and normalized to Renilla
luciferase activity measured (in the absence of IPTG) in each transfected sample.

The results of this analysis are shown in Figure 9A. pNFkB-Luc mixed with the
negative control (E1AAN/ACR2) showed up to 15-fold induction in the presence of
IPTG, demonstrating an increase in NFxB transcriptional activity in HT1080 p21-9
cells. Mixing pNFkB-Luc with the IKK inhibitor almost compleiely abolished
luciferase expression in IPTG-treated or untreated cells, demonstrating the efficacy of
this inhibitor, E1AACR2 had a similar but weaker effect than IKK, suggesting the
requirement of p300/CBP for NFxB activity in HT1080 p21-9 celis (Fig. 9A).

The same analysis was carried out using promoter-luciferase constructs for six
p21-inducible genes. The results for SAA are shown in Figure 9B, for prosaposin in
Figure 9C, for BAPP in Figure 9D, for t-TGase in Figure 9E, for complement C3 in
Figure 9F, and for NK4 in Figure 9G. Both IKK and E1AACR2 inhibited the induction
of all the tested promoters in the presence of IPTG, indicating that the regulation of these

promoters by p21 is mediated in part through p300/CBP and NFxB. Quantitatively,
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however, the effects of these inhibitors varied among the promoters. Both basal and
IPTG-stimulated expression of the promoters of SAA (Fig. 9B) and NK4 (Fig. 9G) was
inhibited by IKK and E1AACR2 almost as strongly as that of NFxB. In conirast, these
inhibitors had little or no effect on the basal expression from the promoters of prosaposin
(Fig. 9C), BAPP (Fig. 9D), t-TGase (Fig. 9E), or complement C3 (Fig. 9F), but
interfered with the induction of these promoters in the presence of IPTG. These results
indicate that p300/CBP and NFxB are involved in the induction of all the tested

promoters by p21.

EXAMPLE 11
Use of Non-Steroidal Anti-Inflammatory Drugs to Inhibit
p21-Mediated Gene Induction

The best-studied NFxB inhibitors in clinical use are certain non-steroidal anti-
inflammatory drugs (NSAID), such as aspirin, sodium salicylate and sulindac (Kopp and
Ghash, 1994, Science 265: 956-959; Yin et al., 1998, Nature 396: 77-80, Yamamoto ef
al., 1999, J. Biol. Chem. 274: 27307-27314). The LuNK4p21 cell line described in
Example 9 above was used to determine whether the induction of luciferase expression
by p21 in this cell line can be inhibited by NSAID with NFxB -inhibitory activity.

Luciferase assays were performed substantially as described in Example 9.
Luciferase activity was measured after 16 hrs of incubation with or without 50 M
IPTG, followed by an additional 20 hr treatment in the presence or in the absence of 20

mM sodium salicylate, 1 mM sulindac, or 10 mM aspirin. In addition, two NSAIDs

were tested that do not inhibit NFkB: indomethacin and ibuprofen (at 25 uM each)

(Yamamoto et al, 1999, ibid). NSAID concenfrations were based on the
pharmacologic concentrations of these agents in the serum of patients required for their

anti-mflammatory properties (Yin et al., 1998, ibid.).
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The results of these assays are shown in Figure 10. IPTG increased luciferase
expression approximately 3-4 fold in the absence of NSAID, but this induction was
completely or almost completely abolished in the presence of salicylate, sulindac, or
aspirm. In contrast, indomethacin and ibuprofen made no significant difference to the
induction of luciferase by IPTG.

To determine whether NFkB -inhibiting NSAID inhibited not only the induction
of transcription from the NK4 promoter but also RNA expression of the endogenous
p21l-inducible genes, LuNK4p21 cells were plated at 125,000 cells per well in 6-well
plates and were either untreated or treated with 50 pM IPTG for 48 hrs (the period of
time required for maximal stimulation of p21-inducible genes; Chang et 4., 2000, Proc.
Natl. Acad. Sci. USA 97: 4291-4296), in the presence or in the absence of sulindac, at
250 uM, 500 uM or 1 mM concentrations. After this incubation, RNA was extracted
from the cells using Qiagen RNeasy Mini Kit, and relative RNA levels of several p21-
inducible genes were determined by reverse transeription-PCR (RT-PCR), essentially as
described by Noonan ef af. (1990, Proc. Natl. Acad. Sci. USA 87: 7160-7164), except
that B-actin rather than B,-microglobulin was used for ¢cDNA normalization. The
sequences of the PCR primers for each of the tested genes are provided in Table IVa.
The PCR cycles were as follows: for the 1st cyele, 3 min for denaturation, 2 min for
annealing and 2 min for extension, and the rest of cycles, 30 sec for denaturation; 30 sec
for annealing; and 1 min for extension. The temperature conditions of the PCR cycles
and the sizes of the PCR products are provided in Table TVb,

The results of the RT-PCR analysis are shown in Fig. 11. For NK4 (the
promoter of which was used to drive luciferase expression in LuNK4p21 cells), the
addition of sulindac had very litile effect on gene expression in the absence of IPTG, but
all the concentrations of sulindac produced a dose-dependent decrease in NK4 RNA

levels in the presence of IPTG. Very similar results were obtained with t-TGase RNA.
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With all the other tested genes, sulindac produced a dose-dependent increase in gene
expression in the absence of IPTG. As a result of this effect, the highest tested dose of
sulindac (1 mM) did not decrease gene expression in the presence of IPTG, but a
noticeable decrease in the IPTG effects was observed at lower doses of sulindac. In
particular, the effects of IPTG were diminished by 250 and 500 uM sulindac for the APP
gene, but only by 250 pM sulindac for p66°"*, CTGF and Mac2-binding protein (Mac2-
BP) genes. None of the tested sulindac concentrations produced a significant decrease in
IPTG-induced RNA levels of prosaposin or superoxide dismutase 2 (SOD2). The lack
of sulindac effect on prosaposin is in agreement with a moderate effect of IKK inhibitor
on the prosaposin promoter (see Example 10 above). Hence, a moderate dose of
sulindac {250 puM) inhibits the ability of p21 te induce transcription for most of the

{ested genes.
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‘Table IVa. Primer sequences

GENE SENSE PRIMER. (5’->3") ANTISENSE PRIMER (5’->3")

K4 AGCACCAGGCCATAGAAAGA  |GGTGTCAGCTCCTCCTTGTC
(SEQ ID NO: 13) (SEQ ID NO: 49)

TTGASE  |ACTACAACTCGGCCCATGAC — |GCCAGTTTGTICAGGTGGIT
(SEQ ID NO: 50) (SEQ ID NO: 61)

BAPP CTCGTTCCTGACAAGTGCAA  |TGTTCAGAGCACACCTCTCG
(SEQ ID NO: 62) (SEQ ID NO: 63)

- GAGGGTGTGGTTCGGACTAA  |GCCCAGAGGTGTGATITGTT
(SEQ ID NO: 64) (SEQ ID NO: 65)

CTGE GGAGAGTCCTTCCAGAGCAG  |ATGTCTTCATGCTGGTGCAG
(SEQ ID NO: 66) (SEQ ID NO: 67)

MACo.pp | ACCATGAGTGTGGATGCTGA  |ACAGGGACAGGTTGAACTGC
(SEQ ID NO: 68) (SEQ ID NO: 69)
ACCACGGACCTCCTCACTAA  |[ACACTGCCCCTCAGCTACAC

GRANULIN® 550 1D NO: 70) (SEQ ID NO: 71)
CCAGAGCTGGACATGACTGA  |GTCACCTCCTTCACCAGGAA

PROSAPOSIN 15 1p NO: 72) (SEQ ID NO: 73)

SOD2 CAAATTGCTGCTIGTCCAAA  |CATCCCTACAAGTCCCCAAA
(SEQ ID NO: 74) (SEQ ID NO: 75)

RACTIN  |GGGAAATCGTGCGTGACATTAA |TGTGTTGGCGTACAGGTCTTTG

G (SEQ ID NO: 76)

(SEQ ID NO: 77)

.4

16
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Table IVb. PCR temperatures (in °C)

Cycles

Gene Denaturation | Annealing  Extension Product size
NK4 94 58 72 24 481
t-TGase 94 58 72 24 499
B-APP 94 58 72 20 500
p66™" 94 58 72 22 514
CTGF 94 64 72 28 499
MAC2-BP 94 58 72 21 517
Granulin 94 64 72 25 446
Prosaposin 94 58 72 2] 500
SOD2 94 58 72 23 505
p-actin 94 60 72 17 275
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These results demonstrated that assays for interference with p21-mediated
nduction of reporter expression from the promoters of p21-inducible genes are capable
of identifying agents that inhibit p21-mediated induction of genes associated with
carcinogenesis and age-related diseases. I n particular, an agent (sulindac) that was first
identified as an effective inhibitor in a promoter-based assay using LuNK4p21 cell line
was found to inhibit the induction of several aging-associated genes by p21. These
results further demonstrated that NSAIDs that are active as NFB inhibitors can prevent
the induction of aging-associated genes by CDK inhibitors.

Agents that inhibit the induction of transcription by CDK inhibitors may be
clinically useful for chemoprevention or slowing down the development of age-related
diseases, including Alzheimer’s disease, amyloidosis, atherosclerosis and arthritis. In
addition, such compounds, through their effects on the expression of secreted growth
factors (such as CTGF) may have value in cancer therapy or prevention. In fact, the
available clinical data on NSAIDs with NFxB -inhibitory activity support these fields of
use. Thus, several NSAID, including sulindac, aspirin and salicylate, were shown to
have chemopreventive value in colorectal carcinomas and various other types of cancer
and promoted the disappearance of colonic polyps (Lee et al., 1997, “Use of aspirin and
other nonsteroidal anti-inflammatory drugs and the risk of cancer development.” in
DeVita et al., eds., CANCER. PRINCIPLES & PRACTICE OF ONCOLOGY, Lippincott-Raven:
Philadelphia, pp. 599-607). The use of aspirin and other NSATDs was also shown to
decrease the risk of Alzheimer’s disease (Stewart ef al., 1997, Neurology 48: 626-632).
Long-term aspirin therapy was further reported to decrease the incidence of
atherosclerosis (Sloop, 1998, Angiology 49 : 827-832). Finally, sulindac has been one of
the most commonly used drugs with proven clinical efficacy in the treatment of arthritis
(Brogden et al., 1978, Drugs 16: 97-114)., While some of these beneficial effects of

NSAIDs have been attributed to their activity as cyclooxygenase 2 inhibitors (Pennisi,
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1998, Science 280: 1191-1192), the results disclosed herein suggest that these clinical
activities may also be due to the inhibition of p21-induced gene expression, presumably
through the NF«B -inhibitory activity of these compounds. The.assays and screening
system provided by the instant invention enable one with ordinary skill in the att to test
various NSAID derivatives for the improvement in this activity. Furthermore, these
results provide the basis for using the general category of NFkB and p300/CBP

inhibitors as agents for chemoprevention or treatment of cancer and age-related discases.

EXAMPLE 12
Stimulation of the promoters of p21-inducible genes by pl16 and p27.

As demonstrated in Example 7, expression of p21-inducible genes is also
upregulated by other CDK inhibitors, p16™'* and p27*"'. To determine if the
promoters of p21-inducible genes are stimulated by the latter CDK inhibitors, pNFkB-
Luc and several of the promoter-luciferase constructs described in Example 8§ were
transfected into HT1080 derivatives with IPTG-inducible expression of p16 (H1'1080
pl6-5) or p27 (HT10380 p27-2), which are described in Example 6. The effect of IPTG
on the expression of these promoters was then analyzed as described for the p21-
inducible line in Example 8.

NFxB-dependent expression from pNFkB-Liuc was strongly stimulated by the
induction of either p16 (Fig. 12A) or p27 (Fig. 13A). In the case of p27, the specificity
of the observed induction for NFxB was also demonstrated by cotransfection with the
IKX inhibitor, which strongly inhibited both basal and [PT'G-induced expression (Fig.
13A). These results demonstrate that these CDK inhibitors, like p21, stimulate NFxB
activity. Furthermore, all the tested promoters of p2l-inducible genes were also
upregulated by plé or p27. In particular, IPTG-induced pl6é expression led to the

induction of reporter expression from the promoters of Complement C3 (Fig. 12B), SAA



10

(125) JP 2009-77705 A 2009.4.16

(Fig. 12C), t-TGase (Fig. 12D) and NK4 (Fig. 12E). IPTG-induced p27 expression
strongly induced the promoters of Complement C3 (Fig. 13B), PAPP (Fig. 13C), t-
TGase (Fig. 13D) and NK4 (Fig. 13E). These findings indicate that p21-inducible
promoters are activated not only by p21 but also by other CDK inhibitors, such as pl6

and p27.

It should be understood that the foregoing disclosure emphasizes certain specific
embodiments of the invention and 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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Table I

Genes downregulated by p21 Induction

A. p21-inhibited genes identified by UniGemV array:
. Balfanced Diff, Confirmag

Genes : Accession No. Expr. by’
Assaciated with mitosis:
cDC2 ‘ » X05350 25 R.W
CKsHsa1 (CDC2 kinase} ) X54941 55 R
PLK1 (polo-like kinase) Lot03g 5.1 R.W
XCAP-H candensin hormoleg £aass3 6 R
CENP-A (centromere protein A) . U14518 5.3 R
CENP-F {centromera protein F} : 30872 2.5 R
MAD2 L65410 6.6 R.W
BUBR1 . AF053308 59 R
MCAK (mitotic centromere-associated kmesan) UG3743 a8 R
HSET kinesin-like protein ALO21366 16 R
CHL1 helicase - u75968 1.3 R
AlK-1 (aurara/tPL1-related kinase)} 084212 4.5 R
AlM-1 {AlK-2; aurara/lPL1-related kmase) AF004022 10.2 R
PRC1 {protein regulating cytokinesis 1) AF044588 12.6 RW .
Citrom kinase ’ H10809 . - .7 R
Lamin B1 . L37747 7
Lamin B2 M34362 2.7
LAP-2 {lamin-asscciated protein 2) u18271 4.8 R
MPP2 (M phase phosphoprotein 2) U74612 a7 R
MFP5 (M phase phesphapratein 5} Xoa281 7
Assaciated with DNA repiication, segregation and chromatin assaembly:
Thymidine kinase 1 K02481 29 R
Thymidylate synthase X023%8 3.9 R
Uridine phospharylase . XeQass 2.5

" Ribonucleatide reductase M1 X59543 4.8 R
Ribonucleotide reductase M2 . X55618 10.7 R
CDC47 homolog (MCM7) 055716 9.5 R
CDC21 hamolog (MCM4) X74734 27 R
CDCAS homolog (Porc-Pl) : AJ223728 4.1 R
HsORC1 {origin recognition ccmp!ex 1} - U40152 27 R
DONA polymerase o ' X08745 24 R
Replication factor C {37-}:0 subunit) Ma7339 S 28
B-MYB - X13283 9.1
HRV18 E1 protein hinding protein - 86131 iz
Tepoisomerasa lla _ Jo4088 a6 R
Chromatin assembly factor-l (p80 subunit) uz20980 2.7 R
High-mobitity group chromosomal protein 2: XB62534 37 R
High-mobility groug chromosomal protein 1 063874 is R
Histone H2A.F/Z variant AA203494 2.8
Associatad with DNA repair:
XRCC9 © U7Q310 a6 R
RADS4 hemalog Xg97795 : 54 R
HEX1 5'-3 exanuclease (RAD2 homolcgl AFQ42282 5.2 R
ATP-dependent ONA ligase | © M36087 25 R

’ D38551 25 R

RAD21 homolog
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Associated with transcription and RNA processing.

Putative transcription factor CA150
Transcriptional coactivator ALY
WHSC1/MMSET (SET damain pratein)
NN8-4AG (SET domain protein)

BZH2 (enhancer of zesta homolog 2)
PTB-assaciated spilcing factor

AU-rich element RNA-binding protein AUF1
U-snRNP-assaciated cyclophilin

Other genes: ‘
a-phosphoglycerate dehydrogenasa

L-type amino acid transparter, subunit LAT1
Hyaluronan-mediated motility receptor
Phorbolin | (PKC-Inducibie)

PSD-85 binding family protein

HTRIP (TNF recepior component)

Tablel

K4

AF017788
AF047002
AA401245
u50383
L61145
X70944
02019
AF018371

AFQ08043
Mag244
29343

" U03sgl

NAD-dependent methylenetetrahydrofalate dehydrogenase

Membrane glycopratein 4F2 antigen heavy chain

Mucin-fike protaisn
MAC30 (differentially expressed in meningiomas)

P520PK (regulator of interferon-induced protain kinase)

Putative phosphaserine aminotransferase
Glucose §-phcsphate franslocase

Caleyciln binding protein

Omithine decarbaxylase 1

Traphinin assisting protein (tastin)
Acul-cosnzyme A cholesterol acyltransferase
Pinin/SDK3

Genes with unknown function:
EST
EST
EST

B. p21-inhibited genes Identified by RT-PCR:
ang

“Cyclin At
Cyclin B?
CDC25A
Dihydrofolate reductase
+ ING1

*Abbraviations: R, RT-PCR; W, westen biolting

"anbraviations: 1S, Insufiicient signaj; A, absent fram the array

D13633
77845
X16396
J02939
D79962
L19183
AFC07393
AA162483
Y15400
AFO67356
X16277
104810
L2534
¥10351

AAQTE208
AAQ34414
AA482549

Accession No.
" Useass

M25753
NM_001789
JO0140
NM_008537

JP 2009-77705 A 2009.4.16

28
3.3
29
24
28
25
2.8
2.8

UniGemV result®

I8
IS
A
1.5
A
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Table II

Genes upregulated hy p21 induction

Accession  Balanced DIff

Genes : Na Expr Canfirmed by*
Sacrolad proleins and proleins associaled with oxtraceliular matrix:

Fibrangctin 1 - X027561 57 ' R
Plasminagen activator inhibitor, type | + 3 M14083 17 R, N
Plasminogen activatar, tissue type M15518 28 Z
Laminin p2 X79683 2.1

Desmocollin 2a/bb X56807 35

Padocalyxin-like protein Ue7518 2

Activin A (Inhibin BA) J03634 .2 R
Galectin 3 (Mac-2) AB0OG780 24 N
Mac-2 binding protein L13210 2 RN
Prosaposin Ja3dor? 2.9 N
CTGF {connective tissye growth factor) M92934 33 N
Granulir/epitheiln AF055008 21 N
Cathepsin B Lo4288 2.4 N
Tissus transglutaminase M55153 25 R, N W
P37NB (slit homeleg) U32007 2.1

Sarum amyloid A protein precursor M25152 4 R N W
Alzheimers disease amyloid A4 protein precursor . DB7675 2 RN
Complement C3 precursor ' ) K02765 58 - RN
Testican : X73608 21 N
Intagrin P3 M3s9gs 2.1 RN
Lysosomal proleins: X
N-acetylgalactosamine-6-sulfate sulfatase uoéoss 23 N
Acid alpha-glucosidase . X55079 24 N
Acid lipase A (cholesterol esterase) : X76488 2.1 N
Lyscsomal pepstalin-insensitive protease {CLN2) AF017458 2.5

Mitochondrial proteins:

Superaxide dismutase 2 X07834 35 ' R.NW.
Mataxin ' J03060 a4

2,4-dienoyl-CoA reductase : 78302 2

. )
Other genes associated with stress response and signal ransduction;
Ubiquitin-canjugating enzyme (UbcH8) AF031141 2

U_hlquitln-speciﬂc protease 8 D29856 2
RTP/Cap43/0rg1/Ndr1 (Inducible by nickel, retincids, T 7 Dares3 25

hamacystains and ER stresa)

C-~193 muscle ankyrin-repeat nuclear protein (cytokine- A83703 3

Inducible)

LRP major vault protein associated with muitidrug resistance  X79882 2.2 N
g-amestin related HHCPAT8 horeleg {upregulated by §73591 4.1 N
vitamin D3) ‘

R-RAS M14849 2.4

RAB 13 small GTPase X75583 22

PEG SHC (ski ancogene) u73377 2 N
MEK-STYX {MAP kinase phasphatase-lika protein) . N75168 2 )
H73 nuclear antigen/MA-3 apoptosis-relatedTS Lugeg28 2.4

(topaiscmerasa—lnh[hitnr suppressed)



Other genes:

Natural killer cells protein 4

TXK tyrosine kinase (T-cell specific)
X-linked PEST-containing transporter
AMP deaminase 2

FIP2HYPL huntingtin-Iferacting proteln
DNASE | homelog :

Transcription factor 11

Histone H2A.2

Histane H28

Ganes with unknown function:
23808

CGi-147

EST

EST

" EST

EST

(129)

Table II

M53807
L27071
U0g3z21
M91029
AFD61034
Xs0382
X77368
L19778
AL021807

AF033182
AA3Q7912
wea12o0
Al026140

-AA218982

WE3684

JP 2009-77705 A 2009.4.16

Ll S BN [SEAEN
&m“m"’”'_;‘m‘g.

PR
N N R

L)

*Abbreviations: R, RT-PCR; N, northem hybridization; W, western biotting; Z, zymagraphy



(130)

SEQUENCE LISTING
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EXPRESSION OF GENES REGULATED BY CDK INHIBITORS

atttetgggt
atgccaccat
coocctoaggg
agectetety
caccatgete
agagktgatct
cacccttoce
cactcteatt
ctctacattg
cagcggagca
gcttccaggg
ttagacatga

catcctgagy

<110> Pcole, Jason
Roninson, Igor
Chang, Bey-Dih
<120
«130» 89-216-V
<140> PCT/US02/
<1l41> 2002-02-01
<150> US 09/861,925
<l151> 2002-05-21
<150> US 60/265,840
<151 2002-02-01
<1l60> 77
<170> PatentIn versiom 3.0
<210=> 1
<211> 1200
<212> DHNA
<213> Homo sapiens
<220>
«<221> misc_feature
<223 >
«400> 1
ttgcocecagge tgggccteaa
gtagetggga catatggcac
ttgttattac aaatgoctag
gagttgetge tatgtccacce
ggtactgacc catctctgge
cetgttgatg tteteatgag
cagcagacca agagctctcoe
gctgcoctatt taacgcacca
gggrageaga aagtccccect
catttccaaa ttggcoctaage
atccagaggg gtggaaggag
ccgtitttaaa gcttasaget
ccatgtaggeco cagrcagggee
agagctgecc tractccaca

cettocagea

Human serum amyloid A (SAA) gene, 5°'

tcaagcagygc
gcctggecca
tatgaacatg
catgtcctgg
ctecataage
gaatgcecccc
tgcotggatg
cteocccaaggt
tacttggete
gagattttet
cacacatgag
actcacagag
aaatgaccgg

gcoecaggtge

flank (AN:

ctectgectt
tttctaaatt
gactggagaa
ccfcageccee
ctoetgeagag
tgaaccccte
ctgggoacgt
ggggcteoayg
aggagcoaac
gtgctgagaa
atgtggcagg
acttcagtca
tatagteagy

cgecatcacg

REAGENTS AND METHODS FOR IDENTIFYING AND MODULATING

M26698)

ggcectcccaa
gctitgtttgt
gaagaaacca
cctgggetcet
ctaatctgac
cgtgataata
cocccagcetgy
gactaggotg
ttagaaaaag
atatcaggac
ggtaggctgt
gggtcatctg
agetggotga

gggctcccac

60

120

180

240

300

360

420

480

540

600

660

720

780

840



tggcatctet
tcecattgeca
gacccocgggat
aatgacctgc
cagcaaggct
getacagcac
<210= 2

<211>

«212>
<213 >

DNA

<220>
<221>
<223 >

<400> 2
gatcaatatg

acaaacaata
agaaatgagqg
gacaagggta
gecacatacct
caagaagcag
ccoctgeacat
cectoceceat
cecagectac
actgygggaty
actacaaagt
gagtccaggy
accccatgga
ggggcagcecc
gagccagata
gtecetctgt

gcctgetget

1018

gcagctgcac
aggcacagca
gaagaaacca
agggactttc
cactataaat

agatcaggtg

Homo saplens

misc feature
Human complement €3 gene,

aatatattat
caatttaata
actttoctea
agtgagggga
caaagcccat
agttctattt
gagctagaaa
tctacttcoec
agagagatte
aggtccaaga
gggoccaaca
cagggtgeag
catgttggec
caaaagggga
aaaagccoage
cccictgace

cctgectacta

ttcceccaat
aacctectett
coggeatcca
cccagggacc
agcagecoace

aggagcacac

acacacagac
tcctaagagg
gtgatgactt
gcetecttgg
ctgaaatgtc
cactggggaa
acatttcatg
ctcocteage
ctaggaagtg
catctgeggt
gagaaaggtc
ctgecatteat
ccagggacty
gaggecatgyg
tecagoaggce
ctgeactgte

acccaccteoce

<210>
<211>
<212>

3
687
DNA

(131)

gaotgaggago
gttcceatag
ggaacttgtc
acatccaget
tctecetgge

aaggagtgat

exon 1

acacacacag
atattgacat
ttttcaccac
aaaataaact
coctectaca
aacatttett
aaactggdgag
atggaagcct
ttogactgat
ggggggttcet
tgtgttecace
getgetgggy
aaaagcttag
ggagaagggyd
gctgcteact
ccagcaccat

ccetggetet

JP 2009-77705 A 2009.4.16

agagctgatc

gttacacaac

ttagaccagt

tttettecet

agacagggac

ttttaaaact

(AN M&3423)

acacacacac
tagacaggta
caaagtcact
cacttggata
ggaagtttte
cttetteottt
tttectgtget
ctggaagtgg
aaacgcatgg
ccagacctta
aggtggeect
aacatgcoot
gaaatggtatl
gggctgagtg
cctoceoccate

gggacccacc

ggggagtccce

tagcaccctg
tgggataaat
ttgtagggga
cccoaagagac
ccgeagetca

tactctgtkt

acacacacac
caaaagctcet
caggcatocct
gtgaactoct
cctgaccocecte
ttttteocctg
gggototgte
ggctctgact
Ccaaaagtga
gtgttcttec
gaccctggga
caggttactc
tgagaaatct
ggggaaagca
cteteocctet
tecaggteecca

atgtgaqgt

200

960

1020

1080

1140

1200

60

126

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1018



<213 >
<220
<221 >
<223 >

<400> 3
cgaattbttt

tatgtcagtg
tgtgtttata
atttggtget
gtgtgccage
gtgagttgat
tccattceage
cdaaactcac
geteogacgge
ceaccteoga
ctecegteoog
cttegtggte
<210> 4

<211> 584
<212> DNA
<213 >
<220>
<221>

<223 >

<400> 4
aagcttggga

gcaagaaaaa
atgtttgeca
gtgtcccaag
aggggecaca
accaggatgce
ggcgagagag
cgaggggatce
tcocacccac

gcgcceactg

Homo saplens

misc_feature
CTGF gene and promoter region (AN: X92511)

aggaattect
gacagaacag
aatgatatgs
ggaaatactg
tttttcagac
gaggcaggaa
tcattggega
acaacaactc
agcecgeeceg
ccacegecag
coeocgecagtge

ctoctogecc

Homo saplens

misc_feature
Intergin beta-3 subunit gene, promoter region (AN: L28832)

tgtggtcttg
aattagtgaa
gtcaaatgaa
aatccagcega
ggctectgge
gctgacgacc
gagcaatagt
tagagaagcc
cgcgtecoect

tggggcgggce

goetgtttgec
ggcaaactta
atcaggagtg
cgottttttt
ggaggaatge
ggtggggagy
gogogecgee
ttcegetgag
gccgacagec
cgectecagge
caaccatgac

tetgeag

cectegacag
taataaagga
ttaaagtgtyg
aacagggtct
ctttctaagce
cggetggeag
ttceoccacege

g9g9aggggagy

cocetooect

ggagcgeegce

(132)

tcttcageta
ttcgaaaaag
gtgcgaagayg
ttteccttttt
tgagtgtcaa
aatgcgagga
cggageogtat
aggagécagc
ccgagacgac
ccegeogetec

cgeegecagt

gtaggtagtc
ctgaaccggt
aatgaatgaa
cccaggagge
acaccaagtg
gcgggtecetce
tcccteoteag
aagcgogagt
ceogotgogg

g99ag9gcgga

JP 2009-77705 A 2009.4.16

cctacttect
aaataagaaa
gatagggaaa
ttttttttet
ggggtcagga
atgtecctgt
aaaagocitcg
cagtgcgact
agcccggccg
ccgetoegoeg

atgggeoeeeg

taccggaaaa
tcagagaagg
actcgaggta
gggactggaa
cocagtegeg
gtgggcgagg
gcgeagggte
cocgeggeceg
aaaagoggoc

cgayg

aaaaaggatg
taattgccag
aaaaaattet
gcgagctgga
tecaatccggt
ttgtgtagac
geegeocgec
ccaccoctcca
gtececggtcee
ccaccgcgec

tceogegtege

ccaaactaag
cattcagcag
gtyggtgaat
gggtecggay
gaccooeggy
cgagggaggqc
tagagaagcg
ceecgttgeg

gcgggcgqceg

60

120

180

240

3c0

360

420

480

540

600

660

687

60

120

180

240

300

360

420

430

540

584



(133)
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<210> §

<211> 760

<212> DNA

<213> Homo sapiens

<220>

<221> wmisc feature

<223> Activin beta-A gene, regulatory sequence of 5' upstream region (A
N: DL17357

<400> 5

tgattccaat gtttttctaa aaggtagagt aatcctagec agagghbittca ctggctcagt 60

gcatcaccca gtagtgtctc agaagccagg aagggctttc cattagataa tgaattatga 120

aatgtctcac actggaaaaa ccagtcatce geotgagtceat gotgattcoca accaatccca 180

aacasagece cagoecteoet ctgttteagt ggtaccaatg tgtggtgtac aaataagtag 240

tacagtataa aacttcacag tgeccaatace atgaagagga gotcagacag ctcttaccac 300

atgatacaag agececgygctgy tggaagagtg gggaccagaa aggtaatget ttttaactet 360

tacttctgag ctetttacac attcaaagat aggaaagcta ggaggaattt tacaactaat 420

tggeatttec aatgtgeatt gtgatgtgta cctttttata ttattcagge aggttaatac 480

agecttttaat agtcctagag catgcaaata gattatatgt ttatacaage cactcagcac 540

atatatacaa gtacatatgc caaagagaaa gctattttta agagttacat tcgcaaacag 600

taaattcagg gaacacacac atactcagat geagagagaa tcecaaatatt gataagttgce 660

acttatctaa atgectgetat taggactcct gagttgttta gagccattaa acttttggit 720

gtatttcaga ctttcttgta aaacttaatt gaactgcaaa 760

<210> 6

<211> 1140

«<212> DNA

<213> Homoc sapiens

<220>

<221> mwisc_feature

<223> NK4 gene, regulatory sequence of 5' upstream region (AN: D17357)

<400> &

ggagaaacct gaacagaatce ccagctccgg geocctcagaa ggaccccacg ctgoccacat 60

tgaccttgga cetecageet geagatcgig agggaagaga cgtcttcgac ttagggoccc 120

ttgtcgbtggt acttcocttag tttggeecca ggaaaccabte ccaaaggeoaa gggcegtggtt 180

gtgcteaget gggggaagyy ggetgggage cgtgaggagg aggtgggagg cecagocagy 240

ctggagggte agaaccegtg gagctagaag agcccgtagg ggagccccaa gattgotgag 300

accagtgacce ttcggecocea gatggocttg cottggeoocca gaagggtceag aaggacctgg 360



tcagccaago
ccacaggtag
acggcgecea
ctactggagcc
ccacttgget
ctggacttta
tectgggeta
cecteoattec
ctgtctckgt
cetgagagag
gcocoaggaaga
gagttggggt
tettttecke
<210= 7

<211l 860
<212
<213»
<220=

221>
<223

DNA
Homo sapiens

tcagacagcc
atctacatca
tattaggtec
ggggcacacc
gacgtcacct
cctckgeece
agagactceco
teccagggac
ctetgteotet
gctcecgeoeoca
ctgegtgeag
acccgaaggt

acacctgttce

migce_ feature
prosaposin gene,

AF057307

<400> 7
ggtttaagea

cacacgcetga
ggtcttgaac
caggagtgag
ccacgtgeac
gaaaccccaa
tttttttgta
ccbcggecteo
aatgtggaga
cttttetttt

agcccttect

atttetggec
ctaattttgt
tectggaccot
acagcoatgec
ctggocagga
gctattctat
gagatggggt
ccaagbgttg
tttaaaagat
atgacctttco

ttogooecte

ggcaggatge
ccactageca
ggcagttcct
tcatgcéagg
tactgtactc
tcecoccactet
aceocagete
coecagaccte
gtctectgtet
ctacccccoca
aaggtgactyg
gaggacacoto

ctcgeoragaa

tetgocteet
atttttagta
catgatcege
cagccocoagad
ctgagecoctg
gtgaaacccg
ttcaccacgt
ggattacaga
attttacata
cattcoceottt

ccattgecoe

(134)

cttecaccct
ccecetecaac
gactecttet
acagggtoeca
agggagttte
caggetggtyg
agagggagrca
tgteteteto
gtttttcacg
cttteoceceat
tctcagtgga
tggggaggag

ggccttgget

5'-flanking regilon,

gaaatagctg
gagagagggt
cogectegge
ttgectttga
taccectgtta
ctactacaat
tgccecaggct
cgtgicageco
tataatctet
ctceaagtto

ctectattgg

JP

gcagagggtc
gtgcacaggce
gatccagaag
aattccttig
cccageocagce
gagtggggaa
ggggcccage

gggtaagtcet
cactcagcaa
aaaaccagct
gotgggteat
gagtgcttcecte

cottgaactt

exon 1,

gaaccaacagd
ttcacecatat
ctceccaaagt
ccaggtgcca
c¢acgactact
gggctaattt
agtcttgaac
acacgtgcag
gaccktattca
ttcctecacte

cctoecoctte

2009-77705 A 2009.4.16

ctatcttgte
ccctgeecte
tttctetgge
tcecttggate
tgtccegagt
ageageecat
cagggacgga
ccatcteotgt
ggecetactge
gagtatttgt
ctcaggtggg
tgagacactt

ttggceocgeeca

and partial cds

gcgagactge
tggccagget
gttaggatta
ceacctgece
tattctatgt
ttttgtattt
cctoegeooy
gocggeocaac
attagtaggg
ctcceactat

cggcagogea

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

(AN :

60

120

180

240

300

260

420

480

540

600

660



ctcagaggeg
cgaegactgeg
tgacgtocge
ccagecteet
coctogoage
<210= 8
<211l> 3271
«<212> DNA
<213> Homo
<220>

<221 >
223>

nisc
90K

<4&00> B
agagccteoeg

tttttttgta
gtgatctace
atctaccata
tcacacaaag
aatgaccoaa
gggocgceac
ctcagaagea
ccatttagag
taggaggcay
tgtggagaaa
acctgtaate
gagatitgeag
gtgtcttaas
aagctgagag
gagaattctt
tacacatttg
aaggaaagga
ttacgtegec

cttcceatca

ctgagtcagg
ctectggacgg
attgcagact

gggracgtag

gtecatgtga

sapiens

_feature

{(Mac-~2 BP)
aatagctggg
gacacggygt
cacctcagee
tgacccagta
acttgtatce
atgteccatca
ceagoaaace
ctgtggtaac
ggaattctag
aggcagggeg
cececttetet
ccagetacte
tgagcrgaga
aaagaagaca
gtggttgetg
aggggtgatt
ccaaaacttt
tgggtttgaa
tcactgagcce

tggetggaag

gogetgttga
cctttgggge
gcggagteag
ggtaagccct

cceectegge

(135)

90£0999039
agggcagatt
acggcgetat
gggaccctca

ctcecaaagt

JP

goceggatgg
tatatctgcg
gtacgcecte
tcetggggay

gatgggatta

promoter region {AN: US1729}

attaaaggcyg
ttcaccatct
tccotgaagtg
atcctgeter
aaatgtttcoc
gtgcaaacat
caggagccag
taaaagaagc
ggtcraggag
ggatcacctg
actaaaaata
gggaggctga
ttgttccact
aaatagaggyg
ggaaggggct
gaaacgcecet
goacgtaaat
accccagttce
tctgttttot

tattaaatgc

cctaccacca
tgaccaggct
ctgggtagtt
taggtattita
agcagcttta
gtattaacag
ttactgattg
cacatgcaaa
tggtgoctea
agttcaggag
caaaaattag
ggcaggagaa
gcacteocage
aattctagga
9g9gggaggty
aggtaatgat
tatatgccaa
ttcecectace
catctgtaac

attecatttgt

tgtttggecta
ggtcttgaac
tcttaaaaag
cacaaaataa
tgcataatag
tggtgttctg
ttgagatagc
atattaaata
tgoctgtaat
ttcgaggcoca
ctggeccgtgy
tcacttggac
ctgggeaatg
aaggcaacea
gtggctgcag
tgttgtcatg
gaaagccaat
agctgeacaa
agggaatata

ggcaaggett
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ggcggggtta
ggggatcage
ttccteeoctgg
gaggatttga

caggaegtgac

attattigta
tectgaccte
gtaaacatat
atacttattt
tggaagatgy
tecatacagt
atggatggat
ctgtatgatt
cccagceactt
gcetggecaa
tggtgggcge
ctgagaggca
gagggagact
gcagtggcag
aggggbataa
ataccatcge
ttttaaaaag
ctttagecga
agagcagctg

atagtaatge

720

780

840

900

960

60

120

180

240

300

360

420

480

540

600

660

720

780

840

200

960

1020

1080

1140

1200



ctggcgaaat
gtagaggeac
gcacttteoce
atctgagget
teecectgtea
cceaggggag
tacctgeetg
ttttaaaacc
tecctggoca
tgtgcactca
ttocagetge
tgcagetgee
ctggctgtct
tgggggettt
taggcattag
ccactggtea
cagéaacaag
attaggccag
ccacoggeog
ggctgggete
gacagccagg
cegggaatgyg
aaagggaatg
geecogetbga
ctctggggte
tetecagtgec
gceotetghyg
ccatgtgtgy
ctgtcagagt
ctteeoeoctec

gtggotgtta

ccatattage
aaaagatgac
ttcecatgtet
ttcacceoagoe
gcgettecet
cagatgktyg
gatggcttag
ttteccagea
cttgogcaga
ggeoccttaat
acctgeocoet
taaaacctca
cggactcetaa
taaatgccecece
gagtttgtaa
gaggectggy
ageggctget
ctggaccceag
cageageotg
agageeococac
cecttgggtog
gagggggtgc
ggtatgagct
gggggagaca
aggtgttgga
tcectoceoct
tggtcageat
tgttcaccca
coacagccac
cgbccaccas

gtecctettge

tattataggyg
cttacaggcece
tgggagcgge
tgtcottotea
ccaccccaty
gtgcteoogat
gactttcceg
cttococagag
agtcattagce
ceggaktgaga
ggatcttcac
caccttgaag
gctgeeagyg
tgcctgtece
aactcectga
cacatcooaa
gattgcctca
gagchcagge
ggcccacatce
cctgaaaccea
ttgaaggcca
tcceocaagqqg
ggacagagcc
gtaggagagt
gcagggtcca
ggggacaggag
gccaagagea
gccagcaacg
accaccaggt
acgaecageeg

aggcocttget

(136)

agcgttocte
agttaaccat
tteetgatga
gagccgagec
gtcatecgeac
tccacgagga
gactctggag
atgecocteoc
actgctgaga
tttttttaaa
aagttcotcot
gaaatagtca
aaccagggcc
ctactcoccag
tgattcctte
ggcteatcoa
ctgagcagtg
cggaggatge
ctctcagtea
gcagtgtgge
agagctgggy
acagttgagg
attatgtcaco
ggccacaggt
gctccteocac
gacagtgccea
cagagagyggt
tgctagaccc
geagactgte
ctgaccacct

ccageragac
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aatttgcgga
tctratctet
cagcagttet
gctgeococtt
accggaaagq
ggectcebogg
ctaaagattc
gteccteotgea
agggatgatg
ctcecccacag
ggaggggatt
ttgaatgteot
ttccacccag
agatggtgac
tgtccageceoe
gaaccatggg
aagoocagoc
ctgcttcect
gaagctgget
coggggecee
gcecteotggg
tgececggettt
ccagagaggce
ccagcagtgg
tagcecagetyg
tgcaaccttg
ggatttgcac
aggaaaagac
tgggcacaga
ggcggecttt

tcecoaccttyg

gaggtttggg
gaaatgceec
gtccacacya
cecctgectg
cettgogage
ttttecattt
ggcacctgag
ctectgteoet
ctggggttte
ccagtbtctat
aggcaaaccg
gacctctggg
tgggactgec
ttcctgggte
aggctgagaa
gtgcaagtga
ttgaccatgg
ctgeototgec
ctcacogget
cgecaggetoa
aaccacacag
cagtgggagy
tctgtcoceoeece
cgagceacagy
catacctggt
tgggagcacag
atgagcagec
tcggageget
gcectctgctt
ceaactgagt

ggectetygao

126¢

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1280

20440

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760

2820

2880

2940

3000

3060
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agectggeoac tgatagocac aggcagageh gagacaazag agaggggcecc tggggagtat 3120
cagcagrcagce caatcccgga agacatctat gteaggtggt ttctggaaat cgaaagtaga 3180
ctotttictg aageatttce tgggatcage ctgaccacge tcocatactgg gagaggetto 324Q
tygggtcaaag gaccagtctg cagagggatce ¢ 3271
<210> S

<211l= 1403

<212> DNA

<2132> Homo sapiens

<220>

<221> misc_feature
<223> galectin 3 {(LGALS3) gene, exen 1 (AN: AF031421)

4
;cggggciag cagatttgat gtctggtgag ggoctgettt ctggticaca gagggagect 60
tetggectgty tcttocacaag gtggaagtgg caaggggact ctctccggece tctittatta 120
aggcaccaat ctcatteace ctatgaccta atcacttcocc aaggeoctcoca ctteoctaata 180
catcacecgtyg agggttagga tttcaacata tgaactttgg cgggatataa avattrcagac 240
tatageacee tgacagtaaa aatgagataa taataactta tetcotttett ¢caacazaaa 300

gataaggtga agttaaaagg agggtatata tatatatata atgtgaattt cctgtgtaaa 360

atgtgttaaa gagttgtetg attaattget ttataaggga attgetttga gactaggeet 420
attgatctag aataagtagk caatttgtag tcagttccct agggaataga cattgaaaag 480
attbttggtt ttgtattcta caaataasagc aacctattaa ttgaatteocot ctcageogaat 540

tcttecactca ggtgattctg gagagggogg gggacagacy cggeogcage cocaggtoccg 600
ggagcogeeac ggaacctaac ggtggeageyg gaggtcgege coctcagtge ceogeogetote 660
ccegteggga gettcotggt cgeceetgeg goggeggetce ggggtgtcayg goocggogegg 720
ggetcgececa geotggtecy gggagaggac tggcoctgggoa ggggcgccge cocgectoog 780
gagaggcggg ccgggoggyyg ctgggagtat ttgaggctcg gagocaccgc coogoeggeg 840
cocgeageac ctccteogoca groagcogtoo ggageeagoe aacgagoggt gagetgogeg 200
gggegegggg gacgeggctc cggceogggea ggggagaggg cgocogggeg ctgetigggg 960
cgcggtecgg agagggtteg getcoccegyyg accgggocgg ggocgogogog gagagoecea 1020
cagcctgtge tetgocetce aggagegggqy cggogggeay cgatotggge coggggoagt 1080C
cgeetttgat tatcgagyggce gotggegttc ggggaaggtt ggeageacct tacgagacce 1140
acacacgtcoe ccggggcgge acgggocacce ttcotgeggag cctogtgogg cttegecgeo 1200

gtcgeaccete cgecgectge goctetgege gococagagt aageeccatc cggtgacgag 1260
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ccgeagtetg grtoaccecayg tceccaccagyg tocogotgeg aggggaggcy gaggggcotog 1320
ctcageaaac cagacggeocog ctccagttte tctaattggg gttggagecce cgtcaccocett 1380
ceccagatca cggccycgyy gga 1403
<210> 10

<211> 859

<212> DNA

<213> Home sapiens

<220>

<221> misc_feature

<223> wanganese supercxide dismutase (80D2) gene {(AN: 577127)

<400> 10

gattbeacta ttactagaak caataatacc aaccctaggg gltaaaaataa agataaatgt 60
gtgcaaatce tgoctgcagt ctcgggeacy togtgggtgt ccaagaactg ttottaggea 120
gceocggtgyggg acaaagtctg tgtgcctccot gtectggaat aggteoccaag gteggottac 180
ttgeaaagea agggtacggce gcaagagktac tgaatacggg ttggaaggac getggcetcta 240
ccateagete ataggcecggo tgggoegegge tgaccagcoag ctaggococg tothooctag 300
gaacggcrac gggggcecctgg gagggtatga atgtottttt geoagtgagge ctotggaccc 380
cgcggecece cggeagegea accaaaactc aggggcaggc gocgrageeyg cctaghgeag 420
ccagatcecco gocggeacce tcaggggegg acgggaggea gggcocktegg gogtaccaac 480
tccaagygggy caggggocege cteccttogg cogogeogoca cteaagtacg goagacaggo 540
agcgaggttg ccgaggeocga ggctagoctyg cagectcecett totccegtge cetgggegeg 600
gggtgtacgyg caagogoggy cgggcgggac aggcacgcag ggcaccccog gggttygggog 660
cggegggege ggggeggggce ccgcgggagy 99999e9999 cggeggtgee cttgeggege 720
agetggggtc goggcectge teccoogeget ttcttaagge cogogggcgy cgcaggageg 780
geactcgtgg ctgtggtgge tteggeageg gotteocageoag atcggoggea teageggtag 840
caccagcact agcagcatg 859
<210> 11

<211= 2877

«212> DNA

«213> Homo sapiens

<220

<221> miec_feature«<223> granulin gene (AN: L32588)

<400> 11

cgggaatgeyg gtaattacge tttgttttta taagtcagat tttaattttt attccttaac 60
ataacgaaag gtaaaataca taaggcttac taaaagccag ataacagtat gegtatthge 120



gogotgattt
aggtgtgeta
aaggcatatg
cgtoetgegtg
tttattgaaa
ggtttacacc
tattgacacy
acctagctat
gagagagaga
gcaggatact
gctggecett
tgtctccaga
ctttgacgat
tgtatttttt
atttcatgaa
tctcaagata
taggtcctea
agaaccecty
ctgectegag
gctcaggetg
atcaggettt
tggececcagge
gtacattttce
taggaagcca
cagctoctga
ceatctggtt
cccagactea
gagacaatcet

tagattcagc

dagdgaaagggc

ttgeggtata
tgaagcagcg
atgtcaatat
cegaacgetg
tgaacggctce
tataaaagag
ccegggttea
cgtggeacct
gaaacatttyg
tctttgtigt
acctaccaga
cactcctaaa
tagacttigt
tctggttetg
agtttcatgt
geeaggaagy
gcaggoecagyg
ccacacgact
cttggttage
cagcagtctce
ceetgggect
cetttggeac
teotecteoace
cttektottte
agcccactgy
teecaggget
gctroaaggag
acttcecctete
ctgagactgt

tttggggetyg

agatatatac
tattacagtg
ctcoggtcetg
gaaagcgcaa
ttttgctgac
agageegtta
agegatetee
taccecttetg
tgaagtaggt
gggggattgt
togecagtgt
tgtceoctgge
gatatttgtt
ggtggttgta
gtgtgtgtgt
aaaataagca
tgtcttatce
ccacagctcg
catcoceoety
catcceockgt
ctectetete
caagcaggct
cteecatato
gacagcaeceg
cattgaacat
cttccocaaca
atgctoctaa
cotacaccty
ctoocaccad

tttatcttte

(139)

tgatatgtat
acagttgaca
gtaagcacaa
aatcaggaag
gagaacaggg
tegtoetgitt
tgecectcggec
atgttaaaaa
tgttgagtat
tctagtgtgtc
coctecacoc
gcaaaatitge
tocagtetgtt
attagtaggt
ttcaatagaa
caaatgtgtc
gctgtetggg
gttggcacecc
cocctgeoete
gcagacactg
ctgggcoeate
gactecttgtce
aattcctoga
accacagoce
ggcattcaat
ccteetoete
agtggaatga
gcaactggcg
tecectgeteo

tcectggaaac
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acccgaagta
gcgacageta
ccatgcagaa
ggatggctga
actggtgaaa
gtggatgtac
tcctgagtag
aaaaaaaaaa
cagcactatt
gtgtgatgtt
tgagttgtga
cgctgctcaa
taggtttttt
tattgatega
gcataaacta
accagggcac
tcotgetectag
ttteccctecot
atcctcaget
ccgttectec
tcocatcatce
actggctaat
aggcagggeyg
agecogtgee
ccctgeocaag
cacctgeocag
aatctettet
cacaaccttg
ctgtectget

catccttcaa

tgtcaaaaag
tcagttgete
tgaagccegt
ggtcgececgg
tgecagttkaa
agagtgatat
ggaattacag
aagagogaga
gaccttttgg
tagtgggatt
caacacagat
gaatcacgga
ttettctace
Ltcacctaac
tactceotag
agactagtac
ctcooaggett
cegacttetg
ccagttactt
acggeccagt
catctcectgee
ctgttctgtg
atctggagac
aggcacccag
cetgoectte
ttaaaatctt
tcccraccty
tatcttaaat
gagcaccttg

ctcactetgg

180

240

300

360

420

480

540

600

660

720

780

840

200

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1520



ggcctgccta
ggacaagaca
ccagegcettbg
tgagctaktga
ccgggedegg
acgaggtcoaa
atacazaaat
aggcaggaga
tgcactcecag
aaaggcgagce
acgcgctate
cgagcaceag
ccctagaaat
aacacagcat
gcccetgatec
ctgagegecta
<210
<211>

<212>
<21l3>

12

<220>
221>
<223>

<400> 12
tccoeggect

cecthoagect
gtagagaccg
aagagtgtcca
ggtggtgggt
cagttctgge
aggtggcact
ctgtgoagga

cgcatgtgga

2040
DNA
Homo sapiens

gcatgtcaac cgagtttgga
gggceayggata ggataggagce
gggggcetgeg gtaggagaat
tcagettggg cgactgageg
tggetcatge ctgtaatctt
gaaatcyaga ccatcctgge
tagetgggeg tggtggtgeg
atcgcttgaa cceogggaggc
cctggegaca gagtgagact
acaaatattc ccaattcata
atctctagea aactccccca
ctgccetget gaggetgtec
ggggtgtggg gogagaggaa
tccaggetgg ccocccaccict
ctggccaatg gaaactgagg

cceggttget getgeccaag

misc_feature
pEGSHC gene,

tgtgctgekt cagtctggecce
ggggtgtggt gggtgeccct
ggggcocagt gggggctgac
ggtggccatt ggagaggtcg
agtggggtgg tgeatcgtce
cttigaggtg gcgctgoagyg
catagggoog gteccetgtyg
agcgggetgg goagtgcggg

toettcagett gtegtteoctg

(140)

gaatagggca
gagceagctc
cgetttggga
agaccotgte
agcactttgg
caacatggtyg
cgcctgtagt
agaggttgca
ccgtcecteaga
acactcoctce
ggcgectgea
cgacgtcaca
gcagggagga
atattgataa
taggegggteo

gaccgeggag

ctocgteeete
tecctecteat
tgcteccaga
aggccagcgg
ttgcggogeco
tggtcotect
tgcaggtgea
catgagtagg

geacaggeag
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gaatagggca
agtagctceac
geaggagttg
tctaaaacaa
gaggceegagyg
aaaccecagte
cceagetact
gtgagccgag
acaaacaaac
gcactgtcaa
ggatgggtta
tgattctceca
gagtgatttg
gtagceaatyg
ategegatygyg

tcggacgeag

tttaagagga
cgtcatcagg
atcgagctag
gggatgcagc
gtcgggtgeg
tggcgaaagc
tgtggttctt

ggecgetetee

gggtgagyggy

ggacaggaca
atttgtaatce
caggccogcag
acacacaagt
tgggeggatc
totactaaaa
cgggaggcty
atcgtgecac
aaaaggatag
tgccccagac
aggaaggcega
atcacatgat
agtagaaaay
ggagcgggta
aggtetgtagt

gcagacc

5' upstream {2.0 kb)} region (AN: NT_004524)

ctecatggea
gggccetgygg
agagaggcgg
agcggtagag
caccteccagg
cttgtggeac
gaggtcgtag
cgtgtgette

cagggaggtg

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760

2820

2877

60

120

180

240

300

360

420

480

540



ttecaggatgg
tcctcaceat
ttaactagge
atccteeatg
gtaacccacc
ttcttecera
cttgotgete
gtgtgggtee
gggcactcct
cctggtgaca
gecatccteat
ceataggetg
ctetggggac
ccacktgeoece
tgogcgggea
aggaaagctt
ggtggtggga
ggctgtggea
gggagcttet
ctcecageagy
ggctgtatag
acacacaccy
tcegocaccey
coctgtgggty
ctggegetge
13

20
DNA

<210
<21l>
212>
<213>

<220>
<221l>
<223 =

<400> 13

gatccectggo
ttgttaccce
cttgteattsa
ctccagatee
catgececcag
tctectecoa
acctggtgaa
tecatgtggeg
gaggcatctyg
ggttgtcety
ctgagcccag
ggggatatac
cetcaggagy
cactgetgec
ctgtgggoac
toeggggett
ggggcaccty
aaggectcecea
agcccactge
cgggcagoct
gcaaattcaa
gogeotgate
ccctcagtga
cagtattcaa

tcattgagge

Homeo sapiens

misc_ feature
Analytical sense primer for NK4

tcctectggt
actattgcce
tecactocto
acccectgek
toccctecocagy
ccctgteece
tcgazcaccy
aggcagttig
ggagcggegt
gtgeagggag
ctcctctggg
cagctcectet
ggaggeagtt
cactetgece
ctcagggact
goggetgogg
tggaggactyg
gatactggeg
cctgcagaat
ggagcacage
ggagggcgcce
ccccagtgge
aaagcttett
ggccctgegth

agctcaggag

(141)

catcccacec
caggagatac
tgecttocage
ggcttgtttt
accacctace
tacccatgge
cagacctecge
cctgececat
ttgegeacca
cttaggtagg
gacagcggdg
tecttettect
cctgtgggag
gcecacctect
aggtggtttyg
cgggcaacag
tocttecaccat
ggctogetea
ctccatgeaa
tggecatgttg
tagtgoetet
cgtcocgeta
gaagtagtgg
ceggatggtg

ctcactgctg
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tggectigte
cctgectaget
actgeoectec
cttctgetcet
accacctagg
coctgeoggg
aggcaaaggyg
ggatgatctt
gottgtetig
ccatcaggtc
geoogeeado
caccctcata
ggctgtaget
cctocctcata
ctctggeccee
gecgaggtgy
tgggaactce
cagtcatcct
geagcgatga
gegetgetgg
ggeocetacaa
cccocoggece
ctacaggeag

aggtcacata

tggteoggyga

ceatccoetgt
cacctctage
tgggcaccyga
cctcacteca
gtctectaac
ccectteoooac
cttctogeet
gtggcagaca
gctgtcroagg
aggatcgatg
ctgcgcoccagc
gggttecgbag
gtcoccecgge
ggtcaaggga
cttggtttge
cggtggegga
cagaggeagt
cgteccggget
cacacgggat
tagtcagtgt
agteocoagctco
ccatgacage
ctagcacagco

ggtggcccag

atggaatcee

600

660

720

780

840

800

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1220

1980

2040



ageaccaggce

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

14
1774
DNA
Homo

<220>
221>
«223>

misc

<400> 14
ccttatagag

ggtgagcagg
atccoccactct
cactcctate
gctcaggget
actgocttet
aggctggagt
cteecgagta
tactagagac
geceegecteg
gecctettac
tttaatacag
accgoaacct
gattactgac
ctecatgttg
tcccaaaatg
atacaactgg
tgtctggagy
aataaacccc
ctgtgccaaa
cctaggttce
tgggtacctt
coctcgocace

ctccaccace

catagaaaga

saplens

_feature

cathepsin B gene,

gtctgaaatg
cagttgggac
gotggggget
¢tbagtttgt
gtgtgacagce
tttttttttt
gecagtggeac
gctgggacta
gggtttcaca
gcctcccaaa
tgtcgecaca
agtttcactc
ccgotocogyg
acgogocace
gtcaggatgyg
ctgggattac
ggtecatgtgce
agggtgagte
aagtaaatgt
cocgatttecy
ttecgeagtga
ctotgaacaa
cccagectet

ccaccceege

atttggagte
caccttgacco
tagtgaccat
tactaaccag
tgacgaccag
ol vhuluf vl od of of o]
gatctoaget
Ccaggegeoey
gtgttageea
gtgctgggat
gocctggataa
ttgttgocta
gttcaagoga
acgccecgget
totecgaacte
aggegtaage
ckttgroagot
ttgagoecaac
gcacttigte
coeccaaggt
cagccactct
caaagtggec
gcagcggcett

caactcggca

(142)

cagagtecceat
teecagectee
gtttgggeto
gcgggagtac
getgeaggga
ttttttgagy
cacgggttca
ccaccacgec
ggataatett
tacaggcgtg
aatacgattc
ggctggagtg
tteotectget
agttttgtat
cegaccteag
caccgaacoce
ttgtettaag
ceoctgeatet
cgtecateteg
ccttctecte
tttetatttg
cttctaaagg
ctgaatgaat

ggcagggatce
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promoter region (AN: AF0B&63%9)

ggctgtcagg
tggtcocteag
cagagattat
aggcatgtct
accaggtcoec
cggagtcotag
cgcecaticte
cggetaattt
gatctectga
ageccackgea
ttctgagect
caatagtgeg
tecagtctece
ttttagtaga
gtgactcacc
agcecctetyg
gattaaagct
cecettocagg
gagcaggtet
ttagaaatcc
tacgtagctg
ctgttetgtg
gaaataageg

ccaggcgegyg

atatgactag
ttcctocgagt
tttttectte
ctgaagacag
atgcagteoct
ctettocgeoc
ctgactecage
tttgtatttt
cectgtgatee
coeggetact
oo o o of o o of o
atctcetggte
gagtagetgg
gacggggttt
ggcecteggece
agcctcttga
gtttggggag
gcctecoggt
ccgggtacte
tgacgoaget
tagtgttttg
gggtccacag
acggegecct

gttctgacgg

20

60

120

180

240

30¢

360

420

480

540

600

660

720

780

840

90¢C

860

1020

1080

1140

1200

1260

1320

1380

1440



aggcggtceece
taggggottt
agggotccaa
ggocccggac
gggcggcegga

agggccoggg

<210C>
<211l>
<212>
<213 >

15
DNA
<220>

<221 >
<223 >

<400> 15

ggatcctaac
cagagggaag
ggcctcagaa
gtgaggaaat
cagggttcat
acagcctaaa
gggtatctgg
catgaggctc
ttegagtact
gaaggaacga
gaagagaaga
gaagtgtgeca
agtttazagg
gcecocaaagat
gaaactagga
ccoccocaacttt
aagacaccktc
aaaagcceate

cattctgacg

3804

gegaggcggyg
tteoeceatec
geoceetette
cecgagegga
aggtggegyy

cggggcrtgeg

Homo sapiens

misc_feature
Promoter DNA for Alzheimer's disease amyloid A4
{PAD, AD-AP, AAP,

ccaatatctg
accatgtgag
gtaaccaact
acatttectgg
ctggetecaga
cacaagacga
accaattgga
caggcagagt
gtaaaaagac
gazaaccatge
ctctagagga
aaadaattat
cgggggatgt
agaatgcaca
tggggatget
gtagggttat
agggcaggaa
aggatctetg

caatcagcag

gggacttttc
cctggeocea
cecagocega
agggggeggsyg

agggggtgag

cggtggtecac

CVAP)

ctgtecttat
aatacaggga
cagogaacac
tgtttgaktcc
cttaacgatt
cagaaacgog
gkctgecagtg
agtgggcaac
acagacaagg
cattatgcaa
agaagtagca
tctgettggk
gagctttaaa
gtctggagay
gttgtaggaa
aactagggat
atggcattaa
gagtagtgaa

cgataatcat

(143)

taggcggggt
attagcagceg
gogotocagge
gggtgtgegy
ggctgggaag

gtgg

(AN: X12751

aacaagagga
gaaggtggcce
ctegatittea
atccagtecta
gettttggtg
gocoagoaga
ggatgcggtt
atctcceatg
cagaacachtt
ctgttgaagyg
tgaaaacagc
cactgggcaa
tgggataaga
cragtgaata
ttecagecaga
gttcctgegt
atgcagaaca
ggaaccagag

ctteccoeag
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gggggccttyg
tttegeoecace
cceoegocege

ggcegggaag

caccgtgege

gattagggea
atctgeaage
gacttccage
tggtaagtta
atatttatag
ctatgcataa
actaaaacag
ttgeocagcagt
tagagaatgg
aagtgcetgtr
tggcaaattt
tacaaggata
acattctagt
tetcacaaat
caagtggttg
tttetgettyg
gagctagtgy
aacatgcagg

gaacatctty

ggaccacott
cagggeoccge
ccececggoggt
cggggagoge

gggcggceggdy

1500

1560

1620

1680

1740

1774

precursor protein

cagtaagaca
caaggagaga
ctcctgaaat
tggeacceotg
ggcacagata
aatagaaatyg
tcaaatgeaa
cagagcacac
ccaaggtgtg
tttaccttgt
gtaaagatct
tctgagtggy
aaccagaaat
ggagacactt
ttggttcctt
gaggatctac
ctgaaaagca
caatgtecat

accagggaat

&0

120

180

240

300

360

420

480

540

600

660

720

780

240

800

960

1020

1080

1140



gtgtcagtgt
tttttatagg
tactcbehtt
ggcacgatet
cctcececagta
agtagagacyg
cgeecogecto
gggotggett
cocecatgetty
cttttttttt
tggctcactyg
tagctgggat
fgggggtttc
écctgggcct
tcttaataat
agcttggacce
acccggaaca
tgtectgtea
attbgggagt
ctttggettt
aatatttgtc
gagtcaagac
gtacagaaat
cctcggeace
gggccagege
gcttggtaac
gcattctaaa
aagtggcatyg
cagegtttga

tttecttett

tggtgaattt
ttatgatetc
tteettett
cggctcactt
gctgggacta
gggtttcacc
agcctoccaa
catgggeatg
gtttaacgct
gaggtggagt
caacctececge
tacaggcadgg
accatgttgg
cctaaagtge
gtaacaaagg
acgttotott
aatacggaat
ctttaggett
tcattagett
tgtaggaagt
cttatttgtt
tgaatgccta
gacttecocag
cttgtcagog
actcccotgge
taaacgctac
ctatotggac
gcagaaggtt
ggteagaagt

coccaactca

caacagtgga
atctctacaa
gagacggagt
caagctcagc
cagogeooege
gtgttagcca
agaaaagtcc
caacccectgga
ctgecattge
ctecgetetgt
cteccaggtt
agtaaccacg
ccaggctggt
tgggattaca
gtetcacgtt
geattcagat
tgcggtggta
ttccetgtgt
cattttoctg
aaatgacaty
gaggacatcc
gtgcggaaaa
aagaagtctg
caatgagcaa
ttcagtcctt
ttcaggtcaa
actaactgga
catttctata
cctecatttac

gatggatgtt

(144)

aagagaaact
ttttgaattt
ctcgecteotgt
tccegggtte
cacgacgeca
ggatggtgtt
cteactectta
gagtctcaca
catcttasaa
cgcccaagoet
caagcgattco
ctcggetaat
ctagaactcc
ggcatgagec
tgcattttge
accttotttt
aatgtggtge
cocecagettea
atgtataaat
aagegtataa
aaaggacatt
agacacacaa
taccoecgetg
gggagagaag
cgctocaage
gagcagggga
cagtggacgg
attcaggaca
ggggtcgaat

acatccetge

JP 2009-77705 A 2009.4.16

gctaaatcta
catgeteaat
cgeecagget
acgccattet
ggctaatttk
gatctcctga
aagttgccte
ggcectgegg
ttcttaattt
ggagtgcaat
tcctgectoa
ttttgecattt
tgacctcagg
accaggccoaeg
agtggactct
tgecttatkbt
agaaagtgaa
tgtcacttac
aggaataata
acaaatactg
caggggcaaa
gacaacattt
cctgageccat
gecagcagtgce
cetgtgtgga
tatatctggg
tttgkgttta
gacacaatga
acgaatgatc

ttaacaacaa

agaactttaa
aazagttcect
guagtgeagt
cctgocteag
ttgtatttt
cctegtgate
ctecttcceoa
tgggaggagce
aatctttttt
ggcacaatct
gcectetgoag
ttagtagaga
tgatctccca
gccttasaat
gcaagattgt
gotoatgeag
caactgggtt
ttgctattag
gtaacagcct
catgacaata
agtaatccaa
aggggagetyg
ccttcococegay
agcctcagaa
gtgggctgtg
cagttctaga
atccaggaga
agaacaaggq
tcteoctaatt

aaaaagaccecc

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1220

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640

27060

2760

2820

2880

2540



coogaoccge
aaaatataag
ggttggeege
aattccaggt
ctcaacaage
aaacgcetge
ctagcagcag
cacggggacyg
tttceectgat
agcccaggtg
gogetgecace
ggcggcgecyg
goeectggetcet
cgagaggcacg
gcagagcaag
«210>
211>

<212>
<213>

16
1741
DNA

<220>
<Z2Z1l>
<223 >

misc
920

<400> 16
aagcttteac

cgggtcaget
gttitgacecea
tcacctagga
cttgttceccecgg
gttttggaaa
ctcacggcectc
agagatagga
gtettgctec

agggagggag

aaaatccaca
aaagaaacaa
ttetttgeca
tgctegtgeo
aaagaaaate
cocacctete
tcetttatac
agcaggageyg
cctgeacegt
gocgteggec
tgtgggegeg
ctaggggtct
gageccccgea
cggaggagceg

gacgcgycyy

Homo sapiens

_feature

cagetggagg
gggoocaaca
gggagaaata
atggagacgg
aatgtacaga
aagtgccggy
acagtggato
cooetggtty

tttetggeac

ggaagagaag

ctgaccaccce
aaccoaagoa
gggeetgege
tgettttgac
ctatttecctt
caaaccgaga
gacacccccyg
ctcteogactt
cccotecteockg
gg9g9gagcgga
gg99cgagggce
ctctogggtyg
gcocgegotog
tgegeggggg

atcc

gageagttte
ctekttgtag
toccactgaag
gggctacttc
ttgttetaga
gaageccocgt
cggaagcaca
ccaggttoega
acagtggggce

gecgagggag

(145)

cctttaacaa
cagaaccctg
cttgetectt
gttgggggth
taagcttcac
gaaaaaacga
ggaggcectyge
ttctagagee
gecccecagact
gggggcgegt
cecteooogge
cegagegagy
ggctoeagtea

cecocogggaga

tgcaacaatc
gtttgttcac
caacacgggt
tatcttccaa
atgtagagct
gggcoctctgt
ggagaccaag
gaagtcctag
cteaagaaag

ggagggaaga

JP 2009-77705 A 2009.4.16

aacaaaacca
ctttcaagaa
tggttegtte
aaaaaatgag
tegtteteat
aatgcggata
ggggtceggat
tcagegtect
ctecctcoea
ggggtgcagy
gcgagcggge
tgggccggat
gtttectegg

cggcggeggt

Tissue transglutaminase gene, promoter region and 5' UTR

tctataaaat
tgagactecca
tgtttEcect
attcatcaat
tgctcooggaa
ctetooggga
agaccagaga
gctgagtcec
cteagbggat

gaaggccgag

aaaacaaaca
gaagtaaatyg
taaagataga
grttttgckgt
tetetbocag
aaaacgcace
gattcaagct
aggactcacc
ctgttcacga
cggegocaag
gcagticcce
cagchgactc
cagaeggtagg

ggcggegcegg

ggggcaatta
gocagagece
gagccatatg
agatgtagag
tgtagagctt
accoticeeg
taccaggatg
tggaaagtta
ggatggattyg

ggagggatgg

(AN:

3000

3060

3120

3180

3240

330¢

3360

3420

3480

3540

3600

3660

3720

3780

3804

Ul3

&0

120C

180

240

300

360

420

480

540

600



atgaagggat
tgggtagatg
atcggaggat
gtgtctgeat
atctttgtgt
attttgggtc
gecetetggac
tggotgtgte
atccatgtca
tgtatgtgty
gtatatctga
gtgttggagg
gtcecaggtge
tgagtgtgtg
tgtttecotgg
gccogtcoecte
gggactggac
ccgocccaaa
tggtcgecact

g

210>
<21l1l>
<212>
<213 >
<220
<221 >
<223>

17

CNA

<400> 17
gacctgcagg

cccaagggea
aatcagactt
ccecgaggetyg

gggadatgege

1440

gagtggatgg
gatggetgat
tatctgggtt
gtectgtacet
gtctacctet
cacatctgac
acctgctceat
agggtgtatc
ctgtgtectgc
tgtatcacca
gtatgtgtgt
tggggaggtg
acceeggtbo
tgtccaggty
gctagttgte
cctegggetce
aatgggtgte
qgogggetata

tggagggtet

Homo sapiens

misc_feature
Clusterin {(APOJ,

tecaacggatce
aagtgattag
tecatggacct
cectectgaaa

ctecatgttg

(146) JP 2009-77705 A 2009.4.16
ataggtgggg gggtaggtga tgcatgggtg agtggatgga 660
tagatggaty getgattaga cagatacaag gatgggtgag 720
tgctacagga agggacatgg gtgtgtctgt ttttggaggt 780
gagtcecatge ctgecatgtgt gtctacctct gagtagccac 840
gagtagocac atetttgtgt gtetgtgggt gecctotctg 900
agaggcattg gtgtctagga ggtectgtgtg tgtgocaggt 960
ctgtgtcecac agatgtgtgt ggctegegga caaggctacce 1020
tatgtcoctygyg tgtgtgtetyg ccatacgaat ctgaatttgt 1080
gtggccagoe gtgtttggtg aatctgtggg agtgtatctg 1140
cagceectgte ttggtgtgte tgegtetget ctocogtgtat 1200
gagtgtgtgc gtgtgtgtgt gtgtgtgtgt gtgtgtgtgt 1260
ttecttgatce cagatctgac ctaagagtcc acatctgtgt 1320
cgttgigtgt ttctgtgagg gtgctgegtg tatctgtatc 1380
tetgttetoc aaggtctgag actgtgggte caggtgtatce 1440
tgtcectgtoe cgectececca gygggacgoeoe tcogtoogacc 1500
cggteccctyg ggtgageecce agegetggeg gegtgggocoe 1560
cteecaggbe gecgectteoc cgcggggceoce cgeccooaggo 1620
agttagecgee getcetceegeo teggcagtge cagccogcocag 1680
cgocgecagt ggaaggagoc accgoocccy ccocgaceatg 1740

1741

SGE-2, SP-40, TRPM-2) protein gene (AN: M63376)
cattcecegat tcctcategt ccagatggaa gaaactgagg 60
tcecgaggtea cocaghtgtet aggggcacac ctaggactgtb 120
ggtctgggtt cteccactta gtcatgggeoe ttgaagatte 180
aggactgggg tctagtggec cctggacgtt gggcaageaa 240
tgcetecata gtecectgatce tgaactggaa aactcagoco 300



ctgaccacge
cacagtgggy
cttctctect
agaagtagct
ctgogacagg
aacccctetg
caggtcecact
caaacgtgga
aaaagatggg
ggctetocac
cgggtcagte
cctgtgetet
tttactattt
agggccagqgy
gagagggctc
cacctcoaggy
goccecageod
teccgoggeat
gegaacggag
<210
<211>

<212>
<213 >

18

<220>
<221
<223 >

stream

«<400= 18
gatgcococagt

Lttagagectt
acagcaaagt
gctttgaagg

aattaagtat

2000
DNA
Homo sapiens

agcteteett
ctgeetgtac
ggggcttaaa
gcacctccag
agattctoec
gacacagatc
ggttcaaaaa
toctgeocaaggg
gacagtgatt
atatctgectc
cagggacoace
cttectcecage
aaatgggtca
aactgtgaga
ccagatggoa
tectetectgg
ggtgctgeac
tctttgggeg

cgctataaat

misc_feature
Prostacyclin stimulating factor (PSF,
{2.0 kb)

ctettoteott

taageeoctt
cogecactgto
catccetggce
ggttcctaga
tgecteteage
tgatttecta
ctatgaagaa
tecocacagee
gcttaagetc
tgatcactec
catcagtgtg
acaaggcccc
agagaagtgyg
ttgtgtecttg
cgegagttca
agccagcaca
cggecooeac
tgagtcatge

acggegecto

(147)

tgtttcacat
cacccattge
tcocaamatgg
tttgeocoete
agaaggaact
actgggaagg
tttecaagace
atgaageeca
tgtggatcaa
taaacacaat
atgtttocag
totcoateao
cgecttgtgta
gactgggaca
ggctcttécc
gctattcgtg
ctceoggett
aggtttgcag

ccagtgccca

region (AN: ACQ22483

gggtggcaggy

tgetgggace

atggtggagyg gtggagcagt gagtagggca

ggggcagagc
goctggggot

gtataaataa

gaccatattt
taaacaattt

tgaatattta

agcaccaaat
ggggattcte

ttacttaata

JP 2009-77705 A 2009.4.16

ggttttcaaa
ceccagetgto
gcagcteact
cttgecaggy
ccagcagttg
ctecagggcaa
gtecacagtag
cectgettgg
ggacccogga
tctgttbect
gagtaggcgt
accebeatta
atgtgaaggt
gacagccggg
tactggaagce
gtgatgatgc
ccagaaaget
ccagcoccecaa

caacgcggeyg

IGFBP-7, mac25) gene,

tgcaatgtgt
tggatccteyg
acaagcagga
tttaagaaaa

aatatttact

gtctgecace
agcococttga
ttctteecea
ggaggggtag
gagaccagca
aataaaaatt
cccattaaac
ttgggttcca
gaggccttet
ceaggcecktygyg
ttcaatacktt
tgtctgacte
taaggtceagt
ctaaccgcgt
gocagcgaoy
gcccoceoecge
cecettgett
aggtgtgtge

togoecaggag

attcttggat
actcatgtet
gtggatccag
aaagatataa

attaataaat

51

360

420

480

540

600

660

720

780

840

S00

960

1020

1080

1140

1200

1260

1320

1380

1440

up

60

120

180

2490

300



aatacacaaa
aatagtaatt
aaaactaata
ttatatgatt
gagcacttgt
tgecaatgaca
geetaggect
gtatttttag
tcaagtgatc
ggtttcacca
cagcetecoa
attttaaatt
atcaaattac
gaagaactect
aacagacctc
tgcataaaat
tatgccctac
tatatgtgta
tagcaaactt
tacctetgat
tgtattttec
taccacaatt
atgggattag
ctaaacataa
atcocccaact
actgaataga
getgttaaaa

gttagggctyg

gcttecetta

<210>
<211>

15
1127

tatttattat
tttcaaatgt
tttttatteca
aataattctt
ttttettttt
tgatcttgge
cctgagtage
tagaaacggy
tgeccaccac
tgttggeocag
aagtgetggy
gtacttgtgt
tattacttac
caggcoccattt
gtcagcccaa
gtgggactte
aaatccagga
ttatgtgtta
ttgttttaac
gattggaage
ctacattact
tgaccecttgg
gaatatttct
aagegactge
caagttgtcc
acgctgatgg
tacttttatt
ctcaaggggt

gcaatacata

ttattcaaaz
agaaatgctyg
ttatctgtcc
aaaaatatat
tttttgagat
ccactgcaac
tgggatgtca
gtttcactgt
agcctecceoag
gotggtottg
attagaggeg
tgaactatat
attgatttat
tgccattict
gagcatcaga
cocacacagat
attgtgacca
ataatktgtgt
caggtatcaa
attttctgaa
tacatatatt
ctotgeactt
ggaagtecatt
aaaccacata
ttagtcagat
tgagaaggtc
ttccazattg

gttgcatggg

(148)

taaatattca
gcagatatta
aacacaccte
aaaactaatc
ggagttttge
cteceogecteo
ggracccace
gttgeccage
gotaattett
sactcctgac
tgatcecactg
tataattatt
tzatgaatat
gtgtcaatgt
tgtgctaaga
gggettgetyg
atcctatttt
acactcteoct
tgagaactga
gactagcttt
totggtggtyg
tggtgttatg
cotacaccaa
aatatatgcec
gecaaaaaty
agagaggaaa
tataaaatca

geacatgaat

JP 2009-77705 A 2009.4.16

tttggaataa
caaacatcas
tataaatttt
tgaaattaaz
tgttgttagcce
tgggttceoga
accatgtctg
ctggtcttga
gtattttecta
cttaagtgat
ggcocagect
aatctaatta
gtataggagt
tgtgtgectt
ggtgatgtga
ttggtgatac
gtgacattcc
atcaagtata
atcttccatt
tggcteocagas
ggcaccgttyg
acactagatg
gagggctggt
actcaatcea
cctgocacea
gacagtgatce
catggctata

gtaaaacttg

gtgaagtaat
cacatttttsa
ttggtaattt
atatacagaa
caggctgcag
caattcteoet
gotagttttt
actcctgace
gtagagatgg
ctgcccackt
cagaagagca
taattatgta
tttgacataa
ttecgtcaatg
tctgattgga
tgctacagtt
catcaaaata
ttteotgatag
taaaactgta
catttcaaac
gacacgttaa
agttggctea
aatagcctaa
aacttcatgt
actcatcact
ttaaacaaat
ggaacatatt

atctccaata

360

420

480

540

600

660

720

780

840

900

960

1020

108BC

1140

1200

1260

1320

1380

laag

1500

1560

1620

1680

1740

1800

1860

1820

1580

2000



«212>
<213=

DNA

<220>
«221l>
<223>

Homo sapiens

misc_feature _
Vascular endothelial growth factoer C

(149)

tream region {(AN: AF020393

«400> 19
gttecttggat

gaggtcccat
tgggggccag
ggetooetee
atcacctcta
cgececgetec
ggtggygecyg
ggagagtgag
teacataage
googeogocy
cgoogoegee
cgoggoageg
gagggetctg
cgccteteca
cacctogogy
tgacacceoge
ggagccoccegg
cegggggaga
tgccceoeogee
20

800
DNA

<210>
<211l=>
<212>
<213>

<220>
<221>
<223 >

catcaggcaa
agggttctet
gcgtgoggga
accccacggt
aagcecggtce
cegeagggga
ccggggagga
aggggaggge
gecaggcagag
ctcagooogyg
agecgecocoog
coccocgoggoeg
gogggtttgg
aaaagctaca
gcoctocgaatyg
cgcectttcco
accecgetceo
gggaccagga

agcggaccgg

Homo sapiens

mige feature
TIMP-1 {(tissue inhibitor of metalloproteinases-1) gene, promoter

ctttcaacta
gacatagtga
gggaggacaa
gaocagttte
cgcooaacogo
caggggeyggy
ggcgagggaa
agoocgggcet:
ggogegtoayg
cgogetetgg
goggeectoe
ggctectcte
agggygctgaa
ccgacgcogga
cggagageteo
cqgcactgge
gccgccteog

ggggcccegaeg

tcccooacce

regiocn (AN: D26513

«<400> 20

cacagaccaa
tgaccttttt
gzactcguga
toeccegetge
cagcccoggg
gagggagaga
acggggagct
cggeacgete
tcatgeocty
aggatcectge
tocecgooece
acttecgggga
catcgogggy
ccgeggegge
ggatgtcegg
tgggagggceg
gctegeeecag
gcctegcagg

coggteoctte

JP 2009-77705 A 2009.4.16

gene, partial cds and 5' ups

gggagagagyg
ccaaactttyg
gtggcegagg
acgtggtccea
actgaacttg
tccagagggyg
ccagggagac
ccteoectegg
coeocctgegeo
geeogeggege
ggraccgeocg
aggggaggga
tgttctggty
gtcecteccte
tttectgtga
cockgoaaag
ggggggtcge
ggcegeeccgeg

caccatg

ggaccectec
agecagggege
ataaagcggyg
gagtggtege
cecctecggo
ggetggggga
ggcttoegag
cegethtete
cgcogeoges
tocegggece
ceagogocoe
ggagggggac
togooogeee
geoeoteogett
ggcttttacc
ttgagaacyge
cgggaggage

cocgoccacccee

agaaccggta cccatcteoag agatttgttg tgagctttga gtgagataaa atatgctgag

G0

120

180

240

300

360

420

480

540

600

660

720

780

840

500

960

1020

1080

1127

60



tgcctggata
cctggetttg
gatcctgggt
cecttteacct
cetoaccage
atgcacaata
ggagtgtggg
goctcockaage
ggtggctgge
gtgtatctece
atgcatccag
cgtggacatt
gagagacacc
<210>
<211>

«212>
<213>

21
27
DNA

<220
<221>
<223>

<400> 21

tcagtaggtyg
ctocktggeca
aagtcactta
gecettatcte
atgtcagaca
aatgttgaag
tgattggata
tctegetgay
ccggtcgagg
tttcgteggce
gaagccoctgga
tatocctctag

agaggtacag

Home sapiens

misc_feature
Sense PCR primer for CC3 promoter (spec Table IIIa)

ctgtataata
cetgagttec
accactcegt
ceteoccactge
tacaaaatca
ggctgaacta
gattctggag
gcggettgga
cecagggaga
cocgecoecttg
ggoetgtggt

cgctcaggec

getaagagga tattgacatt agacagg

<210 22
<211 20
<212 DNA
<213 >
<220>
«<221=
<223
<4D0> 22
agggggaggt
<210> 23
<21ls 22
<212> DNA
<213>
<220 >
<221

Homo sapiens

misc feature
Antisense PCR primexr for CC3 promoter (spec Table IIIa)

gggttagtag

Homo sapiens

wisc_feature<223s

(150)

tgceoggotat
agtctcocagtt
gcctcagtit
tgctacttaa
aggcattttt
atttgggttt
actttagggg
aggaatagtg
gggagaggag
gcttcectgcac
ttecegeaccee

ctgeccgoeat

JP 2009-77705 A 2009.4.16

ttgcctgitgt
ctgccatgta
cccegattet
tttgtttect
gtgtgecttgg
gagtcatagg
actgggccag
actgacgigg
gcgggtagga
tgatggtggg
gctgocagec

cgecgaagat

Sense primer for WK4 promoter

tatttgagac
ttgactctgt
gtaticctcc
ctectgecoace
cacacagtag
gagacttggg
gggaaatgcy
aggtggggga
gaggaggagg
tggatgagta
cegecectag

ccagecgecca

{Table ITIa)

120

180

240

300

360

420

480

540

600

560

720

780

800

27

20



(151) JP 2009-77705 A 2009.4.16

<40Q0> 23

tggagcetaga agageoccecoeghta gg 22
<210> 24

<211> 21

<212> DNA

<213> Homo sapiens

<220>
<221> misc_feature
<223> Antisense primer for NK4 promoter (Table IIIa)

<400> 24
gocaaaagtt caaggageca a 21
<210> 25
<211> 23

«212> DNA
<213> Homo sapiens

<220>
<221> misc_feature
<223> Sense primer for SAA promoter (Table IIIa)

<400=> 25
cagagttgct gctatgteca ccea 23
<210> 26
<21l= 22

«212> DNA
<21i3> Homo sgapiens

220>
<221> wmisc_ feature
<223> Antisense primer for SAA promoter (Table IIIa)

<400> 26
cactocttgt gtgeteoctea cc 22
«210> 27
<211> 20

<212> DNA
<213> Homc sapiens

<220>
<221> misc_feature
<223> Bense primer for beta-APP promoter (Table IIIa)

400> 27

ttgeteoettt ggttegttet 20
<210> 28

<211> 18

«212>» DNA

<213> Homo sapiens



(152) JP 2009-77705 A 2009.4.16

<220>
<221> misc_feature
<223> AEntisense primer foxr beta-APP promoter (Table IIIa)

<400> 28

getgecgagy aaactgac 18
<210> 29

<211l> 28

<212> DNA

<213> Home sapiens

<220>
<221> misc_feature
<223> Sense primer for t-TGase promoter {Table IILIa)

<400> 29

cccagggaga aatatccact gaagcaac 28
<210> 30

<211> 28

<212> DNA

<213> Homo sapiens

«220>
<221> misc_feature
<223> Antisense primer for t-TGase promoter {(Table IIIa)

<400> 30

tcgggeggge geggtggeke cthccact 28
<210> 31

<21l1l> 25

<212> DNA

<213> Homo sapiens

«220>
<221> mwisc feature
«223> Sense primer for CTGF promoter

<400> 31

gecctecttecag ctacctactt cectaa 25
<210= 32

<211>= 18

<212> DNA

<213> Homo sapiens

<220>

<221> misc feature

<223> Antisense primer for CTGF promoter

<400> 32

cgaggaggac cacgaagy 18

<210=> 33



<211>
<212>
«23i3>

<220>
221>
223>

<400>

(153)

21
DNA
Homo sapiens

misce feature
Senge primer for integrin B3 promoter

33

gattggtctt gcectcaaca g

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

<220 >
<221>
<223>

<400>

34

18

DNA

Homo sapiens

misc_feature
Antisense primer for integrin B3 promoter

34

ceagoacagh cgoocaga

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

<220>
«221>
<223>

<400>

35

24

DNA

Homo saplens

misc_feature
Sense primer for activin promoter

35

tgattccaat gttttitctaa aagg

<210=
<211
<212
<213>

<220>
<221>
«223>

<400>

36

23

DNA

Home sapiens

misc_feature
Antisense primer for activin promoter

36

gaatgtctaa agagcetceaga agt

=210>
=211>
<212
<213 >

<220
<221>
<223 >

<400>

37

23

DNA

Homo sapiens

misc_feature
Sense primer for prosaposin promoter

37
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ggtttaagca atttctggee tet

<210>
<21l>
<212 >
<213>

<220>
<221>
<223>

<400>

38

25

DNA

Homo sapilens

misc_feature
Antisense primer for prosaposin promoter

38

cgtotgacte toegragtot geaat

«210>
<211>
212>
<213

<220
221>
<223 =

<200

39

25

DNA

Homo gapiens

misc_feature
Sense primer for Mac2-BP promoter

39

gtaaaactcc ctgatgatte cttekt

<210
<211>
<212 >
<213>

<220
<221>
<223>

<400>

40

22

DNA

Homo sapiens

misc_feature
Antigense primer for Mac2-BP promoter

40

ctctgoagac tggtoctttg ac

<210>
<21l
<212>
<213

<220>
221>
<223

<400>

41

22

DNA

Homo sapiens

misc_ feature
Sense primer for GAL-3 promoter

41

tgtecttecaca aggtggaagt gg

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

<220

42

18

DNA

Homo sapiens
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<221> wmisc_feature
<223> Antisense primer for GAL-3 promoter

<400> 42
ctggagggca gagcacag

«210> 43
211> 25
«<212> DNA

<213> Homo sapiens

<220=
<221> misc_feature
<223> Sense primer for Mn-SOD promoter

<400> 43
taccaaccct aggggtaaaa ataaa

<210> 44
«211> 22
<212» DNA

<213> Homo sapiens

<220>
<221> misc_feature
<223» Antisense primer for Mn-SOD promoter

<400> 44
atgctgctag tgctggtget ac

<210> 45
<211> 25
<212> DNA

<213> Homo sapiens

<220
<221> misc_feature
<223> Sense primer for granulin promoter

<400> 45
gagactagga agcecacttct cttte

<210»> 46
<211> 25
<212> DNA

<213> Homo sapiens

«220%
<221> misc_feature
<223> Antisense primer for granulin promoter

<400> 46
ctggaatget gtgttettit ctact

<210> 47
<Z211l>= 18
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<212
<213>

<220>
<221>
<2Z23>

<400>

(156)

DNA
Homo sapiens

misc feature
Sense primer for psééshc promoter

47

gtggcagaca gggcactc

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

<220>
<221>
<223>

<400 >

48

18

DNA

Homc sapiens

misc_feature
Antisense primer for pSéshc promoter

48

ctcctgaget geoceteaatg

<210>
<Z21ll>
<212>
<213>

«220>
<221>
<223>

<400>

49

20

DNA

Homo =apiens

misc_feature
Analytical antisense primer for NK4

49

ggtgtcaget cotecttgto

<210>
<Z1ll>
212>
<213>

<220
<221>
<223 >

<400

50

20

DNA

Homo sapiens

misc_feature
Analytical sgense primer for t-TGase

50

actacaacte ggcccatgac

<210
<211
212>
<213

<220>
<221
<223>

«400>

51

20

DNA

Homo sapiens

misc feature
Sense primer for cathepsin B promcter

51

ctocccgagta getgggatta
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<210> 52

<2il> 18

«212> DNA

«<213»> Homo sapilens

«<220>
«221> misc_feature
<223> hAntisense primer for cathepsin B promoter

<400> 52
ccacgtgacc accgagcea

<210> 53
<211l> 20
«<212> DNA

<213> Homo sapiens

<220>
«221> misc_feature
<223> BSense primer for clusterin promotexr

<400>= 53
agccccttga ctteotctect

<210> 54
<211> 19
<212> DNA

<213> Homo sapiens

<220
<221> misc_feature
<223> Antisense primer for clusterin promoter

<400> 54
ctechggega cgecgegtt

<210> b5
«211l> 24
212> DNA

<213> Eomo sapiens

<220>
<221> wmisc_feature
<223> SHense primer for PSF promoter

<4£00> G55
aaagtgcetgyg gattagagge gtga

<210= 56

<Z21l> 28

212> DNA

<213»> Homo gapiens

<220>
<221> misc_feature
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<223> Antisense primer for PSF promoter

<400> b6
tatgtattge taagggaage tattggag

<210=> 57
<21l> 23
<212> DNA

«213> Homo sapiens

<220>
<221> misc_feature
<223> Sense primer for VEGF-C promoter

<4Q0> 57
gttcttggat catcaggcaa ctt

<210> 58

<211l> 19

<212> DNA

«213> Homo gapiens

<220>
<221> mwisc_feature
<223> Antisense primer for VEGF-C promoter

«400> 13:]
gtggaaggac cgggggtgy

=%210= 59
<21l= 21
<212> DNA

<213> Homo sapiens

<220
<221> misc_feature
<223> Sense primer for TIMP-1 promoter

<400> 59
agaaccggta cccatctecag a

<210> 60

<211> 21

«<212> DNA

<213> Homo sapiens

<220>
221> misc_feature
223> Antisense primer for TIMP-1 promoter

<400> 60
ctgtacctet ggtgtctete t

<210> 61
<211> 20
<212> DNA
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<213> Home sapiens

<220 >
<221> misc_ feature
<223> Analytical antigsense primer for t-TGase

<400> 61
gccagtttgh tcaggrtggtt

<210> 62
<211= 20
<212> DNA

<213 Homo gapiens

<220>
<221> misc feature
«223> Analytical sense primer for APP

<400> 62
ctegttoctyg acaagbgceaa

<210> &3
<211= 20
<212>= DNA

<213= Homo sapiens

<220>
<221l> misc_feature
<223> Analytical antisense primer for AFP

<400> 63
tgttcagage acacctctcg

«<210> 64
«211l= 20
<212> DNA

<213> Homo sapiens

<Z220>
«221> mige feature
<223> Analytical zense primer for p66{shc)

<400> 64
gagggtgtgg ttoggactaa

<210> 65

«211= 20

«212> DNA

<213> Homo sapiens

<220>
<221> misgc_feature
<223> Analytical antisense primer for pé&é (she)}

<400> 65
gcccagaggt gtgattbtbgtt

JP 2009-77705 A 2009.4.16
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<210>
<211>
<212>
<213>

<220>
<221>
<223 >

<400>

(160)

66

20

DNA

Homo sapliens

misc feature
Analytical sense primer for CTFG

66

ggagagtcct tceoagageag

<210
211>
<212 >
<213>

<2Z20>
<221 >
<223 >

<400

67

20

DN&

Homo sapiens

Tisc_feature
Analytical antisense primer for CTGF

&7

atgtetteat gotggtgeag

<210=>
<211l>
<212>
<213

<220
<221>
<223 >

<400>

68

20

DNA

Homo sapiens

misc_feature
Analytical sense primer for MACZ-BP

68

accatgagtyg tggatgctga

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

<220>
221>
<223

<400

69

20

DNA

Homo sapiens

misc_feature
Enalytical antisense primer for MAC2-BP

69

acagggacag gttgaactgc

<210
211>
«212>
<213

<220>
<221>
<223 >

70

20

DNA

Homo sapiens

misc festure
Analytical serse primer for granulin
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<400>

(161)

70

accacggacce tcctcactaa

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

220>
<221>
<223>

<4C0=>

71

20

DNA

Homo sapiens

rige feature
Analytical antigenge primer for granulin

71

acactgccce tcagectacac

<210>
211>
<212>
«213>

<220
<221 >
<223 >

<400>

72

20

DNA

Homo sapiens

misc_feature
Analytical sense primer for prosapogin

72

ccagagotgg acatgactga

<210
<211=
<212>
<213>

<220
<221>
<223 >

<400

73

20

DNA

Homo sapiens

misc_feature
Analytical antisense primer for prosaposin

73

Gtcacctoct tcaccaggaa

<210>
<211
<212>
<213

<220>
<221l>
<223

<400 >

74

20

DNA

Homo sapiens

misc_feature
Analytical sense priwmer for SOD2

74

caaattgectyg cttgtocaaa

<210>
<211
<212
<213 >

75

20

CNA

Homo sapiens
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<220>
«<221> misc_feature
<223> BRnalytical antisense primer for SOD2

<d00= 7k

catcectaca agtccccaaa 20
<210= 76

<211> 23

212> DNA

<213> Homo sapiens

<220>
<221> misc_feature
<223> Analytical sense primer for besta-actin

<400> 76
gggaaatcgt gocgtgacatt aag 23
<210> 77
<211> 22

«212> DNA
<213> Homo sapiens

<220>
<221> wisc_feature
<223> Analytical antisense primer for beta-actin

<400=> 77
tgtgttggcg tacaggtctt tg 22
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WE CLAIM:

1. A recombmant expression construct encoding a reporter gene operably
linked to a promoter from a mammalian gene induced by a cvclin-dependent kinase

mhibitor.

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

acetyltransferase, beta-galactosidase, green fluorescent protein, or alkaline phosphatase.

3. A recombinant expression construct according to Claim 1, wherein

the promaoter is a promoter from a human gene induced by a CDK inhibitor.

4. A recombinant expression construct according to Claim 3, wherein the

promoter is a promoter from a human gene identified in Table II

5. A recombinant expression construct according to Claim 4, wherein the

_promoter is a promoter from a seram amyloid A (SEQ ID NO: 1), complement C3 (SEQ

ID NO: 2), connective tissue growth factor (SEQ ID NO: 3), integrin -3 (SEQ ID NO:
4}, activin A (SEQ ID NO: 5), natural killer cell protein 4 (SEQ ID NO: 6), prosaposin
(SEQ ID NO: 7), Mac2 binding protein (SEQ ID NO: 8), galectin-3 (SEQ ID NO: 9),
superoxide dismutase 2 (SEQ ID NO: 10), granulin/epithelin (SEQ ID NO: 11), p66™™
(SEQ ID NO: 12), cathepsin B (SEQ ID NOG: 14), B-amyloid precursor protein (SEQ ID
NO: 15), tissue transglutaminase (t-TGase; SEQ 1D NO: 16), clusterin (SEQ ID NO:
17), prostacyclin stimulating factor (EQ ID NO: 18), vascular endothelial growth factor-

C (SEQ ID NO: 19) and tissue inhibitor of metalloproteinase-1 {SEQ ID NQ: 20).

6. A recombinant expression construct according to claim 4, wherein the

promoter is a promoter from human natoral killer cell protein 4 (SEQ ID NO: 6), serum

- 73 -
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amyloid A (SEQ II> NO: 1), complement C3 (SEQ ID NO: 2), tissue transglu’taminaée

(SEQ ID NO: 16), p-amyloid precursor protein (SEQ ID NO: 15), or prosaposin (SEQ

IDNO: 7).
7. A recombinant expression construct according to claim 4, wherein the
5 recombinant expression construct is pLulNK4.
8. A mammalian cell comprising a recombinant expression construct

according to ¢laim 1,2,3,4,5,6 0r 7.

9. The mammalian cell of claim &, identified by A.T.C.C. Accession No.

PTA 3381 (HT1080 LuNK4p21.

10 10. A mammalian cell according to Claim 8 wherein expression of the

recombinant expression construct is modulated by NF«B.

11. A mammalian cell according to claim 8, further comprising a second

recombinant expression construct encoding a mamimalian CDXK inhibitor gene.

12. A mammalian cell according to claim 1 1, wherein expression of the CDK

15 inhibitor is experimentally-induced in the mammalian cell.

13. The mammalian cell of claim 11, wherein the recombinant expression
construct encoding 2 mammalian CDK inhibitor gene is under the franscriptional control
of an inducible promoter, wherein expression of the CDK imhibitor from the
recombinant expression construct is mediated by contacting the recombinant cell with an

20 inducing agent that induces transcription from the inducible promoter or by removing an

agent that inhibits transcription from such a promoter.

14. The manymalian cell of claim 13, wherein the mammalian CDK inhibitor

gene 1S a human p21 gene or CDK-binding fragment thereof.
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15. The mammalian cell of claim 13, wherein the mammalian CDK inhibitor

gene 18 a human pl6 gene or CDK-binding fragment thereof.

16, The mammalian cell of claim 13, wherein the mammalian CDK inhibitor

gene is a mouse or human p27 gene or CDK-binding fragment thereof.

17. A mammalian cell according to claim 13, further comprising a
recombinant expression construct encoding a bacterial lactose repressor, wherein
transcription thereof is controlled by a mammalian promoter, wherein the recombinant
expression construct encoding a mammalian CDK inhibitor gene comprises a lactose
repressor-responsive promoter element and wherein transcription of the CDK inhibitor
gene is controlled by said lactose-repressor responsive promoter element, and wherein
expression of the CDK inhibitor gene from the recombinant expression construct is
mediated by contacting the recombinant cell with a lactose repressor-specific inducing

agent.

18. The mammalian cell of claim 8, wherein the cell is 2 human HT1080

fibrosarcoma cell.

19, The mammalian cell of claim 11, wherein the cell 15 a human HT1080

fibrosarcoma cell.

20, The mammalian cell of claim 17, wherein the cell is a human HT1080

fibrosarcoma cell.

21. The mammalian cell of claim 11, wherein the second expression

construct is LNp21CO3.

22. The mammalian cell of ¢laim 21, identified by A.T.C.C. Accession No.

PTA 1664 (HT1080 p21-9).
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23. The mammalian cell of claim 11, wherein the second expression

construct is LNp16RO2,

24.  The mammalian cell of claim 23, identified by A.T.C.C. Accession No.

o (HT1080 p16-5).

5 25. The mammalian cell of claim 11, wherein the second expression

construct is LNp27RO2.

26, The mammalian cell of claim 25, identified by A.T.C.C. Accession No.

(HT1080 p27-2).

27.  The mammalian cell of claim 17, wherein the lactose repressor-specific

10 imducing agent is a f-galactoside.

28. A method for identifying a compound that mhibits induction of genes

induced by a CDK inhibitor in 2 mammalian cell, the method comprising the steps of:

() culturing a recombinant mammalian cell according to claim 8 vnder
conditions that induce expression of genes induced by a CDK mhibitor in mammalian

15 cells in the presence and absence of a compound;

(b) comparing reporfer 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 inhibits induction of genes induced by a
20 CDK inhibitor if reporter gene expression is lower in the presence of the compound than

in the absence of the compound.

29. The methoed of Claim 28, wherein the cell is cultured under condiiions

that induce expression of a CDK inhibitor in said cell.
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30.  The method of Claim 29, wherein the CDK inhibitor is p21, p27 or p16

or CDK-binding fragments thereof.

31.  The method of Claim 28, wherein the cell is further comprises a second

recombinant expression construct encoding a mammalian CDK inhibitor gene.

32.  The method of claim 31, wherein the second recombinant expression
construct comprises a mammalian CDK inhibitor gene under the transcriptional control
of an inducible promoter, wherein expression of the CDK inhibitor from the
recombinant expression construct is mediated by contacting the recombinant cell with an
inducing agent that induces transcription from the inducible promoter or by removing an

agent that inhibits transcription from such promoter.

33. The method of claim 32, wherein the mammalian CDK inhibitor geneis a

human p21 gene or CDK-binding fragment thereof.

34, Themethod of claim 32, wherein the mammalian CDK inhibitor gene is a

human pl6 gene or CDK-binding fragment thereof.

3s. The method of claim 32, wherein the mammalian CDK inhibttor gene isa

human p27 gene or CDK-binding fragment thereof.

36. The method of claim 32, wherein the cell is a human HT1080

fibrosarcoma cell.

37. The method of claim 32, wherein the mammalian cell further comprises a
recombinant expression construct encoding a bacterial lactose repressor, wherein
transcription thereof is confrolled by a mammalian promoter, wherein the recombinant
expression construct enceding a mammalian CDK inhibitor gene comprises a lactose

repressor-responsive prometer element and wheren transcription of the CDK inhibitor
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gene is confrolled by said lactose-repressor responsive promoter element, and wherein
expression of the CDK inhibitor gene from the recombinant expression construct is
mediated by contacting the recombinant cell with a lactose repressor-specific inducing

agent.

38. A method for identifying a compound that inhibits CDK inhibitor-

mediated induction of cellular gene expression, the method comprising the steps of:
() producing expression of a CDK inhibitor in a mammalian cell;

(h) assaying the cell in the presence of the compound for changes in

expression of cellular genes whose expression is modulated by the CDK inhibitor; and

(©) identifying the compound as an inhibitor of CDK inhibitor-mediated
modulation of cellular gene expression if expression of the cellular genes of subpart (b)

is changed to a lesser extent in the presence of the compound.
39.  The method of claim 38 wherein the CDK inhibitor is p16, p27 or p21.

40, The method of Claim 39, wherein the mammalian cell comprises a
recombinant expression construct encoding a mammalian CDK inhibitor under the
transcriptional control of an inducible heterologous promoter, wherein expression of the
CDK inhibitor from the recombinant expression construct is mediated by contacting the
recombinant cell with an inducing agent that induces transcription from the inducible

promoter or by removing an agent that inhibits transcription from such promoter.
41.  The method of Claim 40, wherein the CDK inhibitor is p16.
42.  The method of Claim 40, wherein the CDK inhibitor is p21.

43.  The method of Claim 40, wherein the CDK inhibitor is p27.
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44.  The method of claim 38, wherein expression of the cellular gene is
induced by p21.

45.  The method of claim 38, wherein expression of the cellular gene is
induced by p16.

46.  The method of claim 38, wherein expression of the cellular gene is
induced by p27.

47, The method of claim 38, wherein the celiular gene is identified in Table
II.

48. The method of claim 40, wherein the cellular gene is identified in Table
I1.

49.  The method of claim 38, wherein expression of the cellular gene is

detected using an immunological reagent.

50. The method of claim 38, wherein expression of the cellular gene is

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

51, The method of claim 38, where expression of the cellular gene is detected

by hybridization to a complementary nucleic acid.

52. A method for identifying a compound that inhibits CDK inhibitor-
mediated induction of cellular gene expression in a mammalian cell, the method

comprising the steps of:

() treating the mammalian cell in the presence and absence of the compound

with an agent or culturing the mammalian cell under conditions that induce senescence;

(b) assaying the mammalian cell for induction of genes that are induced by
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CDK inhibitor gene expression; and

(c) identifying the compound as an inhibitor of CDX inhibitor-mediated
induction of cellular gene expression if genes that are induced by the CDXK inhibitor are
induced to a lesser extent, in the presence of the compound than in the absence of the

compound.

53. The method of claim 52, wherein the CDK inhibitor is p21, pl6 or p27.

54, The method of claim 52, wherein the genes are identified in Table II.

55. The method of claim 52, wherein expression of the cellular gene is

detected using an immunological reagent.

56.  The method of claim 52, wherein expression of the cellular gene is

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

57.  Themethod of claim 52, where expression of the cellular gene is detected

by hybridization to a complementary nucleic acid.

58. A method for identifying a compound that inhibits CDK inhibitor-
mediated induction of cellular gene expression in a mammalian cell, the method

comprising the steps of:

(a) contacting a mammalian cell in the presence or absence of the compound
with an agent or culturing the mammalian cell under conditions that induce senescence,
wherein the cell comprises a reporier gene under the transcriptional control of a

promaoter for a mammalian gene whose expression is modulated by a CDK inhibitor;

(b) assaying the cell for changes in expression of the reporter gene; and

(c) identifying the compound as an inhibitor of CDK inhibitor-mediated
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induction of cellular gene expression if expression of the reporter gene is changed to a

lesser degree n the presence of the compound than in the absence of the compound.

59. The method of claim 58, wherein the CDK inhibitor is p21, p16 or p27.

60. The method of claim 58, wherein the mammalian gene promoter is a

promoter of a mammalian gene identified in Table I1.

6l. The method of claim 58, wherein expression of the cellular gene is

detected using an immunological reagent.

62. The method of claim 58, wherein expression of the cellular gene is

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

63, The method of claitn 58, where expresston of the cellular gene is detected

by hybridization to a complementary nucleic acid.

64. A method for inhibiting CDK inhibitor-mediated induction of cellular
gene expression, the method comprising the step of contacting the cell with a compound

produced according to the method of claim 28.

65. A method for inhibiting CDK inhibitor-mediated induction of cellular
gene expression, the method comprising the step of contacting the cell with a compound

produced according to the method of claim 38.

66. A method for mhibiting CDK inhibitor-mediated induction of cellular
gene expression, the method comprising the step of contacting the cell with a compound

produced according to the method of claim 52.

67. A method for inhibiting CDK inhibitor-mediated induction of cellular
gene expression, the method comprising the step of contacting the cell with a componnd

produced according to the method of claim 58.
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68. A method for inhibiting CDK inhibitor-mediated induction of cellular
gene expression, the method comprising the step of contacting the cell with an effective

amount of a compound that inhibits NFiB activity.

69. A method for freating a disease in an animal accommpanied by CDK
inhibitor induced gene expression, the method comprising the step of administering to
the animal an effective amount of a non-steroidal anti-inflammatory drug (NSAID) that

inhibits NF«B activity.

70. A method according to Claim 69, wherein the disease is cancer other than

colon cancer.

71. A method according to Claim 69, wherein the disease is renal failure.

72. A method according to Claim 69, wherein the disease is Alzheimer’s

disease and the NSAID is other than aspirin or salicylate.

73 A method according to Claim 69, wherein the disease is atherosclerosis

and the NSAID is other than aspirin.

74. A method according to Claim 09, wherem the disease 1s arthritis and the

NSAID is other than aspirin, sulindac or salicylate.

75. A compound that inhibits genes associated with pathogenic consequences
of senescence in a mammalian cell, wherein the compound is produced by a method

having the steps of:

(a) treating the mammalian cell in the presence of the compound with an

agent or culturing the mammalian cell under conditions that induce senescence;

(b) assaying the mammalian cell for induction of genes that are induced by

CDK inhibitor gene expression; and
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(c) identifymg the compound as an inhibitor of senescence if genes that are
induced by the CDK inhibitor are induced to a lesser extent, in the presence of the

compound.
76. A compound of claim 69, wherein the CDK inhibitor is p21, p16 orp27.

77. A compound that inhibits production of gene products induced by a CDK
mnhibitor in a mammalian cell, wherein the compound is produced by a method having

the steps of:

(a) treating the mammalian cell in the presence of the compound with an
agent or culturing the mammalian cell under conditions that induce expression ofa CDK
inhibitor;

(b) assaying the mammalian cell for induction of genes that are induced by

CDEK inhibitor gene expression; and

() identifying the compound as an inhibitor of CDK inhibitor induction if
genes that are induced by the CDK inhibitor are induced to a lesser extent, in the

presence of the compound.
78. A compound of claim 77, wherem the CDK inhibitoris p21, p27 or p16.

79. A method for inhibiting production of anti-apoptotic or mitogenic factors
in a mammalian cell, the method comprising the steps of contacting the cell with a

compound that inhibits induction of gene expression by a CDK inhibitor,

80. The method of c¢laim 79, wherein the mammalizn cell is a stromal
fibroblast.
81.  Themethod of claim 79, wherein the compound is an NFxB inhibitor or a

p300/CPB inhibitor.
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82. A method for treating an animal to prevent or ameliorate the effects ofa
disease accompanied by CDK inhibitor induced gene expression, the method comprising
the steps of administering to an animal in need thereof a therapeutically-effective dose of
a pharmaceutical composition of a compound identified according to the method of

claims 28, 38, 52, or 58.

83. A method for inhibiting or preventing expression of a gene induced by a
CDK inhibitor in a mammalian cell, the method comprising the step of contacting the
mammalian cell with an amount of a compound identified according to the method of
claims 28, 38, 52, or 58 effective 1o inhibit or prevent expression of the a gene induced

by a CDK inhibitor.

84, A method for selectively inhibiting induction of genes induced by a CDK
inhibitor in an animal, comprising administering an NFxB inhibitor to an animal in need

of such treatment.

85. A method of claim 84, wherein the NF«B inhibitor is a non-steroidal anti-

inflammatory compound.

26. The method of claim 85, wherein the animal is a human.

87. A method for selectively inhibiting induction of genes mduced by a CDK.
inhibitor in an animal, comprising administering to the animal a compound produced by

the method of claim 28.

88. The method of claim 87, wherein the animal is a human.

89. A method for selectively inhibiting induction of genes induced by a CDK.
mhibitor in an animal, comprising administering to the animal a compound produced by

the method of claim 38.
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90.  The method of claim 89, wherein the animal is a human.

91. A method for selectively inhibiting induction of genes induced by 2 CDK
inhibitor in an animal, comprising administering to the animal a compound produced by

the method of claim 52.
91. The method of claim 91, wherein the animal is a human.

93. A method for selectively inhibiting induction of genes induced by a CDK
inhibitor in an animal, comprising administering to the animal a compound produced by

the method of claim 58.
94, The method of claim 93, wherein the animal is a human.

95. A method for selectively inhibiting induction of genes induced by a CDK
inhibitor in an animal, comprising administering to the animal a compound produced by

the method of claim 75.
96. The method of claim 95, wherein the animal is a human.

97. A method for selectively inhibiting induction of genes induced by a CDK
inhibitor in an animal, comprising administering to the animal a compound produced by

the method of claims 28, 38, 52, or 58,
98. The method of claim 97, wherein the animal is a human.

99. A method for selectively inhibiting induction of genes induced by a CDK
inhibitor in an animal, comprising administering to the animal a compound according to

claim 77.

100. The method of claim 99, wherein the animal is a human.
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(57) Abstract: This invention provides methods and reagents for identifying compounds that inhibit the induction of genes involved
in cancer and age-related diseases, such genes being induced by cyclin-dependent kinase inhibitors.
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