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

BACKGROUND OF THE INVENTION

This application claims priority to U.S. Provisional Application Serial No.:
60/315,791, filed August 29, 2001.

This application was supported by a grant from the National Institutes of Health,
Nos.R01 CA89636 and R01 AG17921. The government may have certain rights in this

invention.
1. Field Of The Invention

This invention is related to cellular senescence and stress response and changesA
n cellulaf gene expression that accompany senescence and stress response. 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, iﬁduced in cells at the onset of senescence and in response to different forms
of stress. More spéciﬁcally, the invention provides markers of cellular sénéscence and
stress response that are genes whose expression is induced by such CDK inhibitors. The
inyention provides methods for identifying compounds that inhibit pathological
consequences of 4ce11u1ar senescence and stress respbnse 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 different cellular CDK inhibitors, such as

p21, p16 or p27 that are experimentally-inducible, and recombinant mammalian cells
containing a recombinant expression construct that expresses a reporter gene under the
transcriptional control of a promoter for a gene whose éxpression is induced by

endogenous or exogenous, experimentally-inducible, CDK inhibitors.
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2. Summary Of The Related Arxt

Cell cycle progression is regulated to a large extent by a set of serine/threonine
kinases, known as cyclin—dependént kinases (CDKs). A special group of proteins,
known as CDK inhibitors, interact with and inhibit CDKs, thus causing cell cycle arre;st
ina Vériety ofphysiological situations (see Sielecki et al., 2000, J. Med. Chem. 43: 1-18
and references therein). There are two families of CDK inhibitors. The first one,
known as Cip/Kip, includes p21V*f/Cipl/sdil 5o7Kipl and p57%"2, The second faﬁily,
Ink4, includes p16™“%, p15™“® p18™k4e and p19™k4d, Expression of specific CDK
inhibitors is activated by different factors. For example, éonfact inhibition induces p27
and p16 expression (Dietrich et al., 1997, Oncogene 15: 2743-2747), extracellular anti-
mitogenic factors such as TGFa induce p15 expression (Reynisdottir et al., 1995, Genes
Dev. 9: 1831-1845), serum starvation induces p27 expression (Polyak et al., 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 treatments, as well as different forms of
DNA damage induce expression of p21, the most pleiotropic of the known CDK
inhibitors (Dotto, 2000, BBA Rev. Cancer 1471: M43-M56).

Of special importance to the field of this invention, two of the CDK inhibitors,
p21 and pl6, 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: 11 13;1i23), p21 inductic;n results in cell growth
arrest. This surge of p21 expression is transient, however, and is followed by stable
activation of p16, which is believed to be responsible for the maintenance of growth

arrest in. senescent cells. The knockout of p21 (Brown et al., 1997, Sciénce 277: 831-

-2.



WO 03/073062 PCT/US02/27584

10

15

20

25

834) or pl6 (Serrano et al., 1996, Cell 85: 27-37) delays or prevents the onset of
senescence. Furthermore, ectopic overexpression of either p21 or p16 induces growth
arrest accompanied by phenotypic markers of senescence in both normal and tumor cells
(Vogtet al., 1998, Cell Growth Differ. 9: 139-146; McConnell et al., 1998, Curr. Biol.
8: 351-354; Fang et al., 1999, Oncogene 18: 2789-2757).

p21 has been independently identified in the art as a protein that binds and
inhibits CDK's (Harper ef al., 1993, Cell 75: 805-816), as a gene upregulated by wild-
type p53 (el-Deiry ez al., 1993, Cancer Res. 55: 2910-2919), and as a growth-inhibitory
gene overexpressed in senescent ﬁﬁroblasts (N odé etal., 1994, Exp. Cel(. Res. 211:90-
98). Bécause of its pivotal fole in p53-regulated growth arrest, p21 is usually regarded
as a tumor suppi;essor. 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 fate of tumorigenesis (Deng et al., 1995, Cell 82: 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 p53, but p21 is also 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 daﬁage, as well as
permanent growth arrest (also termed "acceierated senescence"), Whiph is induced in
normal fibroblasts (DiLeonardo ef al., 1994, Genes Develop. 8: 2540-2551; Robles &
Adami, 1998, Oncogene 16: 1113-1123) and tumor cells (Chang et al., 1999, Cancer
Res. 59:3761-3767) by DNA damage or introduction of oncogenic RAS (Serrano et al.,

1997, Cell 88: 593-602). A surge of p21 expression also coincides with the onset of

-3.
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terminal growth arrest during replicative senescence of aging fibroblasts (Noda ef al.,
1994, ibid.; Alcorta et al., 1996, Proc. Natl. Acad. Sci USA 93:13742-13747; Stein 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, it has indirect effects on cellular
gene expressidn that may play a role in its cellular functions (Dotto, 2000, BBA Rev.

Cancer 1471:M43-M56 and references therein). One of the consequences of CDK

.inhibition by p21 is dephosphorylation of Rb, which in turn inhibits E2F transcription

factors that regulate many geﬁes involved in DNA replication and cell cycle progression
(Nevins, 1998, Cell Growth Differ. ‘2: 585-593). A comparison of p21-expressing cells
(p21 +/+) and p21-nonexpressing cells (p21 -/-) has implicated p21 in radiation-induced
inhibition of several genes involved in cell cycle progression (de Toledo ef al., 1998,
Cell Growth Differ. 9: 887-896). Another effect of p21 is stimulation of the
transcription cofactor histone acetyltransferase p300, that enhances many inducible
transcription factors including NFxB (Perkins et 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 corresponciing pathways.

Another CDK inhibitor of particular relevance fo the present invention is
pl6™E4A, the human protein has been described by Serrano et al. (1993, Nature 366:
704-707). As mentioned above, pl6 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).
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p16 is known to directly inhibit CDK4 and CDK6, and may indirectly inhibit CDK?2 as
well (McConnell ef al., 1999, Molec. Cell. Biol. 19: 1981-1989).

Still another CDK inhibitor of particular relevance to the present invention is
p27%PL, p27 was initially identified as an inhibitor of CDK2 in cells that had been
growth arrested by contact inhibition, TGF-p or lovastatin (Hengst e al., 1994, Proc.
Natl. Acad. Sci. USA 91: 5291-5295; Polyak et al., 1994, Cell 78: 59-66). p27 also
mediates cell growth arrest 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 ideﬁtify 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, viral diseases 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 inhibitor gene expression. The invention
also provides réagents 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 éonsequences of cellular senescence and
stress response, such as carcinogenesis, viral diseases and age-related diseases.

In a first aspect, the inventionprovides a mammalian cell containing an inducible

CDK inhibitor gene. In preferred embodiments, the CDK inhibitor gene encodes p21,

-5-



10

15

20

25

WO 03/073062 PCT/US02/27584

pl6 or p27. In preferred embodiments, the mammalian cell is a recombinant
mammalian cell comprising a recombinant expression construct encoding an inducible
P21 gene or an inducible pl6 gene or an inducible p27 géne. More preferably, the
construct comprises a nucleotide sequence encoding p21, most preferably human p21,
under the transcriptional control of én inducible promoter. In alternative 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 p16, most preferably human p16, under the
transcriptional control of aﬁ inducible promoter. In additional embodiments, the
construct comprises a nucleotide sequence encoding p27, preferably human p27 or
mouse p27, under the transcriptional 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 physiologically-neutral

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

. an agent that inhibits transcription from such promoter. 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 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 inwhicha
reporter gene is under the transcriptional control of a promoter derived from a cellular
gene whose expression is modulated by a CDK inhibitor, most preferably p21, p16 or
p27. In a preferred embodiment, the promoter is derived from a cellular gene whose

expression induced by a CDK inhibitor such as p21, p16 or p27. In these embodiments,
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the promoter is most preferably derived from a gene identified in Table II and Table V;
however, 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 p-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.[D NO: 17), prostacyclin stimulating factor (SEQ ID
NO: 18), vascular endothelial growth factor-C A(SEQ ID NO: 19), tissue inhibitor of
metalloproteinase-1 (SEQ ID NO: 20), a promoter comprising one (SEQIDNo.79)ora
multiplicity of tandemly-repeated NF«B recognition sequences (a promoter comprising a
5-fold tandem repéat of NF«B recognition sequence is set forth as SEQ ID NO. 78), an
SV40 early promoter (SEQ ID NO. 81), or a CMV early gene proﬁoter (SEQ ID NO.
82). Preferred reporter génes comprising the recombinant expression constructs of the
invention include firefly luciferase, Renilla luciferase, chloramphenicol
acetyltransferase, beta-galactosidase, green fluorescent protein, or alkaline phosphatase.

In additional preferred embodiments, the invention provides a mammalian cell
comprising 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, most preferably p21, pl6 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, p16 or p27. In
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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
induces transcription from the inducible promoter or by removing an agent that inhibits
transcription from such promoter. Preferably, the construct comprises a nucleotide
sequence encoding p21, most preferably human p21. In other embodiments, the
construct comprises a nucleotide sequence eﬁcoding 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 prefefred emquiments, the
construct comprises a nucleo;tide seque;lce eﬁcoding pl6, most preferably human p16.
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 Qhose expres;ion is induced by a CDK inhibitor such as
p21, p16 or p27. In these embodiments, the promoter is most preferably derived froma -
gene identified in Table IT or Table V, or a promoter comprising one (SEQ ID No. 79) or
a multiplicity of tandemly-repeated NF«B recognition sequences (for example, a
promoter comprising a 5-fold tandem repeat of NF«B recognition sequence is set forth
as SEQ ID NO. 78), an SV40 early promoter (SEQ ID NO. 81), a CMV early gene
promoter (SEQ ID NO. 82). Preferred reporter genes comprising the second ‘
recombinant expression constructs of the invention inclu&e 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
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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 second aspect, the invention provides a screening method for identifying
compounds that inhibit CDK inhibitor-induced expression of mitogenic or anti-apoptotic
factors 1n mammalian cells. In preferred embodiments, the method comprises the steps
of inducing the expression of a CDK inhibitof, most preferably p21, p16 or p27, in the
cells in the presence or absence of a compound, and comparing expression of a mitogen
or anti-apoptotic compound, or a plurality thereof; in the conditioned media. Inhibitors
of CDK inhibitor effects are identified by having a lesser amount of the mitogen or anti-
apoptotic compound, or a plurality thereof, in the conditioned medié 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 inhibitor-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, mofe 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 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
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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 st.imulating factor (SEQ ID
NO: 18), vascular endothelial growth factor —C (SEQ ID NO: 19) and tissue inhibitor of
metalloproteinase (SEQ ID NO: 20), a promoter comprising one (SEQ ID No. 79) ora
multiplicity of tandemly-repeated NFxB recognition sequences (a promoter comprising a
5-fold tandem repeat of NF«B recognition sequence is set forth as SEQ ID NO. 78), an
SV40 early promoter (SEQ ID NO. 81), or a CMV early gene promoter (SEQ ID NO.
82). Preferred reporter genes include but are not limited to firefly luciferase, Renilla
luciferase, B-galactosidase, alkaline phosphatase and green fluorescent protein. In these
embodiments, ﬁhibition of CDK- inhibitor-mediated induction of reporter gene
expression is used to identify compounds that inhibit inducﬁon of mitogens or anti-
apoptotic factors in CDK inhibitor-expressing cells.

In this aspect, the invention also provides a method for inhibiting production of
mitogenic or anti-apoptotic 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 inhibited 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 or viral gene expression. These

-10 -



WO 03/073062 PCT/US02/27584

10

15

20

25

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 to a lesser extent
in the presence of the compound than in the absence of the compound. In preferred

embodiments, the CDK inhibitor is p21, p16 or p27. In preferred ~embodiments, the .

- cellular genes are induced by a CDK inhibitor, and compounds that inhibit this induction

of cellular gene expression are detected by detecting expreésion 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 or pi. 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 transcriptional control of a
promoter derivéd from a gene whose expression is induced by a CDK inhibitor. When
using constructs comprising promoters derived from genes iﬁduced by a 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
inventive methods, the CDK inhibitor is p21, §16 or p27. In these embodiments, the
promoter is most preferably derived from a gene identified in Table II and Table V.
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 NO: 8),

galectin-3 (SEQ ID NO: 9), superoxide dismutase 2 (SEQ ID NO: 10),
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granulin/epithelin (SEQ ID NO: 11), p66™*° (SEQ ID NO: 12), cathepsin B (SEQIDNO:
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 (SEQID
NO: 18), vascular endothelial growth factor-C (SEQ ID NO: 19) and tissue inhibitor of
metalloproteinase-1 (SEQ ID NO: 20), a promoter comprising one (SEQ ID No. 79) ora
multiplicity of tandemly-repeated NFxB recognition sequences (a promoter comprising a
5-fold tandem repeat of NF«xB recognition sequenc;e is set forth as SEQ ID NO. 78), an
SV40 early promoter (SEQ ID NO. 81), or a CMV early gene promoter (SEQ ID NO.
82). Preferred reporter genes comprising thé: 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 inhibitor, 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. The product of the repdrter 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 pathbgcnic consequences of senescence in a mammalian cell, wherein such
pathogenic consequences are mediated at least in part by expression of genes induced by
CDK 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
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an inhibitor of senescence or pathogenic consequences of senescence if expression of
genes that are induced by the CDK inhibitor are induced to a lesser extent in the
presence of the compound than in the absence of the compound. In preferred
emi)odiments of this aspect of the invlentive methods, the CDK inhibitor is p21, p16 or
p27. In preferred embodiments, the genes are identified in Table II and Table V. In
further alternative embodiments, the method is performed using a recombinant
mammalian cell comprising a reporter gene under the transcriptional control of a
promoter derived from a gene whose expression is modulated by a CDK inhibitor. In
these émﬁodiments, production of the product of the reporter gene at lesser levels in the
presence than the absence of the compound using constructs compléising 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 I and Table V. The
promoter most preferably 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), pr.osaposin (SEQ ID NO: 7), Mac2 binding protein (SEQ ID NO: 8),
galectin-3 (SEQ ID NO: 9), sulﬁeroxide dismﬁtase 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 NO: 19) and tissue inhibitor of
metalloproteinase-1 (SEQ ID NO: 20), a promoter comprising one (SEQ ID No. 79) ora
multiplicity of tandemly-repeated NFKB recognition sequences (a promoter comprising a‘

5-fold tandem repeat of NF«B recognition sequence is set forth as SEQ ID NO. 78), an
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SV40 early promoter (SEQ ID NO. 81), or a CMV early gene promoter (SEQ ID NO. -
82). 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 inhibitor 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 or preventing viral

gene expression induction by CDK inhibitors. In preferred embodiments, the methods

. comprise the step of contacting a cell, preferably a virally—infcéted cell (either acutely or

latently) or a cell at risk for viral infection with a compound identified by the inventive
methods for identifying compounds that inhibit or prevent viral gene expression
iﬁduction by CDK inhibitors. In prefeljred embodiments, effective amounts of the
compounds are formulated into pharmaceutical compositions us?ng pharmaceutically-
acceptable carriers or other agents and admirﬁstered to an animal, most preferably an
animal suffering from a viral disease caused by CDK inhibitor-induced gene expression.
In preferred embodiments, the disease is infection with cytomegalovirus (CMV), human
immunodeficiency virus (HIV), and simian virus 40 (SV40).

In a sixth aspec;c, the invention provides antiviral compounds and methods f§r

identifying antiviral compounds that inhibit p21-induced expression of viral genes. In
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preferred embodiments, the antiviral compounds are effective against viruses including
but not limited to cytomegalovirus (CMV), human immunodeficiency virus (HIV), and
simian virus 40 (SV40).

In a seventh aspect, the invention provides methods for inhibiting pathogenic
consequences of cellular senescence, such as carcinogenesis or age-related diseases, the
method comprising the steps of contacting the cell with a compound ;chat inhibij:s
senescence or the pathogenic consequences of senescence as determined using the
methods provided in the aforesaid aspects of the invention.

In an eighth aspect, the invention provides compounds that are identified using
any of the methods of thé invention as disclosed herein.

In ninth 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 idéntifying compounds thaf inhibit or prevent gene expression indl-Jction by
CDK inhibitors. In preferred embodiments, effective amounts of the compoﬁnds are
formulated into pharmaceutical compositions using pharmaceutically-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 NF«B 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

-15 -



WO 03/073062 PCT/US02/27584

10

15

20

25

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.

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: control untreated HT1080 p21-9 cells; I: cells treated for 3 days with 50 pM
IPTG. B2-microglobulin (BZ—M) wés used as a normalization control 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 electrophoresis pattems of RT-PCR
experiments (left) and northern 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-reated senescent cells (I).
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Figure 4 is a schematic diagram of the IPTG-regulated retroviral vector

LNp16RO2 used to produce the human HT1080 fibrosarcoma cell line variant HT1080/

" LNpl16RO2.

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

p16-5 (Figure SA) or HT1080 p27-2 (Figure 5B) cells upon the addition of 50 uM IPTG.

Figures 6A and 6B are photographs of gel electrophoresis patterns of RT-PCR
experiments for detecting IPTG-induced changes in expressibn of the denoted genes -

upon IPTG-induced expression of p1§ in HT1080 p16-5 cells (Figure 6A) or p27 in

- HT1080 p27-2 cells (Figure 6B). -: control untreated cells; +: cells treated for 3 days

with 50 pM IPTG. B-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 of in the absence of 50 uM IPTG. The assays were catried out in triplicate

(for prosaposin) or in quadruplicate (for 2;11 the other constructs).
Figures 8A and 8B are graphs showing IPTG dose dependence of luciferase
expression in LuNK4p21 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 8B).

Figures 9A through 91 illustrate the effects of p21 induction in HT1080 p21-9
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cells on the expression of luciferase reporter genes driven by the NFxB-dependent
promoter (Figures 9A through 9C) or by the promoters of the indicated p21-inducible
genes (Figures 9D through 91). In the experiments in Figures 9C through 91, the
promoter-reporter constructs were mixed at 2 molar ratio 1:2 with vectors expressing é
dominant inhibitor of NFxB (IKX), C-truncated E1A 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, used at
the indicated conéentrations in Figures 9A and 9B or at 50 pM in all the other figures,

and normalized either by the levels of Renilla luciferase expressed from the co-
transfected pRL-CMYV plasmid in the absence of IPTG or (in Fig. 9E) by the level of

cellular protein. The experiments were catried 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 illustrate the effects of p16 induction in HT1080 p16-5
cells, p21 induction in HT1080 p21-9 cells, and p27 induction in HT1080 p27-2 cells on
the expression of luciferase reporter genes driven by the NF«B-dependent promoter
(Figure 12A) or by the promoters of the indicated p21-inducible genes (Figures 12B

through 12E), and the effects of a dominant inhibitor of NFxB (IKK) on such induction.
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The presence or absence of IPTG or cotransfected IKX is indicated for each experiment.
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.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS -

This invention provides reagents and methods for identifying genes involved in
mediating CDK inhibitor-induced pathogenic consequences of senescence and stress
response, and compounds capable of inhibiting pathogenic consequences of senescence
and stress response in mammalian cells. Particularly provided are embodiments of such
reagents and methods for identifying genes induced by CbK inhibitors p21, p27 or pl16.

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 bf
cyclin-dependent kinase inhibition. Explicitly contained in this definition are the CDK
inhibitors p15, p14, p18 and particulérly p21, pl16 or p27, the latter ;chree 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 i vitro cultures of mammalian cells grown
and maintained as known in the art.

For the purposes of this invention, reference to "cellular genes" in the plural is
intended to encompass a single gene as well as two or more genes. It will also be
undergtood by those with- skill in the art that effects of modulation of cellular gene
expressioﬁ, or ’reporter constructs under the transcriptional control of promoters derived
from cellular genes, can be detected in a ﬁrsfc gene and then the effect replicated by

testing a second or any number of additional genes or reporter gene constructs.
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Alternatively, expression of two or more genes or reporter gene constructs can be
assayed simultaneously within the scope of this invention.

For the purposes of this invention, reference to "viral gcnes'; in the plural is
intended té 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 viral gene
expression, or reporter constructs under the transcriptional control of promoters derived
from viral 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 constructs. Alternatively,
expression of two or more genmes 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 fnedia conditioned by growth of CDK inhibitor--expressing cells that contains
mitogenic or anti-apoptotic 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 expreésion in such cells can be achieved by inducing
endogenous CDK inhibitors (such as by treatment with DNA damaging agents, jonizing
or ultraviolet radiation, or contact inhibition) or by using cells containing an inducible
C]jK 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, 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 HT1080 fibrosarcoma cell line and

derivatives thereof.
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For the purposes of this invention, the term "senescence" will be understood to
include 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
in 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,
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, p16 or Rb)
and expressing the gene therein. See, Sugrue et al., 1997, Proc. Natl. Acad. Sci. USA 94:
9648-9653; Uhrbom et al., 1997, Oncogene 15: 505-514; Xp. et al., 1997, Oncogene
15:2589-2596; Vogt et al., 1998, Cell Growth Differ. 9: 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, rg:nal disease and arthritis.

For the purposes of this invention, a "viral disease" is a disease caused by or
associated with infection, replication, gene expression or production of a virus in a
mammalian, most preferably a human, cell. In particular, the term ;s intended to
encompass viruses having at least one gene the expression of which is responsive to and

induced by p21. Most particularly, the term refers to DNA viruses, specifically double-
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stranded DNA viruses, or viruses having a portion of their life cycle in double-stranded
DNA form (including but not limited to retroviruses and lentiviruses, particularly HIV).
The reagents of the present inve;ntion 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 thg endogenous gene or an exogenous gene introduced by
genetic engineering. Although the Examples disclose recombinant mammalian cells
comprising recombinant expression constructs encoding indu<‘:ible p21, p27 and pl6
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 p16.
| In prefeﬁed embodiments, the invention brovides 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: 5,424,400, incorporated by reference herein. 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 cbmprising the CDK binding doméin comprising amino acids 21-71 of the
native human p21 protein (Nakanishi ef al., 1995, EMBO J. 14: 555-563). 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
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
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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 p16‘ gene is human p16 having nucleotide and
amino acid sequences as get fbrth 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 hurﬁan 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 p16-5,
deposited on January 31, 2002 with the American Type Culture Collection, Manassas,
Virginia U.S.A. under Accession No. PTA-4020. |

In alternative preferred embodiments, the invention provides fnammalian 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 hosf cells include mammalian cells, ﬁreferably
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 p27-2, deposited on January 31, 2002 with the
American Type Culture Collection, Manaésas, Virginia U.S.A. under Accession No.

PTA-4021.
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Recombinant expression constructs can bée 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 th"dt cén be manipulated
experimentally, including temperature and most preferably the presence or absence of an
inducing agent. Preferably, the inducing agentisa chemical compound, most preferably
a physiologically-neutral compound that is specific for the frans-acting factor. In the 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 tﬁc 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 variety of inducible promofers and cognate frans-acting factors are
known in the priof art, including 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 fet 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
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cognate lacl repressor protein. In a preferred embodiment, the recombinant cell
expresses the lacl repressor protein and a recombinant expression construct encoding
human p21 under the control of a promoter comprising one or a multiplicit}; of lac-
responsive elements, Wherein expression of p21 can be induced by contacting the cells
with the physiologically-neutral inducing agent, isopropylthib-B-galactoside. In this
preferred embodiment, the Jacl repressor is encoded by a recombinant expression
construct identified as 3'SS (commercially available from Stratagene, LaJolla, CA). In
aiternative 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 lac-responsive elerﬁents, wherein

expression of p16 can be induced by contacting the cells with the physiolo gically-neutral

inducing agent, isopropylthio-B-galactoside. In this preferred embodiment, the lacl

repressor is encoded by the 3’SS recombinant expression construct (Stratagene). In
alternative preferred embodiments, the recombinant cell expresses the /acl 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-B-galactoside. In this preferred
embodiment, the lacl repressor is encoded by the 3°SS recombinant expression construct
(Stratagene).

-The invention also provides recombinant expression consﬁ'ucts 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, p16 or p27. These include

genes whose expression is induced by CDK inhibitors. In preferred embodiments of this

aspect of the invention, the CDK inhibitor is p21, pl6 or p27. In preferred

embodiments, the promoters are derived from genes whose expression is induced or
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otherwise increased by CDK inhibitor expression, and are identified in Table II or Table
V. 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. (SEQID 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 ID NO: 20), a promoter.comprising one (SEQID No. 79) ora
multiplicity of tandemly-repeated NF«B recognition sequences (a promoter comprising a
5-fold tandem repeat of NF«xB recognition sequence is set forth as SEQ ID NO. 78), an
SV40 early promoter (SEQ ID NO. 81), or a CMV early gene promoter (SEQ ID NO.
82). 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 expressioh in mammalian cells to be easily identified. Host cells for
these constructs include any cell in which CDK inhibitor geﬁe expression can be
induced, and preferably include cells also containing recombinant expression cons&ucts
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 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
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HT1080/LUNK4p21, deposited on May 17, 2001 with the American Type Culture
Collection, Manassas, Virginia U.S.A. under Accession No. PTA-3381.

In prefeﬁed embodiments, cells according to the invention comprise both a first
recombinant expression construct encoding a reporter gene under the traﬁscripﬁonal
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 CDK
inhibitor is p21, p16 or p27. In alternative embodiments, the invention provides a
mammalian cell comprising a recombinant e;gpression 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),
‘galectinl-B (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 NQ: 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), a promoter comprising one (SEQ ID No. 79) or a multiplicity of
tandemly-repeated NF«B recognition sequences (a promoter comprising a 5-fold téndem'
repeat of NF«kB recognition sequence is set forth as SEQ ID NO. 78), an SV40 early

promoter (SEQ ID NO. 81) or a CMV early gene promoter (SEQ ID NO. 82).
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In preferred embodiments of this aspect of the invention, the CDK inhibitor is p21,pl6
or p27. A

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, CDK inhibitor expression is induced in a
mammalian ceil 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 CDK 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 theréof, in the presence
of the compound. In preferred embodiments of this aspect of the invention, the CDK
inhibitor is p21, pl6 or p27. Aﬁy 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 and other cytotoxic compounds, and 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, p16 or p27. Preferred 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 HT1080 fibrosarcoma cell line and derivatives
therec;f. 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-
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9, deposited on Apﬁl 6, 2000 with the American Type Culture Collection, Manassas,
Virginia U.S.A. under Accession No. PTA 1664. An exemplary cell population is a
human HT1 086 fibrosarcoma derivative identified as HT1080/LNp16RO2, 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 pl6-5, deposited on January 31, 2002 with the
American Type Culture Collection, Manassas, Virginia U.S.A. under Accession No.
PTA-4020. Another exemplary cell line according to this particularly preferred
embodiment of the invention 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. PTA-4021.

In alternative erﬁbodiments, 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 ofa promoter of a
cellular gene that is induced by a CDK inhibitor. In preferred embodiments of this
aspect of the invention, the CDX inhibitor is p21, pl6 or p27. Preferred promoters
include the promoters for connegtive 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), a promoter
comprising one (SEQ ID No. 79) or a multiplicity of tandemly-repeated NF«B
recognition sequences (a’ ﬁromoter comprising a 5-fold tandem repeat of NFxB

recognition sequence is set forth as SEQ ID NO. 78), an SV40 early promoter (SEQ ID
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NO. 81), or a CMV early gene promoter (SEQ ID NO. 82). Preferred reporter genes
include but are not limited to firefly Iuciferase, Renilla luciferase, B-galactosidase,
alkaline phosphatase and green fluorescent protein, all of which are commercially
available;. In these em:bodiments, 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
compounds that provide a reduced amount of expression of the reporter gene in the
presence of the compound than in thé absence of the compound. Any CDK inhibitor-
expressing cell is useful in this aspect of the invention, and CDX inhibitor expression in
such cells can be achieved by iﬁducing 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 iﬁ
a physiologically-neutral inducing agent. In preferred e’mbodiments of this aspect of the

invention, the CDK 'inhibitor is p21, p16 or p27. Preferred cells inclide 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.S.A. under A_cceséion 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
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invention, cultured mammalian cells in which a CDK inhibitor can be induced 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
on April' 6, 2000 with the American Typé Culture Collection, Manassas, Virginia U.S.A.

under Accession No. PTA 1664), or HT1080 p16-5 cells (deposited on J anuary 31, 2002

" with the American Type Culture Collection, Manassas, Virginia U.S.A. under Accession

No. PTA-4020) 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. PTA-4021) 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) fof HT1080 derivatives). In HT1080
p21-9, HT1080 p16-5 or HT1080 p27-2 cells, CDK inhibitor gene expression is induced
by adding IPTG to the culture media at a concentration of about 5 OuM. Typically, the
CDK inhibitor is induced in these cells in the presence or absence of the conipound tobe
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 idéntify compounds that affect cellular géne

expression according to the methods set forth herein. In certain embodiments, cellular

gene expression is analyzed using microarrays of oligonucleotides or cellular cDNAs

such as are commercially available (for example, from Genome Systems, Inc., St. Louis,

MO). In alternative embodiments, genes known to be induced by CDK inhibitors are
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assayed. Gene expression can be assayed either by analyzing celtular 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 identified in Table IT and Table V.

In alternative embodiments, su;:h compounds are identified independently of
CDK inhibitor-directed experimental manipulation. In such assays, cells are treated to
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. Most preferably,
the genes used in these assays are genes identified in Table IT, using the types of mRNA
and protein assays discussed above for gene expression analysis.

In alternative eml;odiments, the cells in which a CDK inhibitor is induced further
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, pl16 or p27. In preferred embodimgnts, the cellular gene is a gene that is induced
by the CDK inhibitor, and the promoter is derived from a gene identified in Table II and
Table V. 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 NQ: 4), activin A (SEQ ID NO: 5), natural killer cell
protein 4 (SEQ ID NO: 6), prosaposin (SEQ ID NO: 7), Mac2 biﬁding 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
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NO: 18), vasgular endothelial growth factor-C (SEQ ID NO: 19) and tissue inhibitor of
metalloproteinase-1 (SEQ ID NO: 20), a promoter comprising one (SEQ ID No. 79) ora
multiplicity of tandemly-repeated NF«B recognition sequences (a promoter comprising a
5-fold tandem repeat of NF«B recognition sequence is sét forth as SEQ ID NO. 78), an
SV40 early promoter (SEQ ID NO. 81), or a CMV early gene promoter (SEQ ID NO.
82). 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 prévides methods for ideﬁtifying compounds that inhibit .Viral
infection, viral gene expression or the pathogenic consequences thereof, whereby the
effects of the compound are assayed by determining whether the compounds inhibit
induction of viral genes whose expression is induced by a CDK inhibitor.

The invention provides methods for identifying compounds that can inhibit
induction of viral genes associated with the pathogenic consequences of viral infection.
Such compounds would be expected to exhibit the capacity to prevent, retard or reverse
viral diseases by their effects on CDK inhibitor-mediated induction of gene expression.

In one embodiment this invention provides methods for inhibiting gene
expression induced by CDK inhibitors such as p21, pl6 or p27. In preferred
embodiments, such inhibiting is achieved by contacting cells with an effective amount of
a comi)ound that inhibits gene expression on promoters from DNA viruses, most
preferably double-stranded DNA viruses that infect humans. In additional preferred
embodiments, the cpmpound mhibits lentivirus gene expression, most preferably HIV
gene expression and HIV infectivity. |

The invention thus provides methods for inhibiting viral infection of cells, most
preferably human cells, by inhibiting CDK inlﬁbitor induction of viral gene expression.

Diseases that can be treated or prevented using the compounds identified by the methods
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of the invention include but are not limited to the infections by HIV, cytomegalovirus,
herpes simplex virus types 1 and 2, adenovirus, varicella-zoster virus, Epstein-Barr
virus, human papillomavirus, hepatitis virus, human polyomavirus and diseases caused
by <;r incident to i;lfection with any of these viruses. In particular, the invention
provides methods for inhibiting viral gene expression in latently-infected cells by said

viruses espécially HIV and herpes zoster virus.

The invention also provides methods for identifying genes associated with
cellular senescence and pathogenic consequences of senescence or that mediate the
effects of CDK inhibitor-induced cellular senescence. Induction of CDK inhibitors turns
out to be an integral part of céll growth arrest associated with senescence, terminal
differentiation and responsé to celluiar damage. As described in the Examples below,
cDNA array hybridization showed that these effects were due to p21-induced chénges in
gene expression. p21 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 p2i induction in an organism may
contribute to the pathogenesis of cancer and age-related diseases. In addition, a number
of p21-activated genes encode secretéd 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 below demonstrated that
induced expression of p16 or p27 mimicked the effects of pil gene expression, and that
the same genes whose expressiqn was rﬁodulated by p21 gene expression were also-
modulated by pl16 or p27 gene expressiqn (see Figure 6). Thus, the methods of the

invention have been extended to include cells in which p16 or p27 gene expression is
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induced, either by induction of the epdogenous p16 or p27 gene or in recombinant cells
comprising an inducible expression construct encoding p16 or p27.

The observed effects of CDK inhibitor induction, particularly p21, p16 and p27
inductibn on géne 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 feported 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 RAD54 encode
members of the helicase family. A deficiency in ano.ther 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 le\;el, 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-l and plasminogen activator
inhibitor 1 (PAI-1), have been frequently associated with cellular senescence (reviewed

in Crisofalo & Pignolo, 1996, Exp. Gerontol. 31: 111-123). Other CDK inhibitor-

"induced genes that were also reported to be overexpressed in senescent fibroblasts

include tissue-type plasminogen activator (t-PA; West et 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. 24_0 : 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
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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 et al., 1998, Eur. 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

5 (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 et al., 1995, PI‘OC". Natl. Acad. Sci. US4 92: 9363-9367). This gene is strongly

elevated in IPTG-treated HT1080 p21-9 cells (Chang et al., 1999, Oncogene 18: 4808-

10 4818). SA-B-gal was suggested to represent increased activity and altered localization of

the lysosomal B-galacto\sidase (Dimri ’et ;zl., 1995, ibid.), and other studies have
*described elevated lysosome activities in senescent cells (Cristofalo & Kabakij an, 1975,
Mech. Aging Dev. 4: 19-28). Five ]yéoso‘mal enzymes appear in Table II, including N-
- acetylgalactosamine-6- sulfate sulfatase (GALNS), cathepsin B, acid o-glucosidase, acid

15 lipase A and lysosomal pepstatin-insensitive protease. p21 also upregulated genes for
mitochondrial proteins SOD2, metazinand 2, 4-dienoyl-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 et al., 1998, Mech. Aging Dev. 101: 91-99).

20 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 B-amyloid peptide,
the main component of Alzheimer's amyloid i)laques. Complément C3 (Veerhuis et al.,
1995, Virchows Arch. 426: 603-610) and AMP deaminase (Sims et al., 1998, Neurobiol.

25 Aging 19: 385-391) were also suggested to play a role in Alzheirﬁer's disease. It is

especially interesting that t-TGase, which is most rapidly induced by p21 and which has
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been described as a pleiotropic mediator of cell differentiation, carcinogenesis, apoptosis
and aging (Park et al., 1999, J. Gerontol. A Biol. Sci. ﬁ 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 deﬁosition
of another CDK inhibitor-induced gene product, SAA, which Has also been implicated in

atherosclerosis, osteoarthritis and rheumatoid arthritis (Jensen & Whitehead, 1998,

- Biochem. J. 334: 489-503). Two other CDK inhibitor upregulated secreted prc;teins,

CTGF and galectin 3 are involved in atherosclerosis (Oemar et al., 1997, Circulation 95:
831-839; Nachtigal et al., 1998, Am. J. Pathol. 152: 1199-1208). In addition, cathepsin
B (Howie et al., 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 ef al., i998, Arthritis Rheum. 41: 1356-1364) have
been associated with osteoarthritis and/or rheumatoid arthritis.  Furthermore,

senescence-related changes in ECM proteins, such as increased PAI-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 ha‘}e 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 ﬁodel of diabétic nephropathy. Megyesi et al. (1996, Am. J. Physiol. 271: F1211-
1216) demonstrated that p21 is induced in vivo in several animal models of acute renal
failure, and this p2 1\ induction is independent of p53. The functional role of p21 in these

pathogenic processes has been demonstrated by Al-Douahji et al. (1999, Kidney Int. 56:
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1691-1699), who found that p21(-/-) mice do not develop glomerular hypertrophy under
the conditions of experimental diabetes, and by Megyesi et al. (1999, Proc Natl Acad Sci
U S 4. 96:10830-10835), who showed that p21(-/-) mice do not develop chronic renal
failure after partial renal ablation. Remarkably, Murphy e? 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 mesangial 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

‘model system (Murphy et al., 1999, J. Biol. -Chem. 274: 5830-5834). These results

implicate p21 and p21-mediated induction of gene expreésion 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 trials is angiogenesis
inhibitors. These agents target not the tumor cells, but rather the growth of stromal
capillaries, stimulated by tumor-secreted angioéenic 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 s.’tudies
that stromal fibroblasts also support the growth of tumor. cells in vitro and in vivo, and
that normal and immortalized fibroblasts secrete paracrine factors that promote
tumorigenicity and inhibit death of carcinoma cells (Gregoire and Lieubeau, 1995,

Cancer Metastasis Rev. 14: 339-350; Camps et al., 1990, Proc. Natl. Acad. Sci. U. S. A.
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87: ’75-79; Noeletal., 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, Cancer Metastasis Rev 10: 263-74) and in coculture studies. In
particular, Olﬁmi et al. (1998, Cai;cer Res. 58: 4525-4530) showed that coculture of
prostate carcinoma cells with normai 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: 5002-501 1.
Despite these results, this paracrine carcinogenic and ‘tumor-stimulating activity of
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 inhibiting 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
increased during replicative senescence of normal human fibroblasts (Krtolica ef al.,
2000, Proc. Amer. Assoc. Can. Res. 41, Abs. 448), a process that involves induction of
p21 and pl6. The tuinor-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 ﬁat 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.

~ Theresults disclosed herein indicate that CDK inhibitor induction affects cellular
gene expression in a way that may increase the probability of the development of cancer

or age-related diseases. A surge of CDK inhibitor expression occurs not only in normal
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replicative senescence but also 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.

The results disclosed herein indicate that CDK inhibitor induction also increase
the promoter function of different viral genes, thus indicating that transcriptional effects
of CDK inhibitors also promote different types of viral infection and pathological
consequences thereof. |

Thus, the invention providés methods for identifying compounds that can inhibit
induction of genes associated with the pathogenic consequences of cellul;lr senescence,
pa;rﬁcularly 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. Such compounds would also be
expected to prevent, treat, retard or cure viral diseases.

‘In one embodiment this invention provides methods for inhibiting gene
expression induced by CDK inhibitors such as p21, 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«kB from the cytoplasm to the

- nucleus, which can depend on inhibiting inactivation of IxB expression and/or activity in

cells; and third, by inhibiting the activity of NF«B itself. This invention encompasses
methods for inhibiting NFxB activity, and thereby inhibiting induction of genes by CDK

inhibitors, in any and all of these ways. Examples of NFxB inhibitors known in the art
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include N-heterocycle carboximide derivatives (as disclosed, for example, in
International Application Publication NO: W001/02359); aﬁilide compounds (as
disclosed, for example, in International Application Publication NO: WO00/1 5603); 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: JP1119323 1); 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
disclo'sed, for example, ip International Application Publication NO: W099/40907); —
protease inhibitors (as disclosed, for example, in European Application Publication NO:
EP652290); flurbiprofen, thalidomide, dexamethasone, pyrrolidine dithiocarbamate,
dimethylfuma.rate, mesalizine, pimobendan, sulfasalazine, methyl chlorogenate,
chloromethylketone, alpha-tocopherol succinate, tepoxaline, and certain non-steroidal
anti-inflammatory drugs (NSAIDs), inclu;iing aspirin, sodium salicylate and sulindac -

The following Exafnples 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 derivatiﬁe of human fibrosarcoma cell line HT1080 p21-9, was
produced es.sentially according to Chang et al. (1999, Oncogene 18: 4808-4818,
incorporated by reference herein). This cell line contéined ap21 coding sequence under
the transcriptional control of a promoter regulated by isopropyl—B-thiogalactqside
(IPTG). Expression of p21 can be induced by culturing these cells in the presence of a

sufficient amount of IPTG, thereby permitting the sequellae of p21 expression to be
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studied in the absence of any additional effe‘cts that induction of the endogenous p21
gene might provbke. 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 & R(‘)ninson, 1996, Gene 33: 703-709, incorporated by reference)
was infécted 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 cytomegalovirus promoter. Specifically, the CMV promoter contains a three-
fold repeat of bacterial lac operator sequences thaf make expression from the promoter
sensitive to the lacl repressor expressed in the cell. LNp21CO3 was constructed by
cloning a 492bp fragment of DNA comprising the p21 coding sequence into the NotI
and BglII sites of the parent vector, LNXCO3 (&isclosed in Chang & Roninson, ibid.).

Aﬁer infection, cells infected with the LNp21CO3X vector were selected by
culturing the cells in the presence of 400pg/mL G418 (obtained from BRL-GIBCO,
Gaithersburg, MD). Cional 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 1 were used in cell
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growth assays to determine what changés in cell growth occurred when p21 was
expressed in the cell.

p21 expression from the LNp21CO3 vector in HT1080 p21-9 cells was induced
by culturing the cells in DMEM medium containing 10% fetal calf serum (Hyclone,
Logan, UT) and IPTG. Results of theée assays are shown in Figures 2A and 2B. Figure
2A shows the time course of p21 protein production in cells cultured in the presence of
S0uM 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, rehirning to pre-induction levels at about 24 hours after
IPTG was removed (Figure 2B).

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 1;1’13 culture by microscopy (termed the "mitotic index") and determining the
distribution of the culture cells in different portions of the cell cycle (te@ed the "cell
cycle distribution"). |

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

IPTG treatment.
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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 cells also developed morphological senescence
markers (enlarged and flattened morphology and increased granularity), as well as SA-B-
gal activity (Chang ez al., 1999, ibid.). These results indicated that induced expression of
p21 produces both cell cycle arrest and a variety 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 multiple changes in gene expression.
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. ¢cDNA was prepared from the poly(A)*

RNA and used as probes fof 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 dovs;nregulated 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
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hybridization. RT-PCR analysis was carried out essentially as described by Noonan et
al. (1990, Proc. Natl. Acad. Sci. USA 87:7160-7164). Probes for northern hybridization
were derived from inserts of the cDNA clones present in the microarray; 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 antibodies were used for immunoblotting: mouse monoclonal antibodies against
Cdc2 (Santa Cruz), cyclin A (NeoMarkers), Plk 1 (Zymed) and Rb (PharMingen); rabbit
polyclonal antibodies against MAD?2 '(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 topc.)isomerase ITo
(Ab0284; a gift of Dr. W.T. Beck), and sheep polyclonal antibody aéainst SOD2
(Calbiochem). ﬂorse radish peroxidase (HRP)-conjugated secondary antibodies used
were goat anti-mouse and goat anti-rabbit IgG (Santa Cruz) and rabbit anti-sheep IgG
(KPL). 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).

These results are shown in Figures 3A through 3C. The changes in gene
expression predicted by the microarray assays described al:;ove were confirmed for 38/39
downregulated an‘d' 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 I and IT), suggesting that cDNA array hybridization tends
to underestimate the magnitude of p21 effeci;s on gene expression. Changes in the
expression of 6 downregulate‘d and 4 uprégulatcd 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 p21-mediated changes in gene expression were comprised
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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. Immunot;lotﬁng 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. F urthermore, Rb protein
levels decreased sharply between 12-24 hrs (shown in Figure 3B), but 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 F ig. 3A).

1. Gene expression inhibited by p21

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

- release. Five of these genes (topoisomerase Ila, ORC1, PLK1, PRC1 and XRCC9)

showed significant inhibition at both RNA and protein levels between 4 and 8 hrs after
the addition of IPTG (Fig. 3B). This pattern has been termed an "immediate response,"
which parallels the kinetics of cell gréwth 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 éfter‘ the removal of IPTG, when the cells
were still growth-arrested and before the resumpﬁon 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.
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In summary, 69 genes and 3 ESTs were identified by the cDNA microarray as
downregulated in p21-induced cells, with balanced differential éxpression of2.5-12.6
(Table IA); five additional genes that are associated with cell cycle progression and have
been identified by our separate assays as downregulated in IPTG-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 iﬁqplicated 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 eﬂzjrmes involved in nucleotide biosynthesis, other proteins are
involved in DNA replication. Several p21-in1ﬁbited genes are associated with DNA
repair. These results suggest opportunities fof discovering components of the cellular

program of p21-induced growth arrest that would be targets for therapeutic intervention.

2. Gene expression induced by p21

In addition to genes repressed by p21 expression, the assays described above
detected genes induced by pZi. The pattern of gene expression of p21-induced genes is
shown in Figure 3C. In contrast to )p21—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
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response” kinetics indicated 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 cells, with balanced differential expression of 2.0-7.8 (Table
I). A very high fraction (20/48) of identifiable genes in this group encode extracellular
matrix (ECM) components (e.g. fibronectin 1, laminin 0.2, 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 secréted proteins, as well as a
large group of p21-induced intracellular proteins (Table II), 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
activities, and conditioned media from p21-induced cells exhibits two biolo gical effects
predicted by the nature of p21l-upregulated genes: stimulation of cell growth and
suppression of apoptosis. This finding, suggests that "paracrine" effects of p21 may
contribute tb 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 Inductidn 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.
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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 express‘ion. p21 levels in
serum-starved cells were increased only about 2-fold, as opposed to the 15-20 fold
increase 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 genes in

HT1080 p21-9 cells that were growth- arrested after 4 days in serum-free media or 3

days in the pfesence of 50 pM IPTG. Genes that were completely inhibited in HT1080

p21-9 cells when the culture media contained 50 pM IPTG were also inhibited in serum-
starved ceils, 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 distinct 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
prosaposin, indicatiné 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 protein serum amquid 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 iﬁhibitor 1, tissue transglutaminase or
natural killer cell marker protein NK4, integrin beta 3 and activin A.

The difference between the resp.onse 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
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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 p21-upregulated genes (Tabl¢ II) encode secreted proteins that act as
growth factors, including CTGF (Bradham et 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 et al., 1 997, Proc. Natl. Acad. Sci.
USA 94: 4778-4781) were shown to have anti-apoptotic activity. Paracrine anti-apoptotic
or mitogenic activities have alsp been reported for several p21-inducible gene products
that are not listed in Table II, since their balanced differential expression values in
cDNA microarray hybridization were 1.8-1.9. This is below the arbitrarily chosen
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), prostacyc.lin-sﬁmulating 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 et al., 1996, EMBO J 16:
4650-4656) and tissue inhibitor of metalloproteinase-1 (TIMP-1) (Li ez al., 1999,
Cancer Res. 59: 6267-6275).

To verify the induction 7of secreted mitogenic and anti-apoptotic factors by p21,
conditioned media from IPTG-treated H'i’lOSO 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 15cm plate in
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the presence of DMEM/ 10% FCS. The next day, IPTG was added to a final
concentration of 50pM, and this media was replaced three days later with DMEM
supplemented with 0.5% FCS and 50pM IPTG. Two days later (days 3-5 of IPTG
treatment), this conditioned media was qollected and stored at 4°C up to 15 days before
use. Control media were iorepared 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 conditioned media, as well as fresh media and 1:1 mixtures of conditioned media and
fresh media were used to test mitogenic 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 pCi/mL was added and incubated for 24 hrs.

Cells were then collected and their *H-thymidine incorporation determined as described
by Mosca et al. (1992,'Mol. Cell. Biol. 12: 4375-4383).

The addition of IPTG to fresh media had 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-treated 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,
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Science 266: 807-810; Nikiforov et al., 1996, Oncogene 13: 1709-1719), including
serum starvation (Lowe et al., 1994, Proc. Natl. Acad. Sci. US4 91: 2026-2030).
Apoptosis was analyzed by piating 3 x 10° C8 cells per 6;cm plate, and replacing th;:
media (;n the following day with fresh media supplemented with 0.4% serum or with
conditioned media (no fresh serum added). DNA content analysis and DAPI staining
were carried out after 24 hrs and 48 hrs, and relative cell numbers were measured by
methylene blue staining (Perry et al., 1992, Mutat. Res. 276: 189-197) after 48 hrs in
low-serum media. |
The addition of low-serum fresh media or conditioned media from IPTG-treated -

or untreated c‘ells rapidly induced apoptosis in C8 cells, as evidencf;d by cell detachment
and apoptotic morphology detectable in the majority of cells after DAPI staining (not
shown). Conditioned media from IPTG-tregted 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 p21-induced cellé was even more apparent in FACS analysis of
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-treated cells

' retained the G2/M fraction and showed cell cycle profiles that resembled control cells

growing in serum-rich media. The addition of IPTG 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.
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EXAMPLE 6
Production of Mammalian Cell comprising
Inducible p16™“* or p27¥%*! Genes

Mammalian cell lines comprising inducible CDK inhibitors p16™“* (which
preferentially inhibits CDK4/6; Serrano et al., Nature 16, 704-707, 1993) or p27<!
(which prefereﬁtially inhibits CDK2; Blain et al., 1997, J. Biol. Chem. 272: 25863-
25872) were produced genefally 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 cons&uct encoding the
bacterial lacI gene and expressing a murine ecotropic retrovirus receptor (HT1080
3°S86; Chang & Roninson, 1996, Gene 183: 137-142) was used to make the inducible
lines. For the inducible expression ofp16, a DNA ﬁagment containing a 471bp coding
sequence of human pl6 (as disclosed in U.S. Patent 5,889,169, incorporated by
reference) w?xs cloned into the IPTG-regulated retroviral vector LNXRO2 (Chang & '
Roninson, 1996, Gene 183: 137-142). This retroviral‘vector contains the bacterial
neomycin resistance gene (neo) under the franscriptional control of the retroviral long

terminal repeat promoter, permitting selection using G418 (BRL-GIBCO). The

resulting construct, designated LNp16RO2, is depicted schematically in Figure 4. For

the inducible expression of p27, a vector LNp27R02, carrying murine p27 cDNA

(NCBI RefSeq NM_009875) in the same LNXR02 vector has been developed and

described by Kokontis et 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
HT1080 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 LNp16RO2 transduced cells was

designated HT1080/LNp16RO2. This cell population has been deposited on October 10,
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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 p16-5. This cell line has been deposited on January
31,2002 in the American Type Culture Collection (A.T.C.C.), Manassas, VA and given
Accessionv Number PTA-4020. Figure 5A shows changes in the cell cycle distribution

of HT1080 p16-5 cells upon the addition of 50 pM 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 et al. (1996, Cancer Res. 56: 816-
825) using Becton Dickinson FACSort. Cell cycle distribution stabilized after 24 hrs of
IPTG treatment, by which time 93% 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 LNp27R0O2 transduced cells was
subcloned, and 38 clénal cell lines were isolated and tested for IPTG-inducible growth
inhibition. Cell line showing the strongest growth inhibition was designated HT1080
p27-2. This cell line has been deposited on Januai’y 31, 2002 in the American Type
Culture Collection (A.T.C.C.), Manassas, VA and given Accession Number PTA-4021.
Figure 5B shows changes in the cell cycle distribution of HT1080 p27-2 cells upon the
addition of 50 uM IPTG. Cell cycle distribﬁtion stabilized after 24 hrs of IPTG
treatmént, by which time 89% of IPTG-treated cells were arreéted in G1. Such G1 arrest

is expected from the inhibition of CDK4/6 by pl6. -

EXAMPLE 7
Effects of p16 and p27 on the Expression of p21-inducible Genes

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

RNA was obtained from these cell lines, cultured in the presence or absence of |
50uM IPTG for three days. These RNA samples were then used in RT-PCR assays
performed essentially as described above in Example 3, except that B-actin rather than
B,-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 pél expression. The results
for p16 are shown iﬁ Figure 6A and for p27 in Figure 6B. All the tested p21-induced
genes were also induced by IPTG-induced p16 expression, and almost all of the tested
genes (except for t-PA and CTGIL*') 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.

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

Promoter-reporter constructs 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. i) asadjacent to the 5’
end of CC3 cDNA (Vik et al., 1991, Biochemistry 30: 1080-1085). The promoter region
of the NK4 gene was identified in the human genome sequence (Accessign number

AJ003147) as adjacent to the 5° end of NK4 cDNA (Accession number M59807). The
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previously described promoter of the SAA gene (Edbrooke ef 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 (éccession number X12751) as adjacent to the 5’ end of BAPP ¢cDNA
(Accession number XM009710). 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 ;:an‘ied out using PfuTurbo DNA
Polymerase (Stratagene) and primer sets listed in Table IIIA‘ 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 Tabie IIIec.

PCR products were obtained and cloned into the TOPO TA cloning vectors
pCR2.1/TOPO (for SAA, CC3, BAPP and t-TGase) or pCRII/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 I and Xzo Isites in a

ﬁreﬂy luciferase-reporter vector pGL2 basic (Promega, Madison, 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 p21-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
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electroporation, HT1080 p21-9 cells were grown to 95% confluence in 15cm 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 HN-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 pl of 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 experimeﬁts, a control plasmid pCMVbgal expressing
bacterial B—galactosidaée from the CMV pron’btér, was added to the mixture ata ratio of 4
1:10 for normalization. In other experiments, normalization was carried out by adding
vector pRL-CMYV expressing Renilla luciferase from the CM'V 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
performed using Bio-Rad Gene Pulser at 0.22 volts, with a capacitance extender set to
960pFD, providing a t value (;f 27 to 30. In preliminary experiments, cell survival and
attachment after electroporation was determined to be approximately 33%. Cel}s wére
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 period of 3-6 hours, the media was
aspirated and replaced with fresh media with or without 50 uM 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 (Promega). The lysate was centrifuged
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 period and 10-15
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Figure 7 shows the results of representative experiments. After 2-4 days ofp21-

induction in transfected cells, expression from promoter constructs of p21-induced genes

was increased about 7.0-fold for NK4, 3.7-fold for SAA, 12.5-fold for CC3, 3.0-fold for

prosaposin, 2.6-fold for BAPP, and 2.3-fold for t-TGase. 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 ITTa. Primer sequences

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

cC3 GCTAAGAGGATATTGACA’ITAGA AGGGGGAGGTGGGTTAGTAG
CAGG (SEQ ID NO: 21) _|(SEQ ID NO: 22)

NK4 TGGAGCTAGAAGAGCCCGTAGG |[GCCAAAAGTTCAAGGAGCCAA
(SEQ ID NO: 23) (SEQ ID NO: 24)

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

BAPP TTGCTCCTTTGGTTCGTTCT (SEQ |GCTGCCGAGGAAACTGAC (SEQ
ID NO: 27) ‘ ID NO: 28) -

- TGase CCCAGGGAGAAATATCCACTGAA |[TCGGGCGGGGGCGGTGGCTCC1

GCAAC (SEQ ID NO: 29)

TCCACT (SEQ ID NO: 30)

Table IIlb. PCR conditions

Promoter | Denaturation | Annealing Extension Cycles | Product size
CC3 95°, 1 min 63° 1min | 72° 1 min 40 sec 31 1018 bp
NK4 94°, 1min | 65° 1 min | 72° 1 min 40 sec 32 877 bp
SAA 94°, 1min | 68° 1 min | 72°, 1 min 40 sec 32 1000 bp
BAPP 94°, 1min |62.9°, 1 min| 72° 1 min 40 sec 30 623 bp
t-TGase 94°, 1 min - [66.5°, 1 min| 72° 1 min 40 sec 33 - 1600 bp
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EXAMPLE 9
Production of Cells Stably Transfected with a p21-inducible Reporter Construct

To develop ‘a stably transfecteé cell line with p2l-regulated luciferase
expression, the NK4 promo;ter-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 dgys. 54 puromycin-
resistant cell lines were isolated and tested for luciferase gcﬁvity (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/streptomyecin,

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 luciferase écﬁvity/ g 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
line, designated HT1080 LuNK4p21, showed higher luciferase expression in the
presence than in the absence of IPTG. The results of assays carried out with p21LuNK4
cell line are shown in Figure 8 A and 8B: Fig. 8A shows the IPTG dose dependence of
luciferase expression after 24 hrs of IPTG tregt:nenf, 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 uM 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 réporter
gene transcription. Such constructs and cells provide a basis for a scfeening assay for
identifying compounds that inhibit p21-mediated gene activation. The relatively short
time required for luciferase induction (aboﬁt 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 potentiélly better)
inducibility can also.be developed through the methods disclosed herein used to derive
LuNK4p21. The results described in Example 8 demonstrate that the samé type of
screening can also be conducted using transient transfection assays with promoter
constfucts 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
(sée 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 p21-inducible genes showed that many of

these promoters, including NK4, contain known or potential NFxkB 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 et al., 1997, Amer. J. Physiol. 272: G281-G288), Alzheimer's f-amyloid
precursor protein (APP) (Grilli et al., 1996, J. Biol. Chem. 271: 15002-15007) and the
inflammatory protein serum amyloid A (SAA) (Jensen and Whitehead, 1998, Biochem J.
334:489-503). p21 has been previously shown by transient co-transfection experiments
to activate NFxB-dependent transcription (Perkins et al., 1997, Science 275: 523-527) in
human immunodeficiency virus, indicating that the HIV promoter residing in the viral
long terminal repeat (SEQ ID NO. 85) is responsive to and regulated by NFxB. 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 u;;regulated genes. Thus, inhibitors of NFxB or p300/CBP may potentially
prevent the induction of transcription By p21.

“To determine if IPTG-induciblé 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 frpm Stratagene. This plasmid expresses ﬁreﬂy
luciferase from an artificial promoter containing five tandemly re;;eated NFKB
consensus sequences. We have also generated by PCR a version of the same promoter
that contains only one NFxB consensus sequence using primers ifientified as SEQ ID
Nos. 80 anci 83.  The sequences of these two promoters are identified as SEQ ID NOs.
78 and 79.

The abiiity of p21 to induce these promoters was tested by transient transfection
assays, as described in Example 8, using different concentrations of IPTG that induce

p21 to different levels. As shown in Fig. 9A and Fig. 9B, both promoters showed dose-
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dependent induction by IPTG, but both the basal level of activity and the fold induction
by IPTG were much higher in the promoter containing five NF«xB sites. These results
indicate that p21 induces NFxB-dependent transcription in our system, and that
pronioters containing one or more NFkB site can be used as an alternative to the
promoters of p21-inducible cellular genes.

To evaluate the effects of genetic inhibitors of NFkB 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/Bactin-HA-IKK o) 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, U'niversity. of California San Diego). This
plasmid is referred to below as IKK. To determine the effect of p300/CBP inhibition on
luciferase expressidn 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 deletion {ACR2 (120-140)}. The C-truncated E1A (termed E1IAACR2) is
known to inhibit p300/CBP and related factors (such as PCAE) but it does not inhibit
Rb, the target of the C-terminal domain of E1A (Chakravarti et al., 1999, Cell 96: 393-
403). As anegative control, 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
E1AAN/ACR2. The E1AACR2 and E1AAN/ACR2 constructs were provided by Dr. V.
Ogryzko (NICHHD, NIH). The mixtures of pNFkB-Luc with IKK, EIAACR2 or
E1AAN/ACR2 were transfected into HT1080 p21-9 cells by electroporation, as
described in Example' 8 (with pRL-CMYV plasmid further added for normalization).
After electroporation, equal numbers of transfected cells were treated with 50 uM 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

-63 -



WO 03/073062 PCT/US02/27584

10

15

20

25

transfected sample.

The results of this analysis are shown in Figure 9C. pNFkB-Luc mixed with the
negative control (E1AAN/ACR2) showed up to 15-fold induction in the presence of
IPTG, demonstrating an increase in NF«kB transcriptional activity in HT1080 p21-9
cells. Mixing pNFkB-Luc with the IKK inhibitor almost completely 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 cells (Fig. 9 C).

The same analysis was carried out using promoter-luciferase constructs for six
p21-inducible genes. The results for SAA are shown in Figure 9D, for prosapoéin in
Figure 9E, for BAPP in Figure 9F, for t-TGase in Figure 9G, for complement C3 in
Figure 9H, and for NK4 in Figure 91. Both IKK and E1AACR2 iqhibited the induction
of all the tested promoters in the presence of IPTG, indicating that the regulation ofthese
promoters by p21 is mediated in part through p300/CBP and NF«B. Quantitatively,
however, the effects of these inhibitors varied among the promoters. Both basal and
IPTG-stimulated expression of most of the tested promoters of SAA (Fig. 9D) and NK4
(Fig. 9) was inhibited by IKK and EIAACR?2 almost as strongly as that of NFxB. In
contrast, these inhibitors had little or no effect on the basal expression from the
promoters of prosaposin (Fig. 9E), BAPP (Fig. 9F), t-TGase (Fig. 9G), or complement
C3 (Fig. 9H), but interfered with the induction .Of these promoters in the presence of
IPTG. The effect of IKK on the induction of the prosaposin promoter (Fig. 9E) by IPTG,
however, was substantially weaker than for the other promoters.

:These results indicate that p300/CBP and NFxB are involved in the induction of
all the tested promoters by p21, although the relative coniribution of these factors to the

effect of p21 may vary among the promoters.
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EXAMPLE 11
Use of Non-Steroidal Anti-Inflammatory Drugs to Inhibit
p21-Mediated Gene Induction

The best-studied NF«xB inhibitors in clinical use are certain non-steroidal anti-
inflammatory drugs (NSAID), such as aspirin, sodium salicylate and sulindac (Kopp and
Ghosh, 1994, Science 265: 956-959; Yin et al., 1998, Nature 396: 77-80; Yamamoto.'et
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 NF«B -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 pM
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 NFxB: indomethacin and ibuprofen (at 25 pM: each)
Y amaméto et al., 1999, ibid.). NSAID concenirations were based on the
pharmacologic concentrations of these agents in the serum of patients required for their
anti-inflammatory properties (Yin et al., 1998, ibid.).

| 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 saliéylate, sulindac, or
aspirin. In contrast, indomethacin and ibuprofen made no significant difference to the
mnduction of luciferase by IPTG.

To determine whether NF«B -inhibiting NSAID inhibited not only the induction
of transcription from fhe NK4 promo‘;er but also RNA expression of the endogenous
p21-inducible genes, LuNK4p21 cells were plated at 125,000 cells per well in 6-well

plates and were either untreated or treated with 50 puM IPTG for 48 hirs (the period of
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time required for maximal stimulation of p21-inducible genes; Chang et al., 2000, Proc.
Natl. Acad. Sci. USA 97: 4291-4296), in the presence or in the absence of sulindac, at
250 pM, 500 pM 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 transcription-PCR (RT-PCR), essentially as
described by Noonan et al. (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 cycle, 3 min for denaturation, 2 min for
anhealing and 2 min for extension, and the rest of cycles, 30 sec for denaturatioﬁ; 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 IVb.

The results of; the RT-PCR analysis are shown in Fig. 11. For NK4 (thq
promofer of which Was; used to drive luciferase expression in LuNK4p21 cells), the
addition of sulindac had very little 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..
With all the other tested genes, sulindac produced a dose-dependent increase in gene
expressioz} 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
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on the prosaposin promoter (see Example 10 above). Hence, a moderate dose of

sulindac (250 uM) inhibits the ability of p21 to induce transcription for most of the

tested genes.

Table IVa. Primer sequences

GENE SENSE PRIMER (5°->3’) ANTISENSE PRIMER (5°->3)
NK4 AGCACCAGGCCATAGAAAGA  |GGTGTCAGCTCCTCCTTGIC
(SEQ ID NO: 13) (SEQ ID NO: 49)

.TGASE ACTACAACTCGGCCCATGAC GCCAGTTTGTTCAGGTGGTT
(SEQ ID NO: 50) (SEQ ID NO: 61)

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

P66SHC GAGGGTGTGGTTCGGACTAA  |GCCCAGAGGTGTGATTTGTT
(SEQ ID NO: 64) (SEQ ID NO: 65)

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

MACo.Bp  |ACCATGAGTGTGGATGCTGA - |ACAGGGACAGGTTGAACTGC
(SEQ ID NO: 68) (SEQ ID NO: 69)

GRANULIN [ACCACGGACCTCCTCACTAA ACACTGCCCCTCAGCTACAC
(SEQ ID NO: 70) (SEQ ID NO: 71)

CCAGAGCTGGACATGACTGA  |GTCACCTCCTTCACCAGGAA

PROSAPOSIN (SEQ ID NO: 72) (SEQ ID NO: 73)

SOD2 CAAATTGCTGCTTGTCCAAA CATCCCTACAAGTCCCCAAA
(SEQ ID NO: 74) (SEQ ID NO: 75)

B-ACTIN GGGAAATCGTGCGTGACATTAA |[TGTGTTGGCGTACAGGTCTTTG
G (SEQ ID NO: 76) (SEQ ID NO: 77)

Table IVb. PCR temperatures (in °C)

Gene Denaturation | Annealing | Extension | Cycles Product size
INK4 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 21 500
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 induction 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. In particular, an agent (sulindac) that was first identified as an
effective inhibitor in a promoter-based assay using LuNK4p21 éell line was found to
inhibit the induction of several gging-associated genes by p21. These results further
demonstrated that NSAIDs that are active as NFkB inhibitors can prevent the induction
of aging-associated genesvby 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 sccreted growth
factors (such as CTGF) may have value in cancer therapy or prevention. In fact, the
available clinical data on NSAIDs with NF«B -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 bromoted the disappearance of colonic polyps (Lee ez al., 1997, “Use of aspirin and
other nonsteroidal anti-inflammatory drugs and the risk 6f cancer develdpment.” in
DeVitaet al., eds., CANCER. PI‘IINCIPLES & PRACTICE OF ONCOLOGY, Lippincétt—Raven:
Philadelphia, pp. 599-607). The use of aspirin and other NSAIDs was also shown to
decrease the risk of Alzheimer’s disease (Stewart et 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 cofnmonly 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 prqvided by the instant invention enable one with ordinary skill in the art to test
various NSAﬁ) derivatives for the improvement in this activity. Furthermore, these
results provide the basis for using the general category of NFxB and p300/CBP

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

EXAMPLE 12
Stimulation of the promoters of lel-induciblg genes by p16 and p27.

As demonstrated in Example.7, expression of p2l-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—luciferaseAconstructs described in Example 8 (SAA,
NK4, Complement C3 and prosaposin) were ﬁénsfected into HT1080 derivatives with
IPTG-inducible expression of:p16 (HT1080 p16-5) or p27 (HT1080 p27-2), which are

described in Example 6. For comparison, concurrent assays were carried out in HT1080

p21-9 cells with IPTG-inducible expression of p2l. The effect of IPTG on the

expression of these promoters was then analyzed as described for the p21-inducible line
in Example 8. The specificity of the observed induction for NFkB was determined by
cotransfection with the IKK inhibitor. As shown in Fig. 12, all the tested promoters were
induced not only by p21 but also by p16 and p27. NF«B inhibitor IKK strongly inhibited
the effects of all three CDK inhiBitors on all the tested promoters, except for prosaposin
(Fig. 12E), where IKK had only a weak effect with all three CDK inhibitors.

These fmdings indicate that p21-inducible pfomofers are activated not only by

p21 but also by other CDK inhibitors, such as p16 and p27, and that the effects of the
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CDK inhibitors are mediated to a large extent through NFxB.

EXAMPLE 13

p21 Induction of Viral Gene Promoters

The promoter of human immunodeficiency virus (HIV) was previously shown to
be inducible by p21 in p300{CBP-dependent manner (Perkins et al., 1997, Science 275:
523). To determine if 1521 inducibility is a geﬁeral property of different viral ﬁromoters,
two other complete promoters of primate virus origin were tested for p21 inducibility
and for the possible dependence of such inducibility on p300/CBP. These promoters,
commonly used in mammalian expression vectors, are from CMV (enhancer and early
promoter) and SV40 (early enhancer/promoter). These promoters were tested in pRL-
CMYV and pRL-SV40 cohstructs, which were ob;cained from Promega, Inc., and which
express Renilla luciferase as the reporter gene.

pRL-CMYV and pRL-SV40 were tested by transient transfectiqn into HT1080
p21-9 cells (A.T.C.C. Accession No. PTA-1664) with isopropyl-p-thio-galactoside
(IPTG)-inducible p21 expression, as described in Examples 1 and 2 above. To
investigate the role of p300/CBP, vectors were used that expressed adenovirus protein
E1A, which inhibits both p300/CBP and Rb. The reporter constructs were mixed at a
molar ratio 1:2 \;vith pcDNA3 vectors expressing the wild-type E1A, E1A mutant with a
deletion of CR2 domain required for Rb inhibition, (EI\AACRZ), or a non-functional
truncated form of E1A with deletions of the N—terminqs (the portion of the E1A protein
responsible for p300/CBP inhibiﬁon) and ACR2 (E1AAN/ACR?2) (as disclosed in
Example 10 above).

After traﬁsfection (by electroporation as described in Example 3 above), cells

were treated with 50 pM IPTG or untreated for three days (in triplicates). Renilla
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luciferase activity was measured using Promega Renilla luciferase assay kit. The results

of this analysis are shown in the following Table.

Table V
Reporter Co-transfected 50 pM IPTG | Renilla  luciferase | Fold induction
plasmid with (+or-) units (mean + SD) by IPTG
pRL-CMV E1A (w.t) - 67143
pRL-CMV E1A (w.t.) + 75848 1.1
pRL-CMV E1AACR2 - 654126
pRL-CMV E1AACR2 + 92749 14
pRL-CMV EJAAN/ACR2 - 91547
pRL-CMV E1AAN/ACR2 + 2970100 3.2
pRL-SV40 E1A (w.t) - 32643
pRL-SV40 El1A (wt) + 716x10 2.2
pRL-SV40 EIAACR2 - 31849
pRL-SV40 E1AACR2 + 1329+16 4.2
pRL-SV40 E1AAN/ACR2 - 1308+8
pRIL-SV40 E1AAN/ACR2 + 84332109 6.4

The results of the above assays demonstrated that both CMV and SV40
promoters are inducible by p2l in mixtures with a non-functional control
(E1AAN/ACR2). Both wild-type E1A and ELAACR2, which inhibit p300/CBP, also
inhibited induction of the CMV promoter by p21, but they did not have a major effect on
the activity of this promoter when p21 was not induced. Wild-type E1A and E1AACR2
also strongly inhibit the SV40 promotér, with or without p21 induction. These results
indicated that p21 induction of both CMV and SV40 promoters may require p300/CBP,
although the role of other E1A-binding proteins cannot be excluded. The SV40
promoter but not CMV also requires p300/CBP or some other E1A-binding proteins for
its basal expression.

Thus, all three tested promoters from different primate viruses (CMV, SV40 and
HIV, tested by Perkins et al, 1997) have shown inducibility by p21. Ipterestingly, pZi
induction, one of the most general stress responses in human cells, is also a frequent
corollary of viral infection. For example, hepatitis C virus induces p21 expression in

p53-independent manner (as disclosed in Majumder et al., 2001, J. Virol. 75: 1401-7),
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and Hepatitis B virus-X protein upregulates p21 expression (Park et al., 2000, Oncogene
19:3384). Overexpression of p21 is also observed in human T-cell lymphotropic virus
type 1-in.fec"ced cells (de La Fuente et al., 2000, J. Virol. 74: 7270). CMV infection
produces a transient increase in p21 expression, followed by p21 downregulation at a

later stage of infection (Chen et al., J. Virol. 75: 3613). Schmidt-Grimminger et al.

© (1998, Am. J. Pathol. 152: 1015) observed p21 expression in different papillomavirus-

infected human tissues and proposed that p21 induction is a host response that inhibits
viral DNA replication. Taking advantage of this host response to increase viral gene
expression appears to be a reasonable and general evolutionary strategy for different
viruses.

Based on these considerations, it is likely that compounds interfering with p21-
mediated induction of gene expression will have tﬁerapeutic benefit in the treatment or
prevention of different Virél diseases.

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

claims.
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WE CLAIM:

1. A recombinant expression construct encoding a reporter gene operably
linked to a promoter from a mammalian viral or cellular gene induced by a cyclin-

dependent kinase inhibitor.

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 promoter is a promoter from a human viral or cellular 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 or Table V.

5. A recombinant expression construct according to Claim 2, wherein the

promoter is a promoter from a 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), B-amyloid precursor protein (SEQ ID
NO: 15), tissue &ansglutaminase (t-TGase; SEQ ID NO: 16), clusterin (SEQ ID NO:
17), prostacyclin stimulating factor (EQ ID NO: 18), vascular endothelial growth factor-
C (SEQ ID NO: 19), tissue inhibitor of metalloproteinase;l (SEQ ID NO: 20), a

promoter comprising one or a multiplicity of tandemly-repeated NFxB recognition
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sequences, SV40 early promoter (SEQ ID NO. 81), human immunodeficiency virus

promoter (SEQ ID NO. 85) or cytomegalovirus early promoter (SEQ ID NO.82).

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

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

5 amyloid A (SEQ ID NO: 1), complement C3 (SEQ ID NO: 2), tissue transglutaminase
(SEQ ID NO: 16), B-amyloid precursor protein (SEQ ID NO: 15), prosaposin (SEQID

NO: 7), 8V40 early promoter (SEQ ID NO. 81), human immunodeficiency virus

promoter (SEQ ID NO. 85) or cytomegalovirus early promoter (SEQ ID NO.82).

7. A recombinant expression construct according to claim 4, wherein the
10 recombinant expression construct is pLuNK4.
8. A mammalian cell comprising a recombinant expression construct

according to claim 1, 2, 3,4, 5, 6 or 7.

9. The mammalian cell of claim 8, identified by A.T.C.C. Accession No.

PTA 3381 (HT1080 LulNK4p21).

15 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 mammalian CDK inhibitor gene.

12. A mammalian cell according to claim 11, wherein expression of the CDK

20 inhibitor is experimentally-induced in the mammalian cell.

13. The mammalian cell of claim 11, wherein the recombinant expression
construct encoding a mammalian CDK inhibitor gene is under the transcriptional control

of an inducible promoter, wherein expression of the CDK inhibitor from the
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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 a promoter.

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

gene is a human p21 gene or CDK-binding fragment thereof.

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

gene is a human p16 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 ceil according to claim 13, further ctomprising a
repombinant expression construct encoding a bacterial lactose repressor, wherein
transcription thereof is contcolied 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 recombiﬁant 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 a human HT1080

fibrosarcoma cell.

19. The mammalian cell of claim 11, wherein the cell is 2 human HT1080

fibrosarcoma cell.

20. The mammalian cell of claim 17, wherein the cell is 2 human HT1080

- 75 -



WO 03/073062 ‘ PCT/US02/27584

10

15

20

fibrosarcoma cell.

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

construct is LNp21CO3.

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

PTA 1664 (HT1080 p21-9).

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.

PTA-4020 (HT1080 p16-5).

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

construct is LNp27R0O2.

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

PTA-4021 (HT1080 p27-2).

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

inducing agent is a B-galactoside.

28. A method for identifying a compound that inhibits induction of viral or
cellular genes induced by a CDK inhibitor in a mammalian cell, the method comprising

the steps of:

(2) culturing a recombinant mammalian cell according to claim 8 under
conditions that induce expression of viral or cellular genes induced by a CDK inhibitor

in mammalian cells in the presence and absence of a compound;

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

and

(c) identifying the compound that inhibits induction of genes induced by a
CDK inhibitor if reporter gene expression is lower in the presence of the compound than

in the absence of the compound.

29.  The method of Claim 28, wherein the cell is cultured under conditions

that induce .expression of a CDK inhibitor in said cell.

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 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 2 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 geneisa

human p21 gene or CDK-binding fragment thereof.

34.  Themethod of claim 32, wherein the mammalian CDK inhibitor geneis a

human p16 gene or CDK-binding fragment thereof.

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

human p27 gene or CDK-binding fragment thereof.
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36. The method of claim 32, wherein the cell is a human HT1080

fibrosarcoma cell.

37.  Themethod of claim 32, wherein the mammalian cell further comprises 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 éontrolled 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 viral or cellular gene expression, the method comprising the steps

of:
(2) producing expression of a CDK inhibitor in a mammalian cell;

(b) 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

(c) identifying the compound as an inhibitor of CDK inhibitor-mediated
modulation of viral or cellular gene expression if expression of the cellular genes of

subpart (b) is changed to a lesser éxtent 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
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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.

44.  The method of claim 38, wherein expression of the viral or cellular gene

is induced by p21.

45.  The method of claim 38, wherein expression of the viral or cellular gene

is induced by p16.

46.  The method of claim 38, wherein expression of the viral or cellular gene

is induced by p27.

47.  Themethod of claim 38, wherein the viral or cellular gene is identified in

Table IT or Table V.

48.  The method of claim 40, wherein the viral or cellular gene is identified in

Table II or Table V.

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

is detected using an immunological reagent.

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

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

51.  The method of claim 38, where expression of the viral or cellular gene is
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detected by hybridization to a complementary nucleic acid.

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

comprising the steps of:

(a) 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 viral or cellular genes that

are induced by CDK inhibitor gene expression; and

(©) identifying the compound as an inhibitor of CDK inhibitor-mediated -
induction of viral or cellular gene expression if genes that are induced by the CDK
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, p16 or p27.

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

Table V.

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

an immunological reagent.

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

assaying for an activity of the gene product.

57.  The method of claim 52, where expression of the gene is detected by

hybridization to a complementary nucleic acid.

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

comprising the steps of:

(@ 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 reporter gene under the transcriptional control of a
promoter for a mammalian viral or cellular gene whose expression is modulated by a

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

(©) identifying the compound as an inhibitor of CDK inhibitor-mediated
induction of viral or cellular gene expression if expression of the reporter gene is
changed to a lesser degree in the presence of the compound than in the absence of the

cémpound.
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 II or Table V.

61.  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.  Themethod of claim 58, where expression of the cellular gene is detected

by hybridization to a complementary nucleic acid.

64. A method for inhibiting CDK inhibitor-mediated induction of viral or

cellular gene expression, the method comprising the step of contacting the cell with a
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compound produced according to the method of claim 28.

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

compound produced according to the method of claim 58.

68. A method for inhibiting CDK inhibitor-mediated induction of viral or
cellular gene expression, the method comprising the step of contacting the cell with an

effective amount of a compound that inhibits NFxB activity.

69. A method for treating a disease in an animal accompanied 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 fnethod 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
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and the NSAID is other than aspirin.

74. A method according to Claim 69, wherein the disease is arthritis and the

NSAID is other than aspirin, sulindac or salicylate.

75. A compound that inhibits viral or cellular 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 cellular genes that are

induced by CDK inhibitor gene expression; and

© identifying 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 or p27.

77. A compound that inhibits production of viral or cellular gene products
induced by a CDK inhibitor in a mammalian cell, wherein the compound is produced by

a method having 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 expression of a CDK

inhibitor;

(b)  assaying the mammalian cell for induction of viral or cellular genes that

are induced by CDK inhibitor gene expression; and
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(c) 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, wherein the CDK inhibitor is 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 claim 79, wherein the mammalian cell is a stromal

fibroblast.

81. = The method of claim 79, wherein the compound is an NF«B inhibitor or a

p300/CPB inhibitor.

82. A method for treating an animal to prevent or ameliorate the effects of a
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 to 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 NF«B inhibitor to an animal in need
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of such treatment.

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

inflammatory compound.
86. The method of claim 85, wherein the animal is a human.

87. A method for selectively inhibiting induction of viral or cellular genes
induced 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 meﬁhod for selectively inhibiting induction of viral or cellular genes
induced by a CDK inhibitor in an animal, comprising administering to the animal a

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

91. A method for selectively inhibiting inductibn of viral or cellular genes
induced by a CDK inhibitor in an animal, comprising administering to the animal a

compound produced by the method of claim 52.
92.  The method of claim 91, wherein the animal is a human.

93. A method for selectively inhibiting induction of viral or cellular 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 viral or cellular genes

induced by a CDK inhibitor in an animal, comprising administering to the animal a
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compound produced by the method of claim 75.
96.  The method of claim 95, wherein the animal is 2 human.

97. A method for selectively inhibiting induction of viral or cellular 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 2 human.

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

compound accofding to claim 77.
100. The method of claim 99, wherein the animal is a human.

101. A method for treating a viral infection in an animal, the method
comprising administering to the animal a therapeutically effective amount of a

compound according to claim 77.
©102  The method of cfaim 100, wherein the animal is a human.

103. A method for treating a viral infection in an animal, the method
comprising administering to the animal a therapeutically effective amount of a

compound produced by the method of claims 28, 38, 52, or 58.

104, The method of claim 100, wherein the animal is a human.
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Figure 8

IPTG dose-dependence (24 hrs treatment) (A) and time course (50 uM
IPTG) (B) of luciferase expression in HT1080 LuNK4p21 cells
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Figure 11
RT-PCR analysis of LuNK4p21 cells uninduced or induced with IPTG for two
days in the presence of the indicated concentrations of Sulindac
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SEQUENCE LISTING

<110> Board of Trustees of the University of Illinois

Poole, Jason

Roninson, Igor
<120> Reagents And Methods For Identifying And Modulating

Expression Of Genes Regulated By CDK Inhibitors
<130> 01-1156-B
<140> PCT/US02/
<1l41> 2002-02-01
<150> US 09/861,925
<151> 2002-05-21
<150> US 60/265,840
<151> 2002-02-01
<160> 24($>Y/
<170> PatentIn version 3.0
<210> 1
<211> 1200
<212> DNA
<213> Homo sapiens
<220>
<221> misc_feature
<223> Human serum amyloid A (SARA) gene, 5' flank (AN: M26698)
<400> 1
ttgceccagge tgggcctcaa atttctgggt tcaagcagge ctecctgectt ggecteccaa 60
gtagctggga catatggcac atgccaccat gcchggccca tttctaaatt gettgtttgt 120
ttgttattac aaatgcctag cccctcaggg‘tatgaacatg gactggagaa gaagaaacca 180
gagttgctge tatgtccacc agectetetg catgtectgg cectecagecce cectgggetet 240
ggtactgacc catctctgge caccatgctc ctccataage ctetgcagag ctaatctgac 300
cctgttgatg ttctcatgag agagtgatct gaatgceccee tgaaccecte cgtgataata 360
cagcagacca agagctctcc cacccttcece tgectggatg ctgggcacgt cceccagetgg 420
gctgeetatt taacgcacca cactctcatt cteccaaggt ggggetccag gactaggetg 480
gggcagcaga aagtcccecct ctectacattg teccttggete aggageccaac ttagaaaaag 540
catttccaaa ttggctaagce cagcggagca gagattttet gtgectgagaa atatcaggac 600
atccagaggg gtggaaggag gecttccaggg cacacatgag atgtggecagg ggtaggetgt 660
ccgttttaaa gettaaaget ttagacatga actcacaggg acttcagtca gggtcatctg 720
ccatgtggec cagcagggcece catcctgagg aaatgaccgg tatagtcagg agetggctga 780
agagctgcce tcactccaca ccttccagea gecccaggtge cgecatcacg gggctcoecac 840
tggecatctct gcagctgecac ttceecccaat getgaggage agagctgatce tagcaccctg 200
tccattgecca aggcacagca aacctctett gttcecatag gttacacaac tgggataaat 960



WO 03/073062

gaccecgggat gaagaaacca c®ggcatcca

aatgacctge agggactttc cccagggacc

cagcaaggct cactataaat agcageccacc

gctacagcac agatcaggtg aggagcacac

<210> 2
<211>
<212>
<213>

DNA

<220>
<221>
<223>

<400> 2
gatcaatatg

acaaacaata
agaaatgagg
gacaagggta
gcacatacct
caagaagcag
ccctgecacat
Ectcccccat
cccagectac

actggggatg

actacaaagt

gagtccaggg
accccatgga
ggggcagccec
gagccégata
gtcecctetgt
gectgetget
<210> 3

<211> 687
<212> DNA
<213>
<220>
<221>

<223>

<400> 3

1018

Homo sapiens

misc_feature
Human complement C3 gene,

aatatattat
caatttaata
actttecctca
agtgagggga
caaagcccat
agttctattt
gagctagaaa
tctacttcece
agagagattc
aggtccaaga
gggtccaaca
cagggtgcag
catgttggcc
caaaagggga
aaaagccagc
ccctetgace

cctgctacta

Homo sapiens

misc_feature
CTGF gene and promoter region (AN: X92511)

acacacagac
tcctaagagg
gtgatgactt
gcctecttgg
ctgaaatgtc
cactggggaa
acatttcatg
cteecctecage
ctaggaagtg
catctgeggt
gagaaaggtc
ctgecattcat
ccagggactg
gaggccatgg
tccagcaggce
ctgcactgte

acccacctec

2/38
ggaact;gtc
acatccaget
tcteecctgge

aaggadgtgat

ttagaktagtictgeniiggma:

tttcttecct

agacagggac

ttttaaaact

exon 1 (AN M63423)

acacacacag
atattgacat
ttttcaccac
aaaataaact
ccctectaca
aacatttett
aaactgggag
atggaagcct
ttcgactgat
ggggggttct
tgtgttecacc
gctgetgggg
aaaagcttag
ggagaagggy
gctgectcact
ccagcaccat

ccetggetet

acacacacac
tagacaggta
caaagtcact
cacttgggta
ggaagtttte
cttettettt
tttetgtget
ctggaagtgg
aaacgcatgg
ccagacctta
aggtggcecct
aacatgccct
gaaatggtat
gggctgagtg
cctcececatce
gggacccacce

ggggagtccc

PCT/US02/27584

cccaagagac
ccgecagetea

tactctgttt

acacacacac
caaaagctct
caggcatcet
gtgaactcct
cctgacccte
tttttceetg
gggctctgtce
ggctctgact
ccaaaagtga
gtgttcttee
gaccctggga
caggttactc
tgagaaatct
ggggaaagca
ctcteectet
tcaggtccca

atgtgagt

cgaatttttt aggaattecct gectgtttgec tcttcageta cctacttcet aaaaaggatg

W2
1080
1140

1200

60
120
180
240
300
360
420
480
540
600
660
720
780
840
500
960

1018

60
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tatgtcagtyg
tgtgtttata
atttggtgct
gtgtgccage
gtgagttgat
tccattcecage
ccaaactcac
gctecgacgge
ccaccteccga
ctcecegtecg
cttegtggtce
<210> 4

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

<223>

<400> 4
aagcttggga

gcaagaaaaa
atgtttgcea
gtgtcccaag
aggggccaca
accaggatgce
ggcgagagag
cgaggggatc
tcccaccceac
gcgcccactg
<210> 5

<211> 760
<212> DNA
<213>
<220>

<221>
<223>

DNA
Homo sapiens

gacagaacag
aatgatatga
ggaaatactg
tttttcagac
gaggcaggaa
tcattggecga
acaacaactc
agccgccccg
ccaccgccag
ccegeagtge

ctcctecgecece

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

ggcaaactta
atcaggagtg
cgettttttt
ggaggaatgce
ggtggggagg
gcgegecgcece
ttcegetgag
gccgacagcce
cgctececaggce
caaccatgac

tctgeag

3/38

ttcgaadaag
gtgcgaagag
tttecttttt
tgagtgtcaa
aatgcgagga
cggagcgtat
aggagacagc
ccgagacgac
ccecgegetee

cgeccgecagt

tgtggtc;tg ccctcaacag gtaggtagte

aattagtgaa
gtcaaatgaa
aatccagcga
ggctectgge
gctgacgacce
gagcaatagt
tagagaagcc
cgegtecccet

tggggeggge

Homo sapiens

misc_feature
Activin beta-A gene, regulatory sequence of 5' upstream region (&

N: D17357

<400> 5

taataaagga
ttaaagtgtg
aacagggtct
ctttctaage
cggetggeag
tteecaccge
ggaggggagyg

ccecteccect

ggagcgeege

ctgaaccggt
aatgaatgaa
cccaggaggc
acaccaagtg
gegggtecte
tcceteteag
aagcgcgagt
ccegetgegg

gggaggcgga

aaataagaaa
gatagggaaa
ttttttttct
ggggtcagga
atgtcecctgt
aaaagcctcg
cagtgcgact
agceccggecg
ccgectegeeg

atgggccceeg

taccggaaaa
tcagagaagg
actcgaggta
gggactggaa
cccagtegeg
gtgggcgagg
gecgecagggte
ccgeggecceg
aaaagcggec

cgag

PCT/US02/27584
taattgccag 120
aaaaaattct 180
gcgagetgga 240
tcaatcecggt 300
ttgtgtagac 360
gccgeecgcec 420
ccaccctecca 480
gtcceggtee 540
ccacecgegcece 600
teegegtege 660

687

ccaaactaag
cattéagcag
gtgggtgaat
gggtccggag
gaccceceggg
cgagggaggce
tagagaagcg
ccecegttgeg

gcgggeggeyg

60

120

180

240

300

360

420

480

540

584
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tgattccaat
gcatcaccca
aatgtctcecac
aacaaagccc
tacagtataa
atgatacaag
tacttctgag
tggcatttcc
agcttttaat
atatatacaa
taaattcaég
acttatctaa
gtatttcaga
<210> 6

<211>

<212>
<213>

DNA.

522O>
<221>
<223>

<400> 6

ggagaaacct
tgaccttgga
ttgtegtggt
gtgctcaget
ctggagggtc
accagtgacc
tcagccaagce
ccacaggtag
acggcgecce
atctggagece
ccacttggcet
ctggactttc
tecetgggete

cccteattec

gtttttctaa
gtagtgtcte
actggaaaaa
cagccctcct.
aacttcacag
agccggcetgg
ctctttacac
aatgtgcatt
agtcctagag
gtaqatatgc
gaacacacac
atgctgctat

ctttcttgta

1140

Homo sapiens

misc_feature
NK4 gene, regulatory sequence of 5' upstream region (AN: D17357)

gaacagaatc
cctececagect
acttccttag
gggggaaggg
agaacccgtg
ttcggeccca
tcagacagcc
atctacatca
tcttaggtce
ggggcacacc
gacgtcacct
cctetgecce
agagactccc

tcccagggac

afdggtagagt
agaagccagg
ccagtecatcc
ctgtttcagt
tgccaatacc
tggaagagtg
attcaaagat
gtgatgtgta
catgcaaata
caaagagaaa
atactcagat
taggactect

aaacttaatt

ccagctecgg
gcagategtg
tttggeccca
ggctgggggc
gagctagaag
gatggcettg
ggcaggatge
ccactagcca
ggcagttecet
tcatgcaagg
tcetgtacte
tececcactet
accccagcete

cccagaccte

4/38

aatcctagece
aagqgctttc
gctgagtcat
ggtaccaatg
atgaagagga
gggaccagaa
aggaaagcta
cctttttata
gattatatgt
gctattttta
gcagagagaa
gagttgttta

gaactgcaaa

gccctecagaa
agggaagaga
ggaaaccatc
cgtgaggagg
agcccgtagg
ccttggecca
ctteccaccct
cccctecaac
gcctecttet
acagggtcca
agggagtttc
caggctggtg
agagggagca

tgtectctete

PCT/US02/27584

agaggt B g Tt R 60
cattagataa tgaattatga 120
gctgattcca accaatccca 180
tgtggtgtac aaataagtag 240
gctcagacag ctcttaccac 300
aggtaatgcet ttttaactct 360
ggaggaattt tacaactaat 420
ttattcagge aggttaatac 480
ttatacaagc cactcagcac 540
agagttacat tcgcaaacag 600
tccaaatatt gataagttge 660
gagccattaa acttttggtt 720
760

ggaccccacg
cgtettegac
ccaaaggcaa
aggtgggagg
ggagccccaa
gaagggtcag
gcagagggtc
gtgcacaggc
gatccagaag
aattcctttg
cccagccagc
gggtggggaa
ggggcccagc

gggtaagtct

ctgceccacat
ttagggeccece
gggegtggtt
cccagccagg
gattgctgag
aaggacctgg
ctatcttgte
ccctgeecte
tttetetgge
tccttggate
tgtcececgagt
agcagcccat

cagggacgga

ccatctetgt

60

120

180

240

300

360

420

480

540

600

660

720

780

840
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ctgtctetgt
cctgagagag
gccaggaaga
gagttggggt
tettttecte
<210> 7

<211> 960
<212> DNA
<213>
<220>

<221>
<223>

ctetgtetet
gctececgecca
ctgegtgeag
ccecgaaggt

acacctgttc

Homo sapiens

misc_feature
prosaposin gene, 5'-flanking region,

AF057307

<400> 7
ggtttaagca

cacacgctga
ggtcttgaac
caggagtgag
ccacgtgecce
éaaaccccaa
tttttttgta
ccteggecte
aatgtggaga
cttttetttt
agcccttecet
ctcagaggcyg
cgegectgeg
tgacgteccge
ccagcctect
cecctegeage
<210> 8

<211>

<212>
<213>

DNA

<220>
<221>
<223>

atttctggee
ctaattttgt
tecectggacct
acagcatgcc
ctggccagga
gctattctat
gagatggggt
ccaagtgttg
tttaaaaggt
atgacctttc
ttecgecececte
ctgagtcagg
ctetggacgg
attgcagact
gggecacgteg

gteccatgtga

3271

Homo sapilens

misc_feature
90K (Mac-2 BP) promoter region (AN:

5/38

gtctetgtet gtttttcacg

ctacceccecca ctttecccat

aaggtgactg tctcagtgga

gaggacccte tggggaggag

ctcgecagea ggecttgget

tctgecteet
atttttagta
catgatccge
cagcccagac
ctgagccectg
gtgaaacccg
ttcaccacgt
ggattacaga
attttacata
cctteeettt
ccattgeccee
gcgetgttga
cctttgggge
gcggagteag
ggtaagccct

cceectegge

gaaatagctg
gagacagggt
ccgectegge
ttgcectttga
taccctgtta
ctactacaat
tgceccagget
cgtgtecagec
tataatctcet
ctcecaagtte
ctectattgg
gctegggeag
agggcagatt
acggcgcetat
gggaccctca

ctceccaaagt

PCT/US02/27584

cactcagcaa ggcctectge

aaaaccagct
gctgggtcat
ggtgettete

ccttgaactt

gagtatttgt
ctecaggtggyg
tgagacactt

ttggeegeca

900
960
1020
1080

1140

exon 1, and partial cds (AN:

gaaccaacag
ttcaccatat
ctcccaaagt
ccaggtgeca
cacgactact
gggctaattt
agtcttgaac
acacgtgcag
gacctattca
ttectcacte
cctcecectte
gceeggatgg
tatatctgceg
gtacgcccte
tcetggggag

gatgggatta

U91729)

gcgagactgce
tggccaggcet
gttaggatta
ccacctgeccece
tattctatgt
ttttgtattt
ccteegeecg
gcecggecaac
attagtaggg
ctceccactat
cggcagegec
ggcggggtta

ggggatcage

ttccteectgg
gaggatttga

caggcgtgac

60

120

180 -

240

300

360

420

480

540

600

660

720

780

840

900

960
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<400> 8
aagcctcecg

tttttttgta
gtgatctacc
atctaccata
tcacacaaag
aatgacccaa
gggcegecac
ctcagaagca
ccatttagag
tgggaggcag
tgtggagaaa
acctgtaatc
gagattgcag
gtgtcttaaa
aagctgagag
gagaattctt
Eacacatttg
aaggaaagga
ttacgtegece
cttccecatca
ctggcgaaat
gtagaggcac
gcactttcce
atctgaggct
tcecectgtea
ccecaggggag
tacctgectg
ttttaaaacc
t;cctggcca
tgtgcacteca
ttcecagetge

tgcagctgcec

aatagcetggg
gacacggggt
cacctcagece
tgacccagta
acttgtatcc
atgtccatca
ccagcaaacc
ctgtggtaag
ggaattctag
aggcagggcg
cccéttctct
ccagctacte
tgagccgaga
aaagaagaca
gtggttgcetg
aggggtgatt
ccaaaacttt
tgggtttgaa
tcactgagcece
tggctggaag
ccatattagc
aaaagatgac
ttcecatgtct
ttcaccecagc
gcgetteccet
cagatgktyg
gatggcttag
tttececagea
cttgggcaga
ggcccttaat
acctgececct

taaaacctca

attaaaggcg
ttecaccatct
tcectgaagtg
atcctgectece
aaatgtttec
gtgcaaacat
caggagccag
taaaagaagc
ggtccaggag
ggatcacctg
actaaaaata
gggaggctga
ttgttecact
aaatagaggg
ggaaggggct
gaaacgccect
gcacgtaaat
accccagttce
tectgttttet
tattaaatgce
tattataggg
cttacaggce
tgggaécggc
tgtettcectea
ccaccccatg
gtgctecgat
gactttéccg
cttcccagag
agtcattagce
ccggatgaga
ggatcttcecac

caccttgaag

6/38

¢ctaccacca
tgaccaggct
ctgggtagtt
taggtattta
agcagcttta
gtattaacag
ttactgattg
cacatgcaaa
tggtgcctcea
agttcagggg
caaaaattag
ggcaggagaa
gcactccage
aattctagga
gggggaggtg
aggtaatgat
tatatgccaa
tteceectace
catctgtaac
attcatttgt
agcgttecte
agttaaccat
ttcectgatga
gagccgagcece
gtcatcgcac
tccacgagga
gactctgggg
atgcectece
actgctgaga
tttttttaaa
aagttcctcet

gaaatagtca

tgtttggcta
ggtcttgaac
tcttaaaaag
cacgaaataa
tgcataatag
tggtgttctg
ttgagatagc
atattaaata
tgecctgtaat
ttcgaggcca
ctggeegtgg
tcacttggac
ctgggcaatg
aaggcaacca
gtggctgeag
tgttgtcatg
gaaagccaat
agctgcacaa
agggaatata
ggcaaggctt
aatttgcgga
tctcatctet
cagcagttct
gctgecectt
accggaaagg
ggcctetggg
ctaaagattc
gtcctetgea
agggatgatg
ctceccacag
ggaggggétt

ttgaatgtct

PCT/US02/27584
attatttgta 60
tcetgaccte 120
gtaaacatat 180
atacttattt 240
tggaagatgg 300
teccatacagt 360
atggatggat 420
ctgtatgatt 480
cccagcactt 540
gcctggecaa 600
tggtgggcgce 660
ctgagaggca %20
gagggagact 780
gcagtggcag 840
aggggbataa 900
ataccatcgce 960
ttttaaaaag 1020
ctttagccga 1080
agagcagctg 1140
atagtaatgc 1200
gaggtttggg 1260
gaaatgcccc 1320
gteccacacga 1380
cceetgectg 1440
ccttgecgage 1500
ttttecattt 1560
ggcacctgag 1620
ctcectgtect 1680
ctggggttte 1740
ccagttctat 1800
aggcaaaccg 1860
gacctctggg 1920
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ctggctgtet
tgggggettt
taggcattag
ccactggtca
cagaaacaag
attaggccag
ccaccggecc
ggctgggetce
gacagccagg
ccgggaatgg
aaagggaatg
gcececgetga
ctectggggte
tectecagtgee
gccetetgtyg
ccetgtgtgg
gtg£cagagt
cttcecectece
gtggctgtta
agcctggecac
cagcagcagc
ctettttcetg
tgggtcaaag
<210> 9

<211>

<212>
<213>

DNA

<220>
<221>
<223>

<400> 9
tcecaggecag

tctggctgtg
aggcaccaat

catcaccgtg

1403

cggactctaa
taaatgceccce
gagtttgtaa
gaggcctggg
agcggetget
ctggacccag
cagcagectg
acagccccac
ccttgggtgg
gagggggtgce
ggtatgagct
gggggagaca
aggtgttgga
tecectecect
tggtcageat
tgttcaccca
ccacagccac
cgtccaccaa
gtectcttge
tgatagccac
caatcccgga
aagcatttcc

gaccagtctg

Homo sapiens

misc_feature
galectin 3

cagatttgat
tcttcacaag

ctcattcace

agggttagga

MEgccaggyg
tgcctgtececce
aactccctga
cacatcccaa
gattgecctca
gagctcaggce
ggcccacate
cctgaaacca
ttgaaggcca
tcecececaaggg
ggacagagcc
gtaggagagt
gcagggtcca
ggggacaggg
gccaagagca
gccagcaacg
accaccaggt
acgccagccce
aggccttgcet
aggcagagct
agacatctat
tgggatcagc

cagagggatc

(LGALS3) gene,

gtctggtgag
gtggaagtgg
ctatgaccta

tttcaacata

7/38

aaccagggec
ctactcceag
tgattceccectte
ggctcatceca
ctgagcagtg
cggaggatge
ctc;cagtca
gcagtgtggce
agagctgggyg
acagttgagg
attatgtcac
ggccacaggt
gctectcecac
gacagtgcca
cagagagggt
tgctagaccc
gcagactgte
ctgaccacct
ccagccagac
gagacaaaag
gtcaggtggt
ctgaccacgce

c

exon 1

ggcctgettt
caaggggact
atcacttccece

tgaactttgg

(AN:

PCT/US02/27584
ttccaccg@gﬁtggga;m o L2984
agatggtgac ttcctgggtce 2040
tgtecagece aggctgagaa 2100
gaaccatggg gtgcaagtga 2160
aagcccagece ttgaccatgg 2220
ctgcttcect ctgetctgec 2280
gaagctggcet ctcaccggcet 2340
ccggggecce cgcaggctca 2400
gccectctggg aaccacacag 2460
tgececggettt cagtgggagg 2520
ccagagaggc tctgtccece 2580
ccagcagtgyg cgagcacagg 2640
tggcecagctyg catacctggt 2700
tgcaaccttg tggggcacag 2760
ggatttgcac atgagcagcce 2820
aggaaaagac tcggageget 2880
tgggceccaga gectctgett 2940
ggcggecttt ccaactgagt 3000
tcceacettyg ggectetgee 3060
agaggggccce tggggagtat 3120
ttctggaaat cgaaagtaga 3180
tcecatactgg gagaggctte 3240

3271
AF031421)
ctggttcaca gagggagcct 60
ctctccggc; tcttttatta 120
aaggcctcca cttectaata 180
cgggatataa acattcagac 240
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tatagcaccc
gataaggtga
atgtgttaaa
attgatctag
atttttggtt
tcttecactca
ggagcgccac
ccegteggga
ggctcgecca
gagaggcggy
cccgcageac
gggcgcgggy
cgeggtecgg
cagcctgtge
cgectttgat
acacacgtcc
gtecgecaccte
ccgeagtetg
ctcagcaaac
ccccagatcea
<210>
<211>

<212>
<213>

10
859
DNA

<220>
<221>
<223>

<400> 10
gatttcacta

‘gtgcaaatcce
gccggtgggg
.f&gcaaagca
cceteagetce

gaacggccac

cgcggeeccce

tgacagtaaa
agttaaaagg
gagttgtctg
aataagtagt
ttgtattcta
ggtgattctg
ggaacctaac
gcttectggt
gcetggteeg
ccgggegggyg
ctectegeca
gacgcggete

agagggttcg

tctgecectec

tatcgagggc
ccggggeggce
cgcegectge
gtcaccccag
cagacggccg

cggcegeggy

Homo sapiens

misc_feature
manganese superoxide dismutase (SOD2) gene (AN:

ttactagaat
tgcectgeagt
acaaagtctg
agggtacggce
ataggccgge
gggggcctgg

cggcagcgea

a¥gagataa
agggtatata
attaattget
caatttgtag
caaataaagc
gagagggcgg
ggtggeageg
cgccectgeg
gggagaggac
ctgggagtat
gcagccgtece
cggcegggea
gcteceeeggy
aggagcgggg
gctggegtte
acgggccacce
gcctetgege
tcccaccagg

ctcecagttte

gga

caataatacc
ctecgggcacg
tgtgcectect
gcaagagtac
tgggcgegge
gagggtatga

accaaaactc

8/38

taataactta
tat%tatata
ttataaggga
tecagttccecct
aacctattaa
gggacagacg
gaggtcgege
gcggeggete
tggctgggca
ttgaggcetceg
ggagccagcec
ggggagaggyg
accgggecgg
cggcgggceag
ggggaaggtt
ttectgecggag
gccecagagt
teccegetgeg

tctaattggg

aaccctaggg
tegtgggtgt
gtecctggaat
tgaatacggg
tgaccagcag
atgtettttt

aggggcaggc

totottBE Faatolamma i <300

atgtgaattt
attgetttga
agggaataga
ttgaattcct
cggccgeage
cccteagtge
ggggtgtcag
ggggcgcecge
gagccaccgc
aacgagcggt
cgcecegggcyg
ggcgcgegeg
cgatctgggce
ggcagcacct
cctegtgegg
aagccccatce
aggggaggcyg

gttggagcce

gtaaaaataa
ccaagaactg
aggtcccaag
ttggaagggc
ctaggccecyg
gcagtgaggce

gcecgeagecyg

PCT/US02/27584

cctgtgtaaa
gactaggcct
cattgaaaag
ctcagcgaat
ccaggtecceg
cecgegetete
gccggegegyg
ccecgectegg
cccgccggcg
gagctgegeg
ctgettgggg
gagagcccca
ccggggeagt
tacgagaccc
cttegeegece
cggtgacgag
gaggggcteyg

cgtcaccctt

§77127)

agataaatgt
ttcttaggca
gtcggettac
gctggetcecta
tcttececctag
ctectggaccc

cctagtgcag

e

360
420
480
540
600
660
720
780
840
900
960

1020

1080

1140

1200

1260

1320

1380

1403

60
120
180
240
300
360

420
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ccagatccec

tccaaggggg
agcgaggttg
gggtgtacgg
cggcgggege
agctggggtce
gcactcgtgg

caccagcact

<210> 11
<211>
<212>

<213>

DNA
<220>
<221>

<400> 11
cgggaatgeg

ataacgaaag
gcgctgattt
aggtgtgcta
aaggcatatg
cgtctgegtg
tttattgaaa
ggtttacacc
tattgacacg
acctcgttat
gagaéagaga
gcaggatact
gctggeectt
tgtctccaga
ctttgacgat
tgtatttttt
atttcatgaa
tctcaagata
taggtcctca

agaacccctg

gceggcaccecce
caggggccge
ccgaggcecga
caagcgcggg
ggggeggggce
gecggecctge
ctgtggtgge

agcagcatg

2877

Homo sapiens

misc_feature<223>

gtaattacgc
gtaaaataca
ttgcggtata
tgaagcagcg
atgtcaatat
ccgaacgcetg
tgaacggctc
tataaaagag
ccegggttea
cgtggecacct
gaaacatttg
tectttgttgt
acctaccaga
cactcctaaa
tagactttgt
tctggttetg
agtttcatgt
gccaggaagyg
gcaggccagg

ccacacgact

tWEggggcgy

ctececttegy

ggctagectg

cgggcgggac
cecgegggggyg
tecceegeget

tteggecageg

tttgttttta
taaggcttac
agatatatac
tattacagtg
ctcecggtetyg
gaaagcgcaa
ttttgetgac
agagccgtta
agcgatctce
taccecttetg
tgaagtaggt
gggggattgt
tcgecagtgt
tgtecectgge
gatatttgtt
ggtggttgta
gtgtgtgtgt
aaaataagca
tgtcttatce

ccacagctcg

9/38
acgggaggca

ccgggcgccg
cagectectt
aggcacgcag
gggg9gcgggg
ttettaaggce

gcttcagecag

granulin gene (AN:

taagtcagat
taaaagccag
tgatatgtat
acagttgaca
gtaagcacaa
aatcaggaag
gagaacaggg
tcgtetgttt
tgcecteggec
atgttaaaaa
tgttgagtct
tctgtgtgte
ccctecacce
gcaaaattgc

tcagtctgtt

attagtaggt

ttcaatagaa
caaatgtgtc

getgtetggg

gttggcaccc

PCT/US02/27584

gggcctiefs Hegtdongme

ctcaagtacg
tctecegtge
ggcagcccccg
cggeggtgec
ccgegggcgy

atcggecggea

1.32588)

tttaattttt
ataacagtat
acccgaagta.
gcgacagcta
ccatgcagaa
ggatggctga
actggtgéaa
gtggatgtac
tcctgagtag
aaaaaaaaaa
cagcactatt
gtgtgatgtt
tgagttgtga
cgctgcetcaa
taggtttttt
tattgatcga
gcataaacta
accagggcac
tctgctcetag

tttccectecet

gcagacaggc
cctgggegeg
gggttgggeg
cttgeggege
cgcaggagceg

tcagcggtag

attccttaac
gcgtatttge
tgtcaaaaag
tecagttgcte
tgaagccegt
ggtcgeccegg
tgcagtttaa
agagtgatat
ggaattacag
aagagcgaga
gaccttttgg
tagtgggatt
caacccagat
gaatcacgga
ttecttetace
ttcacctaac
tacteccctag
agactagtac
ctccaggett

ccgacttetg

gm0
540
600
660
720
780
840

859

60
120
180
240
300
360
420
480
540
600
660
720
780
840
200
960

1020
1080
1140

1200
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ctgecectegag
gctecaggctg
atcaggettt
tggcccaggce
gtacatttte
taggaagcca
cagctcecctga
ccatctggtt
cccagactcé
gagacaatct
tagattcagce
aggaaagggc
ggcctgeceta
ggacaagaca
ccagegettg
tgagctatga
cegggegegy
acgaggtcaé
atacaaaaat
aggcaggaga
tgcactccag
aaaggcgagc
acgcgctatc
cgagcaccag
ccctagaaat
aacacagcat
gcecctgatec
ctgagcgecta
<210>
<211l>

<212>
<213>

12

DNA

<220>
<221>

2040

cttggttage
cagcagtctc
ccctgggeet
cctttggeac
tctecteacce
cttetettte
agceccactgg
tocececaggget
gctcaaggadg
acttecectete
ctgagactgt
tttggggetg
gcatgtcaac
gggcaggata
gggggctgeg
tcagcttggg
tggectecatge
gaaatcgaga
tagetgggeg
atcgettgaa
cctggecgaca
acaaatattc
atctctagea
ctgceectget

ggggtgtggg

tccaggetgg

ctggccaatg

cceggttget

Homo sapilens

misc_feature

10/38

catccecectg
catcecctgt
ctecctetete
caagcaggct
ctcececatatc
gacagcccece
cattgaacat
cttcecaaca
atgctcctaa
cctacacctg
ctceccaccaa
tttatctttg
cgagtttgga
ggataggagc
gtaggagaat
cgactgagcg
ctgtaatctt
ccatecctgge
tggtggtgcg
cccgggagge
gagtgagact
ccaattcata
aactccccca
gaggctgtec
gcgagaggaa
ccccacctcet
gaaactgagg

gctgecccaag

cccetgecte
gcadacactg
ctggceceatce
gactcttgtc
aattcctega
accacagccce
ggcattcaat
cctectecte
ggtggaatga
gcaactggceg
tcecetgetee
tcctggaaac
gaatagggca
gagccagcetc
cgctttggga
agaccctgte
agcactttgg

caacatggtg

‘egectgtagt

agaggttgca
ccgteteaga
acactccete
ggegectgea
cgacgtcaca
gcagggagga
atattgataa
taggegggtce

gaccgeggag

atcetcaget
cegttectece
tececeatcate
actggctaat
aggcagggceg
agccegtgec
ccetgecaag
cacctgcocag
aatctcttet
cacaaccttg
ctgtectget
catccttcaa
gaatagggca
agtagctcac
gecaggagttg
tctaaaacaa
gaggccgagg
aaaccccgte
cccagctact
gtgagccgag
acaaacaaac
gcactgtcaa
ggatgggtta
tgattcteca
gagtgatttg
gtagccaatg
atcgegetgg

tecggacgcag

PCT/US02/27584
ccagttcdett 1260
acggeccagt 1320
catctctgee 1380
ctgttetgtg 1440
atctggagac 1500
aggcacccaé 1560
cctgeectte 1620
ttaaaatctt 1680
tcceceacctyg 1740
tatcttaaat 1800
gagcaccttg 1860
ctcactetgg 1920
ggacaggaca 1980
atttgtaatce 2040
caggccgcag 2100
acacacaagt 2160
tgggeggate 2220
tctactaaaa 2280
cgggaggctyg 2340
atecgtgecac 2400
aaaaggatag 2460
tgceccagac 2520
aggaaggcga 2580
atcacatgat 2640
agtagaaaag 2700
ggagcgggta 27§O
ggtectgtagt 2820
gcagacc 2877
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<400> 12
tcecceggect

ccttecagect
gtagagaccg
aaggtgtcca
ggtggtgggt
cagttctgge
aggtggcact
ctgtgcagga
cgcatgtgga
ttcaggatgg
tcctcaccat
ttaactaggce
atcctceceatg
gtaacccacc
ttcttcecca
cttgctgetce
gtgtgggtcc
gggcactcct
cctggtgeca
gcatcctecat
écataggctg
ctctggggac
ccactgecece
tgggcgggea
aggaaagctt
ggtggtggga
ggctgtggca
gégagcttct
ctccagecagg
ggctgtatag

" acacacaccg

tgtgctgcett
ggggtgtggt
ggggcccagt
ggtggccatt
agtggggtgg
ctttgaggtg
catagggccg
agcgggetgg
tcttcagett
gatccectgge
ttgttaccce
cttgtcatta
ctcecagatcce
catgcceccag
tcteceteececa
acctggtgaa
tcatgtggcg
gaggcatctg
ggttgtcctg
ctgagccecag
ggggatatac
cctcaggagg
cactgctgece
étgtgggcac
tecggggett
ggggcacctg
aaggcctcca
agcccactge
cgggcagect
gcaaattcaa

gccectgete

11/38
<223> P66SHC gene, 5' wpstream (2.0 kb) region (MELN&'_OF&&%

cagtctggcece
gggtgcecect
gggggctgac
ggagaggtcg
tgcatecgtcc
gcgctgeagg
gtccectgtg
gcagtgcggg
gtcgttectg
tecctectggt
actattgcce
tccactecte
acccecetget
tcectecagg
ccetgtecce
tcgaacaccg
aggcagtttg
ggagcggegt
gtgcagggag
ctcectetggg
cagctecctcet
ggaggcagtt
cactcetgcececce
ctcagggact
gcggetgegg
tggaggactg
gatactggcg
cctgcagaat
ggagcacagc
ggagggcgcee

cccecagtgge

ctegteccte
tcectecteat
tgctcccaga
aggccagcegg
ttgcggegee
tggtcctect
tgcaggtgca
catgagtagg
gcacaggcag
catcccaccce
caggagatac
tgctteccage
ggcttgtttt
accacctacc
tacccatgge
cagacctcgce
cctgecccat
ttgecgcacca
cttaggtagg
gacagcgggyg
tettettect
cctgtgggag
gccacctect
aggtggtttg
cgggcaacag
tettecaccat
ggctcgetea
ctccatgcaa
tggcatgttg
tagtgcectcet

cgteccgeta

tttaagagga
cgtcatcagg
atcgagctag
gggatgcagc
gtcgggtgeg
tggcgaaagce
tgtggttctt
ggcgetctee
gggtgagggg
tggccttgte
cctgctaget
actgcccetcce
cttctgetet
accacctegg
ccetgeceggg
aggcaaaggg
ggatgatctt
gcttgtettg
ccatcaggtc
gccegeeace
caccctecata
ggctgtagcet
cctecteata
ctetggececcee
gcecgaggtgg
tgggaactce
éagtcatcct
gcagcgatga
gcgetgetgg
ggccctacaa

cceeeggece

PCT/US02/27584

ctcecatggca

gggccctggg
agagaggcgg
agcggtagag
cacctccagg
cttgtggcac
gaggtcgtag
cgtgtgette
cagggaggtg
ccatccectgt
cacctctagc
tgggcaccga
cctcactcca
gtctectaac
ccctteeccee
cttectegect
gtggcagaca
gctgtccagg
aggatcgatg
ctgcgecage
gggttcgtag
gtcccccggé
ggtcaaggga
cttggtttgce
cggtggcgga
cagaggccgt
cgtceggget
cacacgggat
tggtcagtgt
agtccagete

ccatgacagce

60
120
180
240
300
360
420
480
540
600
666

. 720
780
840
900
960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860
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tcegecaceg cectcagtga a®gettctt gaagtagtgg ctacagfédg fradch N |

12/38

PCT/US02/27584

cctgtgggty cggtattcaa ggecctgegt ccggatggtg aggtcacata ggtggeccag

ctggcgetge tcattgagge agetcaggag ctcactgetg tggtceggga atggaatccce

13
20
DNA

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

<220>
<221>
<223>

<400> 13
agcaccagge

<210> 14
<211>
<212>

<213>

<220>
<221>
<223>

<400> 14

ccttatagag

ggtgagcagy

atcccactct
cactcctate
gctcagggcet
actgccttcet
aggctggagt
ctceccgagta
tactagagac
gccégcctcg
gcectettac
tttaatacag
accgcaacct
gattactgac
ctcecatgttg
tcccaaaatg

atacaactgg

tgtctggagg

1774
DNA
Homo sapiens

Homo sapiens

misc_feature
Analytical sense primer for NK4

catagaaaga

misc_feature
cathepsin B gene, promoter region (AN: AF086639)

gtctgaaatg
cagttgggac
gctggggget
cttagtttgt
gtgtgacagce
tttttttttt
gcagtggcac
gctgggacta
gggtttcacce
gcctcccaaa
tgtcgecaca
agtttcactc
ccgeteeegg
acgcgccacc
gtcaggatgg
ctgggattac
ggtcatgtge

agggtgagtc

atttggagtc
caccttgacce
tagtgaccat
tactaaccag
tgacgaccag
tttttttttt
gatctcaget
caggcgececg
gtgttagcca
gtgctgggat
gcectggataa
ttgttgecta
gttcaagecga
acgcececggcet
tctecgaacte
aggcgtgage
ctttgecaggt

ttgagccaac

cagagtccat
tccagecectcee
gtttgggcete
gcgggagtac
gctgcaggga
ttttttgagg
cacgggtteca
ccacéacgcc
ggataatctt
tacaggcegtg
aatacgattc
ggctggagtg
ttetectget
agttttgtat
ccgaccteag
caccgaaccc
ttgtettaag

ccectgecatet

ggctgtcagg
tggtcctcag
cagagattat
aggcatgtct
accaggtccc
cggagteteg
cgeccattete
cggctaattt
gatctcectga
agccactgca
ttetgagect
caatagtgcg
tcagtctecc
ttttagtaga
gtgactcacc
agceccectetg
gattaaagct

ccetteocagg

atatgactag
ttecctegggt
tttttectte
ctgaagacag
atgcagtcct
cttttegece
ctgeetecge
tttgtatttt
cctgtgatece
cceggetact
ol o3 ud of b of ol ot o8 o

atctctggte

gagtagetgg -

gacggggttt
ggccteggece
agcctettga
gtttggggag

gccteeeggt

o0
1980

2040

20

60
120
180
240
300
360
420
480
540
600
660
720
780
840
S00
960

1020

1080
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aataaacccce
ctgtgceaaa
cctaggttec
tgggtacgtt
cctegecace
ctccaccacc
aggcggtcce
taggggettt
agggctccaa
ggccccggac
gggcggcgga

agggcccggg

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

15

<220>
<221>
<223>

aagtaaatgt
ccgattteeg
ttecgecagtga
ctctgaacaa
cccagcctet
ccacccccge
gcgaggceggg
ttceccatcee
‘geccectette
ccegagegga
aggtggcggg

cggggctgeg

3804
DNA
Homo sapiens

misc_feature
Promoter DNA for Alzheimer's disease amyloid A4

gcactttgte
cccccaaggt
cagccactct
caaagtggcce
gcagecggcett
caactcggca
gggactttte
cctggeeccca
cccagccegce
agggggcggy

agggggtggag

cggtggtcac

(PAD, AD-AP, AAP, CVAP)

<400> 15
ggatcctaac

cagagggaag
ggcctecagaa
gtgaggaaat
cagggttcat
acagcctaaa
gggtatctgg
catgaggcte
ttcgagtact
gaaggaacga
g;agagaaga
gaagtgtgca
agtttaaagg

gcccaaagat

ccaatatctg
accatgtgag
gtaaccaact
‘acatttctgg
ctggctecaga
cacaagacga
accaattgga
caggcagagt
gtaaaaagac
gaaaccatgc
ctctagagga
aaagaattat

cgggggatgt

agaatgcaca

ctgtcecttat
aatacaggga
cagccaacac
tgtttgatcc
cttaacgatt
cagaaacgcg
gtctgcagtg
agtgggcaac
acagacaagg
cattatgcaa
agaagtagca
tctgettggt

gagctttaaa

gtctggagag

13/38

cgtcctcteg
ccttetecte
tttctatttg
cttectaaagg
ctgaatgaat
ggcagggatc
taggcgggagt
attcgeageg
gcgetcagge
gggtgtgcgg
ggctgggaag

gtgg

gagcaggtct
ttagaaatcc
tacgtagctg
ctgttctagtg
gaaataagcg
ccaggcgegg
gggggccttg
tttegecacce
ccececgeccgce

ggccgggaag

caccgtgege

(AN: X12751

aacaagagga

gaaggtggec
ctegatttea

atccagtcta

gecttttggtg

gceccagcaga
ggatgcggtt
atctcccatg
cagaacactt
ctgttgaagg
tgaaaacagc
cactgggcaa
tgggataaga

ccagtgaata

gattagggca

atctgcaage

gacttccage
tggtaagtta
atatttatag
ctatgcataa
actaaaacag
ttgcagecagt
tagagaatgg
aagtgcctgt
tggcaaattt
tacaaggata
acattctagt

tctcacaaat

PCT/US02/27584
ccgggtacte 1140
tgacgcagct 1200
tagtgttttg 1260
gggtccacag 1320
acggcgecct 1380
gttctggegg 1440
ggaccacctt 1500
cagggccegce 1560
ccceggeggt 1620
cggggagecgce 1680
gggcggeggy 1740

1774

precursor protein

cagtaagaca
caaggagaga
ctcectgaaat
tggcacccetg
ggcacagata
aatagaaatg
tcaaatgcaa
cagagcacac
ccaaggtgtg
tttaccttgt
gtaaagatct
tctgagtggag
aaccagaaat

ggagacactt

60
120
180
240
300
360
420
480
540
600
660
720
780

840



WO 03/073062

gaaactagga
ccccaacttt
aagacaccte
aaaagccecatce
cattectgacyg
gtgtcagtgt
tttttatégg
tactctettt
ggcgegatet
ccteccagta
agtagagacg
cgceegacte
gggetggett
cccatgettg
cttttttttt
tggctcacty
tagctgggat
tgggggttic
ccetgggect
tcttaataat
agcttggacce
acccggaaca
tgtectgtca
atttgggagt
qtttggcttt
aatatttgte
gagtcaagac
gtacagaaat
cctcggcécc
gggccagcge
gcttggtaac
gcattctaaé

aagtggeatg

tggggatget
gtagggttat
agggcaggaa
aggatctetg
caatcagcag
tggtgaattt
ttatgatecte
tttttttkte
cggctcacﬁt
getgggacta
gggﬁttcacc
agcetoccaa
catgggcatg
gtttaacgct
gaggtggagt
caacctcege
tacaggcagg
accatgttyg
cctaaagtgce
gtaacaaagg
acgttctcett
aatacggaat
ctttaggett
teattagett
tgtaggaagt
cttatttgtt
tgaatgecta
gacttcccag
cttgtecageg
actceccetgge
taaacgctac
ctatc£ggac

gcagaaggtt

14/38

g®gtaggaa
aactagggat
atggcattaa
gagtagtgaa
cgataatcat
caacagbgga
atctctacaa
gagacggagt
caagctcage
cagcgeocege
gtgttageca
agaaaagtceo
caaccetgga
ctgceattge
ctegetetgt
ctececaggtt
agtaaccacg
ccaggctagt
tgggattaca
gtctecacgtt
gcattéagat
tgeggtggta
tteectgtgt
cattttcecetg
aaatgacatg
gaggacatcce
gtgcggaaaa
aagaagtctg
caatgagcaa
ttcagtectt
ttcaggtcaa
actaactgga

catttctata

ttccagcgga
gttgetgegt
atgcagaaca
ggaaccagag
cttecececeecag
aagagaaact
ttttgaattt
ctegetetgt
teeccgggtte
cacgacgeec
ggatggtgtt
ctecactetta
gagtctcaca
catcttaaaa
cgecceaggcet
caagcgatte
ctcggetaat
ctagaactee
ggcatgagee
tgcattttge
accttetttt
aatgtggtgc
cccagettca
atgtataaat
aagcgtataa
aaaggacatt
agacacacaa
tacccegetg
gggagagaag
cgetecaage
gagcagggga
cagtggacgy

attcaggaca

PCT/US02/27584
caagtdgtfo Etadivmek; o0
tttctgettg gaggatctge 960
gagctagtgg ctgaaaagca 1020
aacatgcagg caatgtccat 1080
gaacatcttg accagggaat 1140
gctaaatcta agaactttéa 1200
catgctcaat amaagttcct 1260
cgcécaggct ggagtgcagt 1320
acgccattet cctgecteag 1380
ggctaatttt ttgtattttt 1440
gatctecctga cctegtgate 1500
aagttgccte ctecttecca 1560
ggccctgegg tgggaggagce 1620
ttcttaattt aatttttttt 1680
ggagtgcaat ggcacaatct 1740
tecectgectea gectetggag 1800
ttttgecattt ttagtagaga 1860
tgacctcagg tgatctceca 1920
accaggcceeg gecttaaaat 1980
agtggactct geaagattgt 2040
tgcecttattt geteatgeag 2100
agaaagtgaa caactgggtt 2160
tgtecacttac ttgctattag 2220
aggaataata gtaacagcct 2280
acaaatactg catgacaata 2340
caggggecaaa agtaatccaa 2400
gacaacattt aggggagctg 2460
cectgagecat cectteceggg 2520
gcagcagtge agcctcagaa 2580
cetgtgtgga gtgggctgtg 2640
tatatctggg cagttctaga 2700
tttgtgttta atccaggaga 2760
gacacaatga agaacaagdg 2820



WO 03/073062

cagcgtttga
tttecttett
cceogeccege
aaaatataag
ggttggecege
aattccaggt
ctcaacaagc
aaacgcctge
ctagcagcag
cacggggacg
tttccctgat
agcccaggtg
gcgetgcacce
ggcggcgecg
gcctggetet
cgagagcacg
gcagagcaag
<210>
<211>

<212>
<213>

16

DNA
<220>
<221>
<223>

920

<400> 16
aagctttcac

cgggtecaget
gtttgaccca
tcacctagga
cttgtteegg
éétttggaaa
ctcacggete
agagatagga

gtcttgetee

ggtcagaagt
cceccaactea
aaaatccaca
aaagaaacaa
ttectttgeca
tgctegtgece
aaagaaaatc
cccacctcete
tcetttatac
agcaggagceg
cctgecaccegt
gecegteggec
tgtgggcgeg
ctaggggtct
éagccccgcc
cggaggagcyg

gacgcggcgyg

1741

Homo sapiens

misc_feature
Tissue transglutaminase gene, promoter region and 5' UTR (AN: Ul13

cagctggagg
gggcccaaca
gggagaaata
atggagacgg
aatgtacagc
aagtgccggg
acagtggatc
cccetggttg

tttctggcac

ccteatttac
gatggatgtt
ctgaccaccce
aacccaagcc
gggcctgege
tgecttttgac
ctatttecett
caaaccgaga
gacacccccg
ctctegactt
cccteteetg
ggggagcgga
gggcgagggc
ctectecgggtg
gccgcgctcg
tgegeggggg

atcc

gagcagtttc
ctctttgtgg
tccactgaag
gggctactte
ttgttctgga
gaagccecegt
cggaagcaca
ccaggttega

acagtggggc

15/38
ggggtegaat

acatccctge
cctttaacaa
cagaaccctg
cttgctectt
gttgggggtt
taagcttcecac
gaaaaaacga
ggaggcctge
ttctagagcce
gccecagact
gggggcgegt
ccctecegge
ccgagcgggg
ggctcegtea

cceccgggaga

tgcaacaatc
gtttgttcac
caacacgggt
tatcttccaa
atgtagagct
gggcctcetgt
ggagaccaag
gaagtcctag

ctcaagaaag

acgaatgatc
ttaacaacaa
aacaaaacca
ctttcaagaa
tggttegtte
aaaaaatgag
tcgttcteat
aatgcggata
ggggtcggat
tcagegtect
ctcectececa
ggggtgcagg
gcgageggge
tgggceggat
gtttecctegg

cggeggeggt

tctataaaat
tgagactcca
tgttttccct
attcatcaat
tgctccggaa
ctcteceggga
agaccagaga
gctgagtccc

ctcagtggat

PCT/US02/27584
tctectaatt 2880
aaaaagaccce 2940
aaaacaaaca 3000
gaagtaaatg 3060
taaagataga 3120
gttttgetgt 3180
tctettceecag 3240
aaaacgcacc 3300
gattcaagct 3360
aggactcacc 3420
ctgttcacga 3480
cggcgccaag 3540
gcagttecce 3600
cagctgactc 3660
cagcggtagg 3720
ggcggegegg 3780

3804

ggggcaatta
gccagagccc
gagccatatg
agatgtagag
tgtagagctt
accctteoeeg
taccaggatg
tggaaagtta

ggatggattg

60

120

180

240

300

360

420

480

540
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agggagggag
atgaagggat
tgggtagatg
atcggaggat
gtgtctgcat
atctttgtgt
attttgggte
gcctetggac
tggctgtgte
atccatgtca
tgtatgtgtg
gtatatctga
gtgttggggg
_gtccaggtgc
tgagtgtgtg
tgtttecectgg
gcegteeete
gggactggac
ccgecccaaa
tggtegeact

<)

<210>
<211>
<212>
<213>
<220>
<221>
<223>

17

DNA

<400> 17
gacctgcagg

cccaagggea
;atcagactt
cecegaggetg
gggactgggce

ctgaccacgce

1440

ggaagagaag
gagtggatgg
gatggctgat
tatctgggtt
gtctgtacct
gtctacctet
cacatctgac
acctgcteat
agggtgtatc
ctgtgtectge
tgtatcacca
gt;tgtgtgt
tggggaggtg
accececggtte
tgtecaggtg
gctagttgtg
cetegggete
aatgggtgtce
gcgggctata

tggagggtcet

Homo sapiens

misc_feature
Clusterin (APOJ, SGP-2, SP-40, TRPM-2) protein gene (AN: M63376)

tecaacggatc
aagtgattag
tcatggacct
cctectgaaa
ctccatgttg

agctcteett

gGagggag
ataggtgggyg
tagatggatg
tgctacagga
gagtccatge
gagtagccac
agaggcattg
ctgtgtccac
tatgtecctgy
gtggccecagee
cagccetgte
gagtgtgtgce
ttcttgatce
cgttgtgtgt
tctgttctee
tgtcectgte
cggteccecetyg
ctcccagg;c
agttagecgece

cgecegecagt

cattccegat
tcecgaggtea
ggtectgggtt

aggactgggg

tgcetceccata

taagcccctt

16/38
ggagggaaga

gggtaggtga,
gctgattaga
agggacatgg
ctgeatgtgt
atctttgtgt
gtgtctagga
agatgtgtgt
tgtgtgtctg
gtgtttggty
ttggtgtgte
gtgtgtgtgt
cagatctgac
ttectgtgagg
aaggtctgag
cgectccceccea
ggtgagececce
gecgcecttee

geteteegee

ggaaggagcc

tectecategt
cccagtgtet
ctcccactta
tetagtggee
gtcctgatcc

tgtttcacat

gaaggckgag
tgcatgggtg
cagatacaag
gtgtgtetgt
gtectacetet
gtctgtgggt
ggtctgtgtg
ggctcgegga
ccatacgaat
aatctgtggg
tgegtetget
gtgtgtgtgt
ctaagagtcce
gtgectgegtg
actgtgggte
gggggcgecce
39090£9909
cgcggggecc
tecggcagtge

accgeecceg

ccagatggaa
aggggcacac
gtcatgggece
cctggacgtt
tgaactggaa

ggttttcaaa

PCT/US02/27584
yoadobiamml. 6RO
agtggatgga 660
gatgggtgag 720
ttttggaggt 780
gagtagccac 840
gcectetetg 900
tgtgccaggt 960
caaggctacc 1020
ctgaatttgt 1080
agtgtat;tg 1140
ctcegtgtat 1200
gtgtgtgtgt 1260
acatctgtgt 1320
tatctgtatce 1380
caggtgtgtc 1440
tegtecgace 1500
gcgtgggecc 1560
cgecccegge 1620
cagcagecag 1680
ccegaccatg 1740

1741

gaaactgagg
ctaggactgt
ttgaagattc
gggcaagcaa
aactcagcce

gtetgccacc

60

120

180

240

300

360
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cacagtgggg
cttetectect
agaagtagct
ctgegacagg
aacccctetg
caggtccact
caaacgtgga
aaaagatggg
ggcteteceac
cgggtcagte
cctgtgetct
tttactattt
agggccaggyg
gagagggctc
cacctcaggg
gcecceagecc
tccgeggeat
gcgaacggag
<210>
<211>

<212>
<213>

18
DNA
<220>

<221>
<223>

2000

ctgecctgtac
ggggcttaaa
gcacctecag
agattctcece
gacacagatc
ggttcaaaaa
tctgecaaggg
gacagtgatt
atatctgete
cagggacccc
cttecteecage
aaatgggtca
aactgtgaga
ccagatggca
tctetectgg
ggtgctgecac
tetttgggeg

cgctataaat

Homo sapiens

misc_feature
Prostacyeclin stimulating factor (PSF,

c®ccctgte
catccctgge
ggttcctaga
tgctetecage
tgatttccta
ctatgaagaa
tcecacagece
gcttaagcecte
tgatcactce
catcagtgtyg
acaaggcccc
agagaagtgg
ttgtgtcttg
cgcgagttca
agccagcaca
cggceccccac
tgagtcatge

acggcgecetce

17/38

cacccattge
tccaaaatgg
tttgcccete
agaaggaact
actgggaagg
tttcaagacc
atgaagccca
tgtggatcaa
taaacacaat
atgtttccagA
tctecateece
cgettgtgta
gactgggaca
ggctcttecce
gctattegtg
ctceceggett
aggtttgcag

ccagtgccca

stream (2.0 kb) region (AN: AC022483

<400> 18

gatgecececagt ctettetett gggtggcagg

tttagagett
acagcaaagt
gctttgaagg
aattaagtat
aatacacaaa
aatagtaatt
aaaactaata

ttatatgatt

atggtggagg

ggggcagagce

gcectgggget

gtataaataa
tatttattat
tttcaaatgt
tttttattea

aataattctt

gtggagcagt
aaccatattt
taaacaattt
tgaatattta
ttattcaaaa
agaaatgctg
ttatctgtce

aaaaatatat

tgctgggacce
gagtagggca
agcaccaaat
ggggattcte
ttacttaata
taaatattca
gcagatatta
aacacacctc

aaaactaatc

PCT/US02/27584

ccecagdtdihe mgcesangms

gcagctcact
cttgccaggg
ccagcagttg
ctcagggcaa
gtcacagtag
ccectgettgg
ggaccccgga
tetgtttect
gagtaggegt
acccteatta
atgtgaaggt
gacagceggg
tactggaagc
gtgatgatgce
ccagaaagct

ccagccccaa

caacgcggeg

ttectteccea
ggaggggtgg
gagaccagca
aataaaaatt
cccéttaaac
ttgggttcca
gaggccttct
ccaggectgg
ttcaatactt
tgtctgacte
taaggtcagt
ctaaccgegt
gcecagcgccg
gcccececge
cccettgett
aggtgtgtge

tcgecaggag

2 Qx
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380

1440

IGFBP-7, mac25) gene, 5' up

tgcaatgtgt
tggatccteg
acaagcagga
tttaagaaaa
aatatttact
tttggaataa
caaacatcaa
tataaatttt

tgaaattaaa

attcttggat

actcatgtct
gtggateccag
aaagatataa
attaataaat
gtgaagtaat
cacattttta
ttggtaattt

atatacagaa

60

120

180

240

300

360

420 -

480

540
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gagcacttgt
tgcaatggcyg
gccteggect
gtatttttag
tcaagtgatc
ggtttcacca
cagcctecca
attttaaatt
atcaaattac
gaaaactecct
aacagacctce
tgcataaaat
tatgccctac
tatatgtgta
tagcaaactt
tacctctgat
Egtattftcc
taccacaatt
atggga;tag
ctaaacataa
atcecccaact
actgaataga
gctgttaaaa

gttagggctg

gcttecectta

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

19
1127
DNA

<220>
<221>
<223>

<400> 19

tttttttett
tgatcttgge
cctgagtage
tagaaacggg
tgcccaccac
tgttggccag
aagtgctggg
gtacttgtgt
tattacttac
caggccattt
gtcagcccaa
gtgggacttc
aaatccagga
ttatgtgtta
ttgttttaac
gattggaagc
ctccattact
tgacccttgg

gaatatttct

aagcgactge.

caagttgtcc
acgctgatgg
tacttttatt
ctcaaggggt

gcaatacata

Homo sapiens -

misc_feature

Vascular endothelial growth factor C gene, partial cds and 5' ups
tream region (AN: AF020393

tttttgagat
ccactgcaab
tgggatgtca
gtttcactgt
agcctcececg
gctggtettg
attagaggcg
tgaactatat
attgatttat
tgccatttet
gagcatcaga
ccacacagat
attgtgacca
ataattgtgt
caggtatcaa
attttctgaa
tacatatatt
ctctgcactt
ggaagtcatt
aaaccacata
ttagtcagat
tgagaaggtc
ttcecaaattg

gttgcatggg

18/38

ggagttttgce
ctcégcctcé
ggcacccacc
gttgeccage
gctaattttt
aactcectgac
tgatccactg
tataattatt
taatgaatat
gtgtcaatgt
tgtgctaaga
gggcttgetg
atcctatttt
acactctcct
tgagaactga
gactagcttt
tetggtggtg
tggtgttatg
cctacaccaa
aatatatgcc
gccaaaaatg
agagaggaaa
tataaaatca

gcacatgaat

tgttgttgcece
tgggttcega
accatgtctg
ctggtcttga
gtatttteta
cttaagtgat
ggcccagect
aatctaatta
gtataggagt
tgtgtgectt
ggtgatgtga
ttggtgatac
gtgacattcé
atcaagtata
atcttcecatt
tggcteccaga
ggcaccgttg
acactagatg
gagggctggt
actcaatcca
cctgccacca
gacagtgatc
catggctata

gtaaaacttg

PCT/US02/27584
caggctgcag 600
caattctcct 660
gctagttttt 720
actcctgacc 780
gtagagatgg 840
ctgeccactt 900
cagaagagca 960
taattatgta 1020
tttgacataa 1080
ttcgtcaatg 1140
tetgattgga 1200
tgctacagtt 1260
catcaaaata 1320
tttctgatag 1380
taaaactgta 1440
catttcaaac 1500
gacacgttca 1560
agttggctca 1620
aatagcctaa 1680
aacttcatgt 1740
actcatcact 1800
ttaaacaaat 1860
ggaacatatt 1920
atctccaata 1980

2000

gttcttggat catcaggcaa ctttcaacta cacagaccaa gggagagagg ggacccctcc

60



WO 03/073062

gaggtcccat
tgggggccag
ggcteccctece
atcacctcta

cgcecegetee

ggtggggccg
ggagagtgag
tcacataagc
gcegecgecg
cgecgecgec
cgeccgeageg
gagggctctg
cgcctcecteca
cacctecgegg
tgacacccgce
ggagcccegg
£cgggggaga
tgcceeegec
<210>
<211>

<212>
<213>

20
800
DNA

<220>
<221>
<223>

agggttctcet
gcgtgcggga
accccacggt
aagccggtece
ccgcagggga
ccggggagga
aggggaggge
gcaggcagag
ctcagcecegg
agccgecceg
ccegeggece
gcgggtttgg
aaaagctaca
gctccgaatg
cécctttccc
acccgcetccee
gggaccagga

agcggaccgg

Homo sapiens

misc_feature
TIMP-1 (tissue inhibitor of metalloproteinases-1) gene, promoter

d¥Eatagtga
gggaggacaa
gcccagttte
cgccaaccgce
caggggcggg
ggcgagggaa
agecccggget
ggegegteag
cgegetetgg
gcggeccteco
ggctcetete
aggggctgaa
ccgacgégga
cggggagetc
cggecactggce
gccgectecg

ggggcccgeg

tcceccaccee

region (AN: D26513

<400> 20
agaaccggta

tgcctggata
cctggetttg
gatcectgggt
cctttecacct
cctcaccage
atgcacaata
ggagtgtggg

gcectctaage

ccecatcteag
tcagtaggtg
ctcectggeca
aagtcactta
gcecttatcete
atgtcagaca
aatgttgaag
tgattggata

tctecgetgag

agatttgttg
ctgtataata
cctgagttee
accactcegt
cctecactge
tacaaaatca
ggctgaacta
gattetggag

gcggettgga

19/38
tgaccttttt

gaagtcggga
tceceegetge
cagcecccggg
gagggagaga
acggggaget
cggcacgetce
tcatgecectg
aggatcctgce
tceegeeccee
acttcgggga
catcgecgggg
ccgeggegge
ggatgtccgg
tgggagggcg
gctcgeccag
gcctegeagg

ccggtectte

tgagctttga
tgceggetat
agtctcagtt
gectcagttt
tgctacttaa
aggcattttt
atttgggttt
actttagggg

aggaatagtg

PCT/US02/27584
ccaaa@ttikg tagchddugc 120
gtggccgagg ataaagcggg 180
acgtggteca gggtggtecge 240
actgaacttg cceccteegge 300
tccagagggg ggctggggga 360
ccagggagac ggcttccgag 420
ccteectegyg cegetttete 480
cceetgegee cgecgecgec 540
gcecgeggege tecccgggecce 600
ggcaccgecg ccagcgcecocc 660
aggggaggga ggagggggac 720
tgttctggtg tcecccecgecce 780
gtccteecte gecctegett 840
ttteetgtga ggettttacce 200
ccetgcaaag ttgggaacgce 960
ggggggtcgd cgggaggagc 1020
ggcgececgeg cccccaccece 1080
caccatg 1127

gtgagataaa
ttgecctgtgt
ctgcecatgta
cccegatttt
tttgtttecect
gtgtgcttgg
gagtcatagg
actgggccgg

actgacgtgg

atatgectgag
tatttgagac
ttgactctgt
gtattectce
ctctgeccace
cacacagtag
gagacttggg
gggaaatgcg

aggtggggga

60

120

180

240

300

360

420

480

540
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20/38

ggtggctgge ccggtegagg cccagggaga gggagaggag gegggtggga gaggaggagg 600

gtgtatctce tttegtegge ccgcccctté gcttétgcac'tgatggtggg tggatgagta 660

atgcatcecag gaagcctgga ggcctgtggt tteegeacce getgeccacce cegeccctag 720

cgtggacatt tatcctctag cgctcaggce ctgccgecat cgeccgecagat ccagcegcecca 780
gagagacacc agaggtacag 800
<210> 21

<211> 27

<212> DNA

<213> Homo sapilens

<220>

<221> misc_feature

<223> Sense PCR primer for CC3 promoter (spec Table IIIa)

<400> 21

gctaagagga tattgacatt agacagg » 27
<210> 22

<211> 20

<212> - DNA

<213> Homo sapiens

<220>

<221> misc_feature

<223> BAntisense PCR primer for CC3 promoter (spec Table IIIa)

<400> 22

agggggaggt gggttagtag 20
<210> 23

<211> 22

<212> DNA

<213> Homo sapiens

<220>

<221> misc feature<223> Sense primer for NK4 promoter (Table IIIa)
<400> 23

tggagctaga agagcccegta 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

gccaaaagtt caaggagcca a 21
<210> 25

<211> 23
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<212> DNA 21738

<213> Homo sapiens

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

<400> 25

cagagttgct gectatgteca cca 23
<210> 26

<211l> 22

<212> DNA

<213> Homo sapiens

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

<400> 26

cactcettgt gtgctcctea ce 22
<210> 27

<211> 20

<212> DNA

<213> Homo sapiens

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

<400> 27

ttgecteettt ggttegttet 20
<210> 28

<211> 18

<212> DNA

<213> Homo sapiens

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

<400> 28 ' :

gctgccgagg aaactgac 18
<210> 29

<211> 28

<212> DNA

<213> Homo sapiens

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

<400> 29 :
cccagggaga aatatccact gaagcaac 28
<210> 30

<211s> 28
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22/38
<212> DNA
<213> Homo sapiens
<220>
<221> misc_feature
<223> Antisense primer for t-TGase promoter (Table IIIa)
<400> 30
tcgggegggg geggtggete cttecact 28
<210> 31
<211l> 25
<212> _DNA
<213> Homo sapiens
<220>
<221> misc_feature
<223>. Sense primer for CTGF promoter
<400> 31
gcctettecag ctacctactt cctaa 25
<210> 32
<211> 18
<212> DNA
<213> Homo sapiens
<220>
<221> misc_feature
<223> Antisense primer for CTGF promoter
<400> 32
cgaggaggac cacgaagg 18
<210> 33
<211> 21
<212> DNA
<213> Homo sapiens
<220> X
<221> misc_feature
<223> Sense primer for integrin B3 promoter
<400> 33
gattggtctt gccctcaaca g 21
<210> 34
<211> 18
<212> DNA R
<213> Homo sapiens
<220>
<221> misc_feature
<223> Antisense primer for integrin B3 promoter
<400> 34
ccagcacagt cgecccaga 18
<210> .35
<211l> 24
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<212>
<213>

<220>
<221>
<223>

<400>

tgattccaat gtttttctaa aagg

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

?220>
<221>
<223>

<400>

gaatgtctaa agagctcaga agt

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

<220>
<221>
<223>

<400>

ggtttaagca atttctggce tct

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

<220>
<221>
<223>

<400>

cgtctgacte tcecgecagtet geaat

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

<220>
<221>
<223>

<400>

gtaaaactcc ctgatgattc cttet

<210>
<211>

DNA
Homo sapiens

misc_feature

Sense primer for activin promoter

35

36

23

DNA

Homo sapiens

misc_feature

Antisense primer for activin promoter

36

37

23

DNA

Homo sapiens

misc_feature

Sense primer for prosaposin promoter

37

38

25

DNA

Homo sapiens

misc_feature

Antisense primer for prosaposin promoter

38

39

25

DNA

Homo sapiens

misc_feature

Sense primer for Mac2-BP promoter

39

40
22

PCT/US02/27584

24

23

23

25

25
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24/38

<212> DNA
<213> Homo sapiens

<220>
<221> misc_feature
<223> Antisense primer for Mac2-BP promoter

<400> . 40 B

ctctgcagac tggtcctttg ac 22
<210> 41

<211> 22

<212> DNA

<213> Homo sapiens

<220>
<221> misc_feature
<223> Sense primer for GAL-3 promoter

<400> 41
tgtecttcaca aggtggaagt gg 22
<210> 42
<211> 18

<212> DNA
<213> Homo sapiens

<220>
<221> misc_feature
<223> Antisense primer for GAL-3 promoter

<400> 42

ctggagggca gagcacag i8
<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 25
<210> 44

<21l> 22

<212> DNA

<213> Homo sapiens

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

<400> 44
atgctgetag tgctggtget ac 22
<210> 45

<211l> 25
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<212> DNA
<213> Homo sapiens

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

<400> 45

gagactagga agccacttct ctttce 25
<210> 46

<211l> 25

<212> DNA

<213> Homo sapiens

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

<400> 46

ctggaatget gtgttetttt ctact 25
<210> 47

<211> 18

<212> DNA

<213> Homo sapiens

<220>
<221> misc_feature ]
<223> Sense primer for p66shc promoter

<400> 47

gtggcagaca gggcacte 18
<210> 48

<211l> 19

<212> DNA

<213> Homo sapiens

<220>
<221> misc_feature ,
<223> Antisense primer for pé6éshc promoter

<400> 48
ctcctgaget gectcaatg 19
<210> 49
<211> 20

<212> DNA
<213> Homo sapiens

<220>
<221> misc_feature
<223> Analytical antisense primer for NK4

<400> 49
ggtgtecagct cctecettgte 20
<210> 50

<211l> 20
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<212>
<213>

<220>
<221>
<223>

<400>

26/38

DNA
Homo sapiens

misc_feature
Analytical sense primer for t-TGase

50

actacaactc ggcccatgac

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

<220>
<221>
<223>

<400>

51

20

DNA

Homo sapiens

misc_feature
Sense primer for cathepsin B promoter

51

ctcecegagta getgggatta

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

<220>
<221>
<223>

<400>

52

18

DNA

Homo sapiens

misc_feature
Antisense primer for cathepsin B promoter

52

ccacgtgacc accgcgea

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

<220>
<221>
<223>

<400>

53

20

DNA

Homo sapiens

misc_feature
Sense primer for clusterin promoter

53

agccecttga cttctetect

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

<220>
<221>
<223>

<400>

54

19

DNA

Homo sapiens

misc_feature
Antisense primer for clusterin promoter

54

ctcoectggecga cgecgegtt

<210>
<211>

55
24
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<212> DNA
<213> Homo sgapiens

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

<400> 55

aaagtgctgg gattagagge gtga 24
<210> 56

<211> 28

<212> DNA

<213> Homo sapiens

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

<400> 56

tatgtattge taagggaagc tattggag 28
<210> 57

<211l> 23

<212> DNA

<213> Homo sapiens

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

<400> 57
gttettggat catcaggcaa ctt 23
<210> 58
<211i> 19

<212> DNA
<213> Homo sapiens

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

<400> 58
gtggaaggac cgggggtgg 19
<210> 59

<211> 21

<212> DNA

<213> Homo sapiens

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

<400> 59
agaaccggta cccatctcag a 21
<210> 60

<21l> 21
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<212> DNA
<213> Homo sapiens

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

<400> 60
ctgtacctct ggtgtctcte t

<210> 61
<211> 20
<212> DNA

<213> Homo sapiens

<220>
<221> misc_feature .
<223> BAnalytical antisense primer for t-TGase

<400> 61
gccagtttgt tcaggtggtt

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

<213> Homo sapiens

<220>
<221> misc_feature
<223> Analytical sense primer for APP

<400> 62
ctcgttectg acaagtgcaa

<210> 63
<211> 20
<212> DNA

<213> Homo sapiens

<220>
<221> misc_feature
<223> Analytical antisense primer for APP

<400> 63
tgttcagagc acacctctcg

<210> 64
<211l> 20
<212> DNA

<213> Homo sapiens

<220>
<221> misc_feature
<223> BAnalytical sense primer for p66 (shc)

<400> 64
gagggtgtgg ttcggactaa

<210> 65
<211> 20
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<212> DNA
<213> Homo sapiens

<220>
<221> misc_feature
<223> Analytical antisense primer for pé66 (she)

<400> 65

gcccagaggt gtgatttgtt 20
<210> 66

<211> 20

<212> DNA

<213> Homo sapiens

<220>
<221> misc_feature
«223> Analytical sense primer for CTFG

<400> 66

ggagagtcet tccagagcag 20
<210> 67

<211> 20

<212> DNA

<213> Homo sapiens

<220>
<221> misc_feature
<223> Analytical antisense primer for CTGF

<400> 67

atgtcttecat getggtgeag 20
<210> 68

<211l> 20

<212> DNA

<213> Homo sapilens

<220>
<221> misc_feature
<223> Analytical sense primer for MAC2-BP

<400> 68

accatgagtg tggatgctga 20
<210> 69

<211l> 20

<212> DNA

<213> Homo sapiens

<220>
<221> misc_feature
<223> Analytical antisense primer for MAC2-BP

<400> 69
acagggacag gttgaactgc 20
<210> 70

<211l> 20
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«212> DNA
<213> Homo sapiens

<220>
<221> misc_feature
<223> 2Analytical sense primer for granulin

<400> 70
accacggacc tcctcactaa

<210> 71
<211> 20
<212> DNA

<213> Homo sapiens

<220>
<221> misc_feature
<223> Analytical antisense primer for granulin

<400> 71
. acactgcece tecagetacac

<210> 72
<211l> 20
<212> DNA

<213> Homo sapiens

<220>
<221> misc_feature
<223> Analytical sense primer for prosaposin

<400> 72
ccagagctgg acatgactga

<210> 73
<211l> 20
<212> DNA

<213> Homo sapiens

<220>
<221> misc_feature
<223> Analytical antisense primer for prosaposin

<400> 73
gtcacctcet tcaccaggaa

<210> 74

<211> 20

<212> DNA

<213> Homo sapiens

<220>
<221> misc_feature
<223> Analytical sense primer for SOD2

<400> 74

caaattgctg cttgtccaaa

<210> 175
<211s> 20
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<212>
<213>

<220>
<221>
<223>

<400>

31/38

DNA
Homo sapiens

‘misc_feature

Bnalytical antisense primer for SOD2

75

catccctaca agtccccaaa

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

<220>
<221>
<223>

<400>

76

23

DNA

Homo sapiens

misc_feature
Analytical sense primer for beta-actin

76

gggaaatcgt gcgtgacatt aag

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

<220>
<221>
<223>

<400>

77

22

DNA

Homo sapiens

misc_feature
Analytical antisense primer for beta-actin

77

tgtgttggeg tacaggtctt tg

<216>
<211l>

<212> .

<213>
<220>

<221>
<223>

<400>

actcatcaat gtatcttatc atgtctggat ccaagctagg ggactttecg

78

180

DNA

Homo sapiens

misc_feature
5x NFkKB sequence

78
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cttggggact

ttcegetggg gactttecge tggggacttt ccgetgggga ctttcegegg tgactctaga

gggtatataa tggaagctcg aattccaget tggcattcceg gtactgttgg taaaatggaa

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

<220>
<221>
<223>

79

99

DNA

Homo sapiens

misc_feature
1xNFkB sequence

20

23

22

60

120

180
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<400> 79
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ccaagctgag ctctggggac tttcegeggt gactctagag ggtatataat ggaagctcga

attccagctt ggcattcegg tactgttggt aaaatggaa

<210> 80
<211> 30
<212> DNA
<213> Arti
<220>
<221>
<223>
<220>
<221>
<223>
<400> 80

ficial

misc_feature
1xXNFKB primer - sense

misc_feature
GC + SacI + NFkB + 8bp

gcgagetcetg gggactttee geggtgacte

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

81
693
DNA

<220>
<221>

<223> 5V40

<400> 81

agatctgege
tctgaggegg
gcteeccage
gaaagtcccc
caaccatagt
attctcegece
cctetgaget
agcttgattc
ctgggcaggt
tgtcgagaca
actttgecett
gtacttaata
<210>
<211>

<212>
<213>

82
1067
DNA

Simian virus 40

misc_feature

promoter

agcaccatgg
aaagaaccag
aggcagaagt
aggctccceca
ccCgcéccta
ccatggctga
attccagaag
ttctgacaca
aagtatcaag
gagaagactc
tetctecaca

cgactcacta

Cytomegalovirus

cctgaaatéa
ctgtggaatg
atgcaaagca
gcaggcagaa
actcecgeccea
ctaatttttt
tagtgaggag
acagtctcga
gttacaagac
ttgegtttet
ggtgtccact

taggctagce

cctctgaaag
tgtgtcagtt
tgcatcteaa
gtatgcaaag
teceegecect
ttatttatgce
gcttttttgy
acttaagctg
aggtttaagg
gataggcacc
cccagttcaa

acc

aggaacttgg
agggtgtgga
ttagtcagca
catgcatctc
aactccgecce
agaggccgag
aggcctagge
cagaagttgg
agaccaatag
tattggtctt

ttacagctct

ttaggtacct
aagtccccag
accaggtgtg
aattagtcag
agttccgecec
gcegectegg
ttttgcaaaa
tcgtgaggca
aaactgggct
actgacatcc

taaggctaga

60

99

30

60
120
180
240
300
360
420
480
540
600
660

693



WO 03/073062

<220>
<221>
<223>

<400> 82

agatcttcaa
tggctattgg
atgtccaata
tacggggtca
tggccegect
tceccatagta
aactgcccac
caatgacggt
tacttggecag
gtacaccaat
tgacgtcaat
taacccegece
cagagctecgt
éfaaattgct
ttggtegtga
atagaaactg
tcttactgac
ctecttaagge
<210>
<211>

<212>
<213>

83
26

<220>
<221>
<223>

<220>
<221>
<223>

<400> 83

DNA
artificial

misc_feature
CMV promoter

tattggcecat
ccattgcata
tgaccgceccat
ttagttcata
ggctgaccge
acgccaatag
ttggcagtac
aaatggccceg
tacatctacg
gggcgtggat
gggagtttgt
cegttgacge
ttagtgaacc
aacgcagtca
ggcactgggce
ggcttgtcga
atccactttg

tagagtactt

misc_feature
1xNFkB primer - antisense

misc_feature
18bp 5'

tagcecatatt
cgttgtatet
gttggcattg
gcccatatat
ccaacgacce
ggactttceca
atcaagtgta
cctggeatta
tattagtcat
agcggtttga
tttggcacca
aaatgggcgg
gtcagatcac
gtgcttctga
aggtaagtét
gacagagaag
cetttetete

aatacgactc

cggagctcag cttggatcca gacatg

<210>
<211>

84
26

33/38

attcattggt
atatcataat
aﬁtattgact
ggagttcege
ccgeccattg
ttgacgtcaa
tecatatgcecca
tgcécagtac
cgctattace
ctcacgggga
aaatcaacgg
taggcgtgta
tagaagcttt
cacaacagtc
caaggttaca
actcttgegt
cacaggtgtc

actataggcet

tatatagecat
atgtacattt
agttattaat
gttacataac
acgtcaataa
tgggtggagt
agtccgecec
atgaccttac
atggtgatgce
tttccaagtc
gactttccaa
cggtgggagy
attgcggtag
tcgaacttaa
agacaggttt
ttctgatagg
cactcccagt

agcecacc

of last NFkB site + SacI + GC

PCT/US02/27584
aaatcaatat 60
atattggctce 120
agtaatcaat 180
ttacggtaaa 240
tgacgtatgt 300
atttacggta 360
ctattgacgt 420
gggactttcc 480
ggttttggca 540
tccaccccat 600
aatgtcgtaa 660
tctatataag 720
tttatcacag 780
gctgcagaag 840
aaggagacca 900
cacctattgg 960
tcaattacag 1020

1067
26
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<212> DNA

<213> atificial
<220>

<221> misc_feature
<223>

<400> 84

catgtctgga tccaagctga gcteeg

<210> 85
<211l> 540
<212> DNA

34/38

1x NFkB Primer - antisense complement

<213> Human immunodeficiency virus type 1

<400> 85

tggaagggct
cacaaggcta
tgacectttgg
ataaaggaga
agagagaagt
agctgcatcg
ctggggactt
gctgcatata

gcctgggage

aattcactcec
cttecctgat
atggtgctac
gaacaccagc
gttagagtgg
ggagtacttc
tccagggagg
agcagctget
tctetggeta

caacgaagac
tagcagaact
aagctagtac
ttgttacacc
aggtttgaca
aagaactgtt
cgtggcetgg
ttttgccectgt
gctagggaac

aagatatcct
acacaccagg
cagttgagee
ctgtgagect
gcegectage
gacatcgage
gcgggactgg
actgggtctc
ccactgcectta

tgatctgtgg
gccaggagtce
agataaggta
gcatgggatg
atttcatcac
ttgttacaag
ggagtggcga
tctggttaga
agccteaata

PCT/US02/27584

atctaccaca
agatatccac
gaagaggcca
gatgaccctg
gtggcecegag
ggactttcecg
gcecctcagat
ccagatctga
aagctgectt

26

60

120
180
240
300
360
420
480
540
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Table I

Genes downregulated by p21 induction

A. p21-Inhibited genes Identified by UniGemV array:
Balanced Diff. .  Confirmed
a

Genes Accession Ng. Expr. by
Associated with mitosis:
CDC2 X05360 2.5 RW
" CKsHs1 (CDC2 kinase) X54941 55 R
PLK1 (polo-like kinase) ugt03a 5.1 RW
XCAP-H condensin homalog D38553 8 R
CENP-A (centromere protein A) U14518 53 R
CENP-F (centromere protein F) U30872 2.5 R
MAD2 u65410 6.6 RW
BUBR1 . AF053306 5.9 R
MCAK (mitotic centromere-associated kinesin} U63743 a8 R
HSET kinesin-like protein AL021368 3.6 R
CHL1 helicase - u75968 33 R
AlK-1 (aurora/IPL1-related kinase) . D84212 4.8 R
AIM-1 (AIK-2; aurora/lPL 1-related kinase) AF004022 10.2 R
PRC1 (protein regulating cytokinesis 1) AF044588 12.6 RwW
Citrom kinasa H10808 - 2.7 R
Lamin B1 » L37747 7
LaminB82 - Ma4362 2.7
LAP-2 (lamin-assaciated protein 2) u18271 4.8 R
MPP2 (M phase phosphoprotein 2) U74612 37 R
MPP5 (M phase phosphoprotein 5) Xg8261 a7
Associatad with DNA mplication, ssgresation and chramatin assembly:
Thymidine kinase 1 K02581 29 R
Thymidylate synthase X02308 3.9 R
Uridine phosphorylase Xs0858 25
Ribonucleotide reductase M1 X59543 46 R
Ribonuclectide reductase M2 X59618 10.7 R.
CDC47 hamaolog (MCM7) Ds5716 8.6 R
CDC21 hamolog (MCM4) X747394 27 R
COC45 homolog (Porc-Pl) AJ223728 4.1 R
HsORC1 {origin recognition complex 1) u40152 27 R
DNA polymerase a. X06745 2.8 R
Replication tactor C{37-kD subunit) M87339 2.8
8-MYB ' 'X13283 9.1
HPV16 E1 protein binding protein £)96131 3.7
Topoisomerase lie Jo4088 86 R
Chramatin assembly factor- (p60 subunit) U20980 27 R
High-mobility group chromosaomal protein 2- X62534 7 R
High-mability group chromosemal protein 1 D63874 38 R
Histone H2A.F/Z variant AA203494 28
Associated with DNA repair:
XRCCS u70310 38 R
RAD54 hamolog - X87795 5.4 R
HEX1 5'-3' exonuclease (RAD2 homolog) AFQ42282 52 R
ATP-dependent DNA ligase | Ma&cse? 25 R
2.9 R

RAD21 homalog 038551
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Assaciated with transcription and RNA pracessing:

Putative transcription factor CA150 AF017788 2.8
Transcriptional coactivator ALY AF047002 33
WHSC1/MMSET (SET domain protein) AA401245 2.9
NNB-4AG (SET domain protein) us03a3 2.8
EZH2 (enhancer of zaste homolog 2) us144s 2.8
PTB-assaciated splicing factor X70844 2.5
AU-rich element RNA-binding protein AUF1 102019 2.8
U-snRNP-assaciated cyclophilin AF016371 28
Other ganes; .

3-phosphoglycarate dehydrogenase - AF006043 48
L-typs amino acld transporter, subunit LAT{ M80244 4.1
Myaluronan-mediatad motility raceptor U29343 4
Phorbolin | (PKC-Inducible) U03891 39
PSD-85 binding family protein D13633 37
HTRIP (TNF receptor component) U77848 as
NAD-dependant methylenstetrahydrofolate dehydrogenase  X16398 34
Membrane glycopratein 4F2 antigen heavy chain J02939 32
Mucin-like protain D79992 32
MAC30 (diffarentially expressed in meningiomas) L19183 28
P52riPK (regulator of interferon-induced protein kinase) AF007393 28
Putative phosphoserine aminotransferase AA192483 28
Glucosa 8-phosphate lranslmse Y15409 27
Calcyclin binding protein AF057356 26
Ornithine decarboxylasa 1 X16277 28
Trophinin assisting protein (tastin) uo4a10 2.5
Acvl-cosnzyme A cholesterol acyits ansferase L21934 25
Plnin/SDK3 Y10351 25
Ganes with unknown function:

EST AA975298 2.7
EST AAD34414 25
EST ) AA482549 25
B, p21-inhibited genes identifled by RT-PCR:

Genes Accession No.  UniGemV resylt®
‘Cyclin At ' Uegaas IS
Cyclin B1 M25753 IS
CDC25A NM_001789 A
Dihydrofolate reductase Jaot4o 1.5

ING1 NM_005537 A

*Abbreviations: R, RT-PCR; W, westam blotting

®Abbraviations: 1S, insufficlent signal; A, absant from the array
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Table II

Ganes upregulated by p21 induction

Accession  Balanced Diff

Genes No Expr Confirmed by*

Sacreted proteins and proteins assoclated with extracellular matrix;

Fibronectin 1 X02761 587 R

Plasminogen activator Inhibitar, type | M14083 3.7 R,N

Plasminogen activatar, tissue type M15518 28 4

Laminin p2 X75683 . 214

Desmocollin 2aibb X56807 35

Podocalyxin-like protein ug7519 2

Activin A (inhibin BA) J03634 .2 R

Galectin 3 (Mac-2) ABC0B780 24 N

Mac-2 binding protein L13210 2 RN

Prosaposin - J03077 29 N

CTGF (connective tisaue growth factor) M92934 33 N

Granulin/epithelin AF055008 2.1 N

Cathepsin B L04288 24 N

Tissue transglutaminase M55153 . 25 R,N,W

P37NB (slit homolog) U32907 2.1

Sarum amylold A protein precursor M26152 4 RN W
" Alzheimer's disease amyloid A4 protein precursar 087675 2 RN

Complement C3 precursor K02765 59 RN

Testican X73608 2.1

Integrin B3 M3a59sg 2.1 RN

Lysosnmal proteins:

N-acetylgalactosamine-8-sulfate sulfatase uo60ss 23 N

Acid alpha-glucosidase X55079 24 N

Acid lipase A (cholesterol esterase) X76488 2.1 N

Lysasomal pepstatin-insensitive protease (CLN2) AFQ17458 25

Mitochondrial proteins:

Superoxide dismutase 2 X07834 3.5 RN W

Metaxin : J03060 a4

2,4-diencyl-CoA reductase . U7a302 2

Other genes associatad with strass response and signal transduction:

Ubiquitin-conjugating enzyme (UbcHa) AF031141 2

Ublquitin-specific protease 8 . D29856 2

RTP/Cap43/Drg1/Ndr1 (Inducible by nickel, retincids, D87953 25

homacystsine and ER siress)

C-193 muscle ankyrin-repeat nuclear protein (cytakine- X83703 3

Inducible) )

LRP major vault protsin asscciated with multidrug resistance  X79882 22 N

B-arrestin related HHCPA78 homolog (upregulated by S73591 4.1 N

vitamin D3)

R-RAS M14949 24

RAB 13 small GTPase X75893 22

PE8 SHC (ski ancogene) | u73ar7 2 N

MK-STYX (MAP kinase phosphatase-like pratein) N75168 2

H73 nuclear antigen/MA-3 apoptosis-related/TiS us6e28 24

(topoisomerase-inhibiter suppressed)
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Other genes:
Natural killer cells protein 4 M59807 4.4 R
TXK tyrosine kinase (T-cell specific) 127071 3.8
X-linked PEST-containing transparter . 105321 2.1
AMP deaminase 2 M91028 2 N -
FIP2/HYPL huntingtin-interacting protein AF061034 2
DNASE | homeleg X90392 2.5 N
Transcription factor 11 X77368 2 '
Histana H2A.2 L19779 2.8
Histone H2B AL021807 24
Ganes with unknown functian:
23808 AF038192 2.1
CGl-147 AA307912 2.1 N
EST wegi20 28
EST Al026140 25
EST -AA218982 24
EST - We3684 2

abbreviations: R, RT-PCR; N, narthern hybridization; W, western blotting; Z, zymography
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