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oogo
T I e I I e I A 6 R A B R B N A N N N e N N N e N N N RN
I I T e I 0 o B A R B M A B A AR W A R W
godooooooooooooooooo0oooooooooooooooOoaoan
oooodoDoooooDoooDooDppOO0ODO0OO0DD0DODODOoOOOoDOOoODOoODOoODOOnn
gooboobouooboooboDbooobuobbuoUobooboUoboobooao
gododooooooooooooooooooooooooooooooaoan
T 1 e I A 0 O B B A R B N A R W
gooboobouoobtoobobooobuobboUobooboUoboobooao
T I e I I e I A 6 R A B R B N A N N N e N N N e N N N RN
0
& lla. T354<7—E3|
JOE—R| R TFS47— (5—3) FUoFEVARATZ4<Y— (5—3)
o3 GCTAAGAGGATATTGACATTAGA |AGGGGGAGGTGGGTTAGTAG
CAGG (EFIFES :21) ( FEH &S :22)
NKA TGGAGCTAGAAGAGCCCGTAGG |GCCAAAAGTTCAAGGAGCCAA
(BHFES - 23) (BHES 29
SAA CAGAGTTGCTGCTATGTCCACCA |[CACTCCTTGTGTGCTCCTCACC
(EEHIES - 25) ( BESES :26)
BAPP TTGCTCCTTTGGTTCGTTCT GCTGCCGAGGAAACTGAC
( BANES 27 ( Ee5 &S - 28)
t-TG  |CCCAGGGAGAAATATCCACTGAA [TCGGGCGGGGGCGGTGGCTCCT
7—+t |GCAAC ( ReBIFEE :29 TCCACT ( Fa 5|52 :30)
O
3= lb. PCREH
JnE—2| & % pF=-YUvsJ & K FAOIE EMT AR
CC3 95°,1 3 | 63°,1 4 | 72°1 4 40 ¥ 31 1018 bp
NK4 94° 1 4 | 65°5,1 4 | 72°,1 % 40 # 32 877 bp
SAA 94°1 4 | 681 % | 72°,1 4> 40 B 32 1000 bp
BAPP 94° 1 4 [62.9°% 14 | 72°1 4 40 % 30 623 bp
-TG7—1H 94°,1 43 [66.5°1% | 72°1 5 40 ¥ 33 1600 bp
O
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Fllle. T4 ~<—B27l
BiEE BEFHE EfR (X, 5'—37) Tt (FYFERX,. 5 —3')

1 SAA cagagtigetgetatgtecacea ( BR 5| & - 25) cactectigtgtgetectcace ( B 5| FE S 26)
2 fBi&kC 3 cctaagaggatatigacattagacagg ( FR 5| &= 21) aggoggaggigggttagtag { BLFI&ES: 22)
3 CTGF gecteticagetacctacticetaa ( B2 FHFS 31) cgaggaggaccacgaagg ( R A &FE S 32)
4 {2741 VB3| Gattggtctigecctcaacag ( B2 E - 33) ceageacagtegeccaga ( ALl # 5 34)
5 PHFES tgaticcaatgttitictaaaagg ( 5] HFE S 35) gaatgictaaagagctcagaagt ( R 5 FH 5 : 36)
6 NK4 togagetagaagagecegtagg ( BRAIIE B 23) gccaaaagticaaggagecaag ( R 5| & 2 24)
7 FEHHR Y ggtttaagcaattictggoctet { Fig 5| F-B- 37) cgtctgactctcegeagtetgeaat (| fig 51| K B+ 38)
8 Mac2-BP gtazaactcccigatgaticettct { BRHFES- 39) ctetgcagactggtectitgac ( Aic% &S : 40)
9 GAL-3 tgtcticacaaggiggeagtog ( BEFIFEE: 41) ctggagggcagageacag ( BRHIFHES: 42)

10 MnSQOD taccaaccctaggggiaaaaataaa ( LA & H- 43) atgctgctagtgctggtgetac ( B2 5 &5 44)
11 45 =21} | gagactaggaageeactictctitc ( ALHI &5 45) ctggaatgetgigtictitictact ( ER %I F-E : 46)
12 pb6shc gtggcagacagggeactc { AL FIHE S 47) ctectgagetgectcaatg ( AR FIES : 48)
14 517 73 B | Ciccegagtagetgggatta ( BRFIE S 51) ccacgtgaccaccgegea ( fg 5l F-S: 52)
15 BAPP tigetoctitggticttct ( fi2 5| FHK S 27) getgeegaggaaactgac ( En 5 H-2: 28)
16 t-T67—+ | cccagggagazatatccactgaageaac ( BRI FES: 29) tegggcggyagcagtggetecticeact ( L g &= - 30)
17 2 5 AT V) 1 | ageecotigactictetect ( fiR 7| F S 53) ctectggegacgeegegtt ( AR5 B2« 54)
18 PSF aaagtgctgggattagaggegtga ( A2 % &5 55) tatgtattgctaagggaagetatiggag ( B2 51| FE-5 : 56)
19 VEGFE-C gttcttggatcatcaggeaactt ( AL H|FE 5B 57) gtggaaggaccgggggtag ( B &= 58)
20 TIMP-1 agaaccggtacccatctcaga ( AL 5| FH S 59) ctgtacctetggtgtetetet { BE 5 /S 60)

T T T T T S |
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FlVa. 754 <v—B5I
BIEF tURTFMR=(5>3) FUFEURATTAR—(5->3)
NK4 AGCACCAGGCCATAGAAAGA  |[GGTGTCAGCTCCTCCTTGTC
ERHES : 13) (BEFIES 49) !
1-T67 —4 |ACTACAACTCGGCCCATGAC  |GCCAGTTTGTICAGGTGGTT
(BRHES :50) ( BEEFFS 61 !
BAPP CTCGTTCCTGACAAGTGCAA TGTTCAGAGCACACCTCTCG
(EEHHE : 62) ( EBHFF 63)
. GAGGGTGTGGTICGGACTAA  |GCCCAGAGGTGTGATTTGTT
(BEFNFS - 64) ( BRIES 65
CTGE GGAGAGTCCTTCCAGAGCAG  |[ATGTCTICATGCTGGTGCAG
(BEIIHES : 66) (BRIEE 67)
MACoRp | ACCATGAGTGTGGATGCTGA — |ACAGGGACAGGTTGAACTGC
(BEFHEF : 63) ( BHHFES 69)
45— 1), ACCACGGACCTCCTCACTAA  [ACACTGCCCCTCAGCTACAC
73 EAIES 0 (FRFIHES 71
SR CCAGAGCTGGACATGACTGA  |GTCACCTCCTTCACCAGGAA
T\ EBHIHES - 72) ( BINES 73)
SOD2 CAAATTGCTGCTTGTCCAAA CATCCCTACAAGTCCCCAAA
(FRFIES 74 (BLIIFES 75)
B-7 # F +, [JGGAAATCGTGCGTGACATTAA [TGTGTTGGCGTACAGGTCTTTG
G (BEHEE . 76) (BEEHES 77
oa
%=IVb. PCRBE (°C)
BinF = T j| "R |YMIME| EMYAX
NK4 94 58 72 24 481
t-167 —1 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
iR, 94 64 72 25 446
FoHyRy Y 94 58 72 21 500
SOD2 94 58 72 23 505
BF72F2 94 60 72 17 275
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REAGENTS AND METHODS FOR IDENTIFYING AND MODULATING
EXTRESSION OF GENES REGULATED BY (DK INHIRITORS

BACKGROUND OF THE INVENTION

This epplication claims priovity o U8, Provisional Application Serial No.;
60/7.635,8440), filed Febraary 1, 2001. and U.S. patent application Secal No: 09/861,925,
Gled May 21, 2001,

This 2pplication was supported by & grant from the Mational Institutes of Health,
Na: i{OICA62099. The govermuent may have certaiu rights i this fnvention.

1. Field Of The Inv

o1,

Thes imvention ds related to celhilar senescence and changes in cellvlax gens
expreseion that accompany senescence. [ particnlar, the inventioa is related to the
identification of genes the expression of which is medulated by a class of cellular gene
mroducts lenned cyelin dependent kinase (CDI) inaibitors, induced in cells at the onset
of senescence. More specifically, the invention provides mezkers of cellular senescance
that are gengs whose expression is induced by such CDK inhibitors. The invention

rovides methods for identifying eompomnds that jnhibit pathological conseruences of

cellular seneseence by defceting

ition of iInduction o these marhker gengs by CDK
inhibiters i the presence of such compounds. Also provided are rezgents thal arc
recompinant mammalian cells contaming reeombimant expression constructs encoding

different eclluizy CDK indubitors, si

25 p21, al6 oo p27 thet we experimentally-
mducibje, and rezombivant memmalim cells confoining ¢ recombinant expression
conslruct that expresses a 1eporter goue under the transeriptional control of 2 promoter
for a genc whose expression ig inducest by endpgenous or expgencns, experimentally-

inducible, CDI inhibitors,

JP 2004-535775 A 2004.12.2
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2. Sunumary Of The Related Act

Cell ¢ycle progression is regalated to a large extent by a set of sering/threoning
inases, known as evclin-dependent inases (CDKs). A special group of proreins,

known as COK inhibiters, micract with and mhibit 212K s, thus cansing cell cvele arrest

g

in A variety of vhysiologieal sitmations {see Sielecki et wf.. 2000, J. Med. Chan. 43 .
and references therein). There are two femulics of CDE inkibitors. The first one,
known as Cip/Kip, includes p21™ %8S pagkl ang 157% The second family,

Inkd, includes plgha*

L D1SFRE p18MHe and pI9™ Exprossion of specific CK
inhibitors is activated by differenl feetors. For example, contact mhibition incuces p?7
and plé expression {etwrick ez al., 1997, Oncogene 151 2743-2747), extracellelar anti-
mitogenic factors such as TGFx indace pl 3 expression {Reynisdotis e al., 1995, Geney
LDev. 9: 1531-1843), serum starvation indoces p27 expression (Poiyak er af., 1994, Genes
Dev, §: 922}, and TrV radiation induces vl 6 expression (Wang ef al., 1996, Cancer Hes.
56: 2510-2514). Tn addition, all of the above treatments, as well as diFferent farms of
DINA damape induce expression af p2], the most pletolropic ol the known CDK
inhibitors {Doito, 2000, BBA Rev, Cancer 147 M43.MEI6)

Of special importatiee to the Oeld af this imvention, twe of the CIDK. inhibitors,
P2l and 516, have been intimately associated with the process of seneseence in
mammalian cells. At the onset of replicative senescerce (Alvortn of af., 1996, Proc.
Nl Aeced, Sei, USA 93 13742-13747) and camage-induced acecleruled senescunce
(Robles & Adaini, 1998, Qncogene 16: 1113-1.23), p2 1 induct:on resulls in cell growth,
wrresl. This surge of p2l expression is transient, however, and ig followed by stable
activation of pis, which is believed to be respansible for the meinlenance of growth
arrest in senescenl cells. The knockout of p21 (Brewn er af,, 1997, Secience 277: §31-

§34) or w16 (Sermo er al, 1996, Cell §3: 27-37) delays or prevems the onscl of

-
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senescence. Furthurmore, ectopio overexpression of either p2! or pl6 indsces growth
arrest accompanied by phenolypic markers of seneseence i both rormal ard tumor cells
(Vogr et f., 1998, Cell Growdh: Differ. 9: 139-146; WeCornell er af., 1998, Cwry. Biol.
81 351-354; Fang et uf., 1999, Oncogene 18; 27892797},

P21 Las been indepencently ideniified in the arr as a pro‘ein that binds and
inhibits CDKs (Hawpsr er af,, 1993, Cefi 75: 805-8i6), as a gene upregulated by wild-
Lype pS3 {el-Deiry eral, 1993, Cancer Res. 351 2910.2919), and 25 3 growih-inhibitory
mene overexpressed in senescent fibrobiasts (Neda er al, 1994, Exp, Celfl, Res, 211:00-
98). Becavse of its pivotal role in pS3-regulated growth arrest, p21 is usually regarded
as a tumor suppressor. Nevertheless, p21 mutations in human cancer ave rare (Hall &
Peters, 1996, Adv. Cancer Res. 68: 67-108), und p21 knockout mice develop normally
and do nul show an mereased vate of tumongenesis (Deng of o, 1995, Ceif §2: 675-
G84).

Cellular levels of p2 1 arc incscased in response 10 a varicty of stimuli, inciuding:
DNA-damaging and differenfizting zgents. Some of these responses are mediatec
through tanseriptional activation of the p21 gene by p53, bul p21 is also regulatcd by a
wvaricty of p53-independent “actors (reviewed i Gartel & Tyner, 1999, Kxp. (el Res.
227 171-181).

Trimsient induction ol p2 1 mediates different tonns of damage-induced growth
arrest, including transicnt arres! that milows cells to repair DNA damage, us well as
pormanent growth amest (aiso termed "zccelerated senescence™), which 32 induced in
nornmal fibroblasts (Dil eonardo et al., 1994, Genas Develop. 8: 2540-2551; Robles &
Adami, 1998, Oneegene 16: 1113-1.23) and umer celis (Chang e al, 1999, Cunver
Res. 59:3761-3767) by DNA datnage or miraduction ol uncogemic RAS (Sermana ef af.,
1997, Cell 88 593-602). A surge of p21 expression also coincides with the onsst of

terminal growth arrest during replicative senessence of aging tibvoblasts (Noda ez af.,

S5
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1994, ibid.; Alcorla ef &, 1996, Froc. Nadl, Aead, Sci {754 93:13742-13747; Stein er al.,
1999, Mok Cell, Bipl 19: 2109-2117) and terminal Cifferentiation of pastmitotie cells
(BL-Creiry et af., 1995, ibid.; Gariel &f ¢l., 19906, Exp. Celf Res, 246: 280-289).

While p21 35 nol a lranseniption factor per e, it has indirect effects on ccllular
gene expression that may play a vole in i*s cellnlar functions {Dotto, 2000, BRA Rev.
Cancer 1471:M43-MS6 and refereaces therein). One of the consequences of CDK
inhibitior. by p21 is dephospherylation of Rb, whicl in tam iniibits E2F transcription
factors that regulate many genes inveived in DIVA repiication and cell eycle progression
(Nevins, 1998, Celf Grewd Differ. 9: 585-593). A comporizon of 2 -expressing cetls
{021 ++}aned pRt-nenexpressing calls (p21 -/-) has implicated p21 in radzation-mduced
inhibition of several gencs involved in cell cycle progression (de Toledo er af, 1998,

Celf Growth Differ. 8: 837-896). Another resuli of CDK iulrbitior by p21 is stiamlation

of the transcription cofacter histone acetyliw se p30G, that enhances many
inducible transcaiption factors iueluding NFeB (Perkins e i, 1988, Ncigrnea 275 523
527). Activation of p306 may have a pleiowopic effecton gene expression (Snowden &
Perkins, 1988, Riechenm. Pharmacol 55: 1947-1054). 021 may also affect gene
expression through its interactions with many transcriptiorl regulators and coregulators
other than CDK, such as YNK kinases, zpoptosis signal-regulating linase °, Myc and
others (Dotta, 2000, 284 Rev. Carcer 147 1"M45-M56). These mteractions may affect
the expression of genes repalated by the corresyonding pathways

Another CRE inhibitor of particelar relevarce 1o the present inventien is
pLG4; (ke hunan protein has been deseribed by Setvano ef af. (1993, Nature 366;
704-707).  As mentioned above, PG is in essential repulator of senessence in
mammalian cells. 15 aion dona fide tumor suppressor and ene of the most eottrnonly
rutater. genes in ‘wman cancers (Hall & Foters, 1996, Ady. Coacer Res. B5: §7-104),

pla is known to direetly inhibit CDE4 and CDKS, and muy indirectly inhibit CDE2? as

_4-
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well (MoConnell ez af, 1999, Molee. Call. Biol. 19: 1981-1989),

Shll another CNK. inhibiter of particular zelevance to the present invention is
p2?*"". pA7 was initially identificd a3 an inhibitor of CDK2 i, cells that had been
grow:h arrested by coutact inhilition, TGF-B ur wyasiatm (Hengsl ez &f, 1994, Proa,
Nail, Aead. Sei. USA 01: 5201-5295; Polyalc ef al., 1994, Cefl 78: 59-66). p27 also
mediates cell growth amest in vesponse o differentiation, serum starvation, growth in
suspensior and other factors. Levels of p7 expression are frequen:ly altered (hoth
reduced and ingreased) ie. humsn cameers relative 1o normal tissues (reviewed ir Phiiipp-
Stahel 21 of,, 2001, Exp. Cell Reg. 264 148-161)  p27 hag also been proposed o
cooperate with wmer suppressor PTEN in onc of the pathways lendmg 10 senesechee
(Bringold and Serrano, 2000, jixp. Gerontol. 35: 317-329),

There remains a need (n this art to wdeontify genes whose expression is modulated
by induction of CDK inhibilor genes such as p21, pl6 or p27. ‘Lhere s also a need in
this art (o develop lurgets $or assessing the effects of compourds on cellular senescence,

cereinogenesis and age-related diseases.

SUMMARY OF TLE INVENTION

This inventior. provides resgerts and methods for identifyng genes whose
expression is inodulaled by induston of CK inhibiter gene expression. The mvention
2lse provides reagents and methads for identifying compounds that iukibit the effects of
CDE inhibitars such as p21, 527 aod pl6 on cellular pene expression, s a fiest siep In
rational drug design for preveating pathogenic conscquences of cellular senescence,
such ay caremogenesis and ngevelated disesses,

In a fixg: aspoet, the invention provides a maminalian coll containing au inducible
CDK inhintor gene. In prefared embodiments, the CDE. inhibitor gene encodes p21,

pl6 ot 127, In prefered emboditnents, the mansalian cell is o recowtbinant

o5
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ntammalizn cell comprising s recombinant sxpression constnict encoding an indicihle
p2l gene or an mducible pl6 geng or an inducibic p27 gene. More prefarably, the
consmet comprises a ncleatide sequence encoding p2 1, most preferably wmen p21,
wnder the treascriptional control of at: inducible prumoter. In altemative embediments,
the construct comprises a nuclzotide sequence encading the amino-terminal portion ol
p21 comprising the CDK Dindirg domein, more preferably comprising amino acids
through 78 of tie p2l wwmino seid sequence. Tn additons) embodiments, the constract
comprises a nueleotide sequence encoding pl6, most preterably fupam pl6, under the
trapscriptional control of an inducible promoier. In addibonal embediments, the
comsizuct comprises a nuclentide sequence encoding p27, preferably human p27 or
mouse p27, under the tranzeriptional contzel of an indavible promoeler. In preferred
embodinenty, the nducible promoter in each such congivuct can be induced by
contaetny the cells with an indueing agent, mast sreterably a physiologically-nevnal
inducing agent, that imdusss transeription from the mdueible prometer or by removing
an agert that inhibits transcripion from such promoter.  Ureeired cells include
mammalian cells, preferably rodent or primate cells, and more preferably mouse or
human cella. In a partieularly preferred emibod:iment are fibrosarcoma cells, more
preferably human fihrosarcoma cells and most preferably cells of the human HT1080
fibrosareoma eell line and degivalives thereof.

In another crabodiment of the first aspeet of the invention are provided
reconibinant mammalian cells comprising 2 recombinant expression construet in which &
reporter gene is under the transeriptional control of a prowmoter derived Jom a cellular
pene whose cxpression is mednlated by a CDK ihibilor, most profecahly p2l, plé or
927, In g preforred embodiment, the promoter s dertved from : celiular pene whose
enpression 1:1r;uced by a CDH inhvbitor suel as p21, pi6 orp27. Inthese cmbodiments,

the promoter is most preforably derived fron: a gene wientfied o Table IT; however,

.
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those witl skill in tise art will rceagnize that a promoeter from any gene whose expression
is induced by CDK inhibiler gere expression can be advantageously used in such
comstrucls, Most preferably, the promoter 15 derived fiom serum amyloid 4 {S1Q ID
NO: 1), complement 3 (SEQ 1N NGk 2), connective tissue grovwth fector (SEQ IDNO:
3}, integrin (-3 (S0Q ID NO: 4), aciivin A (SEQ ID NO: 5), natural killer cell protein 4
(SEQ ID NO: &), prosaposin (SEQ ID NO: 73, Mac2 vinding pralem (SEQ L) NO: ),
galectin-3 (SEQ ID NO: 9), superoxide dismulase 2 (SEQ D NO: 10),
granulinfepithelin (SHQ 11) Nz 11), p66™ (SHQ ID NO: 12), catbepsin B (SEQ D MO
14}, B-amyloid precursor protein (SEQ ID NO: 15), tissue wransglutaminase {t-TCiase;
SEQ ID NO: 16), clusterin (SEQ 1D NG: 17}, prostaeyelin stimulating factor {SEQ IR
NO: 18}, vaseular endothelial growtn factor-C {SLQ I NG: 19) zad tissue inhibilor of
metailoproteinase-1 {SEQ 1D NO: 200, Prefored reporter genss comprising the
recombinant expression constructs of the wyvertion welude firefly lucifersse, Kenilla
Tuciferase, chloramphenicol acetyltransferase, hera-galictositluse, preen fluorescent
yrotein, or alkaline phosphalase.

In additional preferred embediments, the iavention provides a mammalan cell
comprisng 2 first recombinam expressien construct encoding a reporter gens urder the
ransgriptonal c:mtr.ul of a promoter for a manmalian gene whose expression is
moedulzted by & CDK inhibitor, most preferably p2i, pl6 ar p27, and a second
recombinant cxpression eonstrusl enooding a Inammalwen COK mhibilor pene, wherein
expression of the CIDK mhibltor i experimentaly-induced in “he mammalian eell
thereby. In preferred cmbedinents, the CDK inhibitor gene is p21. pi6 or p27. In
prefared emboldiments, the recombinant expression construct encoding 5 maninalian
CDK inhibitor gene is under the transcriptional contral of an indueible helerolugous
promoter, wherein expression of the CDHK inhibuor from the recombinant expression

corstruet is mediated by centacting the recorabinant cell with 2n mducing agent that

JP 2004-535775 A 2004.12.2
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induces wansgoription from the inducible promoter of by removing an agent that {uhibits

wanseriplion fiom such promoter.  Prefermably, the constiucl comprises & nuelcotide
sequence encolding p2l, most preferably human p2l. [0 other embadiments, the
consiruct comprises a nucleotide sequence cneoding thie aminc-terminal portion of p21
comprising the CDK binding doman, more preferably comprising amino acmds 1
through 78 of the p21 amine ucid sequence. In altemative preferred embodiments, the
wonsiruct comprises g nuelootide sequence encoding pl6, most preferably humun pl6.
In alternative preferred embodiments, the construct conuwises a nucleohde sequence
enceding 27, preferably himan p27 or mouse p27. In a preftrred embodiment of the
second recombinant sxpression construct encoding a roporter gene, the promoter is
derjved from 2 cellular gene whose expression is induced hy a CDE inhibitor such as
P21, pl6orp27. lo these embodiments, the promoter is most preferably derived fiom a
gene identified in“Thle 11, Preterred veporter genes comprising ihe second recombinant
expression constmcts of the invertion inchice Frefly luciterase. Renilla luciferase,
chloramphenieol acetyleansferase, beta-palactosidase, green Juorescent protein, or
abkaline phosphatase. Ie a perticularly preleryed embodiment are fbrosarcoma cells,
more preferably heman fibrosarcoma cells and meost preferably human HT1080
Tibwosarcema cell line and derivatives thareof. The produc? of the reporter gene or an
enclogeaous pene that 35 ndiced by the CDK ithibitor & prefercbly de'eoled csing an
irnmunclogical teagent, by assaving for an activity of the geme product, or by
hyoridization te 2 complememiary nucleic acid,

In a seeond azveet, the invention provides a soreening method far identifying
compounds that inhibit CDK inkibitor-indueed exprossion of mitogenic or anti-apeptotic
[rotors in memmalian cells. In preforced enbodiments, the methof comprises 1ae steps
of indusing e cxpression: of a CRK inaibitor, most areferably p23, pio or p27, inthe
eel's in the presence or absence of a compound, and comparing expression ot a mitogen

_§-
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o anli-apeptolic compound, oy a piarality thereot, m fne condinoned media. Intobisors
of COK mhibiter effects are identitfed by having 2 lesser amount of the mitogen or ausi-
apoptetic corapound, or a phurality thereet, ir: the conditioned media in the presence of
the compound than in the absence of the compound. In the smethods provided iu this
aspect of the inventioa, any CDE. inhibitor-expressivg cell is useful, most preferubly
cells expressing p21, pl6 or p27, and p21, p16 or p27 expression n such cells can be
achieved hy mducing endogenons 221, pl6 or P27, or oy using cells containing an
indueible exotession eonstruct encoding p21. plé or p27 according to the invention.
Preferred cel's include mammaliar. cells, preferably rodent or primate cells, and more
preferably mouse or human eells. In a partieularly preferred crubodiment eve
tibrosarcoma cells, more preferably human [brosarcoma cells ard most preferably
human HTI0%} flwasareoma ceil line and derivatives thereoll  Mitogen or anti-
apoptosis compound expression is delectad uzing ar Munanological reagent, by assaving
for an activity of the gene produot. or by hvbridization to a complementary nueleie acid.

In aliernative embodiments, the invention provides metaods for identifying

compounds that inhibit CDTE mbibiter-induced expreszion of mitogenic or anfi-apoptotic

factors it mammalian cells, whe:

the cells comprise a recombinanl expression
constrict encoding a veporter gene 1nder the lransvriptional condrol of 3 promoter of &
cellular gene encoding o mifogonic or anti-apoptotic factor that is induced by a CDK
mhibiter gach as p21, p16 or p27. In preferred embodiments, promoters melude the
|prometers Sor connective tissue growti facror (CTGE, SEQ ID NO: 33, activin A (SEQ
ID NI0: 5), epithelin/granulin (SEQ 1D WO [ 1), galectin-3 (SEQ ID NO: 9, prosapusin
(SEQ ID NO: 7), elusterin (SEQ D WO: 17), prostacyelin sumulating factor (510 1Y
NO: 18), vasculur eadothelial growin fucter —C {8110 1Y NO: 19) ard tissue inhibitor of
metallaprateinnse (5160 11NO: 20). Preforred zeporter gencs inelede but are not limited

to fircfly nciferase. lenilla luciferase, f-galaclosiczse, alluine phosphalase uad green

S5

JP 2004-535775 A 2004.12.2



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

(66)

WE D2/066681 PLTIUS02:02784

w

20

25

fluprescent protein. Lo these embodiments, inbibition of CDK inhisitor-mediated
induction of reporter gene expression is used to idendfi comporads that inkibit
uduction of mitogens ar anti-apoptotic fzefors m CDK inhibitor-expressing cells.

In this aspect, the invention zisa provides a method for inhibiting preduction of
mitogenic ar anti-apoploiic fclors or compounds in 8 mamipalizm cell, the methiod
comprising the steps of contacting (he vell with a compound that iphibits production of
mitogenic or atli-apooiotic faclors, wherein said compound is identified by the 2foresnid
elhuds of this aspecr of the invention. [n preferred erbodunents, the manmalian cclls
contacted with the inhibitory compounds in which production of mitogenic or ant-
apopiotic factors is inhibited are fibrobiasts. most preferabiy stramal fibroblasts. Tn
preferred embodiments, the compounds are inhibilors of nuclear factor kappa-B (NivK)

aclivity or expression.

In u thitd aspect, the Tr.vention provides metihods for identifving conipounds that
whihil CDK inhibiter-mediated induction o7 cellular gene expression. These methods
eomprise the steps of inducing or otherwise prodising cxpression of a CDK inhibitor
gene in & mammzlian cell; ussaying the cell in the presence of the compound for changes
in expression of cellular genes wiose expression is mduced by ihe { DK inhibitor; and
wdentifying compeunds that inhiit CDK. inhibitor-medialed induction of cellular gere
expression [ expressiun o the cellular genes is changed o a lesser extent in the
presence of the compound than in the absence of the compound. In preferred
embodiments, the CDIC inhibitor is p2I, pl6 or p27. In preferred embodiments, the
celiular penes are inducec oy a CDK inhibitor, and compounds that inhibit this induélion
ofF cellular gene exprassion are detected by delcoling capression nf the genes at levels
Jess than thosc deteeted when the DK inbinitar is expressed in the absence of the
conmpound. Inprefored cinbodiments of 1his aspact of the inventive methode, the CDK

inhibitor is p21, pl& erp27. In preferred erabodinerts, the gones ars identified in Table

-10 -
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1), In further al'ernative embodiments, the method is performed vsing a recombinant
mammalian ecll comprising a cepoerfer gene under the tanseripiionul conirel of a
promoter derived {rom 2 gene whose exprossion 1s mduced by a COK inhibitor. When
using censtuets comprising promulers derived from genes induced by 2 CDK inhibitor,
the reporler gere product s produced af Jesser levels in the presence *hon the absence of
the compound when the compeund inhibits or otherwise irterferes with CDE ihibitor-
mediated gene expression medulation. In preferred embodiments of this aspect of the
inventive methads, the CDK mhibitor 38 p21, 216 or p27. In these embadiments, the
promoter s nosl preferably derived (rom a gene idenlified in Table [L Most preferably,
the promoter 15 dertved fom seram amnyloid A (3120 10 NO: 1), somplement C3 (SEQ
1D NG 2), conaective tissue prawth tactor (SEQ 1D NG 33, integein -3 (SEQ ID NO:
£), aciivin A (SEQ ID NO: 5}, catural killer cell protein £ {SEQ ID NO: 6), prosaposin
{SEQ ID NO: 7), Mac2 binding proten (SEQ ID NO: 8), galectin-3 (SEQ ID NO; 9),
superoxice dismutase 2 {SEQ [D NO: 10), gramlin/opithelin (SEQ 11D NO: 113, p66™®
(SEQ ID NO: 12), cathepsin B (SEQ ID NO: 14), B-amyloid precursor protein (SEQ ID
NO: 15), tissve transglutaminase (t-TGase; SEQ ID NO: 16), elusterin (3EQ ID NC:
17), prestacyche stnnweating factor (SECQ TH NO: 18), vasculw endotbehal growth
factor-C (SEQID NO: 19} and tissue nhibitor of metalloproteinase-1 (SEQ ID NOC: 20)
Prefeired reporter genes comprising the recombinant expression constructs of the
avendon  nclude  firefly  luciferass, Renilla  luciferase, chloramphenicol
acetyltransferase, beta~galactosidase, green flunrescert protein, oralkatine phosphutase,
G other prefirred embodiments, the cell vomprises u Orsl recombmanl expression
wonstruct enceding a reporler gens wider the ttanseriptional contro’ of a promoter fora
mammakan pene whose expression s induced by a CDK inhibitor, and a sveund
recombinant expression construct tneoding a mammulian CDK inlibiter gene, wherein

expression of the CDE inhibitor 1s caperimentaily-induced i the mammalian cell

-
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therely. The product of the reporter gone ar e cndogenous gene dat 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 ansleic acid.

T a fourth aspeot, the invention provides methods {or denthifying vonpoumds
that inhibit pathagenic consequences of senescence it a marmmaban cell, wherein such
pathogenic conscquences arc mediated at Jeast in part by expression of genes induced by
CDK inhibitors. These methods cowprise tae steps of treating the marmualian cell in the
presence of the compound with an agsnt or culturing fie wanunalian cell under
condditons Tat induce COE inhintor gene expresson | zssaying e rmammahan cell for
induction of gence that are mduced by CDK inhibitors, and identifving the compound a5
an inhibiter of sencsecrnce o pathogouic conscquences of scnsscence i cxpression of
genes that are induced by the CDK iohibitor are induced to a lesser extent in the
presence of the compound than in the gbsence of the compound, In preferred
eutbodunents of this aspect ol the inventive mnethodz, the CDK inhilntor is p21, p16 ot
P27, In preferred embodiments, the genss are wlentitied m ‘Table 11 In further
aliernative smbodiments, the method iz performed using s resombinart nmammalian cell
comprising a reporter gene under the wanscriptional control of a prometer derived from
a gene whose expression is modulzted by 2 CDK mhbibitor. Tn these embadiments,
production of the product of the reporter sene et leszer lavels in the presence than the
absance of the eompeund using coastrucls comprising pronoter cexived [tomn genes

mdaced by ke CDI mhibitor, 15 detected when the compound is an inhibitor of

patiogenic quenoes of cell . Inpreferred embodiments of this agpeet of
the inventive methods, the CDK inlhibitor is p21. p16 or p27. The promolers are
preferably devived from genes identifed in l'able 1L The promoter maost preferably s
derived trom serum amyloid A (SEQ ID NQ: 1), complenient C3 (SEQ ID NO: 2),

connective tissue grewth factor (SEQ 1D NQ: 3), iregriv §-3 (SEQ 1D NO: 43, activin A

~12-
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(SEQ 11 NO: 5), natural killer ceil protein 4 (SEC) 1Y NO: 6), prosaposin (SEQ IDKO:
73, Mac2 binding protein (SEQ [ NQ: 8), galeciin-3 (SEQ [T NO: 9), superoxide
dismutese 2 (ST 11 NO: 10), granulin/epithelin {SEQ ID NO: 11, pa6™ (SEQ 10
N¢2: 12, cathepsin B3 (SEQ IDNO: 14), B-amyloid precursor protein (SEQ ID NO: 15),
tissue trapsglntaminase (1-TGase; SLQ ID NO: 16), clusterin (SEQ TD N¢x 17),
prostacyclin stimulating factor (SEQ) 113 NO; 18), vascular endothelial growih fuetor-C
{SEQ 1) NO: 185 nod ussie Snhibilor o metalloproteinase- 1 {SEQ IDNO: 20). [n othcr
prelemred embodiments, the cell covprises 2 first recombinant expression construel
cncoding 2 reporter gene under the transcriptional control of a promoter for a
mammalian pene whose expression is induced by a CDIK mhibiter, and a second
recombinant expression construet enceding & manunalian DK inkibitor gene, wherem
exmession of the CDK lnbitor is expermentally-nduced in the mammalian cell
therehy., T preferred embodimenrs af this aspect of the inventive methods, the CDE
‘mhibitor is p21, 16 or p27. In a particuarly preforred eribodiment arc fibrosarcoma
cells, more preferably human fibrosarcoma cells and mast preferaly hrman IT1080
fibrosarcora cell line and derivarives thersof, The procuct of the reporter gene or an
endogenous gene that is indeeed by the CDK mibioilar is preferably delected using an
immunulogical veagent, by asseymp, for an activity of the gene produet, or by
hyhridization to a aomplementary nucleic acid.

In a fifth aspect, the vention provides wnethods for sabiting pathopenic
consequences of vellular serescence, such as carcinogenesis or age-related diseases, the
meihod conprising the steps of contacting the cell with a commound that inhibits
seneseence or the pathugenic consequences nf senescence a5 determined vsing the
mnethods provided i the afuresatd aspeers of the invention,

In a sixth aspect, the invention provides componnds that are identified using eny

of the methods of the invention a3 disclosed herein.

-13 -
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Tn a seventh aspect, the invention provides rethads %o inhibiting or praventing
gene expression wductuon by CDK whibiters. In preferred embodiments, the methods
comprise the step of contacting a cell with & compound identified by the inventive
methods for identifying compounds that inhibit ar prevent gene expression mduetion by

5 CDK inhibiters. In preterred embodiments, effective amourts of the compeunds are
Jermwlaied inio pharmaceutical composiiions using pharuzecutically-accepiahle cartiers
wr uiher agenis and admimmstered fo ar animal, most preferably an aninal sutfering from
adisease cavsed by CDK mhibitor-induced gene expression. Inprefened embodirnenss,

the disease is cancer, Alzheinwer’s discase, renal discasc, arthritis or atherosclerosis. In

0 preferred embodimeats, the methods employ componnds that are NFxB inhibitors.

Specific prefemed embodiments of the present invention will become evident

from the following more detarled deseription. of ertam preferred emnodiments and The

claims,

I8
BRIEF DESCRIPTION OF TINE DRAWINGS
ligure | is o schematic diagram of the IPTG-regulated refroviral vector
TNp21CO3 used to prodoee e human HTHIRO fibrosarcoms vell line variant 1080
pa1-9,
20
Figurc 24 is 2 graph of the time courac of p21 induction after the addition of 30
M IITG, where p21 fevels were delermined by BLISA,
Figare 2B i3 a graph of the tinre course of p21 Gecay wler ranaval of IPTH,
25
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Figurs A are phowographs of pal cloctrophoresis patterns of RU-PCR
experimenis (Icit), northern blot analysis of cellular mBNA expression {middle) and
inmmunoblotting assays for IPTG-induced changes in expressior: of the denvled peaes
(right); C: control untreated HT1080 p21-9 cells; [ cells reated for 3 days with 50 pM.
PTG, AZ-mmeroglobulin (B2-M) wax user as a normadization conmrol for RT-PCR and

814 ribesomal pratein gere for northern hybridization.

Figurc 3B are photographs of gel electrophoresis of RT-PCR experiments {left)
2nd Immunoblotting analysis (right) showing fhe time course of changes in e

expression of the denoted p21-inhibited genes npon IP 10 addition and release.

Figure 3C are photographs of gel electropioresis pafierns of RT-PCR
experiments (left) ané norfhern bybridization analysis (tighi) of the time course of

Changes in *he expression of the denoted p2 1-induced genes upon IPTG acdirfon.

Figura 31 isa cornpaison of gene expression m unirealed control HT1080 p21-

U cells (O}, serum-sirved guisscenl cells {Q) and IPTG-trea’ed sencscent cells ().

Figurc 4 is a schematic diagrarn of the IPTG-regulated refroviral vector
T.Np16RO2 used roproduce the human HT1020 fhrosarcoroa cell lne variaot HT 1080/

LMNplGRO2,

Figures S A und 5B are diagrems of changes in cell eyele distibution of KT 1080

p16-5 (Figure 5AY or 1IT1080 p27-2 (Pigure 1B celis upon tie addition of 30 p IFTG.

Figures 6A and 6B are photograpls of gel clecirophoresis patterns of RI1-PCR

15 -
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experiments for detecting IPTG-Iiduced chauges in expression of the denoted genes
upon JPTCG-nduced cxpiession of pl6 in HTL080 pl6-5 ocils (Figare 6A) or p27 in
HT1080 p27-2 cells {Figure 6B). - soniral unireated cells; 10 cells weated for 3 days

with 30 pM TPTG. Pactin was used as a normelization conto] tor RT-PCR.

Figure 7 illustrates {he effccts of p21 induction i HT1080 p2.-9 cellz on the
expression of lusiferase reporter genes dnven by the promoelers of e indicaled p21-
inducible genes. The assays were cartied out following transient trznsfection, after faa
days (for prosapasin promoter) of thnes days of culture (Zor all the other promoters) in
the presence or i the ahseace oF 50 pM TPIG The assays were carnied out in riphicate

(for prosaposin) or in quadrupiicate (for all the othcr constructs).

Figores 8A and 8B are grapis showing IPTG Sose dependence of lueiferase
expression in LuNEAp2] cell lire after 24 hes of 1IP1G freativent (Figure $A) and the

time course of Tugiferase exprecsion upon *he addition of 50 pM MG (Uigure £B).

Figures 94 through 3G illustrate the effeets of p21 induetion in HT1080) p21-9
cells on tie expression of fuciftrase reporler genes driven by the NFPxB-dependent
promuter (Figure 9A) or 5y the prameters of the jndicated p2_ -Inducible genes (Figures

9B throuph 3G}, The promoter-reporter coustructs were mixed ata molar ratie 1:2 with

VECIONS CKPTESSITY 8 ant wmhibitor of NFxB (TKE), C-truncated E1 A mufart that
inhibits p3CHP (E1AACR2), pr non-functinnal - and C-truncated version of 1A
{E1AAN/ACR2). Luciferase levels were measured after I days in the presence or

abser.ce of IPTG and normelized ither by e levels of Rerdla lueiferuse expressed

from the co-tansfested pRL-CMV plusmid or (in Fig. 9C) by ‘he level of cellular

16 -

JP 2004-535775 A 2004.12.2



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

(73)

WE D2/066681 PLTIUS02:02784

L

20

25

prutein. The experiments were carricd uut i iplicates.

Figurc ifis a har graph of eeiterase acrivity in LuNK4n2 1 cells in the presence

unel absence of IPTG and incubated with different amanrts of NSAIDs.

Tigure © 1 15 o photograph of gel electrophoresis pasicrns ol KT-PCH experiments
using LuNK4p21 for detecting inlubition of IPTG-induced changes in expression of the
denoted penes by difforent amounts of sulindac; P-actin was used as a norralization

control e RT-PCR.

Figures 12A. through 12K illustrate the effeets of pl 6 mduction i 1111080 p16-3
cells on the expression of luciferase reporter genes diiven by the NFxB-dependert
promarer {Iigure 12A)or by the promoters of the indicated p21-induc:ble genes (Ifignres
§2B through 12E). Luci%rase levels were measuwred after 3 ays in the presence or
absence of [PTG and normalized hy the levels ol Renilly leciferave expressed from the
co-transfected pRL-CMV plusmid. The experimerts in Fig. 124 and Fig. 12E were

ccrried out in tiplicates, end in Figs. 128, 12C and 120 n single points,

Figures 134 through 13E Alustrate *he effects of p27 induetion in H 108G p27-2
eells on the exprossion of lucifitase reporler genes driven by the NFkB-dependent
promnoter (Figure 13A) urby the pramoters of the indicated p2 1 -indueible genes (Figures
13B through 1315} In g, 13A, the promotor-reporter constriet was mixed at a molar
ratio 1:2 with a vector expressing a dominant inhibitor of MFiB (LKK). Luciferase levels
wers measured after 3 days e the presence or ubsence of [PTG and normalized by the
levels of Rendlla luciferase expressed from the co-transfecied pRL-CMVY plasmic. All

the experiments were carried out in triphicatcs.

17
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DETAILEDR DESCRIPTION OF THE PREFERRED EMBODIMENTS

This inven‘ion provides reagen's and methods for idemifyirg genes involved in
mediating CDE mhibitor-induced cellular senesceace and pathogenic comseguences of
senescence, and compounds capable of inhibiting senescerce aml pathagenic
copscquences of senescence in mammalizn cells.  Parbewlarly provided are
embdiments of snch reapents and mettods for identitying genes irvolved in cellular
senescence and indueed by CDE mhibitors p21, p27 orplb.

For the putpeses of this fnvention, the term “CDK inhibiter” is intended to
encompass menrbers of a family of manmnelian genes baving the biochemical activity of
cychin-dependent kinase inhibition. Explicitly coxained in this definirion 2re the CIK
nhitntors pl3, pl4, pl8 and particularly p21, pl6 or p27, the laiter three of which are
parteularly preferred embodiments of the reagents and techeds of fais invention.

For the purposcs of this inveniion, reference 1o "a eell” or "cells" is mtended to
be equivalen:, and particulerly encompasses i vifre cultures of mammalian cells grown

and mamtaied as known in the art.

For the puarposes of this invention, reference to "ee genes” i the plural is
infended o envornpuss o single gene as well as two or more genes. It will also be
understoed by those with skill in the are that effecis of modulation of ccliular genc
EXPrEssion, of repoticr constructs under the ranscriptional control of promoters derived
from cellular genes, can be detected in a first pene aud *hen the effect replicated by
testing a second or any number of additonal genes or reporter gene cunstructs,
Alternatively, cxpression of Lwo or more gines or reparler gene canstricts can be
aszayed simulluneousty wilhn the scope of this imventon

As used herein, the term "sonditioned media" is intended to encompass eell

cultrre media conditioned by growth of CLI inhubitor--expressiog cells that contams

-18 -
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mitogenic or anfi-epeprotic factors. The conditioned medsa is produced in a preferred
ambaodiment by culturing CDK inhibitor--expressitg cells m a mammalian cell cullure
medinm, mosl preferably s synthetic medium thet daes not contaln serum additives.

Any CDK inhibitor-expressing cell is useful Lr 16 production of said conditiored

ad CDK mhibior exyr

ion in such cells can be nclveved by inducing
encogencus COK inhibiters (suek as by freatinent with DNA damaging agents, lonizing
or ultraviole! radiation, or sontact inkibition) or by vsing cells corlaining an inducible
CDK inhibitor expression construct ecording to the avention and culturing the cells i
a physiclogically-nsutral inducing agent, In preferred emnbodimenis of this aspeet ol the
invention, the COK mkibilor 15 p21, pl6 or p27. Prefemed cells mende mammakian
cells, preferably rodent or primatz cel's, and more preferably mouse or hipan cells, A
wvarticularly preferred embodiment are fibrosarcoma cells, more preftrably human
fibrosarcoma cclls and most proferably human EITZ080 filausarcoma cell line and
derrvatives thereof.

For the purpeacs of this invention, the term "senescence” will e uncerstood to
inchade permanend cessation of DNA replication and cell growlh not reversible by
growth fuctory, such as ocours at the end of the proliferative lifespan of normal eclls or
i normal or tumor eells in respanse to cytotoxic drugs, DNA damage o7 other cellular
sull

Senescence ¢an be induced in & mammelian cell in a number of ways. The first
8 8 natral conseauence of normal cell growih, either iz vive o i vitro: there arc a
Tiimited number ol coll divisioms, passeges or genarations that a narmal cell can underga
before it becomes senescent. The precise number varies with cell type ard species of
ariprin (Hayflick & Mootaead, 1961, Exp. Call Rev. 25: 585-621). Another method lor
mducing senescence in any cell lype is reaimenl with cytotoxic drugs sceh as most

anticancer digs, radiation, and cellular éitferentiating agents. See, Chang el al,, 1999,

- 19 -
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Cancer Res. 59: 3761-3767. Senesvenoe 2lso can be rapidly imduced in any manmnelisn
eell by fransducing inlo thal cell a lumor suppressor gene (such as P33, p21, pl6 or Rb)
nd expressing the pene therein, Sea, Suprue ef @l 1997, Proc. Narl. dcad Sci. USA 94:
9648-9653; Uhrbom ez o, 1997, Oucogens 13: 305-514; Xu et al, 1997, Oncagene
15: 2589-2596; Vogtefal.. 1998, Cell Growh Differ. 9: 135-146

For ke purposes of this invearon, the tenin “patholegical sonsequences of
seneseence” B¢ intendsd o encompass diseases such as carcer, atherosclerosis,
Alzheimer's disease, amyloidosis, renal disense aad artlitie.

The reagents of the present ivvention include iy snammalian cell. preferatly a
vodent or primate cell, more preferably 2 mouse cell and mest preterably 8 human cell,
that can induce expression of a CDEK. inhibitor sene, most preferab’y p21, pl6 or p27,
whetemn such pene s either the endegenuns fene ot on exogenous gene introduced by
generic engineering. Although the Examales disclose recombinant mammalian cells
eompriging recombinant expression constructs encoding indueible p21, p27 and pl16
genes, it will be mderstood that these cmbodiments arc mercly a matter of experimerntal
design choiee and convenience, and that the invertion fully encompasses induction of
endogenous DK inhiditor genes suck as p2 [, p27 and pl6.

In prederred embodiments, the invenlion provides mammmalian cells containing a
recorsiinent expression consituct encoding an indueible mammahion p21 gene. In
preferred embediments, the p21 gene is human p21 having nuclectide and amino acid
sequences as set forth in U.S. Patent NO: 5.424,400. ncorporated by reference hercin,
In aliemative embodiments, the p21 gene 1 an amino-terminal portion of the human p2 1
gene, preferably somprising sming acid residues 1 through 78 of (e native lnunsn p2t
protein {as disclosed i ULS. Petoat WO 5,807,692, meorporuted by reference) und more
preferubly comprising the CDK bmding dom.ain comprising amino aeids 21-71 of the

nulive humen p21 protein (Nakanish? ef g/, 1995, EMEO J. 14: 555-363). Proferred
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host cells include ammalian cells, preferably rodenl or primcte cells, and more
preferably mouss or human cells. Particulasly preferred enmaodiments are fbrosarcoma
cells, more preferably human fibrozarcoma cells znd most preferably ceils of the human
HT08G fibrosarcora cell Jine and derivatives thereof. A most preferred cell iine is an
ITT 1080 fibrosarcoma cell line derivalive identified as HT1080 p21-9, deposited on
April 6, 2000 with the American Type Cullwre Collection, Marassus, Virginia 11.8.A.
under Accession No. PTA 1664,

In alfernative preterred embodiments, e invention provides mammalian cells
con‘aining a recombinant expression constract enceding n mnducible mammahan p16
gene. [n preferred embodiments, the pl6 gene is human pl6 having nucleotide and
amine acid sequences as set forth in NCBI RefSeq NM_D00077 and NI'_000088.
Preferred host cells include mammalian cells, preferably tadent or primate cells, and
more preferably mouse or human esills.  Partieularly preferred embodiments are
fibrosarcoma oelis, more preferably human fisrosarcoma cells and most preferably cells
of the human HT1080 fibrosarcoma ccll line and derivatives thereof. A maost preferred
cell line is an ¥ 1080 fibrosarcoma cell line cerivative dentified as HTLO80 pl6-5,
deposited oa January 31, 2002 with the Amerzcan Type Culture Collection, Manassas,
WVirgmia .84 under Accession No.

In gltermalive prefened embodimerts, the mvenbion provides mammalian eclig
con‘gining a recombinant cxpresgion construet enceding 22 inducible mamnzalian p27
genc. In preforred embedivients, the p27 gene is human p27 Laving mecleotide and
aming acid sequences as set fortk in NCR1 RefSeq NM_004064 and NP_004055 or
mouse 116 having nucleotice ard amino acid sequences as sot forth in NCBI RelSeq
NM_009875 and NP_032005. Preferred Dosi vells inelude :nammakizn cells, prelersbly
sodent or primate cells, and more prefersbly mouse or human eclls,  Particularly

yreferred embodiments arc fibrosarcoma cells. mare preferably suman Gbrosarcoma

-2l -
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cells and most preferably cells of the humar. HT 080 fibrosarcoma cell line and
derivetives thereof. A most preferred ccll iine is an HT 1080 fibvosarcoma cell lme
derivative identificd as TIV1080 p27-2, deposited on January 31, 2002 wilh the

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

Recomhinunt expression capsmucts con be inmoduced into appropriate
manunalian cells as vnderstood by those with skill in fhe ari. Preferred embodiments oF
#ald constructs are praduced :n fransmissible veetors, more preferably viral veotors and
Taost preferably retrovitus veolors, adenovirus vectors, adeno-associatied virus veclors,
and vaceinia vuus vectors, a5 known in the arl. See. generally, MOLECULAR VIRGLOGY:
A PRACTICAT APFROACH, (Davisan & Hiliott, ed.), Oxford University Press: New York,
1903

Inn additionally preferred cmbodiments. the recombinant cells of the mvention
contain & construet eacading an inducible COK inhibitor gene, whetein the gene is under
tae transcriptional control ot an inducible promoter. In more preferred embodiments, the

‘nducible promntes is responsive to a frans-astieg factor whose effeets can he modulated

by an indueity ogenl. The inducing agent can be any aclor that e be mumipulated
experimentally, meluding temperature and mos? preferably the presence or absence of an
Inducing agert. Preferably, the inducing agent is a chemical compound, most preferably
aphysiclogically-nontral compound that is specific for ine frany-acting fctor, In theuse
of constructs comprising inducibie promaters as disclosed nerein, exprassion of CDE
inhibitor from the recombinant expression construel is mediated by contacting tho
recombinant cell wilh an inducing apert that induces wanscription from the inducible
promater or by removing an agent that inhibits transeription from suck prometer. In

preferred embodinments af this aspect of the inventive metheds, the CDIC inhibitor is

P21, p27 or plo. A vancty of inducible promoters and cograle funs-ueling lkotors are

S22
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known in the prior arf, tnchiding hear shack prometers than cav be activated by
inuressing the lernperatire of the cell cultrre, and move preferably promoter/factor pairs
such as the &/ promoter and i‘s cognaic fer repressor and fusions thereof with
mammalian transcription factors {as are disclosed in ULS. Patent Nos. 5,454,168,
5,851,796, and 5,968,773), aud the bacterial lac promoter of the lactose operon aad its
cognate facl reprossor prolein. Tn oz preferred embodiment, he recombinant cell
expresses the facl repressor protein and o recombirant expression construe encoding
human p2l under the contral of 2 prometer comprising one or a multiplicity of fae-
responsive cloments, whercin expression of p21 can be induced by contacting the cells
with the physiologically-neutral incucing agent, isopropylthio-fi-galactoside. In this

preferred embodimen:, the /el repressor is encaded by a recombmant expression

construct idenlified as 3'3% {commescially availadle from Stratagene, Lalella, CA). In
aliernative preferred embodiments, the resombinant eell cxpresses the Jeel ropressor
protein and a recombinant expression construct encoding human p16 under (he contro;
of a promoter eomprising onc or & multiplictty of lrc-responsive elements, wherein
expression of pL6 can be induced by contacting the cclls with: the physiolegically-neutral
inducing apent, isopropylthio-fl-galacioside. In this prefermed embodiment, 1he Lol
reprressor 15 encoded by the 3’58 ecombinan! expression constuet (Stratagene). In
alternative preferred embodimenss, the recombinant ecll cxpresses the Jecl repressor
protein and a recembinant expreesion construet enceding human 927 or monse p27
under the control of a promoter compusing onc or a wultiplicity of fas-responsive
clements, whercin expression of p27 can e induced by cortacting the eells with the
physielogieally-neutral inducing agent, isopropylthio-f-galactoside. In this preferred
enirodiment, the feel ropressor is encaded by the 3 'S8 recombiitant expression constrict

(Stralagene).
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The uventiom also grovides vecombinant expression constructs wherein a
reperter gene is under the franscriptional contrel of a promoter of 2 gene whose
expreaston 18 modulazed by a CI3K inhibitor such as p21, pI6 or p27. These include
genes whose expression is induced by CDE, inbibitors. Ir. preferred embodimer:ts of this
aspect of the inventon, the CDE inhibiior s pZl, pl6 or p27. Kb preferred
embodiments, the promoters arc derived from genes whose expression iz faduced or
otherwise increased oy CNIK ingibitor expregsion, aod are identified in Tables II. Most
preferably, the promoter is derived from serum amylo:d A (SEQ ID NO: 1), complement
€3 {SLQ 1D NO: 2), connective tissue growth factor {SEQ TN 3), integrin (-3 (SEQ
ID NO: 4), activin A (8EQ 1D NO: 5), natucal killer cell protcin 4 (SEQ 0D NCx: 6},
prosaposin (SEQ ID NG: 7), Mau2 binding protein (SEQ 113 N0): %), galectin-3 (SEQ ID
MO 9), superoxide dumuiase 2 (312Q 11D NO: 10), sranulin‘epithelin (SEQ ID NO: 11},
peE {810 117 NO: 12), cathepsin B {STQ ID NG: 14), B-amyloid precursor protein
{SEC 1D NO: 15), bssae ansyglutaminase (-TGese; SEQ [D NO: 16}, clusterin (SEQ
1D WO 17), proswacyelin stimulaimy factor (SEQ 1D NO: 18), vascular endothelial
growth factor-C (SEQ IT NO: 19) and tissue inbibitar of metalloprateinase-1 (SEQ 1D
NO: 20). These reperter penes are then used as seasitive and convenient indicators of
the effects of CDK. inhibitor gene expression, and enable cormpounds that inhibit the
effects of CDK inhibilor expression in mammalian cells (o he easily identified. Hast
cells [or these comstruets inchade any ecll i which CDK inaibitor genc expression can
be induccd, and preferably include cells wlso comtaining recombinanl expression
copstructs containheg ae indeutble CDE mittbiter gene as described above. Reporter
genes usedul in the pructice of this aspect of the invention Jielude but ace not imited lo
fivetly lnciferase, Renille luciferasc. chloramphenicel ace'yltansierase, beta-
galactosidase, preen Nuorescent prolein, and alkaline phosphatase. Particularly proferrad

embodiments are fibrosarcoma cells, more preferably kuman fibrosarcoma cells and

-
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most preferably cells of the hunem HT1080 [ibrosarcema cell ine and derivatives
thereoZ. A most preferred cell Iine s an HY 1DB) fibrosarcoma call line derfvative
identified as INT080/LUNKAp? 1, deposited on May 17, 2001 with the American Type
Culture Collection, Manassas, Virginia U.S.A. under Accession No. PTA-3381.

In preftrred embediments, cells according to the inveation comprise both a first
reconthinant expression construct ercodulp a reporter zene under the transeriptional
control of a promoter for 4 mammalian gene whose expression (s modulated by a CDE
inhrhitor, and a second recon:hinani expression construet encoding 4 mammaliim CDE
inhibitor gene, wherein CDE inhibitor expreasion is experimentally-indueible thereby in
the mammalizn ccll. In preforred embodimenta of this aspect of the invantion, the CDK
inhibitor is p21, pl6 or p27, Ta atemative embodiments, the vention provides a
maramalian ecfl comprising a recembinant expression construst encodiag a repotier
gene uncer e transeriplivnal voneol ol a promaler for a mammalian gene whaose
expression 1s nduced by a CDK irhibior, wherein the promoter is froin ihe genc
cneoding connective ussue growth factor serum amyloid A (SEQ ID NO: 1),
complement C3 (S1Q JI> NO: 2), connective tissue growth factor {(SEQ D NO: 3),
integrin f3-3 (SCO TD NO: 4), activin A (3EQ ID NO: 5}, natuza. killer cell protein 4
(SEQ ID NO: 6, proseposin (SEQ ID KO: 7), Mac2 binding protein (SEQ ID NO: 8),
galectin-3 (SEQ D NO: 9}, superoxide dismutase 2 (SEQ W) NO: 10),
granulmfemibehn (51 Y NQ: 11), p(w(ﬁ”“ (HEQ D NO: 12), cathepeian B (SEQIDNO:
14}, B-amyloid precursor protein (SEQ ID MO: 13), ussue transphiaminase (-TGase;
SEQ I NO; 16), ¢lusterin (SEQ D NQ: 17}, prostacyelin stinralating factor (SEQ 11D
MO 18), vascular eundothelial growth facter-U {HEQ T NO: 19} and “issue inhibitor of
metlluprotemase-1 (SEQ 13 NQ: 20). Tn prefemed emsbodiments of this aspect of the

inventon, the CDIE inhibitor is p2 1, pl6 or p27.
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The invention alse provides sereening metbods for identifying compounds that
imhibit COK inkibikr-mduced expression of mitogeric or anti-apoptotic fastors in
mammalian cells. In preferred embodiments, CDK inhibiror expression is incuced ina
marmimahan ¢ell culnire i the presence or absence of compounds w be identified as
inhibiters of CDK nhibiior-induced expression of mitogenic or anti-apoptotic factors.
Compounds are identificd as inhibitors by mducing expression of CIK inhibitor in the
cells, and comparing the extent of expressior of a tnilngente or anb-upoptotic fretor, or a
plurality (hereol; in the presence of the compound with expression in *he absence of the
compound, ond inhibitors icentified as compounds that have a reduced amount of
expression of a mitogenic or anti-apoptotic factor, or a plurzlity thereof, in the presence
of the compound. In preferted enbadiments of this aspect of the mvention, the CLK

inhibitor s p2Zl. pl6 of p27. Auy CDK inhidfor-expressing czll 5 uselul lor the

production of said condilioned media, ad CDK inhibitor axpression n such cells can be
achieved by inducing endogenous CDE. inhibitors (such az 5y treatment with DNA
damaging agents and other cyrotoxic compounds, med Jomizing o uliraviolet radiation, or
coniact inhibition) o by using cells containing an nducible CDIK ahibitor expression
construet according o the invention and culturing the cel’s in a physiologically-neval
néueiag agent. Iu prelemred embodimenls of this aspzoel of the mventiom, the CDIC
mhibilor is 21, pl6 orp27. Praferred cails include maromalian celis, proferably roden®
or primate cel’s, and more preferably mouse or humza oclis. Paticularly prefened
embadiments are fibrasarcoma cells, more preferably human fibrosarcorna cells and
mosl preferebly cells of the human HT1080 fibrosurcoma cell line and derivatives
taereof. An excmplary eell line aceoiding to ths particularly prefemed embndiment of
the invention is au HT 1060 fibrosarcama celi lice derivative jdentified as HT1080 p21-
9, deposited on April &, 2600 with the American Type Culmire Collection, Manassas,

Virginia U.8.A. under Accession INo. PTA. L1664, An exemplary cell populalion is a

.26 .
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hunan HTL080 fibrosarcoma derivative idenltfied as HTTOSLNp16RO2, deposited o:
Owtober 10, 3000 with the American Type Cnilture Colleetion, Manassas, Virginia
T.8.A under Accession No. PTA-2530. Another cxemplary eell line according o this
particularly preferred eimbodiment of the mvention is an IIT 2080 fibrosarcoma cell line
derivative identificd ay HT:080 p16-3, depositec on with the American Type
Culture Collection, Manassas, Virgina UTS.A. under Accession No.

Anather exemplary cell line aceordirg to tais particuiarly preiened embodimenl of the
mvention is wn HT 2080 fibrosarcoma cell lie derivative identified as HTI080 p27-2,

deposited oo wilk the American Tepe Culture Collection, Manassas, Yirginia

T7.5.A. under Accession No, .

Tnn alternative embodiments, the invention provides methods for identitying
corapounds that inaibit COE inhibitor-induced expression of mitogene or znti-apoptotic
factors in mammalian cells, wherein the cels comprise a recombinant expression
construct encoding a reperter gene under the transeriptional control of a promoter of &
cellular gene that 1s induced by a CDK inhibitor. Tn preferred embodiments af this
aspect of the invention, the CDE inhibitor is p21, p16 or p27. Preferred promoters
incluce the promoters for sonnective tissue growth factar (CTGE; SEQ ID NO: 3),
activin A (SEQ ID NO: 5), cpiticln/granulin (SEQ 10 NO: 11), walectin-3 (SEQ 113
NO: 9, prosaposin (810 U3 NO: 7), clusterin (SEQ ID NO: 17), prostaeyelin
stimuiating factor (SEQ ID NO: 18), vascular endothelizl growth factor —C {(SEQ 1D
WO 19) ané tissde inhibitor of metalloproteinase (SCQ 1D NO: 20, Preferved repurler
genes melude bul are not limited to frefly luciferase, Renilla lucifziase, -galactosidasc,
allealine phosphatase and preen flnarescent protewn, all of which are commerciatly
available. In these cmboditienls, CDK inhibiter sxpression is induced in the cells, iné
the eatenl of expressson of the reporfer gene is campared in the presence of the

compound with sxpression in the absence of the compaimd. Iuhibitors are identifed as

L27.
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vompounds that provide a reduced amount of expression of the reporter gene in the
presence of the compound than in e abscnce of the compound. Any CDE inhibitor-
oxpressine ccll is useful in this aspect of the invention, and CDK inhibilor expression in
such cells can be achieved by mducing the endogengus ichibiter gene (For example, by
weatment with DIVA damaging cgeats or olher eylotoric compounds, jonizng or
ultraviolet radiation, or contacl inhihiton) ar by using eells conmining an inducible
CDK inashilor expression consiruct aseording to {he invention and culturing the cellsin
a physiologically-neutral indureing agent, Ja preferred cbodimems of this aspeet of the
mvention, the CDK inhibitor is p2l, p16 or p27. Preferred cells inch.de manumalizn
cells, preferably rodent or primate cells, and wore prefevably mouse or human colls. &
particularly prefened embodznent is fibrosarcoma cells, mare praferably man
fibrosarcoma cells and most praferably human HT1080 fibrosarcoma cell line and
derivanves thereofl A most vreferred eell line is an HT1080 fibrozarcoma cell line
derivative identified as HTI080/LUNK4p21, deposited on May 17, 2001 with the
American Type Cullure Collection, Manassas, Virginia U.S. A, under Accession No.
PTA-3381.

The invention provides methods for

‘entifymg compouncds that inhibit
pathogenic consequencas ol oell senescenve, whereby the eifects of the compound ate
assayed by deermining whether the compounds inhibit nduction of genes whose
expression is induced by a CDK mhibiter. In the practice of the methods of the
invention, cuttured mammalian cells in which 2 CDE irhibiter ¢an be induced e
treated to induce the inhibitor gene, for cxanpie, by ionizing or ultraviole! rudiation, or
womiact inhibition lreatmand o1 treatment with sytaloxic dmupgs, or transduced with o
transmissibie veutor encoding a CIK inhibitor. Tn praterred erbodimerts o2 this aspoct
of the invention, the CIYK inmbitor iz p21, pl6 or p27. More preforably, HT1080 p21-9

celis are ved in which p2 | can be induced by contacting the cells with PTG (deposited

_28-
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ou Aptil 6, 2000 with the Americun 1y e Culiure Coilection, Manassas, Virginia 17.8.4.,
under Accession No. FIA 1664), or HT1083p' 6-3 cells (deposited o January 31, 2002
with the American Type Culrare Collection, Marassas. Virginia 1.3 A. under Accession
No. are used inwhich pl6 car. be induced with [FTG, or HT1080 p27-2 cells
(deposited on Januery 31, 2002 with the American Type Culture Collection, Manzssas,

Virginia T.5.A. under Aecession No. ) are used i w i

027 can he induced
with TPTG. Typically, cells are grown iy appropriate culture wedic (e.g., DMEM
supplemenied with 10% ferl calf senom (FCS) for HT 030 derivatives). In HT1080
p21-9, HT1080 p16-5 or HTI080 p27-2 cells, €DK inhibitor gene capression is induced
by adding IPT(G to the culture media a1 a concentration of about 50uM, Typically, the
CDK inhibitor is induced in these cells in fae presence or absence of the compound o be
tested according to the rethods of the mvention, wRNA & e wsolaled rom cells in
which the CDK inhibilor i induced, and expression of genes that are repalated by CDE
inhibitors is analyzed. Expression is comparcd in colls in which the CDK inkibitor is
indtuced in the presence of the eompound with expression induced in the absence of the
compound, and the differences used 1o idemify compounds that affiect cellular gene
expression according to the methods set forth hersin. In certain embodiments, cellular
gelw expression is analyzed using microameys of sligonucleotides or cellular c)NAS
sueh s are cummercial |y available (for example, o (Genome Systems, Ine., St. Lois,
MO}, In altemative embodiments, gences knovwn to be induced by CDK intibitors zre
assayed. Gene cxpression canbe assayed either by analyzing cellular mRNA or protein
{or ene or = plurality of COK inhibitor-inoduizted geres. Tn preferred embodiments of
this aspect of the iirventior, the CDK inkibitor i p21, plé urp’?. Most preferably, the
acnes used in these asszys are genes identified m Table (1,

In alternative emhodiments, seca compounds are identified indeperdently ol

CDK inhtbitor-directed experimental manipulation, [ sueh agsays. cells we trealed lu

-9
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induce senescence in any of the ways disclosed abowe, including but uet himited w
treatment with eytotoxic diugs, radiution or cellular differenliating agents, ar
ntroduction of 2 Wmor suppressor gene. Hxnression of geres thet ave induced by CDK
imhihitors is analyzed in the presence or abseie of the test carnpound. Most preferably,
the genes usad in these assays ave genes idertified in Tabie I, using the types of mRNA
and protein assays discussed ubove for gane expression analysis.

Tn alternative embodimenis, ‘e cells in which a CDK mhibitor is induced firrther
comprise a recambinant expression consiniel encoding a reporler gene under {he
transoriptional control of a promoter ol 2 eellular gene that 18 duced by a CDK
inhibitox. In preferred embodiments of this aspect of the invention, the CDE inhibitor iz
p21, pl6 or p27. In preferred embodiments, the cellular gene is a gene that is induced
by the CDIK inhibitor, and the promater is derived from a gene fdemified in Table IL
Examples of known promote:s for such genes melude ssrum amylod A (SEQ 1D NO:
13, coroplement C3 (SEQ 11 NG: 23, conneclive ussue growil izetor (SEQ 1D MNO: 3),
integrin B-3 (SEQ ID NG: 4), aotivin A (SEQ 1D NO: 3), natural killer cell protein 4
(SEQ ID NO: 6), prosaposin (SEQ ID NO: 7), Mac2 binding protein (3EQ 11D NO: 8),
palechin-2 (SEQ ID N(: 9), superoxide dismumase 2 (SEQ 1D NO: 190}
granulin‘epithelin (SCQ 1D NO: 113, p66™7 (SEQ ID NO: 12}, cathepsin B (SEQ ID NO:
L4), [3-amyloid precursor pratein (SEQ TNNG: 13), tissue ransglutaminase (-TGase;
SEQ ID NO: 16). clusterin {(SEQ ID N 17). prosacyelin stimulating Setor (SHQ 10

WO 18), v

[ar endothelial growth Faztor-C {SEQ 11 NO: 19) and (ssue inhibitor of
metelloproteinase-1 (SEQ 11D NO: 20). Preferred reporter geneg ineiude but are no:
limited to firefly luciferase, Renilla luciferase, fygulectosidase, alkaine phosphatase and
green fluorcacent proteiy, all of which arc commercially aveilasle,

The ievenhon alsa provides methods for identifving pencs associated with

cellular senescence and pathogenic conscquences of scnescence or that mediviy the

30 -
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effects of CDK inhibitor-induced cellular serescence, Induction of CDE inhibitors turna

out to be an integral parl of vell growth amest associated

ith sehescence, terminal
etlMereniation and response to cellular demage. As described in the Examples below,
eDNA array hybridization showed that these effcets were due to p21-induced charges in
gene expression. p2l sclectively induced genes that heve been associated with cellular
senescence and aging or have been impiicated in age-related diseases, including
atheroselerosis, Alzheime:'s disease, amyloidnsis, renal diseuse und urihrls. These
findings suggested (hal cumuladive effects of p21 induciion in #n organism may
contribute to the pathogenesis of vancer and age-relaied discasce. Ineddifion, a number
ol p2L-activated genes encode secreted proteins with potential paracrine effects on cell
growth ard epoptosis. Ia agreement with this observation, cenditioped media from p21-
induced cells shawed mitogenic and anti-zpoptotic zetivity,

In addition, the results presented n the Examples helow demonstrated that
mdneed gxpression ol pl6 er p27 rimicked the effects of p2° gene expression, and that
the same genes whose expression was modulated by p21 gene capression were zlso
medulated by p16 or p27 gene expression (see Tigare 6). Thus, the methods of the
invention have been extended to include cells in which p.G or p27 gene expression is
indused, either by induction of the erdogenous p16 or p2¥ gene or i recombinund cells
comprising an inducible expression construst encoding pl6 or p27.

I'he ahserved effects of CDK inhibiter induetion, pasticulaly p21. plG and p27
indvetion en pene expression show numercus sorelations with the changes thatl have
been ussoclated with vell senescence aud orgzmism aging. Sows of these correlations
conze from the analysis of genes thai are mhibited by CDE inhbibitors. Thus, senescent
fibroblasts were reported (o capress lower levels of Rb (Stein er al, 1999, Mol Call.
Binl. 19: 2109-2117), a& was chserved npon p21 induction, It is also interesting that

ihree genes tiat ure inhibited by CDE inhibitors, CHL1, CDT21 and RADS4 encode

S31-
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members of the helicase family. A deficiensy 3 another protein of te helicase group
Las beea identiticd as the cause of Wemer syndrome, a clinical coaditon associated with
premeture aging and, at the cellular level, accelerated senescerce of cells in culture
(Gray ef ai., 1997, Nature Genet. 17: 100-103).

The stronpest correlulions with the senescant phenotype, however, come from
identification of CDK inhibitor-induced genes, many of which are known to increase
their levels during replicative stucscence or organism aging. Overexpression of
extraccllolar matrix (ECM) proteins is a known hallmerk of -eplhicative senescence, and
tiwo CDE inhibitor-induced genes in this group, fibromeetin 1and plesminogen activatar
inhibitor t (PAI-1), have been frequentiy essociated with cellular senescence {reviewed
in Crisofulo & Pignolo, 1996, Bxp. Gersntoel. 31: 111-123), Other CDK inhibitor-
induced genes that were also reported 10 be overexpressed m senescent fibrobiasts
include tissuc-type plasminager zctivator (-PA; West er el., 1996, Exp. Geronfof, 31;
175-193), cathepsin BB {diPaola ot ai., 1992, Exp. Cell Res, 201: 500-505), integrin 3
(Iashizioto ez al,, 1997, Biochem. Biophyvs. Bes. Comunoe. 240: 83-92) and APP (Adler
er al, 1991, Prac. Nail. Acad Ser (54 88 16-10). Lxpression ol several CDE
iithibutor-induced prowins was shown to correlate with erganism aging, including P4
and PAL-1 (Hashimoto er af., 1987, Thromb. Res. 46: 625-633), cathepsin B (Bernstein
et af, 1990, Brain Res. Buil. 24 43-549) activin A (Loria et al, 2998, Eur J
Erdocrinnl. 139; 487-492), prozaposin (Mathuc ef al, 1994, Biochem. Mol Biol. Int.
34: 1063-1071), APP (Opomoni af of, 1988, J. Geromiol. 43; B137-31682), SAA
(Rozeathal & Franklin, 1975, J. Céin. frvest. 35: 746-753) and t-TCose (Singhal of al.,
1997, J. Dvestig. Med. 45: S67-573),

‘The mest commonly used marker of cell szacseence 15 the SA-fl-gal activity
(D ex al . 1995, Peoe. Notl Acud. Sci. USA 82: 9363-9367). This gene is strougly

clevated in LLCG-treated (111080 p21-9 cells (Chang e of., 1999, Qucogene 18: 4308
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4818). SA-B-gal was suggested tn represent increased activity and alered locsRzation of
the lysosomal f-palactosidase (Dimrl of of, 1995, ibid), end other studies have
desenbed clevated Lysozome activities in senescent cells (Cristofalo & Kabakijun, 1973,
Meeh. dging Dev. 4: 19-28), Five lysosomal crzyimes appesr in Tublz 11, including N-
acetylgalactosanine-G- sulfate sullatase (GATNS), cathepsin I3, acid v-eluzosidase, acid
lipase A ard iysosomnal pepsiatin-insensitiva protense. p21 aleo upregulated gencs for
mitoehondrial proteing SOD2, matazin and 2, 4-dienovl-CoA recuctase, which correlutes
withveports of different mitochondrial gencs overexpresssed in senescent cells {Doggertt
el al., 1992, Mech. Aging Dev. 65 239-255; Kodama ef @i, 1995, Exg. Cefl Res. 219
82-80; Kumazaki et @, 1998, Mech. Aging Dev. 101 91-99),

Strikingly, products of many gemes that we found to 2e induced by p21, p16 or

27 bave been [mked to ape-rs.ated incloding Alzheimer's disease.

amylotdosis, atheroselerosis amd acthritis, Thus, AFP gives rise to f-amyiold peptide,
the main componeat of Alzheimer's amyluid plagues. Complement C3 (Veerhuis af a/.,
1995, Firchows Arch. 426: 603-610) and AMP deaminase (Sims eral, 1998, Newrabiol.

Aging 19: 385-291) were also suggested to play a role in Alzheimers dise: Itix

especially interesting that t-11{axe, which is most rupid 'y induced by p21 and which has
been deseribed as a pleiotropie mediator of ce’l differendation, carcinogencesis, apoptosis
and aging (Park er /., 1992, J. Geromnl. A Bicl. Sei. 34: BT8-BE3). is mvolved in the
{ormation of plagues associated with both Alzhetner's disease and amyloidasis (Dudele

& Jolmeon, 1954, Brain Res. 651: 129-133), The latrer digease is due to the deposition

of another CDK inhibitor-indueced gene praduct, SAA, which hes ulso been fmplicated n
athcrosclerusis, osteoariteiiis and rhewmatord arthribis (Jerser & Whitchead, 1998,
Bigchom. J. 334 489503}, Two otber CRK inhibitor vpregulated scercted proteins,
CIGE and galectio 3 are nvolved i atherosclerosiy {Ocmar ef el 1997, Circnfation 85,

£31-83%9; Nachiigal ef al., 1998, 4w, /. Pathel. 152: 1199-1208). ©I: additien, cathepsin
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13 (Howie e al., 1985,.0. Pathel. 143:307-314), PAY-1 (Cerinic of e, 1998, Life Sei. 63:
441-453), fhranectin {Chevalier, 1093, Sewrine. Arthritis Rhewn. 22:307-318), GALNS
and Mae-2 binding protein (Scki er al., 2998, Arhritis Rienr, 41 1356-1364) have
been associaked with osteoarthritis and/or ricumiateid arthritis Furthermore,
senescence-related changes in EGM profeins, such ¢s moerensed PAL-L expression, were
proposed lo tesgll in uge-specific deterioration in the suueture of skin and other tssues
(Campisi, 1998, J investig. Dermatol. Swip. Proc. 31 1-5). Inercased fibronectin

production by aging cclls was also sugpeesled te increase fae density of the Ebronectin

network in ECM, which may contribute to slower wound Fealing in aged {ndividuals
{Albind ef af., 988, Coll. Relat, Res, B: 23-37).

p21 and p21-indueible genes have also heen implivated in Hubetic nephropathy

und chivime tenal failure, Kuan ezad (1998,.7. din, Soc, Mephrol, D 786-993) fourd that
121 is induced undex conditions of plucose-induced mesangial eell hvpertrophy ., an i
virre model of disbetic neohropathy, Megyesi et af. (1998, dm. J. Physiol 271: F1211-
1216} demaonstrated that p21 is induced in vive in several animal models of acute renal
fatlure, and this p21 induction is independent of p53, The functioual role ol'p21 in these
pathogenic processes has been demensrated by Al-Donahys af of, (2929, Kidiay Int, 36:
1651-169%), who found thatp2 L(-/-} mice do not develop glomerniar hypertrophy under
the condirions of experimental diabetes, and by Megves af af, (1999, Proc Narl Acad Sci
U & 4 96:10830-10835), who showed thal p22(-/~) mive du not develop chronic renzl
[ailure aller partial renal ablution. Rematiably, Murphy ef af. (1999, Biol. Chen. 274
S830-5834), working with the sawne in viiro model used by Kuan er af. (1998, S Am.
Soe. Nephral 91 986-993), reported that mesongial sell hyperzophy Involves
upregnlation of several genss that oz shown herein 10 be inducible by p2l. Those
incinde CTGF, fibronactin and piesminegen activator inaikilor 1. The latler study also

showed that CTGF plavs & funclional rule in mesangie! matrix accumulation in this
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model system (Murply of af., 1999, 7 Biol Chem. 274: 5830-5834). These resultz
immlicate p21 und p2i-mediatad juduetion of genc cxpression in the pathogenesis of
renal failure.

shie

Of speedal interest, p2] induced expression of p66™, a grene recently “ound 1o
potentiatz oxidative damage, with p66(-/~) mice showing mereased stress resislanae and
sigmificant y extended lifespan (Migliaceio e 24, 1999, Naswre 402: 309-313). These
abservations siggest that the effects of p21 on gene expressien may contribuic to the
pathogenesis of muitiple diseases and overail restriction of the mammalian lifezpan,
A major rew class of anticancer drugs undergoing clinical trials is angiogenesis
inhibitors. These agents target not the tumor eells, sat rather the growth of stromal
capillaves, strmulated by twmor-secreted anglogeuic factors (yee Kerbel, 2000,
Carcimogencsis 21:505-515, for a recent review ). The vasculature, however, s ne® the
anly siromal element required for umor growth, Irkee beer shown - multiple studies
thet sttomal fibroblasts also suppoert (he growth of tumor cells bz vire ard i vivo, and
that normal and immortalized filwoblasts serrete paracriie factors that promote
turnorigenicity and inhibit death of carcinoma sells (Gregoire and Lisubeaw, 1993,
Cancer Metastasis Rev. 14 339-350: Camps f al.. 1990, Proc. Nafl, Acad. Sei UL S, 4.
BY 7519 Nuel ed af 1998, b, . Coaneer 76, 267-2753: Olumi ef «f., 1998, Cancer Res.

58: 4325-4330).  Such facters have been identified in fisroblast-conditioned media

{Chung, 1991, Cavcer Metavtusis Rev 10; 263-74) and in covullure stodies. In
particular, Olumi o af, (1998, Cancer Res. 58: 4525-4530) showed that coculture of
wrostabe carcinoma eells with nermal prostate fibrablasts siongly decrcases carcinoma
cell death and promotes xerograll lumi formation. “'he paraczine effects of fibroblasts
wlso kave & Winor-pratanling activity in careir.openssis. as has been demonstrated for
imilizted prostate epithelial cells (Olumi er al.. 1999, Cuncer Res. §9: 5002-5011).

Despite these resvlts. This parasrine careinogenic and tumor-simulaling activity ot
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lumvr-assoeiated fbroblasts has nnt ver been axploiiad ac a targe* for pharmacological
intervemtion. I'he present investion provides methods for dofecting and identifying
sompounds capable of iahibiting mitogen production from such stromal fibroblasts, thus
providing a way to mhibit tumar czll growth.

“Uhis paracrine tumor-promeating activify was recently shown to he selectively
increased durmg replicative senescence of normal buman fihroblasts (Kxolica ef ai.,
2000, Proc. Amer. Assoc. Can, Res, 41, Abs. 448), u process thal invelves induetion of
p21 and plé. The tumor-promoting eftce: of stromal tissue was also showl in a mouse
mammary carcinogeancsis model to be induced by ionizing radiation (Barceflos-off and
Ravani, 2000, Cancer Res. 60: 1254-60), a treatment that produces high p2] levels in
stromal fibroblasts (Meyer et aof,, 1999, Oneegene (8 3795-5805), These results
indicate that the paracrine anti-apoptolic and mtogeme activities disclosed herem n
conditioned media of p2 1-overexpressing celis most likeiy represent the same biological
phenomenon,

The results d:sclosed hersin indicate that CDIC inaihiter induction atfects cellular
fene expression in a way that may inerease the probability of the development of cancer
or age-related diseases. A surge of CDK inhibitor expression ocours not only inuormal
replicative seheacence but alsa m respanse o celiwar damage; in hoth cases, the
undesitahle effects of CDK. inhibitor induction would be expeeted to aceemulate in an
age-dependent manner.

Thus, the invention provides methods for iéentifyicg sompeunds that can inhibit
nduction of genes assoctated with the pathogenic consequences of cellular senescence,
particularly genes that are induced dumng senescence, und particularly genes ihat are
induced by CDE inhibitor expression. Such compounds would he expected to exhibit
the capacity 1o prevent, relard or reverse age-related diseases by their effects on CDK

inhibitor-mediated induction of genc exprassion.
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In ope embodiment this invention provide: methods for mbibiling gene
expression induced by (DK inhibitors such as p2l, plé or p27. [n preferred
embodimerts, such inhibiting is achieved by contacting cells with an effective amount of
a compound that inhibits aclivily, expression or nuclear traaslocation of nuclear factor
lappa-B (NFsB). 1t will be understood by thase with skitl i the arcthar N3 activity
can be indubited in cells i at least “hiee wags:  lirst, down-regulying or inhibiting
transcription, processtng and‘ar transltion ol either of the genes making up the NF«B
heteradimer; second, inhibiting tanslocation of WRkB from the cytoplasm to the
nucleus, which can depend on inhibiting inactivation of TeB expression and/or activity in
eclls; and third, by inhibiting the activity of Mliwh itself. This inventior: encompasses
methads for inhibiting NF«B astivity, and thereby inhibiting induction of gencs by CDK
inhibitors, in any and all of these ways. Examples ol NFeB inhibilors known in the art
include N-heterocycle carboximide derivatives {as disclosed, o evample, in
Litemational Application Publication NO: WOOL1/02339); anilide compoeunds (as
disclosed, for exdmple, in International Application Publication NO: WOO00/15603); 4-
ayrimidincantinoindane  derivatives {as disclosed, jor ercmple, in International
Applcation Publication NG: WOO00/05234% 4H-1-benzopyrim-4-one derivatives (as
disclosed, for exampie, m Jupanese Aoplicalion NO: IP1T193231); xanthine derivatives
(as  disclosed, for exampfe, in  Japanese  Asplication NO:  JP92275G1);
carhaxyalkenylkbenzoquinons and carboxyalkenylnaphthol derivatives (as disclesed, for
example. in Japanese Application NO: IP7291860); disullides and derivzlives thereof{as
disclosed, fur examply, in Intemrational Apprication Publication NO: WO99/40907);
protease inhiibitors (as disclosed, for gvample, in European Appliczion Pubiication NO:
EPG52290); flurbiprofen, thalidomide, dexsmethasone, pynolidine didviocarbamags,

dimethylfumurate, mosalizine, pimebendan, sulfasalazine, methyl chlol

chloromethylistone, aipha tocapheral suceinate, tepuxaline, aud certain non-slervidal
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anti-mflammatery crugs (NSAIDs), imeliding aspirin, sedium salicylate and sulindac
The following Exaimples are miended to further illustrate certain preferred
emhbodiments of the invention and are tol imiting in natuye,
LXAMPLE [

Profuetion of a Mammallan Cell camprising
an Inducible p21 Gene

A recombinant derivative of iunnen Chroszreoma cell Zine HT1080 p21-9, was
proviuced essentially sceording lo Chang ef ol (1999, Oncogene 13: 4508-4815,
incorporated by reference herein). This cell line contained 2 p21 coding sequence under
the irauscriptional control of z sromoter repulated by isopropyl-f-thiogalactoside
(IPTG). Bxpression of p21 can be induced by cultering these cells in the presencs 0fa
sutficient amount of IPTG, *hereby permitting the sequellae of p2l capression o e
studied in the absence of ary addilional effects [hat induction of the endogenous p21
gene might provake. This cell line hag beer deposited on Aptil 6, 2000 in the American
Type Culture Cellection (A T.C.C.), Marassas, VA and given Accession Number FTA
1664,

Driefly, 2 subling of HT1080 expressing a mrine ecoiropic relrovirus recepter
and a medifred bacterial feel repressor cncoded by the plasraid 3'8S {Siratagene)
[deserihed 1n Chang & Roninsen, 1996, Gene 33: 703-709, incorporated by reference)}
whns infeeted with retroviral parheles contsining recombinent retroviras | Np21C03, the
stucture of wiich is shown in Figere 1. This retroviral veclor cortains the bacterial
neamiyenn resigtance gene (neo) under the (ransesiptiona contre] of the retroviral lorg
lerminal repeat promeler. p2 L-encoding sequences are clared in the opoosite oricotation
to the transcriptional direction of *he mee pene, and urder the comivol af a modified

hunzn cylomegalovirus prommoter. Spe

deally, the CMY promoter contains a three-
{bld repeat oy hacterial lze operator sequences that make expressivn from the promuier

rensitive 1o the el repressor expressed in the cell. LNp21CO3 was constructed by
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cloning a 492bp fragment of DMNA comprising the p21 ceding sequence into the Notl
and Bgfil sites of the pavent veetor, LNXCO3 (disclesed in Chang & Roninsor. #&id.).

After infoction, cells infected wilh the LMp21COYX vector were sclected by
culiuring the cells in the presence of 400pg/ml G418 (obtained from BRI,
Geithersburg, MD). Clenal line HTI03C p21-9 was derived foom ENp21003
transduced, 3418-resistant cell lines by end-point dilution unii’ » clonal cell line was

obfained.

EXAWPLE 2
Cell Growih Assavs

HTI1080 p21-9 cells produced as described in Example 1| were used in cell
arowi assays lo determine what changes in cell growth cecurred when p21 was
expressed in the czl].

p2l expression from the LNp2 1CO3 veetor in 11080 p21-9 volls was induccd
by culluring Lhe cells in DMEM mediom contzining W% fetal calf serum (Hyclone,
Logar, UTyund IPTG. Results of these assays ave skown in Figuves 24 and 2B. Figure
2A. shows the 1ime coursc of p21 protein production ir cells culiured in the presence of
SO0uM IPTG. p2l gehe expression increased berween 6 and 12 hours alter intraduction
of IPTG inlo lhe growth media, which expression peaked at w300t 24 hows post-
induction, TUpon removing the cells frorn [PTG-containing media, p21 expression feli
abiout as rapidly as 1t bad riser, telummy Lo pre-induction levels a2 sbont 24 heurs after
T¥° I3 was remaved (I4gure 2R).

Cell prawth in the presence of PTG was assayed in thres ways: mousaring *H-
thynudine meorporation (fermed ihe "ubuling indea"); obscrving the number of mitatic
ceils m the cullure by wivrescopy (termed the "milotic itdex®) and delermining the

distribution of the cultture cells in differcnt portions of 1he ecil eycle (lermed the "cell
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cyele distribution').
*H-thynidine incorporation assays wers paiformed substantially as deseribod by
Dnmn et al (1995, Proc Ned, dead, Scio U784 82: 9363-93a7). Cells were enlfured in
the presence of *H-thymidine for Th, and then anatyzed by autoradiography. DINA
5 replication was determined by antoradiography eeased entirely by © hours eftcr addition
of IPTG o the culture media.  The mitrtic index was delermined 5y observing cels
microscopically and caleulatmg the nwmber of cells in mitos:s after staining with
Sug/mL 4,6-diamine-2-plenylindole (DAPL), and images wore collected using 2 leica
DMIRD fluarescence miicrascope snd Vaytek (Fairfield, lowa) imaping system.
10 Microscopicaliy-detectable mitotie cells disappeared from these cultures by 14 hrs of
IPTG teatment.
Ceil cycle distribufion was determired using FACS analysis of DNA content
after staunng with propidium iodide as descnibed by Tordau ef /. {1996, Cancer Res. 36:
#16-825) using Becton Dickinson FACSot. Cell eyele dismiburtion stubiized aller 24
15 hrs of IPTG treatmieni. By this time, 42-43% of [PTG-treated cells were artested in G1
and G2, respectively, and about 15% of the cells were arresied with S-phase DNA
content. 1T G-reated 1IT1080 p21-9 cells also developed morpholegical senescence
roarkers (enlarged anc Nattened morpholowy and increased gramelarily}, as wellas SA--
gal activity ((Chang er o/, 1999, jbid.). These resal's indicated that induced expression of
20 p21 produces both cefl cycle arrest ard a varizty of other changes tha: are charactetistic

of cell senescence.

EXAMPLE 3
Analysls of Gene Expression Modulated
by p21 Gene Expression

3
th

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

oyels consequences af p2 1 induction could retlect multiple changes in gene expression.

.40 -
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‘The effects of p21 induction on cellular gere expression were cazmined as follows.

Poly(A)" RNA was isolated fiom vuteeated HT 105 121-9 cells and from eells
that were treated for 3 days with 50 pm IFTG. cDNA was preparad from the poly(A)”
RNA and used as probies for differential hybridizetion with *he Human UniGEM ¥V
¢DNA microarray (as psrformed by Genome Systems, Ine., 82 Louis, MQ), which
containg aver 4,000 sequence-verificd keown Qvimen genes and 3,000 ESTs. More than
2.500 genes and ESTs showed measurable hybridization signals with probes from both
unweated and IPTG-treated LT1080 p2 -9 cells. Genes thai were downregulated with
balanced differential expreseion >2.5 ur upregulatsd with balanced differential
exprossion 2.0 are lated in Tables T and [1, tespeciively.

Expression of 69 of these genes was individually tesicd by RT-PCR or northemn
hybridizetion. RT-PCR analysis was carried out essentially as described by Noonan ef
al, (1990, Proc. Narl, Acad. Sei. US4 8T 7166-7164). Probes for necthern hybridization
were derived from inserts of the cDNA clones present in the micioarray; these cINAg
worc obtained from {(deneme Systewns, o, In wddinun, changes i the expression of
several p21 egulated gene products were ana’yzed by immwizeblotting, The following
primary antibodies wers used for immunoblotting! o e manoclonal antibodies against
Cde2 (Santa Cruz), cyeliv: A (MeoMarkers}, Plk 1 (Zymed) and Rb (PharMingen); rabbit
polyclonal antibodies agaist MAD2 (BadCo), p107 (Santa Cruz). CTGF (Fisp-12; 2 gift
of Dr. L. Lau), Pre | {a gift of Drs. W. Jiang and T: TTunter}, and wpuisvmerase e
(ADb0284; a gift of Dr. W.T. Beek), and shiecp poiyekmal mmtibody against S0MY2
{Calbiockem). ITorse mdisk peroxidase (HRM)-conjugated sccandary antibodics nsed
were goat anfi-monse and goat anti-rabbit oG (Santa Crue) aad rabbit anti-sheep IgG
(KPL). Protein eoncentrations in al! sumples wers equatized after measurerzent with
DioRad protein assay kit. Innunoblotting waz carricd out by slandard procedures, and

the signal was detecied by chemiluninesconce vsing LumiGlo (IKPL).

-4l -
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These results are shown in Figures 3A rough 3C. The chonges in gene
expression predicted by the microamay nssays described ahove were contirmed for 38/9
downregulated and 27/30) uprepiated genes.  The observed signal differences in
noerthern kybridization or RT-PCR for rost of the tested genes (Tigere 3A through 3C)
appeared to be higher than the valves of bulanced difizrential expression determined
from the cDNA array (Tables I and 1), sugpes:ing shat cDNA array Ievbridizalion kends
to underestimate the magnitude of p21 ¢lecis on pene cxpression.  Changes in the
expression of & downregulated and 4 npregnlated genes were also tested at the protein
level by immunoblotting (Figure 3B) or zvimograply (notshown) and were confrmed in
all cases tested.

Tt was recognized that p21-mediated clznpes in pene expression were comprised
of near-term effects and longer-leun effecls that followed p21-imnilueed cell prowth
arTest. o this pupose, the time course of changes in the RINA levels of 2 subset of

p21l-inkibited (Fig. SB) anct p21

woed genes (Fig. 3C) after the addition and removal
of IPTG was determined. Immuncblotling was used {0 analyze the tine course of p21-

duced changes in Rb phosphorylation (as indicaied by electrophoretic mobility} and in

the cellular fevels of RIy 2nd several proteins that wers inaibited by p21 according, to the
<DINA aray; these results are shown in Fignre 3B, Rb was found to become
dephesphorybed as early #5 6 hrs aller the additon ol TPTG. Furthermere, Rb protein
levels decreased sharply between 12-24 lus (showr in Figure 3B, but no significant

changes wore detected in RB mRINA levels (data not shown). A similar decraase was

abgerved tor a Rb-related protain 107 {shows in Fig. 3A)

1. Gene expression inhibited by p21
All the tested p2 L-inhibited genes showead 2 rapid response to p21 induction and

release. Five of (hese penes (topoisomerass Ile. ORCIL, FLKI, PRCI and XRCC9)

_47 .
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showed siguifican( inhibttion at both RNA and vrotein levels between 4 and 8 hrs after
the addition of IFIG (Fig, 3R). This patte:n 1as been termed an "fmomediate response,”
which parallels the kinetics of cell growth azrest and Rb dephospliorylatior.. Other p21-
inshibited genes (such as CDC2 or DIIFR) shoved an "early response” pattern that lags
slightly behind the cessation of DNA replication and mitosis, with 2 major dearease in
mRNA levels detectable only 12 hes after ibe edditon o[IPTG. Allp2l-inhibited genes,
however, resumed thsir ex;wession 12-16 krs atler (he ternoval of JPTG, when the cells
were 51ill growlh-ummested and before the resumption of DNA replicatior. and mitosis
(Fig. 3B). This analysis indicated that chenges in the cxpression of p21-inhibited genes
were near-ierm effects of p21 indugiion and release and were rot a consequence of cell
growth amrest and 1ecovery.

[t Surnmiary, 6% penes imd 3 ESTs were identitizd by ihe ¢cINA microarcey as
downregulated in p21-indueed calls, with balanced difforential expression of 2.5-12.6
{Table [A); five additional genes that arc associued with cell cycle progression and have
been identified by our separste assays as downregulated in [PTG-tveated cells are listed
in Table IB. A strikingly high fraction of ¢ownaregulated genes identified by the cDNA
array (43 of 69) were assoclaied with mutosis, DMA rephicalion, segregation and repair
aidl chromatin asscbly, indicaling a highly selective nature of p2 i-mediated inhibition
of pens exprassion,

“The targest pronp of pi2 1 -downregulatcd gencs ave that have been inplicated in
the signaling, exeetition and control of mitosss, My p21-naibited genes ere involved
20 IDNA replication and segregation, chromasia 2ssembly and DNA repair. Surme of
these genes encode cnzyes invalved in rucleotide hiosvrthesis, other proteins ar
mvelved in DNA seplication. Several pRl-inhibited genes are associated with DNA
reparr. These results suggest opportunities tor discovering cumponents of the cellular

program of p21-indneed growh arrest tha: would be targets for therapoutic ntervenion.

_d43.
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2. Gene expression induced by p2l

In addition to genes repressed by p21 capression, the assays described ahave
detecled peres induced 5y p21. "Lhe pettern of gene expression of p21-mnduced genes is
shown in Figure 3C.  In contrast fo p2l-inhibited penes, p2l-upregulated genes
Inereaged teir expression only 48 s after the addition of IPTG, Le. alier the enset of
growth arrest in all cells. Ouly one tested gene, tissue transglutaminass (-TGase),
showed a detectable increase 12 hrs after the addtion of TF1G, dut its expression
reached a maximmn only by 4 hrs {as shown in Fig. 3CY. Turthermore, elevated
expression ol all the tested genes (excent for 1-TGase) persisted for at least three days
after release fram IPTG, well afier resumption of the cell cyele (nol shown). This "laic
responge” kineties indiceted that p2l induction af such genes was a delayed effect
relative to p21-mediated growth arrest.

ified as

48 known genes and 6 BSTs or genes with unionewr: funaizons were ide

upregulated in p2I-indiced cells, wilh balnced differential expression o 2.0-7.8 (Table
). A very hagh Itaction (20/48} olidentifiable genes in this group encode extacellular
mairix (ECM) components (e.g. fibroneetin i, laminin 02, Mac-2 binding protein), ather
secreted proteins {e.g. activin A, conrective tissue arowth factor, serum amyloid A), or
ECM receptors (suci as integrin f3). Several of these secreted proteins, as well es a
Jarge group of p21-induced intecellular protcing (Table 1), sre knowy 1o be induced in

different forms of stross respouse or fo play o role m sive: ociated signal

wansduction. Remarsably, many menes faat we fond %o be induced by 221 arc alse
upreynilated in cellular senescence, organism aging, or different age-related diveases,
indicating thet suppression of p21-mediated gene induction. mey provide a way ie
preverl ke development of sucl: discascs. As disclosed in Exarple § below, several

P21-induced genes encode gecretud folors with paracrine anti-apoplolic and mitgeme

- 44 -
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activities, and conditioned media from p21-induced eells exhibits two binlogical effects
predicied by the nature of p2l-vpregulated geres: stimulation of cell growth and
suppression of apoptosis. This [inding, suggests that “paracrine” effects of p21 may
contribute to carcinegenesis ilwough a wmoer-sromoting cllecl on ucighhoring cells,
‘This raises the possibility that suppression of p2l-medizled gene mduction may alsa
provide a wauy Lo achleve an ant-carcinogenic effeot,

EXAMPLE 4

ldentilying the Specifi of p21 Induction by Comparing
1PT{G-treated and Serum-Starved HT1080 p21-9 Cells

The identiy of p21-induced changes in veliular genc expression that arc likely w
be o conscquence of cold growth arrest was determincd as follows.

CGrowth arrest (quisscence) was induced in HT1080 p2l-9 cells by serum
starvation produced by culturing “hs cells in ssrum-free media for 4 days. In serum-
starved cells, unlike IPTG-treated HIOR0 p21-9 cells, ‘he vells did not develop o
seriescent morpaology and showed only very weak SA-[i-gal expression. p21 levels in
serum-starved cells were increased only about 2-fold, as opposed to the 15-20 fold
merease scen m IPTG-reated vells. ¥ig. 3D shows RT-PCR analysis performed as
described ahove of the expression of a eroup of p21-inhibired md p2l-induced genes in
HT1080 1321-9 cellg that were growth- aested afier 4 days in serum-free media or 3
days in the presence of 30 1M [PIG. (Genes that wore completely mhibited in ITT10R0
p21-9 cells when the cullure meailia contained 30 W PTG were also inhibited in serum-
starved ccllz, but most of these genes were inlibited (o a lesser extent than n IPTG-
treated cells.

Genes whose expression ig induced by p21 showed ‘hree distinet paticrns. The
first group are genes whose expression i indueed as songly in guicseent cells as m

geneseent eclls, These inelude galectin-3, supuroside dismutase 2, complement (3 and
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prosupusin, ndicaling that therr indnetion was = consequence of cell growth arrest or
that such genes were exquisitzly sensitive to slighrly clovated p21 levels. The second
groLy are geren thal were up-regulated 3 quicscent cells but not ay strongly as in
senescent cells. These genes include fibronectin-1, MacZ binding protein alnd the
Alzheimer precursor protein serum amyloid &, The third aroup are genes that are nol
Jetectably induced iu quicscent cells but are strongly mduced i senescent cells. Thess
genes metude CTGE, plasmizogen activator inhéhitor 1, tissue tminsglinaminose o

natural Jili

cell marker profein NK4. mlegrin beta 3 and activin A
The dificrence between the response of eertain genes to induction of quiescence

by serum starvation and cellular senescerce (hrough TPTG-induced overexpression of

p2l identified these penes as diagenstic markers of seneseence. Furthermore, novel
senescence markens can now he identitied vy comparing theiv expression between pl 1-

expressing and quiescent cells,

EXAMPLE 5
Prodoction of Canditioned Media containing Mitogenic Faclors and
Mitonenic Activity Assays

Several p2l-uprcgulated senes {Table II) encade secreted proteins *hat act as
growkh factors, inchudiug CTGE (Bradham o ol 1991, J Celf Biol 114: 1285-1204),
actrvin A (Sakural et al., 1994, J. Biol. Chem. 269: 14115-14122), epithelin/granulin
{Shovab et el 1090, Proc. Natl. deod, Sei. US4 87: 791 2.7916) ar.d palkectin-3 {nohara
& al., 1998, Exp Cell Res. 245: 294-202). Tn addition, galectin-3 (Akahani er al., 1997,
Cancer Res, 37: 3272-5276) and prosaposia (Hiraiwa et al., 1997, Prac. Natl Acad Sci.
CiSA 244 ATTE-4T81) were shown (o have anti-apoptotic aclivily. Paracrine zati-apuptotic
or mitogenis activities have ¢lso been teperled for several p21-mdizcible gene products
that are nel lisled in Table 11, smee their halanced differantial expression values in

cNA mcrowrray hybridization were 1.8-1.9. This is below the arbibarily chosen

_AG .
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minimum vaine of 2.0 tha we have used for inclusion into this Table or verification by
RT-PCR. These pro’eins are clusterin (Koch-Brandt and Morgans, 1996, Frog. Mol
Subcell. Biod. 16: 130-149), prostacyclin-stimulating factor (PST) (Yamauchi ef al..
1994, Bischem. J. 303: 591-398), vascular endothelial growth factor-C (VEGF-()
(Toukov et af., 1996, EAMBO J. 15: 290-298), gelsolin (Ohtsu ef al, 1996, EMBO ./ 16:
A650-4054) and fissue inhcyitor of metsiloproteimase-1 (TIMP-1) {Li o af., 1859,
Cancer Res, 39: 6267-6275),

To venify the induction of secreted mitogenic znd anti-apopiotic factors by p21,
conditioned media from IPTG-treated HT 108D p21-9 cells were tected to investigare
whether they would have an effect on cell grawth and apoptosis. i these experiments,
conditioned media were preparcd by plating 10° HL1080 p21-9 cells per 13em platc in
the presence of DMEM/ 10% FCS. The rext day, IPTG was zdded to a finai
concentration of SOpM, and this media was eplaced three days later with DMEM
supplemented with 0.5% IFCS and S0pM IPTG. Two days larer {days 3-5 of IPTG
treatment), this conditioned media was collected and stored at 4°C upto 15 days before
use, Centrol media were prepared by adding IPTG-fiee DMEM/ 0.5% FCS to unireatsd
ealls grown o the same denaély us IPTG-teated celis and collecting the media two days
thereafter.

The slew-growing human fibrosarcoma cell ine 118 15T was used 1o detect
nitogenic aclivity in these condilioned media. Tor mitogenic activity assuys, botl ypes
of conditioned mediy, as well us fresh mecia and 1:1 mixtuzes of conditioned media and
fresh media were used to test mitogeric activity. In thess cxpecinenis, the conditoned
micdia were supplemented with 1% or 2% FCS. Briefly, HS 15T zells were plated in
12-well plates at 15,000 cells per well. Two days Jater, these cells were culmred in
diftersnt Types of media. The cells were grows. i corditiored media for 60hr, and the

*HAhymidine at a concentaiion of 3.13 pCiml, was added and incubated for 22 hrs.

_47-
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ells were then collected and their "H-thymidine incorporation desernmined as described
by Mosca er al. {1992, Mol Cefl. Biol. 12 4375-4383).

The addition of TPTG ta fresh media had ne effect n this assay. There was o
significant difference berween cell growth m frzsh media and it corditioned madin lrom
untreated HT1080 p21-9 cells. ¥n contrast, conditioned inedia frorm IPTG-treated cells
inuTessed *H-thymiding incorporalion up to three—fold. Grow'h stimulation of HS 15.T
by cenditicned media frem IPTG-treated cells waz alse detectable by methylene blue
staming,

The effect of this conditioned media on apoplosis was also determined. These
experiments used & mouse conbryo fibroblast line C8, immer‘alized by E1A. This cell
line is highly susceptible to apoptosis iduced by diferent stimuli (Lowe af af., 1994,
Seiepee 266: 807-810, Nikiforoy er of, 1996, Oncogene 13 1708-1719), incinding
serum starvation {Lowe «f al. 1994, Proc. Nofl Avad. Sci. USA 91: 2028-2030).
Apaptosis was analyzed by plating 3 x 107 C# cells per 6-cm plate, and replacing the
redia on the following day with fresh inedia supplemented with 0.4% serum or with
conditioned snedia (no fresh serurn added). DNA coutent analysis and DAPI staning
were caried oul after 24 hrs md 48 s, and relative cell mewhers were measured by
methyliene blue staining (Porry ef ol 1992, Mutas, Res. 276 139-197) after 48 brs in
low-serim medha.

The addition of low-serum tresh media ar conditioned media fropy IPTG-treated
or untreated cells rapidly indaeed apoptosis in C8 cells, a8 evidenced by cel] delachment
and wpoptotic morphology devectable in the maonity of cells 2fier DAPT staining (not
shown}. Conditionad media from IPTG-treated aelle, however. stongly increased cell
strvival relarive w0 tesh media and corditionad media from vatreated colls, as vasured
by methylene bive staining of cells that re:ined attached aller 48 hus. '[he effect of the

conditionud media from p2 1-inducerl cells was even more apparent in FACS analysis of

.48 .
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cellular BNA content, which was sarried out on combined attached and floating C8 vells
24 hrs and 4& hrs after media change, Unlike many ofaer cell lines, apupiosis of (8
cells produces oniy a few cells with deercased (sub-Gl) amounl of DNA, gad it ig
characterized by selective disappearance of cells wilh (i2/4vl DNA conrent (Nikiforov ef
af., 1996, id.). Serum-slarved cells i conditioned media from [PTG-treated cells
retained the G2/ fiastion and showed ecll eyele profiles that resemdled control cells
growing in serum-richmedia. The additon of IFTG by itself kad wo effect on apoptosiz
n C8 cel’s. Thus, p2| induction in HT1080 ¢zlls resuits in the s=eretion of mitogenic

and ami-apoptotic factors, as predicicd by the nalure of p21-umregizaied genes.

EXAMPLE 6
Production nf Mammalian Cell enmprising
Inducible pI6™™* or p27%% Geney

Mammalian cell Imes comprising inducible CDK inhibjtors plg"™%

{ahiel
preferentially inhidits CORA/G; Servane ot al,, Nature 16, 704-707. 1993) ar pZ?Ki"'
(which preferentialty inkibits CDIC2; Blamn et al, 1Bl Chene 272, 25863-25873,
1997) we.e produced peaerally a5 desenbed in Fxammie | for production of an indueible
P21 conlaiming cell lime, A reconidinant derivative of lwman HT LO20 fibrosarcoma ecll
line containing a reeombinant expression consbruct encoding the bacterial lacl gere and
eXPIessing 4 muring ecotropic ratrovims :acentor (HT1080 2°556; Chang & Rouninson,
1986, Gene 183: 137-142) wae ased to make the Indueible lines. For the inducible
expression of P14, a DNA fragment conlaining a 47 by cuding sequence of human plé
(as disclosed m (1.5, Patenl 3,888,169, incompnrared by refercnoc) was cloned inte the
D" TG-regulated refrovira. veetor LNXROZ (Chang & Roninson, 1996, Gee 1830 137-
142}, Tais rctrovival vectar conlains the bicierial seeniycin resistance gene (me¢) under
the transoriptional control of the retroviral Jony terrminal repeat yromoter, permitling

selection using G418 (BRL-GIBCO). The resulting constrac., designated LNpl6ROZ, is

_a9.
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depicted schemalically in Figurs £ For the ‘ndveibic cxpression of p27, a veclor
LMp27RO2, carrving muring p27 clINA (NCTH) RefSeq NIM_009875) in the same
LNXRO2 veetor has been developed and described by Kokontis ef wf., 1998, Mol
Endocrinel. 12: 941-953, and provided fo vs by D, N, Hay, University of Ilhoeis at
Chicagol.

The LNpl6R0O2 and LNp2Z7ROZ consiructs were wernduced mdividually inte
HIT080 3°88 cells using conventional retroviral infection methods. The infected eells
were seeeted by culturing the cclls i the presence of 400pg/mL G418 (obtained from
BRL-GIBCO). The G418-seiected population of FNploROZ iransduced cells was
designated HT1080/LNp16RO2. This cell popularior: has been depusited on October 10,
2000 in the Awmerican Type Cultire Collection {AUT.CC), Menassas, VA and given
Agccession Mumber PUA-2580.

Thiz cell population was sabgloned, arnd 20 ¢lonal cell lincs were izolated and
wested for IPTG-nducible growth inhibition. Cell e showing the sbongest growth
inhihition was designated HIT1080 216-5. This cell Line has been deposited on Janvary

1, 2002 ta the American Type Culturc Collection (A T.C.C), Manassas, VA and given
Accession Number . Figure 5A shows changes in the cell oyele distribution of
HT1080 p16-5 cells upon the addiuon of $0 w PTG, 1actions of cells in different
phases of the ceil eycle were determined naing FACS analysis of DNA content alter
staming with propidinm fodide as deseribed by Jordan et af. (1996, Cancer Res. 56: 816-
823) usirg Becton Dickimson FACSont. Cell cyele disteibution slabilized aller 24 hrs of
IPTG treatment, by which tine $3% of [PTG-treated cells were arested in Gl Such Gl
arvest i expected from the inhibition of CDEA/G by pi6.

Similarly, the 34 18-gclected population of TNp2ZTROZ transduced cells was
subcloned, and 38 clonal cel’ hnes were isolated and tested for IPTG-inducible groveth

fuhibidion. Cell line showing the swongest growd. inhibition was desighated HT 060

- 50 -
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p27-2. This cell line kas been deposited on January 31, 2002 in lhe American Type
Culture Collection (A.T.C.C.), Manassas, ¥ A and piven Accession Number

Figure 58 shows changes in the cell cyele diswibotion of HT1080 p27-2 cells upon the
addition of S0 pM IPTG. Cell eyele dishribufion stabilized after 24 brs of IVIG
treabment, by which time 89% of IPTG-treated cells were arrcsted in G1. Such G1 arrest

is expeeted from the inhibition of CDK4/S by pl16,

EXAMPLE 7
Effecis of p16 aud p27 on_the Expression of p21-inducilde Genes

The IT1080 derivatives HTI080 p16-5 and ITT1080 p27-2, catrving pl6 or p27
genes inducible with IPTG as described in Example & were used in gene expiession
assays as follows,

RNA was oblwiaed rom these call nes, cultured i ihe presence or abscnce of
S0pM PG for three days. These RNA samples were then used in RT-PCR assays
petformed essentially as described ahove in Lixampie 3, except that §i-actin rather than
Pe-microglobulin was used for normalization. Eighteen genes shown above to be
induced by p21 were analyzed for the effects of p16 o1 p27 gene expression mdused by
IPTG treatment of tese cells.  Uhe tested genes wcluded the gemes imvalved in
Alzhenner™s disease, amylodasis, arihrids, atherocclerosis and paracrine apoptotic and
mirogentc effecrs as described gbove withregard to indiead p21 expression. The resulis
for pl6 eve shown in Figure 6A and for p27 in Figure 8B. All the tested p2 T -indnced
gones were also induced by TPTG-induced plo expression, and almost all of the texted
genes (except Tor +-PA and CTGE) were also induced by p2. The resui's shown in
Figure 6 also illustrate that pl6 ar p27 expression has no detectsd eflect on p27

EXPIession.
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EXAMPLE 8
Produetion of Recombinant Expression Constructs centaining a
Reporter Gene Expressed by a p21-respensive Promoier

Prowoler-reporier consivets were prepared from promoters of several p2l-
inducible human genes, including NK4, SAA, Complement C3 (CC3), prosaposin,
[FAPP and t-TGase as follows. The promoter region of The CC3 gene was ‘dertified in
the human genome sequence (MCEL Accession number M63423.1) a5 adjncent tothe 57
cnd of CC3 cDNA (Vikeral, 1991, Blochiemizny 30: 1080-1085). Tae promolerregion
of the NK4 gene was identified in the hmnar. genome sequence (Accession number
AJ003147) as adjacent 10 the 5’ end of WEK4 DN A (Accession mumber M39807). The
previously descrived promotor of the SAA gene (Edbrooke et of., 1989, Mol Cell. Biol.
9 1908-1916) was ideniifed it the zman peaome sequence (Aucession number
M26698). The promoler region o2 the BAPP gene was wdentified in the kuman genoms
scquencs (Accession mamber X12751) 25 adjacent to the 3° end of BAPT ¢DNA
(Accession number XMOUITIN). The promater region of lbe -Iiase gene was
‘dentified in the human genome sequence (Accession number Z406505) a5 acjacent to the
5" end of t-TGase ¢cDNA (Accession numaer M35153). Tolymerase chai: reaction
{FCR) amplification of promoter-spesific DNA was performed using genomic DNA
Trom HTL089 p21-9 ceils ag the lemplate, FCR was camed out veing Lfudurbo DNA
Polymerase (Stratagene) and primer sers listed in Table Lla. Tie PCR conduions for
euch primer sel are descrived in Tshle [TTh. Prmer sets for amnlifying promater
sequences from several penes induced by CDIC inhibitors, iacluding the gene promolers
used axs disclosed in this Examiner, are set forth iz Tahle T,

PR praducts were ob'a’ned and cloned iata the TOPD TA cloning veotors
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PCRZIFIOPC (fur SAA, UCF, BAPP and t-TGase) or pCRIVTOPO {for NK4). ‘These
constiucts were vertfied by sequencing, and 1he Kpa I-Xbo 1 llagments containing
wromoters in the correet onentabion were then inserted into the Apn Land Yho Isitesina
firefly nciferase-reparter vector pGL2 basic (Promepa, Madison, W) using standard
recombinant genetic teclniques (Sambrook e of., thid.). The clone conlemmy a 480 bp
sequence of the prosapesin promoter, diving firefly luciftrase expression has been
deseribed Dy Sun et al (1999, Gene 218, 37-47) end provided by Dr. Grabowski
{Children’s Hospital Medical Center, Cirazinnat:, {JH).

Plasmid clones for each promoter construct were tasted for p2 l-regulation by &
trangsient trausfection assay. Transient wansfection of HT1080 p2.-9 cells was carzied
out by clectroporation, essentially as doscribed in the Bio-Rad protocols. For each
cleetroporation, HTL080 521- cells were grown ki 95% confluence in 15em plates
using DMEM supslemented with 10% FC2 sérum and contaning  penicillin,
streptomyern and glutamine. I'he cells were lhen trypsinized, resuspended m DMEM or
Opti-MEM medium (GibcoBRL) eud spun Cown at 1,600 rpm in an [EC HN-S1T
cenfrifuge for 10 minu‘es. Following cenwifugation the media were aspirated and the
cells were again resuspended in Opli-MEM at z concentration of 18-20 miflion cells ner
ml. 4100 plof eell auspersion (pprodimately 7 to 8 millian cells) wes bunsferred to o 4
cm pap electroporation cuvelle {Bio-Rad). 10-20 pg of the promoter-luciferase construet
was added to the cells. In some experiments, « cortrol plasmd nUMVYDgal expressing
sacterial [igalacwsidase feom the CMV promeoler, was added to the mixture z{a ratio of’
1:10 lor normalization. In other sxpericients, nosmalizazion wes carrisd out by adding
vectorpRL-CMY expressing Renilla luciferase from the CMY propwoter ata 1:20 molar

ratie, and the fivetly lueiferase and Renilla Juciforase activilies were measured in the

same samples using the Dual Luciferase Fssay kit (Promege). Fletropoeations were
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performed using Bio-Rad Gene Pulser at 022 valts, with 2 capacitance cxtender set ta
960pFD, providing a T valug of 27 20 30, In preliminary experincnts, cell survival and
attachiment after electroporation was determined to be approximarely 23%. Cells were
plated in triplicate uf am initial density of approximately 30,000 attached cells/well in 12-
well plates.  After letting the cells scttle for a period of 3-6 hows, the media was
agpirated and veplaced with fresh media with or without 30 pd IFTG. 2 0 4 days laler,
cells were washied twiee witl paosptiate-buffered saline and collected in 360 pL of Ix

Pessive Lvats Boefler or Reporler Lysis Boffer (vamega). The lysale was centrifuged
briefly at 10,000 g to pellet debris, and 30 11E aliquats were transZerred to fresh ‘ubes tor
e in the Firefly Luciferase assay (Promega). Luciferase activity was measured using a
Turner 20/20 luminometer at 52.1% sensitivity with a § secend delay period and 10-13
second integration time.

Figure 7 shows the results olrepresenlabive experiments. After 2-4 days ol'p21-
ineluction in ransiected ce.ls, expression from promoter consiructs of p21-induced genes
was increased about 7.0-fokl for NK4, 3.7-fold for SAA. 12.5-fold for CC3, 3.0-fold for
prosaposir, 2.6-fold for BAPE, and 2.3-i0ld for +-TGase. Those resul's mdicaled that
21 up-regulates expression of these genes by regulating their promoters, and that
promoter constructs of such genes can be uzed to assay for p2l-mediated regulation of
gene expression. Such assays can be used to idealify compowuads that inhihit p21-
mediated gene activabon, as describad helow in Example 9.

Lable 11k, Primer sequences

JP 2004-535775 A 2004.12.2

Promoter  Sepse primer (573" Autizense primer (5°-+3%)

o3 GCTAAGAGGATATTOACATTAGA |AGGGGGAGGTGGGTTAGTAG
o CAGG (S5EQ ID NQ: 21) (SEQ T BO: 22y

N4 TGGAGUTAGAAGAGLCCGTAGG  |GCCAAAAGTTCAAGGAGCCAA

- (SEQ IDNO: 23) (SEQ D NQ:24)

SAA l'sz‘\.(J‘,Mi'l'l'(\‘r( TGCTATGTCCACCA  [CACTCCTTGTGTGCTCCTCACT

(SFQ 113 NO: 25) (5F0 IDNO: 269

papp  |[TOCTCCTITGCTTCGTTCT (SN (GCTGOCGAGIARAGTGAL (SEG

* 1D NQ: 27) D NG 28)
54 .
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- TGase

lCCCAGGGAGAAATATCCACTGAA TCGGGCGGGGEGCEGTGGCTN
GCAAC (SEQ ID NO: 29)

TCCACT (SEQ 1D NO: 300

Table OTh. PCR condition

Promoter | Denaturation | Annealing Hxtension Cycles | Product size
ey | 9 tmin | 63 1min 72, | mm40see | 3l 1018 bp
N4 94° 1 min 65%, 1win - 72°, 1 min 40 sec 32 277 bp
YAA L9 lmin | 68°, lmin ¢ 72%, | min 40 sec 32 1600 bp
SAPP 94° 1min  [62.9°, 1min 72", | min 40 sec kii} 623bp |
- [Case 92" ITmin |66.5, lmin 72, Lmin40ses | 33 1600 bp
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5 . llc. Primer Sequences
b ID NQ: | Gene Name Upstream {Sense, §-3) Downstream [Antisense, 5-3")
M 1 SR8 cagagltgetgetatytecacea (SEQ 1D NO: 25) i caclceligigtgetecteace (SEQ (D NO: 26)
2 Compl. C3 cetaagaggatafigacatiagacegg [SEQ 1D NO: 21) ageongagstogstiaglag (SEQ 1D NQ: 22)
3 ___ | creE pecteticagetacetacticetéa (SEQLID NC: 31) cgaggaggaccacgaagy (SEQ 1D NO: 32)
4 Integrin B3 Gatiggictigerate (SEQ D NQ: 33} coagsacagtegeccaga (SEQ 1D NO: 34)
5 Agtivin tgaticcaatgtitticiazaagg (SEQ |0 NO: 35) goetylctagagageicagaagt (SEQ 1D NO: 35)
a8 DK tgqagcteqaagzgcccgtang ﬁmmD 10 NO: 23) gocaaaagitcaaycagooaad (SEQ 10 NQ: 24)
7 n-.c.mm.ucm_m gatttaagraaiticiggosict (SEQ ID NO: 37) cotelgueictuegeagiolgeaat (SEQ 1D NO: 3B)
8 ac2-BP cigatgaticctict (SEQ 1D NO: 39) ¢'eigeagacigglectiigac (SEQ D NO: 40)
9 GAL-3 tgtettcacaar az SEQID NC: 41) ciggagaucagageacad (SEQ 1D NO: 42)
10 MnSOD taccazccsl ot it (SEQID NO: 43) atgetgotagtgetgetgetac (SEG 1D NO: 44)
11 Granulin zgaciaggaagecacticicttic (SEQ 1D NO: 45) ciggaatgetgigttctiticiact (SEQ 1D NO: 46)
12 pGoshe gtageagacagggoacts (SEQ I NO: 47 ctectgagetgecteaatg (SEQ D NC: 48
14 Cathepsin B Ctescgagtagetgggatta (SEQ 1D NO: 51) coacgigaccacegegea (SEQ 1D N, 52)
15 BAPP tigoicotitggticgtct (SEQ 10 MO: 27) qelgeeijageaaacigac (SEQ 1D NG: 28)
16 - Tgase coccagggagaaatalceactgaageaac (SEGQ 1D NO: 28) mccltenact [(SEQ 1D NO: 30
17 Clusterin agccccligactictetect (S8EQ 1D NO: 53) ctectggegacgecgagtt (SEQ 1D MO: 54)
18 FSF aaagigetgggaitagaggegtgs (SEG 1D NO: 55) fatgtattigctaagygaagetatiggag (SECQ 1D NO: 4B)
118 ! VEGF-C glictiggatcatcaggcaactt (SEQ ID NG 57} glygaaggscegagyylgy (SEQ 1D NO: &8)
m 20 TIMP-1 agaaccggtAace (SEQID NG: 59) cletacetetggiglotetet (SEQ 1D NO: 601
]
&
g
2
=
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EXAMPLE 9
Production of Cells Stably Travsfected with a p21-in<ucible Reporier Constrpet

Te develop a stably tmmstected cell line with p2l-resulated luciferase
expression, the NK4 promoter-lucifzrase constiued, deseribed in Example § and termed
pLuNK4, was idroduced iclo H'TTORD p2 -9 cells, waich carry 1IPTCG-indneible p21, by
colransfection with pRabePure carrying puromyein N-acetyltransferase as a selectble
marker. Transfeclion wag caried out using LIPOFLCTAMING 2000 (Life Technologics,
Inc.. Gaithersburg, MDY}, usmg a 10:1 ratio of pLuNK4 and pBabeluro. Stable
transfectants were selected using i pg/ml puromyein for § days. 34 puromycin-
reristant cell lines were isolated and tesied for 'maiferase activity (using a tuciferass
Assay Systern, Promegal, in the presence and in the absence ol 50y IPTG.

This assay was perfornied as follows, Cells were plaied ai a density of 40,000
cellsiwell in 12 well plates in 1 mL of media conwinmg peniciliin/strepromycin,
gintamine and 10% fetal calf serum (FCSY. After atrachmens, cells wore ireated with 50
ub# IPTE or lefi untreated for different periods of time. Luciferase activity was theu
measured a5 dese:ibed in Example 3 above. An additional aliguol was removed frorm
the cell lysale 1o measure wotein concenfation using the Bio-Rad protein assay kit
{Bradford assuy). [nciferase activity for cach sample was normalized to protein content
and expressed as lnciferase activity! pg pratein, All assays were carzied out in Uriplicats
and displayed us a mean and standurd deviation.

27 ot 54 tested cell lines showed measurable luciferase activity, but only one ecil
line, designaicd HTI080 LuNK41p21, showed higher hicifernse expressiom in the
presence Lhan in the absence o IP1G, The results of assays cacried ontwith p2 1 LuNE4
cell line are shown in Figure 3A and 8B. Fig. 84, shows the IP1G dose dependence of
luciferaze expression atter 24 hrs of IPTG treatxzent. and Fig. 813 shows the lime course

of luciferase expression upon the addition of 50 pM PTG, This analysis shows that

ta
pe]
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maost of the induction can be ackieved vsing as litde as 5 WM TPICG and » tezment
period as short as 17 lus.

Thesu results demonstaled ihat the plaiNK4 reporer construet could be used to
procice stbly wansfected cell lines that were responsive to p21 induction of reporter
gene transeription. Such construets and eells provide a basis for a screening assay for
identifying compounds that inhibit p21-mediated gene activation. The relztively short
time required for ineiferase induction {about 17 krs), together wih the pronaunced
(approximately 3-fald) increase in [uciferase levels i IPTG rreated cells, should make
l2e LuNK4p21 cell line snitab.e for high-throughput screening ot compounds that would

inhibit the indueing effect of p21. Other cell lines with similar (and potentally better)

inducihility can also he developed through the methods ‘sed herein used to derive
LuNK4p2l, The resuits deseribed in Example § demonstrate that the same type of

screening can also be conducted vsing transient tracsfection assays with promuter

consiruats of p21 -inducible geves sether than stably-liansfecled cel) lines. The methods
for high-throughput soreening based on luciferose expression are well lnown in he ast

(scc Storz eral., 1999, dnaby. Blockem. 276: 97-104 for a rocont cxamnle of a mansient

transfection-based assay and Roos ef e, 2000, Firelogy 273: 307-315 for an example of

screening based on e stably transfected cell line). Compounds idenhificd using Lhese
cells and assays are i tuzn uselul for develuping lhetapealic agenls that can inhibit or

prevent p21-mediated wduclion of age-related genes

EXAMILE 10
Use of NFiB und p300/CBP Inhibitors tv Inhibit p21-Mediated [nduction in
Transient Transfection Assays

Exzmination of srometer sequensss of p2 L-inducible gencs showed that mamy of

these promerers, including NEK4, contain known or pokential NPl binding sites.

JP 2004-535775 A 2004.12.2
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Several p2[-induced genes arc known w be positively regulated by NFxB, including
superoxide dismutase 2 (SOD2Z) (lomes e gL, 1997, Mol Catl, Biod, 17: 6970-6981), -
TCGase (Mirena ef @, 1997, Amer. J. Physiol 272: G281-G288), Alzheimer's f-amyloid
precursor protein (ARPY (Grilli ¢f af., 1996, J. Biol, Chem. 271: 15002-15007) und the

inflammatory protein serum amyloid A (§AA) (Jenser and Wi

ac, 1998, Biochanm J.
334: 459-503). p21 has been previously shown by transient co-transtection experiments
to activate MFrB-depsndent transcription (Perkins ef al, 1997, Seiexce 275: 523-527).
“This effect 07 p21 was shuwn tobe due Lo the stimulation of tansedption sofactors p300
and CBP (Perking et af., 1097, Seienee 273: 523-5327); §i iz possible that activation of
p30O/CBF or related transeription cofactors may be responaible for the effect afp21 en
some of the upregulated genes. Thus, inhibitors of NIxi or p300/CDP may potentially
prevent the induction of franseription by p21.

L'o determine if E'1'G-inducible p21 expression in ELTTOBO p21-9 cells simulales
the transcriptional activity of NI'kR, we have used transient transfection assays to
mvesbigale the effect of P21 nduction an lneferase expression from, fhe plasmid
PNFkB-1ue, commeraizlly available from Stratagene. This plasmid cxpresses fivefly
luciferase from an artificial promoter containing five NFxE consensus sequences, To
cvaluate the effects o genetic inhibitors o NI D on lucizerase expression from piFkB-
Lug, 20 pg of the lamer plasimid were nixed (ata molar ratis 1:2) with a plasizid MAD3
{aJea. pRCPactin-lIA-IKK i) thal expresses a dominans mutant, of TeB kinase o that
selectively inhibits NF«B (DiDonato ef af, 1996, Mol Cell Biol 16: 1295-1304)
(provided by D M. Kanp, University o Califomia %an Diego). This plasmid is refermed
to below as IKK. ‘Lo determine the eflec! of pROY/CBP inhiwton on lucilerase
expression [rom pNFKB-Lue, the Tatter plasmid was similarly mixed in enother assay

with a vector expressing a truncated gene for adenovizal K1 A profess with a C-terminal

JP 2004-535775 A 2004.12.2
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deletion {ACR2 (120-140)}. The C-truncated E1A (termed ELAACR2) is known o
inhibit p300/CBI and related factors (such as PCAT) but it does not mhibit Rb, the
target of the C-terminal domain of E1A (Chakravarti of f., 1999, Celf/ 96: 393-403). As
wnegative conitol, pNFEB-Luc was mixed with s functionally inactive form of E1A with
deletions at both the C-terminns and the N-terminus {AN(2-36}}, termed ELAAN/ACRZ.
The II1AACRZ end CIAAN/ACR2 cepstructls were provided by Dr. V. Ogryzke
(NICHHD, NIH). The mixtures of pNFB-Luc with IKK, EIAACR? or ELAAN/ACR?
were transtected into 1080 p21-9 csfls by eleatroporation, as desoribed in Example §
{with pRL-CMV playmid further sdded for normalization). Afier electroporation, equal
mambers of transfected cells were treated with 50 UM IPTG or untreated for three days
(in triplicates). The firefly hueiferase activity was measvred and rormalized to Rerilla
luciterasc activity measured (in the absence of IPTE} in each transfected sample.

The results of this analysis are shown in Figore 94, pNIEB-Lue mixed with the
negatve conwel (E1TAAN/ACR2) showed up to 15-fold induction in <he presence of
[P°I(, demonsimtng an nerease m MFeB (nmscrplonal acliviy in HT1080 p21-8
cells.  Mixing pNUK3-Lue with the IKK inhibitor almost completely abolighed
luciferase expression in IPTG-teated or untreated cclls, demonstrating the cfficacy of
this mhimtor. E1AACR2 had a smular but weaker effect than IKK, sugpesting the
requiremant of p300/CBP for NFRB acrivity in HT1080 p21-7 cells (Fig. 9A).

The samne analysis was carried out using promoter-luciferase constructs for six
p2l-indueible genes. The rescits for SAA are shown in Figure 91, for prosaposin i
Figure 9C, for PAPP in Figure 913, *or t'[{iase in Fipgure 9L, for complement C3 ir
lipure 917, amd for NE4 in Figure #G. Both IKK and E1AACR2 inhibited the mduction
olall{ne lested promoters fu the presence of [PTG, indicating that the rogulation of these

promoerers by p2l s mediared o part through p300/CBP and NFxB. Quunutalively,

&0 -
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hewever, the effects of these lnhibiors varicd among the promaters. Both basal and
PTG-stimulated expression of the pramoters of NAA (Fig. 913) and NK 4 (Fig. 9G) was
inhibited by IKK and ELAACR2? almost &8 atrongly as that of NFxB, In contrast, theae
inhibitors had little or ne effect or: “hie busal expression from the promolers of prosaposin
{Fig. 9C), BAI'P (Mg, YD), «TGase (Fip. 9E), or complemen: C3 (Fig. 9F), but
mterfeved wath the induction of these promoters in the presence of IPTG. These rosults
indicate that p300/CBP and NFkB are involved in i induction of all the tested

promarters by p2 1.

EXAMPLE 11
Use of Non-S$teroidal Anti-Inflammatory Drogs to Inhibit
p2l-Mediated Gene Induction

The best-studied NFREB inhibitors in clinical use are ceraim non-steroidal anti-
inflammatory drugs (NSATDY, snch as aspivin, sodium saticylate and sulindae (Kopp and
CGhash, 1994, Science 265, 950-959; Yin et al., 1998, Nature 396: 77-80; Yamamoto et
al., 1999, J Biot. Chem. 274: 27307-27314). The LuNK4p21 cell tine described in
Example § zbove was used 2 defertaine whether *he induction of lugiferase expression
2y p21 in Lhis cell line can he mhbited by NSAID with NF«B -irhibitory aetivity.

Luctierase assays were performcd svbstantially as described in Example 9.
Luciferase activity was measured after 16 lirs of incnbation with or without 50 pM
PTG, [vllowed by an additional 20 hr weatment in the pregence or i the absence of 20

M zodium salicylate, | mM sulindac, or 10 mM aspirin, I addition, nwo NSALDs

were tested that do uot inhibit NFrB: indomethacin and iboprofen (at 25 uM each}

(Yamamote e al., 1999, jbid). NSAID conccnivations were based on the
phermacologic concentrations ol these agents in the serum of prbieats required for their

wnti-inflarzialory properiies (Yin af al., 1998, ibid.).

~al-
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The results ot these assays are shown in Figure L0, TPTG increased lucifernse
capression approximately 3-4 fold in the absence af NEAID, buf thiz induction was
completely or almost completely abalished in the presence of salicylats, sulindae, or
azpivin, In conivast, indomethacin and ibvprofen made no significant difterence to the
Induetion of lueiferese by IPTG.

“T'a detenmine whether NI'xB -inhibiting NSA 1) inhbited not enly the mduction
of transcription trom the NK4 aromaoter hut also RMA cxpression of the endogenous
p2l-indueible genes, [eNEap?] cells were plated sl 125,000 cells per well in 6-well
plates apd were cither untrented or treated with 0 ub IFTG for 48 s {the period of
tirme teguired for maximal stimolatior of p21-nducible genes: Chang et af,, 2000, Proc.
Natl. Acad, Sei. US4 97: 429]-4296), in the presence or jn “he absence of sulindac, at
250 pM, 500 gyl or 1 mM concentrations. After this incubation, RNA was extracted
Fom the cells nsing Qiagen RNeasy Mini I, and relative RNA Ievels ol several p21-
mducible genes were delermined by veverse anseription-PCR (RT-PCR), essentially as
deseribed by Noonan ef al. (1990, Proc. Nl Acad. Sei. USA 87: T160-7164), excepl
that f-actin rather than Bi-microglobulin was used for cDNA normalization. The
sequences of the PCR primers Zor each of £1e tested penes are provided in Table TVa.
The PCR cyoles were as follows: for the 13t eycle. 3 min for denataration, 2 mm for
anncaling and 2 min for extensior, and the rest of oy les, 30 see for denatination; 30 sec
Zor annealing: and 1 min for extension. The temperature conditions of the PCR cycles
and the sizes of the PCR products are provided in Table Tvh,

The resudts of the RT-PCR snalysis are shown in Fig. 11. For NK4 (lhe
promuoter of whicl was used to drive luciforase expression in LuNK4p2i cells), the
addition of sulindac had sery little cftect o gene expreszion in the absence oL TUTG, bul
all the concentrations ol sulindac produced a dose-dependert decrease in NEK4 RINA.

levels in the presence of PTG, Very similar resulrs were olstained with t-TGase RNA.

a2,
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With all the other tested genes, sulindac produced a dose-dependent increass in gene
expression in (e absence of 1IPTG. As a vesult of this effect, tae highest tesied dose of
sulindac (1 mM) did not decrease gene expression in the presence of IPTG, but 2

noficeable decn in the IPTG effects was ohserved at lower doses of sulindac. In

particular, the effects of IPTG were diminished by 250 and $00 M sulindac for the APP
grene, but only by 250 pM sulindac For pai®', CTHE and Mac2-binding protein (Mau?-
B’y genes. Mone of the tested sulindas concentrations proruced a sigmicant decrense in
[PTG-mduced RNA levels ol prosaposin or superoxide dismulase 2 (SOD2), The lack
of sulindac cffect on prosepozin is in agreement with a imoderate effect of TKIC inhibitor
on the prosaposin prometer (sse Lxample 10 above), lence, a moderate dese of
sulindae (250 pM?} inhibils the amlity of p21 to wwhice tanscriphon for mosi of the

tested genes.

-6Y -
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Table IVa, Primer sequences

SENSE FRIMER (5'->7')

ANTISENSE PRIMER (5°-37)

AGCACCAGGCCATAGAAAGA

GOTGTCAGCTCCTCOTTGTC

ME4 lsEG 1D NO: 13) (SEQ T NO: 49 l
T.TOASE  ACTACAACTCGGCCUATGAC  |GCCAGTITGTICAGGTGGTT
(SEQ ID NO: 50) (SEQ 1D NO: 61) .
AP CTOGTTCOTGACAAGIGUAA TGTTCAGAGCACACCTC
(SEQ IDNO: 62) ) (SEQ 1D NO: 62)
- GAGGOTGTGGTTCGHACTAA  [GUCCAGAG ‘GATTTGTT
(SEQ D NO: 64) (SEQ 1D MO: 65)
rar GGAGAGTCCTTCCAGAGLAG | ATGTCTTCATGCTGGTGCAG
(SEG 1D NO: 66) (SEQ ID NO: 67)
sacopp  CCATGAGIGTGGATGCTGA  |ACAGGGACAGGTTGAACTGE
(SEQ ID NO: 68) (SEQ 1D NO: 69)
- - ACCACGOACCTCOTCACTAA ACATIGOCCU IUCAGOTACAC
(GRARULIY (opo 1D NO: 70) (SEQ ID NO: 71)
I oy CCAGAGCTGGACATGACTGA  |GTCACCTCCTICACCAGGAA
lPROS‘"\PO“mi(SBQ 1D NO: 72) (SEQ ID NO: 73}
soD2 ICAAATTIGCTGCTIGTCCAAA CATCCCTACAAGTCCCCAAA
Pt (SEQ ID M0: 74) (SEQ ID M0: 75)
;B—ACTIN GEGAAATOGTGUEFTGACATTAA (TG TG TIGGCETALAGE T
|

G (SEQ ID NO: 76)

(3EQ 1D NO: 77)

JP 2004-535775 A 2004.12.2



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

(121) JP 2004-535775 A 2004.12.2

WE D2/066681 PLTIUS02:02784

Tabie I¥D, PCR lemperatures (in ¢C)

Gene Denaluration | Anmenling =~ Bxtersion  Cyeles | Troduct size
NK4 %4 8 72 24 431
+TGase [ 2 m 2z 499
B-APD 94 58 72 i 30 00
66" Y4 58 ) 2 514
CTGF | o4 64 72 28 499
MAC3-13P ! 94 52 72 20 517
Granulin 94 64 77 28 446
|Prosaposin_; 94 58 72 T 500
SN2 94 32 T 22 508
B-actin 94 60 72 17 245
-65 -
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These resulis demonstrated that assays for interforence with p2l-mediaicd
induction of reporter expression from the promaters of p2 1-inducible genes are capable
of identitying agents that irhibit p21l-mediated induction of genes associated with
carcinogenesis and age-related diseases. L n particular, an agent (sulindac) that was first
dentified as an effective inhibditor in a promoater-hzsed assay using LuNE4p21 cell ling
was fourd to nhibit the indielion of seversl uging-associated genes by p21. These
results further demonstrated that NSAJDs that are active as WFieB inhibitors can prevenl
the induetion of agmg-assucialed genes by CHK inhibitors,

Agenls that inhibit the induction of transcr:ption by CDK nhibitors may be
ciinically useful for chemopreventior. or slowig down the development of age-related
diseases, inchiding Alshehmer’s discase, amyloidosis, atherosclerosis and arthritis. In
addition, such coprpovzds, tlwough their effects o the expression of secreted growth
factors fsuch as CTGF) may lave valae m cancer therapy or prevention. In fact, the
available clinical data on NSAIDs with NFeB -inhthitory activity support thesa fieids of
use. I'ms, several NSAID, including sulindac, aspivin and salicylarc, were shown to
have chemopraventive value in colorectal carcinomas and various ather types of cancer
and promoted the disappemarce of colonic palyps (Lee ef af,, 1997, *Use of aspirin and
other ronsteroidal anti-inflammatory drugs and the risk of cancer development.” in
DeVita el al., eds., CAKCER. FRINCIFLES & PRACTICROF ONCOLOGY, Lippincoti-Raven:

Bhiladelphia, pp. 599-607). The use of espirin and other MSATDE was also shown to

decrease (ae risk of Alzhelirer’s disease (Stewart er al., (997, Neurciogy 48:626-632).
Long-term aspirin thorapy was lurfhor reported to decrease the incidence af
atheresclerosiz (Nloop, 1998, dngiefogy 49 : 337-832). Finaily, sulindac has been one of
the most commonly vsed drugs with praven clinieal efficacy in the treatment of arthrits

(Brogden e af., 1978, Drugs 10 97-114). While sorre of (amse beneficial effects of

WSAIDs have been attrdbuted fo ther selivily as eyclosxygenase 2 mhibitors (Pennisi,

S 66 -
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1998, Seience 280: 1191-1192), the resuls disclosed herein supges® thet these elinical
awtivities may also be die 10 the inhibirion af p21-induced genc cxpression, presumably
through the NExR -inhibitery notivity of these compowads. The assays and screening
systerm provided by thc instant inventien cnable ene with ordinary skili in the art to test
warious NSAID derivztives for the improvement in this activity, Furthermorc, these
results provide the basis for using the general catepory ol NEWB and p3Q0fBP

infub:lors as agents [or chemoprevernior or trewment of cancer and age-related disenscs.

EXAMFLE 12
Stimulation of the promoters of p21-indueible genes by pl6 and p27.
As demonsirated in Example 7, expressivn of p2l-induciblz genes is also

R and p27 T Lo detewmine if the

upregulaled by other CDIC inbivitors, plo
promaoters of p21-inducible genes are stimnlated by the lamer CDE ichiblors, pNFB-
Lug and several of the promoter-luciforese construets deseribed in Example 8 woere
fransfocted into HT1080 derivatives with IPTG-inducible expression of pl6 AITLOS0
pl6-5) or p27 (ITU1080 p27-2), which are described in Cxemple 6. The effect of IPTG
on the expression of these promoters was then arslyrzec as desenbed Zor the p2l-
inchuersle fine in Example &,

NFxB-dependent expression from pNFEB-Luc was strongly stinilated by the
induction of either pL6 (Fig. 1247 o1 p27 (Fig. 12A). In *he cazc of p27, the specificity
of the observed induction for NFkB was also demonstrated by cotransfection with the
K1 mhibitor, which strongly ihibited both basal end [IPTG-induced expression (Fig.
134). These results demonstiate that taese CDE inhibitors. like p21, stimnlate NFxB
activity, Furthermore, all the tested promoters of p2l-induecible gencs were also
upregulated by plé or p27. I pardeular, IP[G-induced pl6 expression led 1o the

1ndustion of reporter cxpression from the promoters of Complement C3 (Tig. 12B), SAA

-67 -

JP 2004-535775 A 2004.12.2



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

(124) JP 2004-535775 A 2004.12.2

WE D2/066681 PLTIUS02:02784

(b 12C), +TGase (Fig. 12D) end MK4 (Fig [2E). IPTG-induced p27 expression
strongly induced the promofers of Complement €3 (Fig. 13B), BAPF (Fig. 13C), t-
TGuse (Fig. 130) woc NK4 (Fig. 13E). These findings indicale that p21-inducible
prometers are activated not only by p21 bur alse by other CDK inhibitors, such as p16

5 and p27.

Tt should be uaderstood that the foregoing dise.osure emphasizes certain specific
emboduncnts of (he inventios and that all modifications or cliernatves cquivaleot
thereto are within the spirit and scope of the invention as sef forth in the appended

0 claims.
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Tuble 1

Getes downregulated by p21 induckion

A, p21-inkibited genes identiled by UniGemV array;
. Ealanced Diff. Centirmen
3 o

Ganes - Accassion Na. Expr
Assaciatad with mitesis:
coca2 v X05360 25 W
CKgHg1 (CRC2 kinase) . X541 55 R
LKA {palo-ika kinase) U01038 51 R
CAP-H condensin hemaleg Dagsse B R
CENP-A (cenfromera pratain A} L4518 5.3 R
GENP-F jseniromara protein F) 1130872 25 ]
MAD2 UBS410 58 R.W
BUBR1 . AF033308 59 R
MCAK {mitotic centromare-associated kinesin] 53743 338 R
HSET kinesin-like pratein ALDI1I6E 28 R
GHLA helicase - u75358 33 R
AlK-1 {aurorafIBL1-related kinase) C34212 4.8 R
AIM-1 [AIK-2: aurort!PL1-ralated kinase) AF0a4022 0.2 R
PRC1 (protein reguiating cytoxinesis 1) AFC44583 128 RW -
Citror kinsse : : H10805 27 R
Lamin B% . L37T47 T
Lamin B2 Mas382 27
LAP-2 (lamin-assoclatad pratein 2) (W) 1 =541 45 R
MPPZ (M phags phosphoprolein 2) UT4812 7 R
MPP5 {M phase phcsphaprotein 5) %6261 g
ke with DNA ras £ and i

Thymidire kirase 1 KO2b81 2.8 R
Thymidytatn synthase X62308 39 R
Uridine phospharylaso . Xagess 5

* Rizenuclectida raductase M1 XEB543 45 R
Ribenuelestide reduckasa M2 A59438 0wy R
COC47 hamaieg {MCMT) D55718 96 R
CDC2T hamoleg (MCMA) X74734 27 R
COC45 hometog (Rore-Pl) . AJ22372R 4.1 R
HsORGC1 (origin recognition camgtex 1) Udq0152 a7 R
DMNA polymerase o . XeE744 F1 ] R
Replication factar C.(37-kD subumi) Mg - e 16
B-MYB N - X163 9.1
HEY18 E1 peateln bindlng pretain - W3S 1N ar
Topaisomerase lia ' 104084 as a
Ghromatin assembly fackord (pE0 subugity u20820 a7 R
High-mehility group chromesomal prolgin 2+ KE2S34 37 R
High-mebtlity group chromensmal protain 1 D&387d 6 R
Histone H2AF/Z variant AAZQIA92 28
Associated with DNA repeir
XRGce - U70310 36 R
RADS4 homolog A87755 54 R
HEX| 5-3' =xanucleass (RADI Namplag) AFL4Z282 52 R
ATP-dapendent DHA ligage | * MIEGE? 25 R
RAD21 hamalog ° ozasm 3 R
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Table L
ted vith tlon and RNA i

Putative transsription factar CA150 ! AFO17782
Trenscristional coactivatar ALY AFCATCA2
WHSC1/MMSET (SET domain protein} AAGD1245
MN3-IAG (SET domialn pratein) U50383
EZH2 {snhancar n!znshhumurcg 2 M UB1145
PT8-azsocialed splcls
Aukrich elemeant RNMLndlng prateln AUF1 upza1e
Ll-=nRNP-aasocheted cyclophilin AFUI83TY
Qhhar
¥ hoephnglymra(n dehydragenase AFDCER4I
L-type aming acid transgerer. subunit LAT1 MB0245
Hyakuronar-mediatad matility rcepbor 2303
Phortictin | (PKC-Inducitle) ) U03891
PSD-95 binding family protein D13633
HTRIP (THF raceplor campenant) UT7ads

NAD: 16388
Mambroa glyr.upmmln 4F2 artigen haavy nhaln JU2939
Mucin-iks protein 073862

MACID {diMarentially expressed In meningiomas) L13183

FﬂzdFKtreguaw of interferon-ndused protetn kinasa) AFD07383
Futative phospliosarine aminotimalerasa AM152483
Glucose S-phoaphale enslocasa 15409
Cakyehn birding prakein AFOGT 386
Crmiihina decarbaxylate 1 X827T
Trophinln assisting protein (tastin) uo4aia
At A Y L21534
Plain/3DKI 10351
Genad with unknawn Rnctias:
EST AABTHZSR
EST - ) AADIATS
EsT . AA4B2548

B p24-Inbititad genss idantified by RT-PCRE

Sanes cass|
CyclinAt - - - * usas3a
Cyelin B1 B M25752
COC28A NM_0017E8
Cihydratalata reductase 140
INGA MM_00§537

"Agbravhations: R, RT-PCR; W, westem blatting
uabbreviations: 19, insulficlent signal; A, absent kom the arvay

-7 -
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Table IT

Genes uprenulated by p2t induction

Acceszion  Eaianced Diff
Ne Eter

Ganes Confimed by*
Sacretad proteins and proleins associated with sxtragaliular maime
Fibronecin 1 X02761 57 R
Plasminogen activator inhibitor, lypai # 3 M14083 37 RN
Plasminagen aetivator, 3sua typa M15518 24 F4
Laminin p2 N7E632 21
Desmocofiin 2akh AEEE0T 38
Podocalyxin-fkea prateln ugzs1e 2
Activin A (Inhibi 2A} J03a34 .2 R
Salectin 3 (Mac2} ABOCE7A0 2.4 N
Mac-2 bindng protein Li32o F RN
Pmaannsln Jodor? 29 N
&TGF {connective lssue growih facar} Ma2934 a3 N
Granulinjepithalin AFCSFI08 24 N
Cathepein B Lo4288 24 N
Tissue ransglutamindsa W55153 25 RN W
PATNB {slit homciog) 27 21
Sagum amylald A protein pracurses M25132 4 R HW
imers di amyloid A4 protele or B T 2 RN

Complament C3 presursor 02783 5.8 RN
Testiean X13609 241 N
Intagrin p3 Maseas 21 ’RN
Ly=esomal orofeins:
H-acetyisalactossnine-g-suitate sulfatasy UCKo8q. 23 3
Acid alpha-giucasidase MESOTE 14 N

. Acid lgasa A (cholesternl eslarasa) X7&488 21
Ly=caamal pepstatin-insansitive aroleate {CLn2) AFM74508 25
Milochendnial protaips:
Superoxkda dismutasa 2 %7834 385 RN, W
Melaxin 403060 14
7.4-dimnoy-CoA reductssa U732 2
Other ganes associaled with slres response and signal ransductkan;
Ukiguitin-canjugating enzyme (LUbcH8} . AFGIT141 2
biquiiin-apeciic jproteas B [arict 1L -]
RTP/CapdiOg Vbt Ynducihie by rickel, clnclds,  * ~ DE7953 25
nomecysteine and ER sirsss)
£.153 musce ankyrin-rpeat nuclear pratein {cytokile- Xaarea 3
nducitie)
LEP major vault grotel asscclated wilh multidnug resislarce  X79982 22 N
p-amesiin molated HHCPATR homalag {upragulated by 573551 4.1 N
vitarmin D3) .
R-RAS 14048 | 24
RAB 12 amall GTFaza X75583 22
P86 SHE (aki gntogena) u7aary 2 N
MK-STYN {MAF kinase phesphatasa-ike protain} . N76iga 2
H73 nuclear amigen/MA-3 apoptasis-related S LIasa28 24
{topaisimerase-inhihior supprassad)

-71-
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Table I
Oiher gensas:
Naturat killer cells protein 4 Msgao7
TXK lyrosine kinaza {T-cell spacific) L27om
A-Inked PEST-containing transportar w5321
AMP deaminase2 - s 2 K91023
FIP2HYPL, huntingtindnterssiing protein AFDE1024
DNASE | homolag . X90392
Tranacriplion feator 11 X77366
Histoce H2A.2 L1197
Histone H2A ALG21307
Genes with unknown funclion:
23808 AFQ3g192
CGl-147 AALDTS12
EST Wa120
EST Aldzg14
EST -AA218582
EST WB1534

(128) JP 2004-535775 A 2004.12.2
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44 R
32

21
2 N
2

25 N
2

24

24

21

21 N

24

235

2.4

*Akbraviatians: R, RT-PCR: M, nortkem hybridizatian; W, westarn bloting; Z. zymography
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WE CLAIM:

1. A rocombinant cxpression constrzct encoding a veporter gene operably
iimked to a promoter from » mammalian gene irduced by a cyclin-dependent Linase

izhibitor.

2, A recombinant expression consteuct 2ecording to Claiu 1, wherem the
reporker  gene  encodes  refly  lueiferase, Remiba Juciferase, chivramphenicol

acctyltransferase, beta-galactosidase. green fucrescent protein, or alkaline phosphatase.
3. A recombinant expression construct aecordmg to Claim 1, wherein
the prometer is a promoter from a human gene induced by a CDE inhibitor.

4. A recombinant expression eumsbruet azcerding o Clamm 3, wherenn the

promoter is a promoter trer & human gene identified in Lable I

5. A recombinant expression consnmet according to Claim 4, wherein the
promoter is a promoter from a serem amyloid A (SEQ TN MO 1), complement C3 (SIX)
ID WNO; 2), eonnective tissue yrowth factor (SEQ [D NO: 3}, integrin -2 (SEQ [0 NO:
4), activin A (SEQ ID NO: 5}, natural killer cell protein 4 (SEQ ID NO: 6), prosaposin
(SEQ TD MO: 7}, Mac2 hinding protein (8K 113 N0 §), galechin-3 (SHQ 117 NO; 9),
superaxice dismutase 2 (SEQ 1D NG: 10), eranulivepithelin (SEQ 1D NG: 11), p66™®
(SEQ ID NO: 12), cathepsin B (SEQ ID NC: 14), f-amylaid precutser prowin (SEQ ID
NO: 15), sissue wanselutaminase (+-TGese; SEQ ID NO: 16), clusterin (SEQ D NO:
17}, prostecyelin sthnulating factor (EQ 10 WQ: 18), vascalar endothclial growth factor-

C(SEQ N NCx 9) and tissue inhibitor of metalloprateinase-1 (810 1D NQ: 209,

[ A recombinant cxpression construet according to claim 4, wherein the

promot is & procwier from Lurnan nataral kiZler coll protein 4 {SEQ 11 NO: G). seum

JP 2004-535775 A 2004.12.2
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amyloid A (SEQ DY NO: 1), complement C3 (SEQ ID NO: 2), tissue n'ausglutamiuaéc
{SEQ I} NO: 16), B-amylaid precursor proteir. (SEQ 1D NO: 15), or prosaposin (SEQ

1D NQ: 7).

7. A recombinant expression cunsbtel acemding to clainy 4, wherein the

reaomabinant expression construct is pLUNK4,

8. A mammalian ccli corzprising & recombinant cxpression construct

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

9. The mammalian cell of elaim 8, identified by A T.C.C. Aceession No.

PIA 3381 (EEITORG LuNKAp21.

10, A msmmalian cell accerding o Clair: 8 wherein expression of the

recombinant expression construct is modulated by NEB.

11. A mammalian cell according to claiy: 8, forther comprising a second

recombinant expression construct encoding a mancnalian CDE. inhibitor gene.,

12 A mammmalien cell sccording o claim 11, wherein expression of the DK

inhibitor is expevimentally-induced in the mammalian cell.

13, The mammalian ccd of claim 11, whereln the recombinant cxpry n
constuct encoding a mammalian CIE inhibiter gene is under the transcriptional contenl
of an inducible promoter, wherein expression of the CDK inhibiter from the
recontbinatt expression construct is medliated by contzcting the recombinant cell with ar.

medieing agent that induces raggeripon Jiom the inducihle promeler or by rentoving an

agen’ thl inhibils wanscription from such & prowoter.

14.  The mammalan cell of claim 13, wherein the mammalian CDE inhibiwr

fonc isa human p21 gene or COK-bindiry fragment [hersol.

JP 2004-535775 A 2004.12.2
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15 ‘The mammaliao cell of claim 13, whereir. te mammalian CDE inhibitor

gene is a human pl§ gene or CDK-biding fragment ihercot.

16, Themammaltan sell af claim 13, wheren the nionmalion CDE whibitor

gene is u meuse or ouran p27 gene or CDE-binding fragment thereof.

17. A mammalisu cell aceording to claim 13, further comprismg a
recombinent expreszion consbuct enceding = bacterial Jaciose repressor, wherein
transeription tercof is contrelled by & mammalian promneter, wirein the recombinant
expression construct enceding a ruaraealian CDK ichibilor gene comprises a laclose
1epressorresponsive promioter element and wherein transcription of the CDK inhibitor
gene is controlled by saié lactose-repressor responsive promnoter element, and wherein
cxpression of the CDE mhinitor gene from the recombmanl cxpression construct is
mediated by contacting the recomaiant cell wirth a lacrose repressov-specitic inducing

agert

18. The mammalion cell of ¢laam B, swherein the cel ix s human 1CTTOE)

fibrosarcoma eeil.

19, The mammalian cell of elaim 11, wherein *he cell is a hwran HT 1080

Hibrosarcoma cell.

20, The mammalian cel: of elaim L7, wherein the cell is & haman HT1080

fbrosaccona cell.

21. The mammialian cell of claim 11, wherein the sccond expression

construet iz LNp2 1C0Q3,

22, The mammelian cell aclaim 21, identified by A T.C.C. Aceession No.

PTA 1664 (HT1080 p21-9),

JP 2004-535775 A 2004.12.2
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23, The mammalian ceil of cleim 1, whorein the second exprassion

corslruel 15 LNp L6RO2.

24, The mammalian cell of elaim 23, idertifieé by A T.C.C. Accession No.

(HT1030 pl6-5).

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

construct is LNp2TRO2.

2?6, The mammalian cell ol cluim 25, idertilied by A T.C.C. Accession No.

__(HT1080p27-2)

27, The marwmalian cell of clatn 17, wherem the lavtose repressor-specific

inducing agenl is 2 B-galacloside.

28, A methed for ideatifying a compound that inhilxits induction of genes

méueed by a CDE inhilntor o a mamia’ian cell, ke method comprising the steps of:

{a) culuming & recombinant mammalian ¢l according to claim § under
conditions thet nduce expression of genes induced by a CDK ichibitor . mawmalian

cells in the presence and absence of a compound,

133 CONIpAring reyorter gene expresyion jn said cell in the presence nf (he
compound with reporter gene sxpresiion in said eell in the shsence of the comporad;

£na

{x) ideatifying the compound that ithibit induction of penes indnced by a
CLK mhibilor i reporter gene express:on is Jower in the presence of the compeound than

in the ahsence of the compound.

29. The method of Claim 28, wherein the cell is cultred vnder conditions

that induce expression of a (DK inhibitar in szid cell,

-5 -
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30, The methed of Claim 29, wherein the CDK inhibitor is p21, p27 or pi6

or UMK -hinding fragments thereof.

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

recombinant xpression constuct encoding a mammalian 13K inhibiler gene

33, Uhe methad of claim 37, whereim the sacond recombinant expression
vonstruct eomprises a mammalian CDIC inhibitor gene under the transcriptional control
of an idueibic promoter. wherein expression of the CDK inhibiter from the
veconibinant expression constructis mediated by cortzoting the vecombinant cell withan

inducing agent that induces transeription from the indueible prometer or by removing an

agend that inlubits iranseription on sucl premoter,

33, Themethod efclain 32, wherein the mammalizm CDE inhibitor gene isa

human p21 gene or CDE-binding, fragment thereof.

34, Themethod of claim 32, wherein the mamunalian CDK inhibitor gene 15 a

human pl6 gene or CDK-ainding rragment thereof.

33, The method of claim 32, wherein the mamnamm CDK mhibitor gere isa

human p27 gene or CLE-ninding fragment thereof.

3G.  The method of eleim 32, wherein the cell is a human HTI080

tibrosarcoma cell.

37 The merhad ef claim 32, wherzin the mammalian cell firther comprizes a
recombinant expression construct cncoding a bacterial lactose repressor, wherein
trenseription thereol is conlrolied by a mammalian promaler, wherein the reconthinant
cxpression construct encading w marcmalian CDI inbibitor gane somprises a lactose

Tepressor-respovsive promaoter element and wherem transeriyaon of the CDK mbsbilor

JP 2004-535775 A 2004.12.2
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gene is canirulled by said Tactose-repressor respensive proragter slement, and wherein
expression of the CDK inhibitor gene fiom the rccombinant cxpression construet is
medizted by contacting the recombinant cell with a lzciosc repressor-specific inducing

egent.

5 38. A method for identifving a compousnd that inhibits CDK iuhitntor-

mediated induetion: of eclivdar gene expression, the method coimprising he steps of:
) produeing expreszion of a CDK inhibitor in a mammalian ceil;

{by  assaying the cell in the presence of the compound for changes in

expression of ccllular genes whose expression 15 moucula‘ed by the CDK inhibitor; and

10 [{9] identifying the compound as an inkibitor of CE inhihitor-mediated
medulation of cellular pece expression if expression of the cellular genes of subpart (b)

is changed lo o lesser extent ‘n the presence of the compound.
3% The method of claim 38 whercin the CDK inhibitor is pl6, p27 or p21,

40.  The method of Claim 39, wherein the mammalian <ell comprises a

i3 recombinant expression construet encodmz a wammalian CDK mkibitor erder ihe
transeriptional contrel of an mducible heterologuus promoler, wherein expression ofthe

CDEK mhubiler lrom the recombinani expression construct is mediated by contacting the
recombinant cell with an inducing agent that induces wanserption from the inducible

promote: or by removing an agent that inhibits ranscription frow: such promoter.

20 41. The method of Clain £0, wherein the CDE inhibiter is pi6.
42, The method of Ckim 80, wherein the CIK inkibitor 1 p2 1.

43, The methoe of Clain 40, wherein fie CDE ishibitor is p27.

t

)

)
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44, The method of claim 3%, wherein expression of <he eellu’ar gene is

induced by p21.

45, The mcthod of claim 38, wherein expression of the celluiar gene is

induced by pl6.

46. The method of claim 38, wherein expression of he cellular gene is

induued by p27/.

47, The methed of claim 38, whercin the cellular gere is identificd in Table

48, The muethed o claim 40, wherein ihe cellular pene 's identified in Table

49, The meitod of claim 38, wherein expression ol the cellulur gene is

detected using an immunological reageat,

30, The method ol claim 38, wherein expression of the cellular pene is

detecied by assaying for an activity of the celiular gene product.

51.  Themethed of claim: 38, whetre expression of the esliular gone is detected

by hybridizaton to a complementary nucleic acid,

52, A method for identitying a compounc thet inhibits CDE inhibitor-
mediated induction of cellular gene expression m 2 mammahan cell, the methed

comprising Lhe steps vf:

(a) treating the mammalian cel” in the presence and absence of the compound

with an egent or culturing the mason

Tian eell under conditwns thalinduce senescence;

(hy  assaying The mammalian cell for induction of genes that are nduced by

JP 2004-535775 A 2004.12.2



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

(136)

WE D2/066681 PLTIUS02:02784

20

CDK inhilitor geng expression; and

(c) identifying the compound az an inhibiter of CDK inhibitor-mediated
induetion of callular pene expression if genes that are indueed by the CDX inhibitor are
induced to a lesser cxient, i the presenee of the commpound than in the absence of the

compound.

53, Tac method of clain 32, wlerein the CDE lubiton 15 p21, pl6 or p27.

54. The rmethoe ol claim 52, wherein the geres are identified in Table IL

55 The method of claim 32, wherein cxpression of the cellilar gene 15

detected vsitg an rmmunologicel reagent,

56.  The method of claimy 52, wherein expression of the zellilar gene s

detected by assaying for an activity of the cellular geae producst

57, The metbod of elaim 52, where expression of the cellular gene is detected

by hybridization to a complementary nuclzic acid.

38. A wmethod for identifying a compound that inhibits CDE inhibiter-
meciated induction of cellular pene expression in a mammalian ecll, the mcthod

corpriging the steps of:

{a) combisting a ammalian cell ‘n “he presence or absance of the compovnd
with an agent or cuituring the aammalian celi under conditons thatinduce senescence,
whereii the cell somprises @ reporter gene under the lanscripliona: conbol of a

promoter for 1 mammnalian geng whose expression is modulated by a CDEK inhibitor

{b}  asseying the cell for changes wm expression of ihe reporter gene; and

{c)  idernfying the compound as an inhibitor of CDY inhibitor-mediated

- 80 -
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induction of eellular gene expressior: it expression of the roporter gene is changed to a

lesser degree 10 Lhe presence af the compound than in the absence of the compound.

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

60, The method of ciaim 38, wkereir. the mamwmalian gene promoter is a

promoter of 2 mammatian gene identified in Table I1.

al The methed of cleim 58, wherein expression of tie cellular gene is

delected using an immunological reagent,

62 The method of cizim 58, wherain expression of tas ceilular gene is

Cetected by assaying for an activity of the eellular gene product,

G The melbod of claitn 58, where expression of the cellusar gene 15 delected

Ty hybriclivation o g complementary nucledc weid.

64, A methad for inkibiling CDI witibitor-mediated induction of cellular
gone expression, the niethod compaisitig *he step of contacling the cell with a compound

prodused according to the method of claim 28,

65, A method for inhibiting CDK dibiter-nediated indoetion of cellular
gene crpression, the method comprismg the slep of contactig the cell with & componnd

produced cecording to the methad of clnim 38.

66, A method for inkibiting CDK {nhibiter-mediated induction of cellular
gene expression, the method comprising the step of contacting the cel- with a campound

procuced zcoording to the method of claim 52.

67. A methad [or imbibilimg CDIC inhbitor-mediated mduction of cellular

ECNC BRI

sivr, the melhod comprising fhe step of contacting the cell with a compound

priduced ace

d'ng to the methed of claim 58,

-5 -
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6. A mwthad [or inbibiting CHDK inhibitor-mediated induction of cellular
jrenc expression, the method comprising the step of contreting the ecll with an cffective

amount of a compound that imhibits NFeB activity

69, A method for treafing a disease @ zn animal zccompanied by CDK
mhibitor induced gene expreszien, the method comprisiug the step of administering to
the animal an effective amount of a non-steroidal anti-mflammatory drug (NS AT} that

Whibits NFxB activily.

70. A method according ro Claizn 69, wherein the discase is cancer other than

colon cancer.

71, A method according o Claim 69, wherein (he diszase 15 renal failure,

T2, A method zecording to Claim 68, whercin the disease is Alzhstmer's

disenge and the NSAID is other than aspirin or salicvite.

73 A method accorcing to Claim 69, wherein the disease 15 atheroselerosis

and the NS AN is other than aspirin,

74, A niethod 2ceording to Claim 09, wherein the disease is artliitis and the

NSATD is other ikan aspirin, sulindac or salicylate.

7. A eomipound that inkihits genes assoctated wilh pathogenic consequences
of scnescence in & mammalizn ccll, wherein the compound 5 produced by a method

having the steps ot

{a) treating the mammalian cell in the presence of fhe conipound with an

agent or calturing the mammaliar cell undes conditions that irduce senescence;

()

ving the mummakian cell for mduction ol genes that ave induced by

CDE inhiditer pene cxpression; and
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te) ideatifying the compound as ar inlibitor of senescenve if genes hat are
induced by the CDK inhibitor wre incuved to @ Jesser catend, in the presence of the

compound.

76. A compound of claim 68, wherein the CDK inhibitor is p21, pl6 or p27.

77, Acompound that inhibits production of pee products induced by a CDK.
inhibitor in a mamumalian cell, wherein the compound is produced by a muthod having

the steps of

{n) meating the mammalian cell in the presence of the compound with an
agent or culiuring the mammalian cell under conditiens that nduce expression of a CIDK.

‘nhibitar;

by assaying die manunalian cell tor lduction of genes that are induced by

CDE chibitor gene expression; and

) identifving the comapound as o inhibitor of CDK inkibitor indvetion if
geves that are induced by the CDE inhibitor arc indueed to a lesser extent, in the

presenee ¢f the compound.

78.  Acompowd of ¢laim 77, wherein the CDK inhibitor is p21, p27 ur p16.

7. Amethod for inaibiting production of anti-apoptatic ormilogenic [nelors
i a mamroalian cell, the method comprising the stens of conlacting the ecll with a

compound that inhibits induction of gens cxpression by a CDK inhibitor.

&1 Tme method of claim 79, wlherein the mammalian ccll is a stromal
fibrabiast.
RI. The method of claim 79, wherein the compound is an NIk} inhibiror or a

pI0C/CPE inhibitor.

- .
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&2, A 1aethed for weating an animal ‘o provent or anicliorate the effects of .
{iscazc accompanicd by CDK inhibitor induced gene expression, the methoc comprising
the steps of administering to an animal inneed thereofl a therupewnica’ly-effective dose of
2 pharmaceutical compesition ef a compourd identified according to the method of

claims 28, 38, 52, o1 58,

&3, Amethod for inhibiting or preventing exygression of a gene induced by a
CDIE inhibitor in 2 mammaliaa ccll, the method comprising the step of contacting ile
manunalian cell with an amoeunt of 2 compourd identified acemding to the method of
claims 28, 38, 52, or 53 effective to inhibit or prevent expression. of the a geue induved

by a CDK inhibitor.

84, A method for seleciively inaibiting induction of zenes induced by a CDE
inhibitor in an animal somprising adnyinistering en NFcB inbibitor ic an animal in nced

of such weatment.

g5, A method et clain 84, wherein the NFxB inhibitor is a non-steroidal anti-

inflammatory compound.

&6, The method of claim 85, wherein the snimal 15 4 yman,

§7. Amezthad Jor sclectively inhibiting induetion of geacs mduced by a CDEK

inhibitor in an zaimal. comprising administering to the anamal a cempound produced by

he method of claim 28,

8B. The raethod of claim 87, whereir the animal 1s & human

89. A method lor selestively mhibiiing mduction of peres mdueed by 2 CDE.
mikitor in an animal, comprising administoring to the anival a compaund produced by

the method of claim 38,
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a0, The method of claim §9, wherein the ariral is a human.

1. A method for selectively inhibiting mductinn of genes taduced by n CDK.
inhihitor in an animal, comprising administering ta the animal a compound produced by

the methed of claim 52,

92, Themethod of claim 91, wherein the animal {5 a human.

93, Amethod for sclectively inkibiting incuction of genes indused by a CDE
inbibitor i an animal, comprising administering to the smimal a sompourd produced by

the method of clain 58.

94, The methoc of clamm 83, wherem the animel 25 o humaa,

-]

3. A mathod for selectively inhibiting induction of cenes induced by a CDE
inhibitor in an animal, comprising adrintstermg to the arimal & sompound produced by

the method of claim 75.

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

7. A method for seleclively mhibiling induztion of genes mduced by a CDE
afbitor in an amimal, comprisicg administering to the aninal & compound pradoced by

the method of claims 28, 38, 52, or 38,

98. The metaod of claim &7, wherein the amumal i3 a human,

99, A method for seleciively inhibiting inducton of genes induged by a CDHIE
inhibitor in an animal, comprising administering to *he animal a compound according to

claini 77,

100, The method of clain 99, whercin the animal is a Hwrnan,

- 85 -
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REAGENTS AND METHODS FOR IDENTIFYING AND MODULATING
EXPRESSION OF GENES REGULATED BY (DK INHIBITORS

BACKGROQUND OF TIE INVENTION

This application claims pricnity to U.S. Provisional Application. Seriul Ne.:
60/265,840, tiled February 1, 2001, amd T8 patent application Serial MNo: 0%/861,925,
filed May 21, 2001.

This application was supported by a grant from (ke National Instisates o7 Health,

ot ROICAG2M99. The government may have certain rights io this kivention.

L Fiekd Of The fuvention

The mveniton s related o cellelzr senescence and changes i celinlar gene
expression thai accompany serescence. In particular, £ae invertion is rejated to the
identification of genes the expression of which is modulated by a class of cellular gene
products termed cyclin dependent kinase (CDE) inhiziiors, induced in cel's at the onset
of senescence, More speeifically, the invention provides markers of vellular seoescencs
that are gones whose cxpression is fnduced by sirch CDX inhibitors. The invenfior
proviies methods for identitving compounds thar inhibit patholozieal consequencas of
cellular senescence by detecting inhibiion of induction of these marker genes by CHE
mlibitors in the preseace af such compoeunds.  Also provided ore reagenis that are
recombinant mammalian celis confaining recorihinant expression construc’s encoding
ditterent cellular CDE. inhibitors, such as p21, plé or p27 that are cxperimentally-
indueible, and reeombinant mwammalian cells containing a recombipant expression
constrice that expresses a reporter gene undey the transeriptional cor'rol of a promoter
for a gene whose expression is induced by endogenous or exogunous, expernnentally-

inducible, CDE inhibitors.
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2. Summary Of The Related Ari

Cell eyele progression 15 regalated Lo a lorge extent by a set of seyinc/fhreonine
lcinases, known as cyclin-dependent kinases (CDKs). A speeial aroup of proteins,

known ss CDK fnhibitors, interact with and inhibit CDKs, thus causing cell cycle arrest

in a varicty of physiokogicud stuations (sea Sielecki of 4!, 2000, L Med. Cham. 43: 1-18
and yoferences therediz). There are two families of CDK. imhibitore. The first one.
Toown as Cip/Kin, ineludes p2 1™ IS g8 d p3 75 The second family,

Taket, includos p16™™7, pL5***, p18™ and i "% Iicpr

wsion of specific COE.
inbibitors is activeted hy difterent factors. Tor example, contact inhibition mduccs p27

and p16 expregsion {Dictrich ef af | 1997, Oacogens 152 1723-2747), extrece ular anli-

mitogenic faetors such as TUFe induce pi 5 expression (Revnisdotiiv ef ., 1995, Genes
Dev, 9: 1831-1845), sevum starvation induees p27 cxpression (Polyalc et al,, 1994, Genes
Dev. 8:9-22), and UV radiation induces pl6 exprossion (Wang 2! al., 1996, Cancer Res.
56: 2510-2514). In addition, al; of the above trepiments, as well as cifferent forms of
DMA damape induce expiession of p2l1, the mest pleiotrapic of the kuowa CDE.
mbibitors (Lotto, 2000, BEL Rev. Carcer 1471 M43 M36).

Of specia’ imporlance te the field of this invention, two of the CDK inhibitors,
p2: end plG, have been mtinately zssociated with ihe process of senescence in
marmunalian cells. At tie onsel of replicative senescence (Alcorta e of., 1996, Prac.
Natl dcaed. Sei. 154 93: 13742-13747) and damage-induced accelerated senescence
(Robles & Adami, 1998, Oxeogene 16: 1113-1123), p21 induction resal's in cell growth
arrest. This surge of p21 expression is ransient, however, and is followed by stable
activation of plé, which is believed to be responsidle for *he maintenance of grawth
arrest in senesceont cells. The knockout af p21 (Brown er all, 1997, Science 277; 831-

832) ar pl6 (Serrana ef @l 1996, C'efl 35: 27-37) delays or prevents the onser of

.2-
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senescence. Furihetmore, sctopic overoxpression of cither p21 or pi6 induces growth
arvest accompanied by phenolvpie marlcers of senescence in both normal and tumer cells
Nagtet al,, 1998, Call Growih Differ. 3: 129-146; MeCounell ot al, 1998, Curr. Hial.
8: 351-354; Fang ef @i, 1999, Oncogene 18: 2789-2797).

P21 has been independantly wdentified in the ait us a preiem thal binds and
inhibits CUKs {Harper e 2, 1893, Coff 75: B05-816), as a gene uypregulated by wild-
type pa3 (el-Deiry et al | 1993, Carcer Res, 55: 2910-2919), and as 2 growth-inhibilory

gene averexpressed  2eneseent fibrobla

ts (voda er ad, 1994, Exp. Cell Res. 211 50~
98). Tiecause of iis pivotal rale in p53-reguiated growth anest, p21 5 usually regarded
a5 a tumar suppressor, Nevertheless, p21 mutations in human cancer are vare (Hall &
Peters, 1996, Adv. Casicer Res, G5: 67-108), and 121 knockow nice devolop normally
amd <o nol sty anincreased tate ol pomoerigeresis (Deng ef af., 1995, Celf 52 673
684)

Cellular Jevels of p21 are increased it response to a vatiety of stimuly, including
DNA-damaging 2nd differentiating agents. Some of these responses are mediated
tarough transeriptional activation of the p2! gene Ly p33, ut p2 1 ig alzo repulalcd by a
variety of p53-mdependent favlors (reviewed m Garie & Tyner, 1999, Axp. Coll Res
227: 171-181).

Trangicot induction of p2 1 mediztes different forms of damage-nduced growth
arrest, inciuding tansient arrest that allows cells o repair DNA damage, as well as
permanent growtn arrest (also termed "acceleraied senescence”), which is induced in
nowmzl fibroblasts (Dileonardo ef ol 1994, Genes Develop. §: 2340-2331; Rohles &
Adarmi, 1998, Gicogene 16: 1113-1123) and tumor cells (Chang of af | 1999, Cancer
Kes. 59: 1761-3767) by 1)NA domage or inmoduction of oncogenic RAS (Serrano erar.,
1997, Ceil £8: 593-602). A surge of p21 expression alse coneides with the onset of

terminal growth arresi during yenlicafive senescence of aging fibrabiasts (Noda et af.,

13
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1994, ibid ; Alcotta&f al., 1996, Proc. Naid, Acad. Sci USA 93:13742-13747; Steih ef ok,
1999, Adal Cell. Biol 10: 210%-2117) and terminal differentiation of posimitotic cells
{E1-Deiry et !, 1995, ibid.. Gartel et af.. 1996, Exp. Cell Ros. 246: 250-289).

While p21 is wota hanscription faclor per se, it has indireet effosts on collular
gene expression that may play a role by ats cellular funchons {Jolto, 2000, 884 Rav,
Caneer 1471:M43-M56 and references therel). One of the consegqrences of CDE
inhinition by p21 is dephospborylation of Rb, which in trn wlubits E2F tansceiption
Jactors that regulale mamy genes involved in DNA replication #ad vell eyels prugression
{Meving, 1998, Cell Growth Differ, 9: 385-393). A comparison of p21-expressing cells
(p21 +*+yand p2 L-nonexprossing cells (p21 - has impheated p2 1 in radiation-indoced
inhibition ot several penes mvolved in cell cyele prograssion (de Toladao ey af, 1958,
Cell Growth Differ. 91 887-896). Another result of CDK inhibi‘ton by p21 15 stnnulation
of the wanscription cofactor histone acetyltrznsferase p300, that enhances many

inducthle transcription factors including NFeB (Perkius ef ol 1988, Science 275; 523-

527). Activation of p30t) ray have a pleintropic effect on gere expression (Snowden &
Perkins, T988, Biochen. Pharmocel. 53 1947-1954). pl] may also affect pene
expression througlh its interactions with many transciptional regufators aud corepulators
other than CDE, such as TNE kinases, apoplosis signal-regulating sinasz |, Myc and
olkers (Dulko, 2000, 864 Rey, Cancer 1471:M43-M36). These interactions may atfeet
the expression of geres regulated by the corncgponding pathways.

Another CI3K inhibitor of particular relevance to the present invenlion is
LM the hueman protein has been descrived oy Semanc ef af. {1993, Noiwre 366.
704-707).  As mentioned above, pl6é is an essertial regulator of senescence in
marmalian sells. Itis also 2 dona fide tumor suppressor and ong of tlie most commenly
nurtzaied penes in human cancers (Hall & Peters, 1996, ddv. Cancer Res. 68: 67-108).

16 is knowa o dirgetly inhibit CDK4 and CDKS, and may indirectly inhibit CDK2 ay

4.
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weil (MeConnel! or al., 1999, Molec. Cell. Biol. 19, 1981-1989).
SUll enother CDK inhibitor of particular relevanse to e present invenlion is

P27 T was

ally identified as an ichibitor of CIK2 in cells thel bad heen
growlh wrested by contact inhibition, TGF-P or lovastatin (Hengst ar ¢, 1994, Proc.,
Narl, dead Sei. US4 91: 5291-5295; Polyak et af,, 1994, Celf 78: 39-66). p27 ulso
mediates cell growil arrest in response to differentintnm, serunt stapvation, mrowih i
ruspension and ofher factors. Levels of p27 expression are frequently altered (both
reduced and increased) in human cancers relative to normal tissues (revicwed in Pailipp-
Staheli ef 4f., 2001, Sxp, Celi Res. 264: 148-161). p27 has also been proposed to
cooperate with wmor suppresser PTEN in one of the pathways leading o senescence
{Bringedd and Servano, 2000, Exp. Gereaiol. 33: 317-329).

“There vemaims » need in this o1z identify gepes whose expression is madulated
by induction of CDK inhibitor genes suen as p21, pl6 or p27. There is a!s0 a ueed in
thiz 2xf 10 develop targcots for assessing the effeets of compounds on cellular senescence,

cereinogencsis and age-relaied diseases.

SUMMARY OF THE INVENTION

I'his invention provides teagenls snd methods lor identilying penes whose
expression is modulated by induction of CDE inhibitor gene expression. The invention
also provides reagents ard metkods for idenlifying compounds that mhibit the effects of
CDK inhifitors such as p27, p27 2nd pl6 on cellular zene expresston, as a first step in
ratiomal drug cesign for preventing pathogenic consequences of cellular stnescence,
such as carcinepencsis and age-related diseases.

i & first aspecl, the invention provides o mammalinn cell contairing an inducible
CDX inhibizor gene. In prefered emhodiments, the CDE mivibiter gene encodes p2l,

pi6 or p27. Ir prefencd embodiments, the mammalian cell is o recombinant

o5
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mammalian cell comprising a recombinant crpression construct encoding an inducible
y2l gene or an inducible plG geae or an inducible p27 gene. Mors preferably, the
conslruct comprises a nuclzotide sequence ercoding p2 1, most preferably human p21,
under the anseriptional contral of an inducible promo‘er. [n alemative embodiments,

the construct comprises a nucleotidle seqguence encoding tne amnno-termingl portion of

p21 comprismg the 1Y hinding dumain, more prefersbly comprising smine acids 1

through 78 of the p2 ] amino acid sequence, In additional embodiments, the congiruct
comprises a nucleotide sequence encoding pl &, most preferably uman pl6, under the
wanscriprioral conwol of an inducible prometer, In additionsl embodinents, the
constiuet comprises a nucleotide sequence envoding p27, preferably hwman p27 or
mouse p27/, under Lhe irunseriptional contro! of an inducsble promoter. In preferred
emhodiments, the ndueihle promoter in each sush construct can be induscd by
contacting the sells with an mducihy agent, most preferably a physiolagically-nentral
induomyg agent, that induces wanscription fiom the inducible promo’er of hy tTemaving
an agent that inhibits transcription from suck promoter. Preferred cells include
mammalian cclis, prefeiably rodenut or orimats colls, and more prefevahly mouse or

Tinman eells. Ina parbicularly preferred embodiment are fik

surenme cells, more
praferably humar fibrosarcoma cells and nost preferably cells of the human HT1080
fibrosarcoma cell line and derivatives thereof.

In another embodiment of vhe first wspect of the favention are provided

recomhinanl mammalian cells comprising a recominant expression construet m whicha

reporier gene s under lhe transuripuonal sontral of a promaler derived Tom 4 cellniar
gene whase expression is modulated by a CIYK inhifhitor, mast preferably p21, pl§ or
PR7. in A preferred embodiment, the prowoter is derived firom & cellula gene whose
expression inéuced by a CDK inhibitor such as p21, p16 or p2?. I these embodiments,

the prowoter is most preferably derived frowe a gene idertified fa Tahie 1; however,

G-
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those with skill in the art will recognize that a prometer fror any gene whose expression
is irduced by CDK imhibitor genc cxpression cen be advantageousty used in such
construets. Most prefurably, the promnoter s derived from serui amyleoid A (SEQ 1D
NQ: 1), complement C3 (SEQ [D NO: 2), connestive hissue growth factor (810 [1) NO:
3). integrin §-3 (SBQ 1D NO: 4), activin A (3EQ 1 N0:9), maturat laller cell protem 4
{8EQ 11 KO: 6), prosapusin (3EQ TD NO: 7), Mac2 binding protein (SEQ 1 NO: 8),
galectin-3 (SEQ I NO: 8), superoxide dismutase 2 (SEQ 1D NO: 10),
granulin/epithelin (SEQ ID MO: 1), p66™ (SEQ 1D WO: 12), cathepsin B (SEQ 1D KO-

14), $-amyloid precurzor protein (SEQ 1D NO: 15), Lssuc bansghubaminase (-1 ase;

SEQ TD NO: 16), chasterin (SEQ ID NO: 17), prostacyelin stimulatiag fector (SEQ D
NO: 18}, vascular endothelial growth factor-C (SEQ D NO: 19) 2nd tissue mhibitor ol
metalloproteimase-1 (SEQ 1D NO: 200, Frelerred repurler genes comprising the
reconbinanl expression consiructs of the invention include firefly lucifernse, Renilla
luciferase, chloramphenicol acervitransferase, heta-palacrosidase, green thuorescent
protein, or slkaline phosphatase.

In additional preferred embodiments, the invention provides & mammalian cell
cotaprismg a first recombinant expression construct encoding a reporter gene under f1s
teanscriptional control of a vromoter for 2 memmelan gene whose expression is
modulated by a2 CDK whibiior, mos! preferably p?l, pl6 or p27, and a second
tecambinani expession constuet encoding 1 mammalian CDE inhisitor gene, wherein
expression of the CDK inhibiter is cxperimentelly-indueed n the mammaiian cell
thereby.  [n preferred embodimenis, the CDK whibitor gene is p21, pl6 or p27. In
preferred embodimenis, the recombinant expression construct encoding & mammakhan
CDK imhibitor gene is under the transeriphional conlrn! of an inducible heterologouws
promoter, wherein expression of the CDK hobiler om the recombinant expression

cocstuet is mediated by contzeting the recombinat cell with un tndusing agent that
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inducss transeription from the indueible pramoter or by removing, an agent that inhibjis
iranscription fromt such promaoter. Preterably, the constrict comnrises o ntcleotide
sequence cncoding p2l, most preferatiy homan p2l. Tn other embodiments, the
cousiruct comprises a nucleotide scqronce encoding the amino-terminal portion of p21
cemprising the CDE binding domain, more preferably comprising amine acids 1
througl: Y8 of the p21 anuno acid sequence. In alternative prefened embodiments, the
conslruet comprises 1 nueleolide sequence encading 16, viost preferably human pl6.
In akemsative prefered embodiments, the construct comprises & nucleotide scquence
cncoding p27, preferably humen p27 or mouse p27. In 2 prefered emizodiment of the
secomd recombinant expression consiruct encoding a reperier gene, the premoter is
detived trom a eellular gene whose expressior is induced by a CDK nhibjtor such as
P21, pl6 or p27. Inthese embodiments, the promoter is mosl preferubly derived lrom a

gene identifizd in Toble [ Preferred reporer genes comprising the second repambinant

cxpression corstructs of the invention nelude firefly luziferase, Remilla luciferaze,

chloramphenicol acetyitransforase, bela-galactosidase, green flugrescent protein, or
alkaline phosphatase. I a particularly preterred embodiment are fibrosarcoma cells,
more preferably human fibrosarcoma cells and most preferably human HT1080
ftbragarcoma cell lme wud dervatives thereofl the produet of the reporter gene or an
£nCogeEnons yene shat is induced by e CBE. uhibfor is preferably desected vsing an
immunolepical reagent, by assaying for an zerivity of fhe gene product, or by
hybridizatian to a conplementary uucleic acid.

In a second aspect, the mvention provides u serecning mezhod for identifying
compounds that inhibit CDR inhibiiur-induced expression of matiagenic or anb-apoplotic
factors in masumalian cells. In prefmred embodiments, the method comiprises the sieps
af inducing Lhe expression of a CDK inhibitor, most preterobly p2L. pL6 or p27, o the

cells in the prasence or absence of a compound. acd ¢omparing expression of e milegun

S5
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or anti-apoptotic compound, or a pharality thereef, in the conditionzd media. Inhibitors
of CDK inhibitor effeets ure identified by having a lesser amaunt of the mitogen or anti-
anoplobic compound, or a pluralify thereof, in the conditioned redia :n the preserce of
the compound faan in the absenee of the compound.  In the methods provided in this
aspeet of the invention, any CIIK wh:bitor-expressing cel is useful, most preferably
cells expressing p21, pl6 or p27, and 321, pl6 or p27 expression it such culis van be
schieved by inducing endogenous p21, pl6 or p27, or by using cells containing an
mducible expression construct encoding p21, pl6 or p27 according to the invention.
Preferred cells include mammaiian cells, preferably rodent or prinste sells, and mnore
preferably mouse or human eells. oo parbicclarly preferred embodiment are
fibrosarcoma cells, more preferably humim fibrosarcoma cells and most proferably
human IITI080 fibrosarcoma cell line and derivatives thercof. Mifogen m amti-
apoptasis corpound expression s detected using an ‘minurological reugert, by assaying
{o1 un aetivily ol the gene producy, or by hybrdizalion {o a complementary nucieic acid.

In alternative embodiments, the invention provides methods for 1dentifying
cummpaunds that inbit C DK inmbiter-induced expression of mitorenit. nr anti-apaptatic
factars i marmmalian cells, whareir the celle comprise a recombinant expression
construct encoding a reporter gene under fhe transeriptionzl control of a promoier of a
ceflular gene enceding a mitogenic or anti-apoptatic facter that is induced by & CDK.
inhibitor such as p21, plé ar p27. In prefored cubodiments, promoters melude the
prinnutens or connective tissue growih factor (CTGE; SEQ ID TWO: 33, activin 4 (SEQ
1D NO: 5), epithelin/granulin (SEQ I KO: 11), galeetin-3 (SEQ D NO: 9}, prosapesin
(SEQ ID NO: 7), clusterin (SEQ [D MO: 17}, prostecyelin sthuuleling Lwtlor (SEQ 1D
NO: 18), vascular endothelial growib factor C (SEQ TL N0: 19) und tasue inlibitor of
melalloprodemnase (SEQ IDNO: 20). Preferred reporter penes includc but arc not limired

‘o freefly luciferase, Renilla luciferase, (-galaclosidase, alkaline phosphatase and green

.
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Huorescent protein. fn thesc empodiments, inhibition of CDIL inhibitor-mediatod
induction of reporter gene cxpression is used to identify compounds that mhibit
induction of milogens or anti-apoptotic factors in CDK inhibitor-sxpressing cells.

In this aspect, the invention also provides a method for inhebiting production of

mitogenic or anti-apoptotic faztors or compounds o a manenslion cell, the method

cotaprising the steps ol conlueing the cell witia compound tha: inhibits production of
ilogenic o anli-apopiotic fictors, wherein said compound is identificd by the aforesaid
methods of this aspeelof the mvention. In preferred embodiments, the mammalian cells
contected with the inhibitory compeunds in which production of mitogenic or anti-
apoptotic factors is inhibited are fibroviasts, most preferably swomal fibroblagis. (o
preferred embodiments, the compounds are inhibitors of nuclear factor kappa-B (N1eR)
activity or expression,

In 2 third aspeer, the tmvertion provides methods for :dentifying compounds that
inhibit CDK inhibitor-mediated induction of cellulzr gene expression. ‘These methods
comprise the steps of ndueing or olherwise producing exoression of a CDK inhibitor
gene in a manuna.an cell; aszaying the ecil i the preseuce of the compound for changes
i cxpression of cellular genes whose expression 18 meduced by Lie CDI inhibitor:, and
identifving compounds that Intbit CDI inhibitor-medicted induction of cellular gene
expression if expression of the cellular pencs is changed 0 a Iosser extent in the
presence of the compovnd ‘han in the absenoe of the compound.  In preferred
embodiments, the CDK inhibitor is p21, pl6 or p27. In preferred embodiments, the
cellular penes aze induced by & CDE inhibitor, and compounds ihat nchibit this induction
of cellular gene expression are deiected by detecting exprescion of the ganes at levels
less than those detected when the CDE bhibitor is expressed L the absence of the
compound. In prefered embodiments of this espeet of the inveutive methods, the CDK

mnibiter i3 p21, plGor p27. In prefemed cmbodiments, the genes are identified in Table

10 -
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IL. Tn further alternative cimbodiments, the method s perlormed using & Tecombinant
wammalian ceit comprising a Teporter gene under the transcriptional control of a
promater derived from a gene whose expression is indveed by a CDK inhibitor, When
using sonsmucts comprising profclers derived from gencs induced by a DK inhibitor,
the reparter gene product is produced at lesser Jevels ir the presence the:1 the absence of
the compound when the compound inkibits or otherwise interfezes with CDK inhibitor-
mediated gene expression modulativa, I preforred embodinents of this aspeet of the
nvenlive metheds, the CDK inhibitar is p21, plé or p27. In these evibodiments, the
pramater is most preferably derived from a pene identiticd ir Table [L Most preferably,
the promoter is derived from scrum amyloid A (SEQ ID NO: 1}, complement C3 {(81:Q)
1D NO: 23, connective tissue growth factor (SEQ D NO: 30, integrin B-3 (SEQ ID NO:
4), activin A {SEQ ID ™ 3), natezal killer cell protein 4 {(SEQ 1D KO: 6), piosaposin
(SEC D NO: 7y, Mae2 bnding pralem (SEQ 11 KO: 8), gaiectn-3 {SEQ 1) NO: 83,
superoxide dismntase 2 (8143 1) NO: 10), granulin/epitheiin (SHQ 13 NO: 11), p66™

(SEQ ID NO: 12), cathepsin B (SEQ 1D NO; 14), B-amyloid precurser protein (STQ 1D

NO: 15), tisgue fransghtaminase (-TGase; SEQ 1D NO: 16), cluslerir ($EQ ID NO:
17), prostucyelin stimulsting factor (SEQ TD NG 18), vascular endothelial growth
faetor-C (SEQ ID NO: 19} and *issue inhibitor of metallopratzinase-1 (S0 1D NO: 263,
Preferred reporter peres comprisine the recombinant expression constructs of the
vvention  nelude  firefly loclicrase,  Renilia  lusitevasze,  chioramphenicol
acetyltransfecase, bela-galactosidase, green fluorescenl protem, or alkaline phosphatase.
I other prelured embodimentls, the cell comprises o Frst recombirant expression
constnict encoding A reporter geace under the transeriptional control of a promoter far a
mammalian gene whese expression is inducad by a CDK inhibitor, and 2 second
recontbinant expression construe” encoding @ mammalian CDE inkibitor gene, wherein

expression of the CDK ichibitor is oxperimentally-indueed i the marmmelian oell

S11-
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theredy. The procuct al'the teporter gene or the endagenous gene thatis imnuced by the

CDE inhibitor is preferably deiested vsing an immunolagical reagemt, by assaying foran

aclivity of the gene producl, or by hybridization to & complementary nucleie acid.

In a fourth aspect, the invention provides methods for ideruifying componnds
that inhibit pathogenic conseguences of senescence in a manuvakian eell, wherein such
pathogenic conscguences are modiated at least in pext by expression of gepes induced by
CDK inhibizors, These methods comprise the steps of treating the manrmalian cell in the
presence of the compound with an agent or cultunng the mammabian cell under
conditions that induee COK mhibitur gepe sxpression ; assaying the mammalian cell for
induetion of genes that are induced by CDK inhibitors, and identifying the compound us
an inhibitor of senesconce or pathogenic consequences of sencscence 1f expression ol
genes that are induced by the CDEK inhibiter 2re dnduced to a lesser cxwent in the
preserce of the compound than m the absence of the compound. In preferred
embodinents of this aspeet of the inventive msthods, the CDK ichibitor is p21, 016 or
p27. Tn preferred embodiments, the genes are identilied in Table L In lwiker
alternative embodiments, the method s performead using 2 reeombinant mammnalian cell
compriging a reporter penc under $he wanseriptional eonitrol of a dromoter Gerived from
a gene whese exprassion s modulatzd by a CDK inhibitor. [r these embodiments,
production ol the product of the reporter pere at lesser levels in the presence than the
aisence of the conpound wsing consirects comprising promota derved from penes
nduced by the CDK iahihitor, is detecied when the compound w6 an nhibitor of
nathogenic consequences of cell sencscence. In preferred embodimerts of this aspect of
the inventive metheds, the CDE inalbiter is p21, p16 or p27  The promolers mie
preferably derived from genes identified in Table 1L The pronoter inost preferably 15
derived from servmn amyleid A (SEQ ID NO: 1), complement C3 (SEQ ID NO: 2),

cannective tissue growth factor (SEQ TD NO: 33, mtegrin [-3 (SEQ 1D KO: 4), activin A

12—
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(SEQ D NO: 8), natuzal killer cell protein 4 (ST) D NO: §), prosaposin {SEQ) I Nex
7, Muwe2 binding protein (SEG ID NO: 8), palectin-3 (SEQ) [D NO: Y}, superoxide
dizmutase 2 (SEQ ID NO: 10}, granulinfepithelin (SEG 11D N1 1), phe™ (3EQ D
NO: 12), cathepsin B (SEQ ID KO: 14), Brany luid precursor protem (SEQ 1 NO: T5),
tissue transgluwemingse (-TGase; SEQ ID NO: 18), clusterin (3EQ ID NO: 17),
progtacyclin stinaufating factor (SCQ 1D NG- 18), vascular endathelial growth factor-C
(SEQ D NO: 19} and tissue inhimtor of metalloproteinase-1 (SECH T NC: 20). In other
preferred embodiments, the cell comprises a first recombisant expression construct
encoding @ reporter gene under the transcriptional contmol of a promoter for a
manunalian pene whese expression is induced by a CDE inhinilor, and a second
Tecombimant expression construct encoding a mammalian C13IC inhibiter pene, wherein
expression of the CDK inhibitor is experimientally-induced In the mammnalian cell
thereby. In preferred smbodiuents ol fais aspest of e venlive imethods, e CDK
inlibitwr s p2l, plo orp27. I a parbewlarly oreferred embodiment are Jbrosarcoma
cells, more preferably human fibrosarcoma cells and most preferably human HTINRD
fibrosarcoma cell Hine and derivatives thercof. 'The product of the reporter gene or an
endogeneus pene thal 15 mduced By the CDK mhilélor 15 preterably detected using an
anmunoclogical reagent, Ly aszayving for an activity of the genc product, or by
hybridization %o a complementary nucleic acid.

In a fifth aspeet, the invention prevides merhods for inhibiting pathopenic
sonscquences of cellular scnescence, such as carcirogenesis or age-relaled diseases, the
method comprising te steps of contacting the cell with a compond that inhibits
senescence or the pathogenic vouscquences of scnescence as delernined using the
methods provided in the atoresaid aspuets of the invention.

Inasiath aspeel, the mvention provides componnds rhar are idenritied using any

of the metheds of the invention as disclosed berein,

1% -
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In a sevenih aspect, the invention provides methods for inhibiting or preventing
pene axpression induetion by CDK ickibilors. In preftrred eonbodiments, the merhods

comprise fac step of conlacting a cell with a compound identified by the inventive

methuds fordenti

ing compounds that inhicit ot prevent gene expression induction by
3 CDK inhibitors. In preferred embodiments, effective anounts of the sonpounds are

frerpmrated into pharmacestical composiiioes using phamacenically-

cepluble cariers
or other agents ind administered to an auimel, most preferably an aalmal sulfcring from
adizease czused by CDE infubitor-itduccd gene expression. In preferred embodiments,
ihe discasc is cancer, Alzheimer’s disezse, renal disease, arthritis or 2zherosclerosis. In

10 pretzmred embodiments, the methods employ compounds that are NFxR inhibitors.
Specific preferred embodiments of the present invention will become evident
Iram the fetlowing more detziied deseniption o certam pre ferred embodiments g the

claims.

15
BRIEF DESCRIPTION OF THE DRAWINGS
Figwe | is a schematic diagram of the IPTG-regulated retiovaral veutor
TNP2ICO3 used to produce ke biumay 11080 fibrosarcoma e )line voariznt HT1080
p21-9.
20
Figure 2A s a graph of the time course 07 p2 1 mduction alter the addition o 30
pt IPTG, where p21 levels were determined by ELISA.
Fugure 218 is a @aph of the fime course of p21 degay atter removal of IPTG,
25

14
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Tigwme 3A ere photographs of gel clectrophoresis patems of RT-PCR
experiments (left), northern biot analysis of cellular mRNA expression {middlc) and
immunoblotting assays for IPIG-induced changes in expression of the denctled genes
(right};, O control urireated HT1680 p21-9 cells; It celis reated for 3 days with 50 nM

5 IPTEG. B2-microglabulin (B2-M} waz used as a normalizaiion contrel for RT-PCR and

£14 ribosomal protein gene for northem hybridization.

Figure 3B are photographs of gel electrophoresis of RT-PCR experiments {left)
and imuunoblotiing analvsis {right) showing the tinie course of changes in the

10 eapression of the deroled p21-mhibided genes cpon TG addition and velease.

Figure 3C arc phetegraphs of gel clcchophoresis patteras of RT-PCR
experiments {Ieft) and northern hybridization analysis (right} of the time course of

chunpes in e expression o7 the denoted p21-induced senes upon 1PTG acdition.

Figure 317 is 2 comparisen of gere exprassion i upmwanied contrai HT1080 pAl-

9 cells (C}, serom-starved quiesceit ceils () and IPTG-treated senescent cells ().

Figure 4 is a schermatic diagram of the TPTG-epulated retroviral vector
2 LNpl6RO2 used fo produse the human HTLOE0 fibrosaruona cell line variant HT1050/

LNpl6RO2.

Fipures 3A and SR are diagrans of changes in eell eyele diswibution of HT1080
pl6-5 (Figure SA) or HT1080 p27-2 (Figure SB) cells npon the addition of 50 p iPTE
25

Figurea 6A and 6B are photographs of gel ¢lectrophoresis patiems of RT-I'CE.

15
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experiments or delecting IPT{i-induced changes in expression of the denoted genes
upon 1IPTG-induced expression of p16 in HT1080 plé-5 cells {Fignre 6A) or p27 in
HT1080 p27-2 cells (Figure 6B). - control uneated ceils; + cells reated for 3 days

weith 50 uM IPTG. f-actin wax used as a normalization control for RT-PCR.

Tipure 7 ithustrates the effects of p21 incuction in HT1080 p21-9 cells an the
expression ol lucifuse reporter genes driven by the provioters of e indicated p21-
mdueible genes. The assays were earried out Sollowing nansient transtection, afrer two
daws (fur prosaposin promoter) or three days of culmive (for all the ofher promoters) in
the presence or in the absenve ol 50 WM IFTG. Tue essays were carried out i iplicale

{lor prosapesin} or in quadrupiicate (for all the other consiuets),

Figures 8A and 8B are graphs showing IPTG dose dependence of luviferase
capression in LuNKd4p21 cell Line aler 24 krs of [PTG treatnent (Figure $4) and Lhe

time course of hyciferase expression upon the addition of S0 UM IPTCG (Figuore 813}

Figures DA throvgh 9G ilustrate the effects of p21 induction in HT1080 p21-9
cclls on the expression of lnciferase reporier genes driven by the NFwTi-dependent
promoter (Figure $A) or by the promoters of the indicated p2 -indueille genes {(Figures
913 through 9G). The promoter-reporter constructs were mmixed ata malar tatio 1.2 with
vectors expressing a dominant inhibitor of N¥sB (IKK), C-runeated ELA muciant thal
inhibits p3O0CIP (F1AACK2), or nen-functional N-and C-nuncated version of BLA
{E1AAN/ACRY). Lusiforase levels wore imeasured after 3 days in the presence ot
absence of [PTG and nommalized cither by the levels of Renilla lucilerase exprassed

from the co-lrumsfected pRL-CMV plasmud or (in Fig 9C) by the level of cellular

_16-
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protein. The experiments wers carried out in triplicates.

Figure 10 15 a bar graph of Juciferase activity in LudTK4p21 cclls in the presence

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

¥igwe 11 is a phowograph ol gel elecirophoresis patiems of RT-PCR experiments
using LuNK4p21 for detecting inhibition of IPTG-induced charges in cxpression of the
denoted penes by different amounts of sulindac; [-zetin was used as  nommalizilion
confrol for RT-PCR.
10
Figures 12A through 12T illustrate the effects of p1 5 iduction in HT2080 pl6-3
cells on the expression of luciforase reperter genes driven Uy (e NFuB-dopendent
promuter (Figure 12A) or by The promoters of the indicated p21-intucible penes (Figures
T2R through [219). [nciterase evels were measured after 3 days i the presence or
15 aosence of TPTG and normalized by the levels of Renilla luciferase expressed from the
co-transiected pRL-CMY plasnud. The exgperiments in Fig. 124 and Fig. 12 were

carricd out in friplieates, and in Figs. 128, 12 and 120 ia sings voints.

Figures 134 through 138 jlustrate the effects of p27 induetion i HT1080p27-2

20 cells on fhe axpression of luciferase reporter genes driven by the NFxB-dependent
promoter {Figare LIA) or by the promoters of the indizated p21-inducible genes (Figures

138 thweugh 13E). In Fig. 13A, the promoetor-reporter covstruct was mixed at a molar

tahg 1:7 with 4 vector expressing 2 dominan? inhibitor of NFxB (IKK). Luciferase levels

were measured after 3 days in the pregonce or ahsence of WIV3 and nermalized by the

25 levels of Renilla lusiferase expressed fona the co-mmslected pRL-CMYV plasmid. All

the experjmerds were carmied out in triplicales,

17
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DETAILED DESCRIPITON OF THE PREFERRED FMRODIMENTS

This ir:vention provides reagents and methods for (dentifying genes involved in
mediating CDK, inhibitor-inducad cellular serescence md pathegenic consequences of
senescence, and compounds capable of Inhibitng senescence and pathogenic
corsequences of senescence in mamnalian eclls.  Pacticularly provided are
cinbodinents of such reagents and methods (or idencifying genes mvolved n cellular
senescence and induced by CDK inhibitors p21, p27 oz pl6.

For the puiposes of this invention, the term “CDY inhibito™ is incnded to
cueompiss members of o family of mamimnaion genes having lhe biocherical achvity of
cychin-dependent kinase mhibition. Explicitly contained in this defini*ion are the CDE
inhibitors 1515, pl4, pl& and particutarly p21, p16 or p27, the latter three of which are
particularly sweferred erabotients of the resgents aud metheds of this invention,

Fur the purposes of this luvention, referercs o "a cell” or "cells” is intended te
be cquivalent, and particuiarty encompasses in vitre culturze of mammalian cells grown
and maintained as known in the art.

For the purposes of His invention, reference 10 "eellular genes" in the plural is
intendsd to encompass a single gone 2s well a3 two or mrote gones. I owikl alse be
understond by those with skill in the art fhat effects of modulatior. of cellular gene
cxpression. of roporter constrocts under the transcriptional contro! of promoetors derived
from cellular gores, can be detected moa first gene and then the effect replicated by
testing a second or any number of additional genes or reporter gene ¢onstructs.
Altornatively, expression of two or more genes or reporler gene conslue's can be
sasayed simultanceusly within the scope of Ihis invention.

As used herein, the term: "conditioncd media” is intended to encempass ccll

culiure media conditioned by growth of CDK ihihitor—-expressing celis that confaing

- 18-
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mitogeric or anti-apopiotic factors. The conditioned media is produced in a prefered
embociment by culiuring CDK inlubitor—expressing cella in a mammalian cell sullure
mediun, most preferably a synthelic mediun that does vot contiun serum additives.
Any CDK inhibitor-expressing cell is useful for the procuction of said condifoned
niedia, snd CDK inhisitor expression in such eclls can be achicved by inducing
endogencus CDK inhibitors (such as by reaimentwith DNA damaging agents, ionizing
or elraviolet radiation, or eonmet mhibivion) or by usiag cells containing an inducible

CDK inhibiter expression construct according to the invention and culmring the ceils in

a pirysiclogically-neuixal ixducing agent. Ln preforred embodiznents of this zspect of the
mvention, ‘he CIIK mhibior s p21, p16 or p27. Preferred cells inclide mammalign
cells, preferably rodent or primare cells, and more preferably movse or human eells. 4
particularly preferred embodiment are fibrosarcoma cells, more preferably human
fbrosarcoma cells and most preferably human HT103C fibrosarcoma cell lice and
Cerivatives thereof,

For tae purposges of this mvention, lhe e "senescence” will be undersiond
inchde permanent cessation of DA replication and cell growth not reversible by
growth factors, sueh as vccurs at the end of the proliferative lifespan of normal eclls or
11 normal or wimar cells m response to cylotoxic dmgs, YN A damage or other cellalar
nsult.

Senescence can be induced i a mammalian celd i a sumber of ways, The Grst
is a nawral consequence of norozal cell grawth, cither fi viw or it vitre: there are a
limited number of cell divisions, pastages or Zeneralions that a 2ormsl eell can undergo
hefore it becoines senescent. The precise pumber varies with cell ype and apecics of

origin (Hayflick & Mouorhead, 1963, kxp, Cell Res. 2

§3-G21). Another method for
mducing senescence in any cell type is treanment with cytotoxic drugs such as most

anlicimeer drugs, radiation, and cellular differentiating agents. See, Chang ef ol 1999,

18-
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Cancer Res, 39:3761-3767. Senescenee also can be rapidiy indused inany tnammalian
cell by trapsducing inte that ccll & Rimor suppressor gene {sueh as ps3, p2!, pl6 ot Rb)
and expressing the gene therein, See, Sugrue et al, 1997, Proe, Natf, Acad. Sei. US4 94:
D648-9653; Uhrbowm ef af., 1997, Orcogene 15: 505-514; Xu &f af., 1997, Oncogene

15 2589-2556; Vogtet al, 1998, Cell Growth Differ. 3. (39-146

For the parposes of s invertion, he woa “patholog coussouenves of
senescenee” s inlended to sncompass diseases such ss canger, athevesclerosis,
Alzheimer's discase, amyioidogis, renal disease and arthritis,

The reagents of the present invention include any mammahar ceil, preferabiy a
rodent er primate cell, more preferably 2 mouse cell and maost preferably 4 human cell,
that can induce expression of a CDK inhibitor gens, wost preferably p21, pl6 or p27,
wherein sush gene is eliher the endogenous gene or an exogenons geng inirpdoced by
wenatic engineering.  Althaugh the Exemples disciose recombirant mammalian cells
comprising recombinant cxpression constucts encoding inducible p21, p27 and pl6
gencs, it will he understood that ‘hese embodiments are merely a matter of experimenial
design choite and convenience, wnd that the invention fally encompasses induction of
endogenons CDK irhibitor penes suen as p21, p27 and plo.

In preferted embediments, the invention provides mammaliae sells containing a
recombinant expression construct crcoding an mdueible mammaban p21 gene. Ia
proferred embodiments, the p21 gene is huinan p21 having nucleotide and aminn acid
stquences as sol Forth in (1.8, Patent NO; 5,424,400, incorporated by reference herein,
In ahernative embodiments, the p21 gene is an amino-terminal pertio of (ize human p2 [
gexe, preferably comprising arming acid residucs | ikraugh 78 of the native human p21
protein (us disclosed in (1.5, Patent NO: 5,807,692, incorporated by reference) and more
prefershly comprising the CDK bindiag domzail comprising azninu zuids 21-71 of the

nanve nan p21 protein (Nekunishi ef af., 1995, EACRQ 4. 14; 553-563). Preferred

S

JP 2004-535775 A 2004.12.2



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

wn

20

(214)

WO 02066681 PCT/LS0202784

host cells include mammaliz eells, prefsrably rodent or primete cclls, and mors
preforably mouse or human cells. Particularly prefored embodiments are fbrosarcoma
cells, more preferably human fibrosarsoma cells a2d most preferably cells of the human
HT1080 fibrezarcoma cell line anc derivatives thercof. A most preferred cell line is an
HT 1080 fiovosarcoma cell line derivative dentified as HITT080 p23-9, deposited on
April 6, 2000 with the American Type Culture Collestion, Manassus, Virgmia T.S.A.
wmder Accession No. PTA 1664,

Tn alternative prefecred embodiments. (e invention provides mammaiian cells
containing a recombinant exgression construct encading an iaducible mammaliza pl6
gere. In preferved erabodiments, the pl6 gene is human p16 having nucieotide and
amino acid gequences as sct forth in NCBI RefSeg MNM_000077 cud NI* 000068,
Preferred Loust cells include mammalinm cells, preferairly radent or primmate cells, and
maore preferably mouse or humaa eclls.  Particularly preferred embodiments are
fibrasarcora ceils, more preferably buwman fibrosarcoma cells and most preferably cells
ol the human HT 1080 fibrosarcora cell line and derivatives theveof. A inost prefeed
cell line is an T 1080 fibrosarcoma cell line devivative idemified & HT1080 pl6-3,
depasited on January 31, 2002 with the Amerean Type Cullure Collection, Manassas,
Virpmia LS A, uniler Aceession No, _ _

I aliernative preteited corbodimends, the invention provides raznicnalian ¢olls
conteinmg a recombitant expression consinct encoding an imducible mammalian p27
gene, In preferzed embodiments, the p27 gene is humanp p27 having nucleotide and
amino acid sequences as set forth in NCBI RelS3eq NM_004064 sud NP_004055 o
mowse pl6 having nueleotide and aming zoid sequerces as set forth in NCBI RefSeq
MM Q09375 and NP 024005, Preferred bostcelis meiude mammralian cells, preferably
rodent or primate cells, and more preferably mouse or humae cells.  Partioularly

proferred ermbediments are fibrosarcoma cells, more preferably maman fibrosarcoma

S22 -
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cells and most preferably cells of the human HTTOR0 fibrosarcoma ¢ell line and
darivatives thercol. A most preferred cell line i en 1T 1080 fihrosarcoma cell line
derivative jdentifieg az H'TI1080 p27-2, depesited on Janvary 31, 2002 with the

Amencan Type Culture Collection, Manassas, Vivginia 1.8 A, under Accession No.

Recombinant expression constructs can ¢ antredoced o appropriate

oarmalian cellz as understood by tose with skill in the avt. Preferred embodiments of

said consfructs are produced in transmissiole vectors, more preferably viral vectors and
most breferably retrovins vectars, adenovirus vectos, adeno-associated virus veetors,
RNE VeI virns vestors, as knewo in the el See, generully, MOIECULAR VIROLOGY:
ATRACTICAL ATTROACH. {Davisor. & Elliot, ed.), Oxford University Press: New Yok,
1993,

I additionally preferred embodimnents, the recombinaml cells of the nvention
contan a consiruct encod’ng an mdcible CIK inhibitar gene, wherein the gene is under
the ranseriptiona; control of an inducible promater. Inmore dreferred sirbodiments, the
inducible promoter is responsive 1o & rans-acting factor whase etferts can be modulared
by an indueing agent. The inducing agent car. be any fzctar thet can be manipulated
experfmentrlly, inelcding temperature and most preferably the presence or gbsence of an
inducing ageni Praferably. the inducing agent is a chemical componnd, most preferabiy
a physiologicaily-nertal compound that is spacific for the irans-acting factor. In the use

of construets conprising inducivle promoters as diselosed

zity, exaression ol CDK

inthibfror from: the recombinant expression construct is mediated by contacting the

recombinant cell with an inducing agent that mduces lensertation rom the industole
promoter o by removing an agenl that mbihils ranseriphon Fom sueh promoter. In

preferred embodiments of tais aspeer of the inventive methods, the CIDK ichibitor 1s

2L, p27 orpl6. A variety of inducihle promoters and cognate frans-aeting laciors are

.22
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known in the prior ar:, including heat shook promeiers then can be activated by
increasing the iemperature of the cell culture, and more preferahly sromoter/factor pairs
such as the fez pronoter and ifs cognaie fer repressor and fusions thereof with
mammalian ranseription fac‘ors {as arc disclosed n 118, Pateni Nas. 5,654,168,
5,851,796, and 5,968,773}, and the basterial Jae promoter of the iactose operon and us
cognate lacl represser protein. I a prefered embodiment, the recombinant ccil
expresses the lacl repressor protein and a recombinant cxpression construet cneoding
human p21 urder the control of 2 promoter comprising one or a nwltiplicity of Jec-
regponsive elements, wherein expression of p21 can be induced by contacting the cells
with the physiologically-neuntral inducing agent. isopropylthio-f-galactoside. 1In this
preferred cmbediment, the fzel repressor s encoded by a vecomhiuant expression
construet idertitfied 25 3'S8 (commercially available from Stratagene, LaJolla, CA). In
altemative prefened cmbadiments, the rzcombinant cell expresses the Jacl repressor
prote’n and 2 recombinant expression consiruct encoding human pl6 under the control
of 4 promoter comprising one or & nultiplicity of lac-responsive elemernts, wherein
expression of p16 can be juduced by contacting the cells with the physiologically-ncutzl
indueing agenl, wsepropylino-f-galictosiie.  In this prefamed embodiment, the foel
repressor 8 encoded by the 3°55 reconnbinant expression construct (Statagene). In
aliernzave preferred embodiments, the recombinant cell expresses the kel repressor
protem and & recombinant expression comsbuel encoding human p27 or mouse p27
uneler (he control of 4 promoeser comprising ons or a multiplicity of fmc-responsive
elements, wherein expression. of p27 can be indvced by centacting the cells with the
physivlogically-neulral inducing agent, isopropylthio-f-galactoside. In this preferred
embndimens, the Jacl repressor is enceded by the 3788 recombinant expression conshuet

(Stratagene).
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The invention alse provides recombinent expression constructs wherein a
reporier gene is under the Fanscriplional conirol of a promoter of a gene whose
expression is meculated by = CIDK inbibitor such as p21, plé or p27. These include
genes whose expression is induced by CDE mhibitors. In preferred embodimenis ofthis
azpeet of the invention, the CDK inhibitor is p21, plG or p27.  In profered
emondiments, the promoters are derive] from genes whose expression iy induced or
atherwise increased by CDK imhibitor expression, and s1e identified in Tazle IL Most
preferably, the promoter 15 derved from senan amyloid A (SEQ IDNQ: 1), complement
3 (812 TL NO: 2), connective tissue growth factor (SEQ [D NO: 3), integrin p-3 {(SEQ
1D NO: 4, zctivin A (8EQ [D NO: 5), nacural kilier cell protein 4 (SEQ ID NO: 6).
prosapesin (SEG D MQ: 7), Mac? binding proiein (SEQ ID NQ: §), galecin-3 (SEQ T2
NO: 9), superoxids dismntase 2 (SEQ 1T NO: T, maouiideprihein (8B D NO: 119,
[ {SEQ ID NO; 12), cathepsin B (SEQ ID NO: 14}, f-amyloid precursor protein
(SEQ ID NQO: 15), tissne ransghiaaminase (-TGase; SEQ IR NO: 16), chusterm (SEQ
1D WO 17), prostacyelin stimulating factor {(SEQ ID WO: 18), vaseular endothelial
growth factor-C (SEQ ID NO: 19} and tissue inhibitor of metalloprotcinase-1 (SEQ TD
NO: 209, These reporter genes are then used as sensitive and convenien® indicators of
the effects of CDK inhibitor gene exoression, and enable compounds that inkibit the
elfects of CLIK whibitor expression in maminalian eells to be ezsily identified. Host
cells for these constcts include any cel] i which CDX inhibitar pene sxpression ean
be induced, and prefecably inslade cclis alse containing recombinant expression
constructs conlaining an inducih'e CDK mhivitor gene as desaribed abave, Reporter
genes nsefil in the practice of thiz aspect of the iavention inclide but ave not imited to
firefly luciferase, Renilla Ineifarase,  chloramphenicol  acelylransferase, “eta-
galactosidase, geesn flnorescen( prolein, and alkaline phosphalase. Pariculurly prefemred

embodimenis are {Gbrosarcoma cellz, more preferably human fibrosarcoma cells and
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taost preferably cells of the human HT1080 librossteoms celi line and derivatives
thereof. A most preforred cell line is un [T 1080 fibrosarcoma cell line derivative
identified as [TU1080/1.0NK4p21, deposited on May 17, 2001 with the American Type

Culture Colleetion, Manassas, Virginia 115 A, under Accession Mo, PTA-3381,

In preferred embodimears, o cording o the e

Hon comprse both a first
Tecombinunt expression construct encoding 4 reporter gene rocer the transeriptional
control of a oromoter for a mammalian gene whoge expression is nodulaicd by s CDK
inhibitor, and 4 second recembinant expression construct engoding a mammalian CDK.
inhibitor gene, wherein CDK inhibitor expressien is experimentally-inducible thereby in
the mamumaliz: cell. In preferred embodiments of this aspeot of the nvention, the CDE
inhibitor is p21, pl6 or pL7. In altemative embod:ments, the invention provides a
mammalian ceil comprising a recombinant expression corsiruct encoding a reporter
gene under the transeriptiona’ conirel of a promofer for a mammalian gene whose
expression is induced by a CIK inhibitor, wherein the promorter is from the gene
encoding connective tissue growth factor serum amyloid A (8EQ ID NO: 1),
complement C3 (SEQ ID NO: 23, connecilve Ussiae growla Facler (SEQ 1D NO: 33,
inleprin B-3 (8EQ B NO: 4} uetivin A (16 11 NO: 3), natral killer cell profein 4
(REQ NI NO: 6), prosapesin (SEQ 1D NO: 7), Mac2 binding provein (SEQ ID NO: 8),
galectin-3 (SEQ ID WO: 2), superoxide disumtass 2 (SEQ ID NO: 10),
granulindepithelin (S0 1D NO: 1), paa™ ($TQ 1D NO: 12), cathepsin B {SEQ M N0,

14), pramyloid precursor protein (SEQ 1D NO: 15}, tissve transgluteminase (t-TGase;

2117 NCY: 16), chasterin (SLQ IR NO: 17). prostacyelin stimulating facior (SEGH D
WO: 18}, vaseular endothelial growth facior-C (SEQ 10 NO: 1) aod Gissue inhibilor o’
metalloprotemase-1 (SEQ Y NO: 20, [npreférred embodiments of this uspect of [he

invention, the CK inhibiter is p21, pl6 or p27.
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The inventior. alse provides screening methods for identifying compounds that
ihibil CDK inbihilor-induced expression of mitngenic or anti-apoptotic factors in
mammalian eetls, In petorred embodimenis, COE inkhibitor expression i3 induced ina
marimakian ecli enltare in the presence or absencs of corpounds to be identified as
inhibitors of CY inbibitor-nduced sxpression of milogenie ot anti-rpopiotic factors.
Compourds are identified as irtibuters by inducing expression of CDE infubitor in the
cells, and comparing the extent of expression of 2 mitogenic or amti-upoplotic factor, ora
pluraliiy thereof, in the preseoce of the compound with expression in the absence of the
compeund, and inhisitors identified as compounds that have a reduced amount of
expreggion of & mitogenic or and apeplotic fastor, oru purakity thereol, ke presence
of the compound. In preferred embodiments of this aspect of the vention, the CDE
inhibitar s p2Z1, 216 or p27. Any CDK inhibitor-expressing ccll is useful for the
pruduction of satd condilioned meedia, and CDE inhibiler expression f suck celis conbe
achieved by inducing endogenois COK inhibitors (such as by treatment with DNA
damaging agents and other eytotoxic compounds, and ionizing or ultraviolzt radiation, or
contaet nhibition) or by using cells containing an nducble CDK Mhibilor expression
songtmet according o the invention and culturing the cells in a physiologiczlly-neutral
mducing agent. In preferred embodiments of this aspeet of the invention, the CDK
inhibitor s p2 1, pl6 orp27, Preforred cells melude mammalian cells, preferably rodent
or primate eclls, and mere preferably movse or Inman cells. Paciiewlarly proterred
cmbaodiments eic fbrosarcoma cells, more prefersbly human {ibrosarcoma cells and
most yreferably cells of the humman HT1080 fbrosarcoma oell line and detivatives
thareof. An exerplmy cell line ascerding to ¢hus particolarly preferred embodiment uf
the invention is an AT 1480 fibrasarcoma cel] 'ine derivalive idenlifed as HT1080 p21-
9, deposited on April 6, 2000 with the American Typz Culurs Collectinn. Manassas,

Virginia T.5.A. nnder Accession No. "'I'A 1664, An exemplary cell population is a
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Aumen HT 1080 fibrosarcoma detivalive dentified as 1 TO80/.Np 16102, deposited on
Qctober 19, 2000 with ke American Type Cuiture Collection, Meanassas, Virginia
U.5.A. under Accossion No, PTA-2380. Another exemplary ceil line aceording vo ks
partietacly preferred embodiment of the invertion is an 11771080 fibrosarcoma ceil line
derivative idertifisd as ITT1080 p16-5, deposited on with the American Type
Culture Collection, Manassas, Virginia U.8.A. urder Accessior. No.
Another exemplavy cell [ine according w this particuiarly prelerred cinbodiment of the
invention is a1 HT 1080 fierosarcoma cell line derivative identified as HT1080 p27-2,
deposited on with the American Type Cultuze Collection, Manaz:as, Viginia
TLE.AL under Accession K. _
In wremative embodiments, the invention provides metheds tor identifyme
compounds that inhibis CDEK ichibiter-induced expression of mitogenic or anti-apopiatic
[aedors i mamoralian cells, wherein the cells comprise s recombinurt expression
construct encoding a reporter gene under the. transeriptional control of & promeoter of a
celivlar gene that is indueed oy 2 CDE inhibivor. Tn preferred embodiments of this
aspect of the invention, the CNK mhibimr i p2l, plé or pi7. Preferred promoters
jnclude the promwters for conmeclive lssue growih factor (CTGF. SEQ TD NO: 3),
astivin A (SEQ ID NO: 5), epithelingranulin {(SEQ [D NO: 11), galeotin-3 (SEQ ID
NO: 9), prosaposin {(SEQ D NO: A, clusterin (SEQ T NO: 1)), prostacyclin
silulating factor (SEQ TD NO: 18), vascular endethclial growth faclor —C (SEQ TD
NO: 19) and tissue infubiter o melalloprateinase (S1:Q 1) NO: 20), Prefared reporier
enes inciude bur are not lirted to fivedy lnciferase, Rendila uciferase, [i-palactosidase,
alkaline phosphatase and green [luorescent protein, all of which ure commercially
available. Inthese einbodimen's, CDE inhibitor expression s iuduced in the ceils, and
the extenl of expression of the reporter gene is compered in the presence of the

compeund with expression in the absence of the componad. Inhibitors are identi fed as
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aompounds that provide a reduced amount of expression of the reperter gene in the
presence of the compound than i the ebsenee of (e compound. Any CDK inhibitor-
expressing cell is useful in this aspect of the invention, and CDE. inhibitor expression in
such cells can be achieved vy indueng the endogenais mhitar gene {for exampie, ny
trentment with INA damaging apeuts or nther cylomoxic compolmuds, lonizing or
uliraviolet radiation, or contact inhibition) or by using vells containing an inducible
CDEK inhibitor expression constuct aceording to the inventior and celturing the ecls in
a physiologically-neutral mcucing agent. In preferred embadiments of this aspect of the
invention, the CDE fmhbibitor is p21, p16 or p27. Preferred cells include snammation
culls, preferably rodent or primate cells, and more prefsrably movse or human cells. A
particularly prefemed emhodiment is fibrosorooma celis, mare oreferably haman
fibrosarcomna cells and most prefevably human HT1080 fikrosarcoma cell line and
derivahives thereof. A wmost preferced cell line 15 an HT1080 fibrosarcoma cell line
derivative identificd as HT1080/LUNKAp2), deposiicd on May 17, 2001 with the
Amenicanr Type Cullure Collection, Manassas, Virginia TU.5.A. under Accession Na.
PTA-338L

The invention vrovides methads for wenlilying ompewnids that inhibit
puthogenic consequences of cell senescence, whereby the effscie of the compound are
agsaycd by determimine whether the ¢ompounds inhibit nduction of gencs whoss

expression is induced by a CDK inmbitor. T the praclice of the ruelhads of The

invention, culured mamunalian cells in which 2 CDE inh'bitor can be induced are
treated ko induce the mhililor gene, for example, by ionizing or ulmviclet radiation, or
conlact inhibition ireatment ar treatment wirh aytotoxic drugs, or ransduced with a
ransmissiale vectar encading a CLAC inhibitor. In preferred ambodinrents of this espect

of'the invention, the CDK inhibiter is p21, pi6 vrp27. More sreferably, HT1080 p21-9

cells are used i which p21 czn b inluced by conlacting the eells with IF1G (depusiled
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on April 6, 2004 with the Amerisan Type Cullure Collcotion, Menassas, Virginia U.S.A.
under Accossion No. PTA 1664), er ITT1080 pi6-5 cells (deposited on Jatuary 31, 2002
with the Amenean Type Culture Collection, Manassas, Virginia U.S.A. under Accesrion
ko, yare used m which plé can be mduced with TG, or HTTOR) p27.2 cells
{deposited on January 21, 2002 with the Amencan Type Culture Collection, Manassas,
Vizginia 11.8.A. under Aocession No. are used it which 927 can be induced
with IPTG. Typically, cclls arc grown in appropriate cu.lure meodia (a.g., DMEM
supplemented with 10% fetal calf seruom (FCS) for HT1080 derivarives), In HT1080
P21-9, HTi080 p16-5 or HT1G80 p27-2 cells, CDK inhibitor gene expression is induced
by adding IPTG to the culture media at a concentration of about 30pM. Typically, the
CDK iehibitor is induced in these zells i the presence ot absence of the comnpound to be
tasted according to the methods of the invention. wRINA is *hen iselated from cells in
which the CDE irhibiter is induced, and expression of genes that are regulated by CDK.
inlhibitors is analyzed. Cxpression i compared m cells in which the CDE inhibitor is
induced in the presence of a2 compeund with expression induced. in the absence of the
comnound, and the differences used to ideniify compounds that zifect cellular gene
expression accordmg lo the methnds set frwth herein. In certain embodiments, cellular
gens expression is analyzed using mieroatrays of oligonucleotides or cellular eliNAs
such as arc commereially available (for example, from Genome Systems, Inc., St. Touids,
MO). In aliemative embodiments, genes *mawn fo be induced by CDE. ichibitors ase
assuyed. Gene expression can be assayed either by analyzing ceflular xRNA or prolein
for one or 2 pluralny of CDK inhibitor-mudulated genes. In prefened erabodimenits of
this aspect of the inventien, the CDE inhibitor js p22, 516 or p27. Most preferably, the
genes nzed in these assays are genes identified in Table IL

In slternative cmbodiznents, such compounds are jdemtified jndepsndently of

CDK inhibiter-dirceted experimental manipulation. In such assays, cells are treated to
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irduce senescence in any of the ways disclosed sbove. including but not limited to

meatment with cytotoxic drugs, radiation or cellular differentating sgents, of

introduction ofa fumor suppressor genc. Expression of genes (hat are induced by CIHE
inhibitors is analyzed ia the presence or sbsence of the test compound. Most preferably,
the aenes uzed in these assays are zenes identified in Table 1T, using the types of mENA

and protein assays disoussed apove for gene expressivg avalysis,

In altemative exbodiments, the cells inwhich s CDI inhibitor is induced further
comprise a recombinant cxpression construct encoding a reporter gene under the
transcriptional conwol of a promoter of a cellelar gene that is induced by a CDK
irhibitor. In preferred embodiments of this aspect of the invention, the DI fnhibitor is
p2l, pleor p27. In prefe:red embodiments, the cellular gone is a gene that is induced
by the CDK minkiler, and the prumeter s denved from o gene idenlified in Table 11,
Exaraples of known pramozers for such genes melude sertm amylaid A (SEQ ID NG:
1), compiement C3 (SEQ TD NC: 2), connective tissue growth factor (SEQ T NO: 3},
inlegrin B-3 (S13Q ID NG: 4), activin & (SEQ ID NO: £), natoral kiiler cell protein 4
{SEQ ID NQ: 6), prozapogin {3EQ [ NG 7), Mac2 binding protein (SEQ ID NO: §),
galectin-3 (SEQ ID NO: 93, spperoxide disnutase 2 (SEQ 1Y NO: 10,
granulin/epithelin (REQ 1IN0 10, pEA™ (S0 11 NO: 123, cathepsin B (S0 T NG
14). B-aroyioid precursor protein (SEQ I NO: 15), tissne Tansglutaminase {i-TGase;
SEQ ID NG 14), clasterin (SEQ D NO. 17}, prosmacyelin stimuiating factor (SEQ ID
NG: 18), vasoular endothelial growth factor-C (SEQ 1D NO: 193 ard tissue inhibitor ot
metalionreteinase-1 (SEQ [0 NO: 20). Freferrec teporter zenes :nelude but arve not
fimiled to livefly Tuciterase, Renilla luciferase, [i-palactosidase, alkaline phosphatase and
areen fluoressent protein, all of winizh are commercially available.

The inventon also provides methods for idenlifying genes associuted with

cellular senescence wnd pelhogernic consequences of sencscence or that mcdiate the
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etfiects of CDK inhibitor-induced celiniar sencicence. Induction nf CRE inhibitors turna
ouf to be an infegral parl of cell growth amest associated with seacscence, terminal
differenfistion and response to cellular damage. As deseribod m the Ixamples below,
cDNA arrey hybridizaion shawed that these effects were due (o p21-induced changes in
gene expression. p21 selectively induced genes that have beep associated with cellulat
senescenoe and aging or have been implicated i age-related diseases, meludng
atherosclerosis, Alzhciner's Gisezse, amyloidosis, renal disesse snd aribritis, These
findings suggested thai cemulative effects of p2l induction in an organism may
corttigute o the patimeenesis of cancer and age-reiated diseazes. In addition, a number
of p21-activated genes encode seereted proteins with potentiel paracone effects on eell
wrowtaand apoptosis. In agreement with this observation, conditioned media fromp2 1-
induced cells showed mitopenic and anti-apeptotic activity,

In addilinn, the results presented jnihe Exwoples helow demomsirated that
induced expression ol plé or p27 mimicked ke effects of p21 gene expression, and that
the same genes whose expression was modulated by p2l gene expression were also
muodulaled by pl6 ov P27 gene expression [see Figure 6}, ‘Thus, the methods of the
inveation have been extended to includa cells i1 which plG or p27 gene eaxpression is
induced, either by ircuction of the endogenous pl6 or p27 gene of n recombinant cells
comprising an inducible expression constuet encoding p16 erp?7.

The ebserved effects of COE inhibitor induetion, particulaly p2 L, pl4 and p27
mduction on gene eapression show numernus correlations with the changes thal have
been associated with cell senescence and organisin aging, Some of these correlations
oome frons the analysis of genes that ave imhibited by CDK inhibilers. Thus, senescent
{ibroblasts were teporied to express lower levels of Rn (Stein e ol 1999, Mol (ol
Biod. 19! 2109-2117), us wus voserved upen p2l induction. Tt is also interesting that

three genes that are juhibited by CDE inhibiters, CHLL, CDC21 and RADS4 encode

-a1 -
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mnembers of the heliease family, A deficiency in another proteis of The helivase yroup
hus beer. identified as the cause of Werner syndrome, a clinweal conditivn ussociated with
premature aging and, at thz cellular level, accelerated senesoence of eells in culture
(Gray af ol , 1997, Nowre (eaed. 172 100-103),

“The strongest correlalions with ihe senescent phenetype, however, come fFom
identification of CDK irhibiter-induced genes, many of which are known to increase
their levels during replicetive senescence or orpanism aginp.  Overexpression of
extracellular matrix (BCM) proteins is a known hallmark of replicative senesecnee, and
two CDK irhibitor-indueed genes in this group, fibroneetin 1 snd plasminogen activator
inhibitor 1 {PAT-1), tive been trequently asseciiled with vellular senescence (reviewed

n Crisofalo & Pirmolo, 1996, fxp. Geronrol.

F11-123). Other CDK inlubitor-
irduced pencs raat were also revorted to be overexpressed in senescent fibroblasts
include tissue-type plasminogen aclivaior (FPA; West ef oL, 1996, Exp. Gerontol. 31:
175-193), cathepsin B (diPaclo e of, 1992, Exp, Cell Res. 201; 500-503), ntegrin [i3
{(Hashimote ef al., 1997, Biochem. Bioplyy. Res. Commun. 250: 88-92) znd APP (Adler
er al., 1991, Proc. Nad., dead. Svi USA RS 16200, Expression of several CIYK
mhikfor-induced proteins was shoven to correlate with organism aging, meluding tPA
and PAI-1 (Hashimoro et al., 1987, Tliomb. Res. 45: 625-633), cathepsm B (Bemstein
et al, 1990, frain Res. Bull. 24: 43-549) activin A (Laoviz « al, 1998, Eur J
Fadacrinol. 139: 487-492), prosaposic Odadue ef o, 1994, Blchen. Mol Biofl it
34: 1063-1071), APF (Ogomori ef al, 1988, J Geroninl. 43 BIST-B162), SAA
(Rosential & Franklie, 19735, J (8. Drvesy. 350 746-753) and tTGase (Singhal er 07,

V97, Investig, Med.,

S67575).
The most commomy used marker of cell senwscence s the SA-R-gal activity
(Dt e af., 1995, Proc. Nad. Aced. Sci. USA 52: 9363-0367), This pena is stronply

clovatcd in 1P 1G-treated H11080p21-9 cells (Chang er al., 1999, Oitcogene 18: 4808-

_a3.
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4B18). SA-P-galwas snggested to represent inereased activity and altered localization of
the iysosomal B-galactosidase (Dimt af of, 1995, ibid.), and ot studies have
deseribed elevated lysosome activities in senescentcel's ({ristofalo & Kabakijan, 1975,
Mech. Aging Dev. 4:19-28). Vive lysosomnil enzyres appear in Table I, meluding N-
acetylpaiaciosamine-6 - sulfute sulfatase (GALNS), catbepsin B, acid n-glucosidase, acid
Tipuse A und lysosomal pepstatin-insersitive protease. p21 ulso uprepuiated genes for

mitackondrial proteins SOD2, metazir und 2, +-dienoy]-CoA raductase, which correlares

with reports of differsut mitochendrial senes overexpresssed n senesvent oells (Doggeti

of al, 1992, Mech. dging Dev, 65: 239-255; Kodama ef «f., 1993, Exp. Coll Res. 219:
82-86: Kumazaki f f, 1998, Mech. Aging Dev. 101: 91-99),

Sirkingly, nrodncts nf many penes that we found 1o be induced hy p2L, pl16 or
p27 bave heen livked to age-related discases, including Alzacimer's discasc,
amyloidasis, sthetoscierosis and arthritis. Thus, APP gives rise to B-amyloid peptide,
the main cornponent of Alsheimer's amyloid plagues. Complement C3 (Vesrhuis ef af,
1993, Firchous dich. 426: 603-610) and AMP deaninase (Sung «f al., 1998, Neurobiol.
Aging 19: 355-391) were also suggested 1o play o Tore in Alzheimer's diszase. 1t is
especiaily intereshing that t-10age, whick is most rapidly indused by p27 and which has
een described as a pleiotropic mediator of cell differennation, carsinogencais. apoposis
and aging (Park ef al., 1999, /. Gerentol. A Bink Sci. 54: IT8-B3Y), s involved in the
formation of plaques asseciczed with beth Alzheime:'s disease and amyloidosis (Ducek
& Johnson, 1994, Brain Res. 6511 129-133). The laber Jisease 15 due o the depositicm
afanoter CDK ichibitor-mduced gene product, SAA, which has alse heen mplicated in,
atherosclerosie, osteoarthritis and rheumaroid arthritis (Jensen & Whitelead, (998,
Soctem, J. 334: 488-503). Two otuer CDE inhibiter upregulated scereted prutcins,
CTGF aad galectin 3 are invelved in atherosclerosis (Oemar of al, 1997, Cirenlation 95

£31-%39; Nachtigal et al, 1998, Jn /S Pathol. 152: 1199-1208). Inadd:tion, cathepain

L
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B (Howicetal, 1985, J Pachof, 145: 207-314), PAT-1 (Coricic ef of., 1998, Life Sci. 63

441-453), fibzenectin (Chavalisr, 1993, Semin. Avtheitis Riewn. 22: 307-318), GALNS

and Mac-2 binding vrotein (Sek. e al., 1998, dviforitis Riczem. 41: 1356-1364) have
heen aseociated wilh ogtecorihrits and/or rheumstold arthritis.  Furthermore,
senescence-related changes in ECM proteins, such as itcrcased PAT-1 expression, were
proposed to reseit n age-specific deterioration in the structure of sliin and other tissues
{Campisi, 1998, J. Irvestg. Dermarel. Symp, Free. 3: 1-5). Incrensed fibronectin
production by aping cells was 2lso suggested to increase the density of e [broncclin
network in BCA, which mey conuilnite to sfower wound healing i aged mdividnais
(Albani et al., 1988, Coll. Refar. Res. §: 23-37),

P21 and p2 1-incueible genes have also been impliczted in disbetic nephropathy
and chrenic renal failure. Kuan ef al. (1998, 7. Am. Sec. Nephro!, 9: %86-993) [ound that
p21 is induced under conditions vl glucose-induced mesangial cell hypertrophy. an in
vitro model o[ diabstic nephropathy. Megyesi e al. (1996, A, £ Physiol 271:F1211-
1216) demonswated *hat p27 s induced ir vive i several anmal models of acule renal
Fatlure, and this p2) induction is independent afp33. The tuncrional rele 0f'p21 1n these
pathogenic processes has been demonstrated by Al-Doualyi er al. (19990, Kidney fur. 536
1691-1699), who faund thatp21(-/-) mice do nat develop plomernlar hyperironay under
the conditions of experimental diabetes, and by Megyesi ar al. (1999, Pros Nail 4ead Sei
U8 4. 96:10830-10833), who showed that p21{-) mice do not develup chronic rena
fallurc afler partzal zenal ablation. Remarkably, Morphy et al (199%,./ Bioi, Cem . 274
5830-5834), working with the same i vire raodel used by Kuan et of. (1998, J. Am.

Soe. Nephrol 5!

DE6-993). reperted that mesangial cell hyperivophy  involves
upreguletion of several genus thel are shown herein o be inducibie by p?1. These
include CUGE, libroneetin and plasminagen activatos inhibitor 1. The latier study aiso

showed that CTGH plays a fimetional role m niesangal matrix accumciation m this

~34.
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medel system (Murphy ef al., 1999, L Biol. Chem. 274; 5830-5834). Thess results
implicate p21 and p2]-raediated induction of genc cxpression i the pathogenssis of
renal failore.

Of speciai interest, p21 induced expression of p66™, & gene recenily found to
potentizte oxidiilve dumaye, with p66{~-) mice showing incroascd siress resistance and
simificantly extended lifespan (Miglizecio e al., 1999, Natre 402; 209-113), These
observalions suggest (hat the affects of p23 on gene expression may conwibute ta the
pathogenesis of multiple diseases and overall testriction of the matmmalian lfespun.

A major new clags nf anticancer deugs undergoing clinical trials is angiogenesis
inhibitors. These sgents tarpet not the termor cells, bu tather the growth of stromal
capillaries, stimufated by tumor-secreted angiopenic factors (see Kerbel, 2000,
Carcinagenesis 21:305-313, for a recent review). The vasculature, however, is not the
only stromal element required for timor growth. It has been shown i nultiple sudies
that stromal fibrobiasts also support the growth of wmor cells /v vitro and in vive, and

that noxmal and im

alized fibroblasts scercle pavacrine (actors (kat promote
tumerigenicily and mii%it death of carcinoma cells (Gregoire and Lisnbean, 1995,
Caneer Mefastasis Rev. 14- 339-330; Camps o af.. 1990, Proc. Nafl Aead. 5ci. U, 8. 4.
B7:75-10 Hoeler ol , 1998, fat. £ Cancer 76: 267-273; Olatm ef al., 1998, Cancer Res.
38: 4523-4530). Such factors have heen idectified in fibroblast-conditioned media
{Chung, 1991, Cancer Metosiasis Rev 100 263-71) and in cocclivre sludies.  1In
particular, Olumi ef o, (1998, Cancer Res. 38: £525-4530) showed that coculture of
prosiale carciooma cells with nomal prostate ftbrohlasrs strongly decreases carcinoma

cel] death and promotes xenogralt umor fornaation. The paracrine cffects of fibroblasts

also have a tumor-promoting activily i carvinogen , 4% has been demomstraied for

initiated prostate epithehal cells (Qlumi et af., 1999, Cancer Res.

3002-5011)

Duspite these results, this paracrine carcinogenic and tumor-stimulating actvity of

-5 .
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annor-assoeinted fibroblasts has not yet beer: exploiled az a target for pharmacological
intervention. The present invention provides methods for detecting and idenifying
compeonnds capable of inhibiting mitngen production from such stromal fibroblasts, thus
providing a way to inhibit lureor cell growih,

This paracting tetnor-promoing activity was recently shown to be selectively
icreased during veplicative senescenee of normal huran fbroblasts (Krtolica er af.,
2000, Proc. Amner. Assoc. Can. Res. 41, Abs. 448, a process that involves induction of
121 and pi6. The mumor-promoting effect of stromal dssue was also showa in a mouse

-Hulfamd

midmmary carciuogenesis inade! to be induced by ienizing radiation (Bar

Ravam, 2000, Cuncer Res. 60: 1254-60), a treatment thal produces high p21 levels in
stromul fibroblasts (Mever ef ¢, 1999, Oneogene 18: 5795-5803). These resnlts
indicate that fac paracriae anti-apeototic and mitogeaic activities disclosed herzin ic
conditioned riedia uf p21-overexpressing cels mmost likely tepresent the same biological
phenomenon.

Theresalts disclosed herein indicale thal CI inhibitor induction affzets eellular
JENE eXpression in o way that may inerease the probability of the development of cancer
or age-relared disesses. A curge of CDIT inhibitor exprossion ocours not oaly ia normal
replicative sencseencs bur also in responise to cellulur damage; in both cases, the
undesirable effects of CDK inhibitor indection wonld be expected o acounulate in an
age-dependent manner.

Thus, the invention provides methods for identifving compounds that can inhibijt
induetion of penes associated with the pathogenic conseguences of vellular sencseonce,
partiouledly genes that are induced deriig senesconce, und parlwslerly genes that are
iduced by CDK inhibitor exprassion. Such compounds would he expected to exhibit
the capaeity to prevent, retard or reverse age-related discases by their offeets on CDIK

inhibifor-mediated induction of gene expression.

[

G-
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In ore embodinwent tiz invention provides methods for inhibiting gene
expression induced by CDE inhibitors such as p2i, pl6 or p27.  In preferred
embodiments, such inaibiting is achicved by contacting cells with an ellechive armount of
a compound that inhibits activity, expression or ausleat tanslocation of nuslear factor
Jappa-B (NPxB). It will be understaod by these with skill in the art that NFxB activity
can be iniubited in cells in at Jeast three ways:  first, down-regelating or inhibiting
franscription, processing and/or ranslation of either of the genes making up the MIxB
heteradimert second, inhibiting translocation of NFxB from the cytoplasm to the
nucleus, which can depend en inhibiting inactivation of [sB expression and/oractivity in
collz; and third, by inhibiting the astivity ol NFiB itzel(. This mveulion encompasses
miethads for inibiting N« activity, and thereby inhibiting induction of genes by CRIC
inhibitars, in any and all of these ways. Examples of NFxB inhibiters known in the art
melude N-hetetocyele carboximide derivatives (as disclosed, fn- example, in
Tnternational Application Publicaton NO: WO01/62359), milide compounds f{as
disclosed, for example, in lnternational Applcation Pudlicativn NO: WOOD/15603); 4-
pyvimidinoamingindane  derivarives (as disclosed, for evempie, i International
Application Publication NG WOOG/03234): 4H-1-venzopyren-4-one derivarives {as
dicclosed, for exampie, in Jasanase Application NQ: JPi1193231); xenthine derivatives
{az  disclosed. Jfor cxample, in Japanese  Application N JP9227561);
carhoryalkenylkbenwoauinone and catbexyalkenynapathol derivatives (as disclosed, for
example, i Japanese Application NO: JP7291860); disulfices and derivatives Hieveal (as
disclosed, for example, in ntermationz. Anplication Publication N0: W099/40907);
preease inhibitors (as disclosed, for example, in European Application Publication NO:
EP652290); flurbiprefen, thalidomide. dexamethasors, pyrolicine dithiocarbamalte,
dimethylfvmarate, nesalizine, pimobendan, sullaszlazme, methyl chloropenate,

¢nloromutaylkeluns, alpha-tecopherel suctinate, tepoxaline, and cestain non-steroidal
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anti-inflammatory drags (NSAIDs), twiuding aspirin, sodium zalicyliie and sulinduc
The following Examples arc intendad o further iliustrate certain prefermred
embodiments of the invention and are not linuting wnalere.
EXAMPLE 1
I'roduction of a Mammakian Cell comprising
an Inducible p?] Gene

A recombinant derivative of human fibrosarcoma cell line JITi080 p21-9, was
producad cssentially according 1w Chaug er al (1999, Gacogene 18; 4308-4818,
incorporated >y reference herein). This cel! line contaitied a p21 coding sequence under
the mzaseriptional control of 2 prometer regulated by isopropy’-B-thiogalactuside
{IPTG). Expression of p21 can be induced by caliurmg these cells 1 the presence of a
sufficient amonnt of IPIG, thereby permifting the sequeilac of p21 expression to be
studied in the abscnce of any additionzl effects that indnction of the endogenous p21
gene might provoke. This cedl line has been deposited an April 6, 2000 in the American
Type Culture Coliectior (A T.C.C.), Marassas, VA and given Accession Muinber PTA
1664,

Briefly, a subling of H'TT080) expressing o murine ecotropic removirns receptor
and & modified bacterial /el repressor encoded by the plasmid 3'SS {Stratagene)
{described in Chang & Roninson, 1996, Gene 33: 703-709, incorporated hy reference)
was infected with retroviral pariicles containing recombinant rerrovirus LNp21CO3, the
smuchire of which is shown in Fipure 1. This relroviral vecior coulains the bacterial
neomiycin resistance gene (ea) Under the transeriplional control of the refroviral lony,
terminal repeal promater. pZ1-encoding sequences are cloned in the oppagite orjenmation
i the transcriptional direction of the neo gene, and under the control of & modificd
human eytemegalovitus proneler. Speeificelly, the CMY promoter contains a three-
fuld repeat of hasterial lue eperpior ssquences that malie expression from tic promoter

sensitive 1o the Joel repressar expressed m the cell. LNpZ1C03 was constracted by

- -

JP 2004-535775 A 2004.12.2



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

3

(232)

WO 02066681 PCT/LS0202784

cloning 2 492bp fragment of DNA comprising the p2] coding scquence into tha Aedl
and Bgfll sites of the parent vector, LNXCO3 (disclosed in Chang & Roninzon, ibid.).

After infoction, cells infected with Lthe LNpZ1C{NIX veclor were selected by
culturing the cells in the presence of A00pg/mL (G418 (obtined Irom BRL-GIBRCO,
Gaithersburg, MDY Clenui line HT1080 p21-9 was derived Jom LNp21C03
trimsduced, G418-resistant cell lines by cnd-point dilution unti) 2 elonal eell line was

obtzined.

EXAMPLE 2
Cell Growth Assavs

UT1080 p21-9 cells produced as described in Example 1 were used i cell
growth assays to determine what changes in cell growth oooumed when p2l was
expressed n the ocll,

P21 expression fremi the 1L.p21CO3 vector in EELT080 p21-4 cells was induced
by cuburing the cells in DMEM medinm containing 10% tetal cal? serue (Tyclone,
Logan, U1 and TFT'G, Results of these assays are shown ia Tigores 2A and 213, Tigure
24 shows the time course of p21 protein produciion i cells cultured in the presence of
SpuM IPTG. p21 gene expression Increased between ¢ and 12 howrs affer introduction
of [PTG into the prowth media, whicli expression peaked al about 24 hours posi-
induction. 1-pon removing the cells from IPTG <containing media, p21 expression feil
about as rapidly o5 it had riser, reiming to pre-mdiction levels ot about 24 howrs after
IPTG was rcmoved (Figure 2B).

Culf growth iu tae presence oF 114 was assayed in three ways; maasuring "11-

thymidine incorporation (termed the "labeting inrex"}; easerving the mimber ef mitotic
celle in the culturc by microscopy (rermed the "mitotic index") and determining the

histribohon of the culvre cells ju differemt portions of the cell evele (tenned the “cell

-39
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cycle digiribution™),

*H-thypyidine ncoppoyatioz assays wers pertorimed substantially as desoribed by
Diner ef af. (1995, Proc. Natl. Acad. Sci. USA 92: 9263-9367). Cells were cultured
the presence of “El-thymidine for Ih, and then anelyzed by autoratiography. DNA
toplication was determired by antoradiograpky ceased entirely by 9 hours after addition
of IPTG <o the ¢ulture wedia, The miiolic index way detenned by observing cells
microseopeally and csleulating the uvmber of cells m milosis alter stuining with
Spg/ml 4,6-diamino-2-phenylindole {DAPL), and images were collected nsing a Leica
DMIRE [luorcscence mrcroscope and Vayiek (Fairlicld, Iowa} imaging svsten
Microscopically-Cetectable mitotic cells disappearad Fem these cultares by 14 hre of
IFTG freatmens.

Cell cyele éismibution was determined using FACS malysiz of DNA cantent
after staining with propidiunt iodide as described by Jordan &f 7. (1996, Crncer Res. 36:
§10-825) using Boston Dickinsan FACSaort. Cell aycle distribution stahilized after 24
s of TP1G ireatment. By (his tirae, 42-43% ol TPTG-lreated vells were arrested in Gl
and G2, respectivelv. and about 15% of the cells were arested wile S-phase DNA
content. IPTG-teated FETT050 p21-9 cells also developed morphological senescence
markers (enlarged and flattened morphoiogy and increased granularily), as well as SA-H-
gal activily (Chang ef ol 1999, fhid ). "These results indicated thaf induced sxpression of
p2’ praduces both cell cycle arrest axd a variety of orher changes st age charaereristic

of cell senescence.

EXAMILE 3
Analysis of Gene Expression Modulaled
by p21 Gene Lixpression
The cesnits disclosed in Exemple 2 suggesled {kat the moxphological and cell

sycle vonsequences of'p21 induetion could reflect multiple changes in penc cxpression.

-40 -
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The effcets of p21 induction on cellular penc expression were examined as folJows,
Poly(AY WNA was isolated fzom untreated TIT1080 p21-9 ceks and from eells
that weve treated Far 3 days with 50 um IPTG. ¢DNA was prepared from the poly(A)*
RINA and used as probes for differential hybridization with the Himan UniGEM ¥V
cDNA microarray (as performed by Genome Syslems, Ine., St Leuis, MO3, which
containg over 4,000 sequence-verified known human pengs and 3.000 ESTs, More thau
2.500 genes and ESTs showed measarable hybridization sigaals with probes from both
uiltreated and IPTG-weated HT1080 p21-9 cells. Genes thal were downregulatzd with

Lalonced difforenlial expression 225 or upregulated with balanced differentinl

expression 2.0 are listed i Takies Land 1], respectively.

Expression of 6 of these genes was iadividually tested by RT-PCR or northem
hybridization. RT-PCR analysis was cairied out essentialiy ns desciiled by NMoonan of
al. (1990, Proe. Notl, dead. Sei, US4 87 7160-7164). Probus for northen ybridizanon
were derived from insuns of The cDNA clones preseot in the microarrey; these cDMASs
were obtained [rom Genorme Systems, Inc. In addition, changes in the expression of
several p21-regulated mene prodoces weye analyzed by imomonablotting. The following
primary antibodics were used for immunoblotiing: mouse monoclana:] aevibodies against
Cde2 {Santa Cruz), eyelin A (NeoMarkers), PIk & {(Zymed) and Rl (Pharilingen); rabbit
polyclanal antibodies apainst MAD2 (BadCa), p107 (Saute Crie), CTAE (Fisp-12; 2 gift
of Dr. L. Lau), Pre | {a gifl of Lrs. W, Jang and T2 1unter), and topoisomerase o
{Ab0284; a gift of Dr. W.T. Beck), amd sheep pulycioral antibody against SOD2
{Caibiochem). Horse radish peroxidase (HRF)-coafugated secondary amibodics used
were goat anti-mouse and goal anfi-rabbit 1 (Sznta Crie) znd rabhit avti-sheep 1gG
(KPL). Prolin concenlritions iy 21l samples were equalizeC after measuremtent with
Biokad protein assay kit. Immunoblottiag was carried out by standerd pracedures, and

the signal was detested by chemilmninescence using LuwiGle (ICPL).

_4l-
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ihase resulle ars shown in Figures 3A twough 3C. The changes m gene
exprression predicred by the microaray assays described above were confirmed for 28/39
downregulated and 27/30 upregelated genes. The observed signal differences in
northem hybridization or RT-PCR for most of the tested genes (Figure 3A through 30)
uppezred to be higher than the values of balanced diffcrential expression determined
ftor the eDNA array (Tables 1 and IT), suggesting that cl2N A array hybridivaiion tends
o underestimate the wmpnitnde of 123 eliects on zere expression. Chunges o the
expression of ¢ downregulated and 4 upregulated genes were aiso tesied at the protein
level by immunobloiting (Figure 3B) or zymagraphy (not shown) and were confimned in
all cazes fested.

It vwas recogrized tha p2? L-mediated changes in gene expression weore comprised
of near-term cffeets and longer-lerm effects that followed p2l-induced cell growlh
arrest. For this purpose, the hime oovrse of changes in the RNA levels of a subsct of
p21-inhibited (Fig. 3B) and p2? 1-induced genes (Fig. 3 after the addition and vemowval
of [PT0G was determined. Inomunoblotting was used to analyzs the timie couvse of p21-
induced changes in Rk phosphorylation (as indicated by elecirophoretic mobility) and in
the cellular levels of Ro and severz] proteins that were inhibited by p21 accordieg o the
eDNA aray; hese esults ae shown m Figere 3B NMb owas found Lo hecome
dephnsphorvisted as e2rly 13 6 Is after the addition of IPTG. ['urthermore, Rb protein
lovels decrcased shazpiy berwesn 12-24 Lrs {shown in Figare 2B), but no sigaificant
changes were detected i RB RN A Jevels (duta not shown). A smiler decrease was

abseived for a Rb-zelated protein 107 (shown in Fig, 3A).

i. Gene cxpression imhibited by p21
Allthe tested p21-inhibited genes showad a rapid reaponse to p21 induction and

releage. Five of these genes (lopoisomerase [fe, ORCI, PLE L, PRC! and XRCCO)
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showed significant mhibilion at both RNA and protein levels between 4 and 8 his afier
the addition of I (lig. JB). This pattern has beent termed an "immediate response,”
which parallels the kinetics of cell growth arrest and it depbosphorylatior. Other p21-
miubited genes (such as CNC2 or DEFR) showed an "early respense” pattem that lags
slightly beling the cessation of DNA replication and rritesis, with a major decrease in
mRNA levels deteerable only 12 b afterthe addifion of TP1G. AL p21-inhibited genes,
however, tesunied their cxpression 12-16 hrs after the removal of IPTG, when the cells
ware still growth-arrestzd and before the resumption of DNA replication and mitosis
(I'ig. 3B). Tius analysis indicated that changes in the expression of p2 1-inhibited genes
weere near-term effects of p2 | induclion and release and were nol a conseguence of cell
prowth arrest and recovery.

In sammary. 69 genes and 3 1575 were dentified by the cDNA microarray as
downregalated in p21-induced cells, with balanced differential expression. of 2.5-12.6
(Table [A); (ive additional genes that zre associated with cell cycle progression and have
been identitied by our separate assays as dowaegulated in IPTG-heated colls sre stod
i Cable TH. A sitikingly bigh fracion of downrepntated genes identitied by the cDNA
array (43 of 69) were associated with mitosis, DXNA replication, segregatior. and repair
and chromatin assembly, indicating a highly sclective nature of p21-medrated inhibition
of gene expressioz.

The largest group of 321-downregulated peres are fiat have been implicated in

the signaling, execution and contro? of mitosis. Many p2 [-ithibited genes ave mvalved

in DA replication and seg ion, chramatin assewtbly and DNA repair. Some of
these pgenas encode enzymes mvolved ir nueleotide biosynthesis, other proteins are
invalved in DINA replication. Scweral p21-jnhibiicd genes are associated with JINA
repakr, These results suggest opporfunities far discovering components of the cellalar

program of p2 I-induced growih arvest that would be targets for therapeutic itervention.

4
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2. (iene expression indnced by p21

In addition to genes repressed Ly p2i eipression, the asseys desuribed cbove
detected genes induced by p21. The pattern of gene expression of p21-incoced genes is
shown m Figure 3. In contrast to p2i-inhibited genes, p2l-uprepulated pones
inereased their expression only 48 hirs after the addition of PTG, e after the onge of
growih arrest i ail cells, Ouly oo lesled gene, lissue bansglelominase {(1-TGase),
showed a cetectable increase 12 s after the eddition of PTG, but its cxpression
rcached a maximum only by 48 Acs (as shown in Fig. 3C). Furhemmeore, elevated
capression of all the tested genes (except for +I'0ase) persisted for at least thres days
after release from PTG, well aiter reaumption of the eell eyele (not shewn). This “late
responae” kinctios mdicaled that p21 indoction of such genes was a delayed effect
relative to p21-mediated growih. arrest.

48 known genes and 6 ESTs or genes with unknawn functions were identified 25
uprepulated in p2? T-induced eeils, with balanced daflerential wxpression o'2.0-7.8 (Table
1} A very high frmction (20048) of identifiable geres i1 this group encede extracellular
matrix (ECM) components {e.g. {ibroncctin 1, laminin a2, Mac-2 pinding prolem), other
seereled proleins (g aclivin A, connective tissue growth factor, serum amyloid A), or
LCM receptors (such as infegrin #3). Several of these scereted proweins, as well ag a
large group of p21-lnduced intracellular proteins {Lable 1), are known w be induced m
differcnt forms of steess response or to play o role o stress-associuled signal
iramsduction. Remarkably, many genes that we found w be induced by p21 arc also
upregulated in cellular scnesecnee, oramsin aging, or different age-ielzied diseases,
indicating that suppression of p2l-mediated gene induction may provide a way to
prevent the devalopment of such dizcases. As ciseiosed in Exatnple § below, several

p21-induced genes encode scereicd faclors with paracrine anti-apoptotic and mitogenic

_44.
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activities, and conditioned media from p2 1 -induced cells exhibits two biological offects
predicied by the nalure oF p2l-upregulaied penes: stimulation of cell growih and
suppression of apoptosis. This finding, suggests that "paracrine” effeols of p21 may
contribute to carcinogenesis Uwough w bunor-promuoting elfect on neighboting cells.
“This raises the poss:hiliy thal suppression of p21-mediated gene induction may also
provide o way o achieve an ani-carcinogenic cffeor.
EXAMPLE 4
1dentifying the Specificity of p21 Induction by Comparing
IPTC-treated and Serum-Starved HT1080 p2i-9 Cells

The identity of p21-induced changes in cellular gene expression that are likely o
be a consequerce of cell growth acrest was determined as follows.

GrowE: arrest (quiescence) was induced iz HTI080 p21-9 golls by setum
starvation produced by culturing the cells ju serum-Iree medie for 4 days. In serum-
starved cells, unhke 1P 1TG-treated ITULOBE p21-9 cells, the cells did nat develop o
sencscent morpholopy and saowed only very weak SA-P-gal cxaression. p21 levels in
scrum-starved cells were increased enly about 2-fold, as epposed to the 15-20 fald
increase seen in IPTG-lrealed cells. Fig, 3D shows RT-PCR analysis performed as
described above of the express’on of a group of p2 1-inhibited and p2 [-induced genes in
HT1080 p2]-9 ceils that were growih- abested afler 4 days i serun-Gree media or 3
Caysn Lhe presence of 30w TPTG. CGrenes that were complerely ichibited in HIT ;080
P2 -9 cells when the culture media contained 50 ubl IPTG were also inhibited i serom-
starved cells, but mest of these genes wore mhibiled o a Tesser excent than i 1W0UG-
Lreated cells.

(ienes whose expression & induced by p21 showed three distinet patterns. The
Tirst group are genes whose cxpressinn is induced as strongly in quiesceni eells as

senescent cells. These include galestin-3, superoxide dismutase 7, complement C3 and
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prosapoesin, mdicating that their induction was a consequence of cell growth arrcst or
that such genes were exquisitely sensitive to slighily efevated p21 levels. The sccond
group arc genes that were vp-regulated m goiescent cells but not as strongly as in
senescent cells. Thess genes include fthroncerin-1, Mac2 binding profem and the
Alzheimer precursor protein seruwe amyloid A, The Hid growp are genes that aze not
detestably induced in quiescenl cells bul ave strongly induced in senescent cells, These
genes molude CTGF, plasminogen activator inhibitor 1. tissue transgluiaminase or
natura! kilier cell morker protein NK4, integrin bets 3 and activin A,

The differeree between the response o fcertain genes to induction of quiescence
by serum starvaiion and cellular senescence through IPTG-induced overexpression of
p2l ideutified these gencs as diagnoslic merkers of senescence,  Furlhetmore, navel
senescence markers can now be identified by comparing their cxpressioa between p2 i-

cxpressing and quisscent eells.

LEXAMPLE 5
Production af Conditiened Medin eontaining Mitogenic Factors and

Mitogenie Activity Assays
Several p2l-upregulated genes (Table 11} encode svereled proteins thal zct as

growth facters, including CTGE (Bradham af of,, 1991, J, Colf Biof, 114: 1285-1294),

aelivin A (Salorai ef ok, 1994, J, Biol. Chem, 269: 14118-14122), epithelin/granulin
{Shovab er al., 1990, Proc. Natl. dead. Sci. U5A 87: 7912-7916) and galeclin-3 (Inokara
etal 1998, Exp Cell Res 245 294-3072). In addition, galevtin-3 {Akahani ef af,, 997,

Cancer Rey. 57, £272-3276) and prosaposin (Hiraiwa et eil., 1997, Proc. Nufl. dcod, Sci.

US4 94; 4778-4781) were shown to have anhi -apopfotic activity, Paracrine arnti-apoptotic

or ritugenic activities have also been reported for several p21-inducible gene products
that are not listed o Table II, since ther balunced differential cxpression values in

cNNA microarray hybridization were 1.8-1.9. This s below e arbibarily chosen
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minjirmum value of 20 that we have used for inclusion inte *his Table or verification by
RT-PCR. These proteins arc clusterin {Koch-Brandt and Margans, 1996, Proy. Mol
Subeell. Binl 16: 130-149), prostasyclinstmululing faclor (PSF) {Yamauchi ef &/,
1994, Riochem. J, 303: 591-598), vascular endothelial growth factor-C (VEGF-C)
(Joukov ef of, 1996, EMBO J. 15: 290-298), gelsolin (Ohwso ef af.. 1096, EMBO J 16;
4630-4656) and tissue mhibvitor of meailoproleinase-1 (TIMP-1) (Li & af., 1999,
Ceanecer Res, 59: 6267-6273).

To verify the induction of secreted mitogenic and anti-apoptotic factors by p21,
conditioned mediz from IFTG-1rented HT1080 p2l-9 sells were festad o investigale
whether they would have an effect on cell growth and apoptosis. I these experimens,
conditioned media were prepared by plating 10° HT1080 p21-9 cells per 15¢m plate in
the presence of DIMEM/! 10% VCS. The next day, IPTG was added (o a final
concentration of 30pM, and this media was replaced three duys later with DMEM
supplemculted with §.5% FCS and J0uM (PTG, Twe days later (days 3-5 of [PTG

treaiment), this conditioned media was collecled and slored a2t 4°C up (o 15 days hefore

use. Canenl media were prepared by adding IPTC-tree DM VUMY 0.5% FCS 10 unteested
celle gown 4o the same density as IPTG-treated cells ard collecting the media two days
thereafter.

The slow-growing human fihrosarcoma cell fine HS 15,7 was used to detect
mitogenic activity inthese conditioned media. For mitogenic acliviiy assays, ulh Lypes
of conditiencd med:a, zs well as fresk media and 1:1 maxlures o conditioned media and
rosh media were ased o st mitogenic activily. In these experimams, the conditioned
madia were supplemented with (% or 2% FCS. Briefly, HS 15.T cells were plated in
12-well plates at 15,000 ¢clls per woll, Fwo days Jaler, Uiese ceils were cellored in
different fypes of media, The cells were grown in condilioned media for 60k, and the

*1l-thyiniding at o somcentration of 313 piiml. was added and incubated for 24 hres.

L7 -
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Cells svere then eollected and their “[T-thymidine mcorperation determined as described
hy Mosca el al. (1992, Meol. Cedl. Biol. 12: 4375-4383).

The addition of PTG 1o fresh media had no eflect in this assay. Theie was no
signilicant difference between cell growsh in fresh mediz and in conditioned media fromn
untreated HT1080 »21-9 cells. In contrast, conditioned media from (PTCGi-treated cells
inereased "H-hyimiding inco-poration ap to three-fald. ¢rowih simo’ation of S 15.7
hy condidoned mediu from IPTG-neated cells was also deseerable by methylens blue
staining.

The effecl of this condilioned media pn apoprosis was also determined. These
cxperiments used a mousc cbryo fibroblast line C8, innnorialized >y B1A. This ccll
line is highly susceptible fo apoplosis induced by different stimuli (Lowe of ol,, 1994,
Sedencer 206: S07-B10; Nikiforov «f a?, 1996, Oncogene 13- 1760-1719), including
serum starvotion (Lowe er al, 1992, Prac. Natl. Adcad Sei. US4 91: 2026-203Q).
Apoptosis was analyzed by plating 3 x 10° C8 ceils per 6-cm plaw. znd repiacing the
media on the followirg day with tresh media supplementad with §.2% serum or with
conditioped media (uo fresh serum added). DNA content analysic and DAPI staining
were carried out after 24 hes and 48 hrs, and relelive cell numbers wire measured by
methylene blue staining (Perty ef ol, 1992, Mutai. Res. 276: 189-197) after 48 hrs in
lew-serunt media

The addition of nw-serum ffesh media or conditioned media trom 10TG -meated
or untreated cells rapidly induced apoptosis in C8 cells, as evidenced by cell deiachment
and apoptotic morphology detcetuble tu the mujorily of cells after DA staining (rot
shown). Condilioned media from 1PT{-tveated cells, however, strongly increased ocll
survivairelative to fresh media and conditioned reedia from vntreated cells, ag measured
by methylenc bluc staining of cells that remained altuched after A8 e, The ellect of the

conditiured media from p21-induced cells was ever. more spparent fn FACS analysis of

- 48 -

JP 2004-535775 A 2004.12.2



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

11

20

(242)

WO 02066681 PCT/USHZHRTRY

cellular DA, content, which was carried out on sombined attached and tloatmg C38 celis
24 hrs and 48 hrs afier media charge Unlike weany other ceil lines, spoptosis of £8
cells produces only a few cells with decrensed (sub-G1) amount of DNA, and it is
cheracterized by selective disappearance of cells with G2/M DNA content (Mikiforov er
al., 1996, ibid). Serume-starved cells in coadilioned media from IF1G-reated cells
refuined the G2/M fraction and showed cell cycle profiles that resembled control ceils
growing iy seram-rich media, The addition of IPTG by itsalt had noeifeel on apoptosis
i C8 veils. Thus, p21 mduction i HTTO8D cells tesults ia the secrebon of mitogenic

andd anti-apoplotiv faclors, as predicted hy the nature of p2-unregniated gones.

EXAMPLE 6
Preduction of Mammalian Cell comprising
Inducible p16™*** ur p27"" Genes

Mevmmalian ¢ell lings comprising indusible CDI inhubitors pl6™** (which
preferentiaily inhibits CDE4/6; Serrana et al, Nawrs 16, 704-707, 1993) ar p27+"
(which preferentially inkibits CDK2; Blam i al., JRiol Chem. 272. 25863-25872,
1097y were produced generally as deseribed in Example 1 for produetion of an indueible
21 containing ceil line. A reeompmant derivative of aumear LiIT1080 fibrosarcoma cell
line containing a recombinant expreszion construct encading the bacterial lacl gene 2nd
cxpressing a murine ecalronic retrovirus receptor {H'TT080 3°856; Chang & Roningon,
1990, Crene 1R3: 137-142) was used 10 male the inducible lines. For the ndusible
expression of p16, 2 DINA fragment conta’ning a 47 'op coding sequence of human pl 6
(as disclosed in U.S. Patent 5,889,169, incorporated by reference) was cloned into the
I G-regnrlaied vetrovira? vestor LNXRO? (Chang & Roninson, 1998, Gere 183: 137-
147}, This retzeviral vector eantains the hacterial neonyycin resistance gene (reo) under
i transcrintional control of the retroviral Jong teminal »zpeat promoter, permitting

seloct:on using (G418 (BRI-CIRCO). The resulting construet, designated LNp 16RO2, is

-49 .
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cepicted schematically in Figwe 4. For the induciele expression of p27, a vector
LNp27RO2, carrying mwrire p27 cDNA (NCBI RefSeq NM_009875) in the same
LNXR0Z wvector has been developed and described v Kokonts of al., 1998, Mol
Firrdoeringl, 12 941-953, and provided to us by 1r. No Hay, University of Illinols at
Chicapgo).

The LNpT6RO2 and LNp27ROZ constructs were infroduced individually into
HTI080 3’33 cells using conventional retrovizal micetion methods. The infected cells
were selected by culturing the cells in the presence of 400pp/mL G418 (obtained from
BRL-GIBCO). The Gsl8-selected population of LNpIGRO2 transduced cells was
designated HTL080/LNp 16RO, This celi population has been depusited on Oclober 10,
2000 in the Asmerican Type Cullire Collection (A T.C.0L), Munassas, VA and given
Aceession Number PIA-258).

This eell papolation was subcloned, and 20 cloras cell lines weye isolated ard
tested for IPTG-inducible growih inhibition. Cell line showing *he strongest growth
inhibitior was designated HT1080 plo-3. This cell line has been deposited on January
31, 2002 i the Amercan Type Caltwre Collection (A T.C.C.), Manassas, VA and given
Accession Number . Figure 5A shows changes n the cell cycie distribution of
HT1080 ple-5 cel's upon the addition of 50 pM IPTG. Fractions ol cells in different
phases of the cell eyele were determined vsing FACS anniysis of DNA content after
statning with propidium iodide as described by Jordan ef of. (1996, Cancer Res. 56: 816~
825y uging Beeton Dickinson FACSarl. Celf cyele disafhution siabitized afler 24 firs of’
TP1L6G treatment, by which time 3% af IF1(-treated, cells weve arrested in G 1, Sueh Gl
oTest is expected Tor the inhibition of CDK/G by pl6,

Sumilarly, the G41R8-selected population of 1Np27RO2 acsdoced cells way
subcloned, and 34 clnua) eell lines were isolated and tested for IFTG-iuducible growth

ivhibilion. Cel line showing the strongest growth inhibition was designated H1'1050

-50-

JP 2004-535775 A 2004.12.2



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

(244)

WO 02066681 PCT/LS0202784

p27-2, This cell line has been deposited on January 31, 2002 in the American Type
Culture Collacrion (A T.C.(C.), Mansssas, VA and given Acccssion Number

Figure 5B shows changes in the cell eycle distribution of HT 1080 p27-2 cells upon the
addition of 5¢ pM IPTG. Cell eycle distribulion. stabilized afler 24 hrs of PTG
treatment, by which time 83% of IPTG-treatec cells were srested ia Gi. Such Gl arest

is expected from the inkibition of CDEA/S by plé.

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

The HT1080 derivatives HTTO80 pl16-5 and HT1080 1272, carrying pla or p27
genes trlucibie with TP as deseribed in Fxsnple 6 were used in pene expression
azsaye as follows,

ENA was obtained from these celi lines, cultured ia the presence or absence of
SOpM IPTG for three days. These RMA samples wers then vsed in RT-PCER. assays
perfermed essentially as described above in Example 3, except that (-actin rather than
(:-microglebulin was used [or normalizalion.  Eighleen senes shown above © be
induced by p21 were analyzed fur the effects of p16 or p27 gene expression indusced by
IPTG reatment of “hese cells. The tested genes included the genes invelved in
Alzheimer’s disease, amyleidosis. athritis, atherosolerosis and paracrine apoptotic and
mitogeric cifeets as deserined above with regard 1o induced p21 expression. The results
for pl6 are showr in Figure 6A and for p27 in Figuze 57, Al fhe tested p2 1-mduced
genes were also mduced by TPTG-induced plf expression:, and 2lmost all of the tested
genes {exeept [ 1-PA and CTGF) were wlso nduced by p27. The resulls shown in
Tigaure 6 also illusteate that plé or p27 expression has no deteeted effect on p2i

expression.
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EXAMPLE #
Troduction of Recombinant Expression Constructs containing a
Reporter Geng Expresged by a p21-respensive Promoter

Promoter-reporfer constructs weie prepaied froon prommorers of several p21-
mducible human gencs, mchuding NK4, SAA, Complement C3 (CC3). prosaposin,
BAPP and t-Tase as follows. The promoter region of the CC3 gene was identified in
the humar. genome sequence {NCBT Accession nurber M63421.1) a5 adjacent to the 5°
end of CC3 c]?NA Vil eral,, 1997, Biochemistry 39 1080-1085), The promoter region
of the NK4 gene was identified in the human genome sequence {Accession number
ANOU3)47) as edjacent ta the 57 end of NIK4 cNA (Accession rumber M39807). The
previousiy deseribed promoter ofthe SAA gene (Edbrooke eral., 1989, Mol Cefl. Biol
9: 1908-1916) was identified :n the human genome sequence {Accassion number
M26698). The promoter region of the BAPL gene was identified i tie human genome
sequence (Accession numuoer X12751) as adjacent fo the 57 ond of DJAPP ¢cDNA
(Accession number XMOG7140). The prowmoter region of ‘*he =-TGase geae was
identified in the human genome sequence (Accession number 7469053} as adjacent to the
3" end of -TGase cDXNA (Acecssion number M35153), Poly:nerase cham reaction
(PCR) amplification of promoler-specilic DNA was performed using genomic NA
frot MTT1080 p21-9 cells as Lhe template. POR was carried oot usmg ffefurbo DNA
Polyrerase (Stratagrens) and primer setz listed in Tahle Wa. The PCR. sonditions for
cach primer sot ave described in Table IHh. Primer sete for amplifying promoter
sequences rom several geves induced by CDK inhibiters, including the gere promoters
used as dizciosed in this Exrpminer, are set forth in Table Tie.

PCR products were obitained and claned inlo the TOPG TA cloaing veclors

JP 2004-535775 A 2004.12.2
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pCR2.I/TOPO (for SAA, CC5, PAPP and t-TGasc) or pCRIVIOPO (for NK4). These
constructs were. venified by secuencing, and the Kpm 1-¥4n | fragments containing
promaters tn the corvect erientation were then inserted into the K Tand . Wro Tsites na

firefly luciferase-reporier veetor pGL2 basse (Promepa, Madison, W1} using standard

1ecombinuni penetic techniques Sambrouk aral., ibid.). The clone contaming a 480 bp
sequence of the prosaposin promorer, driviag firetly luciferase expression has been
described by Sun £t al. (1999, Gene 218, 37-47) and provided by Dr. Grabowski
{Children’s Nuspiial Medieal Center, {Cinejnnati, (11).

Plasmid clones for each sromoter construet were tested for p2 1-regulation by a
transient transfection assay. Trznsient tansfection of UTI080 p21-9 cells was carried
oul by electroporalion, essentilly as described in the Rio-Rad protocols. For each
electrgporatien, HT1030 p21-2 cells wers grown to 23% confluence in 15em plates
using DMEM  supplemented with 10% FC2 serum and conlzining  penicilling
strepromycin and glutamire. The cells were then trypsinized. resnspendec in DMEM or
Opti-MEM medium (GibeoBRL) and spun down at 1,000 rpm in an TEC HN-SIT
centrifuge Yor 10 minutes. Following centrifugation the media were aspivated and the
cells were again resuspended in Opi-MEM at a concentration of 18-20 million cells per
ml 400 pi ol wel! suspension (approximaiely 7 to 3 million eells) was ransferred toa 4
em gup elechroporation cuveite (Bio-Rad}. 10-20 ng of fre promoter-luciferase constmct
wis added 1o (the cells. In soime experiments, a conirol plasmid pCMVbygal expressing
bacterial B-galactosidase from the CMY promoter, wes added to themixture ata ratio of
1:14 for normalizetion. In other cxperiments, normalization was carricd out by adding
veetor pRL-CMV exprossmy Renilla tuciferase from the CMV promoteran a 1:20 mular
ratio. and the firefly Juciferase and Renilla Juciferase activities were measured in the

same samples using the Dual Luciferase Essay kit (Pronega). E.ectroporations werc
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performed using Hio-Rad Gene Pulser at .22 volts, with a capacifance extender set to
960uT1, providing a T value o7 27 to 30. In preliminary experiments, cell survival and
sitachment after eleclroporation was determined to be approsimately 33%. Cells were
plated in triplicate ar an nitial density of approximatcly 30,000 attached cells/well in 12-
well plates.  Afer lething the cells setrle for a period of 3-6 hours, the media was
aspirated amd replaced with fresh media with or without 50 pM 1P1G. 2 to 4 days later,
cells were washed twice with phosphate-buflered saline and collectzd in 300 4L of 1x
Passive Lysis Buifer or Reporter Lyveis Buffer (Piomega). The iysaic was centrifuged
briefly at 10,000 g to pellet debris, and 50 pl, aliquots were transfemred 1o fresh fubes for
use in the Firetly Luciferass assay (Promega). Luciferase activity wos measured nsing a
Turner 20/20 luminomerer at 52.1% sensitivity with a 3 second delay period and 10-15
second inicgration Hime.

Tipure 7 shows the results o representative experiments. After 2-4 days of p21-
rduction in franskected cells, expression from promoter constructs of p21-mduced genss
was ircreased about 7.13-fold for NK4, 3.7-fnld for SAA, 12.5-fold for (03, 3.0-fald for
prosaposin, 2.6-fold for BAPT, and 2.3-fold for t-TCGase, These results indicated that
p21 up-repulates expression of lhese penes by repwating their promolers, and that
promofer constriets of such pencs ean be used fo a3say for n2l-mediated regrlation of
gene cxpression. Such assays can be used to identify compownds thar inhibil p21-
n:ediateal pene aclivation, @ deseribl below m Lxample 9

Table ITTa. Primer sequences _

JP 2004-535775 A 2004.12.2

Eom’_r IScz}se pri.mﬂi =3 1 Antizcnsc p_riﬂc_x_'g-ﬂ’)

cca GCTAAGAGGATATIGACATTAGA [AGGGGGOAGGTGGGTTAGTAG
ICAGG ($16Q 11D NO: 21) J(SEQ 1D NO: 22 o

NK& TGGAGUTAGAAGAGCCOGTAGG QCCAAAAGTTCAAGGAGCCAA

T {BEQID NG.23) (510 1) NCO: 24)

SAA [CAGAGTTGCTGCTATGTCCACCA |[CACTCCTIGIGTIGCICCTCACT
(SEQ N N 25) _ _|sEQomD™O20)

BAPP TTGCTCCTTTGGTTCG T (S GAGGAAACTGAC
1D NO: 27) _mNo; 28 o
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TGase [cc?ﬁ(sﬁm(mfmﬁcfcﬁm& TCOGGUGGECGCGETAGOTC
1Y% |GCAAC ISEQ ID NO: 20) [TCCACT (SEQ 1D NO: 36)

Tabie b, PCR conditions.

Promoter | Denaturetion Annealing Extension | Creles | Produstsize

cca 95" tmin | 63 1min | 72, imin40sce | 1018bp

R Ty AT Y o T

SAA 54°, 1 min 68%, 1 | 72°, 1 main 40 sce 2 1000 bp

pape | 794“, 1 ujn 62.79“, i min 72, 1 iz 40 sec ‘[ 30 _ (_|23 m1 B

t-TGase 94% Lmin  |66.5% 1min| 72° 1mind0sce ' 13 | 1600%p
L85
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Tabe |llc. Primer Sequences

CIDNO: ) Gene Name  _Upsiream (Serse, 5-3) o ] Dovinstream (Antisanse, §-3')
1
_ 17 ._ saA | cegaoftgctgctotgtccacea (SEQ D NO:25) ] cactectigtgtgctecteace (SEQ 1D NO: 26)
2 ComplL. 53 | cetaageggatarigacettagacagg (SEQ ID NO: 21) agogygagyigagitagtag (SEQ ID NO: 22)
I N
3 CTGF | yeetetlcagelecelecticolaa (SEQ 1D NO: 31) cgugpasgaccacgaagg (SEQ (D NO: 32) —
[4 _  |InterinB3 | Gaftggtetigeectcascag (SEQ D NG: 33) | ceapcacagtogeecaga (SEQ IDMNG: 34)
5 Activin toattccas‘pttitictasaagy (SEQ D NO: 35) geatgicteeagagetcagaagt (SEQ 1D MO: 36)
6 |mnks ‘iggagclagaagagoccptaga (SEQ ID MO 23) | gecsmaagiteaggagesaag (SEQID NO: 24y
7 Prosaposir. gottaegcaaiiclggoctel (SEQ 1D NO: 370 | coicigacicicogeagictgoaat (SEQ 1D NG, 38)
a Mac2-BP__ | gissaactcorigalgalteohict [SEQ D NO: 39) cieigeagactggiccliigac (SEQ 1D NO: 40
g GAL-3 _ _ | igleticacaagotggasggy (SEQ 1D NQ:£1) ctygagggeagagcacag (SEQ ID MO, 42)
10 MnSOD tacceacretanyogtaagaataya (SCQ 10 NO: 43) stgclgutagtgeloglyctac {SEQ ID NS: 44)
1 Granulin_ | gegactaggeagscaciicletltc (SEQ 1D NQ: 45) ctggaalgeiglgliclitclact (SEQ 1D WO 48)
12 | pB8shc clgg gogeacte (SEQ ID NO: 47) croet toaaty (SECQHID MO 48)
P14 _JG%_UMJS B | Clecegagiegclgggatta (SEQ 0 NO: 51) ccacglgeccaccgeqea (SEQIDMO:82)
18 i FAFF fgetectttggticgtict (SEQ 1D NO; 27) getgeetanggasactcac (SEQ (D NO: 28)
|16 tTgasa | ccoaggganaastatecactgaageaae (SEQ ID NO: 28) J._lmmmmmnmmm_mmmma_‘m.@ﬁqozccmc_ (SEQ 1D NG: 30)
17 | Clusierin agececttgaetieioces SEQID NG 63) | cleelggogacgeegenii (SEQID NG: 84y
|18 | PSF_ | =eagigelggesttagaggegige (SEQ IDNQG:SE) | iaigiettyctasgggaagctatiggag (SEQ 1D NO: 56)
18 ?mm.m.o\ _ [Situilagateaicaceancti (SEQID NG &7 T T Totagesngaccqguogley (SEQ 1D NO. 58]
a0  TIMPE-1 qae tacceatcleaga (SEQ 1D NO: 68) atgtacotolygigicletat (SEG (12 WO: 50)

L L L L L L L L L L L L L L L L L L L L L L L L L L L L
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EXAMPLE ¢
Froduction of Cells Stably Transfected with a p21-inducible Reporter Construet

To develop a siably wansfected cell line with p2l-repulated lucilurzse
expression, the NKd promoter-nciferase construct, described in Exsmnle R ard termed
pLONEA4, was inboduced inlo 1T ORI p21-9 celly, whieh carry [PTG-inducible p2 B by
colransfection with wRahePura camrying puromycin N-acetvltransferase as a selectable
mntlcer, Trarsfoction was ¢arned out using LIPOFECTAMINE 2000 (Life Teclmologies,
Inc., Gaithersbug, MD), using a 10:1 sutio of pluNK4 and pBahePum. Stahle
trunsfectants were selected using 1 pa/ml puromyein Zov § days. 54 prromyein-
tesistant cell lines were isolated and ested for luciferase activity (using a Luciferase
Aseay System, Promega), in the presence and in the absence of 50 pM IPTG.

This assay was parformed as follows. Cslls were plated at a density of 40,000
ealla/well in 12 well plates in § mL of media contsining pemicillin/streptoniyein,
glotamine and 10% fetal calf serum (FCS). Adter attachment, cells were treated with 50
UM IPTG or left untreated for diffesent periods of time. Luciferase activity was then
measured as described in Bxample $ ahove. An additiozal aliquot was temoved fon
the cell lysate to measure protein conceniaiion using the Bio-Rad protein assay kit
(Bradford assay). Luciferase activity for each sarypls was norinalized 1o pralein comient
and expressed as lucilerase aclivity! pg protein, Al assays were canied out in triplicate
und displayed 23 a mean, and standard devistion.

21 of 54 tested ceil lines showed measurable lucalerase wetivly, bul only ene celi
line, designated HV1080 LuNKA4321, showed higher luciterase expression it the
presence than in the adsence of IPTG. The results of assays carried out with p2 L LulNK4
cell ling are shown i Fignre 8A and 8B. Fig. 8A shows the IPTG dase dependence of
lucifersse expression after 24 hues o TG weatment, und Fig. 8B shows the ime coutse

of lucilerase expression vpon the addition of 50 WM IFTG. This analysis shaws that

JP 2004-535775 A 2004.12.2
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riost of the miduction can be achieved using as little ez 5 pM PTG and a treatment
period as shart2s 17 hrs,

These results demowstrated that the pLuNK4 reporter construet could be used to
produce stably trans(ccted cell Yines that were responsive to p21 induction of reporter
gene transcription, Such constructs and cclls previde a basis for a sercening assay for
dertitying compounds that inhibil p21-medialed yene activation. The relelively short
tee required [or luciterase mduetion (wbout 17 hrs), tegether with the pronounced
{approximately 3-fold} increase in hueiferasc levels in IPTG-treated cells, should make
the LutNK4p2 : ccll line suitable for high-throughput seteening of compounds that would
inhibjt the inducing effect of p21. Other cell Tines witk similar (and potentially hetter)
imdugibility can also B¢ develeped through the methods disclosed herein used io derive
LuNE4pZl. The results desoribed in Example 8 demonsirale thal ke sume iype of
sereening cim alsoe be conducied using trensient fransfection assays with promoler
construcis of p2 1-jrdicible genes rather than stably-wansfeeted ecll incs. The methads
for high-throughput sercening based on haciferase expressien are well known in the art
(see Stovz et al., 1999, Analyr. Biochem. 270: 97-104 for a recent cxamyple of a ansient
transfection-based assay and Roos ef ol., 2000, ¥irology 273: 307-313 for an cxatmple ol
gerecniay baved an a stably lomedected cell Ine). Compomds identified vsing these
celis and assavs are in hum vaeful or developng therapeutic agents tat can intubit or

prevent p? l-mediated induction of age-related gones.

EXAMPLE 10
Use of NF&B and p300/CBP Inhibitors to Inhibit p21-Mediaded imduction in
Transient Transfeclion Assuys
Examination of promofer sequenves al'p21-inducible penes showed thaimany of

these promaiers, including NIK4, contain known or potential NFxB binding sites.

JP 2004-535775 A 2004.12.2
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Severa! p2l-induced genes are knawn to be positively regulated by NFrB, including
supcroxide diemutase 2 (SOD2) (Janes of af., 1997, Mol Cedl. Biol. 17: 6970-6981), +
TGase (Mawa et al, 1997, Amer. J. Physiel. 272: G28.-G238), Alzhcimer's f-amyloid
precursor protent (AP (Grilli ef al., 1996, 4. Biol Cham. 271: 15002-15007) and the

inflammatary protein scrum amyloid A (SAA) (lensen and W hitehead, 1993, Hivcken J.

334:489-503). p21 hus been previously shown by ransien! co-lransiection experinents

to actjvate NFxB-dependent uanseription (Perkins er al., 1997, Science 275: 323-327).

This effzct of 521 was shown to be due te the sgmulation of ran

criptinn cofactors p300
and CBF (Perions er af, 1997, Scrence 275: 523-527), it is possible that activation of
P300/CBP or related manscription cofaciors may be responsible Jor the effect of p21 on
some of the upregulated genes. Tlhws, inhibitors of NF&B or p300CEP inay pulentially
preven lbe induchon of transeription by p21.

To determine it IPTG-indocible p2 1 expression in HT1080 p21-9 cells stmulates

the tanseriptional activity of NFxB, we have used tratsient na

sfection assays 1o
investigate the effeet of p21 industion on huciferase expression from the plasmid
PpINFKB-Luc, comracreizlly available from Stralagene. This plasinid expresses firefly
luciferase fram an arlificial promoter contamiog, five NEKRR consensus seouenees, To
evaluate the cffoets of genetic inhibitors of WFkB ou luciforase oxpression from pNEkB-
Lue. 20 ug of (he latier plasmid wers mixed (ata moks ratin 1:2) with a nlasmid MA13
{a k.a. pRC/Bactin-HA-IKK o) thet expresses a cominant mutant of TeB kinase @ that
selectively inkibits NFxB (DiDonate o of . 1996, Mol Cefl. Riof. 16: 1293-1304)
{provided by 17v. M. Karin, University of Calitomia San Diggo). Thisslasmid 12 referred
to helow a3 IKIC, ‘To determine the cftect of p300/CBP inhibition on luciferase
expression from pNEkI-Luc, the latter plasrid was similarly mixed in inother assay

wilb a veclur expressing o truncazed gene for adenoviral E1A protein with a C-tenminal

-59.
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deletion {ACR2 {120-140}. The C-tmuncated EIA (termed E1AACR2) is known to
miubit p300/CBP and refated factors (such as POAK) bit it doss nol ihibit Rb, the
turgel of the C-lennmal domain of E1A (Chaloavarti & al., 1999, Cel? 86: 393-403). As
anegative con'rol, pNEKB-Luc was mixed with a fanctionally inactive form of ELA with

d

“ors it both the C-terminus ard the N-ferminus {AN(Z-36)}, termed LTAAN/ACRZ,
The ELAACR2 and EIAAN/ACR2 vonstrucls wore vrovided by Dr. ¥, Ogvyzko
{NICHIID. RIIT), The mixtures of pNFKB-Luc with IKK, ELAACR2 or ELAAN/ACR2
were mnsfected into HTL080 p21.9 cells by electroporation, a3 deseribed in Example §
{with pRL-CMV plasmid [urther added for normalization). Afler electroporation, equal
mambers of transfeeted eells were trealed with 50 pW IPTG or untreated for three days
{in tripiicates). The tirefly eiferase activily was measored and normclized to Renilla
Iuciferase activity measured (in the absence of TPT() in each fransfected sample.

The results of this znalysis ave shown in Figure 94, pNFLB-Luc mixed with the
negative control (ELAAN/ACEZ2) showed up to 15-fold induction in the presence of
PTG, demonstrating £n inerease ‘n NFxB transcriptional activity i1 HT1080 p21-9
cells, Mixing pNFkB-Lic with the IKK ivhibitor almoat completely abolished
Tueiferse expression in [PTG-1realed or untreated cells, demonstratng the efficacy of
thag Inhibitor. EIAACR2 had « similar bul weaker ellee) thar [KK, segpesting the
requiranent of p30/CBE for WFkEB activity in HT1080 p22-9 cclls (Fg. 9A).

The same analysis was carried oul using promoter-uciferase construets lor sax
p21-inducible genes, The resulls for SAA are shown in Figure 9B, for proseposin in
Figure $C, for BAPE in Tigure 9D, for :-TGase in Figure 9E, for complement C3 in
Figure OF, and for K4 in Figure 96, Both IKK and ELAACR?2 intibited the induction

ofall the tested promuters in lhe presence of I UG indicating that the regdation of these

promoters by p21 is mechated in pan through p300/CRE and NFreB. Quantiatively,

-6 -
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however, the effects of thess Inhibitors varied among the promoters. Both bazal and
IPTG-stinnilated expression of the promolers ol SAA (Fig. YB) and NK 4 (Fig. 94G) was
‘nhibited by IKEK and E? AACRZ almast as strongly as that of NTxB3. In contrast, these
inhibilors had little ur no effect or: the hasal expressian from ke promoters of prasaposin
(Fig. 9C), BAPT (Fig. 9D), +TGase (Fig. 9L). o complemen: ©F (Fig. 9F), but
mdgrlered with the induction. v) “hese promoters m e presence of IPTS. These resulis
indicate the: p300/CBF end NFkB are involved in the induction of all the tested

promoters ay p2 1.

EXAMPLE 11
[Tse ot Non-Sternidat Anfi-Inflammatory Drogs t Inhibit
21-Medinted Gene Induction

The best-studied NELE nlrbiters in elinical use are certain nou-steroidal anti-
inflaimmatory drugs (NSATDY, such as aspirin, sodium salicylatc aad sulindac (Kopp and
Ghash, 1994, Sciencr 265 936-959; Yin e af | 1998, Motyre 396: 77-50; Yamamoto of
al., 1999, J Biol Chem. 274, 27307-27514). The LuNKdpZ 1 cell lire described in
Example 9 above wes used to detennine whether the induction of luciferase expression

By p21 in this cell five can be inkibited by MEAID with NP -inhi

fory activity.
Lusiferase agsays were performed svbstaniially as described in Exampls 9.
Lucifcrase activity was measured after 16 hrs of ineubation with or witheut 30 M
IPTG, followed by an edditional 20 hy treatment in the presenee o W the shsence of 20
mM sodium salicylate, 1 mM sulindac, ar 10 mM aspinn. Tn addition, two NSAIDs
were tested that do not inhibit MFeB: indomethacin and ibuprefen (at 25 pM each)
(Yamamoto et o, 1999, ibid).  MNSAID concentrations were Dased on the
pharmacologio senceniralions of these agents in the serum of patients required for their

anti-inflarnmatory propertics (Yin ef af., 1998, ibid.).

S6l-
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‘Ihe resulis of these assays are shown in Figure 19, PTG ircreased lueiferase
expression approximately 3-4 foid in the absence of NSAID, but (ks induction was
corplelely or almost complelely abolished n the presence of salicylate, suiindae, or
aspirin. In contrast, indomethacin and ibuproter. made no significant difference to the
induction of luciforase by [FTG.

To datermine whether I FeB imhibiling NSAID inhisiied not unly the induction
of 1umseription from fhe NK4 promoter but also RNA exprezsion o7 the endogenous
p21-nducible gones, LuNKdp21 cells were plated at 125,000 cells poy well in G-well
oates end were either untzated or treated with 50 [IM 1IPTG for 48 hrs (the period of
tirae required for maximal stimulation of pZ1-inducible gencs; Chanyg ef wl., 2000, Prec.
Nl dead. Sci. USA 97 4291-4296), in the presence or in (ke dbsence of sulindac, at
25G pil, 506 pM or 1 mM concentrations,  After this incubation, RNA was extracted
from the cells using Chagen KNeasy Mini Kot, and relative RNA Jevels of several p21-

inducible genes were delerrmned by reverse raasc

riptian-POR (RE-PCR), essentiaily as
described by Noouan ef @f. ([990, Proc. Nl Acad. Sei. US4 8T7: 7160-7L64), except
that B-actin rather than fr-rnicrogiobulia was used for GDINA normmaiization. The
sequences of the PCR primers for zach of the tested genes are provided jn Table IVa,
“The PCR cysles were as follows: for the 15¢ aycle, 3 min for denaturation, 2 min for
anezking acd 2 mia for extension, and the restofeyeles, 30 sec for denaturation; 30 sec
for acnealing; and & min for extension, The temperature conditions of the FCR cycles
and the sizes of the PCR products are provided in Table [Vb.

The resulls of the RT-I'CR analysis are shown in Fig. 11 For NK4 (the
promoter of which was used to drive luciferase expression n LuNK4p21 estis), the
addition of sulindac Lad very Iittle e2ect on gene expression (a1 the sbeenes of IPTG, but
all the conccutrations of sulindac produved a dose-denendent decreuse in N4 ENA.

icvels in the presence of IPTG. Very similar results weee obteined with +TGase RIVA.

-2 -
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With all the other tested genes, sulindec produced a dose-dependent increase in gens
expression in the absenec of IPTG. As a zesult of (his effect. the highest tested dose of
sulindas (1 mM) di¢ not decrease gene expression in the presence of TPTG, but a
noticeadle decrease in the TP effects was abserved at lower doses of sulinduc, In
particalar, ihe elfects of 1P TG were diginished by 250 and 500 pM sulindac for the APP
gene, but only by 250 M sulinduc for p66™°, CTGF and Mae2-binding protein {Mac2-
BP) geres. Nopeof the tested sulindac concenirations produced a significant decrease in
IPTG-induced RINA levels of prosaposit or superoxide distnutase 2 (SOD2). The lack
of sulindzc effect on prosapasin is in agreement with a moderzie <ffect of IKK inhibitor
on the prosaposin promwoter (see Example (0 above). Hence, s moderate dese of
sulindag (250 pM) tnhibits the ability of pZ!l o nduce rauseriplion for most of e

fested genes.

JP 2004-535775 A 2004.12.2
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|B-ACT[N

G (SEQ ID ND: 76)

S84 -

(SEQID NO: 77} _

|
i

WO DZ066a681
AT T L ABgu
GINE \SENSE PRIMER. (53} "~ |anTisENsE e )
NE4 AGCACCAGGOCATAGAAAGA GG GCTCCTCCTTGTC
- (SBQ ID NO: 13} R T
TGASE ACTACAACTCOGECCCATGAC GCCAGTTTIGTTCAGGTGGTT
T 50 119 NO: 50  [SEGIDNG: 51}
BATT CTCGTTCCTOACAAGIGCAA  [TGTTCAGAGCACACCTOTCR
(SEQ I KO; 62) SO NO: &
— GAGGGTGTGUTTCGOACTAR | |GOCCAGAGGTGTOATITG T
BT lsEomNosy (SEQ ID NO: 65)
o~ CGAGAGICCTTCUAGAGCAG | |ATGTCTTCATGCTGGTGCOAT
- (SHQ 113 KO: 66 (SEQ ID NO: &
ACCATGAGTGTGOATGUTGA | |ACAGOUAC
MAC2BP t(:sm 1D RO: 58 _ |sEemNo sy _
: ACCACGGACCTCUICACTAN | |ACACTGOCCOTCAGCTACAC
ORANULIN |eoro g 70y (SEQ D NO: 1)

. CCAGAGCTGGACATGACTGA  |GTCACCTCCTICACCAGGAA
PROSAPOSD ooy b nes: 723 (SEQIDNO:- 7Y
P CAAATTGOIGCTTOTCCARA | [CATCOCTACAAGTCO A RA
sob2 - |spo 1D NG 14 (SEG ID NO: 75

GOGAAATCGTGCGTGACATTAA [TGTGTIGGCGTACAGGTCTITTG |

JP 2004-535775 A 2004.12.2



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

(258)

WO 02066681 PCT/LS0Z02784
EALIK LY U X UK W ZIEUES (L L)
Gene Denaturation | Annealing  Dxtension | Cyeles | Product size
NIt boed s 1 om 24 |
t-TGase \ 94 38 _n 24 449 ]
u 0 r [ |
b-AP 94 | 58 72 ] 500 |
Il_no‘ﬁf"“ ) 94 58 | 72 42 sla
CTGE 94 | o4 7 e 1 am
MACL-BP 94 38 72 a0 a1y '
Srmulin s T P T
\Prosaposin 44 ; 35 72 21 500
j _
S0D2 94 58 T2 2 50s
Poscetia o ' e | 0w 17 275 |
S 65 -
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These results demonstrated that assays for irterference with p21.medialed
induetion of reporter expression from the promoters of p2 1-inducible penes are vapable
of wdentifying egents that inhibit p21-mediated fnduction o) genes associated with
carcinogenesis and age-related disenses. {n particular, an egent (sulindac) that was first
identiticd as un elfeciive inhibitor in = promoter-besed assay using LuNK4p2 ! cell line
was found to inhibit the induction: of several aging-associated geres by p2l. These
results further demensirated that NSAIDs thel are aclive as Niw ichihitors can prevent
tine induction of aging-associated genes by CDK tbibitors.

Agents that irhibit the induction of (ranseription by COK inhibitors may be
¢hinieally useful for chemoprevention or slowing down the development of age-related

diseazes, meluding Alzheimer's disease, mmyleidosis, atherosclervsis s arthrins. In

addition, such commpaunds, through iheir effects on the expression of secre‘ed growth
factors (such ag CTGF) may have value in cancer therapy or prevention, In faet, the
available elinical data on NSAIDs with NFxB -inhibitory activity support these ficlds ef
uge. Thus, several NSAID, incheding sulindac, aspinin and salicylate, were showin to
have chemopreventive valte it coloreetal carcinmmas and venous other types of cancer

and prameoicd the disappeavance of celonic polyps {Lee et 2f, 1997, “Use alaspitin and

other nongleroidil anti-mffsmmalory Jrugs end the risk of

ncer development.” in
DeVita et af., eds., CANCER. PRINCITLES & PRACTICE OF ONCOLOGY, Lippincott-Raven:
Philzdelphia, pp. 399-607). Tac vec of aspirin and other NSALDs was also shown o
deercase the risk nf Alzheiroers disease (Stewart af af., 1997, Nenrelogy 48 626-032),
Long-ferm aspirin therapy was further reperfed o decrease the ncidenve of
atherosclerosis (Sloo, 1998, Argiotoyy 49 : 827.-832). Finally, sulindac hax heen one of
tie most conynonly used drugs with proven clinical efficacy in (he freaanent of arthritis

(Hrogden et gf, 1978, Drugs 16; 97-114). While somc of thesc beneficia! cffects of

IWSAIDs have been attributed to their aclivity 25 cyciooxygenase 2 infibitors {PPermisi,

- bh -
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1098, Seience 280: 1121-1192), the resulis disclosed herein suggest hat these olivica)
aciivitics may also be due ta the inhibition of p2 I-induced genc expression, prasumuhly

through. the NEXD -inhibitory activity of these compaunds. I

ssays and screening

system provided by the instant invention enabie one with nrdicary skill in the art to test

various NSALD devivatives tor the wuprovement in this activity, Furthermare, these
results provide the basis for using the general catenory of WFeB and p300/CBP

inhibitors ag agents for chemoprevention or reamment of cancer and zge-related diseases.

EXAMPLE 12
Stinulation ef the promoters of pZl-inducible genes by pi¢ and p27.

As demonstrated in Example 7, expression of p2l-indueible genes is also

epregulated by other CDK inhibifors, p16™™ and p27¥". To dciermine if the
promaters of p21-inducible genes are stimulatec by the latier CDE mhisitors, pNFKB-
Luc and several of ‘he promotes-liciterase constructs described i Exampie § were
wansfected into HTT080 denvatives with IPTG-inducible expressiaon of pl6 (HORD
ple-3) or p27 (HT1080 p27-2), which are deseribed in Example 6. The eflect o[ PTG
on the expression of these promoters wes then anzlyzed as described for the p21-
inducible lne in Exanipls 8.

NFExB-dependent expression From pNEKB-Lue was strongly stimnlated by the
mduction of cither p16 (Fig. 12A) or p27 {Fig. 13A). In the case ol p27, the specificity
of tha obderved induction for K¥xB was alse demonsnated hy cotransfection wifh the
IKK inhibitor, which strongly inhibitea bata hasal and IF10-indacad expression {lig.
13AY These resulls demonsirate that these CDE inhibitors, fike p21. stimulate NF<B
aclivity. Furthermore, all the tested promoters of p2l-inducible genes were also
upregulated by pl6 or p27. I particwlar. JPTG-nduced pl6 expression led o the

induction of reporter expreasion from the promolas of Complerment 03 (1g. 1213), SAA

.67 -
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{Fig. 12C), t-I'Gase (Fig. 12D} and NE4 (Fip. 12E). IPTG-nduced p27 expression
strongly indueced the promaters of Cormplement C3 (Fig. 13B), PAPP (Fig. 13C), t-
TGase (Fig. 13D) and NK4 {Fig. 13E). These fincings indicaix that 22 t-indueible
promoters are activaled not enly by p21 bat also by other CTIK inbibitors, such 2s plé

and p27.

1t should be understood that the foregoing disclosure cmiphasizes vertain specilic
emnodiments of the invention and tha: all modifications or altemainves equivalent
thereta are withm the spirit and seope of the Mvention a8 set fonth m the appended

claims.

-6k -
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Ganes downregulated by 21 induction

A. p2i-Inhibltad genas identifiod by UniGem array:

Table 1

Ganes Accessian Na,
Associaled with mitosis:
cocz2 X04280
CKsHs1 (COC2 Wnasa} X844
PLKY {pole-ilka kinase) ua1038
XCAP-H eondensin homolag 038863
CENP-A {conramars proteln A) Ut4518
GENP-F (cantramera protein F} uzerz
MAD2 LEs410
BUBRt AFQsdi0e
MCAK [mitotic centiemarg-gisociatas snosin) Us3743
HEET kinesin-like groteln ALO21368
CHL1 helicase - LU73858
AIK-1 {aumral{PLrelated kinsse) nad212
AIM-1 [AIK-2; aurorailPL1-ralated kmnass) AFD04022
FRG1 {protein regulating Gylokinesis 1) AFtaq588
Cilcan Rinsse H10808
Lamin B4 L37747
Lariri B2 Meq352
LAP:2 [famin-nssociated pratein 2) 18271
MPR2 {M phase phogphabralain 2 74612
FAPPS (M phase phosphaprolein §) X3E261
A wrth JNA ren w ugmgakon and o i
Thymidine kihase 1 Ko2884
Thymidylata Synitase xoz2308
Uriding phosgharylase x80358

' Ribonucieafde reductass M1 X59543
Ribenusieoide reductase M2 Xd9818
GDC4T hamalog (MEMTY Das7g
CDC21Y hamelog (MCME) AT4T94
£DC45 homoleg (Fore-Ply Al223728
HsORC1 (origin recogrition complex 13 U4g152
DKA palymérasa o X08745
Replication factar C.{37-k0 subuniy ME7333
&-MYB : X13293
HPV1G E1 protein binding arotein uoa13
Topalsomerase [k Jo4083
Chromatin assesmbiy ketor-| (p80 suouniy Li20880
High-mohility graug chromosomal protein 2 X62534
High-mobllity graua chremssomal pralain 1 DE2B74
Histana H2A.F/Z variant AAC2494
Associated with ONA mpair:
XRCCY u7e310
RADS4 homalag 2977958
HEX1 §-3' excnucieasa (RADZ homelaa) AFDA2282
ATP-dependent ONA ligass | M25CE7
RAD21 hamoleg 38551

_6D -
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;
WO N02/06668 1 POT/USOZA T84
Tuble
and ANA

Pulatl\m Iﬂllsnrbﬁcn facter CA150 ! AFQ17T99 28
Transerptione! coactivalar ALY AFpdTanz 33
WHSCUMMSET {SET domain p‘nbewr] Ax401248 22
MNA-2AG {SET dumain pratel LJ50363 28
EZHZ (enhanger of z=sta Ilomeicg 2y UGT145 24
PTa-sascclaled sphicing factar X70844 25
Alkrich alament RMA-binding protein AUF1 uozois 23
U-snRNP-associated eyclophiiin AFDIBITT 28
Cfiar genest
&phusprmgfynﬂh dahydrogenaze AFDOS043 48
Ltypa aming acid transporter, sLbunit LAT1 MBR244 4.1 3
Hyslurcran-mediated motiity recepior 1420343 4
Phorboln | (PKC-Inducible) yazsa) a3
PS0-95 bindlng family arotain D1zl ar R
HTRIP (TNF recopter componant) UTTE4E EL]
MAD-dependent methyieneteiahydrofolaie delrydreganasa  ¥18398 a4
Mambrana glycoprotein 4F2 antiden heavy chain 102929 32
Mugin-ike grotein 079992 32
MACI0 dn L19183 28
P32riPK [raguiatar of Intarferon-nduced pru!aln Ninasa) AF007353 248
Pulative pheaghaserine aminotransferaad AA152482 28
Glucasa 8-phosphate franslocase Y15409 ar
Calcyelin binding protein AFOETISE 26
Omithina decarboxylasa 1 Xi6277 28 R
Trcphlnln ::l:lsﬂng pratain {tastin} Lodg0 25

A chalsatencl agy L21834 25
Plal/SOKS hglixtil 2.5
Genes with unkiown funetion:
EST AAOTEISE. g
E3T AAD4414 25
EST AALBZ IS 2.5
8, p2i-irhibiod genes dantifiad hy AT-PCR:
Ganes Agcasgion Ho  UniGem reaut’
“Gyelin A1 LIBBEZA -]
Gyclin 81 26783 I8
CCO25A NM_00175% A
Dihydrofoiata educiade JOD4G 15
NGl NPA_005637 A

*abbroviations: R, RT-FOR; W, westem bloting
®abbreviations: 15, lnsufficlant signal; A, sbaent fiam the arzy
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Tadle 11

Gensa uprigulated by pZ1 Inductian
Accassion  Balarcad Diff
Enxs

Dengs Ha Exat
Sacraid proteins and proteins assacited with anraceliviar matmix:
Fibronectin 1 X027l &7
Plasminogen asthvatar Inhiitcr, typal M14083 37 RN
Plasminogen activair, esua ype M15518 2.8 2
Laminin g2 A79603 21
Pramseoiin 2abb X5e807 as
Podocalyxin-fla protein Lg7518 2
Acthin A {inhibin pA) Jo3M ¥ R
Galectin 3 {Mac-2} ABCAG7E0 24 N
Mac-2 binding pratein Li3z1a 2 RM
Prosaposin Ja3azr 23 M
CTGF [cannecilve issue growih factor) 82934 a3 H
Cranulinfepitieln AF056C08 2.1 N
Cathepsin B ' Lo4288 a4 N
Tlagus ansghdaminzse M55153 a5 RN, W
P3TNR {alit homolog) L3zg07 21
Sarum amylakl A pratsin pracursor M26152 L] R MW
Alzheimara disaase amyloid A4 pratein precursar DazsTs - ARH
Complement C3 precursor ) Kg2765 5.4 AN
Testican X72608 24 E]
integrin 53 Ma595% 21 RN
proloins

N-acaty!yalaciesamine-8-wufale sylfatase udaoea 23 N
Ack aiphasglucosidaa XEEU7G 24 N

. Acid Epssa A {cholesterol eslesase) X76482 21 M
tysosemal pepstatin-nsansitive proteass 1CLN2Y AFO1ITASE .25
Mﬁﬂﬂhpmmdfﬁ: p?ﬂ;?ﬂl XoT! 5 R, b, W
Sup) s mumse a4 .| LMW
Malaxin 403080 s
2. d4-dianoyHocA reductase uresa 2

\

Cttiar gones Bisocialed with stass response and signal transdustion:
Ublquitir-sanjugatng anzyme {UbcHS) . AFQ31 141 2
Ublquitin-apacHio proteasa 8 09958 2
RTPICapa2i2rgtbkr! {inducible by nickel, retinoids, 087953 25
nomecysteine ard ER 1kess)
1533 muncie ankyrin-repeat mucisar protein [aytaking- Xa3703 3
inducibls}
LRP rmjc‘lrnﬂttpmm associated wilth multidg rasistence  X759882 22 N
[-amestin related HHCPATE homolag {upragulated by Ss7assi 44 M
yilgmin £3)
R-AS M14349 24
RAB 13 smail GTFaze K75683 22
PGH SHE (skl ancogans) uraTy 2 H
MK-STYR {MAP kinaae phesphatase-ika pretain} N75188 -4
73 nuciear anigen/iMA-3 apaptosis-relatedTiS 96628 24

(lnpuiﬁnmeﬁsl-wﬂhitm suppressed)

_71-

JP 2004-535775 A 2004.12.2



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

WO N2/066681

Cthsr genas;

Matural killer celig protein 4

TAK tyrosine kinasa (T-cell spacific)
X-linkad PEST-cantaining \ransperter
AMP deaminase 2 -

FIR2/HYPL huntingtindnteracting pratein
DNASE | homaiay '

“Transcriptan factor 11

Higtane H2ZAZ

Histong H2B

Genes with unknown functian:
23608

CGI-147

EST

EST

EST
EST

*Abbravialians: R, RT-PGR] N, nartherm hybridization; W, wewlern blotting; Z, zymagphy

Table 1L

Ms5g8a?

ALD2180T

AP0
AAIQATI2
Ws9120
Al028140
-AAZ13982
wae3sa4d
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WE CLAIM:

1. A recombinant expression congtruct encoding a veporter gene opeably
linked to a promoter from a mammalian gene lnduced by a eyelin-dependent kinuse

inhibitor.

2. A racombinant expression eonstruet according to Claim 3, whertin the
reporter gene encodes firefly luciferase, Renilla lueiferase. chloramphemicol

acctylvansiiorase, beta-galactosidase, green fuorescent protein, or atkaline phosphatase.
3. A vegombipant expression construst according to Claum L, wherein
the promoer is a promaoler irom 2 human gene induced by a COK mhibitar,

4, A recombinan ! expression comstuel aceonding b Claira 3, wherein the

promoter is a promoter front a human gene identfied in Table 11

5. A recombinant expression construct aceording to Claim 4, wherain *he
promoter is a promoter from a serom amyloid A (SEQ ID MO: 1), corplement C3 (SEQ
1D NC: 2), connettive tissne growth factor (SEQ T2 NO: 3), integrin [i-3 {8150 U3 NO:
43, activin A (SEQ N3N 5), natwral killar cell pratein 4 (8K UD NO: 6), prosaposin
(S1Q 173 N 7), Mae? binding protein (SEQ D NO: 8), ua’ectin-3 (SEQ 1D NO: 9,
superoxide dismutase 2 (SEQ ID WO: 10), granulin/epithelin {SEQ I WO: 1), pes™®
(SEQ ID N 12), caihepsin B (SEQ IR NO: 14), J-amyloid precursor protein ($14Q 11
NQO: 13), tissuc tansglutaminase {1-['Gasc; SEQ 1D NO: 16), clusterin {SEQ 1D ND:
17). prostacyelin stimulating facior (EQ D NO: 18), vasculur endoll-e)ia] growth factor-

C{SEQ D NO: 15) and lissce inkibitor of metalioproieinase-1 (SEQ ID NO: 20).

G, A recombinant expression constawet aceording, to cleim 4, wherein the

promater is a promoter Ty humsea naturai kaller cell protein 4 (SEQ ID NO: 6), seruri

JP 2004-535775 A 2004.12.2
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amyloid A (SBG 1D NO: 1), complement (33 (S 11D NO- 2), tissue rarsglutaminase
[SE 1D N 18), B-amyloid precursor protein (1) 113 NO: 15}, ar progaposin (SEQ

D RO: 7).

7. A recombinant expression coustitol seeording 1o clain 4, wherein the

Tecombinant expression construcl is pLuNK4.

L3 A maxmalian cofl comprising a recombinant expressiofn construct

gesording welaim 1, 2,3,4, 5. 6 00 7.

g, The mammalion cell of claim &, identified by AT .C.C. Accession No.

PTA 3381 (HT1080 LuNK4p2!.

10, A mammahlan cell according te Claim 8 wherein exprezsion of the

recombinant expression construet js modulated by NFwB.

il A mammalian cell according to elaim 8, further comprising a second

recambinant xprassiont construct encoding a mammelipn CDIC mhilyitor pene,

12, Amarvmalian cell according tn claim 11, wherein expression ofthe CLIK

inhibitor is experimentally-induced in the mammnialian cell,

13, The mammalian cell of ciaim L1, whersin the recombinant expression
construct encoding a mammalan (0K inhibitor gene is wnder the tran wriptionu control
of an inducible promater, wherein expression of the CTDE inlibitor fiont the
recombinant expresgion construct is mediated by vontacting the reeombmant celi wilh am
ndneing agent thatinduces transcription from the inducible promater or by removing an

agent thar inhibits transeription ftom such a promoter,

14, The manunalizo cell of claim 13, wherem the mammalizn CLK mhibitor

gene is a huaan p21 gene or CTEK-binding (ragment thereat.

- 74 -
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iy The mammalizn cell of claim 13, wherein the mammalian CDE inkibitor

gene is 4 human pl6 gene or CDK-binding fragment thereaf,

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

gene is a mouse or human p27 gene or CDK-bindirg fragment theveof.

5 i7 A mammalan eell aceording to clkim 13, Further comprising a
Tepombinuni expression comsituel encodmg o brolerinl loctose repressor, wheren
transeripiion fereof is conoolled Dy 4 marumaliun premoter, whersin the recombinant
cxpression censiuet enceding a mammalian CDK inkibitor gene comprises a lactosc
rEpressoT-responsive prometer element and wherein trapseriphion of the CDX, nhibitor

10 pere is conwolled by said lactose-repressor responsive promoter elemens, and wherein
expression of tae CDK innibitor geae from the recombinant expression constiuct is
mediated by conlucting the recombinanl cell with a luclose repressor-specific mducing

ageni.

i The mammalian ecll of claim &, wherein the ccll is a human HT1680

is fibrosarcoma cell.

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

[fibrosareuma cell.

20.  The mammalipn cell of claim 17, wherein the cell i3 2 human HT1080

fibresarcoma cell.

20 21 The marmmalian cell of claim 11, whereir the second expression

consmet is LNp21CO3.

22, The mammalian cell of claim 21, identified Ty A TALC. Accession Ko,

I'TA 1664 (IFF1080 p21-9).

~ 75 -



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

(269) JP 2004-535775 A 2004.12.2

WO 02066681 PCT/LS0202784

24 The mammalian cell of slaim 31, wherein the second sxpression

corstruel is 1L.Mpl16RO2.

24. The memmalian cell of claim 23, identitied by A.T.C.C. Acsession No.

(IT1080 pl6-3).

5 25,  The mammalian cell of claim i1, wherein the secomd oxpression

comstruct is LNp2YRO2.

6. ‘I'he mammralin cell af ¢lzim 25, ideniified by A. 1. Accession INe.

(HTI080 p27-2),

27, The mammalian celi of cluim 17, wherein the Jactose repressor-specific

0] inducing agent is a P-yalactoside.

28. A mefhad for idenifying 2 compeund that whibits ndoction of genes

indizeend by a CDK infibitor in o imammalian cell, the metaod comprising the steps of:

(@) culturing 4 recombinumt manmnalian cell according o claim § under
conditions that induee expression of gencs induced by a CDY inhibitor in mammalian

is cells in the presence and abserce of a compound;

()] comparing rsporier gene expression m said cell in he presence of Lhe
compound with reporter gene exaression i saiel cell in the ahsence ot the compound;
and

(o) identifying the compound 1hat inhibits induction of genes induced by a

20 CDK inhibiter if reperter gene expression is Jawer in the presence of the compound then

in the absence of the compound,

a9, The methad of Clarm 28, wherein the cell is cultured inder conditions

tharmituee expression of a CDK ihibitor in said cell.

-6 -
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30, The mathed of Claim 29, whercin the CUK izhibitor is 321, p27 or pl16

or CDE-binding fragments thereo?.

31, The method of Claim 28, wherein (e cell is further comprises a sesond

recombinant expression construct encnding a mammalian CIK inaibiior gene.

5 32, The method of claim 31, wherein the second recombinant expression
voustruct comprises a mammalian CDE inhibitor gene under the franscriptional control
of an inducible promoter, wherein expression of the CDK. inhibitor troma the
recombinant expression construct s mediated by contacting the recombinant cell with an
inducing agent that induces trarsoription from the indueible promoter or by removing an

10 agent that inhibits (ranseriplion from sucl. promoler,

33, Themethod of claim 32, wherein the mammalian CDK inkibitor gencisa

human p2? gene or CDK-hinding fragment thercof,

34, The method of claim 32, wherein the mammalizn CDIE inhibitor gene is a

human 116 pere or CDE-binding fragment thereof,

15 35, Themethod olclaim 32, wherem the mammalian CDE inhibitor gene is a

human pZ7 gene ar CK-hinding trapment therecf,

24, The method of claim 32, whercin fic cell = a human [IT10%0

fibrosarcoma celi.

37T, The methad of claim 32, wherein the mamntalian cell further compriscsa

20 recontbinant expression construct encodmp a bacerial lastose repressor, wherein
franscriplion thereof iz controlled by a mammaliaa promoler, wherein the recombinunt
expression constinet eccading 2 marimalian €DIS inhibitor gene comprises a lactose

repressol-Tespunsive promoter cicinent and wherein wanseription of the CNK inhihilor
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gene is contralied by said lactose-reprossor respomsive vrorioter elemeat, and whesein
expression af the CDE. inhibitor genc from *he recembinant expression construct is
miediated by contacting the recombinant celt with a lactose repressor-specific inducing

agent.

8. A method tor identifying a compound that mhibits COE mbibitor

mediafed induction of cellular gene expression, the mellad sompmisog the skeas of:
(a} producing expression of a CDI imhibitor in a mammalian celi;

)] assaying the cell in the prescnce of the compound for changes in

expression of cellular genes whose expression is modulaied by the CIVK ithibitor: and

{) identifylng the compound as an inhibitor of CDI inhiliilor-mediated
madulation of cellular gene expression if expression of the cellalar genes of subpart (b}

is changed to a lesser extent il the presence of the compound.
2%, The method of claim 38 wherin the CDE inhibitor is plé. p27 or p21.

40, The methad of Claim 39, wherein (e mammaiian cell comprises a
recombinant expression cotistruct encading a mamrialian CDK maibitor under the
transcriptional control of an inducible heterologons promoter, wherein expression of the
CDX inhibiter frem the recombinant expression construct is mediated by contacling the
tecombinant cell with an indueing agent that induees transeription: from the inducible

promoter or by removing an agent that inkibits trangeription irom such promoter.
41, The method of Claim 40, wherein the CDK inkibitor is pi6.
42 The method o Claim 40, wherein be CDIK ishibilor s p21.

43, The method of Claim 40, wherein the CDEK inhibitor is p27.

A 2004.12.2
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44, The method of ofaim 33, whain cxpresmon ol the celiniar gene is

induced by p2l.

45, The rethod of claim 38, wherein cxpression of the cellular gene is

induced by pld.

A6 The method of clam 38, wherem expression of the cellular gene is

induced by p27.

47, The methad of claim 38, wherein the cellilar gene i3 identified in Table

L8, The methoe of clain 40, wherein the cellular gape 5 identifed in Table

49, The mothod of claim 38, wherein expression of *he ocllular gene is

detecied vsing an immunelogical regenl.

50. The wmethod of claim 38, wherein expression of the coilular genc is

detected by assaying for an activity of the cellulur genc product.

31, e metaod of 2laim 38, where expression of the cellular gene is detected

by hybridization to a complementary rucleie neid.

32 A method for icentifying 2 compound that inhibits CDE inhibitor-
medingad induction of celiular gene expression in a manmabian celi, the method

coraprising the steps of:

(a) treating the mamma’ian cell m the presence znd absence of the compound

with an agert o culmring the mammalian celi under cenditions that induce sencscence;

(b} aszaying the mammalian el for ndnstion of genes that are induced by

-7 -
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CDX inhibiter gene expression; and

(] ideifying the eorpound ag an mhibitor of COK jubibilor-iaedited
induction of cellular gene exoression it genes thatare induced by the CDK mhibitor are
induced to a lesser enitent, i the presence of the conipourd than in the absence of the

5 compouid.
33, Thesuethod ol elnim 52, wherein he CIX inlibitor 5 p21, pl6 ar p27.
54, The mathod of claim 52, wherein the menes are identificd in Table IL
55, The method of claim 52, wherein expression of the celinlar gene is
detected neing an immunological reagent.

10 56. The methed of caim 52, wherein expression of the cellular gene is

detected by assaymyg fur an astivily of the cellular sene prodicl,

57, Themethod of eleim 52, where cxpression of the cellular gene is detected

iy hybridization to a complementary nucleic acid.

58. A meihod tor ideatifying a compound kat inhibits CDK inhibitor-
15 mediaied wduction of eellular gene cxpressien i a imamuglian celly the method

comnprising the steps of:

(a) contacling 1 mamma.inn cell ia the presence or sbseace of the cormpound
with an agent or culturing the mamemalian ccll undeor conditions that inducc sencscence,
wherein the cell comprises 4 reporfer gene under the franscriptional coenwrol of a

20 promoter for a mamimalian genc whose expression is modulated Dy 2 CDEK inhibitor;
(b)  ussuying the cell for changes in expression of the reporter gene; and

(5] identifying the compmmd as ar inhibitor of CDIC inhibitor-mediated

BO
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induction of cellular gene expression il expression of thie reporter gene ie changed to a

Jesser degree in the prescnee of the cempound than it the abzence of the cotrpound.

s6. The method of claim 58, wherein the CDEK. inhibitor i p2i, pl6 urp27.

60.  The incthod of claim 3§, wherein the mmanoalias gene promaoler is a

promoter of a mammaliay gene ilenfified in Tobie I

al. The metnad of claim 58, whersin cxpression of the cellelar gene is

deteeted using an immunological reagent.

62, The mefod of claim 38, wherein sxpression of the ccldar gene is

detected by assaying for an activity o< the cellular gene product.

53 The methad of clafm 38, whera expression of the celular gene ig detected

by hybridization to & conrplementary aucleic acid.

44, A methed for mbibiting CDE mhibitor-mediated induction of cellular
gone expression, the method comprising the step of contactng the eell with 2 compound

prochuced according fo the method of claim 28,

&5, A methed for wkibiting CDK inhibitor-mediated induedon af eellular
geneexyression, the method comprising the step of contaeting the cell with ¢ compound

produced according to the method of clajin 33,

66. A methed Jor iukibiting CDE inhibitor-mediated induc-ion of cellular
peneexpression, the method comprising the step of conmeting the cell with ¢ compound

produced according to the method of claim 52.

67, A method for inhibitng CDK. inhibitor-mediated induction of cellular
gene expression, the meihod comprising the step of contacling the ceii with a compound

produeed ao¢ording to the method of clanm 55,

~ &l -
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63, A method for inhibiting CDE inhibiter-mediated industion of cellular
sehe expression, the method comprising Lhe step of contucling the cell with an effective

amuunt of a compaund that inhikits NIxB activity,

69. A method for treating a disease in an animal accompanivd by CDK
) inhibitor induced gene expression, *he methed comprising the siep ol administering to
the animal an elfective amount of a nen-sieroidal anti-inflanmatory doug (INSALD) that

inhibits NFxB activity,

KA A method according to Claim 69, wlhizrein the disease is cancer other than

colon caneer.
Iyl 1. A melhed sccording 1o Clatm 69, wherein the disease is renal Fajlore,

72. A method according to Claim 9. wherein the discase 15 Alzhciner™s

discase and the NBATD is olher than aspinn or salicylate,

73 A rethed according to Claim 69, wherein the disease is atheresclerozis

and the NSATD Is other than aspirin.

in

74, A mcthod acvording (o Clafm 69, wherein the dissase is arthritis and the

NEATD 1 other than wspirin, sulindac or salieylate.

73, A compound that inhibits genes assaciated with pathogenic conscauences
vl semescence in a marmalian cell, wherain the compound is produced by a method

havirg the steps of:

20 {2) treating the mammalian coll in the prezence of the compound with an

ageni of cultering the mammalian celi :mder conditions tha® induce scnescence;

by assaying tiw mammetian eell for induciion of renes thai are induced by

CDE nhibitor gene expression; and

- 82 -
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(c} identifying the compamid as an inhibiior of senescence if penes that are
indused by the CDK inhibitor ave indueed 1o a lesser extent, m the prasence of the

compound.
T, A compound of claim 69, wherein the CDK inkibitor is p21. pI6 or p27.

5 71 A compotmd that inhibits production of pene preducts induced by a CDE.
inhibitar in a mammalian ccli, where:n the compound is produccd by a method having

the steps of

(o) treating the mammalian cell in the presence of the compound with an
agent or vulturing the memmalian cell under conditions that induce expression of e CDE

10 inhibitor;
{b) asszying the mammalian cell for induction of genes that are mduced hy

CIK inbihitor gene expression; md

{c} icentifying the compeund as an inhipitor of CDK inbibitor induction 1t
genes that are induced by the CDE. inhibitor ave mdiced fo a Jesser extent. in the

15 presence of the compomd.
78 A compound of ciaim 77, wherain the CDE fnkibitor 5 p21, p27 orpl6.

9. A niethod forinhibiiing praduction of ann-apoptolic or o ivgenic fctors
in a mammalian czll, the method comprising the steps of contacting the cell with a

compound dat inhibis induetion of pene expression by o COHL nhibitor,

20 80. Tke method of ciaiin 79, wherein the mammalian cell 7s a stromal
fibrobiast,
81, The method of claim 79, wherein the compound is an N1} inhibitor ara

PICOACTT inhibilor.

~ 33 -
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82, Amecthod for neuting an animal to prevent or ameliorate the cffecis ofa
discase accomparicd hy CRIK inhibitor induced gene expressior, inc method comprising
the ateps of adminisiering to an animal in necd thoreefa therapettically. effective duse of
a pharmaceutical composition of a compeund dentilied according o e method of

claims 28, 38, 52, or 38,

83, A mcthod for inhibiting or preventing expression of a gene mduced by a
CDK inhibitor in a mammzlian cell, the method comprising the step of contacting the
ruansmalian cell with an amowmt of a compeund ideatified aceording to the mothod of
claims 28, 38, 52, or 38 esfective 4o mhibit or prevent expression ol the a gene induced

by a CDK {nhivitr.

&4, A methed for selectively inhibiting induction of genez induced by a CDR
inhibrter in an animal, comprising administering an MFxB inhibitor to an animal in need

of such treatment.

8. A methed of clzim 34, whercin the NFrB inhibiter is a non-steraidal anti-

intlammmatery eompeowrd.

86, The methad af cigim 85, wherein the animal is a2 iwman.

87, Amethed for selectively inhibiting induction of gencs induced oy 3 CDK
inhibitor in an animal, compnxing administering to the animal a compound produced by

the method of claim 28,

82, ‘The method of elaimi 87, wharein the animz] is a human,

89, A methad for seleciively inhibiling induction of genes nduced by 2 CIIK
inhibiler in an animal, comprizing administering 1o the arimal 2 compound producect by

theinethod of clam 38,

JP 2004-535775 A 2004.12.2
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9. The meitod of claivt &9, wherein the anizal is a humnan.

91, Amcthed for selectivety imhibiting induction of wenes induced by a CHK
infibitor in an animal, comprising adninistericg 1 tae animal a compound produced by

the method of claim 52.
5 2. The method of clamm 21, whetein the annval i a an

93, A methnd {or selectivery inhibiting mduetion af genes induced by a CDK
inhibitor in a2 animal, comprising administerng to tae animai a compound produced by

the method of claim 58.
LES The method of claim 93, wherein the amimal is a human

i) n3. A method for selectively inhibitg imduction of genes induced by a CNDK
inhihitor m an animal, comprising administering to the antmal a compoimd produced by

the method of claim 75,
94, The method of clain 95, wherein the animal is a hunan,

97. A methed for seleciively inhibiting induction of genes induced bv a CDK
15 inhibitor ia au animal, comprising administeding 0 the andmal a compound produced by

the methwd af clanns 28, 38, 52, or 5K,
08, The method of ¢laim 27, wherein the animal is & hurpan.,

29, Amcthod for selectvely inkibiting induction of genes induced by a CDE
inhibitor fn an animal, comprising administering to the animai a compound acenrding to

20 claim 77,

100.  The method of elaim 99, wherein the amimal 3 a human.

2004-535775 A 2004.12.2
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(341)

atanatona; Appicaton vy POTAS 02 D784

FUATHER INFORMATION CONTINUED FROM  PCTASA! 21(

This Internationa’ Searching Authority found multiple {groups of)
inventiars in this internaticnal applicatien, as follaws:

1. Claims: 1-68, 77, 78, 82, B3, 87-34, 07-100 (partfally)
Invention 1:

A recombinant expression construct enceding a reporter geng
operably linkez to 2 prometer from a serum zmyloid A, a
mammalian ce11 comprising said construct, methog for
fdentifying compounds by culturind said cell,

2. Claims: 1-68, 77, 78, 82, 83, E7-94, 97-100 (partially)
Iaventions 2-4:

A recombinant expression ccnstruct encoding a réporter gene
operably linked to a promater from complemert £3,
beta-amyloid precursor praten or prosaposirn, respectively,
a mammalian cell comprising said censtruct, method for
1dentifying compouncs by culturind said cell.

3. Claims: 1-&, 8, .0-63, 77, 78, 82, 83, 87-24,
a7-100 (partially)

Inventions 5 and 6:

A recombinant expression canstruct encoding a ~eporter gene
operably linked to a pramoter from a human natural killer
cell protein 4 or tfssue trznsglutaminase, respectively, a
mammalian cell comprising said censtruct, method for
identifylng compounds by culturind said ceil.

4. Qaims: i1-5, &, 10-68, 77, 78, 82, 83, #7-94,
47-100 (partially)

Inventions 7-19:

A recombinant expression corsiruct encoding a reporter gene
operably linked to a promoter from conncctive tissue growth
faclor, ‘nlegrin beta-3, activin A, MacZ binding proteln,
galectin-3, superoxide dismutase 2, granulin/epithelin,
pb6shc, cathepsin B, clsuterin, prostacyclin stimulating
factor, vascular endothelial growth factor-C or tissue
inhibitor of metalloproteinase-1, respectively, a mammalfan
cell comprising said canstruct, method for identifying
compounds by culturind said cell.

E. Claims: 69-74, 24-86 (completely)

page 1 of 2
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(342)

Intamsnicna: Appheadion Na, PCTAS 02 A2784

FURTHER INFORMATION CONTINUED FROM  PCTASA! 710

Invention 20:
Method for treating a disease in an animal comprising the
admfaistration of z non-steraidal anti-inflammatory drug
(NSAID).

6. Claims: 75, 76, 95, 96 {completely)
Invention 21:
Compourd that inhibit genes associated with pathogenic
consequences of serescence in mammal®an cells, and methods
of treatment us‘ng said compound

7. Ciaims: 79-81 {completely)
Invention 22:

Method for inmibiting the production of anti-apoptotic or
mitogenic factoers in 2 mamralian cell.

page 2 of 2
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Inte-nationa: applicasion ke, PCTAL'S 02 2784

FURTHER INFORMATION CONTINUED FROM ~ PCTASAS 21

Continsation of Box I.1

Although claims 64-68, 82, 83, 87-24 angd 97-100 are directed ta a method
of treatment of the humar/animal body, the search has been carried out
ani based on the alleged effects af the rompound/compasitian.

A though clains 38-63 are directed to a diagnostic methed practized on
the human/aninal dody, the search has been ¢arried out and based on the
allegad effects of the ccmpound/cnmpoﬂtwn,

Continuation of Box I.2

Claims Mos.: 64-68, 77, 78, 82, 83, £7-94, 97-100

Present ¢laims 64-58 relate to methods based on the use of undefined
compounds. [n fact, said claims refer to compeunds produced according to
the claim 33, whereas claim 38 does nct menticn the praduction of any
compound. The claims lack ¢larity and concissness within the meaning of
Article 6 PCT to such an extend as t¢ render a meaningful search of the
claims impossible.

Present claims 77 and 78 refer to a compound defined by a result to be
achieved and by means of a process. In the present case, claims 77 and 78
relate to an extremely large number of possizle compounds. Support within
the meaning of Article & F(T and/or disclosure within the meaning of
Article 5§ PCT 15 to be found. however, for oaly & very small partion of
the compounds claimed. In the present case, the claims so lack support,
and the application so lacks disclosure, that @ meaningful search of the
claims is impossibie.

Fresent claims 82, 83, 87-94 and 97-10C relate to methods. Support within
the meaning of Articoe 6 PCT and/¢r disclosure within the meaning of
Article 5 PCT 15 not to be found. In the present case, the ¢laims so Tack
suppert. and the application s¢ lacks cisclosure, that a meatingful
search 15 “mpossible,

The applicant’s attention is drawn to the fact that clzims, ar parts of
claims, relating to inventions “n respect of wrich no international
search report has been established neec not be the subject of an
international prelininary examination {Rule 66.1(e) PCT). The applicant
is advised that the EPO palicy when acting as an International
Preliminary Examfning Authority is normaliy net to carry out a
preliminary examination on matter which has not been searched. This is
the case irrespective of whether or not the claims are arended fallowing
receipl of Lhe search report or during any Chapter I1 procedure.

JP 2004-535775 A 2004.12.2
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