WO 01/ 14418 PCTNS00/ 23161 -1 pl193 PROTEINS AND NUCLEI C ACI DS, AND USES
THEREOF REFERENCE TO RELATED APPLI CATION 5 This application clains the
benefit of whé§ashat ent Application Serial No. 60/ 150, 266pEfaSsh3sdust 23,
1999, which is hereby incorporated by reference inits entirety.
BACKGROUND 10 The present invention relates generally to cell physiology,
and nore particularly to cell cycle Yegulatory proteins. Specifically, the
present invention relates to a novel apoptosis associated protein

desi gnat ed pl193 and no@il1P3 EROEEINS ANDNECLEICACIDS| eot i de sequences

encodi ng p193 proteins; and tANB USES THERBOFpr ocesses involved in the
cloning, preparation and expression of nucleotide 15 sequences encoding p

193. Normal devel opneny,..i e intrlcate bal ance between cell
proliferation and pr oyf‘ﬁfﬁ%gﬁgg% é&x&—%&a\%@g@@ Alteration of this

bal ance5can  haThissdpglitatibg @limy e 'RREMSHOU SO PERAt AFPIRBSHESGRS No.

tunori genesdgﬁab’ggéllgga when cell 20 proliferation is favored whereas

aut oi mmune EHBPsHZA v P98 Which éy herehydpgorporgipd by sbBpacsdR s s f avor ed.
In mamal i @[l | S, apoptosis can be induced by at |east two independent
regul atory pathways. The first pathway relies on direct activation of the
death 25 receptors (nenbers of the tunor necrosis factor receptor
superfam |y, reviewed in Ashkengzckdérotinm! - (1998) Science 281,
1305-1308). For exanple, activation of the TNFRI or CD95 receptors
initiat'®s a si gAas Bresapisinventiopnredatesc gensradlyi teacell yphysidlogy) gind- AR

(Fas- associpgituoc | ' | d j o t her eby
initiating apogﬁggﬁégelgp% g%}n\ségggﬁr%‘?g% Eéecr egtﬁl' g%:%greg %‘? gﬁ‘%ﬁ‘“?‘he

activi ti es rdatepio aavebapbpintis gssogiatod protein desigpated pl 93 Adanadifie] fimet  al .

(1998) Sci 2 - . | ) ) |y _penber. Bcl-2, was
originall y%:ikg%rﬁ’t ﬁlfl‘éc éoziéggéﬁég%% e&?ﬁ’@%&g% ﬁs&giﬂgr’oirrr@?grépd%crtsaggq ocation in
sone hunan progassho exelved Tiou fiendibwipg,Y preparatibn  ahd 3B pesston eficeicRafide 1097- 1099;
Bakhshiyg A-sed?lten&L enéoﬁi%@@l%. SUBSTI TUTE SHEET (RULE 26)

Normal development is dependent upon an intricate balance between cell
proliferation and programmed cell death (apoptosis). Alteration of this balance can
have significant pathophysiological consequences; tumorigenesis results when cell

20  proliferation is favored whereas autoimmune and/or degenerative disorders result

when apoptosis is favored.

In mammalian cells, apoptosis can be induced by at least two independent

regulatory pathways. The first pathway relies on direct activation of the death

25  receptors (members of the tumor necrosis factor receptor superfamily, reviewed in
Ashkenazi, A. et al. (1998) Science 281, 1305-1308). For example, activation of

the TNFR1 or CD95 receptors initiates a signal transduction cascade primarily
through FADD (Fas-associated death domain) which rapidly activates caspase 8,
thereby initiating apoptosis. Apoptosis can also be regulated through the activities

30  of Bcl-2 family members (reviewed in Adams, J.M. et al. (1998) Science 281,
1322-1326). The prototypical family member, Bcl-2, was originally identified as a

gene activated by chromosomal translocation in some human lymphomas
(Tsujimoto, Y. et al. (1984) Science 226, 1097-1099; Bakhshi, A. et al. (1985),
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WO 01/ 14418 PCTI USOQ 23161 -2 Cell 41, 899-906; Cleary, ML. et al. (1986)
Cell 47, 19-28). Subsequent anal yses have identified a famly of

appr oxi mat efyy ox/thafyy Ot €i ns whi ch share honol ogy to Bcl-2 pETAB®29161 DI €
domai ns (known as Bcl -2 Honol ogy donmains BH1 t hrough BH4). Functi onal

anal yses have shown that famly nenbers with the greatest 5 honology to
Bcl-2 tend to pronote cell survival whrle those nore distantly rel ated

tend to pronote apoptosis. The pro-apoptosis group is further subdivided
into the BeEwI 4L1899-206; GledryMdh etan(€1286) G#H47, 29-4RH bsesuentieaalyssse O tvai ,

S, 733 72miphed Syl of Wbophike G20 phRE Ll 38 Bpolg13p) PO

S.N. et al.BliDa5ne Natmore dGHdins amowsas B8k Helmology dﬁmaims Bi 1 thfaugh7) Proc.
Natl. Acad | . JUSA 9 68- 3672 the. (whi ch as
t he name mBﬁELSFBWB riaéﬁ'ﬁ?lﬁl-@ %ﬁat fam‘éyeg'c eré w’?y%f g@}@{ (1994)
Cel I 79,5 34homdiogly; to Bey-d tend. td/pronsite ﬁll surviddd 9hjle fhmse)gtereehstﬂrﬁl,y rdleed - 1928;

Yang, E. et al. 1995 CeII 0, 285-291: \Wan Genes

Dev. 10, 28%8¢ igeemote Appptpsis- ﬁf’e RP-2RpPiofis §9YR gﬁf&éﬁ?’f"b‘%d“‘(ﬂé@%‘@i694 15
Conradt, B.pg sﬂJ-fanﬁl %&ch%nkm&&mwgmﬂw ,dofdainenseerQltvai, Z2N. at al.(1998) EMBO

2ra 7o b ool oS e 108 L0 SRl LI i oL

part, by thgyeekadl $:1‘995)9N§ihﬁ: 3720 794-73; Q"raﬁuwvswletamlqsspmmpsmu s Bcl -2
fam |y members whic ulate the ac (an

f
activat of3lcESpHse %I)Tneglﬂqtrjéb?ﬁe‘%E‘éé\B’gséc‘Fdaﬁﬂ 51 B‘Yc{?@f Agﬂ?é ot eases are

the downst r gamref érite Ly-fantily (%Qﬂta@sﬁesnan{eei&@hsﬁ Entait® bnly IBH3 déthdina|
regul atory pathway." Once activ caspases effect cell death by

initiating seefoyd: e'd\ﬂy@ttlab (b9§§b§€lé7%ﬁﬁb‘ﬁ58&qyﬁo§¥ ekl 1330) SG988F | es t her eby
giving 25 rif‘ipiplﬂssirhﬂgh &%P@?bﬂweﬂsohmqm \Ahwcahzqceetdl .quvsstic for

apopt osi s (révi ened nberr et al. Sci ence 281,

1312- 1316) . GPresJeevi 4@ 2758-286%) Ia gara c%n%fe‘ﬂs@t”@ BO2G o t188¢-60P40f DNA at
nucl eospgral Fmﬂgtm Q5 (mgkgéapysﬂeu@bzg & EbioR AL 3t A1001998) Engd Tner, el y

autolysis o DNA tunor virus oncoproteins have provided a
imor e usef ul 38oiRst HeWsRthaw(H?smuml P@@l"é’@%?”f’ﬁ@‘%ﬁezm%psﬁeguI ation of
cell growthy %Tﬂ death. The transformng activities of these proteins (as
exenplified by 'Sv40 Large T

Commitment to apoptosis is governed, at least in part, by the relative levels

20  of pro-survival and pro-apoptosis Bcl-2 family members which, in turn, regulate
the activity of Apaf-1 (an activator of caspase 8). Thus the caspase family of
cysteine proteases are the downstream effectors of apoptosis, regardless of the
initial regulatory pathway. Once activatcd, thc caspases effect cell death by
initiating a proteolytic cascade which destroys cellular organelles thereby giving

25 rise to distinct morphologic changes which are diagnostic for apoptosis (reviewed
in Thomberry, N.A. et al. (1998) Science 281, 1312-1316). These include nuclear
condensation, fragmentation of DNA at nucleosomal junctions, mitochondrial

disintegration and ultimately autolysis of the cell.
30 The DNA tumor virus oncoproteins have provided a more useful model

system with which to dissect the molecular regulation of cell growth and death.

The transforming activities of these proteins (as exemplified by SV40 Large T
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SUBSTI TUTE SHEET (RULE 26) ~I;i WO 01/14418 PCTI US00/ 23161 -3 Antigen and
Adenovirus EIA) reside largely in their ability to bind to, and thereby

alter the s emudig of, endogenous cell cycle and cell deapbriosawbiiory
proteins (reviewed in Ludlow, J.W et al. (1995) Virus Research 35,
113-121; and Mran, E. (1993) FASEB Journal 7, 880-885). In the case of T
Antigen (T-Ag), amino 5 acid residue3-105 through 115 are required for
binding to nenbers of the Retinoblastoma famly (RB and the rel ated

prot ei ns pAhotizeannd gaisuovinge E15p side lagely in their ability to bindaegynd@hereby54, 275- 283;

e M E Bk B e8RSl o S g Bl kg Sones
2378- 2391) (reviewed REusilavd i Jiy. m@dﬂ%ﬁe‘qmdtesam}o‘ss dfi382F éxralrMbt;an,lO merrbers
el cased, oot EARE 1hil o, BEbYr BBt Fraes L AphERuTARL AT ar ge number
of genes adddesidies 105 thivagie 146t ary fefrivdde e dbindinpletsi ﬂfémb&rsF\’of (uie992) Sci ence
Rl e
di scont i nubAsetraeg(iless)la:waM zwztnetamnm& el aP\g1997) Cell &6 ﬂlssqswues 350
o AT T PR M A S AT N ML
functi ons BSV Ddcl ANSIMBLBHLR NTIALRB aﬁﬁduvgameéksosfeqmaﬂ;dar&mmmﬁsi s and
growt h ory enes. T-Ag/ p53 binding prevéents transcriptional

nhi bi
activa 1(} onm8 ?"ﬁé%' lcﬂé\ﬁ%?a"ﬁﬂﬂedc@n%‘biﬂaﬁ%‘ﬁt ft3te ibyHhipding to RB)r Qreei viti es

(Bates, S. refdased] the?e(}rz(nl&%%bn @Rtdrs ackivMelexpreisidh 0BGl large RumB& of gendNd Ko, L. J.
et al . (1996)?95(%865 Dev. 1054- 10720 SURSH T e " T MRE 26) WO

01/ 14418 PRef ﬁz@f&eﬂthﬁfmmllwﬂe&@dﬂw@%%m@szﬁg 42%. (a) |mune
conpl ex frnmeyaﬁbqw etaahlagdsqb%ge@eﬁ\ %&e Ra\aﬁdg.@wmmaeﬁmggﬁeﬁaé ed with

anti-T-AG or _anti-p ocl onal anti bodi es 1S Sent  in

anti-T-AG (lpaﬂé‘"e‘)" §?fd Téﬁm 24, 54-5p). ahhecdiscontinposy regmdmthzed between
15 T-Ag amino acid residues 350 through 450 and 532 through 625 is required for

binding to p53 (Kierstead, T.D. et al. (1993) J. Virol. 67, 1817-1829). Among
other activities, p53 functions as a transcriptional co-activator of both pro-
apoptosis and growth inhibitory genes. T-Ag/p53 binding prevents transcriptional
activation of these genes, and concomitantly inhibits their activities (Bates, S. et al.

20 (1999) Cell. & Mol. Life Sci. 55, 28-37; and Ko, L.J. et al. (1996) Genes Dev. 10,
1054-1072).
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conpl ex from 35S-net hi oni ne | abel ed AT-2 cardi onyocytes, but not in inmune
conpl ex prepared with |1 gG subtype-nmatched nonspecific control antibodies
(lanes 1 apdoblassagnor in controls |acking primary anti bodpctiusena3ne.

Mol ecul ar wei ght standards are indicated on the left. (b) PSD MALD nass
spectrum and sequence 10 of a pl93 tryptic peptide. The b and y ions and

i moni um i ons that were detected are#shown. (c) Schematic di agram of p 193
protein and cDNAs. The positions of several structural notifs are shown.
Hori zontal bl ack |ines indi RESCREEION QF THE FF6URESon of the cDNA cl ones.
15 Figure 2. (a) Deduced ami no acid sequence of pl193. Underlined sequences
correspond to the peptides identified by PSD mass spectronetry. Bold
sequence corresptigis 1.0 t(ae IBHBIngopempleh ofterh ogpptabelispllCoabried 20f the BH3

domain in 193 and, several .ot her ' . I r 20 Figure
3. (a) plgg‘:%&ﬂﬁ‘_go‘fyéesséc,&ﬁr#er‘li quﬁl-@gﬂg‘gfﬁg %Eﬁg?e@%&g%gga%gg’b??%m cei ?g
co-transecprd i proseMin phSIFAG (atei Bhareh emttips3 fapesoB apd D eimmingr boring  a

c-term nal c .epi.t opg.tag). and =T i ch enc SV40 T- Ag) was
reacted wi t%?ﬂ@f)iffﬂm CamsionRg l?g%/‘ésﬁ‘ﬁgﬁér\ﬁ? ofgtgsuﬁiqfﬁﬁt ’l}{r#vm;‘rnuené conpl ex was
ggal yzedf byc&@[ﬂ&;eq_rapm%wnh NG uajtyli;g-mmtﬂeginmnsﬁ;ciﬂ_c aoitrol Fntigdizs (laimsdi es. (-tl)-; xi
transfection; Tot. Pro., total protein. . n recipitation. n
vitro trand|2adey 1rdn CBP?:RJ%E‘F ng ﬁﬁqﬁQOd*-(kB%ag\fI@F%"g%lvéﬁg}ftn vitro
_trg_nsl ?t gd &%:,&%mé,swesmaicgrtﬁaiomxtehﬁt._qum_tsmmm-mls sptﬂdurhhﬁdlsdfqgatclbed \(/jvith t he
i ndi cated anti bodi es. e resulting, i mupe conpl exes, were displayed on a
pol yacr 9 anPkrepPa| tryRtie Pentide,n The:h pg{]?{ogs MW%%I‘%ZIH wﬁTEf%b\ﬁgg vi sual i zed
by aut or adi g@rRMAY., (c86helna8E dd@rai@sf Yig3padtkiaeed BPNWAS The potitiais. of ( C)
Nort hern bl ot anal ysis of _{)193 expression in a(iiul t, g} ce. Toé%lg RNA (10
m crogr ans) Sqyewpatrastiral matifs e shone oHerizontal bipck lineg jnaippte hereliveT (RULE 26)
VO 01/ 14418 BSd N MeZDhoA clones. Was probed with a full-length pl193 cDNA. The

integrity oF the RNA sanples was confirmed by staining the Northern blots
wi th nethyl ene blue (lower panel). Figure 4. pl193 binds to the N-term nus

of T-AgqsThe scheghkbis diAgDadiced MM GER bdBente A GOIBSt rURdeslineded i n the
_mappi ng experi nments. Thesé products  were translated in vitro glgd m xed

with in vit seguencaneqreespandto the peptigastidgntifigdby PSD mass spectrometry. B
' sequence corresponds to the BH3 domain homology. (b) Comparison of the BH3

domain in p193 and several other apoptosis regulatory proteins.

20 Figure 3. (a) p193 binds to T-Ag in NIH-3T3 cells. Protein prepared from
cells co-transfected with CMV-p193myc (which encodes a p193 protein harboring
a c-terminal myc epitope tag) and CMV-T-Ag (which encodes SV40 T-Ag) was
reacted with the indicated antibodies, and the resulting immune complex was
analyzed by Western blotting using anti-myc and anti-T-Ag antibodies. Tfx,
25 transfection; Tot. Pro., total protein; IP, immune precipitation. (b) In vitro
translated p193 binds to recombinant T-Ag. Radiolabeled in vitro translated p193
was mixed with recombinant T-Ag, and then reacted with the indicated antibodies.
The resulting immune complexes were displayed on a polyacrylamide gel and
transferred to nylon membranes. p193 was visualized by autoradiography, and T-
30 Ag was visualized by Western blot. (c) Northern blot analysis of p193 expression

in adult mice. Total RNA (10 micrograms) prepared from the indicated tissues
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| mune conpl ex generated wth anti-T-Ag anti body PAb419 was resol ved on a
pol yacryl am de gel and visualized by autoradi ography. Construct 1-92nyc
encoded a Ry@opRisisope-tag at the Ctermnus. 10 Figure 5. ro1RSo0RBMIDt €S
apoptosis. (a) DNA content distribution for NIH 3T3 cells expression
CW-BGALnyc at 40 hrs post-transfection. (b) DNA content distribution for
Nl H 3T3 cel Il s expressing CW-pl 93nyc3t 40 hrs post- transfection. ' (c)
Time course of cell death and DNA synthesis in synchronized 15 cul tures of
Nl H- 3T3 celWwas prabadhwith atfuli-lengthp 1G8wDMAO SHlecinteghity ofolstRNAwsainple$ waCW- pl 93nyc

expressi ng ke t t 1 di.ne lLabeling.index for CV™M pl93nyc
trgnsf ecte 8@3111?(51 ()? gtlléﬁ%r}gzt}sjs {\Iogﬁe&n p %’g; Yﬁ%@/%ﬁt&?ﬁg‘)’ "lgggﬂvﬁgpaf‘ﬂgex for non-
transfected NIH 3T3 cells on tlh_e sane cha_rrberI slides (di grm{lds) ?_re shown.
(d and e) pl93gyc i l.ocal i ion . (si Al _cqrresponds to anti-myc

epi tope tag 20 F??H%W@&P&‘Pﬁea*ﬁew&%%‘a O&1 |'Te Sehemaliy flagreny, s

TOAD Nt Ag0n os OS] niced. apopto T e el L e et s ect ed as
- Ag ant agoni zes -indu )Si S, |

i ndi cat ed; e "P%‘?aé? A Ve 2d ”i’ﬂ% witholy vitipelrenslated Bl lpethorhs-

post - t r ans fi@giuh® Borhplef Bendiated Wi aAGITEAL RatibsaS! PAb410 WARSERRAGnY th the
pl193del t aBH ‘gvxlm ch harbors a del etion spaning the pl193 BH3 25 donmmin) are
vi abl e. Fi gabvacrglamide gelqapd vigualiged -by p%}md(l@sra@:Yg Baﬁon_é’@?qt lels%mlfs to .
ant i - p193mgsicodedTHIE epitipeltdg/dt e C-atlinks A (Ppane , signal corresponds to
anti-T-Ag i n$$une reg?:lﬁﬁ\s}i tg\;) are seqnugstered in the cytoplasmin cells

co- gxpr"gssi ng CW-pl 93nyc 30 and CW-T-Ag. (c) The percentage thym dine
positive cells Pehit £Y19PLAMME aboptfls. (BRR (il ikrblidiroPhB! ed agai nst
t he nunber of hours post S-phase (‘as determ ned by pulse-chase

exper i ment ST3 qels sxaressionGNY £GiAdgnymoni G0 drsd pestitriansfectigBSIH) TOINB SHEET ( RULE

6) WD 011 373 < ! 1 hCa L3

rze)spect [ ve%éﬂg%fﬁﬁ%@&qéﬁgﬁéF%ggb%P%gg %ﬁﬁ?E%%Ccéﬁ@%ﬁ stzr

cyt oki nesi $rapsfectiant (e Tignetgoyrse el tdeath apdiDNA isinthestein sypchroizagiur epZQS( ;A\)n
ru ing

NIH- STQSCOkQIWCQéf;fgiS -3‘?;% 3@ s MS&C%%WTPS%%@C' The %5s§r0ﬁ91do€‘

the sense (CW-p anti-sense
CMV-p193myc expressing cells (squares), the thymidine labeling index for CVM-

P193myc transfected cells (circles), and the thymidine labeling index for non-
transfected NIH-3T3 cells on the same chamber slides (diamonds) are shown. (d
and e) p193myc immune localization (signal corresponds to anti-myc epitope tag
20  immune reactivity) in NIH-3T3 cells at 8 and 14 hrs, respectively, post serum
replenishment. (f) Co-expression of Bcl-X,. or T-Ag antagonizes p193-induced
apoptosis. NIH-3T3 cells were transfected as indicated; the total number of p193
positive cells at 68 hours post-transfection is shown. Also note that cells
transfected with the p193deltaBH (which harbors a deletion spaning the p193 BH3

25 domain) are viable.

Figure 6. (a and b) p193myc (panel a, signal corresponds to anti-p193myc
immune reactivity) and T-Ag (panel b, signal corresponds to anti-T-Ag immune
reactivity) are sequestered in the cytoplasm in cells co-expressing CMV-p193myc

30 and CMV-T-Ag. (c) The percentage thymidine positive cells with cytoplasmic T-
Ag immune reactivity is plotted against the number of hours post S-phase (as

determined by pulse-chase experiments). (d and e) Autoradiographic and anti-T-
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orientation. Expression vector |acking insert (CW-null) was used as a
control. (B). RT-PCR analysis fromcells expressing the CW-null vector,
from cel | s wetprdtsi ng the OW-p 1 93as vector, or from nBRIUVEMR3I6Ect ed
Nl H 3T3 cells. 10 Figure 8. (A). Structure of CM/ expression vectors with
nested pl93 C temminal truncati ons, . as described in Exanple 4. (B).

Col ony growt h assay using expression constructs of Figure 8A, as described
in Exanple 4. (C DNA fragnentation stu i es. confj :l,that I93dn encodes
doni nant ne@ét‘&‘?é‘“ﬁcf’(‘d"ﬁ&? afglysisn rﬁf’p(?ﬁtkv (iﬁﬁuégﬂ‘y‘ TPt P

descri bed idhuga@raeh@afﬂer cHokink G f@nbthe $6 hewhise tintdi pogt apamel dyHC- pl 93dn
transgene used to generate transgenic mce, as further described in
Exanple 5. Figure 10. Northern bl ot of transgene expression in MC pl 93dn
20 transgenic m??gﬁﬂ hi gﬁ mﬁlﬂ‘?:%ﬁﬂzi‘eﬁmvﬁh alsay AvithOexphddsion dorsGuctas f urt her

described in ure 11 art sections show.n r’% r di al
damage it r%%ﬂ&eplt% in sﬂ?pr&%‘?ﬁr dRMVPAPIsEi ¥ iaptisemse r HM g{'rR} R/’Esl-pl 93dn
transgenic ﬁfﬁ m?btﬁﬁ%ﬂg?s?o ctogFPac‘li Qflée Mﬁn@fﬁm fisel- as C&0ntONS Wer e

st ai ned vvlt SIrius reac coll agen to produceadark
si gnal ) andBouRT-2CR: analysis ﬁpmweilagxprgsSEenthe ﬁMquulle‘éﬁsf% frogo; gells

car di omyoc G - . gl | -derived
cardi orryocy‘%‘?esgl {r?ll%/ gr o%tlﬁﬁglgg%{)/r’ é%%(\;/}mﬂhgn ugﬂsgéé"?gl\gfﬁfg’e]??s of p53dn, p193dn,

and E1A gene expressi on, alone or in conbination, as further described in

S0, S . Dol iy Bl G s e, 7 e

derived carﬁmnrr;d(m:)ut::momaIas|dyscgbe;1i/\mFﬁxatnsk!cy1 sBowkrolony Brcg’(jh @ssapuging h anti- El A

or anti- ant i bodi es: that EIA
expr essi on ?’%‘ﬁsﬂgn SRLRE &Bi:léo exp’r e55| ontogt# i?nng% E gdlglé ym?%dn
i nduced 5 fpmpEnosios st@eheecdﬁ)fmmmgaha)pl9rdrg¢ncedc$4ionqnmen¢g9tlm<mﬂésx ed in dIS

e bl MM B e i o8 e

Figure 9. Schematic diagram of MHC-p193dn transgene used to generate

transgenic mice, as further described in Example 5.

Figure 10. Northern blot of transgene expression in MHC-pl93dn
20 transgenic mouse lines designated 4, 5, 6, 7, 9, 10 and 13, as further described in

Example 5.

Figure 11. Heart sections showing myocardial damage in response to
isoproterenol infusion in control and MCH-p193dn transgenic mice, obtained as

25  described in Example 6. Sections were stained with sirius red (which reacts with
collagen to produce a dark signal) and counterstained with fast green (which reacts

with cardiomyocytes to produce a light signal).

Figure 12. ES cell-derived cardiomyocyte colony growth assay showing
30 the effects of p53dn, p193dn, and E1A gene expression, alone or in combination,
as further described in Example 7.
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culture studies were well synchronized (B). Western analysis of pl93
expression 10 over the sane tine period, as described in Exanple 8. The
Vst ern anabysi@aaqgi ndi cate that pl93 is expressed during ¢dt/osoosfhir e 15.
Col ony growt h assay denonstrating that isoproternol induces growh in
cardi onyocytes which co-express 193dn and p53dn, as described in 15
Exanpl e 9. SUBSTI TUTE SHEET ( RULE 26)7 WO 01/ 14418 PCT/ US00/ 23161 -8
SUMVARY OF THE | NVENTI ON A feature of the present invention is the
identification Higdreclar(@):Westeratblod analydis efipratpinireymied fams deiER @dl- pr ot ei n,
desi gnat ed ;p193. 93 is a Sv40 T- bi ndi ng. rot.ei,n ang pears to be a
new nenber d?) ‘%t%hc %?%yoc?mengq”X-gé(b‘%tﬁgﬁsé’Vég‘?‘ﬁﬂﬂ 6‘5&’&?5‘“&%“&3’5@&"{ ed by the
observat i onnti-TaAg pafiibodix§)r €B)S| DNADIfRighicf@tion Stligdt shawiapt dht CErpsponse in
Nl H 3T3 cells. lmmn?l cytol ogi.c anal ysis jndi Cﬁded that p.J93 is a

cyt opl asmi EBFHIY 1 0g RSPRALL £e oo heth plidnagnd pid3de dpduced  he

cyt opl aSm apopests (seeAaiplodf). bot h proteins. pl93-i nduced apoptosis occurs in
Gl, 10 and pul se chase experinents revealed that T-Ag is also localized in
the cytoplasm (albeit transiently) at the sane point of the cell cycle.
The data are CORgufl BN p193  exprdfscl 3 €, A6560Me bR kydle Ade BOIRPRSGS an
anti-apoptosis activity, independent of p53  sequestration, “whi'ch is

act uat ed b{MrElabefv ritigsed bymigline postive cells oysir simmshawingtlnd theiNEH-3T3 one aspect

of the preggfire kiad i : t r L4 yd .cell cycle of
a cel | _which ir%voli\e)gge%ﬂf)g&t%i%ﬁ\ﬂaﬁxtz.emla_é\r}g?st%r? aﬂg%gb{#fg?gﬁxhggﬁ‘ in the cell
and/ or 1Pnt &verethe sgmeiitime periedp a0 desgribrdeinnExdmpieaB. t ThenBitstem amalyspat hway i n

the cell. Bndaditthdnbyiscxpiei@asid ¢N)S. W1 d-type pro-apototic plos
activity can be used to 1 hduce apoptosis, and decreasing the |evel of
pro-apoptotic 20 pl93 activity in the cell (including interfering with the

pl193 si gnal trapégll- 4C{4 O ) HS 8 esg .apapt osi s and/ or
pronote cel l ul ar “pr oﬁ'f g?lgpfggam?{laﬁsc?ggglggb i "rclj‘?pﬁhg12 §§§%f°&°ﬁé“°ﬁ*f activity
can be achgewsl in fcendicaxyoapke whivh cocoxpress 4P3dn afd pFfdnpekidedriBAinencodi ng a
pro- apgpt ogixﬁnﬁagg_?, protein. Decreases in pro-apoptotic pl93 activity can
be achieved, 1Tlustratively, by decreasing the 25 | evel of expression of
the native pl93 of the cell (e.g. by antisense technol ogy),
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and/or by interference with the pathway through which the native pl193 acts,
for exanple by the introduction of a dom nant negative pl93 protein which
ant agoni zesyglpi/i@fst a portion of the biological functionpof/usto2stati ve
pl93 protein. In certain aspects of the invention, methods for nodifying
the cell cycle of a cell 30 include decreasing the |evel of expression of
the native pl193 protein of the cell -&nd/or interfering with the p193

pat hway, in conjunction with decreasing the | evel SUBSTI TUTE SHEET ( RULE
26) Ei WO 01/ 14418 PCTNSOGUMNRRY OF THE BNYENTIOMNn of p53 protein in the
cell or interfering wwth the p53 pathway, and/or in conjunction with

I ncreasing the | evel of expression of E1lA protein in the cell. In another
aspect, the presefeaturnefahe pesenp inyventitesis sire idspifisatinnoand\charagserizalion ncl udi ng

nucl eic aci d. encodi ng a ol ypept i de. C C used in

i nventive tﬂ&ﬂ%pq?sbsgajﬁoﬁg#e%&égﬂxl]’ ??Sg%?gﬁﬁgé%d’g? ngeaf ?220 'g%g; }Igﬁle e case of
pro- ap@t ofrowinpdndappéedry Rei b dew rhemben dfi ce BB phlyspre-apoptodiefamsilyl s. I n the
case of pl93. pol ypeptjdes wi th a.dom na negative character uch
transductio ‘?réﬁ/s‘é’gmg“s‘fegyt%?? observation %Fﬁé%gﬁﬁgsg@ngggﬁfg iAPOFP nduce
proliferatispaptodd rddpeiish o NIHEITSI detifl. dninmle npologhdf afahyaisi indiesed dnt provi des an
| sol ated pl193_ .protein, preferabl %n | sol at ed, [6f nbi ?ﬁng .Fl 3 protein.
Such pr ot ei 3 d5 3 HROPIISEWD, PRGN #h A COFTRTESIOP A o 'g‘ﬁafe EeUritea 1y

accept abl e gagpldsiic fobaliZh@hUsED Ot PRtdIRS: EpLI3ciatuced apsRssis curtss i8|GY
constituting a Eart of the

present invention 5 Such, proteins can al so be
used i n'G heangrmg 5F9§5F6¥P°6‘fnePﬁ\7%‘f?ﬂ°9éhaéﬁ'f‘%‘%ﬁoq]’@imfagzﬁ'@ ae C!Fﬂgaﬁ!ﬂ esent
i nvention alafeir GRRERIIRSat e BB Pint Of th oIttt O dathe E¥nBisRhiwith Conpri si ng
culturing a host cell having introduced DNA encoding a pl93 grag)tei n under

§ g
condi ti ons tharenshisionithal A% BPWEEFOLM Hiti-PPPsis AFaY U EEPPRER 585 rhe present
i nvention plRyds@ffondwhieislctubid 8¢ TeAd/s B3 biduRil i Shescydsph@fm. at ed  protein
desi gnat ed 5 9§, arrlld novesl nodi f?ed gp/§93 proteins, including those
exhibiting a dom nant negative character; nucleotide sequences encoding
such  pfP3 prot &) Rsrdingly? SHE laSpeBSe hE QRASHCMVINRYR c¥Rsinisna ol fBAI NY,

preparation and . .
’ modifying the cell cycle of a cell which involves modulating the level of p193

protein within the cell and/or interfering with the p193 protein signal transduction
pathway in the cell. Particularly, increasing the wild-type pro-apototic p193
activity can be used to induce apoptosis, and decreasing the level of pro-apoptotic
20  pl93 activity in the cell (including interfering with the p193 signal transduction
pathway) can be used to suppress apoptosis and/or promote cellular proliferation.
Increases in pro-apoptotic pl93 activity can be achieved, for example, by
expression of introduced DNA encoding a pro-apoptotic p193 protein. Decreases
in pro-apoptotic p193 activity can be achieved, illustratively, by decreasing the
25 level of expression of the native p193 of the cell (e.g. by antisense technology),
and/or by interference with the pathway through which the native p193 acts, for
example by the introduction of a dominant negative pl93 protein which
antagonizes at least a portion of the biological function of the native p193 protein.
In certain aspects of the invention, methods for modifying the cell cycle of a cell
30 include decreasing the level of expression of the native p193 protein of the cell

and/or interfering with the p193 pathway, in conjunction with decreasing the level
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25 expression of nucl eotide sequences encodi ng pl93 proteins; nethods and
materials for nodifying the cell cycle in cells, for exanple regulating
apoptosi s drthiRkmspProliferation of cells; and methods forpcyeuseemsiey for
phar macol ogi cal or other chemi cal agents for effect on cell cycle which

i nvol ve assessing their inpact on pl93 or its signal transduction pathway
in cells. Additional enbodinents as -l |l 30 as features and advant ages of
the invention will be apparent fromthe descriptions herein. SUBSTI TUTE
SHEET ( RUL[of 2€pres¢ion @i[bﬂgrb&ixPﬁThdmnerxﬁéﬁéﬂng-wiﬂﬂthBlﬁSEﬁatﬁwamndEr THE

PREFERRED ENMBQODI t h d f th
princi pl es "% NEO'BW} %Fﬁaflgﬁ %Fg?efeﬁgrg Pem mgﬁr%oagelr?gl g ©

preferred enbodi nents thereof and specific Ianguage will be used to
[ understood that no limtation

descri be the sa?‘g. I&‘?{ never t hel ess be

of the scope of 1 A& v?ﬁ?‘i‘ € RIeYeRb ARYSPHGT, PENIfEY 20 SRRIHSET (6F'8L i ons,

furt her snMoghdldieg 4 ini%nﬁc @dweﬁaaingfaaﬁm@rpmypéptidbesmsn Oéctdet 6 W used@n i nventi on
as described herein _being contenplated as would normally occur to one 10

skilled i nRYsBUYE fnethedm éﬁleflﬁ?ély wansdyce ohest eellsy @gd indhecase| 8- above, the

present i NyaitbRpPBPoIyPEStidRs RPMEh b8 irSthe 38O CInth€ dase '0P p@9N desi gnat ed
pl193 and mgﬁlﬁpfo?’nﬁﬁ %:arseo nclf(a:d?g%tl de gequences encodlbng) 193

protei ns; PRWPpRtidguvith aéﬁ@“\éﬁﬂ@é%‘@@?‘ﬁ#@ﬂ §ash trapsqugidom may: pewed,

preparat i orgﬂ@ag, StiaBBtetis SHusdiRObicliferafmuUences encodi ng pl93 proteins.
SEQ I.D. e%ﬁ\é\;g tr?gsbnucs | eot | debsoeqtljence and deduced am no acid

sequend® (see also SEQ 1.D. NO 2) for nouse pl93 as utilized in the

Exanpl es 20 hefghfer ;g?@ere& odifre t%f%%%%ﬁzex’itﬁ% ﬂ}b‘ﬁh&ozgn' ig&aé ygnce and

deduced am no aci d sequence (see man p193. In
t hi s regar @roteineprefsrably amisolatedt 'redembleefumwé protein. |S3ichl praseins pan bes | nt ended

to refer tgoﬁbﬁgé :}vlhﬂ-l af?%p@%@h%&ﬁéﬂhég&@%ﬁﬁ} a@ée Bl ¥arfil: WIGHRAL des and/or

nucl eosi de erivati am no aci d*sequence is
i nt ended t ehamfageuticd compmsitiont, atsp copstitiing 8 mquethtlmesemsmacmusy of amino

20102 1801 SR 55 MR e DB IR I po pios00 1 ol
The present invention also concerns a method for producing a p193 protein,
comprising culturing a host cell ha.ving introduced DNA encoding a p193 protein
under conditions suitable from expression of said introduced DNA.
20 |
The present invention provides a newly characterized apoptosis associated
protein designated pl193, and novel modified p193 proteins, including those
exhibiting a dominant negative character; nucleotide sequences encoding such
pl93 proteins; products and processes involved in the cloning, preparation and
25  expression of nucleotide sequences encoding p193 proteins; methods and materials
for modifying the cell cycle in cells, for example regulating apoptosis and/or
proliferation of cells; and methods for screening for pharmacological or other
chemical agents for effect on cell cycle which involve assessing their impact on
p193 or its signal transduction pathway in cells. Additional embodiments as well
30  as features and advantages of the invention will be apparent from the descriptions

herein.
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mechani sms of transcription and translation, provides the information to a
cell fromwhich a series of am no acids can be assenbled into a specific
am no aci dwgaadpece to produce a pol ypeptide. 30 It w || PCEUSMEIMEEE 00d
that the present invention also enconpasses the use of nucleotide
sequences and ami no acid sequences which differ fromthe specific

SUBSTI TUTE SHEET (RULE 26) iii WO 01194418 PCTIUSOO 23161 -11 p193
sequences di scl osed herein, but which have substantial identity thereto and
exhi bit pro-apoptotic or proliferative activities as identified herein.

Such _sequences wi || fiesGOpHIER G PREERAEDIEMBODYMERTS aci d and p193
proteins for wuse in "OUS aspects of the present Tnvention. For
exanpl e, nucleic acid 5 sequences encodi ng variant am no acid sequences are

within the scop t he i fl QNS such as
del etions, i nse?f’l P! ose o\ff}{;)l&*]gtfh& %ﬂg&#ﬁ%ﬁh% seq uﬁnﬁﬁ gﬁe pr oduce
"silents cha\nagean tréfatenck)wﬂbnow sbnbsadartmcamly padfféreash emb@mmtm@n
properties of the.r sultln t

cont enpl at é‘&d@ecffffele g"f%floodr?gcr&gﬁh eeg%lle It%lﬁtrfé?émﬁ%g!er stood 10

that alt er aini€sood thal nb uﬁthmbn @ tlseespopﬂoe thmhméntxmfxt derebyhieteddsgener acy of

the genetic code, ch r uII in roductd on of a, cally

equi val ent SHFR ﬁ’éem%ﬁdty"\gb 8ﬁl°§f’ta8 lgcag?fﬁt%tjnﬁfaﬁnélalp E’Ers{h a codon for
the am no Jgavedtial & deseribed hexleydw@wmanpamma waild ponmaliylecisubebé t ut ed by a
codon encodi ng_another |ess . hydro LS resi due, such as glycine, or a
more hy@ o fin ‘F‘%%‘T‘&ﬂjﬁhm@ﬂ’(‘?ﬁxég“g Sine, |eucine, or isoleucine.
Simlarly, changes which result in substitution of one negati vel y charged
resi due for another, such _as a%gartl c acid, for ut am or one

posi tively char d$ddisgesed Aboye  the RIessRY inveption B 1d§l§|an8°‘fegrap3‘?t&°1’sh| ne, can

al so  genergldcihrede pRowede CdeSidnited 1198 UsR momﬂehogarmal dhyreeﬂunucwoam pr oduct .
20 It has al so been di scovered that nodifications to th l\{%ﬁén téequence

whi ch  subseausnees| angoding @E93 proeins; 4nd iPEAYFts Fnd PERGESSES o Sul ting

pol ypepls de1&ank, QftepdBidf, aftdxsreivonC BRMGOSotAIeCseqhétee epERiy p19DNt enpl at ed
by the present 1 nvent| on. For exanple, nodifications of the pl93 am no

jaci d sequerkfele®an be used to

SEQ. LD. NO. 1 shows the nucleotide sequence and deduced amino acid’

sequence (see also SEQ. L.D. NO. 2) for mouse p193 as utilized in the Examples

20  herein. SEQ. LD. NO. 3 shows the nucleotide sequence and deduced amino acid
sequence (see also SEQ. I.D. NO. 4) for human p193. In this regard, the term
“nucleotide sequence,” as used herein, is intended to refer to a natural or synthetic
sequential array of nucleotides and/or nucleosides, and derivatives thereof. The
term amino acid sequence is intended to refer to a natural or synthetic sequential

25 array of amino acids and/or derivatives thereof. The terms “encoding” and
“coding” refer to the process by which a nucleotide sequence, through the
mechanisms of transcription and translation, provides the information to a cell
from which a series of amino acids can be assembled into a specific amino acid
sequence to produce a polypeptide.

30

It will be understood that the present invention also encompasses the use of

nucleotide sequences and amino acid sequences which differ from the specific
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produce dom nant-negative pl93 proteins which antagonize at |east a portion
of the 25 wild-type p 193 activity, and which |ead to suppression of
apoptoti c awbiowidays in the cells and/or an enhanced prol i fegrraisowsBigiapaci ty
of the cells. In one manner of defining the invention, nucleic acid (e.qg.
DNA) may be wused that has a coding sequence that differs fromthat set
forth in SEQ I.D. NO 1 30 (nucleotildes 62-5128) or SEQ |.D. NO. 3

(nucl eotides 87-5183), wherein the nucleic acid, or at least the coding
portion themé’éfsequqs discinsed bemnine bt whigk havehewbstaagial idestiyotherdsand2- 5128 of

SEQ |I. 3 SUB I UTE SHEET
(RULE 26) V%hg;i 1@&@%&0@‘%&?% (%m?; dcgnfleashte hout"HAucl eot i des
62-3517 of SE.?@ncq:S. wi.ll moniidenedad»@mvi@lmpéombldiesacm&d&ﬁ% podteifE@r | . D. NO

3, under stf itio uch nucl aC| deS|rany encode a
pol ypept i de Sﬁggﬁﬁ%v%?%gaaﬁ%eﬁpo?f l? IL’jt I%Brexﬁmﬁlt‘.’mf“r‘%‘?’l‘f Hegative
p193 pol5 peptuaees érﬁbdmgg&ﬁhmcaﬂdbtacmnﬁequafces mqwamaethd%p@zd@mmeand S wil
be di fferenlt | n di f fl\g‘b‘ﬁﬁt Circunst ances. Heral .. Stringent conditions
are sel ect' @8 be gatigps |t 3, SEAYRRFE.¢ PR % | PSAEOS0i Nt (Tm for
the speci f i mbstzaipmenine that sequelee] nadch (plmdixcét‘mémt hhh&i‘gés Phat @6€notm i s the

t enper at urusé‘ﬁund ,ﬁ-&efl negpl oni c strength and E at which 50% of the
target seq ’ﬁ'{h& t hestupgpional prapsriies; of\the reswlfingipolypapade mpjscely) | y,
stringent cmebtgmsen&omeinb;a&@ b%lh%ﬁkeéeﬂt Mbérftiant B6r kAmpR! ft iCHICRREAtion i s at
| east out 0.02 npl ar, at and the tenperature is at |east about 60C

In anotter HEn#iFateps dnr H‘i‘"f]\"gjmflﬁée‘HW‘éenﬁh , reflect| the (degencerchesf e used t hat

encodes a phdtReqide 06 Wwhiak réaa;sname%dmeuapbﬂa SRAHEMG Squlheh: fifgoat | east
about 15 70% identity, nore preferably at | east about 80% 1 dentity, nost
preferably %! "éé‘sgt‘ve&lfﬁﬁrtafﬁé)ﬁ%‘%léﬁt"?t?husmﬁ £9tlop fer therrminoeiddilanineuence set
forth in SE@drdph&nc MRine?agd, mby b§'§@stﬁut& b2 coffon Rhcoth har?ﬁhel‘ fast one
significant length (i.e. at least 40 am no acid resi segnent thereof,
and whi ch ﬁ&'ﬂfﬁ? phit desidigs Suchsasselicipe. corap sere hydrophebiparesidud. \sutly asr a

dom nants negfhd, Gcihkd e arrpl e, have
an am no acid sequ:encgr %gl%éﬁé agmgy?ﬁeast %ﬁg&%ﬁ%@% é{‘) "u%gn 0% identity
with at | ecdt®e namuﬁlyszmrg@ﬂ mﬁd@h foe snatbesssueh sl BPartié aGEQr glutmmcrﬁd 2 or about

am no aci d dr@nt Puisvely chbiped r@¥idue ot anlotler, sDR astysi®d rolalginidllcA0,8¢51 d 1 esi dues

generally be expected to produce a biologically equivalent product.

20 It has also been discovered that modifications to the p193 sequence which
substantially affect the functional properties of the resulting polypeptide can be
made, and such changes are also expressly contemplated by the present invention.
For example, modifications of the pl93 amino acid sequence can be used to
produce dominant-negative p193 proteins which antagonize at least a portion of the

25  wild-type p193 activity, and which lead to suppression of apoptotic activity in the

cells and/or an enhanced proliferative capacity of the cells.

In one manner of defining the invention, nucleic acid (e.g. DNA) may be

used that has a coding sequence that differs from that set forth in SEQ. LD. NO. 1

30 (nucleotides 62-5128) or SEQ. LD. NO. 3 (nucleotides 87-5183), wherein the
nucleic acid, or at least the coding portion thereof, will bind to nucleic acid having

nucleotides 62-5128 of SEQ. LD. NO. ! or nucleotides 87-5183 of SEQ. L.D. NO.
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1-1689 of SEQI.D. NO 2 or amno acid residues 1-1698 of SEQ |.D. NO 4.
Such pol ypeptides, especially when a functional pro-apoptotic protein is
desired, wWwbotmey ef erably include the characteristic plegTBsm/2aitétai n
occurring at residues 1566 to 1572 of SEQ 1.D. NO. 2 or at residues 1575
to 1581 of SEQ 1.D. NO. 4: Leu Lys Ala Hs Ay Asp GQu 30 Percent identity,
as used herein, is intended to nean p@rcent identity as determ ned by

conmparing sequence information using the advanced BLAST conputer program '
ver si on 2. 03,81 apleast|ahputenutieotides 62-3847 oH SEQ. [.Rs NQ: Ut sbept nuelgptides

SUBSTI TUTE. ST R A9N0: Qbbb TR 28 rdplfBAn The BLAST

programis e al’i gnment net in an tschul, Proc.
Natl Acad deSirably eiS6d8 7 polypeptide hivigd prio- @nuoasptﬂmuwgeér 2 domisjanis chul , et

Ac ad SC| . 'E%% \8309 lgé ]3%%?3%83@“%361%% 5\%( g.. %dse%%ngf ?@?f%%ﬁfle:\?t !Am ds
Refﬂ.) er5 (Z)st %Bzﬁ?ﬁigﬁrenBux: éfffe(;fn; cireuniitahSes. pﬁemrr]ﬁl?, :t;?’gmzcohdiéonsi arg :(S:I Ej 2;3
i vi ded by FHHERIGE B BoHL b ER el B Stesot e FEE RSB Tos o S

sequences. gEqfenté Q04 ﬂ@ﬁﬂéﬁ)&oxﬂ@s&'&@ﬁh aﬂ@pnemwms thert&ﬁgi&atmdQﬂﬁdei'y over the
entire length of the proteins_being r;opared Preferr efault paraneters

for the BLA@fmﬁ# t?@PeFFFFn%]P and pfD) ot m!‘r%"cﬁé) plithe tageey %&?WCESVW@P &0 (2)
Expect val Uﬁerﬁf:tlylﬂatcﬁe’ﬁ)pr&% *1‘ caﬂa/t §tﬁﬂgh|nt Eé}fdm.ﬁ il Be thoselin Avtfich thé)

Karlin-Al tschul "paraneter ?a enal ties: Existence 11,

Ext ensi Yh 1salt(qgpceptrgtign i at leestgabeuts@ai m°éas)a §g'o‘?é%d thertempgratiecis #hd

m snmat ched l%EQt ut g@tds found in the BLOSUMG2 matri x as described in

Heni kof f, S.” and Heni koff, J.G, Proc. Natl. Acad. Sci. USA 89:10915-10919
(1992); Pearson WR., Pr ot Sci. 15 4:1145-1160 (1995); and Heni koff, S

and Heni koff, lﬁanotﬁér%ﬁ#xasof]dz{ ing m(re]n%&;l)’)nuclyaeacﬂr %7 MS% g US€s an SEG

filter to mask-o0 segnen se€quence as determ ned by the SEG
pr agr am of anvodes arpadypeptidecibathien a@@npm scné sequanteChkioti Basr 3t laapt abpyt 163,

sequenc 1% RS Sfuole3ireraBlyh Bl bl s achlty, RH prcthuty ATEAEC, B D00
't he nucl eot atshat 90%cﬂsemewsbthefannn¢1amd1S@@celsgﬁoﬂl\l@ SEQ(MRAN@o2 pres 62 to
°128) or i nin%FE%. I.ID. I:Izlo.l\E'or with at least one significant length (i.e. at least 40 amino
acid residues) segment thereof, and which polypeptide possesses a pro-apoptotic
p193 activity or a dominant-negative p193 character. The polypeptide may, for
20 example, have an amino acid sequence which has at least about 70% , 80%, or
90% identity with at least about amino acid residues 1-1152 of SEQ. 1.D. NO. 2 or
about amino acid residues 1- 1173 of SEQ. LD. NO. 4, or with amino acid residues
1-1689 of SEQ L.D. NO. 2 or amino acid residues 1-1698 of SEQ. LD. NO. 4. Such
polypeptides, especially when a functional pro-apoptotic protein is desired, will
25  preferably include the characteristic p193 BH3 domain occurring at residues 1566
to 1572 of SEQ. L.D. NO. 2 or at residues 1575 to 1581 of SEQ. LD. NO. 4:

Leu Lys Ala His Gly Asp Glu
30 Percent identity, as used herein, is intended to mean percent identity as

determined by comparing sequence information using the advanced BLAST

computer program, version 2.0.8, available from the National Institutes of Health,
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3 (nucleotides 87 to 5183), or with at |east one significant length (i.e.
at least 100 nucleotides) segnent thereof, and which nucleic acid encodes
a pol ypept \nAapossessi ng pro-apoptotic pl93 activity OPCTUS00/23161

dom nant -negative 193 activity as identified herein. The nucleic acid may,
for exanple, have a coding sequence which has at |east about 70% at | east
about 80% or at |east about 90% idéhtity w th nucleotides 62 to 5128 of
SEQ |I.D. NO 1 or with nucleotides 87 to 5183 of SEQ I|.D. NO 3, or at

| east wi t h US#ouTha RILAST ipdegsart As bhased 5dh7 thef aligh@ent mEthofOf KarliB@ndr about

nucl eoti des,,.87 t0,361 f SEQ. 1. PUCHEPU) TUTE SHEET (RULE 26) WO
01/ 14418 PEHS %12’1‘9" -Afﬂ‘gT?Fé %@%n%?é“é@t E§§6)sé‘h‘ﬁé‘%clfésc"nsaséﬁtﬁ% oper abl y
i nked to alclmldt al., J. Ies{UBIE 21820510\(1090N Kdrin and Altechol, RrodNVarleconbi nant
nucl eic acid usgef i varjety of | i.catj \nel pudi ng,, for exanpl e,
in the pr O\ﬁcgéfoﬁ"zgfsﬂlgﬁlfgépég(@éﬁ and Aﬂgg@{lﬁg'gﬁgé %E}téfcdgﬁgﬁlﬁ é“’r nt r oduci ng
the nuckei @5338913402. (BYicfl§/ TRl BBAST profr@r détined! idehN@t asCthe luntber ACH as

cardi onyocytes, hepatocytes, snooth nuscle cells henot poi etic stem cel | s,

t unor ogeni ddeaEifg! alignedsymbelsi (ige nucleotides phamingeacidsy, divided, b thegofalie sequence

i's "oper ablpmbbUfRYmbIe irPihe shsHer bRt 896 sddBertesl VERCStofr8mAnayfbe dse@ul at ory
el ement such as a pronoter) when it is placed into a functional

r el at i onshitpaeiprming pracest ideptity Qrerdn sntiee lsagih oh the proteips bsingpmapargd; g

nucl eoti de plePQOUBHRER biRaRREkaRlYmk! BKAST! Brordih,0BRLE! xﬁ&&’déer?ﬁ this
general ly neans that the nucleotide sequenCe 1S contiguous w t he
pronot 80 ardgscription oH 68:e(2) Sxpeddi valnet ¢fel 0; (3h KarlingAltsehpl pareieter Aamscri pti on
of the gen ' ani f t r EDN. t., i ncludi ng
cel | - speci ﬁ'zcﬁbagqrr%fﬁe/nr égt&lthﬁl aé?rﬁ{tée}r%r_ gdri%t@f g)%ﬁ%%%&nésgt %‘gt? '%"ellpr onot ers.
The pronot dixgensiny 1bE) Hetabrt=e4194:02% 6 scdréscfod mpichebandrmismattheSmpnoduced from

t he nucl eot i de _sequenc e is produced.constitutively in.the target
ol 1 o al ¢ aF R ORI MEROIPNEE Tl B GORA € PRI B bRt e By e

sel ect ed t Hah., PeguVark Azad.iSealiSAr89HYI B 10921a1(1993);Heersem (V. R Ran Sein t he art,
so tha pr0 ti he Lre rod ; regul at ed. esi red.
Still b&rt #eﬁ',ﬂ'g’lﬁg(gégéges&’sa?‘?ﬂ?%‘&"&hgs@ﬂyt %@%Ii’gfn%‘t ?P?‘gﬁsﬁr?%ﬁjon of the
gene in ong1983).nrhe progears alse ek thnCIHG filtyp@Smask-ff sdghrens of el J;Iﬁdy ]
P e e ine 5 1 S o o Wosfon 358 BESTR Copulers © P ESCN

and Chemistry 17:149-163, (1993).

20 In another form, nucleic acid may be used that includes a coding sequence
that has at least about 70% identity with the coding portion of the nucleotide
sequence set forth in SEQ. LD. NO. 1 (nucleotides 62 to 5128) or in SEQ. 1.D. NO.
3 (nucleotides 87 to 5183), or with at least one significant length (i.e. at least 100
nucleotides) segment thereof, and which nucleic acid encodes a polypeptide

25 possessing pro-apoptotic pl93 activity or dominant-negative 193 activity as
identified herein. The nucleic acid may, for example, have a coding sequence
which has at least about 70% at least about 80%, or at least about 90%, identity
with nucleotides 62 to 5128 of SEQ. L.D. NO. 1 or with nucleotides 87 to 5183 of
SEQ. 1D. NO. 3, or at least with about nucleotides 62 to 3517 of SEQ. I.D. NO. 1

30  or about nucleotides 87 to 3615 of SEQ. L.D. NO. 3.
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designed to effectively increase wld-type pl193 activity in a cell thus

I nduci ng apoptosis, or tointerfere with wild-type pl93 activity in a cell
t hus suppraggigifhers® apoptosi s and/ or inducing proliferatiporubmssmsianpl e,
expression vectors incorporating nucleic acid encoding a pro-apoptotic
pl193 pol ypepti de can be enployed to increase apoptotic activity in a cell.
On the other hand, vectors incorporai4ng nucleic acid encoding a nodified.
pl193 pol ypeptide, for exanple truncation nutants of pl193 exhi biting
activity consi st € pipd rnudeotidaascqumganawbe &@er@plwmlw tocarprgmotersed t o
interfere with wld- 193 CIVI r gptosis in
t he cell an&?%lfnﬁcn%ful[&% ﬁ'ﬁ%?ea?l{ Brr? %e G che%né?ﬂ SS%?mgﬁsaguctlon of
cells with vaﬁzttprapplticmonotmtuidmg ﬂmbxa'qﬂs,ein (lrproyisiaBofireehicdsstsucteas SUBSTI TUTE
SHEET (RULE 2 f WD.01/14418 PCT/ US00/ 231 -15 sequences can al so be
doed 1o of f 4R Py PRI TR (e AUAF EPy P SR ETIRIER foote

p(r]I olifergti eﬁkaty’btibhléblllﬁekﬁcﬁl aﬁlcﬁﬂd(ijdﬂij}oyfyteﬂlﬂ@aﬁaﬁte§ esnRRttRiAsoRY cdlie, y
adm ni stere S so_as to decrea 0 act|V|ty and/ or
i nduce prol g?’é?ta?’icﬂ?l step ¢olls, tug)grqggmc5ccﬁ§, ZE'% ﬁ%? E‘F r ég ‘g%f%&éﬁ" B t?he
invention, hi@ediklIeqistt Rt ioferaBigAMREC Lol &oﬂx@ﬂﬁﬁ@éﬂtiﬂe IsedquieRel (0. @
cell-specific rom)t er, for exanple, providing f egonst Itutive . expression

of the nucl SARIPRDE such 3s 2 PEOMALETy vhep it 13 |1 pto, 8  fuagtjopal

candi dat es E&iuo%k&ﬁp vAOHR LRie? duaebtméesea@éndé ONFHCHaRpR 8€ b flutlepid@mOt €r' s such
as 10 the ct-nyosin heavy chain (a-MiIC) pronoter, the (3-nyosin heavy chain

(R MHCJOpr saayenae, is pprsahly Hisked tp i gremeiFaieAV e, M@@%ﬂyﬁpﬁ%tﬂ@“ ® he atri al
natri ureticnfacdk séqiblide iPERIBERS ’ww'l‘ﬂﬂe bidgholer k% théPebridietxhivie te- speci fi c

pronmoters include |1ver-specific cells such as PePCK, _al bum n,

transt hyr et Fapacisntp preste transeripsiop ofthn 2608 (Ampge Vamiely eBPIomolEs® a®y pr essi ng
endogenous gehg, ‘mﬁT IahS irlchding BAEGRCHTRI gaamb@kbs induéftle phGRdibrs draver, eyes.
Such constructs enabl e the expre55| on 9‘8193 nucl e| c acid selectively
i n sel ect edconstiwtize proretsrh cFheprpmeters naytbescleptodsn thatthe desited erodigic onbi nant
nucl ei c4gCi faes QWG IsdfofiReH EERLANAPE iR & P 193
.pol ypept?degogg%tgbfrdrﬂgl{&%ggo eﬁ;@éﬁc ol s% w3
target cells. Alternatively, promoters, such as inducible promoters, may be

selected that require activation by activating elements known in the art, so that
production of the desired product may be regulated as desired. Still further,
promoters may be chosen that promote transcription of the gene in one or more

20  selected cell types, e.g. the so-called cell-specific promoters.

Expression vectors in accordance with the present invention can be
designed to effectively increase wild-type p193 activity in a cell thus inducing
apoptosis, or to interfere with wild-type p193 activity in a cell thus suppressing

25 apoptosis and/or inducing proliferation. For example, expression vectors
incorporating nucleic acid encoding a pro-apoptotic p193 polypeptide can be
employed to increase apoptotic activity in a cell. On the other hand, vectors
incorporating nucleic acid encoding a modified p193 polypeptide, for example
truncation mutants of p193 exhibiting activity consistent with dominant negative

30 (p193dn), can be used to interfere with wild-type pl93 activity and thereby
suppress apoptosis in the cell and/or induce proliferation of the cell. Genetic

transduction of cells with vectors incorporating antisense (as) p193 nucleotide
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20 to an inducible pronoter. The p193 nucl eoti de sequence may, for

I nstance, encode a pro-apoptosis pol ypeptide. such that expression and
i.nduces of wpapiase s in cells, or an apoptosis-suppressi METAISI6ZAI61
proliferation-inducing pol ypeptide, such that expression suppresses
apoptosis and/or pronotes cellular proliferation. Using an inducible
pronoter, expression of the pol ypeptiHe encoded by the cells 25

i ncorporating the nucleic acid can be upregulated in response to an

i nduci ng agé&qPencey ¢an adsorberysedtocaifedtively BIPPreStanopratic getbiytaad/os induears i ncl ude,
For oanp! eproliffaiollah 8hd Q10! SRl M5 BHGRL Riva sl SBaihéLed e M
pronoter is |nduce eavy met & as copper

tetracycl i necllsegas ta:tdameeseg}gi mapmﬂouhaqtmt& andfprriadyce pyaliferationtie the n
expression pgi.dependent upon the presence or absence of 30 tetracycline; a
gl ucocorticold responsive pronoter, which uses a synthetic sequence
derived $rom the gl ucocorticoid response el enment and is inducible in vivo

by adm ni stering;d aso cell.s hav th riate receptor); a
SUBSTI TUTE SHEE'QIh"( %%E%eg') S\9\%‘%0‘4& ‘%ﬁd‘l‘i?“ﬁ@rr}%s(%%ﬁ‘g?%e fFgduence s

muri ster oneopaumplisltcdeo ptdﬁqﬁaerﬁc ptbimattr, ferexamble, gavidihgtfoo@ntitagecasi ng

hor none pronot er i I ble with nmuristeron ceII having the
appropri at ee’fpé%sélﬁf‘o? fe 3}1.03 0@? FaEFEhs VR %%S%t%@ S! ypg\ddil(lqsgﬁté\re i nduci bl e
pronot ers V\barﬂhiatafaforbﬁch pecnbtera iaklvdei dakdidrh ooyt pedifi€ pRifidtéls shdhCasude t he

ecdyson not er stem which 5 is inducible using an insect hornone
(ecdys oﬁ% gﬁd‘x H?'YS\S/‘F\;J&‘V% ShP OMHCY emotge by (ﬁéﬁ‘@’“é‘k peaysehsin (Br manmal s;

the (3- GAL MERE)E BromWidrC Ithd $nydsifli Hél‘ftYChi}fﬁi‘@mMmQIV') Zﬂr@ﬂo@? e £RAI | ac

operon operator and the | _gene product in trans, rat ui tous inducer
(1 PTQ is uBdHuekc fagop K@N@ RepeEs and He lkad Adﬂﬁ@nﬂ@q%@pqc tuPBpiers syst em
whi ch uses hﬁfhd@Yﬁ%s@i’f@r@HI?rm@m%'P%Ptﬁd%uml Qﬁlsﬁgﬁ%ﬁ afid \fﬁd& 10 defined
phar maceutical. These and other simlar |ndu0| l e pr ter sys ens are
known, and BRRFY prajeini (MURe phnys eslt tmv@imsangu@dwenmmgmt:e apdiritsi ew of
those skb! | eftessbdviififiodl Géhg, BAG, concer ns

t he di scoveré;tshat @ﬁtgckl n ﬁ§ 3§ c&%g%sg{u&\%%t big @gggfkérgg)gsl on of

domi nant ne® ?91693(!19Rhlcxﬂa¥disah?l$\)ely1prsdpﬁe¢ ESSD@al nst proI i ferat i on-i nduced
apoptotic signals. This in turns renders cardiac nyocytes responsive to

the pro-proliferation signals, such signals encoded
Another aspect of the invention provides recombinant nucleic acid that

includes a p193 nucleotide sequence encoding a p193 polypeptide operably linked
20  to an inducible promoter. The p193 nucleotide sequence may, for instance, encode
a pro-apoptosis polypeptide. such that expression and induces of apoptosis in cells,
or an apoptosis-suppressing and/or proliferation-inducing polypeptide, such that
expression suppresses apoptosis and/or promotes cellular proliferation. Using an
inducible promoter, expression of the polypeptide encoded by the cells
25  incorporating the nucleic acid can be upregulated in response to an inducing agent.
[lustrative candidate inducible promoter systems include, for example, the
metallothionein (MT) promoter system, wherein the MT promoter is induced by
heavy metals such as copper sulfate; the tetracycline regulatable system, which is a
binary system wherein expression is dependent upon the presence or absence of
30 tetracycline; a glucocorticoid responsive promoter, which uses a synthetic
sequence derived from the glucocorticoid response element and is inducible in vive

by administering dexamethasome (cells having the appropriate receptor); a
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for exanple by E 1 A Therapeutic approaches nay be adopted which pronote
control |l ed regeneration of cardiac tissue, or alternatively controlled
proliferatiwgoepisaid0 engrafted cardi onyocytes, which rely porrosdohsisuse of
regul atable pronoters to drive expression of the dom nant negative cDNAs
in addition to the growh pronoting gene. An alternative approach may rely
on pharnmaceutical blockade of the p38-and/or the p193 pathways, in i
conjunction with expression of growth- pronoting genes in conbination with
a regul at abpwistrreneesensivpprometenpyhich ows thedgapodairegingglepsinghasmonsci ence

(1999) 285 dd i i aHEME AR R 06 WO d oS rBptiependent

transcription activation and apoptosis. gents bl ock p193
activity araadrB¥ rdspongivaqremetarshyAdditorak iindugidlei promietersawhich Thiysbe appr oach
has the advary ig&‘wpfch%ﬂa@ kb, fichise g%écétcﬁ s%HeeﬁishB?ér%sténﬁ‘, willg, event of
illegitimate pronbter activity (e'g. 1n Getron o promnoter "activity in the
absence 5of i8Gndupitilecusing ageusdct hoffpenei (Becdyadrey and fpravitdes aotnpleiet lyganl- one or bot h

of the pro-apoptotic genes are bl ocked, pharmaceut|call and t hat

o har mcou IEBRRES orrenn oy BF PO ARORUPE: Fhish gf B St et ed.

M0 O3 LA 1 T e o O i Sa Do T e o death- of
the cell bé&%&&%‘%ﬂ‘#@%ﬁﬁ’%&%‘&%?ﬁ regulale expPssiPnn sk H’Crl‘c}?“eséém’g‘% nt. This
approach maysiéift, WhRH vs& e QVYPBA R pfomofdrCal iy indiRfvld bymdRise! ¥ wept ef f ect
control |l ed cardignyocyte proliferation_in vivo.. 5 An additional or

al t er nd0; velelingdphgamascutical ohkase drd PilcHimyanRducibls promagtessystgms gre

condi ti onalgnywh &l MeirdBE fh thé plebiit RvBIRBSE AtnRARSRirVRw R ehokOikifesarpl e t he
wel | - known Herpes sinplex virus thym di ne kinase (HSV-TK) gene. The HSV-TK

gene can i dgdedRat e normal nucl eotides as well as the nucleotide anal og
gancyclovir at a high efficiency whereas manmal i an t hym di ne ki nase does
not 10 incorporate gancyclovir into cells at high efficiency. Incorporation
of gancycl ovir Ong agpeetoplothe Presemiinventiop eenicemptiipedisgoverycthatthienkingi | | egi ti mat e

activaygon fbs L{g psﬁe&kibfg& DY SxPleQiB of ddRiHath meSHivE dDNAXNRfigRS On of the
‘anti-apoptosis (e.g. p53dn "and pl 93dn) and pro-growh (e.g. EIA) genes, as
el | as t hereysis Fgainge peeliferntiemipdunsd i apppttic gisodlsngThie|ip Jumpe repdesshose wher e
'S! 'mgggt 't rg%%gg%%kftﬁs% ndggig% gov.{ﬂrair&aéniﬂ%% KHdis, 6B QgnaW dritbrat ed by
. for example by E1A. Therapeutic approaches may be adopted which promote
controlled regeneration of cardiac tissue, or alternatively controlled proliferation of
20  engrafted cardiomyocytes, which rely upon the use of regulatable promoters to
drive expression of the dominant negative cDNAs in addition to the growth
promoting gene. An alternative approach may rely on pharmaceutical blockade of
the pS3 and/or the pl93 pathways, in conjunction with expression of growth-
promoting genes in combination with a regulatable promoter. For example,
25 Gudkov and colleagues (Science (1999) 285; 1733-1737) developed an agent
which inhibits p53-dependent transcriptional activation and apoptosis. Similar
reagents to block p193 activity are readily generated by one skilled in the art. This
approach has the advantage of an intrinsic cell cycle check-point in the event of
illegitimate promoter activity (e.g. induction of promoter activity in the absence of
30 inducing agent). Specifically, if the activity of one or both of the pro-apoptotic
genes are blocked pharmaceutically, and that pharmaceutical(s) is withdrawn after

regenerative growth is completed, illegitimate activation of the growth promoting
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The present invention also concerns vectors which incorporate a pl93

nucl eoti de sequence and which are useful in the genetic transduction of
cells in wodbpgars in vivo. A variety of vector systens aperaigidaipdie for

t hese purposes. These 20 include, for exanple, viral vectors such as
adenovirus vectors as disclosed for exanple in Franz et at., Cardiovasc.
Res. 35(3):560-566 (1997); Inesi et-df-, Am J. Physiol. 274 (3 Pt.

1): C645-653 (1998); Kohout et al., Crc. Res. 78(6):971-977 (1996); Leor
et al., J. gt wogd fesudh indthgl apopRtid Glpath G 2he @EIY b(:(iz@%)he Mii-ghopwtic al . C1 in.

Cardiol. 2 th Ther

3(10): 919- é%”?*@‘%@? “g’??féﬁ%seﬁg s@i‘?gﬁ(’% o r%}ﬁg) fo \‘?é""adc?rdsclﬁ‘?céﬁ%u so

sui tabl e, safetimadality tol a.ﬂf;ctrcamiwlﬁd}canﬂnmyo@yte@rolﬁeﬂfmm1h|vﬁ\to et al., Ann. Thora.
Surg. 62(6):1669- 1676 (1996); and Svensson et al., Circulation
99(2):201-205 (1999). Additional wviral vectors which may be used incl ude

retrovi Bal vect dnsdiesal er giteritiea tifeghant ap@foach w&uldlvﬁ&om;ﬁeé inclasibgli ol .
| os irol. 30 66( 6) 3391- 3397

28(1):133-140 Pet
239557 ) >tk duckpdironaty S e B0 sRseton gasiste s JeLaKampe REBSA oo o ol

Girc. Res. Kddyi )Hef@S-sifiplex 4298 hynAdine &ikd GUSVITAOSRE. eriRrgseiln vectors
w Il incorporate the rEo193 nucl ei ¢ aci d operably Ilnked to a cardiomyocyte-

SUBSTI TUTE S8 (IRERrROrats) nefpah mugleatides pestmedoay Ahe aicleotides as@e&u fi | c
pronot er, cmlrQﬁa Hgh tfieRacy daskhd MRANARSY thymulihd kirdabt 488 o

vectorg are hlg%’ %/ atible for use in transfection of nyocardl aI and
ot her 28| dneo paeyelovig e sglls aphigh efficisacy.r Bispmpatatign oheansyelenint i f i ed

above. 5 | is 29aEAN Ahui fhthid o\ Spefition,C Bl Rinkf) atlvafo of gaNEt i Cal Iy
transduced wth pl93 nucleic acid invitro or in vivo using |1 posone-based

transduct i 6FBulaahls promoten Woxld kesylt i exprestien pfithetantirpoprosis (g Pf3drens are
known, and JA@\R9RE$And rp?&gfo%ﬁ &. g EP&???&E Ué{ Weefl Ss! HEHSRIRTBIAANT

expression_vectors to a varie é lustrative teachings may be
found for AUGPRISPHAtElY growingzsllsiteg. thase athere illegithmete| popmetet adtividy hasti cs.

213(4) 1412 oggm(egpgag)beehfmng@%?,g Pé%’(i%m S‘g%ﬁ%m‘ﬁ{ g,gl}é 5(11): 1472-80 (1998);

Y. Kawahira, et al rcul at -7; discussion 11267-8
(1998); G Yammda, et al., Cellular & Molecular Biology 43(8): 1165 9

23(3) ) 049- 59 (FSaByeny Rl Wo BinolfBs SRR wAjor frepipofe P15 ©
nucleotide sequence and whxch are useful in the genetic transduction of cells in
vitro or in vivo. A variety of vector systems are suitable for these purposes. These

20 include, for example, viral vectors such as adenovirus vectors as disclosed for
example in Franz et al., Cardiovasc. Res. 35(3):560-566 (1997); Inesi et al., Am. J.
Physiol. 274 (3 Pt. 1):C645-653 (1998); Kohout et al., Circ. Res. 78(6):971-977
(1996); Leor et al., J. Mol. Cell Cardiol. 28(10):2057-2067 (1996); March et al.,
Clin. Cardiol. 22(1 Suppl. 1):123-29 (1999); and Rothman et al., Gene Ther.

25  3(10):919-926 (1996). Adeno-Associated Virus (AAYV) vectors are also suitable,
and are illustratively disclosed in Kaptlitt et al., Ann. Thora. Surg. 62(6):1669-
1676 (1996); and Svensson et al., Circulation 99(2):201-205 (1999). Additional
viral vectors which may be used include retroviral vectors (see e.g. Prentice et al.,
J. Mol. Cell Cardiol. 28(1):133-140 (1996); and Petropoulos et al., J. Virol.

30  66(6):3391-3397 (1992)), and Lenti (HIV-1) viral vectors as disclosed in
Rebolledo et al., Circ. Res. 83(7):738-742 (1998). A preferred class of expression

vectors will incorporate the p193 nucleic acid operably linked to a cardiomyocyte-
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15 Cardi ovascul ar Surgery 113(3):512-8; discussion 518-9 (1997); and I.

Al eksic, et al., Thoracic & Cardiovascul ar Surgeon 44(2):81-5 (1996).

Thus, | i posq@mh/iagigconbi nant expressi on vectors includi ngprgtASeddssican al sa
be utilized to tranduce cells in vitro and in vivo for the purposes

descri bed herein. 20 Nucleic acid constructs can be used for exanple to

I ntroduce nucl eoti de sequences enc0'd1|3rrg a pl93 protein into cells in vivo
or invitro, to achieve a |level of intracellular pl93 activity that is

i ncreased rmcezﬁr—\momgtex, reaicin g iope of dhese igentifigd abees. | sSUllelléﬂiefb ¥ased

activity c [ tic
activity cgﬂec e evi qu,%p &;3%? Ble fé}xl%asﬁgrf ﬁ‘%lstyugéapﬁd (}adaat oﬁgﬁ&h@

char act er i sarndgissms; M@memedﬁiomvgwgsmshl@suwdbomrl nkage and nucI ear
condensation and fragnentation. Alternatively or in addition, purified
(e.g. purified reconbinant) pl93 protein may be introduced into cells to

I ncreaseb pl93 datacsurdancé evith. thdinventvagesiscah iatso&&ergememalbolrhsduccd

macr onol ecu] ar gg#l ver ) %ﬁgt.ems) ar the cel ll.s can .be ttr {ch! with

phar macol ogl' 8 £J&A LRI 3d ih PS8 Fh 789 WG JPesgme- E%e increased
apoptoti c agfteitist A binet)hef ligdsbral thEldEdmblidh Systehiste kidwdd, EndZ ﬁavevuaeﬁ) 1/ 14418

PCT/ US00/ 23161 .-19 Nuclejc .acid con tructs can al so b used to_introduce
modi fied plEBOTEdQ) %’8?‘?56@1% élg‘b"éﬁé%cgmi IREBt BXRIPSSION VeROtStod VAP, i 1 o wher ei n

t]p]g: sequelrm@ﬂs Prilkstitve eda?lgﬁg‘stmay %lfeﬁndoforabxﬁmﬁlbrlam\xp%addlva zgenfe and
effecti y_an agom e _Wi ty _t resultin as for
exanpl e st)“ﬁ?ogg'ﬂ"G %‘Efptg@i(@ 4&2§P éo?:é ’5& nSPREs & %'t [bé

proliferati mr@@mm)tmm&ot P9l 6. Kiwahirg) rratl aal appeglagdn  93(@®M nant
negative pl93 protein or another _nol ecule cap trodu&e/ﬂ{ll nto the cells

whi ch i nt ePYRBPER0% 7 ndissussion dH6HE, 3R & tyb@a"ﬁisﬁ ot 4 %nd t her eby

Suppresses M@Q&HEﬁB!o&g@ QQ(S? 111639l (@@5), IMOAOKIEEER.| Pokerhd] of BRolécRlar %
[Ilustrativel }/ vect ors corgora ng .ant i sense as) pl93 nucI eoti de
sequences CGH%%éwlogaﬁam% Aa19978 Syisraettiat, Wloé Thegeeie k es serving

as phar{§iCotpdivarlfR SargeAN 113@)155@@; d.gaxsqls;ﬁ 568y imelry ahdteitrsi€ ewi th the
expression of or the activity of X&g}, 193 rotein. The present

/i nvent i on nilkdorasiq I‘f‘aﬁaé‘”ﬂ‘@f%ss‘(m?%h b (999 cfhusn lippsopwl 15 or in

;/Ih vo for reggahKifant At VhGors SREISARE PI9P'DIVANGR D4 BOSRFizedRS hods for
ein
tranduce cells in vitro and in vivo for the purposes described herein.

20 Nucleic acid constructs can be used for example to introduce nucleotide
sequences encoding a p193 protein into cells in vivo or in vitro, to achieve a level
of intracellular p193 activity that is increased relative to the native level of the
cells. Such increased activity can induce apoptosis in the cells. Induction of
apoptotic activity can be evidenced, for example, by cell death and other

25  characteristic morphological changes such as cell shrinkage and nuclear
condensation and fragmentation. Alternatively or in addition, purified (e.g.
purified recombinant) p193 protein may be introduced into cells to increase p193
activity (e.g. by fusogenic liposomes or other macromolecular delivery systems),
or the cells can be treated with pharmacologic agents which increase p193 activity,

30 to provide increased apoptotic activity to the cells.
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vitro culture of cells expressing introduced p 193 DNA (in sense or

anti sense orientation) can be used, for exanple, in the study and

.under st andiwignigkaighe cell cycle, in screening for chem ceCT/USIOEBAGSI ca
agents which nodul ate p193 activity or other aspects of the cell cycle, or
in the culture of cells having suppressed 20 apoptotic activity and/or

I ncreased proliferative potenti al f or? Subsequent engraftment into mammals,

including humans. Cells to be cultured in accordance with_the invention can
be derived fr dWHCIEic \2510 EPREIREts Sealr alse  bergpede 4 ripireduce Hagdified, BI@3 har vest ed
froma mampliebifte se%féngéél lhiérc%ll@mjv@b'leﬁlqﬁﬁmwﬁé?aflalflé §Qiénckdpreviggat  manmel
(autografts) or another mammal of the sane species (allografts) or a

di fferent sbusetersticx ofadglominas) negative aFnsnypdsficetivaly aptaganizectildtypay al so be

derived fr f S c stem
cells, r’rﬁfrb Ic sf‘glbr"i lﬁ%éﬁ%q egaglﬁﬁrﬁe Psnﬁﬁ%ﬁ?’?pﬁ% ?émggﬁ {mssp ner al

met hodo I5ogyn¢rcnse gubé prdifarativeicaprsity of tie sellso dmwasimlatagproachtaadominist . 30

5, 602, 301 t. deri ved,

t he geneti ?’antga p? e é@ s ﬂo%legér?d%c?%t ceaL?)ﬁ 1%@@15&%@1@ tehlﬁ\cgg{';‘iisg‘lwxc?ilghrray t ake
pl ace at t lintesféresrwdshl or aritegmiz,es fvord- tiypes tpd9 actumyl lagd nigerehyesuppresses € vect or s

to introduce the pl iCc_a SUBST TUTE SH E 26 WO 01/ 14418
e Usoor 238805 Ddnciiis pRAkSoR s e SElfe- s ARSI, SRRy and

nucl ei ¢ aciidcoppadtingngtisdnee (aspbmtmmn:oﬁde a:qﬁarcgmanclml used.yqne/of small other cells
dlffere tlatltgg fromthe s mcell and/or a di fferen |at d level e.g.,

i ncl udi® i PERME rﬂﬁlr" S ﬁfé}‘f@gc?ﬁe‘g’ém’%?o %}cnﬁ%eé" ud speci fic
pronot er. Nffetdiety aftértere et urege;qﬂsaeﬁ|d1rbroﬁ1etarcﬁnﬁyltwadlcﬁcybe @193
non-transduced. stemcells nmay al so be used in such strategies. Such

sel ection BSP*Phe stem and/or differentiated cell types may be achieved,
illustratively, utilizing a gene conferring resistance to an antibiotic

(e.g. neonycin_or hygronyci n r ojt r chem cal ent operably linked to
an appropri at eT’i!?erﬁ’ﬁf"e‘P"e“i‘G“ %]ﬁ?éﬁhf’d%ﬂ?‘mé ‘fHPg J é’y "Qenetic

nodi fi ceg | Qg ik Givé flﬁ%s&ﬁélﬂftlﬁ:réﬂa@u@ sér@e?ung&ﬂ@ttﬁ@%@ﬂéde@' Méth@&i%f theyel eic acid
may al so occur after differentiation of the stem cells. For exanple, a

di fferenti atie BBIT Postls £KPIEssingn ttofiersdi 92 dPRf oty JeRse ey Bitisenghiot her

target cellorderifon)fc@h bl RSER AGCexamPledinihe 3P Und uni&iitnddg b @e alf get cel |
type, nmay be transforned with a vector having pl93 nucleic aci d

(especi al | ycy&al6t insseregring for chemical or physical agents w rich modulate p193 activity
or other aspects of the cell cycle, or in the culture of cells having suppressed

20 apoptotic activity and/or increased proliferative potential for subsequent

engraftment into mammals, including humans.

Cells to be cultured in accordance with the invention can be derived from a

variety of sources. For example, they may be harvested from a mammal for

25 culture and subsequent engraftment into that mammal (autografts) or another
mammal of the same species (allografts) or a different species (xenografts).
Cardiomyocyte or other cells may also be derived from the differentiation of stem

cells such as embryonic stem cells, somatic stem cells or other similar pluripotent

cells. General methodology for such derivations is disclosed in U.S. Patent Nos.

30 5,602,301 and 5,733,727 to Field et al. In this regard, when so derived, the genetic
modification to incorporate the p193 nucleic acid may take place at the stem cell

level, for instance utilizing one or more vectors to introduce the p193 nucleic acid
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15 including a dom nant negative nutation) operably linked to a pronoter
(optionally tissue specific), as described above. The sane or a different
vect or maywa)@n4d€ used to introduce other functional nuRdERWSIBHET to the -
cells, for exanple providing a reporter gene and/or sel ectable marker, or’
providing for the expression of a gromh factor and/or another cell cycle

regul atory protein. 20 Illustrativerl O'i n certain enbodi nents of the
i nventi on, decreasi ng the | evel of 193 praotein or jnterfering with the p
193 si gnal operabi¥ dinked df HASHRSPeihn Pﬁ%‘nﬁg'edmd ppclednjagidc £798HN8 RS ot her

means of effjgGiohng me G &Ll ¢ Gﬁ)\écﬂ'&n oftief c&saiBentiafiHg fronBisfnt adli ons of p193
and/ or its pathway ect e an i ntroduced antisense 25 pl193

nucl ei ¢ aciand/er atza di F@P@ﬂ@lﬁ‘@ %&vi‘f}@ﬂ-‘d&lgdﬁ)ﬁﬁlm metkst BeRs PREERY on) can be
used in Comkm;b'aqg?mﬁ@f-gﬁcxﬁc ?Fb?nd?éfc lbﬁfc&@zféi@enﬁaﬁlﬁ&%le@ﬁ&d’oﬁ%&&@é@e or a

dom nant negative tron an ElAn elc acid, or a conbination of the
two. St6l| fioor mdndra,nsdtsqtﬁcmdlsrm%)mhmsgi insudestestegioss Shehsselsgliomay may be

used in CO% Oﬂxd)lgrtd{}fereglh;\g%c&?ﬁpgsqﬁ gpﬂ;ﬁ Jcﬁig@@ﬁ ﬂﬂ:s& 1Je {lélliztl ' ng the

G /S transi for exa ey reu rs at
restriction grae rcbnfefrmghesxsmicle toyap| aubw(uh (as. nmmmcm o1 hggrmytflehvﬂ y rrenber S,

26y anh VOSSR ek el B iR Bbmoret U TS R g
cyclin- dependent ki nase inhibitors, overexpressing downstreamtargets, and
loht JBntr1 cofsnesenserlgeed JQuRnd inelif BohiRKGh 1f oot MERL. 0 2

m xture of afi®premtaligtlothedhiuditic acid nayyalschaccyeafet ldffkh'énjnanmdoff thesteinn vitro to
Ui £ abl ¢ vEeorPs ERuLe G Ee Al Bp BB fnf e AT Fansauced i n
such pr ot oGRbtherti¥etell Bipt afoﬂmtaﬁdercohmhfgm (fnfmcm afithendrget cell tygef f er ent

Sui £ abl o PR CSORIPEEd TiMl G R o SR 2SS BrBT e oqui ne.

ovi ne 18nd jkBNidik}Ea adﬁnﬂait%egatiummehi cpetably lnkedht @proadter (aptioiallyan donors or
| L éolmng. | aﬁ? té:lgselxgtspgc?ﬁrgeast geggrgb% abovrée "H% s:aI'nleeog accﬁgfgrler?tr%gd tm%% aﬁ%ybet her eaf t er

used to introduce other functional nucleic acid to the cells, for example providing a

reporter gene and/or selectable marker, or providing for the expression of a growth
factor and/or another cell cycle regulatory protein.
20
Hustratively, in certain embodiments of the invention, decreasing the level of
p193 protein or interfering with the p193 signal transduction pathway can be used
in conjunction with other means of effecting the cell cycle. For example, such
modifications of p193 and/or its pathway (effected e.g. by an introduced antisense
25  p193 nucleic acid or a nucleic acid having a dominant negative mutation) can be
used in combination with a p53 nucleic acid (especially antisense or a dominant
negative mutation), an E1A nucleic acid, or a combination of the two. Still further,
such modifications of p193 and/or its pathway may be used in conjunction with
other methods of relaxing or facilitating the G,/S transit, for example by
30 manipulating key regulators at the restriction point of the cell cycle such as

inhibiting RB family members, overexpressing D-type cyclin or cyclin-dependent
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into a manmal, for exanple into the left or right atriumor left or right
ventricle, to establish a cellular graft in the nmanmal. Inplantation of
the cells WY 015418 gchieved 15 by any suitable means, inclugcf@sdopsiernst ance
by injection or Yatheterization. In addition to the p193 nucleic acid, the
cells my also be nodified in vitro to contain other functional nuclelc
aci d sequences which can be expressed2io provide other proteins, for
exanpl e or one or nore additional cell cycle regulatory proteins. In one
preferred ekipadi sRiNities,C Rihititidy eydindiepere@ntvkinksen ihlitdiors, adiettxpressi ng p193
and 20 with_nucl ei c aci dﬁ,&m\ ?f ng at |east one other cell cycle regulatory
protein, fofloWnSIEAmIEELS £ 5 ©forced expression of p193 and p53 dom nant
(Mowat, M, Nature Vol. 314, p. 633-636 (1985); Munroe, D.G Ml . Cell.
Biol., Vol. 10 3307-3313 (1990) so as (o suppress apoptosis in the cells.
25 Cells for cift PR BOdepficasing eyt dhe inventions lefti VERICHEY %%535"‘15%“&?6{ ai ned from
a transgenijedg M%'ng@x@ﬁtﬁﬁﬁda?dx&ﬁ SB5EBdr)a BXRIrE S640RE drlll STAbEEEdns1 93 nucl eic
acid. Using known techni ques, transgenl c ani mal s which harbor introduced
p193 nucl ei be genetiealiynmedifechin vifrpyto anqorpsrate ﬁeti-ﬁpqpécrm:sanéém pselifergtiveed, and
used as Sougfﬁsnaa&c%m/%ﬁ £ suibitld WEAB G Giklosed Spdie casdll QBYREY1 €s)

ti ssues or organs used as ani na nodel's for research or
screeni ng pesnstieadly traF&!iucq:mlstSmitmOtOWlamagén pbialbed/fqmstanmfr@mmelmaésquu ne

ovi ne or nu e

organs, or ées&gfﬁll%ﬁr{a r?goggﬁ}s{m?gtag& gﬁ%ﬁ%ﬁ?a{@&e@?%{s%ﬂgﬁ e anl mal s
havi ng 1(SUBSﬂ'ma‘bléT&lirﬁHEEiﬁrC(tRlnbEdQ@Wﬂ&u@mmvmpdm@@/ﬁmmovmeﬂ reduced
evel s of AEIAC RIS BaRbs LIRS B oERLLASH Mini dbfii SP KGR dom nant
negative p sour

apoptoti cal pguesu;mpbeesﬁmﬂ e/ modifipd cdrdfoeryatytesayy dni‘naftetebb ogildrgsd ti ssue or
organs, whic¢h w| rot ec £ QSIS ar danmage.
Such materi at%avn\ﬁanlmzfl{ %e"g[ qge?fﬁﬁpf {“ nur%orlﬁﬁor{% ven cfn Lse in

t ranspl ant aestatdish nbﬂlmmtgmft ianhemhramak uniplam&nbmuﬁnhs cclIEhna}pbmhnved nvention
al so proyides for . enet.ic nodification of.ce Vivo to.increase
p193 ac%w Y 2y, & 81% Bané'p‘B ding (forpﬂnf)%‘fe%y ’&ecﬂtg}:? ‘é@éﬂeﬁﬁg‘m aivity
(using p193ddt)m¢ﬂ"tott$1£p1(96 Inhslel(c |aeiﬁame el xﬁdmﬁthmdmemtm;o)conﬁm 10
expressi on vg I con %é 193 Ué% acid, for |nsgl nce one as
described 8BGVENC nEeS Wit exprosyed; BRI n 8RRl |, to
achi eve tl’apﬁﬁ’diﬁsf, fdiﬂ:xample or one or more additional cell cycle regulatory proteins. In

one preferred embodiment, cells are modified with nucleic acid encoding p193 and

20 with nucleic acid encoding at least one other cell cycle regulatory protein, for
example combining forced expression of pl193 and p53 dominant (Mowat, M.,
Nature Vol. 314, p. 633-636 (1985); Munroe, D.G. Mol. Cell. Biol., Vol. 10,
3307-3313 (1990) so as to suppress apoptosis in the cells.

25 Cells for culture, and potential implantation, may also be obtained from a
transgenic animal (especially mammal) expressing introduced p193 nucleic acid.
Using known techniques, transgenic animals which harbor introduced p193 nucleic
acid in essentially all of their cells can be raised, and used as sources for harvesting
culturable cells (e.g. cardiomyocytes), tissues or organs, or may be used as animal

30 models for research or screening purposes. For instance, transgenic bovine,
porcine, equine, ovine or murine animals may be used as sources for cells, tissues

or organs, or as animal models for study. Illustratively, transgenic animals having

SUBSTITUTE SHEET (RULE 26)



of cells in the tissue. In preferred nodes, the p 193 nucleic acid in such
vectors will be operably linked to a tissue-specific pronoter, for

i nstance a weébgli4«®ocyte- specific pronoter. The del i veryPoT/ustee3tsect or can
be suitably achieved, for 15 instance, by injection, catheterization, or

i nfusion into the blood stream or by other known neans. It wll be
under st ood that any node of deIivery’%thh enabl es the establishnent of

transduced cells within the recipient mammal is contenmplated as being
within the pdeesdrdevelsaferiid-yae pIR3grofeinandler ¢xpasssing an infraduced doypingafy be used,

or Ul L Pl Geglald ¥y BoreioBid be EAM d QARG SopRKElyLhBRedBY afised, | n

order to 20 establish a substantial popul ati of tranSduced cells within

t he reci pi edrolifersivelyt endancetd ells, diskuesorvgrigansy whichewibl loss proteigied engainsied p193

pol ypepti de rod : t . 0, | ' i nduci bl e
or tissue- s;’;"é{??‘%idén";‘fr’%% el?‘ll,@%ﬁ%e' m‘gﬁggétgrg%%%%lllﬁhl% é%%)%% g{%‘gﬁa‘gr I nduced

| evel of 5apegraneges.fose Tintranspishtatiorainiootheyhnigmls, suchas bumand. in vitro or the
delivery of the vector for in vivo genetic transduction rmay be directed to
a selected site or sites within the recipient. For exanple, in the case of
apopt osi s- suppThe pedemriovention alsbd ipfoyidas iforethy gemmnicanadificaden of oelisaryt e
engraftnment or tcorresgor@bnﬁg dn vivo transducti oﬂg} . fuch site lﬁé sites may
be in the | &Y BriPFHRtP e r TSt P’°6%P°Pﬁ°§‘r‘1tp" AL OF 5P RIRE 30

reci pi ent, edtivitpy(usiagbp19adn)oin @e télBS dmpaatingDinsdudiior patiwagnt akhon or
deliver% site or sites will, og&ur én t he I@f} Qr right ve$tricle of the
reci pi en?. THRECSSIOR YpIPr eaaining the RIRA pucless acig, fog tastance ppe aydeseribefler o i s a
need for addi»dvb,qmligl be/ déliveRdae kikshe oFQﬁ‘eci;ﬁHBSTdrﬂ}hﬂlgtosddEigWe (rEiHH?tiBﬁ) V\Df ]
01114418 PCT[US00/ 23161 -23 ex [ amaged gr. di sease ea of the
near ¢ such LT RUAE Bty IpriERoqes: B 95 SPEGE AG0.n SR SRR o5 The
site(s) nmaybabpaatle 1nREDS & tisQile-spbfic promotdry fa2finstaicB & capdibhgddyte- SUCh as
grow h factors, e.g. nerve groqwth or .an iogenic factors, .via, expression in
the graf t ed RSP PromgisT¢ r hes elvey e{emes.ec C%‘Pl?ﬁé?“agwg?‘ﬁ‘i“’c"ﬁ‘én Tand/or in
Vivo gengti gmsiaBéd by mpdction) chifietdfi£a868] dPGEusi¥ntifto thdBlobd 3R EM] byGdier be used,

for exanple, to deliver therapy to nmammals,  inc|uding,  humans. A variety of
‘ex vivo cel kegvaymeans, &yl henderstoad that 2Ry mefe-afidshivery which soakles ey gene

t herapy t ecgsublistifent of trhd¥tSced QB CRIMiA tiRCredifichOmanigl 8 cBRErhpladed ke

being within the present invention. A single delivery of the vector may be used, or
multiple deliveries nearly simultaneous or over time rﬂay be used, in order to
20  establish a substantial population of transduced cells within the recipient. The
transduced cells will then express the encoded p193 polypeptide, for instance
under the control of a constitutive, inducible or tissue-specific promoter, and

thereby exhibit a suppressed or induced level of apoptosis.

25 The implantation of cells cultured in vitro or the delivery of the vector for in
vivo genetic transduction may be directed to a selected site or sites within the
recipient. For example, in the case of apoptosis-suppressed and/or proliferatively
enhanced cardiomyocyte engraftment or corresponding in vivo transduction, such
site or sites may be in the left or right atrium or left or right ventricle of the

30 recipient, or any combination of these. Commonly, the implantation or delivery
site or sites will occur in the left or right ventricle of the recipient. The site(s) may,

for instance, be one(s) in which there is a need for additional viable cells, for
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10 invention. For exanple, these techniques nmay be used to provide cells in
the mamual having a reduced | evel of wild-type pl93 protein and/or having
a disruptedanspartially disrupted pl93 signal transduct POVUBMEBIGAY, t he
cells thereby exhibiting decreased apoptotic activity and/or an enhanced
proliferative capacity. [Illustratively, such an approach may be used to
target an inprovenent or 15 protectléﬁ of the contractile function of the
‘heart of the patient, for exanple in the treatnent of contractile |osses
due to i nf asxempledn adamagasiayshisgaset azea of eeyhengpueh 2dn cpes g5 BYORsdiRlar get an

| TP Ovenentiufipdd 8 BEALAGH:es0 THe ekl B 0B b8arBL 8 thd SRy A1 O gans i

the patient exanpl e"t'he |1 ver he patient. The use of a
p193 prot ei whwathrgs suchiavigrarth fanterats. yelemtmwtbrprmgxpgmc @Si@é‘e vial |y

advant ageoug, 8?&1&18&1tﬁé’%ﬁft@d’&ﬂ?%ﬁﬁtﬁahﬁu?e?ﬂehé on, the delivery of

pro-apopt ot tern to cel or exanple by in vivo genetic
transdudion with an approprl ate p 193 nucleic acid and consequent

expre33| on of Ot | R otein, can apopt osi s
incells in Whlbhlﬁul eé‘ﬁf egt ?“5(19 glvl’vé’ogeh?tbcr “‘893‘5&%{?% m agf‘%e caseth

i nappr opr i atheliyveptidn ¢ah&areaisedgéo:cedah@le ﬁﬁde'[her thepye id mamwendst irgludilgso pr ovi des
access to gtl bodi,es havi to.one or es present on

Che p103 poPias. AT oty ele iiplpagust elimeliiop Rehose P, oG
accorrpanyl Nghdd peneUthedapy téchnigiésnpleethhs cOhteMpRRdi &0 tHrfsng aapmbef pel ycl onal or

nonocl o and, can_.be nade th the p193 ptide ment

ooy cof T inEniohon Fas E3RRPE, et Lechagies oo Rt UBGdL {7 MOKEF 1otk PRy or
" nonocl onal mamidab @dying (dVieddceds Ve ef hardeﬂype Ip193ERGtkint Gnd/BIC havdgg lant act
nol ecules as well as fragnments thereof capabl e of bindi n‘% i_ﬁeantlgen
Ant i bodi es E“éruBIfégrB”éﬂanyggﬁsq‘Fq'Pﬂﬁ? signaltransdyqien paway the gefly

PCT/ US00/ 23&§ﬂbltxn£&c&@sa8®dptoﬁ@ betBXGHAHRr ah @nldﬂ&éi‘pﬁrohfé?aﬁﬂl% Q%:BE? of the

pl93 protein in a human or other mamymlian tissue sagp i s-may invol ve
cont acti ng gh’é‘mé‘{XF@m Such @R 2pPTQek apavabryused Hie| BEBeh A HBH?V%?R!“ Rt ecting the

| abel , {$er phyechst eithd %ﬁhﬁ&u& hﬁncndﬂ{ @ﬁﬁ@ﬁ@u@éf thdParRAS fork@hpie in iR t he

sarrple Det ection can be_carried out by 5 imaging in vivo. The pl93 protein

can al so betrepsmentof gonspctile dnspesidieriminiases gr Cﬁf‘é@%ﬁ?ﬂ?ﬂé@ They magiakkg, for
exanpl e, Rl fe ufehi>frge? bt imprdviriht SRDEARGIEidn FMhd REHidiSor other tissue

or organs in the patient, for example the liver or lungs of the patient. The use of a
p193 protein having a dominant negative mutation will be especially advantageous
20  for such purposes. In addition, the delivery of pro-apoptotic pl193 protein to cells,
for example by in vivo genetic transduction with an appropriate p193 nucleic acid
and consequent expression of the pro-apoptotic protein, can be used to promote
apoptosis in cells in which apoptosis is desired, for example in the case of
inappropriately proliferative cells.
25
The present invention also provides access to antibodies having specificity
to one or more epitopes present on the p193 peptide, or an idiotype on the p193
(see e.g. Figure 14 and accompanying discussion in Examples). Such antibodies
can be polyclonal or monoclonal, and can be made with the p193 polypeptide or
30 fragment thereof as the immunogen. In this regard, the term "antibody" (Ab) or
“monoclonal antibody" (Mab) as used herein is meant to include intact molecules

as well as fragments thereof capable of binding an antigen. Antibodies to p193 can
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according to the invention. Antibodies of the invention can be prepared by
any of a variety of known 10 nethods. For exanple, cells expressing the
pl193 pr ot eiyio eaafde adm ni stered to an aninmal in order tBCTMSWEA168he
production of serum containing polyclonal antibodies that are capable of
bi ndi ng the pl1l93 protein. For exanple, the pl93 protein or fragnent
thereof is chemically synthesized and4purified by HPLC to render it
substantially free of contami nants. Such a preparation is then introduced
into an 15bcawsiefuior iexarapleictp de@cpthemy@senmfy@mm PERIRIR dR A WBRR I gh speci fi ¢
activity. P . AntJ g&ﬁﬁ Gt I ol ani mal

I ncl udi ng, iéérf%%%g‘?ba?lgt?gs&n%oce, er'z;lg%l {ﬁgy g@}&g{%&t@gﬂ% ealg}l%éwlen&%ggeni C
peptide or deteztphiyniabeleth cantibddyc amd Idletertinig thee dabily therslst festeblishingkide t o an
appr opr | al & LN Al KRS Rreif' Th G Liille. HOBAGNCOR v PAdiBPBLEBy 2N DE

pr epar ed i PVarous ways -u I'ng technigues ~we under st ood by those havi ng
or di nar \6 skinlagingnin tvive. Eh¢ plBoproeiacapl adso bodacdtahby knewrt idpodiaessayan be

d usjng. hybri hnol al 25, 256: 495
(1575 - KoriFaauy il SRR A, SRS ey lsppprob il pftnbaied . > g

J. | mmunol acc&rdag 2o he¢ dr@htionlanmer | i ng, et al., In: Mnocl onal Antibodies
and T-Cell Hybridomas, Elsevier, N Y., pp. 563-681 (1981)); Roger H.
Kennett, et al., Eds., Monoclonal Antibodies - Hybridonmas: A New D nension

i n Biol ogi cal Analtipediss of e iveRtidar €6 De(phaRd. byl dhygfnesatibty of kabwpr ocedur es
I nvol ve, i mmunj zf ng an animal 30 wi th the present 93 protei or a
f r agment® t HB§ %19 glf eb%‘”m’??ﬁ‘lngwlggﬁf‘ﬁﬂf’émg e? P‘Fﬁ?figﬁa'énd f used

Wi tlh a 3 Ui tahad iﬂgﬁlleﬂmn@@t Ehcl?rditﬁlctiw seibin aﬁk@ningryagaam ﬁﬂlﬂodiei;s ne ma%/ be
enpl oyed 1 n_accordance wth the present iInvention. UBSTI TUTE SHEET ( RULE
26) WD 01/ 1th2t1ase PEPH"lSS‘%fO‘PQ@%iheE pEpteln. Fop exgmple. the PE@%B‘F‘E‘%‘%& hybr i dona

cells are s@lafehi wRkesf TR CRmatdEsynthesidell adtephrifiad BNHPLTER Rhapal by
limting dilution as described by Wands, stroenterol ., 80:225-232

) ( et al., &3 ¢
(1981). Theuhsitialy ﬁfﬁe&élcP’s‘a‘BM%/-r%HhtahF‘SRPéﬁ‘%dé heg ngduged johath e t hen

assayedig 0 Jn§igfitih bideloPreifucebiifdlornPatiRére oPhigh BRdifRacGagabl e of 5 binding
the pl93 protein. These and ot her general techniques in relation to the

iproduction and use of
Polyclonal antibodies can be generated in any suitable animal including, for

example, mice, rabbits or goats. The p193 immunogenic peptide or fragment
thereof can be injected by itself or linked to an appropriate immunoactivating

20 carrier.

Monoclonal antibodies can be prepared in various ways using techniques
well understood by those having ordinary skill in the art. For example, monoclonal
antibodies can be preparcd using hybridoma technology (Kohler, et al., Nature

25  256:495 (1975); Kohler, et al., Eur. J. imninol. 6:511 (1976); Kohler, et al., Eur. J.
Immunol. 6:292 (1976); Hammerling, et al., In: Monoclonal Antibodies and T-Cell
Hybridomas, Elsevier, N.Y., pp. 563-681 (1981)); Roger H. Kennett, et al., Eds.,
Monoclonal Antibodies - Hybridomas: A New Dimension in Biological Analysis,
Plenum Press (1980). In general, such procedures involve immunizing an animal

30 with the present pl193 protein, or a fragment thereof. Splenocytes from such
animals are extracted and fused with a suitable mycloma cell line. Any suitable

mycloma cell line may be employed in accordance with the present invention.
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anti bodies wll be apparent to and readily utilizable by those of ordinary
skill in the art to produce and use p 193 anti bodi es of the present
invention. oy fffist he purpose of promoting a further undepsteswnsgof the
present invention and its advantages, the foll ow ng specific Exanples are
provided. It will be understood that these Exanples are illustrative, and
not limting, of the invention. 15-BXAMPLES EXAMPLES 1-3: METHODS 20
EXAMPLE 1 Isol ation and Sequence Anal ysis of R193 Proteins. AT-2

car di onyoc\Afes fusiore the negkingZledridlom? @elld aef seldeliyelp meainthioed éal HATt h protein
A sepharose eads apd m xed wth. ant A no al t|b d 25 PAb419
(90 nin., urs, Apgn e %@P&F&Pgsﬁ%% %HLPE%N%SWC% ﬁrhgr e ¢ séphar ose,

di spl ayed (ms@min;eaar $0:225-0% (I9BS). A hybsdiahd zﬂh} dbyairddathraugly swelt &  Coonmssi e
Brilliant Blue, The region of fhe, con ng, pl

al kyl at ed \R/F‘Fﬂ“%“s%?)#lﬁﬂgﬁﬁ mﬁda@lf%ﬂfeﬂ.é el “c"ﬁ?’#a X@ﬁ° 0.2 g
trypsing 3ifding ]tﬁcgrgs)pr&gmdescrlbed ( Shevchenko, A, WIm M, Vorm O.
and Mann, M 30 (1996) Anal. Chem 68, 850-858). The peptides were then
extracted with 5% formc acid/ 50% acetonitrile and separated on a C18 0. 32
x 100 nm capi | | gh¥se 2080t gdrefal RREALEE in kdlioh to Ak fRbdudtiod atf useagh of the

i sol ated HPLC fractions vvas SUBSTI TUTE SHEET gRULE 26) WD 01/14418

PCT/ USOOL 2 3nBhodies »§l1 hp ppragent toang repddly yiikieabledwyithese Oﬁﬁltdmaxy galinthe of 20
my/n - a- cy%qogmdnyedinw&b@m&d@go@mtpﬁese;ullmenabﬁrocel | ul ose in 50%

acet one/ 50% 2- propanol) on the target plate. lons were fornmed by

matri x-¥8ssi sted | aser desorption/ionization with a nitrogen |laser, 337 nm
Spectra were aced il piphlh B HrdiSiiEPh | MANG BRUNARRE VP ARChrebdr ! ©
time-of-flight nass 58 troneter, erae |nea§ del a dextractlon
node. Subsduysatien gnd lﬁradgmaes,uthﬁr@llowmwmce@q @cﬁmniﬂsemrgwde & were

obt ai ned f M, RASIGEICHLE thels q‘f%m&;ia e %iﬂ?&{ah{?@ Nrd not limiting, of the

invention.
15
EXAMPLES
EXAMPLES 1-3: METHODS
20 EXAMPLE 1

Isolation and Sequence Analysis of p193 Proteins.

AT-2 cardiomyocytes were homogenized in 20 ml of NET, pre-cleared

with protein A sepharose beads, and mixed with anti-T-Ag monoclonal antibody

25 PAb419 (90 min., 4°C). Immune complexes were collected with Protein A-
sepharose, displayed on polyacrylamide gels and visualized by staining with
Coomassie Brilliant Blue. The region of the gel containing p193 was excised,
alkylated with isopropylacetamide, and digested with F-trypsin (0.2 pg trypsin,
37°C, 17 hrs) as described (  Shevchenko, A., Wilm, M., Vorm, O., and Mann, M.

30 (1996) Anal. Chem. 68, 850-858). The peptides were then extracted with 5%
formic acid/50% acetonitrile and separated on a C18 0.32 x 100 mm capillary
column (LC Packing, Inc.). An aliquot of each of the isolated HPLC fractions was
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(Kaufman, R, Kirsch, D. and Spengler, B. (1994) International J. Mass
Spec. and lon Proc. 131, 355-385). Autonated protein sequenci ng was
performed oMoarmM3Iodel 470A Applied Biosystens sequencer PESWSHABEInI t h an-
on-line PTH analyzer using nodified cycl es as described (Henzel, WJ.,
Gimey, C, Bourell, J.H, Billeci M, Wng, S.C and Stults, J.T.
(1994) Methods: A conpanion to Met hoyoﬁs |n Enzynol ogy 6, 239-247). Peaks

were integrated,with Justice |nnovatiaqn si ng.Nel son Anal ytic 760
i nt erfaceg @ﬁ‘aeﬁ’cé‘ iPREBPRY etPet i ’ﬁ%“ﬁagoo{)ﬂ\ﬁ%fr@ 15 0m5E805t00 {Henzel ,

W J., Rodri gyieéxycidammadsbid\et Siag/ad nitteceltlds8n )50% an%he/ﬁa%qgﬁmpa&ﬁn, 41-52).
EXAMPLE 2 | sol %l on and Ml ecul ar Anal ys S %I % 193 cDNAs 0 193 cDNAs
vere isol at @ Hnfagst adlae nedP?s cBRIE I YerfBpirassisnd oJeE3Hep/ Fed

i nbr ed m Cede(slﬂpﬁbn/f&nﬁahorpﬁ'ﬁﬁia htrdgen léﬁ&ngﬁ 1§nCS edid) vdfe aéqmredTﬁ'ﬁha S.C,
Wang, Henzel, WJ., and Fiel c% (1996) J Bi ol . Chem 271, 29255-

29264) . $I aagéemvsﬁmvwm Xﬁxagepﬁfateémm flight Iniees SPECIEOTREIYLPREFAH g wer e
per f or ned Uﬁﬁéag &1?Eﬁja€x@a&%h%%09'sﬁ§seg§%ﬂ?r%Emeﬂt ionk! fok S&elbetel- F. . and 25

Mani atis, T. Mol ecul ar cl oni ng, rrng Harbor Labor at ory Press,
Cold Spri ngreﬂmq@omassw were @@éﬂfén&ém\/\/ﬁ%s‘ﬂ@%f@ rﬁP?ﬁé’d @) BEReRmERands of t he

cDNA cl one d t t gh
(Sequenase. CEERARC JSERD. 438 RO Q03 TukFialoh) MAsCRREAR | at e
p193/ T- Ag bIondeg 13, f355+385bng’tdtprp4€8pmmsm§ml® “Qem@rfem omeo t he

DNAS3. h that th
pc 19 Wﬁm&&l%ﬁi&Pr g%?igf rhdxsg fefs %gﬂégc&f Qﬁﬁ%dcﬁthsﬁﬁ% %Q“za% c a e

epi tope tag was i ncor
(construct arabizgnesingdmGiiKied bﬁfmy@ desqhbﬁ'd AdenzEINW fva Srignlése I(b,rié‘dlrellSUBSTl TUTE

SHEET (RULE, o), Gl e RCT (1000348101002 ks, E Mo P £551 01

vector (whic con -Ag). For
| P/ West ern Mﬂdlby.s@s Emu;mblagse 6c62|39-§47)ATCCPeakR@(§ka/ |uhtbgatMD)wme rJastice

appr oach ( Sunprish Sripar tifPnaRen Eh RAPHELRL habipe BB IO 2,
cl oni ng15 Coves ﬁq:qumgd bhmleEC 15800 (Bdnaely WoF.cRedrigied, dH.Spud Wptdnlalreh 6. |
' (1987) J. Chromatogr. 404, 41-52).
EXAMPLE 2
Isolation and Molecular Analysis of p193 cDNAs.

20 pl93 cDNAs were isolated from an adult heart cDNA library generated

from C3HeB/Fe]J inbred mice (Kim, K.K., Daud, A.L, Wong, S.C., Pajak, L., Tsai,

S.C., Wang, H., Henzel, W.J., and Field, L.J. (1996) J. Biol. Chem. 271, 29255-

29264).  Plaque hybridizations, phage DNA isolation and subcloning were

performed using standard methodologies (Sambrook, J., Fritsch, E.F., and

25  Maniatis, T. (1989) Molecular cloning, Cold Spring Harbor Laboratory Press, Cold

Spring Harbor, N.Y.). Sequence was determined for both strands of the cDNA

clone examined using the dideoxy chain terminating approach (Sequenase, United
States Biochemicals, Cleveland OH).

To demonstrate p193/T-Ag binding, a full length p193 cDNA was

30 subcloned into the pcDNA3.1/Myc-His expression vector (Invitrogen, Carlsbad

CA) such that the epitope tag was incorporated into the C-terminus of the

molecule (construct designated CMV-p193myc). A T-Ag cDNA was subcloned
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N.Y.). Protein (1 ng) prepared fromthe transfected cells was reacted with
an anti- T-Ag (PAb419), an anti-nyc (9E10, Santa Cruz Biotech.), or an 1gG
subt ype- nwiccdiadagon-speci fic anti body (anti-GST, Phar macPey/UsSeiidiét he
resulting imune conplexes were subjected to Western blot analysis. 100 g
of total protein from 10 non- transfected and transfected cells were
included as controls. The blots wer a2 probed with an anti-nyc (9EL0) or
anti-T- Ag (PAb41 % ant i body, and si 2nal was devel oped using the ECL

met hod. To ifenBeaNAl e cRreSIon. F@?‘?}' which lagks,ithg $pitopgs RgptSEHitne | abel ed

in vitro tr [ sl g Q?N(I I Q§fRg 1] cobt ai ned
froma ful Idfélgﬁédotdmvgg subc ne-el‘:%-{:[l1 nkdtn%}yf)%f uescﬁ%tdalhg (?SC (St r at agene,

LaJol | a CA)Ragkwi lﬁi\d@jﬁ/ﬂp ph&gnsﬁcc}ngmﬂ'f CVOESME and/EMBpd B3myqsing B | ecul ar

Bi ol o Re ti PAR

subt ygg- rratscgﬁfl%?ﬁhos eC| #5?0132?%%5@9%@ %“E. narstéé%z Sant a

Cruz BiSot edbledulan dwungs Gddq:ﬂpang Mbqrhbabomtwaﬂrcﬁeﬂoldl Springt Harhdi, ogr aphy
193) or t bl i rthern

bl ots, 20pdvar Foreh (ige Rbolrdd i PEubRRcio 0 RN e Wt Bl il MO0 e

gel s, transr-agr @Abd P)Cem asti-free (9E NENjanan GruzeBioteehl),vort 4n I=gG nmtctkpet-ransl at ed

fuII-Iength r ook, .J rlts and
Mani ati s, B‘%’fgéﬁf“%ﬁa@%mﬁ@?%%ﬂ (ﬁgla ach’r ?‘Fiig ﬁé"fsﬂgﬁnnggt ory Press,
Col d Spri ng:oh@ltclaesr wely. sidb%cted:m\fvvmml m]g a]trilakysiplaeo g ofltorg ;sotémlﬁmmT Ag, in
vitro transl at ucts froma fu e cl one an
vari oug'%( A{j’nd{ﬂ' ‘ftf)q'ngndggi‘f?%etcl?étﬁ YR pclnd Eéjgiaﬁ‘ﬂ‘ﬁ)mﬁwﬁg\@Bﬁp‘f"’é% was
?e Rgr at9 )ed Vpprbtedaviti\ari ﬁﬁnml 9@{9E1ﬁp&cmi't1rpﬁéyll(tﬂkb1di6§gmﬂwuy¢ hmagnaamai; bo_(lj_K

PAb419). | ne co X s then uali ze (o] e
Vo aus) . AR il 5 BT meben, Jodenanmnerie pop s Bodng IR cat & on
using oli goﬁ‘stﬁiemxmske 1m1efrerns vitRC raftiptibiiganiiation IANTORRNPromeddRSE pai r
substitutions _as jndicated in the text. The fidelity Qf each _construct was

confirmed HRFodchaARed famy 3 fdldength pER qlohfA subgtened info RBlogsrrimdlsels/ 14418

PCT/ Usoﬁl23($§&ta%_en38L@6ﬁM Was MRIRED Waihal., ﬁgawﬁe%&n%arBWd:thEACS
anal yses, NI H-3T3 cells transfected with either CW-(3
(Molecular Biology Resource), and reacted with anti-T-Ag (PAb419) or an IgG

subtype-matched nonspecific control antibody (anti-MAP kinase #D2, Santa Cruz
Biotech.). Immune complex was then visualized via autoradiography (p193) or
Western blotting (T-Ag) as described above.

20 For Northern blots, 10 ug of total RNA was denatured with glyoxal,
displayed on agarose gels, transferred to Genescreen (NEN) and reacted with a
nick-translated full-length p193 cDNA as described (Sambrook, J., Fritsch, E.F.,
and Maniatis, T. (1989) Molecular cloning, Cold Spring Harbor Laboratory Press,
Cold Spring Harbor, N.Y.). For mapping the p193 binding site on T-Ag, in vitro

25  translation products from a full length p193 cDNA clone and various t-Ag deletion
constructs were mixed, and immune complex was generated with an N-terminal
specific anti-T-Ag monoclonal antibody (PAb419). Immune complex was then
visualized by autoradiography. The various T-Ag deletion constructs were
generated via PCR amplification using oligonucleotide primers incorporating stop

30 codons or base pair substitutions as indicated in the text. The fidelity of each

construct was confirmed by sequence analysis.
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5 GALnyc or CW-pl 93myc were | abel ed with Hoechst, trypsinized and fixed in
5% acetic acid in ethanol, rehydrated in PBS and react ed with

FI TC- conj ugW@&H144tht i - myc anti body (9E10, Oncogene Sci encBSTUSW2§Lcr i ped
(Esser, C., Cottlinger, C., Krener, J., Hunde| ker, C., and Radbruch, A.
(1995) Cytometry 21, 382-386; Brovvn Thomas, C. A, and Deb, S.P.
(1998) EMBO J., 17, 2513-2525). The "28°oNA contont of FiTC positive cells
was then anal yzed on a Becton Di c%% :fACS- PLUS instrunment. | mmune

cytol ogi ¢ anal yses were as descri éﬁ'% .and inmages were captured using
a BioRad | aser scanni ng conf Bastional anhalyespépth3 phot ogr aphed directly using
conventional light or fluorescent m croscopy. For the cell death tine
course experinment, NIH 3T3 cells synchronized by 15 two rounds of serum
depl etion (st ar waf | EACSTEdiaBysés0 N -3 c@llsl%aﬁﬁﬁ:td:d’l vaEMtherweMY-B+ ansf ect ed

wi th either CW-pl 93 CM/ 3GAL of ecti.n co-Life

Sci ence®, &GALmye &f 5%"&%3’“%“’% lq?F ﬁ’eﬂﬁf?‘fp ‘%ﬂé‘nfl%@ﬁg)r“} nsed with
PBS, and Cuoh YE&R deff maéihﬁaéﬂlr&riyaméd ) #H§aﬂd’lre§&ted Wathi FITCtRgjugatedvedi a
containing 3Hthymdine (26 C /'moi, Amersham _Bucki nghanshire, Engl and)

20 and 10%Bsnycangiedy (REL0.(Qnengean Seignces) g dessribed \(EFST: S faUBESY, £ or
aut or adi ogr?ﬁpmﬁe?dj | R OhROadbiuck I PiSDIPEY DSy eI Sdeey oo
descri bed , Soonpaa, MH ield, L.J. (1996) J.
din. |nvedBrowgdD R JemsJ.A., vadpebaﬁl?;_@% E@l%h Ky 2t5h%2€?ébl Thyc| e,

bconf4 d
Z(”) %02 l}tdée%ﬁ"&%%#%?ﬁfﬁﬁrﬁ. th»gaedel@ wal tlg}(EMa&%H 8h 13l B&roDPackRsod ecei ved a

25 The cells were then rinsed, and then
cul tured w EACSRENS dustrumient. nignmugecrpgic apakysesayere 3%\é?séﬂ"efﬁe(ﬁ4)p pestessed for

aut or adi ogr, Bg{gqie I t r a

ngCI’I b:adg(%ggéé, @%‘@é oonp aéa?1 o4 1?2\4{;‘5&%}{:% , %?%’8&[51? (i996) J.
din. | nvesihotog&phailcﬁtemysmg-‘@nwmenai bghrmy ﬂgplmﬂeht MQEWPYNI H3T3 cells
transfect ed wi t o chhdan Sl et IRpdimd AN FlAR1YSREnSRLEHPD | N 30 G118

for 15 days (the expression vec so enco neo ssette). The
di shes Mger ewbhemds pﬁ(@dmadtpl@toal(swdatmmdgmwtaand04184 EBS irdOMEM)TUTE SHEET

(RULE 26) Q044 A4S RETNRAYEAAbsms @Sk CRMMRYEinds ding s O oni ng of

112193
' (Gibco-Life Sciences, Grand Island NY) for 24 hrs. The cultures were then rinsed

with PBS, and cultured for an additional 6 hrs in starvation media. Media
containing *H-thymidine (26 Ci/mmol, Amersham, Buckinghamshire, England)
20 and 10% FBS in DMEM was then added, and cells were processed for
autoradiography and immune cytology at various points thereafter as described
(Klug, M.G., Soonpaa, M.H., Koh, G.Y., and Field, L.J. (1996) J. Clin. Invest. 98,
216-224). To localize T-Ag during the cell cycle, subconfluent culture of AT-2
cells in DMEM containing 10% FBS received a 40 minute pulse of 3H-thymidine.
25 The cells were then rinsed, and then cultured with DMEM containing 10% FBS.
The cells were then processed for autoradiography and immune cytology at various
points thereafter as described (Klug, M.G., Soonpaa, M.H., Koh, G.Y., and Field,
L.J. (1996) J. Clin. Invest. 98, 216-224). For the colony growth assay, NIH-3T3
cells transfected with CMV-null, CMV-p193s or CMV-p193as were selected in
30 G418 for 15 days (the expression vectors also encoded a CMV-neo’ cassette). The

dishes were then fixed and stained with gentian violet.
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To identify the T-Ag binding proteins in cardi onyocytes, imune conplexes
were generated using protein prepared form 35S-nethi oni ne | abeled AT- 5 2
cells, ac ' derived formthe transgenic heart tunor I I
Lanson, N i{wbog)rlﬂ%(} ayconb, WC., and Field, L.J. (1993) Am J%ﬁ’ﬂi\si ol .
264, H1693- 700). Proteins with apparent nol ecul ar weights of 380, 193 and
120 kd (see Figure |a) were detectedd-n i nmune conpl ex generated with
either anti-T-Ag (PAb419, lane 3) or anti-p53 (PAb421 and PAb246, |anes 2
and 6, respectively) 10 nonogKamPLESI-BPRESEETS These proteins were not

present in ne_conpl exes generated with 1gG subtype-nmatched nonspecific
control ant%ﬁ@gp—’(%gs 1, lane 1; PAb240, lane 5), nor in controls

| acki ng primary mNtadgey thé anagdbindBiee \pratkifis it UithBmybaNS, St hat the
120 kd protein_is pl07 (45, 46), and that the 0 kd profel n (present only
in PAb421 oSAMPIFSSWERSESRIated HpnERpteinsprepased form nS-methioning labgled RAD50, a
protein g nvplyrda bl i i r | ' . K., Daud,
Al., Wng SC° %ﬁ}lgfd&ﬁ% férrgguthe lislag. e é,“ Rv*%ﬁﬁ?““ﬁwﬁeﬁ‘ﬁ‘% é"]f'i?éﬂiml< and
Field, L.J.N@&obe)ClaycomboW.CoraamFigld,1L.J2099%- 48284Fhysioh2638H1&38-pr ot ei n has
not yet be h M S ntd - T-Ag i nmune
conpl ex pr gﬂ_)g? 'a?irr%;sn?v%@g gppz%é?lF glgég%\%ag ]‘gﬁghﬁéo ?{9 g’??’y F%]mgndg %%‘(ds (sa?% d

vi sual i zed Piguredahwersi detétede ins iminnnen gomflee genagfed witoeither mintidf-Az93 was

exci sed, di 1.t rLYPSR 4 j i onated by HPLC and anal yzed
by nass spe@?‘?’gggc])%? 31jus"%r%R ggtd)‘g%%rlcaéda}te%bgz%&(%g%z and %JF%’elf_tb‘ﬁeg’)l nf or mat i on
obt ai netf f rmonaclosalPBiibediper Mieset promins eed nbopresar dh imMmuy cdmpléxes equence

0163 was. it TR R Sio Rl Bl RontieE i oriast SRS Uil fdme e o
unknown f unRAb240, lapebptred ifraomrels Heking primmityUiriboye (laheld)C elPleviduse ( Nonur a,
N., Nagase,_I... Myajim ka, .T.., T a, A, Sato, S .. Seki, N,
Kawar abayassln,’dl%?. Ifav%(g%mna%{\lmﬁ.l?&ﬁ@mf%{ﬂéi Bl&nsﬁg( 1Qo2id %ﬂht%ﬁégp kd " 251-262) .
Reverse trgnetein [rresest jpalyy i Pacdd2 T hitirp5 e dirhur@n caflex)s &d tHeO n@REr at e a
sept 1 de> THicEeioatt aE AT, AbrpilS ity HBdrPanoLBNA odledniEsFt & DNA
library. SURSH KETED&MEET., WRdgES.20)Pajal 01184 418, Rahs, WO &1, - 30

and Field, L.J. (1996) J. Biol. Chem. 271, 29255-29264). The 380 kd protein has

not yet been characterized.

To clone p193, large scale anti-T-Ag immune complex preparations were

20 resolved on polyacrylamide gels and visualized by Coomassie blue staining. The
region containing p193 was excised, digested with trypsin in situ, fractionated by
HPLC and analyzed by mass spectroscopy using post source decay (PSD,
Figure 1b). Information obtained from the PSD experiment was used to search a
protein sequence database using a modified version of Frag-Fit. The search

25  indicated that p193 was homologous to a previously identified open reading frame
of unknown function isolated from a human immature myeloid cell line (Nomura,

N., Nagase, T., Miyajima, N., Sazuka, T., Tanaka, A., Sato, S., Seki, N.,
Kawarabayasi, Y., Ishikawa, K., and Tabata, S. (1994) DNA Res. 1, 251-262).
Reverse transcriptase-polymerase chain reaction was used to generate a short

30 cDNA clone spanning the region homologous to the largest p193 peptide. This

clone was then used to screen an adult mouse heart cDNA library.
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Si x overlapping cDNA clones were ultimately obtained (Figure Ic). Sequence
anal ysis reveal ed an open reading frame 5067 nucleotides in length which
encoded a mwobmispsof 1689 ami no acid residues and with a perluseedsiénol ecul ar,
wei ght of 192,346 d (Figure 2a). Al of the pl93 proteolytic peptides 5
identified in the PSD experinment were present in the deduced am no acid
sequence of the cDNA cl ones. Anal ysB8-of the sequence reveal ed t he
presence of a |eucine zipper at amino acid residues 593-619, an LXCXE
notif (the consé8ixswyerdapgingncBNAS glonks nwkireguitimatelyt iohwabied s (Figme 1@mi | y

pr ot ei ns, JThonpson . D ker . .and Kouzari des,

T O To0a) NERYERe Mol ieVestpd s PR adtigelame, S8 Sfeqdes if Fenelill G0,

1052- 1056, vamd: trvodéd [ar plotim of e158Pt amindvdcid $esidues rind owildc iad dédmeediues

1566- 1572: o her . BH re present .in 3. uence,.al i gnnent of
t he BH3 dor‘?%ﬂ iggé gg%‘ﬁso‘g@@ e?ﬂe ’Eﬁl@f &/)1198 @%‘éﬁf?é 8 | 5 shown in
Fi gure Bb. xde'ﬁuﬁ}dm&de QQSekpeﬁﬂ&nmerIpMenT% he ldbduced b akidasqueiteones encoded

the 193 kd d ng pyo full Ien h pl193 c S subcloned
into a COW?® eé%aﬁ Qfég‘? BRAUCRRR FFde ﬁ%r%%&%ﬂa
nyc-epi t OprpE)éhgat%EmﬁdWafbx&eExﬁﬁéﬂ 398519,/ HFLXEXE xhétfottfé'c@H@nsus g&at ed

CW- pl 93nyc, was co-transfected alone with CW-T an 20 expreSS| on
construct  dorcading torrehiggblastaren familyorgteins, seg Gll’ﬁo&tz gpsted- By om cells

24 hrs. pofiodkb@ RS 88 Koararides TS HRbRrNEdeiL. Q&cdeTRU}ezf@%J%E)taiﬂdnﬂ{U West em bl ot
anal yses using anti-1-Ag and anti-nyc antibodies (Figure 3a). pl93nmyc was

det ect 88 i acidgesiduss pOp2; déwprHt RIRteingePPI ARt AFBRLAGGEFSIdHESaNt | - myC

i mune C0”ﬁb&@ilsﬁe'ﬂé‘%erpﬁﬁtd%hﬁm‘é%r@ﬁx%%mn p1931 FEHRACE AdRRY: gener at ed
with 25 an G subt ype-mat ched nonspecific control "anti bod | mmune

Preci pi t at therBH3 damginef pid3 andthesecof ther BHA oplytfemily membesstis shgymo® and

r econbi nanth‘{;dAg, were also performed (Figure 3b). Radiol abel ed pl1l93 was
present in Immune conplex generated with anti-T-Ag antibody, but not in
i mmune conpl ex generated with an |19gG subtype-nat ched nonspecific control

anti boqi? @%Pg@mnaﬂgy A?e 193 kd T 30 Ag binding protein was

.successt ul ern blots revealed a sonewhat restricted pattern
jof p193 expressT@nothfnmanI thesemlenes encodecb the (198 d rleAg djndingeprateiny@l y  hi gh

| evel s_of Réﬁéggﬁ('@aﬁb?g%?%b%nw % EFRV - promdied BxBRLsiGF v Ci pat ed

SUBSTI TUTE
which incorporated a short myc-epitope tag at the C-terminus. The resulting clone,

designated CMV-p193myc, was co-transfected alone with CMV-T-Ag (an

20 expression construct encoding T-Ag) into NIH-3T3 cells. Protein prepared from
cells 24 hrs. post transfection was subjected to Immune Precipitation/Western blot
analyses using anti-T-Ag and anti-myc antibodies (Figure 3a). pl93myc was
detected in anti-T-Ag immune complex, and T-Ag was detected in anti-myc
immune complex. Neither protein was present in immune complex generated with

25 an AgG subtype-matched nonspecific control antibody. Immune Precipitation
analyses of mixtures of in vitro translated pl193 and recombinant T-Ag were also
performed (Figure 3b). Radiolabeled p193 was present in immune complex
generated with anti-T-Ag antibody, but not in immune complex generated with an

IgG subtype-matched nonspecific control antibody, confirming that the 193 kd T-

30 Ag binding protein was successfully cloned. Northern blots revealed a somewhat
- restricted pattern of p193 expression in adult mouse tissues (Figure 3c). Relatively

high levels of p193 mRNA were detected in the heart, as might be anticipated
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WO 01/ 14418 PCT/ US00/ 23161 -31 given that the protein was originally
identified in cell lines derived fromcardiac tunors. pl93 binds to the
N-term nusWoom4ag 5 To identify the region of T-Ag whi chPEI/HN28¥1p193, in
vitro translation products froma series of T-Ag deletion constructs were
mxed with full length in vitro tragilated p193, and i nmune conpl exes
generated with anti-T-Ag anti body € resol ved on poI yacryl am de gels and
vi sual i zed by aut oradi ography . (Figure 4 ent in i mmune
conpl ex gen%Ye&t%EF%PFPteF“Mj’Sr‘?HE’%}(l%“IfB“ﬂ%qW ‘E?i‘llé‘{em%ﬁ% E?Sﬁﬁérg?lcng as nuch
as am no aGigofsesSi dues 147 through 708, indicating that the pl93 binding
site resides within T-Ag am no acid residues | through 147. In contrast, p
193 was not present in inmune conplex generated with a T-Ag nmutant in

whi ch am ”Ogl@g*bﬂ:dﬁf‘osthgﬂeénﬁgué&mﬂgh 708 where del eted, indicating that

the C-term™mal boundar € binding site lies W|th|nTAg amno 15 acid

resi dued 107 ancTor@snutmhanemogrquT Agi which Pinss tRB1PH 0| Wrortrpasiationdi d not

effect pl9 | RL,GLr inds to the
P 3p Bafl f?cgn% %xfi’%goq (}?AF _‘2191'356 r Omtr&%}VAVZ%@Pi)xcd stuln%&?t% il

N terminal” region o sti nct binding site.
Expr essi on fro ra@dates plﬁit end ipowteomplaxes zmeda;cdamthraenmaég eftibodys of

Diecexereoshag RUaGel |0 Rkbypbhdt R 6k | FinuBEP b ABLERLERAYI L1 of L her

CW- ( 3GAL n expre55| P encodi Ng l"ac with a
nyc- epi t opeFigag) 4)orp1Ghhvas| BSentcin u@ltnudB chmplex rgasttrated rvathsT-égt motants FACS

anal ys usj Fl TC con ated anti-myc ant.i.body r t nost
cells S@preslsa?rqae §@#’_ar$r§rég Fadvs ﬁ%% Qéd Xu@%ﬁt\@f\yf’gﬁg‘? I’'gur e ba;
t he inset sﬂnM1rg tﬁMthé PO bipding rsiva sésiies evithie T-Ag iantigeaddd rdsiiped €f t  shows

anti-nmyc | escence arrow mage on right ucl ear
ot phol ogy UTAERAHE HooR G PLCERR B pRek it PR Sorild B sas Vifle
preponderam:H‘-Agfmma{tlm whipit aﬁﬁnmgcxﬂ:l\x‘h/mauds B rcughx o mhed detqred)i pl oi d DNA

content, indicativ of .apoptotic cell at Fi gur Vi sual inspection
of "t he cul viERing i o R hefof ot i Rodet el Ul TALEDR | o her e
dyi ng a8l hasd residtedioy smanderasch dismpobmding of RE) GintilydBernbsetid norage on the
eft shows Rt I Sbinding Bipurc 4, Construct 1147 ARB). This, pT8] binds to the N-

terminal region of T-Ag distinct from the RB family member binding site.

Expression of p193 promotes apoptosis

20 To determine the effects of p193expression on cell growth, NIH-3T3 cells
were transfected with either CMV-BGALmyc (an expression construct encoding f-
galactosidase with a myc-epitope tag) or CMV-pl93myc. At 48 hrs. post-
transfection, FACS analyses using a FITC-conjugated anti-myc antibody revealed
that most cells expressing CMV-BGALmyc had a normal 2C DNA content

25  (Figure 5a; the inset shows a CMV-BGALmyc transfected cell: image on the left
shows anti-myc immune fluorescence (see arrow), image on right shows nuclear
morphology via Hoechst fluorescence (see arrow)). In contrast the preponderance
of cells expressing CMV-p193myc exhibited hypodiploid DNA content, indicative
of apoptotic cell death (Figure 5b). Visual inspection of the cultures confirmed

30 that the bulk of the transfected cells were dying and had markedly condensed

chromatin (Figure 5B inset: image on the left shows anti-myc immune
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WO 01/ 14418 PCT/ USOQ 23161 -32 fluorescence (see arrow), inmage on right
shows nucl ear norphol ogy via Hoechst fluorescence (see arrow)). Thus
expressi onvwah okH8 can i nduce apoptosis. To deternm ne at MIBUSISBI in the-
cell cycle pl93 induced cell death, serumstarved NIH3T3 cells were
transfected with CW-pl 93myc. Media 5 containing serum and 3Hthym di ne
was then added, and the cul tures wereé2processed for anti-nyc inmmune

cytol ogy and aut or adi ography at various time points thereafter. Mst cell s
expr essi ng uaEsetnTe sre amery imagel opyighoshows nuglsan mombelogy vispHeashs hment

i ni 1 at o ROFReLEaR PR Endi KRR o3 A R B cymbol 5. This 10
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uni formy xtdvéxotbgh@md timheewelﬁa Egore tbd:lttfr&eo\ﬁm? dtmalsg,mbdlst OTltuge .
perinuc ear_reg [ e onset of c ures and e,
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under goes apré;bdﬂiﬁérﬁﬁce%}fh@@-hﬁﬁdﬂcﬁedt&ll@&{ ih8 uﬁheararﬂbeﬂslﬁite rréxbiﬁhle& rmleur i ng

apoptosi s (Hsu, Wlte d. Youl R J 1997). . Pro Nat | .
Acad. Sci . 5@35&35354 bYSééé“%W'se’F’Pnéﬂpf ‘s"‘T“Fm ’S‘Frelsﬁté?cés thockde e t hat

pl 93nyc Xghﬁ%l%} mq]sféeﬂablsshﬁqrgeha/ﬁmlqeoﬂ the Splchrofii¢6lich 60661636 kaitrol S bl ocked;
>90% of pl9 expre55| ng cells were viable at 40 _hrs. post transfection i f

mRi Nt ai ned TREWRSHtDEFl SXREISIRG CMYRGALMC refnifiated DNA-synthesig 4t 8 @ere degree of

cell cymge aBRSioOthe | fon-tRASTH&EY collsA ot IhewDP HAMABRS thdetahsgdaat h

I nduction by BH3 only famly nenbers can be antagoni zed by co-expression
-of pr o- sur G pESsiopes e didypottippagsop coll cygle pipsrestion gk Wabiilye RIP3MY®3  shares
this trait urrmlndﬂ‘e?ra_a%uGﬁ* kS tr8RY @ecnﬁérﬁibaf&ﬁﬁﬁsiw%ﬁﬁlnﬂiy%eh&mgfme or co 30

transfected with nyc and CW-BIc-XL (a construct encodi ng human
throughout the cytoplasm but became restricted to the perinuclear region prior to

the onset of cell death (Figures 5d and e, respectwely). Bax, a well characterized

20  pro-apoptosis protein, undergoes a similar cytoplasmic to perinuclear redistribution
during apoptosis (Hsu, Y.T., Wolter, K.G., and Youle, R.J. (1997) Proc. Natl.
Acad. Sci. USA 94, 3668-3672). Finally, it is of interest to note that p193myc
expressing cells are viable if cell cycle progression is blocked; >90% of p193
expressing cells were viable at 40 hrs. post transfection if maintained under low

25 serum conditions. This suggests that some degree of cell cycle progression is
needed to actuate apoptosis.

Cell death induction by BH3 only family members can be antagonized by
co-expression of pro-survival members of the Bcl-2 family. To determine if p193
shares this trait, NTH-3T3 cells were transfected with CMV-p193myc alone or co-

30 transfected with CMV-p193myc and CMV-Blc-X) (a construct encoding human
Bcl-X;). The preponderance of cells transfected with p193 alone were dead at

68 hrs. post transfection, whereas co-transfection with Bcl-X; markedly
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Bcl - XL) . The preponderance of cells transfected wth pl93 al one were dead
at 68 hrs. post transfection, whereas co-transfection with BCl-XL markedly
.SUBSTI TUTE Rda1gRULE 26) M WD 01/14418 PCT/ US00/ 23161 p&fusuotagoni zed
p193-induced apoptosis (Figure 5f). In control experinments, virtually no
viable cells were seen follow ng co-transfection wth CWwW- p193rryc and

CW- G-P (an expression construct encaddi-ng green fl uorescent protein),
indicating that co-expression of two CW-driven constructs does not abate

p193;ji nduc eght4gehiked §1935ﬁ&d§:e& Epprusi (nghresrf)) Bséoalrbl eipetifrents,imuallgnce of the
BH3 donain in 93-1 hduced a 0si S t he ressi gn construct
was modi fi eRP §E%’ﬁ‘ ol wefRi %?B'P é&ﬁ%"m& égﬁﬁﬂﬁf?%agf gh%gﬁ’]ﬁ% re del et ed
( VR LKAHCDEGMRMEFP Thi xpreddish édnsiict ertoliag tgkaeﬁﬂubﬂasdeheprdehﬂtmmeatmfg t he BH3

notif (am no acid reS|dues 1566 10 1572,), and th%Fl §|tlnggf0 struct was

desi gnat ed ‘CRAFOSXPBSTIQPH ttﬁl°%&r‘]"EP-F°“‘N1‘qt§@F3“E Wi th

CW- p193 dejdaa @ d BH were viable (Figure 5f). | ndeed t he survival was
simlar to that obtai ned for cells co-transfected with CW-p193 plus

CW- Bcl - XL.  ThusTa establisigthe émpartangesofiteaBHE dameirin pl9hindpueediaperigsiapopt osi s.
15 T-Ag is t B SHAr G ven
that pl193 mg‘éa‘g?@‘tﬁg?‘# O&g%aelf]%&?l uggkeggéll'lﬁglbl ndllgjérl1k ﬂi&?(ﬁﬁ%gﬁd t hat
T-Ag is a nussifessr 166% ghrouglei H76t Mﬁrecyiebpﬂdaé 135Y)- | odhisi zati on of
p 193nyc I ShiQgs ¢ X, N H 3T3
0 cel s coneBRERMRaRHl R hEiiion:d ‘ﬂ%ﬁféﬁﬁ"°&%ﬁ?‘§§°@2‘£ﬂ%€é§rﬁe

Survi val0 wH¥29r aaltthy resnlting conbtiuct was| desgnasecb@\défslsﬁ%gieba $9abABH. T- Ag

(Fi gure 5f) n I

pPl93-i nduceldn%gg%t%gﬁ tr&si%@fi‘ it émnﬁﬁgg E)IT Bgﬁg'ﬁ ﬁgtgg@lﬁ%ecat ed t hat
pl93myc and5fl.- Agdaeé, thosm:iznvale«dastsunﬂdleo ttm;mblqnhaisfmr cellstdodtramsfiected wjth( ca. 63%)

of the co-t d R gur ) 5 bre pect i n contrast,
co-transfection? %%tﬁl t@@"@g& ﬁl d@%v%'ﬂ;‘% omal% n%ut"eér{?g%ﬁ :J'n prom nent
cyt opl asm cmddifgd apoprsis. r eact i vi ty (not shown)

' 15

T-Ag is transiently localized in the cytoplasm during M and G,

Given that p193 was originally identified as a T-Ag binding protein, and
that T-Ag is a nuclear oncoprotein, the cytoplasmic/perinuclear localization of
p193myc was somewhat surprising. To further address this paradox, NIH-3T3

20  cells co-transfected with CMV-193myc and CMV-T-Ag were examined. Survival
was greatly enhanced in cells co-expressing p193 and T-Ag (Figure 5f), indicating
that, like Bcl-X), T-Ag can antagonize pl93-induced apoptosis. Moreover
immune cytologic analyses indicated that p193myc and T-Ag co-localized to the
cytoplasm in the majority (ca. 63%) of the co-transfected cells (Figures 6a and

25  brespectively). In contrast, co-transfection with CMV-fGALmyc and CMV-T-Ag
did not result in prominent cytoplasmic T-Ag immune reactivity (not shown).
These results raised the possibility that p193-T-Ag binding might normally occur
in the cytoplasm.

Cytoplasmic T-Ag immune reactivity has previously been noted in mitotic

30  cells (Stenman, S., Zeuthen, J., and Ringertz, N.R. (1975) International. Journal.
Of. Cancer 15, 547-554; Davis, D. and Wynford-Thomas, D. (1986) Experimental.

Cell Research. 166, 94-102). A pulse chase experiment was used to determine
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55 it St panstr et o pIo3ay wos teed 1o detormae ther L o

i - u X
consequenced* as“ﬂ?%ﬁ?ﬁ?ﬁe@%ﬁ%&%ﬁ@éﬁm@ﬁ? w%?'bﬁ@é’&&‘f"&ﬂ cﬁl?‘af\ﬂﬂf-l- 3T3 cells

wth CW-pl&dms. 20 resulted in markedly increased colony size as conpared
to transfection with CW- null (a control expression vector |acking insert,
see Figure 7A). Northern blots of parallel cultures indicated that pl193

t ranscrigt SLWebEp19Bhkedly\préthdteshrolRfhtioh cul tures transfected with the
anti-sense construct (data not shown). As expected, ransfection with
CMW-193s (an exphedaiapresgiied ghove H@HH%?‘FB“HE@S‘PF’H’ITSFFB"Q Rt promotes

apoptosis prior to the onset of S-phase. A colony growth assay employing a p193

antisense construct (CMV-p193as) was used to determine the consequences of

diminished p193 expression. Transfection of NIH-3T3 cells with CMV-pl193as

20 resulted in markedly increased colony size as compared to transfection with CMV-

null (a control expression vector lacking insert, see Figure 7A). Northern blots of

parallel cultures indicated that pl193 transcripts were markedly diminished in

cultures transfected with the anti-sense construct (data not shown). As expected,

transfection with CMV-193s (an expression vector encoding p193 in the sense

25 orientation) yielded no visible colonies (Figure 7A), consistent with the pro-
apoptotic activity of p193 noted above.

To confirm that expression of the antisense construct effected levels of the

endogenous p193 transcript, RT-PCR analyses were performed (see Figure 7B).

The amplification primers were selected to permit co-amplification of a fragment

30  of the beta-actin transcript and a fragment of the p193 transcript present in the

endogenous gene but not in the expression vector. The relative ratio of the beta-

actin amplification products and the pl93 amplification products provides a
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25 orientation) yielded no visible colonies (Figure 7A), consistent with
the pro- apoptotic activity of pl93 noted above. To confirmthat expression
of the antygpfinagasonstruct effected |levels of the endogeporssqwoiis:
transcri pt, RT-PCR analyses were perforned (see Figure 7B). The
anplification prinmers were selected to permt co-anplification of a
fragment 30 of the beta-actin transcd?pt and a fragment of the p193
transcript present in the endogenous gene but not in the expression

vect or. Thaquansitaive assessmeniosteslystate leyrls of endogenquanpdP3 traesstipten R pduct s and
the pl93 a L ' oheS %gg LE 26) WO
01/ 14418 P %B%w ggr?g’l&ﬁg %ﬁgggﬁgﬁmﬁa‘?ﬁggﬁeﬂgﬂgﬁe yil;lsg'gt%e | evel s of
endogenous GMY3393asardtar, bpfrem nahitransiectepNEF3T3 dells: drheaelptiv leyghoEssi ng t he

CW-nul |l vecto r | | [ €SS] Ln0r from
non- 1 anst it EPnRPpifen, BroBAL BRIt 1§ AT gt $PR st gné

anpl i fi Bat iGMVaridshsctensan@ weduteedontrol RiNsS rindicatimi| thatxpe emtisenge t he 5

CW- pl 93as .construct vs. tr}% control. cel |§ i ndj cegt i ?ghtgr{a;]t t he antisense
It er vent | SHICTERIOR eiseRreaTaL g Srerspalne Fiead saie vy of ehe ipendf; " he
endogenous trahdclips qFigRieS7H)E [ote @iowByer thintpd 95 @xpresiont Wiast ngd kBmpkwdy essi on was
not conpl e ?li( bl ocked. 10 EXAMPLES 1-3: DI SCUSSI ON W have shown that p
193, a T- Aé)"lf Frhi ng protein present in the AT-2 cardionyocyte tunor cell
line, is a new nenber of the BH3 only pro-apoptosis gene famly. Like

other BH3 only proteins, pl93-induced a 08 | s _can be 15 antagoni zed by
co-exprstion of pro-survi@§ﬁ¢@ﬂ45i#§hiﬁ§—h§§53$s (in our case, Bcl-X1 was
tested). pl193 differs markedly in size as conpared to other BH3 only

fam |y nmenbers; _the next Iar%est famly nmenber, BID, is only 21.95 kd
(Vang, K., Vi nWexbaye shewagdhatpl93, 2 A ibipgding proein prgsent dpthdfet | s .

(1996) Ceneardidivyocl tumeSRN IKROD) a néW 1RHieP 58 BHAB ofily’SloAPbRER! Z€S
p193-i nduced apoptosis in 20 transiently transfected cells, and results in

the cytopl &6n éamibyuddke athenBIEY oplyt Protayse pdPrindunssy apopiasis qanAbe | s
local i 3ed 'aﬂtak&iféaé’ﬁygm- s&ibn ?i]l.- B%—Wi%@@%@smgﬂb\{rk tg ddr leasel he same

point of the Ce ycl e ere 3 I nduces apoptosis. These data are
consi st ent Bel-{Xa wap éested). | I3 tdiffars maykgdly 10 8izp pheprapprédotother BYBambasm may
family members; the next largest family member, BID, is only 21.95 kd (Wang, K.,
Yin, X.M., Chao, D.T., Milliman, C.L., and Korsmeyer, S.J. (1996) Genes Dev. 10,

2859-2869). Co-expression of T-Ag antagonizes pl93-induced apoptosis in

g

20  transiently transfected celis, and results in the cytoplasmic sequestration of both
proteins. Moreover, T-Ag is localized in the cytoplasm of AT-2 cardiomyocytes
during G1, the same point of the cell cycle where p193 induces apoptosis. These
data are consistent with the notion that T-Ag/p193 binding in the cytoplasm may
modify or abrogate p193 activity in SV40 transformed cells.

25 If p193 binding is important for T-Ag mediated transformation, we would
anticipate that mutations at and/or near the p193 binding site would diminish T-Ag
transforming activity. Indeed, previous mutational analyses have identified
transformation activity at the N-terminus of T-Ag. For example, Kohrman and
Imperiale (Kohrman, D.C. and Imperiale, M.J. (1992) J. Virol. 66, 1752-1760)

30 demonstrated that amino acid residues 1-108 were required to effectively transform
B2-1 cells, and that a ca. 185 kd protein bound to this region of T-Ag. Moreover,
binding between T-Ag and the 185 kd protein was not disrupted by point mutations
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Mcd el | an, , p Vi a Ins 7Y Wyt e,
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4761-4773) ﬁlqlmﬁ@aaﬂtmmpetmppnmsfmmmgctwr nmqlgptqdrpeﬁéme{ Sameef| types.
Sone of4 sgﬂg t t t domain, a
sequenceder{hl g %%f%ﬁﬁ%h?é%?gg@ﬂghe[)lﬁ At gcdu?lg’?n '}lhéegiéérﬁ‘gﬂgjm rinivasan,
A, M:CJ el | which fungtions ayar Phadamolechlar cmeme ($nmvasamt/él Ypg€lellpn, Al | Y.,

Wyt e, Br, 7 I\/bL Cel I .
B 17 4%9%}73‘“5'&#156%%% % B Y e, B e %B&&g‘? 1Pt ol
H. , Zal vi degnd PipasPI.Na£1997) Mo]. Gill sBad l'P47561-4H6b€ampbeln'm Mll!iat@chaf f hausen,

and GRSy th AnSli )2 GHAET, il 1My SHRP L Kb DBRL DTS €0

rrenbers of protern Hi'S ™ Comp
facilitth esScmafﬂmsetn Brot andrDdCGapde,IcA.- (ﬂﬂlﬂ’lbraienarDof 1hullop8-1pI®t Il corrpl exes,

and prot e| ns szg !q{ e : @Fﬁge (Get and
i Sabr ook, J (%95%“5’?\%%?@%3 ) g%ﬁéf%&é &Irofeﬁgug uarﬁu1 Eﬁ? ‘% i cat e t hat
t he C-t er nifaeilitaR8 dvoecid progeinffokding, Fa@ttiba rofi mgltisproteinr emnple:sesbend/veen T- Ag
amno aci dsprgt%mt t?anspogt across intracellular membranes (Gething, M.J. and Sambrook, J.

(1992) Nature 355, 33-45). Although our data indicate that the C-terminal

20 boundary of the p193 binding site resides between T-Ag amino acids 92 through

147, the N-terminal boundary of the binding site is not yet mapped. Mutations
encompassing residues upstream of amino acid 92 could alter p193/T-Ag binding,
by direct disruption to the binding domain or by altering the tertiary structure of T-
Ag. Confirmation of the important of p193 binding for T-Ag transforming activity
25 requires precise mapping of the binding site followed by assessment of
transforming activity with appropriately mutated T-Ag expression constructs.
Finally, given the relative proximity of the p193 and RB family member binding
sites, it will be of interest to determine if RB, p107 and/or p193 sterically compete
for T-Ag binding. Such a mechanism could account for the absence of RB in anti-
30 T-Ag immune precipitates from the myocardial cell lines, despite the presence of

hypophosphorylated RB in total protein prepared from these cells (Figure 1, see
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Previous stmgabes (White B qE896) CpaentJowicai Miers- -afropuns: P58k tRrevieys at ani no
aci d resi duggded Bave! ilEdtifER a A g MRt CBoRBRE iRy bP affo dRFRBRNGENSI y of pS3

sequestration (Conzen, _
through 541 which appeared to act independently of p53 sequestration (Conzen,

S.D., Snay, C.A., and Cole, C.N. (1997) J. Virol. 71, 4536-4543). These authors
20  noted a significant degree of sequence homology between this region of T-Ag and
amino acid residues 77 through 93 in EIB 19K as well as Bcl-2 amino acid
residues 133 through 151. Although these observations suggest that the binding
activity at T-Ag amino acid residues 525-542 might be functionally similar to E1B
19K protein sequestration of pro-apoptosis proteins, experiments aimed at
25  establishing direct binding of T-Ag to Bak were unsuccessful (Conzen, S.D., Snay,
C.A., and Cole, C.N. (1997) J. Virol. 71, 4536-4543).
The results from the antisense transfection experiment indicated that loss of
p193 activity is associated with marked growth enhancement in NIH-3T3 cells.
The increase in growth rate is in excess to that which we would anticipate from
30 simple inhibition of apoptosis in the NIH-3T3 cells, which occurs somewhat
infrequently under the growth conditions employed. In support of this, preliminary

experiments have shown that cells expressing the CMV-p193as construct exhibit
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S.D., Snay, C A, and Cole, C.N (1997) J. Virol. 71, 4536-4543). These
authors 20 noted a significant degree of sequence honol ogy between this
regi on of wég/mad am no acid residues 77 through 93 in ECBUIS®RIWE wel | as
Bcl-2 am no acid residues 133 through 151. Although these observations
suggest that the binding activity at _T-Ag am no acid residues 525-542

m ght be functionally S|n1Iar to E1B38T9K protein sequestration of

pr o- apopt osi s proteins, riments ai med at 25 es | i shing direct blndlng
of T-Ag to baherf2a m@&% lrlrta mdissh 26 Fompares! L*yexpft‘emsas conffh Col e, C. N,

(1997) J. Vidn@ucts’frsait adputiisted) resxﬁﬂﬁarﬁﬁy bﬁs%nfaﬁ@tmﬁ BéhsAtht Sﬁt'ﬁsﬁe

transfection experinent 1 nd| cated t | oss of pl93 activity is associated
wi th rmar kedoosion sias péPheme Sinsten pia eqll-rysipacheekpoint, angikat itraasieismeln gr owt h

rate is in g %ﬁe?:ﬁ%&ﬂt i hadel L& bh ME aﬂ@ﬂ[:éjota?f%cdcﬂaﬁ)e i‘ﬁl@'ﬁyg&he%isnipl e

i nhi bition of apoptosis in the NIH 3T3 ce whi'ch occui's sonmewhat
i nfrequent | spppertédrint past By dbw sergmnstinvations expeimeytedesciibedsahoper whish t hi s,

prelim nary. ME:Sh - pl 93as
Const ruct SBARERE WaEREI il et BEFoIF Sho pERS TR BRI 5161

- 38 hi gher ®Natigy of kesp 93}radvidtedcel dﬁ;iith:p@gml cahpaptd3 isenbekrbls texpr essi ng
control copstruc | i $he0 vation is

consi st ent WEET tehaeuh 3t sp P it 4 SPeafT by T PR

checkpoi nt , cyalecthedkapoiiity, aundlabcmﬂuianioghf thehproeimcinkipselif it ndtilaanfobtoethat ed in the
absence 93.activit IS h u [t | by the
serum s | gﬂ’ b‘gﬁt@r{?ﬂcﬁ:&%ﬁ %ﬁ?\(}%ﬁmg oh ‘1%89’5 dﬁg%ga{ﬂ%gg%‘%at at | east
alim ted dpcgﬁte:e thefcell eldle ydd aldpfongrcmjsnmmtms nmqml Fedhdrdusight@ftaiat i on of
the pl93- e deat am T s 193 . n trigger
cel | death %ft“é‘ﬁ cf"f"ar?éﬁhf”aﬂ?? 8%91 s‘sﬁ%%'ﬁh eﬂsraﬂ‘tm P of 8 ﬁ"c{m{ goss fhe presuned
cell cycl efuafi@kndgdeisnt ) , and accunul ation of the prote| ninitself is not
harnful to the observ onthat C | asmic, T-Ag | ocal i zati on
occurs during t#g“ s%#?é‘s B ?FPCtB‘ert "%‘T’F QYR ‘é&ll ﬁ&’%%‘&?@ﬂ%& credence
t o thi s1910t identifyifrg rgoeakial n&r@bﬁnci fﬁrgets whith whichcuol engepde h‘d@hcr}ixquIQS must
await the generatip

‘char act er i zZ&°BH98 d\‘ﬁé?ség Pr?ﬁgﬂg{/ IF%'%M O{J'i’te{eﬁutgtgh’é?%gh%?rd %culoﬁgﬁt ?; ;?;E}S He
potential thanapestidiomnyosdytdehlfursd with BIAW B2F- eRgERARR pragirapoibiis e
response which is only partially abated by co-expression of E1B, Bcl-2 or
abrogation of p53 activity (Kirshenbaum, L.A. and Schneider, M.D. (1995) J..Biol.
20 Chem. 270, 7791-7794; Kirshenbaum, L.A., Abdellatif, M., Chakraborty, S., and
Schneider, M.D. (1996) Dev. Biol. 179, 402-411; Liu, Y. and Kitsis, R.N. (1996) J.
Cell Biol. 133, 325-334; Agah, R., Kirshenbaum, L.A., Abdellatif, M,
Truong, L.D., Chakraborty, S., Michael, L.H., and Schneider M.D. (1997) J. Clin.
Invest. 100, 2722-2728; Bishopric, N.H., Zeng, G.Q., Sato, B., and Webster, K.A.
25 (1997) J. Biol. Chem. 272, 20584-20594). In contrast, transformation with T-Ag

results in sustained cardiomyocyte proliferation. This observation suggests that, in

cardiomyocytes, T-Ag possesses an anti-apoptotic activity which is lacking in E1A
and E2F-1. Given that p193 is a pro-apoptotic T-Ag binding protein, and that T-
Ag expression does not elicit an apoptotic response in cardiomyocytes, it will be of
30 interest to determine if abrogation of p193 activity can antagonize E1A and/or

E2F-1 induced cardiomyocyte apoptosis.
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growh in diseased hearts. In this regard it is of interest to note that
transfection of primary cardi omyocyte cultures with E1A or E2F-1 results
.dn a pronpivoaResi®ti ¢ response which is only partial ly atearesdorsisl
co-expression of E1B, Bcl-2 or abrogation of p53 activity (Kirshenbaum
L.A. and Schneider, MD. (1995) J. Biol. 20 Chem 270, 7791-7794,
Kirshenbaum L.A. , Abdellatif, M, Gfkraborty, S., and Schneider, MD.
(1996) Dev. Biol. 179, 402- 411 Liu, Y. and Kitsis, RN (1996) J. Cell
Biol. 133, 325- BMgatmga?f plfd aCtWmerﬁé%bﬁve@ cardiopspigetive #fteet unmr Tr uong,

L.D., Chak h ‘M’;‘Q J. din.
I nvest. 1 éﬂg%%mf%%‘ NE 1opr| c, ﬂiﬁ ?,WQ rb%}é%ﬁy z(pla% and V\élbgter,
KA 25 (191_931)=ruﬂxs &sgnilptlvehemiles 724ve2©3811182¢159h9 presence nefy aBthotlc _ _
transf or mé%@g SJEesT %hJa e&'} LS 'card%otbgéc%ia?egxsgﬁésd' W&ﬁ%t fdO! 1 Teration.

Thi s obser uggests t I'ncardi omnmyocy ossesses an
anti - apdpt oarﬂmmopath/y t ischdmic hcardioinaqie'thyg z':rthyﬂﬂn@ogemad right-véntriGilaen t hat pl193

i - f bi t Ag. d t
i oi b o Aol e otytrRgal Bk Ryelut edn IS E T orest
tE g chit _er(rjn‘ pee:kcﬁtae@f Quidroes Qlevipd OB lﬁCHalmee}é?rl’f ia_omUTE.:ittsagmd ziuflypsz)g)ndc\% r

- I nau S
01/ 14418 P%'I’F'éé 1}@"%'5%53@%%936&@ p‘P%‘QS‘%E‘t stéﬂmgm so have a

car di opr ot efiddéEngrhhedntritiveteio thep@is&QﬂhM&h@l:&@bﬁﬁrbpaththeQﬂ&lMﬁl ch pronote
cardi onyocyte apoptosis. _Numerous_descriptiv studg(7 QI?VE established the

presend® ofreupyed H’cﬁé“’erﬁaar Fai bery gty Belramiy G-Aabpena, $B8%ascul ar

di seases i p@ogdLal IdvesAtrad767-78) diSMQPAt tinsgenfCRRE Have anglicary apat hy,
arrhyt hnogeni ¢ “d%ht ventricular dysplasia, acute nyqgcardial infarction,

nyocar di t i 8umbgr| ¢ty Afgnal Sjransgycyan Qﬂﬁwaiﬁﬁs edielyding | bR L9 RN r evi ewed i n
Haunst et t e famify/pABON Iz tonS(Hu()i'a9ﬁs)CherJr Qi&zaU&nREi%ﬁﬁé}fkhcﬁ?X 1111-1129).

In particul ar "apoptosis and resuftin di ac_ renodel ing ma contrlbute to

the onset &0t iThdredtuisr.dNonispGing: B (1099 (CalbPT.L19-98 e dEwed | n
Anver sag Pamh‘m'(m? ta,'BeMc'Tﬁ’.'?ﬁm @PAB ¢S I Qlawsen, S@dLéﬁ?dte?tB”Ha J.  (1998)

Lab. Invest 786). Studies i n rani/?enl c mce have inplicated a

nunber of Komieky, APanRemesris,ohl panc Felgman,; A, déﬁ’?‘?@ Gireularipn egegrabki ne
fc_ﬁlm le/ apl 39/ b3 T6552CERLRT liHBEQJeﬁ LHRic0R8n, 3. shB&Z 5., Yebneo, FBJ eWsky, K.,
Peshock, R., Thompson, M., and Giroir, B. (1998) Circulation 97, 1375-1381),
catecholamine/Gsalpha (Geng, Y.J., Ishikawa, Y., Vatner, D.E., Wagner, T.E,,
20  Bishop, S.P., Vatner, S.F., and Homcy, C.J. (1999) Circulation Research 84, 34-
42), and cAMP/CREB (Fentzke, R.C., Korcarz, C.E., Lang, RM,, Lin, H., and
Leiden, J.M. (1998) J. Clin. Invest. 101, 2415-2426) cascades. The role to which

p193 may participate in these processes remains to be established.

In summary, the data presented here indicate that p193 is a new member of

25 the BH3 only pro-apoptosis gene family. pl193 promotes cell death during G,

prior to the onset of DNA synthesis. T-Ag is localized in the cytoplasm during the

same phase of the cell cycle, and co-expression of T-Ag antagonizes p193-induced

cell death and results in the cytoplasmic localization of both proteins. p193 binds

to the N-terminus of T-Ag in a region which contributes to transforming activity in

30 some cell types. Collectively, these results suggest that T-Ag possesses an anti-

apoptosis activity, independent of p53 sequestration, which is actuated by T-
Ag/p193 binding in the cytoplasm.
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‘Ross, J., Jr., Miuller, W, and Chien, KR (1999) Cell 97, 189-98), the TNF
15 a/ TNFRL (Kubota, T., MTiernan, C.F., Frye, C.S., Slawson, S E.,
Lenster, B.Wwooin#m etsky, A P., Denetris, A J., and Fel dnRGT/US00RA316011997)
Circul ation Research 81, 627-635; Bryant, D., Becker, L., Richardson, J.,
Shelton, J., Franco, F., Peshock, R, Thonpson, M, and Groir, B. (1998)
Circulation 97, 1375-1381), cat echoT%hQn ne/ Gsal pha (Geng, Y.J., Ishikawa,
Y., Vatner, D E, Wagner, T.E., 20 Bishop, S.P., Vatner, S.F. "and Honty,
C.J. (1999) Grculation Research 84, 34- 42), and cAMP/ CREB (Fentzke, R C,
Korcarz, C.E., Lang, RM, Lin, Hgxsadiekei den, J.M (1998) J. din.

I nvest. 101, 2415 2426) cascades The role to V\/nl ch pl93 may participate
in these processes rihagctesizationiof aldominan Negative phoiMutallon  { he data
presented here indicate that p 193 IS a new rrerrber of 25 the BH3 only
pro-apoptosis gene famly. pl93 pronotes cell death during Gl, prior to

t he ons}eﬁ of DNACelpny znewith;asswm THs3T3msHs indisate that derseased BB AStNiBUr i ng t he
sanme phase zes

5103- | nduced » ERfrfifnce (4Bl SendaEp i RIAS Bl Arred T g oA o of

bot h pL ot ei (EgurpIDSAlpnndsexpmsmmef Mnuearmnnngeffarmmgf ph9%shouldiadse whi ch
contributes_to transform e ectivel
these resul IE¥5{ %setasetdhm eil é‘g%‘sg‘é’é eﬁ?ﬂgﬁg% J'égtﬁgysfeggslo cdt3| vity, 4

i ndependent cDNApﬁBrbsnnnggrewve:byl grealer Chtenngnad cuncatiens. bTheTeDMs wer93 bi ndi ng

20" ExalibL E%5R e B st R na i PR R R 75

Col ony gr oWdépxae&myanme [RIAH-ThEExpeekdicn vmwrcas@cMa terreasesistpd@3 activity
as a consequence nse expressi o esult n.lncr d _r.ates of
gﬁlﬂgflg‘;‘ é eifs&er%friug%gieg ah e vano 1es 3% vSé’lér%

cel | growt h®® Fon* ot ant negative variants
of pl93 ShOtHereHé $@re dubtatedtinithe bﬂesrrneasedmwt effteoflS(dej/si ofyselentitn théé gener at ed

a nested series of 3, cDN arhoring prqqgressively.qgreater Cterm nal
truncati ons SUHES ¥ eﬁéﬁ“& bﬁ?d)“egu‘ﬁ i “i"h‘ﬁ%- Sﬁiﬂwe-ééﬂ e @f“ﬁer? ector. The
struct uuseI OEelIsh@mﬁﬂegﬁd\Aﬂlﬁﬂ 3 $arfoue coflethictt @€ showiriig UFigur8 /8B. ThEelBX pr essi on
‘'vectors also carried _a_ ne c resi stance ., cassette. 3T3, cells were
‘transfect ed "R teﬁh‘é‘%ﬁ?lﬁﬁg’ %’i}p‘%@g F@ﬁeswél?%?esga"%fn%?nuw (s TehieE8

the rate of growth in the absence of any positive or negative cell cycle regulators,

see culture plate A). Consistent with the. pro-apoptotic activity of pl193, no
colonies were observed in cultures transfected with full-length p193 (amino acid
20 residues 1-1689; culture plate B). A slight enhancement in cell growth was
detected in cells transfected with a vector expressing p193 amino acid residues 1
through 1342 (culture plate C). Marked growth enhancement was observed in cells
transfected with a vector expressing p193 amino acid residues 1 through 1152
(culture plate D). Little or no growth enhancement was observed in cells
25 transfected vectors expressing p193 molecules 1-912, 1-309, and 1-243 (culture
plates E-G, respectively), or with a vector expressing a p193 molecule where only
the BH3 domain was deleted (culture plate F). These data indicate that expression
of p193 amino acid residues 1-1152 promotes growth in NIH-3T3 cells, a trend
which is also observed with expression of p193 anti-sense constructs (see Figure
30 7). Based on this, sequences encoded by p193 amino acid residues 1-1152 have
been designated "p193dn", for p193 dominant negative. The greater effect of the

p193dn on cells growth as compared to the p193 antisense constructs likely reflects
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the cells were cultured in the presence of (418. After 15 days of selection
the cultures were fixed and stained with gentian violet. Representative
cul tures olwd@naal s transfected with the vari ous constr upCHUSIZ3IBHOWN | N
Figure 8B. Cells transfected with the CW-null vector represent the
negative control (this reflects the rate of growh in the absence of any
positive or negative cell cycle reguf‘htors, see culture plate A).

Consistent with the. pro-apoptotic activity of pl93, no  colonies were
observed i thecigft: thateaxprassips PE gecaptianss, consirpct) dogy npt spmpletely plizinaiei d 20

resi dues 1émﬁo§?h§%s%ﬂ@6ﬁ%7ﬁ slight enhancenment in cell growth was

detected in ce ranstfected h’a vector expressing pl93 ami no acid
residues 1 t hr &hesbovepscribed experiments provide a\melkaigaryrchameienzaionebnent was

Cost dues 1 s nodAARATEhER i Bo R PhodlifY BRI SRR O0 ncement

was obs8rveudenred diyl the?propersyn of destewingeethaneedegromtis sind (anpid8ptatit ecul es

1-912, 1-3 -and Iq cul t | at -G. T ' y) r- Wwth a
vect or exp(r‘)"gdsvslt nlg %n%ﬁ%\)%eﬁrjﬁblag%ﬁfoé%ﬂgea%ép %ﬁ%}n cgﬁgowg%haﬁﬁ&%s del et ed
(cul ture pldelfireations of hegd 93 amimoianidi reddues tdspdnsibipfoe sesocharaoferiptdc33s am no aci d

residues 1-1152 pro e rowt.h.in NlH 3T3 cells,, a.tren ich is also
obser ved weﬁy&g@gﬁﬁbgf’nﬁﬁg%gﬁw}’? @h}eorc%?@?lfug?esscf‘ge%e HoBure 30 7).
Based on t Bhcdmpassinge drefegns aldfitedojn ﬂ@Bx;&ﬁhi&ﬁtsMésdiUe&%’#dﬂ&SvoldcﬂlSZfPave f
been degignated "pl 93dn", for pl93 dom pant. negative. The greater effect o
t he p§§3d2 ré’@ﬁ?‘?“"gl‘ ”é‘sg‘e ":%ugﬁgttﬁ qeﬁ@a’pi@?ﬁ%fﬁinf‘%teﬂ%%uﬁ%nstructs

I ihke:c y ref Eﬁﬁ{oﬁype.SUE'ﬁa_ Iu'EUTcF, ﬁlﬂﬁ&Tn(ﬁHﬁtiﬂﬁanh&hlﬂéﬁﬂ%rWﬁwﬁﬂD/ I2316|1 -41
the fact that expressign of the antigense construct does not conpletely

el'i mi nat e SERRIIECHD IRk epEcific ATIR] Acif ANEIBRRRTI e feadit 2edpERed- WL o1 | bed
exper i ment gefdhie \thélecudar Hi@bgyeBitighes.h Tha NIBLI TR ESQIRri0dd c;ﬁaaaﬂx@&s]:_y@e

nodi fications which bestow a dom nant negative phenotype on_pl93 (as 5

evi denced 8P vth @ssay i tesgets ¢ ?Pmrﬁﬁl@nlﬂéﬁééﬁfﬁljr%ﬁsﬁ&“&ﬁ@ i apoptotic
activitg i R Hecdtibas C6tl s parh BpRickiiciy ﬁBﬁg& QRé Seduisie@EtHeAmERGEY T €S) -

€
Further delineations of the pl193 am no acid residues responsible for these
char act er i $R§Ro#nts with which)tg charactsrige the madifind A2 cansimeted in the art. For

exanple, fine sqgl e @i tha HIONPARBIAUIR: BEARE ABTikASH 10 the

experiments descri bed above wou o )
tested its ability to block apoptosis in response to treatment with methyl

methanesulfonate (MMS). NIH-3T3 cells were transfected with a CMV-null

20  expression construct, or a CMV-p193dn expression construct, and stable cell lines

were generated. The cells were then incubated in growth medium supplemented
with MMS (0 mM, 0.1 mM, 0.5 mM or I mM) for 3 hrs. at 37°C. Cells were then
harvested and apoptosis was measured by determining the degree of DNA
fragmentation (nucleosomal cleavage of DNA is diagnostic for apoptosis).
25 Extensive fragmentation is apparent in DNA prepared from the CMV-null control
cells cultured in the presence of 1 mM MMS; in contrast no DNA fragmentation is
apparent DNA prepared from CMV-p193dn cells following 1mM MMS treatment
(see Figure 8C). These data indicate that the pl93dn construct blocks MMS-
induced apoptosis in NIH-3T3 cells, and supports the notion that this variant

30  encodes dominant negative activity.
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10 further delineate the amno acids required to bestow the dom nant
negati ve phenotype. The use of am no acid substitutions which retain gross
protein stWOOWA4EE but inhibit specific amino acid intera®FFORWZRIR readily
performed with generic nol ecul ar biol ogy techni ques. The NLH 3T3,
ES-derived cardi omyocyte growth assays and targeted cardiac expression in
transgenic mce, as described in 15 other sections of this patent

application, provide the requisit ripental endpoints with which to
characterize the nodified pl93 coﬁmg‘em further confirmthat pl93dn

encodes dom nant Gegaitionefdednsydnice/MicaExptessnepll Baminabe Hedry t 0o bl ock

apoptosis in response to treatnent with nmethyl nethanesul fonate (MV5).
Nl H 3T3 cells were transfected with a CW-null 20 expression construct, or

a CW-p 193dn expHafgsi® miconst lgdidrate@ Rflealmiit @e @otehtidli cafBoprotédtive gener at ed.
The cells were then incubated in growth nedi um supplemented with MVS (0
mV 0.1 9V effecs of\n193dm omithe hegrt. 3 Gardiac gxpression was| regelrd (using Be, & har vest ed

and apopt 0sigq; s%éﬁ%%%kﬁxi(gﬁ@;ﬂém&eﬂ 1€ MR B6mbler DMlisehioRgment at i on

(nucl eosomal cl eavage nosti c r apoptosis). 25 Extensive
f r agnment at i 4 kb of Sflaakieg sequenceNind b kbed theczehe enpompassoiexonsl | theeyghr ol  cel | s

apparent DA Braaf 27 Futing pf il S3off R0pc 12 SHRREEE S rent
(see Fi gur eN&@annThmsd. Rabbins (A9¢h dmlationtandheharscggzaiop ¥fsthe useusbl ocks MVB-
vari ant 0 3004 BuePa et ya it Bets: (APt BBk el RO 2BGOIRE (1 e o,
WO 01/ 144189 16GY. | %m&ﬁbding@9mmhﬁnd§;t&m_ewamem off th§ rueragfemi ¢ M ce
Copr om0, Bubiaf e i e PR SR B © e
expressi on_meidudsa#2istads2sseagRediy, al.cBr,dBathmnaipayd;@vjbhaﬂadinN( VHC)
2 OO R BTS i S0PGh L oy o % 5/ g o0 e e
t he i ni 15 at {1978)CDist0genbfrie| dfCdirniad. virud. 40S\Soieacen 200:40%-502.). Neunmulting.and J.
RobbI NS (1990 ¢ drd ek phaBd MiC 855" A S chiafic HaglatPof Y Efsgenc is
| presented in Figure 9. To generate transgenic mice, the transgene DNA was
digested with restriction enzymes to separate the MHC-p193 sequences$ from the
vector, and the insert purified from an agarose gel using Geneclean glass beads
20 (Bio 101, Vista CA). Purified insert DNA was microinjected into inbred
C3HeB/Fe] (Jackson Laboratories,Bar Harbor MA) zygotes using standard
methodologies {3]. The microinjected embryos were cultured in vitro to the two
cell stage, and then implanted into pseudopregnant SW/Taconic (Taconic Farms,
Germantown NY) female mice. For all surgeries, mice were anesthetized with
25  2.5% Avertin (0.015 ml/g bodyweight IP, Fluka Biochemicals, Ronkomkoma NY).
All manipulations were performed according to NIH and Institutional Animal Care
and Use Guidelines.
Pups derived from the microinjected embryos were screemed for the
presence of the transgene using diagnostic PCR amplification as described
30 (Steinhelper, M. E., K. L. Cochrane, and L. I. Field (1990) Hypotension in
transgenic mice expressing atrial natriuretic factor fusion genes. Hypertension

16:301-307). 13 transgenic founder animals were obtained from the embryos

SUBSTITUTE SHEET (RULE 26)




10 cardi ac nyosin heavy chain genes. Journal of Biological Chem stry

266: 9180- 9185). A cDNA encodi ng pl 93dn was inserted downstream of the
pronoter, wvoblassd by the SV40 early region transcripti oRCTESWZAMEor ( SV40
nucl eoti de residues #2586-2452, see Reddy, V. B., B. Thi nmappaya, R Dhar,
K. N.  Subramanian, B. S. Zain, J. a4§ P. K Giosh, M L. Celma, and S. M
Wei ssman 15 (1978) The genone of simidan virus 40. Science 200: 494-502.).

‘The resulting . transgene esi.gnat ed MJC- p 93dn chemati ¢ _di agram of
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transgene DiMoMA§ selbte®$é @6tablishrdns, dgehfcl Hﬁdagék eAANRBBart RN Pdpaied t he VHC p
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m croi nj ectigglydeniife ﬂxﬁ@feﬁ{jhnc@ﬁ?g[@/lgﬁcis &inggérpﬂads@mg LR dbSsvddh aftlar bor MA)
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bodywei ght I F, Fluka Bi ochem cals, Ronkonkoma NY). Al manipul ati ons were
performed according to NIH and Institutional Animal Care and Use

Gui del i nes. Pups derived fromthe m croinjected enbryos were screened for
the presence of the transgene usEK@MR@&ostic PCR anplification as

descri 30 (Steinhel.per E.. K Coc and L. .J. Field (1990)
Hy pot eﬁ@?on in el 25 ression o 3dn i Earg fot cﬂgemvw;'o factor fusion

genes. Hypertension 16:301-307). 13 transgenic founder animls were
oL Ty ST SR I, R S b i B 1022
t he foundermonir&l inrcdnaeindngd MHCqﬂBMh trmsgemabixdesb detearniag ehnrzmsganaeages
Al et B SRR SO RIS S SR | 2L
of pl 93t t raRgmid Piice Weare Qdenkisied Yedl sdqliles’ﬂérbd antilf they geabhedel! weeasignat ed
MHC- pl 93dn a!lgie.n imu50us 16soproierenol 1n?usxorr]1dwa]é3a’dm?tﬁseter§cll %smg 1m82mted osmotic
mini-pumps (model 2001, Alzet, Palo Alto CA, flow rate of 1 pl/hr) filled with
0.028 g/ml isoproterenol (dissolved in saline). After seven days of treatment the
mice were sacrificed, the hearts harvested, cryoprotected and sectioned using
20  standard histologic techniques (Bullock, G. R. and P. Petrusz (1982) Techniques in
immunocytochemistry, Academic Press, London; New York.). Heart sections
were then stained with Sirius red (which reacts with collagen to produce a dark
signal in the images presented) and counter-stained with fast green (which reacts
with muscle cells to produce a light signal in the images presented). The results
25 are shown in Figure 11. Panels A and B depict sections of a nontransgenic heart
after seven days of isoproterenol infusion. Abundant Sirius red staining is apparent
throughout the ventricular myocardium (panel A shows the left ventricular
myocardium near the apex of the heart, panel B shows the ventricle myocardium
near the base of the). The dark staining is indicative of extensive fibrosis which
30  resulted from isoproterenol-induced cardiomyocyte death. Panel C and D depict
similar analysis of a MHC-193dn transgenic heart after seven days of isoproterenol

infusion.,  Essentially no dark staining is detected, indicating the absence of
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based on these anal yses line 13 was sel ected for additional experinents.
EXAMPLE 6 10 Denonstration that Expression of pl93dn is Cardioprotective in
vivo Mocaygbmaadanage in response to chronic isoproterepOi/Us002851 on was
nonitored in control and MHC- pl 93dn transgenic mce to determne if
transgene expression was cardioprotective. Non-transgenic control and
MHC- pl 93dn 15 transgenic mce were i"dentified and sequestered untiI t hey
reached 11 weeks of age. Conti nuous |soprotererSJl%l i nf usi.on

adni ni st er SBPresss igthe ﬁ‘iﬂPﬁ?ﬁr@Hﬂ‘é@#ﬁ@ fransgemif heatsn I s Ry Indisaies Wt ,et | Pal o

Alto CA flQprekéoPihe lp1d3dy/ inkgeht Ipkdisbiyine hnyoeaxa&& ﬂbmrlrsopr&eﬁhat erenol
(dissolved in saline). "After seven days of treatne m ce._were

nt
sacrifi ced,indused fibeesis.s Oher sradiesEommupahEotingh KP %%‘els@gt Comed Wi ng 20
standard h' %ﬁ) %1&%&%& at@? Ap%'si%’ 1nCiduB rat3trfulaP %fo@ﬁés )1982)

Techni ques i n em str Academ c Press, London; New York.).
Heart sd&ct iastivatiopenfehe lbetn-adteaera@dpamww, Sirculgsion 28:98(IR):ER- M have i t h

col | agen t ty

Count or st ahBUR Hif ReBrflRkl S B0 ipded QELPASE BERSSE BRI | | iy
a light si gnpiesswnhlb@ks|cmxigmwopytesmost$)&ndmnsléwﬂihr98125 are shown in Figure
11. Panels A and B depict sections of a nontransgenic heart after seven
days of isoproterenol infusion. Abundant Sirius red staining is apparent

t hr oughout the ventricul ar nyocarBXAMPLEshel A shows the |eft ventricular

yocar ﬁloum near thg ARst 811; tahe Y fsdion 68 ]@!’ad And gg\@ﬂ;]cg& ventricle

nmyocar alum al - U i ve of
ext ensi ve fi ce 0. nd promdtes pr lll Sx;lug oot ri ént': @EHA 6

cardi onyocyte death. Panel C and D depict simlar analysis of a HC 193dn
transgeni c hear Prévidusr stadivse hawtaylsowal tﬁascqxpmbs%remﬁlthe imfeus\'rimh ElBssentially

no dark staini n% ] s detected, )ndl cating,.the a %?1 ac§ 0;II'II;I'UTE SHEET
(RULE 26) \RECEPIPEU/cn8 TERsiy gl Sy on Cadopyssy 3 TS peag
| sopr oti&r engimekdiatdy flloved BE Wdhchﬁﬁﬁdmoc}'d@idsmh QKuéH:nbaudl tatreand hat

T sopr ot er eri - (SHHORT | AGFEBRLS HahERresies e PR anSoie @ihgn k.

;Pij nF ?t el t DReacg;o;tbpleAvwnmes‘atQQ&)enthap h?et)}\d!s!, via aaémmdeqtoeltsetqmglmosi s in
adu rat ventril cul ar ocy e actl | etga-a renerglc

pat hviay P FPab Posctegnecy- Mobdoieay (B 2o ol ol AoRSMe

blocking the pS53-regulated apoptotic pathway only partially rescues the

20 cardiomyocytes. A study was therefore employed to determine if co-expression of
pl93dn and p53dn can block ElA-induced cardiomyocyte apoptosis. The
experiment utilized a previously described technique to generate enriched
cardiomyocyte cultures from differentiating ES cells (U.S. Patent Nos. 5,602,301
and 5,733,727 to Field et al.; and Klug, M. G., M. H. Soonpaa, G. Y. Koh, and L.

25 1. Field (1996) Genetically selected cardiomyocytes from differentiating embronic
stem cells form stable intracardiac grafts, J. Clin. Invest, 98: 216-224).
Undifferentiated ES cells were transfected with an MHC-neor/pGK-hygror
transgene alone or in combination with a MHC-E1A, MHC-p193dn and/or MHC-
p53dn transgenes. Transfected undifferentiated ES cells were then selected on the

30 Dbasis of hygromycin resistance.

When the hygromycin-resistant clones were sufficiently amplified, the
cultures were induced to differentiate. Once cardiomyocytes were apparent in the

culture (as evidenced by the presence of beating cells, which usually occurs at 8
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shown that isoproterenol treatment induces cardionyocyte apoptosis: thus

pl 93dn expression bl ocks cardi omyocyte apoptosis and the ensuing fibrosis.
EXAVPLE 7 WP Ma#tBstration that co-expression of pl93dn aPEF’B@SGgF“bI ocks
E1A i nduced apoptosis and pronotes proliferation in ES derived

cardi omvocytes Previous studies ha\_/es shown that expression of the

Adenovi ral EL1A oncoprotei-n can reactivate cell cycle ion cardi onyocytes,
but this r ;pgﬁ! t rdi omyocyt e
death (Kir gﬁgwb‘)&%&‘&ﬂobﬂ\ﬂé%ug E% sgéxﬁ%\(g|Jd§¥mc%tﬁ%€?%§m§%&8€epr esses
cardi ac genssdtteammer melrcgmlaaund of thezeidiac MHEE mtgynnlheendmmmcwtemt r| cul ar

myocyt es al atl ve ket J.

Bi ol . Chemura"fﬁé%‘ %}lonﬁ '?':794%&‘&/& eovsaQPGRgé)Qd%tfag {ﬂg cgﬁ regul at ed
apopt oti ¢ patefined anmkmnmmﬂﬁms/tor;msnmesualizetuﬁibfcher@rchm;awytees A study was
t herefore enplo o _dete iIf c XP | 93dn_and p53dn can
bl ock EPA-i nducé&“clﬁoi Q}P%ﬁfh@s? t&p&’b@o &ﬁ-ﬁ(zgeor@%%pf SN 28S zed a

previ ousl y albas)cgavO ide teetiidraitsecoldhigideaing mydcy®h ¢ste theacaitronplaeyt e cul tures
fromdifferenti i ES cells (U, Pat ent No 5, 602, 30 and 5,733,727 to
Field et afigure ?'&ig is md“e!”ef?)fﬁ}q %‘6‘2 of BS-derivag, Far & Wéi“LYe 25 J. Field
(1996) GCengidvailid the 28scB6d BFpSRive i BYRkIVE e&tcfrg Oradhtrbf @R aadtbdigl enbr oni c
stemcells formstable intracardiac grafts, J. Cin. Invest, 98: 216-224).

Undi f f er entiithipd §3dognd @F3dn glenearg ’i‘l&h%h"é’ét SXPIEHFiOR Of hesa EenesIE TS ER hy gr or
transgepe al QB Plcrdale GRSy Rte }’\?'fefr!l aolitede! With Mikir RinB3geptadd/ or  MHC-

p53dn transgenes. Transfected undifferentiated ES cells were then selected
on the 302fdties. ofn KQgfFrastneh fow sqacdiemyQeyteqy ke taheeMsdy i ik S esi st ant

cl ones wer %ﬁéﬁcﬁédﬂnﬁﬂtt'hé! Iﬁﬁ@-ElfA Qﬂms e Cdéhi:kt&:ﬁ%i’éﬁ&%ﬁ&ﬁ“&@&l& 0
differentiate. Once card \éaes were apparent in the culture (as

evi denced Wr%h%ba;yneéerfeeanébe Schagides| | Adengirus HE s iepresjesraedizs at 8
SUBSTI TUTE otdEfednsEffbitol %@rc’gbndates \ﬁ?qﬂléy%%? uE’QIAtH..SQQ %{%@y{es o days

post - i I’ldUCth on) the cultures were subjected selection. Since the

neor déssé%tftl‘eatt"s paekes protdie- amwégw}D@rbindmgdiontane daBml afalem#@"’(bﬂdﬁ‘b‘t er, only
cardi Ony OCYh&f 1995). Co-transfection of E1A and p53dn or E1A and pI193dn did not result

in a marked increase in cardiomyocyte viability.

In marked contrast to these gesults, transfection with MHC-E1A, MHC-

P53dn and MHC-p193dn gave rise to numerous and substantively larger colonies

20  of cardiomyocytes. Cardiomyocyte colony size was much greater than that
observed for the control plates. This result indicates that the combinatorial effect
of p53dn and p193dn effectively and completely blocks E1A-induced apoptosis.
Moreover, the increase in colony size ir;dicates enhanced proliferation in the ES-
derived cardiomyocytes expressing all three transgenes. Thus, co-expression of

25 pl193dn and p53dn blocks E1A induced apoptosis and in so doing permits E1A-
induced cell cycle activation in ES derived cardiomyocytes.

To further characterize the cardiomyocytes, protein was prepared from
representative dishes from each of the transfections depicted in Figure 12. The
protein was then subjected to Western blot analysis with anti-E1A or anti-T-Ag

30  antibodies using standard protocols (Figure 13A). Importantly, no E1A protein
was detected in cells expressing E1A alone, or E1A + p53dn, or E1A + p193. In
contrast, abundant levels of E1 A were detected in cells expressing E1A + P53dn +
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survive this selection procedure. After 60 days of (418 selection, the
cultures were fixed and stained with PAS to permt visualization of the
car di onyocwreen14ssControl plates (transfected with the MHPEHESH2MEK- hygr or -
transgene alone) gave rise to nunerous col onies of beating myocytes (see
the control plate, Figure 12). This is indicative of the normal rate of
ES- deri ved cardi omyocyte growh in e absence of positive or negative
factors. Control dishes transfected with 193dn and p53dn al one are al so

shown: exprl93dnnThe spggests thas Fld &Sésthﬂtlwammcategpmgmbqﬂhéwéée in

car di onyocyird ied arhahsiaid Wabcki! N Mbeiver 2ebe MNP itiddpe 1R Ui ties. 1N
contrast, very few cardi omyocytes were observed in the plate transfected
with the QWQQY@A@Q 21 A alane. or EAD npI3dnperdif Aot 193 oultuessdishieri r shenbaum

L. A and r r did9&he

transcri pt :\% n’ggﬁe&ggtg‘?‘ m%q%&synflﬁé@ts}%n % o(r?tsarhlg%ﬁﬁ{'eq}?rryocyt es, via 15
al t er natd veexpraskethe g A eonstrugtnd The Odkphiimeiitnyasd perfiormed oh 68 daly. olthem 270:
7791- 7794, ‘ﬂ.[gpeg) Co-transfection of ELA and p53dn or EIA and pl 93dn did

not result "Tn a marked increase in cardiomyocyte viability. In marked
contrast to thesk confiohithat Eluﬂaevqiressmnom thu aHseﬂdel@fE;bk,pokmm pbBelth and

car o onyoeyPaEs w7 ol pRiH sBiRe AR DA DGR Fh: A el et Tha

observed f oanalybeﬂ footierdarep bADREA frigrhentation Ulnucledddimabilesvagdioft DNAds

onmbi n ef fect n_an | 93dn effectively and c l.etely bl ocks
EA | nalTE e B Gt o RBs bR 11 PREPS EEain i) PSRt o cat os
eﬂhanced prDNAfprépinI'dd(bem cells RepresSingUETA Hofk, e:aElngenpﬂzad iy, dﬁilax-ppﬁgl%l Eg Ellla\
t hree transgenes. expressi.on o n.an ocks
i nduced apglgt cgaEest, aﬂ‘i’d‘S ?5’\’“5’5“5’85 Y& SherryFd E"flﬁ °"P§‘?Eﬁ¥%§a p 94.‘{')?

activation plmﬁismés"eldaacboﬁﬁmdttﬁnw )%f;&SlOﬂBﬂpﬁSdhhh&bl%W@EﬂAe t he
car di onyocyt ared from representative dishes from each

rotejn wa
of the tran‘§$‘§=8‘?? RSP FE ig Y? % gure 12. The protein was then subjected
to Westig n bl ot analysis with anti-ELA or anti-T-Ag 30 anti bodi es using
standard protocols (Figure 13A). Inportantly, no EIA protein was detected
.in cells expressing E1A al one, or EIA + p53dn, or E1A + pl193. In contrast,
abundant | evels of E1A were detegiesAMPRES! | s expressi ng E1IA + P53dn +

SUBSTI TUTE SHEET (RULE 26) WD 01/ 14418 PCT/ US00123161
Demonstration that p193 is expressed in a celi-cycle dependent fashion

20 Many cell cycle regulatory proteins are expressed and/or active during
discrete phases of the cell cycle. To determine if this is the case for p193, anti-
p193 monoclonal antibodies were produced. A recombinant protein encoding
P193 amino acid residues 1153-1689 was used as the immunogen, and monoclonal
antibodies were raised, screened and validated using standard approaches. To

25 monitor p193 expression during the cell cycle, NIH-3T3 cells were synchronized
by two rounds of serum depletion (starvation media contained 0.1% FBS in
DMEM). To monitor cell synchronization, some of the cells were incubated in
media containing 3H-thymidine (26 Ci/mmol, Amersham, Buckinghamshire,
England) and 10% FBS in DMEM; the cells were processed for autoradiography at

30 various points thereafter to monitor DNA synthesis. The preponderance of non-
transfected cells on the same chamber slide reinitiated DNA synthesis by 14 hrs.
post-serum replenishment (Figure 14A), thus establishing the fidelity of the
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-46 pl 93dn. This suggests that E1A is lethal in cardionyocytes unless both
the p53 and pl93 pat hways are bl ocked. Moreover, these data indicate that
the cardiwewpepisess on the EI A al one, or E1A + p53dn, or FETAIS#023163 cul ture
di shes probably arose from progenitors which did not take up (or
alternatively did not 5 express) the EIA construct. The experinment was
performed on 60 day old cultures. Té#confirmthat ElA expression in the

absence of co-expression of both pl3dn and pl 93dn induced apo t05| s, DNA
prepar ed f rs¥pshIonization grejocaly tRiptein prepared A sippslar tims points fipsypwalidf DA

fragment at | fdhel DS hRATH WestehnGAL ISy 8E I(@Eﬁe'lﬁBioNQ'pqgi‘ D%és@mfn%asapc’pt 0si s)

(Figure 13B). Extensive fragnentati On parent in prepar ed from
cel I's expr elstecied a2, A, ot 6rie0ur$ofOHEngNh¢ additign of serum. 1 Rromisenmtgnl93 | n

t t P53d
o1 03dn. - Tneap§al St Helda % OREGHY 19 bt oo olER RITRR I LV ocks
E1A- i nducednepuipinbwith thqvmetrdlnhi@t@w}th@ss T 1E9¢h\I 98 woesrmaskedlait i on t hat p
193 is eXprrg&?cf.ﬁl il Qub%e@%ht! m%é’ 9%%&1 Eaé’i%ﬁle gﬂlu %%ﬁ/‘%ggf efifinl isCYC! €

regul atory protei nS are expre or active etrete phases of
the cel |l cyighdy ra'gnlallﬁt durmgmalhdycterpregresxmhaxcbaJaEpéakrlemgaccuamt the p193

nonocl onal |bod r ecomnmbi.nan n.encoding pl93
am no acid @g bd’& eTé@@?’(N;{ ‘sd§é€e grgcxf%gmfxﬁﬁ{' hlecye%e Y ﬁocl onal
anti bodi es foreé exptesﬁﬁi of 9102 émindesadapdptosib. aflatiedlsmsipagn i eeckellckyelppr oaches.

To 25 |tor 93 ex i,on duri the cell cycle, NNH3T3 cells were
synchro ze‘?flh "g% &dﬁ’ﬁa °¥té’Pﬁ‘?H’depl etion (starvation nedia contained
0.1% FBS in DI\/EM To monitor cell synchronization, sonme of the cells were
i ncubated in nedia containing 3Hthym dine (26 C/nmmol, Amersham

Bucki nghanshire, England) and 10% FBS in DMEM the cells were processed
for autoradi ography at 30 various p@ExXMpLEereafter to nonitor DNA

synt hesi s. tra sfect edn cel | s on t e sane chamber

slide r%l 2 CHARL ind;pd3 activity sult.in 2 prolife
(Flgure 4A) ,

thus establ i sﬂiﬁﬂ%ﬁ—‘ﬁé‘mﬁ%ﬂhﬂ}% the SUBSTI TUTE SHEET (RULE
26)

Many forms of cardiac injury result in an initial phase of hypertrophic

growth which compensates for the loss of functional myocytes. Over time, the
hypertrophic heart can decompensate, a process which leads to cardiac dilation and -
20  ultimately heart failure. Cardiomyocyte apoptosis is frequently observed during
this process. It is also well established a large number of gene products normally
associated with cell proliferation are induced during cardiac hypertrophy (see for
example Izumo, S. et al Proc. Natl. Acad. Sci. USA 85, 339-343; Mulvagh, S.L. et
al., Biochem. Biophys. Res. Commun. 147, 627-636; Simpson, P.C. Annual
25 Review of Physiology, 51, 189-202). It is possible that hypertrophic stimuli are in
fact mitogenic stimuli, and that in the mature cardiac myocyte the response to such
stimuli is to first increase cell size, and then transit G1/S. Our data clearly indicate
that two pro-apoptotic pathways (the pS3 and p193 pathways) are activated in
cardiomyocytes which are experimentally induced to proliferate. The apoptotic
30 response observed during the process of decompensation might result from the
initiation of cell cycle activity in the presence of active p53 and p193 pathways.
It follows then that if the p193 and p53 pathways are blocked, hypertrophic

stimuli might result in direct cell cycle activity. To test this, undifferentiated ES
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WO 01/ 14418 PCTI US00123161 -47 synchroni zation protocol. Protein prepared
at simlar tinme points fromparallel dishes was used for Wstern bl ot

anal ysi s ( Rvguwm41B4B). No pl193 expression was detected aRCPUS23I8} 6 hours
followi ng the addition of serum Prom nent pl93 expression was detected at
8, 10 and 12 hours post serum addition, roughly 5 concomtant with the
onset of DNA synthesis. The | evels of°p193 were markedly reduced in
subsequent time points. These data indic t hat 193 e ssi.on is
tightly regtflisMerr Hepsfestydowmh thE)Mﬁg gﬁ’gf?ﬁ“ ?Wa‘?"ﬁ’é%?ﬁ‘ “FPevel s occur

at the wsnmuaﬂaﬁymﬂ@fpwmtmaMHc fbdzﬁtrhtfsgéd&@ msfeaed Bﬂlsr\i/eref the cell
cycle where forced expressi on of 3 induces apop&o nd is also a

poi nt in thearished by virtae %Otbﬁﬁe‘ieélsm‘i&gtq dygromyFin, 28 $A 8Bl asm
EXAMPLE 9 %Ff@reﬁﬁ’ﬂg eftle EadriRl cRiBRlBEResAherd théR %lx?dﬁgd 935\%@6 bf theiky can

result in a proliferative 15 response to hypertrophic stinuli. Mny forns
of cardifc tepibtamcp tp §418.tCardiompogyte grrwth wascthen epmpasddp thesplwresdn owt h whi ch
compensat oSyl Qfesl 1 ORReRE drURG gaehaﬁaakoﬂ?y@fex&e@ nNPHRE/mi 13F 58 B,

hyper trophi ¢ heart can econpens rocess which |l eads to cardi ac

dil ation anMa@dlulmhmeéba,rdlhmmyuf edlony Hize way wmbeyﬁle lsap@mrm s is
frequently @hs rc\(xﬁﬁ’reg% ig T%th%h%@ﬁ&%é of Irkrehs® &k se‘éfffl Lished a

| arge number “of gene S nor assocl at e eI | proliferation
are | nducedl&iur’l‘tng sugcsts it Irglpeation cqﬁh:yll (cyele amptotnexbmbipemrsnméers S. et al

51 ophysT Reeti ol i o i il oBef @98 a pgrangtle s, U 0T

Physi ol ogy, 51, 189-202). It is possible that hypertrophic stimuli are in

fact mtogenic i t hat ) ’ Y he response
to such stinul Whﬁ \‘"v?’g‘[o" ﬁ’&rbé%"sélpuég éﬁgéﬁ&%é@%ﬁgﬁt‘q‘?rgﬁg‘%t Gl/S. Qur
dat a cl ear | grawings maiferegbilngﬂescvipnqn; meampisabbccmtdam%il(usm:va and p193

pat hways) ar act vat eg*ﬂ{ d| 0 |1y induced
to prolifer éesmf aS‘tcfé ﬁlgrugs%%t}éé(gﬁlo%@néf %’?%&%S‘HPE }o‘?ocess of
deconpers at had beed giaakvnraaﬂLﬂeEcrfbéd)md ket all ch4riged amhmodhﬁcaiohs thatkemectivity in
t he presence. of .actjyve follows then that if the

p193 and p5‘§‘%ﬁf%ﬁ8§'§°gﬁ‘ "B'Fﬁtb%énécgﬁﬁeg&t?t é’ﬁ%wed stinmuli might result in

direct cell cycle activity. To test this, undifferentiated ES

-
—

All publications cited herein are indicative of the level of skill in the art and
are hereby incorporated by reference as if each had been individually incorporated

20 by reference and fully set forth.
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SUBSTI TUTE SHEET (RULE 26) WD 01/ 14418 PCT/ US00/ 23161 -48 cells were
transfected with the MHC neor/ pGK- hygror transgene in conbination wth

.both the W&o%@ﬁdn and MHC- p53dn transgenes. Transfect ecaalisositer e
enriched by virtue of their resistance to hygronycin, and then induced to

differentiate. The ES-derived cardi onyocytes were then_enriched-by- wvirtue

of their 5 resistance to (418. Cardi-d8yocyte growth was din
‘these cultures in the presence vs. absence of exog Hmh%mgmﬁol (1 M
ng/ m) for WHATd$ CLAIMBIKEX| y enhanced car di onyocyt 4 & Was
apparent in the isoproterenol treated cultures, consistent with the
presence of increase cell nunbers (see Figure 16). This suggests that

rel axation of cell cxcmethagofok ahodifyirpeche pell rysler ehdecel, dmprisidg onyocyt es

proliferative, to a ul d gt herw se_be hypertrophi c st mul i Wil e the
i nvention H¥ léfg’gﬁ,g‘? ﬁﬁ"\é\g?flra{93dpf3ﬁﬂl ’d‘e@EFF@@ﬁX/Bﬁ“’d%f? g Wi ?’ﬁé’lb%lr awi ngs and
f oregoi 8y Ggmelttantdueiion pdtiewaaRRhd gellf O be considered as illustrative and

not restrictive in character, it being understood that only the preferred

enbodi nent 15 has been shown and descri bed and that all changes and

nodi fications that COREmeWoliifitidiMme1 SWhith oMpridel Qetra¥diY thenert @f desired to
be protected. Al publications cited herein are indicative of the |evel of

skill in tHREC-aPaPLaisdP193r rotely éihyhe gelbr§90R%h % qUINYESs APEPIORIE d 284/F each had

been i ndi vijglyalsh ¥elpRARE RS A cRbtialdt tcelief erence and fully set forth.
SUBSTI TUTE SHEET (IBULE 26) WO 01/ 14418 PCTI USQO 23161 _49_ _ el

WHAT 1 80CLAIMED ISt | IHET~~1 TEELEE Vil 11 L 1. A method for nodifying
the cell cycle ?T 2 $fd hethGPOPLAIR E%hi&ﬁ%ﬁ%ﬁké@%&&@id Getevdbof prbI3 protein
f th the pi93 b 5

in the cell and/or interfering w . _sign transducti on pat hway
in the cel |apoproticTin®3 prai¢in ih e cell. 40 a3 0 indyse eprpeesiin theesglldecr easi ng the | evel
of pro-apoptotic pl93 protein in the cell, so as to suppress apoptosis in

and/or increase the proliferative potential of the cell.
The method of any of claims 1-3, wherein the cell is a mammalian

15  cell.
5. The method of claim 4, wherein the cell is a human cell.

6. The method of claim 2, which comprises introducing nucleic acid
20 encoding a portion of or all of the p193 protein into the cell in the antisense

orientation, so as to decrease the level of p193 protein activity in the cell.

7. The method of claim 1, which comprises introducing nucleic acid
encoding a dominant-negative p193 protein into the cell, so as to suppress

25  apoptosis and/or increase the proliferative potential of the cell.

8. The method of claim 3, which comprises introducing nucleic acid
encoding a pro-apoptotic p193 protein into the cell, so as to express said p193
protein and induce apoptosis in the cell.

30
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10 3. The nmethod of claiml, V\/mch conpri ses inc¢reasing the level of pro-
apoptotic p 193 protein in the cmm ”E‘m’ mumuce apoptosis in the cell.
4. The met Rpgopfaagny of clains 1 el |l is aPOELSM28A 15 .
cell. 5. The nethod of claim4, whereln tie delt is a human cell. 6. The
met hod of claim 2, which conprises i :}?tor oduci ng nucleic acid 20 encoding a
portion of or all of the pl93 protei'm’into the ceII in the antisense

orientation, so as to decrease the | evel of (? &g % #tyinthe
cel|. 7. The methodhomethod;ghciaimyhy;aise %‘E’Fﬁf‘si@e‘y ﬂ{’) 3 J’g ei ¢ acid
encoding a sleminanthe BAORIN SnikSThgH¥/th Giep33dighal Rensdtdtlon fathvay 0 Suppress

25 apoptosi's and/or increase the proliferative potential of the cell. 8.
The net hod B¢cdlai m 3, which conprises introducing nucleic acid encoding a
pro-apoptotic pl93 protein into the cell, so as to express said pl93

protein and induce apoptosis in the cell. 30 SUBSTI TUTE SHEET (RULE 26) WO
01/ 1441% 1 1! 110} <The me¢thed ofidlaim 1 p1 §1 alserrmpryinBmedifyng tsdede! ofhe et hod

of claiml1, ing nodi fying the level of p53 protein in the cell
and/ or int erﬁ&}?ﬁ%ﬁegfp%%%@ghe p53 signal transduction pathway in the cell. 5

10. The method of claim1l or 9, also conprising nodifying the level of E 1

A protein in th Cglrg\[ #ref“@ 1§&E§Sﬁkﬁﬂln¥e&&(§&c bl %oﬁﬂgny(‘ﬂl%c aci d

encoding a p 19 he expFPessi on vect or cl'aim 11 wherein
said nucl eiproinid is in the antisense orientation. 13. The expression
vect or ﬂi‘ claim1l wherein said pl93 protein is a 15 pro-apopotic pl93
protein.

12.  The expression vector of claim 11 wherein said nucleic acid is in

the antisense orientation.

13.  The expression vector of claim 11 wherein said p193 protein is a

15  pro-apopotic p193 protein.

14.  The expression vector of claim 11 wherein said pl193 protein

includes a dominant negative mutation.

20 15. A host cell comprising introduced nucleic acid encoding a p193

protein.

16.  The host cell of claim 15 wherein said nucleic acid encodes a pro-

apoptotic p193 protein.
25
17.  The host cell of claim 15 wherein said nucleic acid encodes a p193
protein including a dominant negative mutation.
18.  Anisolated p193 protein.
30

19.  The isolated p193 protein of claim 18, having the amino acid
sequence set forth in SEQ ID NO:2 or in SEQ. ID NO:4.
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conpri sing
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ression vector of claimi1l wherein said p1l93 protein
gative nutation. 20 1 ﬁﬂ

d nucleic acid encodes a proE 5boptot|c pl193 protein.

i ncl udes a

HMHIHIIH || R

25 17. The

f claim15 wherein said n%ﬁ|6IC acid encodes a pl93 protein
o

| at ed pl193 protein of claim 18, having the am no acid

18. An isolated pl93 protein. 30

sequence

n SEQID NO2 or in SEQ |ID NG 4. SUBSTI TUTE SHEET ( RULE 26)

Philii |11~ 1 20111 ddkgobitibi Totprisihg afPiSblaéd(Io3 Jiéidin 01/ [B4ek18 C L M S

ggggggééggﬁ conprising an isolated pl93 protein of claim 18 or
21.

A nmet hod of inducing apoptosis in a cell,
expressing in said cell an amobunt of a pro-apoptotic p 193
ective to induce apoptosis in_ said cell. 22. The nethod of

cl ai m 22 wher ei rflsai ot Bsthpd of ingcing aPARLQSis in Arsslly comprisingregPssingeince| | . 10
23 AN CxPI ARSI RRLAOTAHRLIRINE FOTYRAA SIAENORAUSIEERFRO N0 Lhe
or

amno acid

sequence of SE

ID NO4 or an amno acid

sequence hatfidgsllat | east about 7096|dent|ty to the amno acid sequence of

SEQ ID NO
nucl ei ¢ aci

10

15

20

25

30

2 or 2EQ HijeNdilod 4P ciaftn 2N wheBIESR] 01 YE & MappRIPRALS/

d sequence enco |ng
proliferative cell.

23.  An expression vector comprising a nucleic acid sequence encoding
the amino acid sequence of SEQ ID NO:2 or SEQ ID NO:4 or an amino acid
sequence having at least about 70% identity to the amino acid sequence of SEQ ID
NO:2 or SEQ ID NO:4.

24.  An expression vector comprising a nucleic acid sequence encoding
a polypeptide having the amino acid sequence of SEQ ID NO:2 from residue 1 to
residue 1152 or of SEQ ID NO:4 from residue 1 to 1173, or an amino acid
sequence having at least about 70% identity to the amino acid sequence of SEQ ID
NO:2 from residue 1 to residue 1152 or of SEQ ID NO:4 from residue 1 to residue
1173.

25. The expression vector of claim 24, wherein said polypeptide

suppresses apoptosis and/or induces proliferation in a cell in which it is expressed.

26.  An expresston vector comprising a nucleic acid sequence having at
least 70% identity to nucleotides 62 to 5128 of SEQ ID NO:1 or nucleotides 87 to
5183 of SEQ ID NO:3.

27.  An expression vector comprising a nucleic acid sequence having at
least about 70% identity to nucleotides 62 to 3517 of SEQ. ID NO:l or to
nucleotides 87 to 3615 of SEQ. ID NO:4.
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to residue 1152 or of SEQ ID r\mmummnﬁ ll;ﬂ 1to 1173, or an amno acid
sequence hmwong4as | east about ﬂ mhe am no BEV¢SYRYBkence of -
SEQ ID 20 NO'2 fromresidue 1 to'residue”152 br of SEQ ID NO 4 from '
residue 1 to residue 1173. 25. The expression vector of claim 24, wherein
sai d pol ypeptide suppresses apoptosi$ and/or induces proliferation in a

cell inwhichit is expressed. 25 26. An expression vector conprising a
nucl eic acid sequence having at |east 70% identity to nucleotides 62 to

5128 of SEQ I D N@ l grotelitét bl 18esidptolefn befnkre@mbHrit ploredO 3. 30 27. An

expression vector conprising a nucleic acid sequence having at | east about
70% i dentity to nucleotides 62 to 3517 of SEQ ID NOI or to nucleotides

87 to 3615 of SHg | R NeofhbinahBprbteld/bF HilaEI6, (Whik 126)ihd ekl 3418 |
LESEEEE e i i 11 1~71 PCT/US00/ 23161 M S -52- 28. A protein of

claim 18 ssauenge satdorth iveFEQ 1R N2 oRSERMR NBY rasian aminp acy $5gBeATHI nant
protein of @E@g{% i’e%sot_aﬂ/eﬁt%wﬁ%m&?@o &maﬂxgm%mseqéen%ewqwmm frorth in SEQ

I D NG 2 or 4 or an anino acid sequence having at [east about
70% i dent i t NOt2oortSEQ BN aci d sequence set forth in SEQID NO 2 or SEQID
NG 4. 30. A reconbinant protein of claim28, which has the amno acid 10
sequence set forth in SEQID NO 2 fromresidues 1 to 1152 or set forth in
SEQ ID NO 4 fr3m r dsirehombinhnt protely 3f olaima?8,awhigl hagithe smipgesrid havi ng at

| east ut__ 70% | i . A i yn SEQ I D
NG 2B ¢ ssalReh i ot S B KB Reshi) RPN R YD s
to 1173. 15N@14 frarcesidussi t toorl 17% onpe aminoacihseguench baning e lpaspatio®8 pr ot ei n.
32. The co ifion. of. claim3 wh i I Eﬁ:ﬁj i : ocl onal
anti body. 2 éfs&.cmfﬁéog’g%ol cf%sﬁq%?'g%%é?orﬁ@&% ergla%y%%ﬁg&gﬁg%) ody is a
pol ycl onal to 1152 or set forth in SEQ ID NO:4 from residues 1 to 1173.

15 31. A composition, comprising an antibody to a p193 protein.

32. The composition of claim 31, wherein said antibody is a

monoclonal antibody.

20 33.  The composition of claim 31, wherein said antibody is a polyclonal

antibody.

34. A method for producing a p193 protein, comprising culturing a host
cell having introduced DNA encoding a p193 protein under conditions suitable for

25  expression of said introduced DNA.

35.  An isolated apoptosis-associated protein comprising a BH3 domain
including the amino acid sequence:
Leu Lys Ala His Gly Asp Glu.

30
36.  An isolated nucleic acid molecule encoding an apoptosis-associated

protein comprising 2 BH3 domain including the amino acid sequence:
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anti body. 34. A nethod for producing a p 193 protein, conprising culturing
a host cell having introduced DNA encoding a p 193 protein under

condi ti onswuihiaake for 25 expression of said introducedPOMES0035161 An

i sol at ed apopt osi s-associ ated protein conprising a BH3 domain including

the am no acid sequence: Leu Lys Ala Hs Ay Asp d i sol at ed
nucl ei ¢ acid nol ecul e encodi ng an ap‘éﬁt'osi S-associ atgm , rising
a BH3 domain including the amno acid sequence: SU i ULE 26)

it WO 01/14418 perlysotyBs{8yAsg&lu [11111) 111111 11111 11111 ii 1111 Leu
Lys Ala Hs y Asp uu MS 37. A nethod for screening an agent for effect on
the cell cycle of a cell, conprising contacting a cell having introduced

nucl ei ¢ aci d enéddi né methedfor Trospipgecinnagapt for eHectpyethe cah@yde $848sing t he
ffect of t : : : : ! : kn th
effect of thy ?g?ﬂg{sgg:’&gﬁt{ﬂgun%ei dell }gxu éﬂgﬁrx%@&pn&gm@ L3k Thcdfin fgn the

i ntroduced nuc intro encodi ng a pro-apoptotic pl93
pr ot ei n.5 10pr@@in withntbe hgeait rfd astessing 88 clfptiod dierngedionithteelduced DNA conpri ses
a nucleic acid sequence encoding the am no acid sequence of SEQ ID NGO 2 or
SEQ ID NO 4 or an am no acid sequence having at |east about 70%identity
to the am no ad8d sdquetiod off cBEQ IDWKEch tre BEQIIIddNDIctkic B&id43. A net hod

I N T e e R T LN
SHEET ( RULE 26)
10 39. A method of claim 38, wherein the introduced DNA comprises a
nucleic acid sequence encoding the amino acid sequence of SEQ ID NO:2 or SEQ
ID NO:4 or an amino acid sequence having at least about 70% identity to the

amino acid sequence of SEQ ID NO:2 or SEQ ID NO:4.

15 40. A method of claim 39, wherein the introduced DNA comprises a
nucleic acid sequence encoding the amino acid sequence of SEQ ID NO:2 or SEQ
ID NO:4.
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