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CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This applications claims the benefit of U.S. Provisional Application No. 61/374,215
filed August 16, 2010, which is hereby incorporated in its entirety and for all purposes.

STATEMENT AS TO RIGHTS TO INVENTIONS MADE UNDER
FEDERALLY SPONSORED RESEARCH OR DEVELOPMENT
[0002] This invention was made with government support under CA137094 awarded by the

National Institutes of Health. The Government has certain rights in the invention.

BACKGROUND OF THE INVENTION
[0003] There are 52 human Adenoviruses which infect different human tissues and hundreds
of adenoviruses that infect other species ranging from fish to primates. These viruses are highly
efficient nanomachines that deliver their genomic payload to the nucleus within an hour of
infection. As DNA viruses, they do not integrate into host DNA, they can be produced to high
titres using established GMP protocols, and they have demonstrated safety in research and
human gene therapy applications for the expression of ectopic genes. However, to date, their
potential applications have been hindered by the almost exclusive use of one variety, AdS or an
Ad2/5 chimera and the inability to engineer and combine multiple genetic modifications rapidly
and systematically. Thus, there is a great need to extend the repertoire adenoviral vectors
beyond that of Ad2/5 and to develop a technological platform that facilitates the rapid, de novo
assembly of novel adenoviral genomes from component parts, allowing the systematic
incorporation of multiple modifications and heterologous elements. Such a system would take
advantage of the natural viral architecture, which is highly efficient in both delivering and
expressing 36 genes (not including splice variants). The system could provide powerful
diagnostic agents and therapeutic agents that incorporate multiplex and quantitative

measurements of the pathway activities deregulated in different tumor samples.

[0004] The potential of adenoviral vectors in several applications is hindered by the ability to
manipulate the 36kb viral genome rapidly and systematically. Furthermore, the adenoviral

vectors used in basic research, animal models, gene therapy and oncolytic therapy are limited to
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[0009] In another aspect, a method of treating cancer is provided. The method includes

administering an effective amount (e.g. a therapeutically effective dose or amount) of a modified



[ 0007] Provided herein are solutions to these and other problens in the
art. BRIEF SUMVARY OF THE | NVENTI ON [0008] In one aspect, a nodified
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a method of treating cancer is provided. The nethod includes adm nistering
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or one [6010jori&gnupdeicecladiutd soteramediptgpnahetindyli ¢ exduadsidnohi tass of 81B-kbj ect
'n neecalm B?ﬁ gggradation in adenovirus infected primary or tumor cells, irrespective of ARF
expression. a. Human primary small airway epithelial cells (SAECs) were infected with either
mock, wild-type (wt) or AE1B-55k (A55k) viruses and harvested at 24, 36 and 48 hours post
infection (h.p.i.). Protein lysates were normalized and analyzed for the expression of p53, p21,
MDM2 and ARF. Actin expression was analyzed as a loading control. b. U20S cells were
infected with mock, wt or A55k viruses and fixed at 28 h.p.i. p53 was detected by
immunofluorescence and DNA counterstained with Hoechst dye. c. U20S cells were infected
with mock, wt or A55k viruses and harvested at 24, 36 and 48 h.p.i. Doxorubicin (dox) treatment
for 12 hours was used as a positive control for p53 activation. Protein lysates were normalized
and analyzed for the expression of p53, p21 and MDM2. Actin expression was analyzed as a
loading control. d. U20S stable cell-lines with an isopropyl-f-D-thiogalactopyranoside (IPTG)
inducible ARF (NARF cells) were infected with either mock, wt or A55k viruses. Cells were left
untreated or IPTG added at 8 h.p.i. to induce the expression of ARF. Real-Time PCR was used to
quantify p21 and MDM2 mRNA levels at 36 h.p.i. (lower panel), which are plotted as fold
change with respect to (wrt) mock infected cells (- ARF); vertical bars represent the standard
deviation across triplicates. Protein lysates were also harvested (48 h.p.i.), normalized and

analyzed for the expression of p53, p21, MDM2 and ARF (upper panel). Actin was used as a

loading control.

[0011] Fig 2. The deletion of E1B-55k induces high levels of phosphorylated p53 in
adenovirus infected cells, but p53 transcriptional targets are dominantly suppressed and cannot
be activated by irradiation, genotoxic drugs, ARF, MDM2 antagonists or histone deacetylase
inhibitors. a. U20S cells were infected with either mock, wt or A55k viruses. Samples were
treated with vehicle control (-) or 5-fluorouracil (5-FU) at 24 h.p.i. Protein lysates were
harvested at 36 h.p.i., normalized and analyzed for the expression of p53 and p21. Actin was
analyzed as a loading control. b. SAECs were infected with either mock, A55k or wt viruses.
Cells were left untreated or y-irradiated (IR) with 10 Gy at 31 h.p.i. Protein lysates (lower panel)
were harvested at 36 h.p.i., normalized and analyzed for the expression of p53, p21 and MDM2.
p53 phosphorylation at serine (ser) 15 was detected using a phospho-specific antibody. Actin
was used as a loading control. Total RNA was also harvested at 36 h.p.i. and p53 transcriptional
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P53 tan@els i nith§ et}ﬁ§xi<§lfb89 %Ltl)% Elfo“&“ﬂ L88; phd, E 1%8§ hﬁkéf ﬁ&% %Hé‘ﬂgﬁtshaﬁlﬁaside

drive oncogenic cel N Vi replic T Xpressi

ar ][ ays ogﬂreanﬁgaﬁ dth A lﬁglaﬂeﬁaleig% aﬁah]k agﬁﬁ&tmmze@rﬁlfwomh a,l’ngSIBSllmh%ﬁS_ ) of a

infected with either mc viruses at p.1..

Expr es$IT8if %éwﬁlgcewég 3&%@%@%@ wge%r?f ﬁéékﬂ#@%@iﬁé@@ss&@c&* 3§él Ial

ositi i

P 1 or e e e B R R o R e P

showi ngooienouehd BHOQRIAMuciranesyh et avsenatth betstoghioh atiardondhinfsf(ersemt i al | y

expressed genes (log fold change (FC) of >2 or <-2 with a false discovery

rate (fo¥)s)ofFiQ 60B)- Ol@ﬂ&'ﬁé&ﬁ&@zﬁeﬁé‘éé 515 taPREKini tHE smfi)p%%%gl()&ﬁll genes)

and 455k versus nock infected 178 genes). A heat map with

st andartnsesptiontl ehaingey tlwaﬂuegomcz@gelela@ﬂhdar ande/itay @pliaton| appliiyrgettanes in

nock, 455k and 455k/ 40RF:53t anel 1 ql?%E IS SShl%\Illm on et he ght. i b[ Thtgre

are 265 BTt FERRCVEY HELP ARTETHER #50° GNP PRIO8 I §UEEEs ™ Fog Fc

> 2 andithéRnedk, QS@ﬁ)orlm5m@Rﬁ%ey@ﬂ %p45ﬁkpﬂe§ﬁ(ﬁpérﬁgls§/\5ﬁsals@erfom5@ 265

differentially upreqgul ated genes, enes have predicted p53 transcription

f act or oBiwHimigeadsd %@E(Ssr%posﬂqu Ch)éffpl %ﬂ@ﬁ%@@r@twgéf Ve idspadentppeigues ed by

a log E 0 a S; and
9 w%%géfd cd SO % &g 1{5@% éﬁgg@ to 8ol X%/el%ﬁfd énggtlmﬁﬁ T8

62 genes th a pre are upre r sponse to

nut | i n.ovdiegr @730 gerks) l@ettheasn &eg@nfﬁcaﬁirﬂiffamnagly aipecﬁksgbg@ss (lgg &y chdre do not
fall any. of these aforenenti one\%gg&egorl

2012/ 02121@5 US20'11l) Disdabscongypate PQ?)aﬁncé}ﬁSééé}\O%Fmrévs wgchf 46 of
the top,didh %A%'(QH1y%éﬁe§|)%&H'A%tsﬁdveltsﬁ§ RREL Eﬂ%éfd 9&@%*@2@%%@23&%&% getion

and nutlin treatnen he induction o evel s an horylation in
r es pongeth samiachzpennenstydvaesdooodck 0§ tth@ $BQ ovetlhppighgertes imeoek, & ap83

t houghi 1 a0 e SARE ohot A28 AR [ heredentyriend erreginaa
Howevern,re figcRnViBIlY EYeaklafeddlho Etﬁw @ ah§ FAR @ﬂﬁo@ iRMBkk sy dals ARt ei n,
E4- ORF3, which inactivates via a novel dom nant epigenetic

mechaniigfesteil S;‘%@é?pe@f th¢ee 65 @S%reytlallhy umaulw@d ey, %gﬁmh bwd predioted pEa- ORF3
forns a_nhove ts SUV; Sive

ot or oSt RtioR M Hiadife Ll BESEh BHF BT D e C e IRl R 1S |
power | %S> 1t Dinpe§oasd toiukld buteplnoe Biveqitedicted p53 TFBS; and 62 genes have both a

predicted p53 TFBS and are upregulated in response to nutlin. There are 76 other significant

upregulated genes (gray) that do not fall into any of these aforementioned categories. c.
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[ 0016] Suppl enental Figure 1 (also referred to herein as Fig. 7). p53 is
i nduced but not activated by the | oss of p53 degradation in E1B-55k
i nf ect ed Worrare/qauismary mammary epithelial cells or bronebira]szmpjouSOe?oi al

ot eitPhpert i Ml SHARRATRERELY Bk Mitel iafi Lt 2R an 8 HGRE o
at 24 andk3OROUIMScdnios tand ﬁfuﬂmttte@ﬂne(nh ) Thhe )nduE’ﬁ@i eﬂ‘ 15153I wm a5l pisphapatiyz ed

by Western blotting for the expression of p53, and_MDMR. Actin was
anal yz dHrBBOHCQERIAIGNIE GRY geﬂotow giresyps t ng}‘ré‘? QGtPfrm%%p%?r BRRSSTiRYONShi t hel i al

cells (aH'?\'%@onW%rlB ﬁftﬁﬁ&seﬂld"&egﬂdggﬁézﬁﬁ%l%a\l]@ %h#ﬁ’%t&?.wﬁg&? g%‘rveSt ed at

24 h.p.1. Protein lysates wer r the
expres smamvaﬁonpﬁadamirmﬁ iiepl@ﬁO)h?HOStepm hetremxteaievé%il gm the® isahsdditieh@rred to
her ei n as F| 55k duces vel s but. not.

E1B-
t ranscPPavy %\n’m cip, }2%9“?3 Wéaﬂa@avat worpgle 6%%%1!1&‘“ HECICHET- 116
pS3+/ + me%ﬁét%mal%sﬁ&?ivémf ﬁgyt sté‘tiﬂ%"uoﬁ &hd Ehés@ﬁ@ry(éﬂ% HB4ORIZFofms a ¥ MB- 231

and C33A) were infected w ei t her wt Or A55k viruses. Doxorubicin
(dox) mmelaarrﬁ@ﬁffolﬂabat@sr@ds @%%ﬂﬁ HBK@H@& m@m@ﬂswfemetqn@&lr@m@tm/msmhly aPpdi ei n

| h d f h
of - o5 trSpan a{%%é%l eate dzé&seﬁrpéig% el PR e Rt oo S abne rel o

[ 0018] Suppl enent al %ure also referred to herel n as Fig

i rradi 499 fsguppbme@taé tawad elynferredie detcpt asdrial Tk @t @duc‘r?dﬂﬁgb%k

nf ect ¢ f t her
Im)ck O?@%@E{d@”hgggg o£§5§ }ﬁ%%&g %]rea;];ﬁlg %?Jllhferc h% egpﬁﬁiaﬁQWB) at 24
h.p.i. feib'ﬂlﬁéhlial % o\t\liaﬁoﬂclﬁﬁl ];qilﬂiggaltceﬁg Rigp7a: Priﬂwjll hi[maﬁnﬁaﬁhamg@pmmdl talls

uant i t he A | evel | transcriptional targets
gnd 144 ﬁNé%FW@eﬂ%fFereg Waﬁgfétﬂetf AR |y B gwm Ak léfféélééAé%) (“W§GSGH‘1‘1 nfect ed
cells i Ss
tripli gg@g@&%@%& %%%@%%3%%% {J]%B(Sﬁ?ﬁg 5 %%?g%%%upp enen aI igure 4
(al so idteng &dt}neoeﬂpeafseuon oﬁpSFlpgl am)\/IDMeAmih mab agdyaedes pegadiig eatioy. Rig.r al
genes oget her t known ce] | targets and.functions 020

L bpt et Pyt byl et ety HpHcandird e ich TPk, ik ™"
expr essjiQbes thd¥WiFRtddSt a6 hipiabRfcih yshicd WerdihaibAd b3 Wit BRIHiAY FRER

i nfection but not 455k/413s infecti'on (schematic to explain vital genone
i nt er ackprssgoraaicp Bomdipddent at i on experinment in Fig 3b). AJGFP is a
replication inconpetent virus in which the CW pronoter drives the

expr es§0@r7] of SuppbRnidatd] Fayupd 2¢8sPdfef@rcdab dtreth & Fipe)i dme (4 oEMVBEIMMhduces
I nvi trogen) The Ad- CW genone backbone includes the E4 transcri E)tl onal

uni t 8 lqglsduh aat t(aa@crwmnalatgrgﬁtsnermfwt@érurmrcgbls at® vibd-a1el (ot 1expr essed

in Ad- f t i I
hetwaBroh - ASIRVER PuE R deReb STl (Tt b O MO e et FRAAT i
3b), tRRr&XMERSEWAR cRherERL3®t bﬁAﬂﬁé%Ms@Blﬁ)xbﬂftﬁ&h (@%) GRBRAL tvh hded as a
activate the transcription of Ad-GFP E4 genes in trans, includi ngE4- ORF3

(Ieft pasidyy control Esmoastivation. Piotase {ysaies peroithra@srdylt £ aud Bkhsuzanddoes not
Lgﬁg: ; anerﬂyzergsfo?‘ﬁ{[el e\{qa)‘%elssolgn 3 pﬁFSA' % itd frbNe Sglct(i)nn exp@eses'\fo%a%rs a\Illlalry%ed egs %h&mg
control.
[0018] Supplemental Figure 3 (also referred to herein as Fig. 9). UV irradiation fails to
activate p53 transcriptional targets in AE1B-55k infected cells. Small airway epithelial cells were
infected with either mock or A55k viruses and left untreated or irradiated with UV (13 J) at 24
h.p.i. Total RNA was isolated at 32 h.p.i. Real-Time PCR was used to quantify the mRNA level
of p53 transcriptional targets, GADD454, MDM?2, p21 and /4-3-30. The fold change of mRNA

levels with respect to (wt) uninfected cells is plotted; vertical bars represent the standard

deviation across triplicates.



[ 0021] Supplenental Figure 6 (also referred to herein as Fig. 12). The nRNA
| evel s of non-p53 transcriptional target genes are simlar in 4E1B-55K
i nf ect ed wol2bg/o2tdsnespecti ve of E4- ORF3 expressi on. SAEBSTMSz@ liongoett ed

W th o1 4 [ [ 4 i . . haywest '

Real - TS b CR aRins B FIGRTE R R BRI G P Bl Mot Bhsbaibg
gene, GuHByiralngdnpHogettetr ohithakdr kiducediuby tatpetabnd Afnedénson. NMRNA | evel s are
graphed as fold change with respect to (wt) nock infected; vertical bars

repres h i ati tpli€cat es. _qg%g { al

Fi gur em{sz(ﬂil gso@ﬁ)e erﬁaggg%%\éé ﬁgérlgclprrle%g{seglszt?élye%%é.ﬁgﬂgl '9EJ(4p imeJ )E)éggoﬁlgﬁi)%@

cel | - | iIGHP isHt@ePedDh)ranis thly B Apbdrarnt/&rS&reOR Rdludedioa bpbBotcNA/A 13k 2&0etidh cel | s
are a H1299 (p53 nul.l). stable cell-line in whjch p53 cDNA exptessi '
inder (HEOR8HL R pBin bird saube FOrEC o el GEPSRGHBEER SXPOHALE b DRETA As
added aFpis a]repl?oaﬁoﬁﬁféoélggtteh@ viR[sQh Qhich 48 ENES pr&ih&ehdi vl shekpadsidh ok G HpoUr S
and the expression of p53 and p21 anal yzed by Western blotting. [0023]

Suppl enethegiladgiodardelcgd( Bl wgiondAar ¢y fromHayigiogems TR §d-AM)V. gamamopEgkines

-1 ocal i ith p53. 20 | inf d wi k. 455k
55k a0t Ge rbePpions” AP 6P Geatt s T B i BORBF SRty Bl
I Munofek phiek 28 6@ AYECINdinENAof QlABE ﬂfe§'fr@£1:uﬁh%di M- B £ eevsthansEifidahl sdppicanent al
1 g.

Figure 9 (also referred to herein as % 1353& p53 has a wild-type and
act i ve Ho®ver, dicA g HORBiincpindedechwith A0S KR Ioh(ap i Figgdbprtbe exvession EAIARF3.

SAECs j it h. : ; 1340 [ es.

ovcor b o 7 i Rty R s s PRRS AEGEP SRR s &
posi t i vemnsontlnding EMORISS(1&f€ panedit iToRontRE cusfettionivipd-SHPPW itlane sk/An dsrloes

| ysates with %ﬂf}g p53 c-onf?r mat i on specj fi.c anti bodi es PAb 1620 and PAb 240.
Lysat edobisgulf i epteirprt Bf<REpewrepsondn gt gtive ighd papds. [ 0025]

Suppl enental Figure 10 (also referred to herein as Fig. 16). In contrast to
p53- 1 ud0§AHi g Sigpleneencd Figuot 6 paiBrcfarcidfte haen asdper t29r Tht aRN A lewlsaaftionat ed
to simlar levels in wild-type,. 455k 455k/ 40RE3 i nf.ecti on. 5 S
were { RAGUPRGQUOR RrERSTFLRE SR BT Bk 31558e-cc| Ddlrrurdd FpePRes
(p53-1 %ﬁgﬁesﬁo@@%ﬁm&ﬁ [XS&ed QRAThSIk, ABSVD &P/ RORIPIZ il RARNO\ ®hi BSvEak&

mut ated (p53-nmutant) or control pGA.3-luciferase (pG.3-luc) plasm ds.

Tr ansf at8el.pdeRed-NeeP(Raves tised touqtantidy theenRNA leyds Q_fthle heB®keAOREGeNE r uses

and D Lberion added at .4.hours post .i nfecti Lup nescence r iLngs_ were
aken SUES BT U B o A B S RO E A Lot B R RARRGC B RRR o

i s pl otigtreg@at Pvri)infBRkiiAfoBRYr S rides bars RéRedchOfe (anPard deviafitkeadrbgs nescence

r eadi n%g for the control pA.3-luciferase transfections are shown above

(p53-1 GéPléFats- is in Fig 4a for the sane experinent).

[0022] Supplemental Figure 7 (also referred to herein as Fig. 13). H1299 (p53 null) stable
cell-line (H1299-D1) with a ponasterone inducible p53 cDNA. H1299-D1 cells are a H1299 (p53
null) stable cell-line in which p53 cDNA expression is under the control of a ponasterone
inducible promoter. Ponasterone A was added at 0, 1, 2.5 and 5 uM. Protein lysates were

harvested after 16 hours and the expression of p53 and p21 analyzed by Western blotting.

[0023] Supplemental Figure 8 (also referred to herein as Fig. 14). E4-ORF3 does not co-
localize with p53. U20S cells were infected with mock, A55k or A55k/AORF3 virus and fixed at
28 h.p.i. p53 and E4-ORF3 were detected by immunofluorescence and DNA counterstained with
Hoechst.

[0024] Supplemental Figure 9 (also referred to herein as Fig. 15). p53 has a wild-type and
active DNA binding domain protein conformation in the presence of E4-ORF3. SAECs were

infected with mock, wt, AORF3, A55k or A55k/AORF3 viruses. Doxorubicin (dox) treatment
8



[ 0026] Suppl enental Figure 11 (also referred to herein as Fig. 17). E4-ORF3
prevents p53 binding to target pronoters in cellular chromatin. Using p53
nonocl onawoantz/destves, p53 chromatin i munopr eci pit at i oMET(UShI1PP4808F €

per f or 6. DR .1 nf ect WM . 455k/[. A0RF3
e or Tl A0 R PR R L s M RSt R FERH A2
was uselik #33 @ntarhiatioh spaificspeidbdice PAY.1600 ikl BABRUESLywarce aadhal yzed by

Real - Ti.me Quantjtative PCR for p2l f{@S' and 3' p53 binding sites) and MDMVR
pr onot dNTEERNERPHCHNE Y era Yeted for B23-ve to i nput DNA. The %recovery for
p53 and 1gGChl Ps are plotted on the y-axis. The recovery in IgG controls is
a nmeasyd@3pf hpplegrenta digufh €0 ¢dBdarefeegdom hatkint d3&Fig2D) pirocmotmest to pes-luwoiFig
cont ai 53 bi ndi equences and was. ,used. as a negatjve control. [ 7]
Suppt ereh Bdont oS TR B e B R o A o HeTBr levEisdy Wiiigkess ok

het er oghy %@M@)Mféaﬁoﬁr@@@@é{fse\fder@&rahﬁ@ctg@gh RS MtePTvithhethRUch SIS i n 455k
infection but not 455k/40RF3. ﬁCQntroI for infection in Fig 4d) U205 cells
ver e i hiatrasd reiortar @i58Hee), apeklucafssike mponssin/vOFFA\NSB biskngsites hiodmutated 36

or ot oi ek ph BBt PRrala bl R eb R Gl e Bl
(whi t e)winesite ARt QISR Gr Y SkNDRI Vikak e seEDAeCi R @R £ AWt obainRedom t h

Hoechst. | mages were acquired with a Zeiss Axioplan 2 m croscope. [0028]
Suppl erfetingsceicgpasing WP &don e¥ay hewr fop4hbewisnl igsaverage lurginescppee across

met hyl t . I . BL -l o ' ne r DNA
and 1o S IR AR FRTT OuE RO RERSPEL F IRe Mt R ERGSp ARG
wer e i niieaingd] pGLB-ledifdrat tmskctiohS ate howW@batl@ys0438SQPETih BS2 94 for OBHOE
455k/ 40RF3 viruses and fixed at 36 h.p.i. Fig. 19a. |Imunofl uorescence was
per f or FEBENENW)-ant i bodi es rai sed agai nst SUV39H2 (Abeam) and H3K9 tri met hyl
(H3KOnme3). DNA was stained with Hoechst (white). Fig. 19b.

| nmunof{002e] e sSipptmontd Figurs &t it ricfrbed emtenein @itig.bdily E4OREpaygaitnpi3

SUV39H2 . (sc, . Santa Cruz Bi ot echnol ogy). and. co-_st ai ne it h, H3K9 to
cont 1 r HSVETBIE EDPBCES Yokl BT CERgetin g b ine gty AN be O Mo  y
ant i boQyroneiinliRinfurfoBfec PHYRSHIZ Cans) W3KSBES m Jak B@ﬁ%ﬁ@ﬁ?@@@ﬂ%@ﬂs infRaQSyiver e
acquired with a Leica confocal 5P2 m croscope. [0029] Supplenental Figure

14 (al seookepddk @A/ ANQREB rvirascsFPgxorabirin Witeusgeé ahpositrersohtph femsidhgdlidl

specifi.cally co-localizes , wth dense | ul ar DNA an o tripethyl in
abek 1 ivbimesised 86 p&ify MyisDe SRR STk 0By bk REBAEYE RMERRG i
ei t her Qmeksati¢SBRRAbr ADDlS 400RE3p3A BiLgias sﬂébg ahd Xg%prcifotbr qliencks ghd 20a.
| mmunof | uor escence was perfornmed with anti bodi es rai sed agai nst SUV39H1 and

H3K9 t moralinpd r¢lpidreomamyut DR Thes od eeavaedfonpdhandpkedif M Py siplassed onlitge.hymb.
1 gG | i iq. T i
Fasul ¢ P PRARERETATRR dorfidly PR e SERF Bictrdily TRICORGRABHBATC o

W t h a payraetcadgs toStdidaps e kpdagsicqienconatd wat used af e at@divecoddirad55k vi rus
and fixed at 36 h.p.i. Myc-tagged SUV39HL and H3K9nme3 were detected by

I mmunof e(sf;;%? : i ] : h I [13:Ta] <]
wer e a(!g?ﬁyp e i feﬁﬂ eggl\?lgil%\gé %:% f%ﬁ:ﬁf%%ztél ﬁlgrg}rﬂo&ss? é%.‘gf%?[ g%l?fg}%gglg%foec}#e nt aIrcn
Fi gur e doBa{malasoindededrat dek eoipheyeif theamickiug in 215k infévtionbuhydttASak@REse @Pa

?g? Z C? Zéo Ctg(il:fof f%lfec%lgn \1,1\/{ Hé 4%?%3?)8(:(%'11'5 lx’)lvle?er n ectedovtfitﬂ_lgit ger tn{olcﬂja A@ﬂ 01ri n 455k
A55k/AORF3 viruses and fixed at 36 hours post infection. H3K9 trimethyl (H3K9me3), E1A
(adenoviral early protein expressed in both A55k and A55k/AORF3 infection) and E4-ORF3
(white) were detected by immunofluorescence. DNA was counterstained with Hoechst. Images

were acquired with a Zeiss Axioplan 2 microscope.

[0028] Supplemental Figure 13 (also referred to herein as Fig. 19). The methyltransferase
SUV39H2 specifically co-localizes with dense cellular DNA and H3K9 trimethyl in A55k
infected cells. (Control for Fig 4¢) U20S cells were infected with either mock, A55k or

9



(Control for Fig 4e) U205 cells were infected with either nock, 455k or
455k/ 40RF3 viruses and fixed at 36 h.p.i. | munofl uorescence was perforned
wi th antiwodbe#2ezsbsed agai nst (Ba and H3K9 tri et hyl (HEKHISE@)UMSDM\ was

) . I
count o158 RSEEAL T NCIEFARL (L) BRSO RS Mg LAl o

22) . Thﬁtﬂﬁmiléswaisédmg?a‘lm 888/ 39HPBbcaapsn MABK O aritnothgl (FHK Mhd3). d)emaza@el | uI ar
DNA or H3K9 trinmethyl in 455k infected cells. (Cantrol for Fig 4e)
cel |'s wenediWitholpedsifvhiteyifis d Ob nsrmunofBigresgenca sathy atyreryd W?R@é%nté‘ﬁﬂbqqyxed

at 36 NP e I

agai ns'tP al%?:dTﬁSl and I—lib)}l%g (ﬁ?ﬁ@g ﬁﬁi\? %%ﬁmh&%wn\@&&%@ﬂé&g?ﬁﬁkﬁ ﬁscﬁbechst
(whi t e)onfimm§ey 30ERecdoqplicated. Rig h9a 196 kwitypdland sedondaly antibodysaapels HO032]
Suppl e i gur 7 (also referred to herein as Fi E4- ORF3
oSt arrHfk et g Fiarpbeics: ompeemecte Bradeinifig! haS LS ndi ng
(resul tp2ihicFistopea plotted as % recovery). U205 cells infected w th nock,
455k or 455k/ 40RF3 viruses and harvested at 36 WD

L ST iR e

wer e peU\IIPedspclifild@y EdTHERRzZ0s 3Rt denb@E21N@BS DISL AnASI3R ONEGREHN e ASSK T Ol .
Real -Tine Quantitative PCR was performed for p21 (5 and 3' p53 binding

si t es) InfrEiRe CelGAIﬁ@QBtﬁplafﬂ’dFl,&f‘teD Poediserers é‘tf@‘é%‘é@h cther m@%l&éék Rave been
| T b
nogat i v S E] Vel Sud AR oy b 85 308 RGP LR SR RRR} Gl = 2

r ef er r adtibalidsanedagsndESYV M. anﬁﬂmlmmﬁyit(mwﬁmpSBNQyWW ayiaed Wit p53
DNA binding to the prormters of multiple p53 1tgarget pronoters, U205 cells

i nf ect dHPERY AWHEOKE 12458 17 %sas/a@émnéﬁwéla oqueB Rk Gigs £@y TarcosBrm ths i
To ext enghl %hQH@&{dog &c{?%?&lf\%ﬁﬂt 8 Gs baIsRl e %nsfpé%% gﬂﬁ%%d fAgged

i munopr eci pi tation was perfor using a p53 anti y or
non- i m&hﬁé%uwrdsg@nccomt inf@btb@mmm;ﬂSksnme red fral 3tZéd. by MReatagdedre

Quantit P ' and 3 53 bi n sites conflrm
Soaul t SO RS W3 R E by B wiogBrRse R Ve kBpaER i

pr ondt ¢{cNE (RhRE)alnY; aég‘éﬁ‘v)é&éi&qﬁf%é&'bvﬁtﬁ am%ﬁmoh&%dl sl RtdrdRop@ i nput DNA The
% recovery for the p53 ChiIP is plotted on the y-axis. The recovery in the

1gG CO%(H?]I] S éuppﬁernen?? ﬁg%rg 55 Pafils kI%ferreﬁ(tio herein as Fig. 21). The methyltransferase G9a
does not co-localize with dense cellular DNA or H3K9 trimethyl in A55k infected cells.
(Control for Fig 4¢) U20S cells were infected with either mock, A55k or A55k/AORF3 viruses
and fixed at 36 h.p.i. Immunofluorescence was performed with antibodies raised against G9a
and H3K9 trimethyl (H3K9me3). DNA was counterstained with Hoechst (white). Images were

acquired with an Axioplan microscope.

[0031] Supplemental Figure 16 (also referred to herein as Fig. 22). The methyltransferase
SETDBI does not co-localize with dense cellular DNA or H3K9 trimethyl in A55k infected
cells. (Control for Fig 4e) U20S cells were infected with either mock, A55k or A55k/AORF3
viruses and fixed at 36 h.p.i. Immunofluorescence was performed with antibodies raised against
SETDBI1 and H3K9 trimethyl (H3K9me3). DNA was stained with Hoechst (white). Images

were acquired with a Nikon A1 confocal microscope.

[0032] Supplemental Figure 17 (also referred to herein as Fig. 23). E4-ORF3 induces H3K9
trimethyl at p53 target promoters, preventing p53 DNA binding (results in Fig 5a plotted as %
recovery). U20S cells infected with mock, A55k or A55k/AORF3 viruses and harvested at 36
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[ 0034] Suppl enental Figure 19 (also referred to herein as Fig. 25). E4-ORF3
i nduces H3K9 trinethyl at p53 target pronoters in 455k infection. U205
cel | s i nfwotetk/oziish nock, 455k or 455k/40RF3 viruses weP€Thsemesyseds at 36

h.p.i.  To. t el f trol _of Fig 5a,

e Ror SR O R0 PR P PSRRI D B

tri met hijphnupbidkipajorsCh iRyl err peafonasd.| AMbmanmmbs fabb{ GG ok fuedd as@hl P

sanpl es were anallyzed by Real -Ti e antitative PCR _Analysis ofp2l 5 and
t

3' p53 NeHtergnERk dcak-ding Rugntitetive s was geiformsddpr pH @ #7d 31 o 3ddading on,
pS3 tarsﬂgsgsi\/[% ADBas 2884 E&tﬁ%ﬁhﬁ@%% ZU&T R11308H%hedk bé%ﬂnzﬁﬁﬂalfzepon' pS3

target, s used as a negative control. Results were nornma elative to
i nput DNAativeTioanfot DBEAV Eligy-5kb reditreoHBK PR E BroGmité? is 8 npgatveedntosl fohesybiading.
[ 0035] Suppl enental Figure 20 (also referred to herein as Fig. 26). E4-ORF3

is di rqoﬁd% B PPLnthed Fidurd 1 §BKR defdr ARt O WEre el & 0.0 OFRIORFT RLERIkQH5BN t he
nucl ei of U205. (Control for Fig Sb) U205 cells were infected with either
nmock, d5Fkeventidspky RORFBwilingde thegmampickeef multigh 193 pgariget prommotens. | U8 seldnce

was per.formed.w th antibodi I al,sed .agai nst . E4- 3 and H3KO trimnethyl
e R SR e P N R N AT SRR by SR
Ni kon @hnél@lﬂb@@ﬁirgdf;p B6eRAL Fid )36} chupptiaimpfuabpictigititordChir) wes referred
to herein as Fig. 27). E4-ORF3 is directly associated with H3K9 tri net hyl

het er o®Brformed ypifeor Pk F6Hhofly of heotiremane BPusARGscontrob nE B samples Ryegh

LUt . o ' ) . e i al.
( Sazcs yhfld BORE AIAY A 60 B8 S TRb KA A7 I BRIt S b
A55]if orClﬁE%Mh ? Séipgylsigsﬂam iglialdéﬁi_oﬁ,tfﬁ% fUOzgé%GADDmd Hg%xhc?a_r@s?ﬁnfwerms
rrormea w Nt pnodi es ral seq agal nst, - an [1rne
?ﬁs KOnmegye aweﬁm r_aﬁlrl@dwmlﬁlﬁze%@gﬁ%q foppRYA- Thagescorcaulor i R@’%%IQ
Lei ca QQﬁlfoﬂ&ﬂ)n %Fe’%z-&%ié?rﬂ%?@&%erﬂiﬂ@@ﬂg@b%ﬁ%ﬁ?g asﬁbg%é‘ck%gou%ﬁ.' so referred
eln as Fig. 28). f n

to her Lysates “from two | ndependent experiments in SAECs

from whj R s haryeste er.f orm whol e n ign a iS.
oo n0Gt G ESsart FERe ST [ aep i TR e EARIER 2udfeSRRNE oey o
per f or nRfe@dS1 A3k takethromBRE indA InaN ceRdl. N8OS lciteinf@ daarieh mBEIEABH oM t h

ei ther nock, wild-type (wt)4E1B-55k (455k) or AE1B- 55k/ AE4- ORF3

(455k/ ARKAORK T vigesss avett Ireay astasitae d6 atp. 380 leignd theaxnel ofipdd ttarget fromotfeyssandes .

Nutlin treatnent f oyr s s. used as.a, posi ti control for.p53

hot 1 vacPBic R s e AR R aERR (il R Bkl bR ana
nut | i n FEapirsetiy THIKP e paRibbAY of@abn-axPané ABOLJ IgG kol aheb esmplBgwere
hybridi zed with Affymetrix exon arrays to perform genone-w de expression
anal ys@§@1y7E@U®8?\e%J%@P &raptiafivePgRy Anplysis QFE%I $ efndry od3 bindieg dich cerfimsg
29). Pr, ' i i St i i f i r r intensit
i 5t 1 50 s SRy dnb, P01 TRANABE, B LK TR PENR I CT oot PR, B
(455K) an#lFid PEH/RAES nGRP33 (4G kv AGRES his andgativt comtrdlr Resuétdl wBAEOrsatipddes (4

i ndependent replicates for each condition).
P relative tOellEl)put DNA. The % recovery f%r ?he H3Kgme3 ChIP is plotted on the y-axis.

[0035] Supplemental Figure 20 (also referred to herein as Fig. 26). E4-ORF3 is directly
associated with H3K9 trimethyl heterochromatin formation in the nuclei of U20S. (Control for
Fig 5b) U20S cells were infected with either mock, A55k or A55k/AORF3viruses and fixed at
36 h.p.i. Immunofluorescence was performed with antibodies raised against E4-ORF3 and H3K9
trimethyl (H3K9me3). DNA is stained with Hoechst (white). Images acquired with a Nikon A1

confocal microscope.

[0036] Supplemental Figure 21 (also referred to herein as Fig. 27). E4-ORF3 is directly
associated with H3K9 trimethyl heterochromatin formation in the nuclei of SAECs. (Control for

high resolution images acquired for Fig 5c) Small airway epithelial cells (SAECs) were infected
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[ 0039] Suppl enental Figure 24 (also referred to herein as Fig. 30). Box and
whi skers plots of individual gene intensity (expression) values for A55k
and AS5k/wORBFR/fsget ri x array sanples. The |og i ntensiPCy/usa01003300

| i QB BRRBOLE ST SRS ASTH 200 (BRI AGES, PigaBloRSS. ORI E

y-axi s represe § an |ndependen repli ranscri pti onal

t ar get pebenddmwlitic abtétdding ra@edae%taﬁfst B&-OH FR04HJ] Hﬁﬁ@frhﬁﬁﬁﬂt@lSWD eDRB {sal so
referred to herein as Fi . AE1B-55k/ AE4- ORF3 viral replication is

i nhi bi tSE¢edayih Hv%ch%(wmﬂ_ifh Ig@gesl apirsdnily 2 Sefreconioap P2 micEoscHect ed wit h
ei t her nock, AE1B-55k/ AE4- ORF3 (455k/ AORF3), AEL1B-55k (455k), or wt viruses
at a m[0(137ﬂ)l | Suipplenaftal figncd Rb(ulmfreﬂe@redrn«ﬂhhahn/assﬁigc%at Lyt@t@rfnbrﬂﬁvdnours post

s et GA R BT br oA O A S R R DS 10 o Bt Be o9
descri begrebdior Aty hm@mdg%r bt DSl BRIAIPILick BiereRlR B oq‘%ymsa&vé@n

acCr oss tl’lp|IC8.teS I gure ] |g er-order ol |gorrer|zat|0n
i s cri tredatmddors 1nqllsatﬁqi,|r&malb¢1mayrﬁplthal¢ftl icolt Weng lpmtedlvmh cathdr lﬁla@k IWitdatyipag

i1 a o yREAEE o5hrsas ) Btpesh- B RE RS RACR i e B e

NB2A atheiR\poktisRetior fortl Ratts! &b @R aitldng faran R keadlscd s Qp@smve conel for
2012/ 024350PCT/ US2011/ 048005 normal i zed, and i munobl otted for p53 VDR

and p2D53 2gtwasion rRNAsvaaryested aad parifiedber mepckod? tolASSKRORIRE®S sk

Ll A 9 i AR

domsu Narray © perfotmesh@haedde (presA®npaiilyod) except |ysates were
i mmunobl otted for Ad5 capsid proteins. DETAI LED DESCRI PTI ON OF THE

! NVENTI[WS] Supplemental Figure 23 (also referred to herein as Fig. 29). Probe intensity
distributions of Affymetrix arrays. Probe intensity distributions of Affymetrix exon array chips
hybridized with mock, AE1B-55k (A55k), AE1B-55k/AE4-ORF3 (A55k/AORF3) and nutlin

treated SAEC samples (4 independent replicates for each condition).

[0039] Supplemental Figure 24 (also referred to herein as Fig. 30). Box and whiskers plots of
individual gene intensity (expression) values for A55k and A55k/AORF3 Affymetrix array
samples. The log intensity values of individual gene transcripts for AS5k and A55k/AORF3 are
plotted on the y-axis. Each dot represents an independent replicate. p53 transcriptional targets are

indicated by an asterisk.

[0040] Supplemental Figure 25 (also referred to herein as Fig. 31). AE1B-55k/AE4-ORF3
viral replication is inhibited relative to AE1B-55k in primary SAECs. SAECs were infected with
either mock, AE1B-55k/AE4-ORF3 (A55k/AORF3), AE1B-55k (A55k), or wt viruses at a
multiplicity of infection of 10 and harvested at 48 and 72 hours post infection (h.p.i.). Total virus
production in plaque forming units (p.f.u.) was determined by performing viral replication assays
in 293/E4 cells, as described in the methods; vertical bars represent the standard deviation across

triplicates.

[0041] Figure 32. E4-ORF3 higher-order oligomerization is critical for its functions in
inactivating p53, MRN and facilitating viral replication. (A and D) Primary SAECs were
infected with either mock, wild type Ad5 (WT), E4-ORF3, EI1B-55K EIB-55K/ E4-ORF3

or EI1B-55K/E4-ORF3 N&2A adenoviruses. Protein lysates were harvested at 36 h.p.i.,
12



Definitions [0042] "Nucleic acid" refers to deoxyribonucl eotides or

ri bonucl eoti des and polyners thereof in either single- or double-stranded
form andwoaanHmsnts t her eof The tern1enconpasses nucIeCwuaméﬂsmmmmtaining
known i [ whi ch
are sy%§ﬁ£$ edzﬁgﬁ a9@§kﬁg%g&&?&gﬁﬂgﬁgghgﬁgf C%nqﬁ§%m ﬁ%%?%g@géﬁgch have

siml al’coﬁ)ﬂrdﬂd(B'DgSAE@@@\Fdrd: eﬁeoaai Wwhie thedhéicetod elrmeslﬂaie@ ad86 t,p.iamed whi ch are
nmet abol.i zed i n a nmanne lar to the reference nucl eotides. Exanpl es of

such an@PBgestpingd Eméi“ QBP %ONBSﬂ BRd PRA-off) Aohiess SRdFHCRE B ariral replication
h h
50 hotbg e Boaurnt n” EARIRLER, S STt IRALTOPPERET ™Re ¢ or o

"Ad5" aapkid pobeniosi r al genone as used herein refer to the nucleic sequence
as set forth in SEQ ID NO:3. [0044] Unless otherw se indicated, a
particul ar nucl ei ¢ aciphISaU¥ENOeSERIPTIONY OECTHEYNSTOQIPASSesS conservatively
modi fied variants thereof (e.g., degenerate codon substitutions) and

conpl emainiranssequences, as wel | as the sequence explicitly indicated.
Specifically, degenerate codon substitutions may be achieved by generating
sequend@®42] n "Whictiic sdid’ tefars b dmsylﬁlbcnmckebtimam)r oiboni evtslet aat @dyfons tiadregf

codons .i s subst tuted th nm bas or deox ne residues (Batzer
et al .m0 Rl singleagy do 1@% St%iﬁ@g@gin > 9%5110 e@’?P‘é&‘%‘ég%g] Q@'F fermyencgmppsserh e m
260: ZGQiﬁcl%ﬁoa%lcﬁje%ﬁ@mnM hRledtide @halogé\é}l moc@ﬁ&d bacﬁﬁ&t@&s@u&]orgﬁkﬁge%94) ) -
The termnucleic acid is used interchangeably with gene, cDNA,

ol i gonwdiidoar denthetid nptoreylrylm;bmmmgd@d qomema]raw penut it Mauchrhas b elrmlaabudimg
sequence al so inplicgit conpa lice v ant.s.” Siml.ar

ot corarTpdt ARl E g T aet b Ehaes el piRE e idletedie
prot ei ReRAGOERELIEYidRs SBXdrgfeye¥ sudihinDbgstilatdd) wat®uEliddh€bn, pRNph6Mthioates,
variants,"” as the nane su%gests are products of alternatlve splicing of a

gene. Ahpwhoramidates. imsthnd Phosphongies ichiral rpethisi RhosRlonaics. ZnOcmethyl may be
p"Ce?ﬂ%ﬁ&ﬁﬁﬁﬂéggghﬂ&g&%g5ﬁgad§ﬁﬁ@gé ) nucleic acid splice products encode
i

d fferent po the production of splice variants
ary, but |nclude alternate spI|C|Zg of exons. Alternate pol ypeptides
¥

dor 1 vedD43bm THcCum A Gnd Adsny Hial Eoham A ghiggicingeter to the nucleic

sequence as set forth in SEQ ID NO:3.

[0044] Unless otherwise indicated, a particular nucleic acid sequence also implicitly
encompasses conservatively modified variants thereof (e.g., degenerate codon substitutions) and
complementary sequences, as well as the sequence explicitly indicated. Specifically, degenerate
codon substitutions may be achieved by generating sequences in which the third position of one
or more selected (or all) codons is substituted with mixed-base and/or deoxyinosine residues
(Batzer et al., Nucleic Acid Res. 19:5081 (1991); Ohtsuka et al., J. Biol. Chem. 260:2605-2608
(1985); Rossolini et al., Mol. Cell. Probes 8:91-98 (1994)). The term nucleic acid is used
interchangeably with gene, cDNA, mRNA, oligonucleotide, and polynucleotide.

[0045] A particular nucleic acid sequence also implicitly encompasses “splice variants.”
Similarly, a particular protein encoded by a nucleic acid implicitly encompasses any protein
encoded by a splice variant of that nucleic acid. “Splice variants,” as the name suggests, are
products of alternative splicing of a gene. After transcription, an initial nucleic acid transcript
may be spliced such that different (alternate) nucleic acid splice products encode different
polypeptides. Mechanisms for the production of splice variants vary, but include alternate
splicing of exons. Alternate polypeptides derived from the same nucleic acid by read-through
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WO 2012/ 024350PCT/ US2011/ 048005 transcription are al so enconpassed by this
definition. Any products of a splicing reaction, including reconbinant
fornms of wbeowpi2#zse products, are included in this defi mttriusnonkmsmanpl e

Biof . RDistPy5E Ao, aRaRERY Flbdel Rt Say PRl b EbANR e R iR b o
vect or sndtedih@ratompidahefotes of #d spher mpeutd, argiatiadedi thg defigitioantAnadxample

sequences may enploy standard |jgation and restriction technlques whi ch
are welof PRigerayEEC ealei pplich &ariants {Ssdé@uw&ﬁﬂ%?lghet etgl., J. Bigl (iewcul ar O oni ng:

A Labor, %ggg W@lm Spring Harbor Laboratory, New York (1982)).

| sol at ed uences, or syntheS|zed ol i gonucl eoti des may be
cleave ilored, an e-li ated in the for ired. [.0047 ucl eic acid
SR T R R A I e N R e e U e e
anot hercoﬂt‘r'&l' s8lfend&d Hlay eﬁyepeﬁandﬁen (%@ﬁ&m&pest%ﬁ %Ehﬁq@ése%ﬁﬁ%i’&@e@r
secretory | eader is operab I i nke for a polypeptide if it is

expr essiaderaiood 1rpthe pridswi Mamlhm ctpdy i MplsavlesCloninghé kahorateiydviamfal tGdd

pol ypepti.de QG ncevr 's operabl y .li to a coding sequence
F P R HR R PR RNt AR GRRe hers B A, I shlsBefedh nat ng 1t o
I's Opersyqbthysdddraii%dnﬁ&e@ldepﬁiay@e SRAVET elordd, bid +oS1iRA&d il RO REmSHRsiagd. t 0
facilitate translation. Cenerally, operably | i nked" means that the DNA

> eq“e”‘iﬁ@gﬁf: 0kidik Q&ﬁg ac{rp%ra%g;?ﬂnl?eﬁc Q/h% lﬂq]ﬁ_'gla@&pmtd a{]ﬁ{t]lggofa{li%qag?onﬁ%%)%ﬁ% etory

| eader guous an ancers ave to
be contangnhelulsmldm addd 8 l@UeﬁceaEGﬂmlmIﬁds] eDN}A);foﬂ 4 prekdquBn@torcedtven kader is
restrictiog slteg | ngh sites do not exist, the synthetic

ol i gon@er@Bbi ik A BNy ©ramolimeREdIT dre cxened i HREBIUEA L Ritigipates in the
conventl 9@l o tﬁ% H[)l epé{dg,ggﬁt]omm& or €hifhcer i g%g&’aﬁlgl link®d tooz%&ﬁﬁg se hg&%Hf ky, "

in the context o nucl ei ¢ aci ds | ypepti de sequences refer
to two aficctrirarascugivned tir segubsenuent@somh damndamgsnehe opcaaldyd]mkbrhmea (a)dlng

fied t f d t t t
o (ouRES a0 FeDumdaRen to Foy b ERLTN e iR, oS NebohE s B o0sh
91% 920 pSAVKcq 4R BN 1630 ard AL BVHIOY0, 0 11U ABESF d USRI YodWET a

specified region, when conpared and aligned for HBX|nun1correspondence over
a conp apitignounpmdimweating plidsgn bloadvere gilunyerado neblsye ¢albe swnﬁ@uauSBLIAsmne is

et ow, SarormHHERGE R SRR T EnBRGLHAR sl lbsu S o BRT SR FE SRR Lo

si te onligheuddokias ad of BAkRH &R I1sed B dcbedasci with ambentlcﬁubﬁﬂaatﬁttd ally
identical." This definition also refers to, or nay be applied to, the

conpl i M] Of i st“lé&%ggl“%‘?ﬁe&@rﬁ %ﬁw e ARG o?%ﬁgﬁﬁlo%u f&fidst hat

have d ons an or additio as we as t%ose that have s I ons.
As deSQprﬁﬁqhehQMQwib@;ﬂﬁeﬂemwedrﬁhgﬂkmhhﬂnsOﬁﬁm@ﬁpmﬂﬂﬁtﬁ@mKQQBSmﬁﬂdrthe
li ke. Preferabuy |dent|ty exj sts over a region %Q is at |ea t about 25
ami no FAYSE SRECrdacErspiage of MRmoasist 1gsidpgs W@le tigasdhaipre thg yape P¥n t hat

!28 12?0 %g%ﬁ%@?@%%%%%g?%%%%% 8508 804)-919862%, 93%, 94%, 95%, 96%,
97%, 98%, 99%, or higher identity over a specified region, when compared and aligned for
maximum correspondence over a comparison window or designated region) as measured using a
BLAST or BLAST 2.0 sequence comparison algorithms with default parameters described
below, or by manual alignment and visual inspection (see, e.g., NCBI web site or the like). Such
sequences are then said to be “substantially identical.” This definition also refers to, or may be
applied to, the compliment of a test sequence. The definition also includes sequences that have
deletions and/or additions, as well as those that have substitutions. As described below, the
preferred algorithms can account for gaps and the like. Preferably, identity exists over a region

that is at least about 25 amino acids or nucleotides in length, or more preferably over a region

that is 50-100 amino acids or nucleotides in length.
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[ 0049] For sequence conparison, typically one sequence acts as a reference
sequence, to which test sequences are conpared. Wien using a sequence
conparisamoabgmnmﬁbnr test and reference sequences are @e0TArSed 1i0ugo0s a
conput u e S
sequence 4;%? g??“?? gﬁ%%&ogor alg gl S&? g@f a4l Ongr%h%eglé génj‘% A Ilre'}%r%lg(fs e %ﬁncgqgef aul t

pr ogr amvhiel REklichcCPdre bempsred Wiifenalsin@ranatjisnec paparios fafotigtin, hest and
desi gnat ed. The sequence conparison al gorithmthen calculates t he percent
s equené%fereaewqu@as prsreniared g e cppifeh sescrwange peasdingtep pr desivptedhdt

Sequeng et R8N AT S hSterd £ t CP}P%%H dow’, as
used he§g§%ﬂ§lng%8%%%€$e greﬂﬂng% a gegﬁgﬁ{ g?&h y %ﬁe bﬁggﬁﬁh er of
cont i gpoysap@ataniadrs caebeatcddorfaltomatihe pgamoprcandicsicsiggated. Thoseqiaéhceo 600,

usual 'y about 50 to about re usual ly about .100. t about 150 in which
a sequéRERAN rl&%tﬁ,ﬁ%%%ﬁﬂ?ﬁ%ﬁ%?@ﬁﬁ@%&%@a BUEOGSHOF s teSh MAVARGer of

conti glﬂéluﬁvd%sthé re@aén&fs%@renw%aﬁé/wor%g%g%ﬁ ara%le@d%l mal l'y aligned. Methods
of alignnment o sequences for conparison are me | -known in the art. Opti nal

I f he | I
SO SR G RN TS R NS

the honmd ﬁgﬁbealorgmﬁgﬁnbua &@idnk Recebd Negtkhe &oMURSH LT flom Mko 668, @kuall
48: 443 (1970), t he se%rch for S|nllar|t@ﬁﬁ€thod of Pearson & Llprrany

Proc. MRBeut|50 tsa\@bwt 240 monggaughy aifmtrlQOl@a@put b ie syl @paqperreimgdl krent at i ons
f th
oL L h@ai) b TR Ay BESTE T RS A PRI ARIA et seosd »

Madi soRequdhges 20¢ olbmnarna,ml@neal Mgeoeln bf alighnvins uBdequarsiee ﬁdrlcomp(aﬁm arewgll-
Current Protocols in Ml ecul ar Blology (Ausubel et al., eds.

suppl edBAYVRD thees Prtny pEgrmney O sxHiThreE fof comrysisen Pﬂﬂlf%%)edrl%te &r& anitees or
det er m b n the BLAST
ond Bl AL HoBStoE Al RRAN BRSRh RE D il SRPE AR TR FOS Y ot (T

Aci ds Resol®5: mgﬁmewaar(tnmmeadmmant&s&\hurscreu Mol Bidl. 48143 (1876), by the

215: 403-410 199 vel AST and ST 2

o ST STy IR A POt CP TR e Nank Aead send it §anath Lkl |
nucl ei GyaghstcAnsd ﬁ’ﬁ;ﬁ&rﬁbﬁt&l&fs Jf'ﬁ?esé argen{m«mpﬁofgmmfmsmr 4 TR RGT BLAST
analyses is publicly available through the ti'onal Center for

Bi ot echmticoyisconsinoredtics Boftaerddiastngd, ficnétess LomputdsiGroap,dbiSciemce Aol ves

f f h by. i d h
wor ds. QR e B RGP BE TR nrrr lﬁﬁérerher G R et y s ome

posi ti wesvalikeBiolddi €A0albd1 &Cor edsT 1998 g with a word of the sane
|l ength in a database sequence. T is re erred to as the nei ghborhood word

score t ho wor d
i vs - adf 1" A Bt Slel £of Mrorien BRI sui bR, b R ARPREAARE o0
t hem Tdmtivwoard] degticncasenibxitye adene BhASGtdndBIreST 2 ondga@ithing, velsich aseliueited f or
as far .as tg%ﬁcunulatlve al i gn

2012/ 031348 FU@Z@@TW@%@@@Sggg%ﬁg%ég 587%bﬂmﬁ%%¥?vbﬁ§é0{é%b%ﬁéﬂcalcuIated
using, zf19r4o@wqb%gégozeres§ﬁ eﬁLAgheane%L%ﬁ Qrosar%éerde%h@hé%?metw a pair
ue mays

of matching resi 0) and N (penalty score smat chi ng
resrdue@dwadam@nguﬂddmﬁunepmnﬂmsammddsquHmdmgheaudmempmbamﬁpmnmns@ﬂhsed

to cal cul at.e e.cu Iatl e sC nsi on d h|t

i r et OyRLp RS T AT AR 2 pahtisbitv0RBF atpih BESRRASHY ¢ ne
quant i toentér ffdrq:_@ibtebﬁndr@%sf mm%h axedovalinithe o) enﬁy@rgbaﬂlhyavaﬁer frspoes to
zero or bel ow, due t he accumul ati on of one or nore negati ve- scoring

r esi duadentifgngrbighscorire sehacnsa cpam (Pé$lisa by idgjlieng sharswerda of EagthTein BlaST

al gorith ar anet er.s rmne t. iV and ed of the
a1 oot SREEL R b A ¢ PGP B B il LGN iy S BER R EE at  o
wor dl enggied With @fwotd of b s%@%tgﬁilh%aiﬁhs@ieqﬁ&lce M55 rdferrdd tarad tile conpari son
of both strands. For am no acid sequences, the BLASTP program uses as

def aul ms12RboRbPed Rt $roBt theeshald dAdsgheld e, o) Thyse 1mtialaseehbrgopd eor/es 2
56° 10070 PS5 B3 HRALIE Loy eV l§longer HOPs ciflibing MRS TRPhptigre |

and a e&nmdmimﬂmﬂodnammmsabn@aﬂﬁse@ﬁﬁB@ﬁnﬁhﬁnmeﬂmﬁmnpmhymamgmmamscm@ephlde"
and "protein" are used interchangeably herein to refer to a polyner of
anino acid residues. The terns apply t& anino acid polymers in which one or
more amno acid residue is an artificial chemcal mnetic of a
corresponding naturally occurring amno acid, as well as to naturally
occurring am no acid pol yners and non- naturaIIy occurring amno acid

pol ymer.



[0053] The term"am no acid" refers to naturally occurring and synthetic

am no acids, as well as am no acid anal ogs and am no acid mnetics that

function wo 2a1vmmsser simlar to the naturally occurringPamiuse01ao#sIss

Nt ur Yo BERHET ENG.AT Q. FE 8 ALALNTSR AF R LARAASNGH G g, as
as oSe amno acid pro

y car b ygat dsoateior a@dlr@fnﬁﬁslp{maﬂumalv&m na)aad o @a@dl@@eofeef‘oer s to
conpounds that have the sanme basic chem cal structure as a naturally
occur r iTHEMaIRE reuduss; dways <Qh Boreappe Acif Redueneespdsioding gtk irdssgth, a
car box)éhlcgfa%utﬂe cﬁ'rﬂul%mié'@c ?&% s‘?dlfjoiat ¢ @ogc{ RPin e%cl‘Pdlreclﬁgﬁg?eeﬁdlﬂag hﬁn the
nor | eucl ne, fionine sul foxi de Ionine neth onium Such anal ogs
have nmdnmlaelde mlgtmnm scdre fgls, offﬂm)r the Lquamt&)' X)fromud;l rﬁamnhupﬂmhleded baokbbaes,

but retain the sane basic ch nlocal str cture a naturally occurring. am no

aci d. AHPHBUXE PP RRfE P 28T BOEI08 dYC FnaE:%Hm %} R4S Of HFe AeaFEVEscoting

struct Yeedilcdenien@! diftBE 8RY off die? 4GB NEFAENGN SR B A ST al'geﬁﬂlh@paam@ﬁamam no
acid, but that functions in a manner simlar to a natural [y occurring am no
aci d. [VW0B4indAniletornaiot the sensitivey ek weedol the ahgrmed¢m. Bhe BLASIN pogiam tormonl y

( UPAC. PECBHSCBRER D) S0t5r05 4380 Her Ledo T/ dabbos-NeREha A AP,

Conmi sN-01 anmu%bﬁpﬁﬂlsmsafbbth@\édléﬁ Fdi‘ﬁﬁmﬁkﬁadi@ﬁ&j’ul’eﬁ&sttﬁe B AT Frog RNl Y
accepted single-letter codes. [0055] "Conservatively nodified variants”

appl i ess defapbt awardlenstianef 3 aadéxmmt@nc{%@f . se¢theridleddSUWZscpidapmatrix (see
partlc I i s refers
o t hodtea ol G Bt £ A AR T S RS R S 3 TRl B0 20

am no agpettaRYUENSLH), WS,MFe—nﬁaﬂdhecdmmhemCoﬁlﬁdthisﬁﬁﬁls not encode an am no
acid sequence, to essentially identical sequences. Because of the

degenerggas of gmgp i Ssp Bl @l G “PHTERP R 1o v heent cal
nucl ei cg% ds eert}co erbg)r?,f%g‘if%n pe?ol%igl n%l %or m?’%aunsgg é&%%E(P{% g ﬂo

GCG andefed apdlympcaicdenind ecid mesiducac iThe thranap@y T ammoaetmdepcéymeqsms rwﬁmahmnwher e
an alanine is spe01 i e a co t he codon.can be altered to any of the
cor r es POAH ML ELS Hgf B“g%ﬁaﬂé‘&“%l?lﬁé‘ﬁ?“% P%WF%‘QO{]%%O%%B‘HH’QE% Y pept i de.
Such nuygt@tifg amifh 3, a3 4eARS t@hBurafll lo8&lrrid@ hindld &E@polyfﬂ@fs%'ﬁd AbR-nahLalBPEC] es
of conservatrvely nodified variations. Every nucleic acid sequence herein
whi ch enewdes amipoiojpeqlyinge al so describes every possible silent variation
of the nucleic acid. One of skill wll recognize that each codon in a

nucl ei q0@s3|d TiexeeRtarideacithirefbrsits nefueilRaddchitinkad eptietiamtino heids, as well

met hi oni ne, and TGG which is ordinarily the only codon for tryEt ophan) can
be modiap PN asid pralepsand arenq e migichighhutifurgtiondn acuanacr sigdlar @ithynaturalich
si |l ent e ici t
n oach autie pRhyLeid, MG oftiii iR LSRR SRLIIER MO Bl B To

Wit h respetitas tiwsaamirad agidscthat ssebptee muekfied, 0@5GlydAsypoliae] mcarhmytglmz&qmences
one of skill éwéreco ni.ze that |nd| |dual SUb@(i_;s hutl ons, del g)tl .ons or
addi t i 3¢ Q-BhosPhReTRS cABERQjact érgﬁ%fée fo\reEpereds theihaye fiesamedasiGence

whi ch ajLels) stﬁféqﬁ»e anQa{lﬁﬁlg%cauﬁhgglnﬁmaa&mea%a @fbod (B4T8 bop@nG gnt age of
amino acids in the encoded sequenceé is a "conservatively nodified variant”
wher e thiydrogkn,er@thaxyl grespl,l ansaniino ghipsartsksdn ngtoupne gf hamosarineonatsiudines t h a

O B 3 RIS B L PR LR 0
conser (@bl W6 duciRy bf hl%dlﬂé@rﬂeﬁﬁﬂesba%kﬁoﬂeﬁl Hd ijétﬁlh(ﬂ'ib §aﬁleadlglc%elﬂfbtal axfehd s

pol ynor phi c variants, interspecies honol ogs, and alleles of the invention.
a naturally occurring amino acid. Amino acid mimetics refers to chemical compounds that have

a structure that is different from the general chemical structure of an amino acid, but that

functions in a manner similar to a naturally occurring amino acid.

[0054] Amino acids may be referred to herein by either their commonly known three letter

symbols or by the one-letter symbols recommended by the [IUPAC-IUB Biochemical

16



[ 0057] The follow ng eight groups each contain am no acids that are
conservative substitutions for one another: 1) Alanine (A, dycine (§; 2)
Aspartic woi201@)350G ut ami ¢ acid (E); 3) Asparagine (N)pCcEUs2@mions»03 Q ; 4)

Araini
V;?: 2:; ﬁe@ck)tul‘% %11%(61”' ﬁhclgﬁde@*&eﬁsé {eﬁa%l%le%@‘rnc? (ﬂa{jt’hely?é@ nge§ Mle
(S, Tlab&ipmdmﬁlg(lél'lctteﬁmheg) Cysteine (C), Methionine (see, e.

Crei ght on, Proteins (1984)). W) 2012/ 024350PCT/ U82011/ 048005 [0058] The
term " nGaaai- 't%'ﬁgervmﬁ& ﬁﬁ%&fi‘ie&‘vgﬁaﬂt? GBS bokh le 391 nlﬂeﬂuclelcvéc'idls

nucl ei é aC| d, protern, "or vector, ates that t virus, nucleic
aci d, peqteaces. dfsfltlwmspmt to pascwelemucitmdadld smubycdshcmnsawtmh]mnmdrﬁedfvaaants

heterol ogous nucl ei.c. aci d r ot he alte at f a nat.ive nucleic
P e T O R S R PR TGRS U AT R i
for exagplcfeest SCORGE MRuckSt h&d @5&&?@% %n&)%@%ﬁ b ac@dl@e qaBhcel RUREkMafIPi N the
native é@ n- r econbi nant) formof the cell or express natlve enes that are
ot her wiigantigidrsoquralcesy Hz@cpwsﬁél@b dagnm@acmoiﬁh@g@@@c@odm@tlareﬁpu@ geaf at all.

[ 0059] r ent h br| di zati o | ons” ers to ditions
Lo i SRSl R S SR bV PO FhOBRenfE B ab G GERT L' P
a cormlcwc NGRGWE GEURUGChedde tAE hilfho i alkind) ormsh@trev@gnptgnmth&é & ngent
conditions are sequence-dependent and will be different in different

ci r cungtadineds spacHirgety segapribe sodapsende 2dcisgée pry efdhe gorsesppndjpg podons

t ds i
{oupe AR MO RLERTL IS SRR R0 R Bl ORL Bl oo 1
Bi ol ogyaritdydis) ditzeli m@ra)anpelsudﬁuxflcenm\amobl@snodlﬁbwmﬂaﬁmpfE\mfy nadlpk asidof

hybridi zati on and the strgt egy of nucleic acjd assays"”. (1993 General |y,

st ri ngefqUeRgMBRrEnHECcyFreodey 2RaluRELIge Blso AB%iibesevncPossis siferbrartatien oh Bical
meltin T i t

Th rnauBlcsid [l il %?L%Sg%‘h%é faSGANEORR fa fcRR AP AR A6 ERAL
nucl ei ordiomdgnha atly out)ona[br mﬂmbmﬁ@ %1d1ff Gﬁlmmcbbexdlumlthemdy ao@ott fort he

target h br dlze at e (as th rge
sequendBbeaben iae de o i i YE0d § SHHRTNoR TR pREchRonuCo i SBtTL a
equi | | %h&'t'f@n of A flcREERid %&cﬁl etnb&[b% armyyp’abﬁ@e Jgem@ﬁm Rv&eh uegchb&&feqa&wet ion

of destabilizing agents such as formami de. For selective or specific

hybr i divatiticspect t thosxnressengirgdit, huénattwntlee@pecﬁ twaatuaprobigaekupnotsnd,

preferably 10 tines background hybridi zati on. Exenplary stringent

hybr i di[ggge] onAc@Nshihb @68 sEARNES, asc SfkiIDWAINEECo®R%6 that iIRavidiRl sdbxtit9Bbas, and 1%
SDS, incubating at 42C, or, 5x SSC, 1% SDS, incubating at 65C, wth wash in
0. 2x S9dctigngorddiiospiy %1@“‘6@@30190%6’@}16 N PP Hde oF a@tctlﬁa@qlﬁacwbwh%@rﬁdu ze

to eac e cal
[t ho a0y SSIQtR Elink bARFId GENURN RESREE Faithe SICHARE bitodky tiiphee
occurs,is 4 basonee(tamm}eey mobigied yadapy \thereathﬂ dicdrefian @suld in sha:subettteﬂomsf angarhine
maxi mum codon degeneracy permtted b the ge i¢c code, In h cases, the
nucl ei @ccYigsa ehagnically ympanmgeAsidy e%fa\@r%@gwtl%% ﬁab%@mwc}c%ri di zat i on
condi tirgiFion SXEIRMIR YninBRURE %}@wl ﬁﬁ@ﬂﬂﬁﬁ& afy éﬁ&@&&@&ﬂvmeﬁ\g%u{ﬂeam"
include a hybridization in a er of 40% formam de Cl, 1% SDS at
37C, andriantwarshn iadditign 86@dato mf Cxcladppdymbiphidiydsanti médrspenics Sombloge.zsid
twce b ckgrﬁ nd. Those of ordinary skill will readily recognize that

al tern @8#%’? i on and wash conditions can be utilized to provide
conditions of simlar stringency. Additional WO

2012/ 020850 PGitreisiiow mecAg 0 @0 U cakdl dontadn pimodstdsrthdt ar mepnRgyatii sehstitaions

parameters are pr ed 1N rrerou nd. Cur. t ,fProtocol s
in Ml ef%r Qnean }hefg Aqanuclie{1 H} t?)fazigspa %01(? (}% Gll?t gic acu[ 85 3)P
Asparagine (N), Glutamine (Q); 4) Arglmne (R), Lysine (K); 5) Isoleucme D), Leucme (L),

Methionine (M), Valine (V); 6) Phenylalanine (F), Tyrosine (Y), Tryptophan (W); 7) Serine (S),

Threonine (T); and 8) Cysteine (C), Methionine (M) (see, e.g., Creighton, Proteins (1984)).
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[0061] For PCR, a tenperature of about 36C is typical for |ow stringency
anplification, although annealing tenperatures may vary between about 32C
and 48C dependimgsson prinmer |ength. For high stringencyPPCRSanplosgodEati on,
atenp r erOf 0 .S [ . al i L n i ng
tenperi@géﬁseggﬂﬁﬁgnééogﬁé%@ég%%ﬁu%%kwygn%%%ﬁgggg%ﬁggéé%ﬁaﬁﬁﬁﬁﬁg%?%gapriner
| engt h pasteinsgediciar Cintli¢ated shat thelceltydhs, ondt hdidngofear obattor Hiag beantiotbied
stringency anplifjcations include a, denaturation Bhase of 90C - 95C for 30
sec - 2yihsintrodyctionod gihcksgolperisdiuclsic acihorgroigaror the sltgration ofptiyg nedeiensi on
phase %Eidaé?g%t ih26t ththd cell & dl}iled FEALOLA!SS 1@ Hals! fe3xdRple] ow and hi gh
stringency npf|f|cat|on reactions are provided, e.g., Iin Innis et al.
(1990) r&omtnat odbl cxpreds Greried ¢hat ercvet frokd vatidn ApplatieationAsconicaatehfocmRifess,

I nc. NWI‘ 0062L As. used hﬁrein, t he tﬁﬁg]"c?ncer" refers to all tyBes of
cancer eI ZERCSHRAEIBCRITARY HUNBFS POUITTH hERREred UPAI BT I8 dRe i a,
car ci NQRBIsRAd: si@r comas. Exenpl ary cancers include cancer of the brain,
breast, cervix, colon, head & neck, liver, kidney, |lung, non-snall cel

| ung, o] sothelio ovar sar,coms, stopach, . uterus and

vedal 1 SRR ofte PRRGR: PPk hap B RUFRHE, rohodiRatbeS g 3Men

Non- Hoghgdicnvisl HypARIYE Adits fidddt kihsequBned, A cal YeiraidhasdxOfBture \bVRhii&Bic G3IIS e

r habdomyosar coma, primary thronbocytosis, primary nacrogl obulinem a, |

pri mar YPubtodiopthereducncesa niepgentapndgtienstargspgeecatdeecndestanshsiiebe diffpicghiant

car ci ngg ri d 2: 18 p i I i cul ar

cancer difsretlciRntt S 8he 6 300 Rheo BBl I0ATRCRY fniehSl SPershiEEy ¥

geni t oukiensiky ghidacd the anbedizativnl dfgnakric lydds éaindenilgsscentoneigiéal cancer,

adrenal cortical cancer, neoplasns of the eg?ggrine and exocring@pancreas,
Lz

and pr &ecdewivatedMolpodestionss-taprdispricett duclegidpsesr OYeMEY

progr essi Qe - di . o) ia.

Dy T oles Dbl B ol B e o R A R L eI b imgent,

| euk ocybrditiamchrt keeeteprodmiabsor 5 10C lower Haodkk tiaond omedtimppeio T ) éarkkeri a i s

enerally.clinically classified on th si.s of (1) the durati and .
oo o sy e sial a GeARSLHE SRRt Pl R T e ol B i a0 Spviea
nyel oi dutapiel RYenae %ﬁéleiclcﬁﬁmﬁ%doﬁ)laymmgﬁm uﬁbhle pche‘tielg'éﬂﬁﬁbéEﬂﬁﬁiar{ﬂijthé Brgdthe

increase or non-increase in the nunber abnorma s in the bl ood-|eukem c
or al ebiybrdige {osthbtarpktsaiusnce atpgupbdsign @s kerrgchisde¢ncesamgipdeseyt incseqss.ad as

bei ng edicti of .in vivo anti-I| eukem ctivity. ..t is believed.that a
compounar ohae VB Reviay pYguR pr@HBIEhT SehbHiio iy 7 B o
l'evel qfittet bddigok 6Ni&taddizin d9¢nisuvh ¥Ofoha@AIdR! €98 séctivBor kydedicof | eukem a
being treated. Accordingly, the present invention includes a nmethod of
treati mybTIdigREm, a posiHe sighgbivg 1gesppvstonptrckgmond,/ magodly H mey baskgrougd

met hod g [ AW? ] ' ecytic
eukemaorEaRt. IR PARLYTRRAGKAIS o RUIRE Ban SOEIIBWETRIEY 7 acute
pr ony elfoeyinide,| 5388 iaad 1&d8DS, mewakihg hedKE€nv@a Sx SISEL KBNS 0S | iackatih@at &°C,

| eukocyt hem ¢ | eukem a, 8ai§phéﬁic | eukem a, blast cell |eukem a, bovine

| eukem¥ath ¥RGROSXRAS -G Ot Ice PESKERP L+ | eukenia cutis, enbryonal | eukeni a,
eosi nophilic |l eukem a, Goss' |eukema, hairy-cell |eukem a, henoblastic

| eukemni[80)60he Mdgsi¢iobtids thacdé eotkdetriidize o sichatleriuodé¢restrkegenagonditems e still

| eukem . ic | eukem a, .|l i ¢ | eukem | hat.i ¢, .
| cukemi s R SRS LF o BRI rgNTHOR)F1es aRE Ry UG e
| cuke Mgl YOPBRHIL SHIEAT @py by FRUGBRIERIT ol uk Ay RIThdinTotoes |

| eukem a, negakaryocytic |eukem a, m cronyel oblastic | eukem a, nmonocytic

| euk enidggeneyasly poinaisted by ithageaatiascodey én seghtdages) thgkwaic, acidsdayvird ygndndizecyt i ¢
| eukem a el amonocytic, | eukem.a, Naegel i . eukem a | as cell | eukem a,
mul 11 pl B ERSTIEE SR LAl AREWRS, SxSHPEE Ao BR TR cder cal
| eukemhgbrieidn doagit®nb eiukiabt a hysiidinatialih albatlsest 40% Setalaeiiliem v NaUKEw a,
and undi fferentiated cell |eukem a. [0064] The term"sarcoma" generally

ref er s B & Y romndiivesh in dXnedealdy 6f Aspasifsthyhadizpiiqeisphlcagiyicgoni ¢

connect, - @l J: : - -
embedadiiiro s B dSnIRIGE M SRIPRSREND) bl AR A RICHARER A

t r eat edvash conditiesman batutibredob paswid heoplitasis iof sittilao ktribpadiyn A dditicwahondr i al

oxi dant and an anti cancer agent include a chondrosarconma, fibrosarcons,

| ynphosar cona, nel anosar conm, nyxosar cbfra, ost eosarcoma, Abemethy's
sarcoma, adi pose sarconm, |iposarcoma, alveolar soft part sarconmm,
anel obl astic sarcoma, botryoid sarcoma, chloroma sarcoma, chorio carcinoma,
enbryonal sarcoma, WIns' tunor sarcomm, endonetrial sarconm, stromnal
sarcoma, Ewi ng's sarcomm, fascial sarcoma, fibroblastic sarconma, giant cel
sarcoma, granul ocytic sarcoma, Hodgkin's sarcoma, idiopathic multiple

e . o o o, o o e o



[ 0065] The term "mel anoma” is taken to nmean a tunor arising fromthe

nmel anocyti c system of the skin and ot her organs. Ml anomas which can be
treat ed wohor/edshi nati on of antineopl astic thiol -bi ndiPag/ustelooksensir i a

oxi dant r nt.-1n X . I gi nqQus

el anomi APl MR BT RT FAea B AR AR a0l BT B2

mel anonmd CadiknnBlasiibin Mol QBB eyd. Meisalidne /. loharwlley &edoagoma, | enti go
mal i gna MD 2012/ 024350PCT/ US2011/ 048005 nel anons, nalignant mel anong,

nodul arn rlg,rpigc o / noma.
[0066] e ter m g?{?l ng@rh‘w $¢%8HP%6 %’19@&'&?%%& new ﬁgﬁw%ﬁgbﬁ of

epi t helaltBbughelnnSalin@nethperatu@esimdy Vdry Btevcth@bsH BRaUBAd N8Pt d&pehidiag an nﬁiev e
rise to nmetastases. Exenplary carcinonmas which can be treated wt

conbi nagrgbn Fﬁr laglt $tnegqmlcaml?cam1biufb1axlbn rediemgenaturo chdwat PAIC oxtyeals al‘élndglan

t I f I
e S GRPEY RBIHAL IS SEHBI TSy S Rhas e A8 Carie AN SR Bat
car ci ngﬁ%ﬁl&eﬂgﬁ%ﬂ ghd GRICHRN Ozrgﬁf’cgi cl cf%altf&%?or b%'tﬁ’ﬁigh ahd ol ;Ltnﬁgén%&z noma

basal carci carci basocel [ ul are, basal oi'd carcino
bas os quaphifisatools Imod@deca deneayatmgheid @0v€ol9arC dardd seord, minr, anehhaliag
car ci nonma, bronchogenlc carci noma, cerebrifarm carcinom, chol an oceIIuIar

car ci nORESS [AHBEIICe. -Cantil rigdun catsnsion ahissof phHH2 6 Hreldo? Bk cPioeals 4dr pus
car C' “ Rie 18& BF [dPL8 ﬁgﬁ ﬁilirlﬁgg?cgaa?l?prlﬁ Ft%{?reg&lo%'a 6}%8%dec?aer%ilﬁgﬁzgs %H&z@”e“m

cyli carci nonsg, carci noms, t car
carci nqgmodmamz?raecmwsyﬂr@dzd@a;rMem@dﬁanceAgﬁwhﬂbﬂi, @ cedontit Ped¥s, Ine N ar.)yoi d
carcinoma, carcinoma epitheliale adenoides exophytic carci nona, carcinona

ex u l c 26@62] c %§ﬁ§%8§ﬁefiﬂ, @ﬁ@éﬂ@"ee&%&@%f@i ﬁe@ro? 'cﬁﬂ:lgf l’ﬂ]] g@hﬁﬁ ' d?%‘%l&flant

carcin giant c car ci nonm, carC|nona g gant oce
carcinmmmpmngNUhmmammekhndadmgdamannhammnmmﬂmmndsapmmmnmﬁwnqmngmamwm

carci no [ I.ul ar carC|nona Hurt h car.c , hyalin

o o o SRRk e AT bRl AT D & Bk R i Bnge i 65t noma
in sityynd merlﬁl%ﬁiad%gmhelﬁﬂac b%}gwsardo%ar %ﬁiamehérﬁé af PN RHNMRastdthpmpecher ' s
carci nonw, Kul chi tZ y- cel CaI’CI nonw, | ar ge- ce carci nony, | enti cul ar

car ci ndvdditianat eiampies melnckr cHﬂIdakm s Dlﬁ@ﬁ@ﬁd‘ﬂ @UHOd@lﬂn B Mmhomymphbletﬂ mjigpingl
carci noma ar ci nona. nedul %I;? nedul carci mggé‘% anotic carci nonmy,

car ci ndEOREPE RYHIRS ﬁléceéa dr?g%?’e?saré‘f%?l B A "> et homa

Muc oc elphdék @il SbulibGRE pHfRFTRath GR0EI, 0STT8r, nfieh it PARCrEATOB MUTANOTRLG massllgnant
carci noma, carcjlnomnma xonmat odes nasophar yngeal carcli noma, oat ce
car ci neAEnoihuEmARladsiss peicen prcMadignansisiindayiens tﬂ&ﬁculﬁaﬁgnwralwwp@am@& noma,

peri porj Oﬂhldcc%{lgér r&?@%bl&'&cﬁh?\/@lﬂ\égeﬁ AL O?LR‘{?Iagerfct Clder (fl?é{hcgln

pul taceous carcihoma, rena carcing reserve -ce

car ci naiypercalagraianani@nseaid eamdeq e senabaitiel da{deﬁmeﬁlﬁiaﬁnsn@ﬁthe elsdnchhhams

car ci nomg, . carci nona Scr oti, signet-ring cell carcinom, carcinonma sinplex,
smal | - CEPIICABPTRBIANC BOPAHOi%CTar ci noma, spheroidal cell carcinons,
spindl e cell carcinoma, carcinona spongi osum squanbus carcinom, squanbus

cel | cd0@®3horikhe tston i’ lngkemaia'bietﬁmrhroadafrtoipmgmsstxel mlakj’grmnt dilséacsamf tbabmodoma
ol ot e AT LT L conel o, oLl ol LU perous
2012/ 024%elyResT4dSR0it ptLARBATN the blood and bone marrow. Leukemia is generally clinically
classified on the basis of (1) the duration and character of the disease-acute or chronic; (2) the
type of cell involved; myeloid (myelogenous), lymphoid (lymphogenous), or monocytic; and (3)
the increase or non-increase in the number abnormal cells in the blood-leukemic or aleukemic
(subleukemic). The Pags leukemia model is widely accepted as being predictive of in vivo anti-
leukemic activity. It is believed that a compound that tests positive in the P3gg assay will
generally exhibit some level of anti-leukemic activity in vivo regardless of the type of leukemia

being treated. Accordingly, the present invention includes a method of treating leukemia, and,
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[0067] By "therapeutically effective dose or anbunt” herein is nmeant a dose
t hat produces effects for which it is adm nistered. The exact dose and
f or nul at iwo 2eidd243fepend on t he purpose of the treatnment pCans2evtiohsobe

ascert n Cy
0 cber REnC B TR Tt ade Ay AbRocy B} DOEREN O ES IO BHER o6 Rt 7

Sci encac@pgrahatitntt kukeafa, Biranicaeauldogat [Ghomey belite grophRa)tic ReRemt adult The
SC|ence and Practice of Pharmacy, 20th Edition, Gennaro, Editor (2003) and

Pi ckar T-es3klsyeenaay denkemic leykeniggoiopkoqyslmseip lerkemis bAsoPBIG lenkerpie Rast |0911
accept %Qlk% aglbgfme UukeRRACIBARYLY Q8¢ 1 mﬁ.ﬁ%ﬁ?& q&lk%m‘fa@&{dseémbljp’ﬁ

i ncl ude s he act’'ve conpounds are prepared |ver
nont oxmosmcphihc Ia:nkhame@rosdé@dnmmglany cthécuamid, hadnablamdismkdrme,nt s found on
the conpounds descri bed QEFEIH n co ounﬂz f the present venti.on

cont ai HePEPYPPlasiic/lculesmyp.dustiextie k?H ?rmar am BPER TaoBppEc SRk
obt ai n@&k@?erﬁ@ [&Jﬁ&maﬂgﬂﬁﬂlﬁua%kéﬁia fﬁﬁﬁﬁo@fast%M’eré‘r&ﬁPRrHﬂfﬁ%chtIQulébnﬁb'f ficient

amount of desired ase either neat or in a suitable i'nert solvent.
Exanpl égmpliogsheusriadenti, dampholdd@étpm llgmplzosercanidictll drvkemia, sastusiludekesvdi um

ot assi u caIC|u nonNi.u ium salt,. .or.a

BT ot oSS BRI RRBE 1GELAR: rRbeRR RO v ouRieR o1 o
basi c fl@lﬂt%ﬁh@@@dlddf;ﬂ@ 1euﬁ§ﬂnﬂ1 afldidid Qﬂ&nﬁl@bjﬁtﬁc legitenkie, rapdlambestyly |amBmact i ng
the neutral form such npounds with a sufficient anount of the desired

aci d, éVachdl leylkepiagplasma aelbhukwemh@&qmwpménm asIEBCfp Lk cpfa,

pharma lt ived from
Fror gan AEA ARERRL 1R AN fuRil SIAR 1cREL 3 LR PEA

nonohy dublgeiaedt hakttia, phdsfdiffeicatiatododhiedk@gi@anphosp hor i c,

di hydr ogenphosphoric, sulfuric, nonohydrogensul furic, hydriodic or

phosph Q0 aﬁleQém‘? nsqlréol?ﬁa” Cg'eh@raléf?ef&ﬁ kd o ﬁﬁn&rh@hléﬁ trﬁa(fé é)' d’feddsu §t948e like

rel atively nontoxic organi ¢ aci e acetlic, propioni i sobutyric,

mal ei ¢ thawhioypuic chemzoivetisssaand i geneslip eonnposeﬂ wiraloscly phei(ctilcel,ls ermbatiled o

pht hal i nzenesul f oni c, | sul fonic, ﬁjl’l C,

ol
met hané‘sflh“?@ﬁ%hm%‘?ﬁfn?% ) Pﬁ%ﬁce/ﬁé&@omé POEan b tekle ylﬁ%a cmbigationafs such

as ar gi,nah&phRdc Hﬁ'&-ﬂlhdﬁﬁ nﬁfb@h&ﬁinfaﬁoﬁﬁarﬁraﬁéﬁh GntRah6§ abbhgndbdtcir oni ¢ or
gal actunori c acids and % | i ke (see, e.g., Berge et al., Journal of

Phar macbendresircosed, £1hwa1@emﬂr lyglpmsaqu)la n@éérrtoaalrnomp,efnmsercomﬁmmgrcomax he
presenpdkﬁygptugp %%P%%In Qg%% baﬁlg and aqth%,%gnc%g%ﬂgl|t|esb§ﬁ/ al | ow
the cofpSUNGY Y8 98 e 3RO R SPERIRER: BYSLYP R P K, '8
QG her phRbARCIRME0EBakdonRs; CRBERRA Sar€adhd, icBéiSo Kd}@MBmhoerhlbl?Sﬂal@ﬁrcﬁﬂﬁw wﬂm' t he
art are suitable for the present i nventi on. Modi fi ed Adenoviruses [0069]
| n one twspleErcomy, gdfingtag sa@eﬁ@wtmx%allsgrcgmﬁww s sqgemgpl@pdipledreaidnovi r us
may be t i ai red
adonovi it esBidb(iR, Rl dlTRBIL G, ALRIN o Breo IoHBRAR SRk 1B RS
cell amd;lnple@@gmamspj hev@dritogic sarmnraednm/amblqmtlesmbma‘dﬂB cells lyrnphorna
2012/024350PCT/U82011/048005 wthin a p53 |npaired cell, The t

"repli AR UGALY ?FffaﬁaF‘@Hla 0 %Cﬂ§e&nﬁ@}se§appo%§ﬁgoq1ﬁg@rcq,mﬁ drun E%ICF é?’ch‘HHa’i S
at t enughed i BEASSRkohA rﬁal%'i%nt%@sfeﬁ £SharkLIRRLRH btk al
replicatfon in p53 inpaired ce . expressing ce is a céll that
expres ses:umwtmlsarbmel&wasarpﬁmaMquglcrmma agptavval Bgrpoma and telangiectaltic

sarcoma.

[0065] The term "melanoma" is taken to mean a tumor arising from the melanocytic system of
the skin and other organs. Melanomas which can be treated with a combination of antineoplastic
thiol-binding mitochondrial oxidant and an anticancer agent include, for example, acral-
lentiginous melanoma, amelanotic melanoma, benign juvenile melanoma, Cloudman's

melanoma, S91 melanoma, Harding-Passey melanoma, juvenile melanoma, lentigo maligna
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[ 0070] The nodified adenovirus may al so be a p53 replication inpaired
adenovirus and/or E4- ORF3 inpaired. In sonme enbodi nents, the nodified
adenovi r Ws0i28120B85pepl i cation inpaired and E4- ORF3 i npaipcedis2dine4soodi f i ed
adenovi [ d t fl irus,

Fet or s e Tug g Blhe bR RHACA B btTe, MR haB) hERWRARRATCF,
(e.g. npratingddameaadenovirus). In sone enbodi nents, the nodified
adenovirus is a reconbinant adenovirus. [0071] The term "p53 replication

| MPai T §hage| ASTHIEL N &?5 o RRDS 1 NftichRP R BESER RR O of cfifldial BiENOVI T US
replication is partia or fu yatte uat ed the presence of nornal

| evel s tﬂfdir[gmoanﬁktnawl thealrkoﬂnamggﬁsueslénd geweamplt@meta‘sta‘sdsse Emfx@&ﬂmdarceﬂomass p53
i npaire the infected cell not expr.es r mal s of. fully
fuet | OV A TRl it FORDBRIYH 8 E T AT AT s

Wi ll prag @@gnﬂwle@lagym @Meerf&eéxxmple a@}né&eda{mw 881968 AHiNBha,| RS s
functlonal pS3 (e.g. pS3 normal activity, al'so referred to heréin as a
"p53 expreemsing fm@ld C>)Stlc p@pinptmt wmnomataﬁ@lom@@owep Icar@alton@rpﬂadmalr@dtex

adenow ueslals atte F}g revent eg) 1 %F %‘ﬂ $53 i all‘ﬁﬁ

failind 8 gggpg}ggla oldir “reé é‘fcénoé?a Bl el gireinom, Griagme Stoﬁ%l aeraul atory
(e.9. Pasdit bcidode, Bikofduaniifis @513cﬁeﬁahlaowroﬁeqﬁéﬁs&ﬂﬂg:afmﬁcﬁﬁ@%r@ﬁ&dmvl ng
bel ow nornmal p53 acti vi ty. Normal |evels of p53 and nor nal p53 activity

| evel s caicEnonis REPIChogsak deRymom® rebs Ergerdrms chplapgiecd s cesgiomarhus, in
sone e e I e p

sone rgP &q&ggg%r%fgg%lﬁb%oﬁggd %eﬁg p@%dclogrr%glh rce ﬁlo“% éoﬁc%glégglag‘%ﬁ%gng&?v\her ein

t he p53agateend, BaMﬂlﬁi’ﬂa)en(umrﬁﬁétdaﬁilh(}hldelhteﬁ@ﬂl c%@rnﬁBcarammna e@h@&]h&al gely be a
cancer (e.g. neoplastic) cel|l. [0072] The term "E4-ORF3 inpajred,” as used
her ei n CaEGHOR, AN CAREIBYE, CRESIORA{RIFIIR IR BN3) Catsomse F@F@p%%ieﬂarqlw 'S

and/ or e{aféhhbﬁdfc'dﬁdrﬂ?%h cﬁi%ngg FhPENE . RBEHE o?@ftlcec)é ita cgrcﬁioh{ésexmiy be
E4- ORF3 1 npaire I ng t express norma vel s E4- ORF3 gene

pr oductul@se, seltcufomatfﬁbros'unsgalaltlmfhi@l tartmogna, gelatirtoas caninbmat pient @ddasticmya,
(e.g. pronoter). egln of E4- ORF3 eneé or e pre55| e}g a. nut at ed E4- ORF3
gene prEEIEM %?Iﬁgc BleGuehRnal cn e e i o
sone _erhReiomRNhematbcaFdnsRE heh MBI EH BRARY, HiSthl NG U RSndndThl At Rd

E4- ORF3 gene. I n sone rel at ed enbodi ments, the E4- ORF3 i npai red” adenovi rus
i ncl udesrcanogem byrenpdpbrail gancinenEq inGrede g@h@on@l oaredldnya, sprcpenta ialsity, del et ed.
Wt hout. furt limtatio le for..an inmpaired. 4 r.of e is a
eacres PSP, s P ngTi Pl R s Byl TBE SR YA EEGF T No 1
i's nut @hchontd, glts @ cdParcin¥¥h a@&%@%@a&m bﬁ@ﬂﬂ;ﬂfa@é&ﬁ&@ﬁré @@Zﬁﬂatdu@ sone
enbodi nent s, t he adenovi rus is al so E1B-55K i npai red. The term "E1B- 55k

i pai r éacmoz, {igerhospithalial caﬁ@aﬂ@a,tq@éclmwwltﬁéeﬂrgedw@ryccal&amréa arelgiadiguci ng
nor mal f t forth in
seq | DRSS alel phRoll ol Ao RRCBERM Ty 0T 0
expr essnuvotdthllark ermdc&pmlferrﬁiﬂc%hmg&\n earprnodmcrhuc(oeurg, maconstcaltcnrmmd, Oart:hnerna
regul atory ( pro ter) region of the E4-ORF3 gene pressin

mut at eénSI‘—Z‘PBl rLgFY@(gﬁ%ltcaWéRﬂ% ORfededFrFHRIRE CE@W\’:‘)S@%@%P%% t

activi fr=Tala X E4- ORF3
gene p%)cf)r u@%{ag?g 1I1§I§’gc:a§cland 2 d\ﬁa:l F%Elng%lg%% %ﬁvggﬂ%ﬂe{l@/g%&%%%%lw ruses
of t he ca@m®ntay pelt{ceoyp. caacmmna rmmaéucelttl cadianomaiof h@ley,‘lfhu:sye ¢ohl ceommBoma,

enbodi nents, the Elg%jS h%g)&gr ed adenovi ruz1 i ncl udes a nut at ed 518— 55
gene. IAUBING YEORARfES ROSAIHEMETBIE8KS TP P& HEERR T TUS 515N udes
a genonm V&@ﬂ%@ﬂc&o&&ecﬁéﬁoﬁéﬁnﬂlﬂeﬁ snfal Rl dadeiim 36 lah&ibl lcHrHRInGL §herdiB474]
Various assays for det er m ni ng level s and activities of protein (such as
p53, ErBl s&kmgenesmn@d 9@11 carmomrgma wmgqsm)n suamgua cirgisoma, syemous
anplifi CR tian/ express tochem str Fl SH and
shed afth gen as¥ays t“ng sgriEe nC%Flh?‘%lman%GC%ﬁS&% Sarﬁmoxwr{elan%cs‘%%ver t he

pr ot ei Ara@xp6c&s SEIO aarefnoaﬂp&arém@@a inbRrd¥an, hﬁ)emualcmtxﬁdlaus¢m@oa@ cArBingid Oand

di agnostic assaY e.g. by adnlnlsterlng a nol ecul e (such as an antlbody)
whi ch SF%H%mFﬁ€79$%ﬂeln to be detected and is tagged with a detectable

| abel (e.g. a radioactive isotope) and externally scanning the patient for
| ocal i zation of the |abel. Thus, nethods of neasuring | evels of protein

| evels in cells are generally known in_the art and may be used to assess
protein levels and/or activities in codhection with the methods and
conposi tions provided herein as applicable.



[0075] In another aspect, a cell is provided wherein the cell has been
infected with the nodified adenovi rus descri bed above. In sone enbodi nents,
the cel |l weaxotzaemssvr ansf ornmed by the nodified adenovi r upCaamsesiitoggdonbove.

I | ' . 11 N 1cal | I I
of the (0PLicas? hERPR by ik difor RN MR Rl R Bl BPBCT e

modi f i effead énovhith & idedainideedd. abloyexac{ @3¢ @hd formsituiien evib ddparelininsthe ptigose! |

is a mammalian cell, such as a_human cell. I n some enbodi nents, .t he
adenoviof th treatmeyandalillds asersiAbIuy Qsckilied 18 the arausingdeionns feelniqyes (sgne
enbodi tis; C i : I bl .0. f C o .; ilian
cort (T BicberBEn Al iaCe FATBABL FBHAClold £:8158 ) LRGACEAS dreeidhel BRI

mec haniZethmlddyvegPharidceuscdi€longoendith 199neRamingbn ElIR-S'doecandd PAzdORE-3f gene

e RO RS, TP S 9 PELTL A B il P o

products may act to reduce the levels of p5S3 in a cell, the activity of p53
in a cdf068] orTheiern eptirmacsutigdtyi acceptalgle saliadop Onlritn2438oRGFTICUgR AN ¢ LOA8TD5

proteins that partjicipate, in_ a p53 nmedjated event (e 9., protein ne

D oduc oL e AR oo R B3 SitmebRtsdn R b dtESe and
JMIDL C)acidIBIdBase&,Ilieﬁéiﬂﬁng?dﬂ’ﬁh@ifp_ﬁﬁﬁhﬁr stbyEtEREI fhiRLorRMe RoMpbuER Hck el ded
herein are not capable of efficiently repli Catl?agiwl n cells having nornal

p53 acthieigin.yWhge campowsls abthe ragscpleip ¢ntignicaptaimckaVely agilis figcdonalifps Rese p53

v, D) . . . A e
encoai Adiifn Sl ARBEGLERICARY: conBEAH 0 AR B BERL LR Bu RIS EhaEICRE O
one nuehwuat @thedéssrep bass, diettbr anatad img shibdlanneit koleehtadsamplesvs (e.g. a

plasm d). In other enbodinents, a plurality of nucleic acids are proyvided
encodi M alfn'i*?éeﬁ*ﬁféﬁf/ REcFPEQIRT pdditiprsalts include sogjun.possigms eal¢iyay ammonium,

organic amino, or magnesium salt, or a similar salt. When compounds of the present invention
contain relatively basic functionalities, acid addition salts can be obtained by contacting the
neutral form of such compounds with a sufficient amount of the desired acid, either neat or in a
suitable inert solvent. Examples of pharmaceutically acceptable acid addition salts include those
derived from inorganic acids like hydrochloric, hydrobromic, nitric, carbonic,
monohydrogencarbonic, phosphoric, monohydrogenphosphoric, dihydrogenphosphoric, sulfuric,
monohydrogensulfuric, hydriodic, or phosphorous acids and the like, as well as the salts derived
from relatively nontoxic organic acids like acetic, propionic, isobutyric, maleic, malonic,
benzoic, succinic, suberic, fumaric, lactic, mandelic, phthalic, benzenesulfonic, p-tolylsulfonic,
citric, tartaric, methanesulfonic, and the like. Also included are salts of amino acids such as
arginate and the like, and salts of organic acids like glucuronic or galactunoric acids and the like
(see, e.g., Berge et al., Journal of Pharmaceutical Science 66:1-19 (1977)). Certain specific
compounds of the present invention contain both basic and acidic functionalities that allow the
compounds to be converted into either base or acid addition salts. Other pharmaceutically

acceptable carriers known to those of skill in the art are suitable for the present invention.

L. Modified Adenoviruses

[0069] In one aspect, a modified adenovirus is provided. The modified adenovirus may be a
p353 replication impaired adenovirus. The p53 replication impaired adenovirus is replication

impaired when present within a p53 expressing cell and is not replication impaired when present
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1. Methods of treating cancer [0079] In another aspect, a nethod of
treating cancer is provided. The nethod includes adm nistering an effective
anount (ewgQ. zom/uzhﬁsnapeut ically effective dose or anpunt pCofusaoimoesods ed

adenovi rHﬁng a(ﬁ[edbgﬂ %B Ye?)n %ph%nt?ono Ireg” g e 8 rﬂéan?nﬁ;a?qz g the
OV rﬁs tO

modi fi €d" adé ubject i'n head 1 ere jodi ment ,
the canreggication B apbiuate @h@ﬂbre@ncmra p# Exphdsinglcall e@lrnpz&a@&fw la@lﬂeﬁ@r inbed
herein, i s a cancer caused p53. i npai red cancer cells. Thus, in sone
enbodi rpé%ﬂ@palf%*ece\%né@r53teéplﬁésm$ @%lk 8@ ‘ﬁ@rﬂéﬁt RXPRESSCHBOFHS loRIsoA PP hAYiBY by
reducegoﬁﬁﬁiﬁﬁ?%pn or activity of p53 (e.g. p53 protein expressed at bel ow
nor mal vel s) or by expression of p53 having Iom/(or no) activity

ha I Vit Met hods of _determ ni ng. whe is a
053 ¢ oL pRR R e S ROk b O b P e ity BORosi T S e b o
for us OI@ﬁf?xﬂia‘ﬂ@&t PO ddibddi@ete ROHR dAT AeTReS td msreplﬁé%‘ﬁbﬁ?rﬁpﬂﬁ‘erdeaha
[0081] I n sonme enbodi ment, the cancer is lung cancer, skin cancer,

br east E4a@BREB impairsslo ﬁféleenfbbﬁq:dmwmsrma}cbm@ersoltatﬁtdtaéemqvelalseiﬂhq: term

pr e- mal. reast ca Met h of Administr d Formul ati on
o052)  TRATRYARFTaa o1 FHSEeo B PIH Tar Papes shes Wi Bl RhBRiGht he

nodi f i edtuad@n oh We)d-B8iHe adehtviHuSt & 86né mBodIHFBR, hathRificd dheﬁ@xﬁﬁfsds Wi th
known net hods, such as intravenous adninistration, e. g., as a bolus or by

cont | nEe@MIINML3dBRVEYer a period of time, by intranuscul ar,

I ntraperitoneal, intracerobrospinal, subcutaneous, intra- artlcular,

i Nt r asy6@Mi al Thei tBitni apiﬁaephcatloharhpaltddpl @alsed hﬂ’e'rnahmmtaht apori infigkiah bda
routes. The adm nistration nmay be | oca

2012/ Oggiagp@x;lr]{gg?@&pm{g@gmally or ﬁllfy attenuatea/ t%e presence of normal levels of

functional cellular p53. For example, if the infected cell is p53 impaired (i.e. the infected cell
does not express normal levels of fully functional p53), replication of the p53 replication
impaired adenovirus will proceed normally. Conversely, if a cell expresses normal levels of
functional p53 (e.g. p53 with normal activity, also referred to herein as a “p53 expressing cell”),
replication of the p53 replication impaired adenovirus is attenuated or prevented. A cell may be
p53 impaired by failing to express normal levels of p53 (e.g. a mutation to the regulatory (e.g.
promoter) region of the p53 gene) or expressing mutated p53 having below normal p53 activity.
Normal levels of p53 and normal p53 activity levels are found in healthy, non-diseased cells of
the same type. Thus, in some embodiments, the p53 impaired cell includes a mutated p53 gene.
In some related embodiments, the p53 impaired cell includes a genome wherein the p53 gene is

wholly or partially deleted. The p53 impaired cell may be a cancer (e.g. neoplastic) cell.

[0072] The term “E4-ORF3 impaired,” as used herein, means the adenovirus is not capable of
producing normal levels and/or fully functional E4-ORF3 gene product. For example, a virus
may be E4-ORF3 impaired by failing to express normal levels of E4-ORF3 gene product as set
forth in SEQ ID NO:1 (e.g. a mutation to the regulatory (e.g. promoter) region of the E4-ORF3
gene) or expressing a mutated E4-ORF3 gene product having below normal E4-ORF3 gene
product activity. Thus, in some embodiments, the E4-ORF3 impaired adenovirus includes a
mutated E4-ORF3 gene. In some related embodiments, the E4-ORF3 impaired adenovirus
includes a genome wherein the E4-ORF3 gene is wholly or partially deleted. Without further
limitation, an example for an impaired E4AORF3 protein is a E4AORF3 protein wherein amino acid

residue 82 of as set forth in SEQ ID NO:1 is mutated (Figure 32).
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[ 0083] The conpositions for admnistration will commonly conprise an agent
as described herein (e.g. a nodified adenovirus or one or nore nucleic
aci ds encwdiznp/2kzsonodi fi ed adenovirus) dissolved in a phamusaceossoosl |y

accept carri r [ c «

carr e d0 B HebfisyofliFhtl bt A ARHE R MrE P A T hin Pl PlialL SR Ons
are st émphiecdghsh gem aemld, ynchtiete @ﬂeﬂd)ﬂdﬁﬁsh@b t@pabRidf@foduthgsrmenpeds indins
may be sterilized conventi onal known sterilization techniques. The

conposiftibHgcte! Eéﬁr%ﬁkrgeﬁﬁ amﬁefeqﬁtsrsfcfarthyn ERIR MR Eanexpmaleya ¥ipsiances
as requLae 54 | Ereefb ifin é@?és%bﬁﬁél 1&@ﬁddftm@n§s§%k§'elp?§déleh; ggglaust' ng

and buf ering agent oXI C djusting agents an exanpl e,
sodi umnacaticat te thesmgulamry: fd. grprdmotep)o‘egmﬁ ot thedid-ORiFd exen@jadr ek pirescind a)m'udaeed

sodi um te and he | i.ke. . The con ion of active a t

7 or mul SHFGHAR Geah Fyod i el oS i - DB S erle oedteant yoput BB i o
VOl UNMesgctimtisCOSE 18-85k cARPodR): Ghd EATSRIEN nle'plf@ddcf‘eu%Q&%[sda?&'aca%UthE@ptroﬁﬁced
parti cul ar node of adnlnlstratlon selected and the patient's needs. 084

Thus, &ytwipl yat agdnavivasss of theahme dynedsigt # oan-frortatedhedeaveinals Thdwiimsane at i on

R e T S S e S

the artrclafd cabBdMemey, iRaT! B-95mH ke adédovirls Sletlicpuabiciad WaBBinhe E1B-55k
Rem ngton's Phar maceuti cal Science, 15th ed., Mack ubl i shi ng Conpany,

East on gePais Ypdigey paftodBstlctre phar maceut i cal conpositions can be

adm nistered in a variety of unit dosage forns dependi ng upon the nethod of
adm ni 00744 i OViaridue asexafipldetermiing ldosaged ﬁ@mssbtﬂbtcﬁ&nhesdchras s RIE1B-55k
adnlnlstratlon i nclude, but are not Ilnlted to, ablets, pills,
capsul &ENap@drgzEFGEES gagPsydush arqa@dakle cach %arﬁﬁlﬂ é.‘faIUB SXPrSENIqN eﬁi hedt.y, of

the m%ﬁiu%ﬁhﬂéﬂo%h’éﬁét& Rl H“Igﬂaa[nﬁcl 8Y arll (?é%‘ gﬁz?%o%gﬂﬂl@cﬁng%@@ﬁ rus (or

one or nore nucleic acids encodi ng t enovi rus) Raving the
desi r ededieguee Mbrqouei, the pubteh ogprdssinalor phalifretieumayaid gvabrtdpsaiglaa in vivo

carriers, excipients qr stabili.zers h farnul ati.ons can be. | hilized
ot R RAER ety RbieHRe - tiglealt GhfL A B d) SRer Bingd IR Prige
st abi | iig 8 dctBét8d RN Qxdoed Wath LRI ﬁb@lt(etgherm&a%aeelsa@ge)caﬂve%rﬁﬁw ons
used. Acceptable carriers, excipients or stabilizers can be acetate,

phosphatanning the aatecnt ﬁndoeﬁﬂlhetronmfghmlabelaéﬁhds,,meth@dsmﬁmﬁmng( levgs of proton bi ¢

OO SR SR B UL YREPE 555 BT DR 2

pol yvi nyfivaytd @l dodfdsion aith tﬁéfhféﬂlo@@} a@l@ corBUIREoRe @‘ftaﬂd&ia&relﬂ hsagtasledes, and
ot her carbohydrates i ncl udi ng glucose, mannose, or dextrins; chelating

agent s éoﬁlﬁ %Sth%“%lpgé%” b&%%r&%éd@%&&h%{ Eifhas b@?rle ME&E&P&/&Q the

salt-f g counter-rons su diunt e xes (e. Zn-protein
conplexmﬁhﬁaamﬁhOanamyndmdemsurﬂaebﬂmEﬁmomM&mﬁpdmkmﬂmaaﬁﬁmammsﬂﬁméwbyone
or nore nucl WO 2012/ 024350PCT/ US2011/ 048005 aci coding the nodified
adenovithq@pd 1? aﬁ agienoypnessrike ahovenin %Pﬁﬁ%%?‘?%@ﬂl@e%ﬁﬁe ?ﬁqlr hasibsRn s?netlcalfj

i nf ect 'aRE’r%d‘éthrés 1tloP AR %téﬂ%emfc BHI3h 1288 RER¥ssInSEr (RE g&ie%nﬁ@éﬂaﬁ bemgl active

conpounds, inclu |ng, peutlc agents, cytotoxic agents, cytokines,
gr owt h mothfidyd adengviageles¢riteddbavst i - hor nonal agent .

[0076] In some embodiments, the cell is a mammalian cell, such as a human cell. In some
embodiments, the adenovirus is a mammalian adenovirus such as a human adenovirus. In some

embodiments, the cell is a amphibian cell (e.g. a frog cell) or a reptilian cell (e.g. a snake cell).

[0077] Without being bound by any particular mechanistic theory, it is believed that the viral
E1B-55k and E4-ORF3 gene products reduce cellular p53-mediated effects, including cellular
apoptosis in response to viral infections. Thus, viral E1B-55k and E4-ORF3 gene products may

act to reduce the levels of p53 in a cell, the activity of p53 in a cell, or the levels of activity of
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[ 0088] The conpositions can be adm nistered for therapeutic or prophylactic
treatnents. In therapeutic applications, conpositions are admnistered to a
pati ent swbferyagssbrom a di sease (e.g., cancer) in a "treTaSeutiogsabs y

effecti " t. f tik [ i ] n

cever 0O BRL PR agd Bl ety &l Bedtof b ko HERFBMIBTR RSy,

Si ngl e POG3 MiP33INPe, BOGR NLEID DARTIDGN H K 1 LK AS B pasl IMIDIC) mdhuf én a6t ni st er ed
dependi n% on the dosage and frequency as required and tol erated by the

pat i enteMPRdIReRLS, diprmoditicd adgoriErses PEIVIQMdIcER Bdws corbiad epfaeilt " i nvent i on
i ncl Ud‘?—éplﬁ%ggph]%ﬁ@E?sgﬂgg&%gﬁﬁhsﬁ%mﬂy%ut Rt Qflle%ﬁli% Sells iVl NE

nmet hods ‘are plica uman-t herapy and veterinary applications.
I n t he dommfished a3 ectbatyi (ogntancbrecefla)k i ent is a mammal, preferably a primate,
and in the nost preferred enbodi nent the patient is human. O her known

cancer |h¢ve| APARS pFAddAeh cH§R drel i c R dienle Odin Y H b N B cdBARBIRuRE dbdefibed

invention. For exanple, the conpositions for use according to the invention
may al @bovse lnsenicembodmpats, one Bedgt veides progiiel enewdmide mywliieeskadenevimyseut i ¢

agents ,such _as vinbl astine, actin in ci.splatin t hotrexate,
anat ndSH KR EpRealy Sh RS i aRPLT e SRS bs e RS R on ar e
comnbi n%@bdﬂﬁédﬂa&hbﬁfuscg{‘g;Ql’plﬁrbﬁﬂy@‘ipﬁﬁmid@‘di ation therapy, hornone therapy,

or chenot herapy. [0090] The conbi ned adm ni strati ons contenpl at es

coadmi qist r%&@l ds Hﬁr@gti-f%e?aq{c@{ e fornmulations or a single pharmaceuti cal
formul at’i on, "and consécut? ve adm nistration in either order, wherein

preferably there is a tinme period while both (or all) active agents
si mul t d0ETNs| Iy aextdet aspbe] & mbihol ofitreatingaehiariis pesidefl 0082 ncHardnutlatdésons

suitabl e far oral m.ni stration can consi?t gtt téa%dll uid sol uéfi1 ona, auch
as an &fPEUHFURS ShellivEATPHR (Fack AyEl Ui ticgRycasa Shamaw) i efihint s,
such agJuafvis (R&cbde@abSEFoF O ol RdrcGRBRIE £3ds REAIBE TeQfiodiAld SiRoyRACH
containing a predeterm ned anmount of the active ingredient, as |iquids,

sol i ds to granedtesnend theeaf. i n; (c) suspensions in an appropriate liquid; and
(d) suitable enul sions. Tablet forns can include one or nore of | actose,

sucr 0S§Q08TRN M tsBhe cfidoRinkc@t, th€ ednebtinaRp39 $EIRRE @8ncet.OANPSS 2168d cRREAT 8
starch, mcrocrystalline cellul ose, gelatin, colloidal silicon dioxide,

tal c, masbsH hetchr sy eanect whealliye B inpagadl cachiesellex dhps. éhsane epbestiagnts,

filler i nder il uen i t i i ent s,

br eser 5 TS0 Bp (blet REFFrmal bl 81 DR-RYEILT vy FRLALE TR BESR 1 e’
di si nt €gpapIidngoryetipsessandl belvay nmerlbdt Lal leyclS)uTdatcxpicgsio@bf pIY Iavidgoange
forns can conprise the active ingredient in a flavor, , sucrose, as

e.g.
vel | adormeriYigsordeypy than agrmiah actidtyi Wethagy (fdictsamining WACtha: ¢ansgisis 2 Pedch
as gel ati Vi J | I .S : i ke
contai R g e A KA BT IRSR SR CEATk LA v S ARfoh e
art.  the methods and compositions provided herein.

[0081] In some embodiment, the cancer is lung cancer, skin cancer, or breast cancer. In some

embodiments, the cancer to be treated is pre-malignant breast cancer.

II1. Methods of Administration and Formulation

[0082] The modified viruses (or one or more nucleic acids encoding the modified adenovirus)
are administered to a human patient in accord with known methods, such as intravenous
administration, ¢.g., as a bolus or by continuous infusion over a period of time, by intramuscular,
intraperitoneal, intracerobrospinal, subcutaneous, intra-articular, intrasynovial, intrathecal, oral,

topical, intratumoral or inhalation routes. The administration may be local or systemic.
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[ 0092] The nodified adenovirus (or one or nore nucleic acids encoding the
nodi fi ed adenovirus), alone or in conbination with other suitable
conponentwQ 202850 made i nto aerosol fornul ations (i.e. PCThsgoicamobe
"nebul i 1) 4.0 i ni red.via inhalatio [ | f | at.d can be
ol ace 10081 R B BSTLRL RY B HERh R Py QFhARG ' BAPA, BbLRREG

di chl omertirf {cugnan®diieha&denpripasienc bt tHopgeuticiancidt Becoldingahe MOAFRH Sui t abl e
formul ations for rectal adm nistration incJude, for _exanple, suppositories,
whi ch @8sRavaus)gtissohed paa RBgacritcrlY accspiablogatmieraprefsibbs it afupopngaarier. A

Sul L 2Dl YRPAShAAL K PRREAN HEGLULE N BHERN DinHRURELLE THELALYRRAL RS o

paraffin ar bons. addi t1on, I's also possible to use gelatin
rect al stajpsaldegenefailg tirec ofi snddsiralfle anattonihngt dompositionhmag bopeuhdedby choi ce

with a base,. including, for..exanple,.liqujd triglycerides, polyethylene
ol ycol SONSERtonElr WP E KO HPBEBBAS 8D 4| MRS EON DRSS SONERDT o f or
par ent ?h@ﬂm&%@ﬁﬁd&il? E@DIBL aukH iRy §fbstahOfs KXE4RIE fo Qp(prbmﬂag@ﬁﬁr%ﬂgfm&g%al( in the

joints), intravenous, intramuscular, intratunmoral, 'intrader .

i nt r apepidibpessduch aspHsdbsungaebugTarogtagents,i toxic iyl edjasfingagsntannd fherdikeqgieeous,
isotonic sterile injection.solytions, which, can contain, anti oxidants

but 1 or §<rBRigy ekt PeTe. Sy PLeilon 8L pimiinf ShBERe TRl Pt hride PP s

wi th t had Hcaad. Phe thRchtitRAGEEctiRCdgehEin tthesd MGt nAMAMRAY Sard iy A8 AHHAGHS be
sterile suspensions that can include suspendi ng agents, solubilizers,

t hi ckenfFlageagemesly taseben flpidreolumerd viseessieasy badyveeight anditheelifsy iccperdanse thi s
I nventian, ;& gﬁ%ﬁfa{ hide of?di'»ni%‘r“su%ﬁ& U SLE § ’tpé 8£tie%§‘§‘ﬂé°e'd§.z by i ntravenous

i nfusion, of y, toprcally, intraperitoneal I'y, 1ntravesically

intratuporally, or intrathecally. Parenteral .adm nistration, intratunora
adni ni 49984 oTvﬁuSa%B’PICP&P grdcal srmpesitiPafqrdptrareaoryadnypistaioneyl g hods  of

adm ni i or i LRl L - dose
ol 1 e e i RO %
| nj ect ivaH bs d&howih onspEancht sudpengiildesingbmarth engare plaseetbedl iromost datail @ spohmwder s,
granul es, .and tablets of , the kind.previously. desqri ...Cel l's transduced or
0 oot SLBG Rae b st HeanaraifL SRt | Ko wedkari Sk Larigivo

t her apyz.6@R, B, p;gl@g adm ni stered intravenously or parenterally as described
above. WD 2012/ 024350PCT/ US2011/ 048005 [ 0096] The pharnaceuti ca

pr epar ajd i referabl.y,in uni.t dosage form. In.such.formt. reparation
P et L IR e R R T e T A P TR R A

act i ve deperidaipeipon thORRthbd B efi@inigetiph AorRgadpleCalit @isefafortns omsabitefor ¥ one
or nore active modified adenovirus (or one or nore nucleic acids encodi ng

t he nodAMingraQaneli¢a syt arg et ljpked &9, pewdwnisbists Pidls. GaptHe R logengey. e
chenot her apeuti c agents or inmmunot herapeutic agents, in a sustained rel ease
fornmul 4008%h. Phaphaciutiyal fornelaiuchs fpagticudad8n oY theusodified vingseo tantsy @repted By C
aci ds encodi ng tge Hnaified adenovirus) is .administered theragpeutically as
a sensiMFPRARC BGEHtcdEASROVITHE FUL8E O MREC BT geidb PRGedipedhe mortied adpayinup)
other Gitinh oK desiedlred BS5ARY G opRGh PhikohBRTAN GE NI Al | RBipicnts
t herapy, 1 not herapy and hornonal therapy.

or stabilizers. Such formulations can be lyophilized formulations or aqueous solutions.

Acceptable carriers, excipients, or stabilizers are nontoxic to recipients at the dosages and
concentrations used. Acceptable carriers, excipients or stabilizers can be acetate, phosphate,
citrate, and other organic acids; antioxidants (e.g., ascorbic acid) preservatives low molecular
weight polypeptides; proteins, such as serum albumin or gelatin, or hydrophilic polymers such as
polyvinylpyllolidone; and amino acids, monosaccharides, disaccharides, and other carbohydrates
including glucose, mannose, or dextrins; chelating agents; and ionic and non-ionic surfactants
(e.g., polysorbate); salt-forming counter-ions such as sodium; metal complexes (e. g. Zn-protein

complexes); and/or non-ionic surfactants. The modified adenovirus (or one or more nucleic
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[0098] In therapeutic use for the treatnment of cancer, the nodified
adenovirus (or one or nore nucleic acids encoding the nodified adenovirus)
utilized wo 2ote2pdsar naceuti cal net hod of the invention &ce/tsdninigver ed at

the initi.al t 00 iy, Adaily
dose r 3558 et RER0Se BlooBRR Rari D) ERLSTbBY TR M g QR e B0 p s
about 20@ctid@ikkgits.or about 1 ng/kg to about 100 ng/ kg, or about 10 ng/kg to
about 50 ng/ kg, can be used. The dosages, however, may be varied dependi ng
upon tg@os'ﬁqul“ SRR S 52%158 b Ga additinaPEYRE chh ﬁﬁn&sgﬁcﬁﬁﬂl i'tion being
treated, and the corrpoung1 el ng enpl oyed. For exan’B e, dosages can be

enpi r i cathythdepeurtivi agents conatdxlie ngomgs, tehkinepeerawth mhegeryodgeanndantdi agnosed
in a particular patient. The dose adm nistered to a patient, in the context
of the 'SFBYW#8Mventi on shoul d be sufficient to affect a beneficial

t herapeutic response in the patient over tine. The size of the dose also
wi |1 bd0@$ erFiermothpoyitivhecamdtiestdanivisteratiafion therapawniic enqrepitylasticaregtneaiite s e

i de-effects .that. the admini.strat| f. t.i cul ect or,
{r ansaRaE D FORFRHST, Eaon dqns drad iRl © s P R Rsting foBre $RENPr oper
dosage (£.91, céhcRBih bCtHetdpcttidall@teFfoetiesdodt.! NAmotihte ciKdtivk foXf thishBe PriR@Epdnidoner .

Cenerally, treatnent is initrated with small| er dosages which are |less than
t he optuphifhcassaityPf theeliscasprmndribic saneerl stefe efrthe pafeengpBendid. iSengloer mukigle by

smal | i pce il - [ i ' _

For. corahfiacts Uhik cobldfiely SUBEN AR ol hEUTTAANAGE: bt £FREAGE: |

]Loor tions reipm‘eddilgnd hﬁerdtﬁ% by itlie steisht. el "ptRAO Y ﬁﬁ?ecpgﬁlr fRqruipdseadbf the @rbaerlat i ons
or use accor |ngt e ltnvention are typlca elivered t a ,

i ncl udillﬁ\genﬁ%gwdaﬁgotﬁwﬁnﬁawﬁ wgw@swmﬁmﬁ@rﬁ% dhyy g‘ét"‘é‘&h‘{gg‘%_ the
resen chiige, Qﬁ? (e : rine,

Iroodent }agﬁﬁégﬁﬁqlégggln%r pha%:1 a dgﬂé(g?ﬁgtculﬁ? lcgtﬁéﬂnsiaﬁlsﬂl? g?\%ﬁ% er{élgdudiuggl}t t%i ne,

por ci neptien\(3 200nD24ASERROTY UpdMit, AdBDGbe mdst Exfampll embp i} thEpetiérdlid owi ng

exanples are offered to illustrate, ,but not limt. the, c| ai d i nventi on.
T5205] rmane Ol hGia sRndet PR b bR s Pigmhiatien Adedb BETRAL AL Hand
t her apeutdnoMTURkkihES, thhabmEeRGHTbY Ry callimkao ARNGEM BRI A bd RN &

normal cells unharnmed. Engineering viruses that honme in on tunor cell
r ecept dargctamgensitine aresplth othee canskeibriapeytic agientaisnch #sed Rl nblastise, acbn@oysini ¢

vViruse have. enog us . potential as lytic cancer therapies. The devel opnent
of ‘oni%ﬂ/ﬁaimv’il?{?gg%"at@é‘ﬁg@%ﬁ@%ehi eved by exploiting the profound

functional overl ap between cancer nutations and adenoviral proteins. In
cl i ni cdPO8% dnothar gebpdimantsy thetragthedsofdhe npentonge pensbined with Offsh §14T ed

prom si i " i Shi y any theory, it is

bel i evgg&%lﬁé{’ 'r%ﬁ?g%gltﬁ%@grﬁ%gﬁ%gﬁgﬁgg’%éﬁﬁmﬁg%%ﬁ ights into the nol ecul ar
mechani that drive tumor. and viral replication can now be used to

devel oﬁa‘ﬂ"sdweﬁmoagb_é%e%dfmn Gelare C_aﬁﬁtﬁmﬁ’f?f)‘?sd?\?é PHREEHBRUING SPUBEr ti es.

Unf or t ynat@htions BE %in%HSpH&ﬁhMﬁﬁ&a@ $o8R4tRNCRH RFEEUBYVE BdMini 4288y rRditheghor t

of this goal. Accordingly, there are provided herein enabling technol ogi es
di r ect edddarowhdreinrpapicdibfyethercas k imegrediod arhgle thiothy oo fillt dvéiva pgants gmuitanevesly
Provi ded h&r ei.n is. a]I n?v]gj genetically encoded, inducible chem cal adapter
syst emEHATRYRIal 45X on o nultiple cellular receptors. Oncol ytic

viral therapy has the potential to destroy a tunmor nmass of unlimted size,
but onll§091  tHesmplations swiebleder erabadraigistretienuean consist off(ekliquat selpremsdsuchragm
one cangert Ghld aniinfhPHy i ck%@d‘ﬁml%i@ %cilh%'ué ANG& ﬁfdﬂ{%@t‘s’) QR a{‘%% LR or
vectors on a single e fPSY receptor Ttor R ReT T upta & PFNPY YRSy

t her ap®®G ¢0(QObesabkiAts, sédhtBIor fdldth) @actheonitAhihy adnetchirmthcdGn@funvof tat actdsi ds
so that infection can be specifically targeted to any cell type is a nmjor
br eakt WREGRNL Thiiguidss selidsi wipayehyr geddting (Q SRISAHORY BF8rapyropfiatcHuihdréfddr ug

EZPST‘}’%HMH&I%I bl Z@a 1St (A Q%ﬁgglu cf:%%eeé poﬁé"&%ﬁ‘ac%@,"su@#b@eﬁﬁﬁn@'t%ﬂ% Tol,

viruses that express a r- capsid protein fusion together 'with
r e- t ar geliciungphosphatds cotnssach,pok®BRarchThésecrystalline scliuibsecgelatél, lcsllaidal

mul tiple re-targeting |igands upon rapamycin treatment, which is rational
and povdicPRIIRy 4G FHSACEm SRS aloabs 53/1_ i g ORE ZYBRE B FURERE: fflerhovel
cancer yhRIQBMuenMObHERYEE. aéeﬁ%?&ois%ﬂi'god%‘%ﬁ!s?ﬁreﬁ‘&@ﬁv%s,rﬂé‘vbﬁﬁé) L By&ompl exes
and entire pathways to be assenbl ed, delivered and co-expressed in any cell
type via adenoviral infection. These téEhnol ogi es allow 'next generation'
oncol ytc viruses to be devel oped that specifically kill p53 nutant tunors

and pre-nmalignant breast cancer cells, and which have the potential to save
the lives of many cancer patients.



A Silencing p53 Activity at Cellular Chromatin [0102] p53 was first
di scovered as the cellular target of the DNA virus protein, SV40 Large T
antigen. Wowew#n43sdespite al nost 30 years of p53 resear ebT/ush@1osods cal

oo ) PR A RSB TR OR0R e

const i tht actiet yndrediqarimaliaced, bg., wtmb& bs scAal pastillys esmprivoygiht attivee i m ted
by highly regul ated p53 protein degradatl on. p53 activated transcription is
tri ggerBHCHiANIBSPHHEEDIE YRk byeEy LI YIQNN P GRS eAngrisaa cBisInSfeshhi ch

st abi | 'aﬁ& d}féﬁﬁm b {aﬁn{gﬁn L&lib 0+ e a&%qﬁg&ledgﬁﬂ b@@&&%ﬁhﬁ gidduction of ps3

| evel s phosphoryl&tion i s Synonymous~w ranscrlptlonal activity
at tar ter el lular chromatin. e i.nduc of p53
"evel sqﬁ@ﬂsgﬂp e adouttor S e Rets %fs%w G Enchaig HE PaLfgha o For
sever alad@timi%ﬁ) Ellaﬁé @pineo%mﬂlﬂh(ﬁloﬁ%lﬂﬂothérr S%ghﬁE 'c@tﬂp@{%tsg 8NP OMh&e AEdSSosoVOM2

ant agoni sts, such as nutli and t del et ed oncol yti c adenoviral
t her ap;fornmlht)on@ 162, thoy 631 bc&a@huiwedu)sto E@ Bdmstbueddzsa inbalatien. pSgosol

transa tion domain and, targe 53 f deqr tio in adenovi rus

0t oot atrudp R < B hRe Al SR e R e R AT s e

t ransf @Edﬂdrb&ﬂu@ﬁl&y&n@nﬂop&éﬂm at, ah@t}ﬁqll&l’l t| cal for p53 inactivation in
adenovirus replication. A AE1B-55 nutant virus, d11520/ ONYX-015, i nduces

hi gh p?éﬂdﬁveﬁlﬁt‘géﬁ f{omuﬁgtﬂcﬁ Ject?il acg{'mfslﬂlaﬁorpﬁl% ut%ﬁ fgr\l&%ngp]lg W@S s‘itgﬁése din
patients a tunor Selective viral cancer era now approved
:c n seveviath aaist dsﬁltas phdkagekm@idic aﬁﬁ@‘iﬂmsuppa,suolrjab&\terSmtaMesmmslmﬁ bEdds- 55k
unctions in viral RNA export, rather than p53 inactivation, |s the j or
det er mithelpe npturakorssaibetic; igly csrifesqrRprafiin &ﬁ%@?@s tIg agddifigptihts aémwsg@fe
found thate ?élétﬁl%&gl&g %Hf&llc@ﬁﬁft JFQ CBfnnga{lle 6F fhelcB @fsdﬁoi fuaaf £d
primary sna ai rway p|t el al I's (SAECs), a physi Ol ogi cal target cel |
popul atbiasm irfobudimg dovooxiampée, ilqﬁlddtlglgncnd@ﬁajcﬂy@h}dmd gyéadnahd pamffet s such as
I\/ﬂ\ﬁ C%cl in G 14-3-3 a, PERP, PIG3, and GADD45 are not induced (Fig
Ia) THER&P AP to activate p53 transcriptional targets is not a tissue
specific effect of p53 regulation, p53 is also stabilized in AE1B-55k
i nfect d80% i rEarpuitionssyytablsi fohparprtprab admigisaation soetcts, &ir capinpleeby al cel | s

but fai.ls to S concl.usi ons _are reached in
a1 can Bt SHGRe BETeE MER e abing R BlrabRETH B oREvd < {2 Che
nucl eusnttdpedtdnBal, adiubt@bhcoub eoutés, G@RIdctaiBesRX RAE HSH-Afucdlis, dBIREE KRAM
transcriptional targets, such as p2l1 and MDM2, in contrast to doxorubicin

t r eat mawigct{om; sglutiogs, ézviucfse?@pconﬁugarﬁ)omdﬁﬁ@sbu@%tﬁ,zbaa@ﬁeﬁ@t@faaxdesom%tth@tﬁénd%ss
of p53 tﬁ'ee% ?ﬁhbﬁ) o o%?dJ\ngﬁ tﬂerblg'&g(?f tﬂg%téﬁtﬁl\éﬁ lrém i tagﬁpefh e&%san'drh (tg[ﬁgo %el I's,

but despite e I nducti on ranscri ption targets ar

suppr esgeitc mspalsmnmtﬂaabarembmﬁé s@@eiuhag agants; eblhbillllzaesthwkbﬂnng5§erttunor

mut ati ons. (C33A,, MDA- MB- 231 and HCT-116 p53-/-, Supp. Fig This reveal s
a fundéﬁ’%H{ZﬁTS wrﬁwr&ﬁw%n@éggwﬁmw tBlrS “ﬁ%ﬁnn%l%‘f’nﬁ’eél%% %lsbeb. ol ogy but

al so p%@m@rﬁ&tbl‘éﬁt foPBxa a@éQ%l] 1n§§47én'd{1§fn oh, %irarllﬁ g&%ﬁﬁ‘%ﬁ& erﬁd{fegl s Ras and

Adenovirus EI'A "activ triggering t X pressi . ARF

i nhi bi tistraviehRally igatutrionglyi, or tnlttethenedlyctﬂamntml guBBnisevteins Hmaldira(nml vation of

pS3 tr agrsn%llst a}tfo?lna%lld 1nta ra %tmsls adA\ nlstratlonoasrte thenprePerreg met ur(ria of agmlnlstratlon The
formulations of compounds can be presented in unit-dose or multi-dose sealed containers, such

as ampules and vials.

[0095] Injection solutions and suspensions can be prepared from sterile powders, granules, and
tablets of the kind previously described. Cells transduced or infected by adenovirus or
transfected with nucleic acids for ex vivo therapy can also be administered intravenously or

parenterally as described above.

28



WO 2012/ 024350PCT/ US2011/ 048005 predom nantly those that retain wld-type
p53, which had previously been invoked as the critical factor that prevents
p53 act i wabi2ore/a2#354EL1B- 55k i nfected tumor cells. Using acmxss)mmmbe

cell-1i p r t | PTG
ve oW RIeAe Hierrefiyictilcel ARG BB MEterkly ARG bl TONF BB Lo
I n noclprépateiohedsubdivided 1h&>vLeﬁﬁdasbmxalﬂﬁ§ Rppreptidte quaditiet bbtheattiARF and
basal p53 activity, p2l levels are still repressed to simlar levels in
bot h wePEPPYPE and 455k infected cells (Fig 1d). Furthermore, in 4E1B-55k
infected primary SAECs, endogenous ARF expression also fails to activate
pS3 tr X i prrefenad phan@etﬁw@ﬁorgpéraﬁons’ﬂ&liser qub 3r ner¢ aaotinvatifet] adenovirus
irrespective of ElB-55k nd Al F ex res n adepovi.rus, i.nfected ceII}s1

[ 0105] ?ﬁ\%ed’érﬁﬂj%n&? garss &t thz} 8‘?“‘?“8?@1’?1%“ ‘éftlfl&a Rgtigsyit
tri ggenhagr Rk mﬁmtb%péha& hgéﬁt@&qnﬂs@bﬁe&@hﬁ@a%m%atﬂ HfstaedrrgRa@ned t hat
the i nduction of p53 levels alone may not be sufficient to activate p53 in
4E1B- 58armuddtennt eypecally sthe arodifiddzad cmArud domayes osinpra hscleicacidls socadarputheed. 1 n
clinical tkial t.ne. 4E1B-.55 ant _vir S O\IYX-.O:LS, sed in

combi vt i RRoyiRofoerumheirapabicaly s fhdeng e HapdIRaRHs ts- ruy

Ther ef gueptiilityesitesoriiels iebth a@mgﬁn&rmlﬁe@iﬁmmgemm&@pyact l vat e
p53 targets in 4E1B-55k i nfected cells. show that treatnment with 5-FU
fails tefigian thetepy gBounetheEpg- a@élborrm@éﬂ@ﬁwzos cells (Fig 2a). Gven that
t he DNA damage checkpoint is disrupted by nutations in many tunor cells, we
al so aned9ss ednpherﬁtpduylc oed fos thenshtid emroifishncat, @éhd madified Adénoatas (drpht onalore

t t d | 1B- 55k infected SAE d t b
a2{ .g\e/ atsnéglre@fc eiﬂ? v%%h%gﬁm{lﬁ?cg <g>59Vlﬂ|§§utlhffe§dp 'él{]q ﬁ%ﬂ?ﬁ?ﬁbcaﬁﬂa it Caﬁno ©
doxor u l?ﬁ\%'nﬂoﬁ Eﬂe%d%mt&e@a@ e itfi81 &‘&stagé/ gt é‘tﬁ’)ﬂt €bo pﬁ%gl{%lto T $3ROIHH6 nﬁé?k%&% &-KZ

damage i s nedi ated via kinases, such PKcs, CHKI
whi ch mhdammsykmge 0[55601310 (Heqlg/kg:w dmmﬁSO(Fnrg/l@;anmoat Ophng/bgmwoalwﬁih of

p53 at d t , |
SO M A L e TR AL R I v R T
pr oot amhg.-doddpRs, GoWeQer, tah GBS ThREEd %}ab@ﬂlefr@que%nfsadﬂtw %tféﬁt BNA damage

Riia
to activate high p53 [evels in %—55% Infected cells is that p53
phosphegvdariay pbicicandiipmbeing memd,emd ithe eanpgunil heagteimpheychioweyeyemppeye n

w t hout, the intyr oductl f exo ou eng@t oxi c ess 53|sar

i ghty daitsen Ft i antefly G e PsPedfoe pierant pBE o eREr e ReRF B ¢ s

target @drtwla%@umnm@d@s@taumﬁﬁdre&lt@ apetertihghP2€ontext BOhe préseﬁhﬁvabﬁ)ﬁnce of

E1B- 55k oncogene and e signals trigger both the stabilization and

phosphehguldop é%ff@fenb@@ffeﬁm bers 161ad Bictapiedtic 1esmNse inthe Pafigne awrylm% eFle @z

fail

o127 0 SR SBSI AE T B HEBHREEY BY IBTbRLorRENRIL A SlhPot AR side. - 0
E1B- 55kffed®hiat bedotgaan thel adadhistationso fpgRirticulade ooy, ot ltmnsdil‘cﬁtcteéuypeinl &.

Nut | [ | | t i st of t hat hi bi t )

D ! nSistlar RBqDEET B Gr PEGC QENIos AEePB IR A St PHSIoPds FfGia R pBl: e
celI's, SR ARtk Q@eﬂalgﬂ\/@atﬁéa RindiB@why sk &bs%s'&m&paétl 'tllldnztﬁe p5S3
further or 1 nduce s 1n 2d) .

E1B- 55k infected hese
r esul t ®pamancdoss io$ tlermrrwotmd t Recredfter | the ddsagt uriscrofiscARE swﬁneorpme&s unotml to

t t 31 B- fected .U2 . Tak
Foget hdie SipR a5 qRAT IR ASENERAS RS Mo SEMeBITOR AN RO O FOREBMaps3
target pRIINTBEERIR ddtniRBicRA ih PBFRRS brihdtRAIBNOY HEdedi nfected cel s
irrespective of p53 induction. The histone deacetyl ase (HDAC) i nhibitor,

tricho S eneral ranscrl i on activator . that, i nduces
t he exg{r)@g;l oﬁlecﬁ-ganéicetﬁca? pﬁraggnsnu use &° dﬁl rqléee nlve]imon Ye rt'VéDSS tﬂ YI'n nmock
i nf ect eldlipirtd® ymahlas, indl&ding hdm@ﬁaﬂaﬂonﬂiimﬁeﬁl&ﬁalﬁﬂlalsn qiecmemdﬂm tym@falg53

stabilization or phosphor%ll ation (Fig . In_contrast, in_ AE1B-55k
i nf ect digaiedupigg thageseat msthogs m&}w@éiométhaﬁeair@em@ I5(i orragmepfeline, murine,

rodentia, and lagomorpha) and agricultural animals (bovine, equine, ovine, porcine).
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We concl ude that p53 transcriptional targets are dom nantly suppressed in
adenovirus infected cells, irrespective of E1B-55k, and cannot be activated
in resporso 2br/madvat i on, genotoxic drugs, ARF, MDM2 antragarseeit®48en5 HDAC

i nhi bi tors. Lij‘"% g this mechanismis inportant for understandi ng not only
p53 activation put also how it could be mani pul ated for cancer therapy.
[0109] Qur data strongly suggest that there is a previously undi scovered
adenovi[0 HI0] pritecioHowhatexamplek iancadf&sed oI lusicheq dnowottlinaf thetBimb irsatigab 3
degradation. To test this, we used a genetic approach, and screened for p53
acti vatpfyy)i nrikd ﬁ%rdésge%%eédw{oqa&ﬁffy%mla@sie%rm 388 tﬁe?@geuh@mdmmgound
mut at i ons |n E1B- 55k other early viral genes upp.

di scovéhadondiativdly abldi dancan celds blg |1®1tVI3 mgrrEall I@E&S\kﬂhatrhed IEngmeon‘ingwmseas thahe 13s

splice form of EIA 1A-1 E4- ui.red to activat 3.in
denov PP AP 8P TP ST - 8} oo B 1SRRG S e guE e GRETRe

E1B- 55K;irugst¢ RN dnuﬁn&ihcpw@ﬁlat MOyME EdcePthOtaBicR ST RN elopaeht dfablcoPait | S
surprising, especially since EIAis a potent oncogene that triggers p53

act i vatvitgpesi parcled aahicyed by aﬁ@p@mgélnq pafand dirsionglpvadembstveers cangeraaniabions t he
alternatjve 13s s Lre t he ct|v n of
ot her eé}‘r1 F‘@%’F Y p%%ghngsf %llr‘%%:% i gﬁﬁﬁ g% 3&’69 gﬁ)‘)ese aﬁ%%rse o eemons;f‘mj‘68
hypot h@m@gmgtdﬂﬁ&acﬁlwﬁhaﬁt WwiRRigE ity B¢ Bsurd®3 atmy thfﬂﬁ*yl at RO ctivedakpriRsdiricnl of
E4-ORF3 in viral infection. Consistent with this hypothesis, we show that
in conWﬁ@’ten%al)&ﬁnft?mlgﬁlﬁén@d%B’loéecél@f)%@4%“&)‘1113 l‘mp@or andsyirali ci ent to

rescue, lﬁﬁ’]‘% ﬁ@é 13s
i nfect e ce %85 = g\;gﬂ%eh%g%eﬁ ght ﬁe@t%ﬁé%ggfeﬁﬁgﬁﬁ %ﬁd%ﬁé/ n
AE1B- 5pkdphidesOBRBrimoately peyves celliclolagidue ehglnédn sugiavitusad fatichont af thosgedl.

E4- CRFS in.tran E1A-13s, whic does n ur i.n AE1B-55k/ AE1A-13
co-i nf P]ES’%PE’(IYS E%e a @031)165’ ﬁ@ﬁ@eena lszs‘t?éﬁfcﬁ*?ew ﬁfylm%%@lds

i nduct 'té}QetﬁT &tl@%%SP&QI&M hEkh %%%dv@lagéﬂe‘ﬁ%&lﬁserﬁﬁéed MhAREHROVI rus
i nfected cel% S VI a a novel E1B-55k i1 ndependent “mecharism [0110] The

pr opos @herp'&al ftdam@r sysedre dtai tirgaps offective td@llB;;&@kelbl&ﬂmtoﬁpms &enlyic virsl

th based t | d
b o P dngrd B G et Sty b RuB e e Db i e bt ERs S

Al t hougi H@@m@m@a&ldhﬁf&a&es@mlfrd@@ Sn@&dnicMi del th BnAEIBTREK thdter&icedrcel | s
conpared to wild-t ge virus, here we show that the additional deletion of

E4- O?F$>T¢V30%@@é1$0§’ali‘d vécters phe singdrued vk resepios forithyie pptakeolimits theirttherapautic
transcrl n S i

i oot RRnR" AR B U ARy G ldne iR KISid TG RHERDn g b ofcifcanty
requi r egtgtted aciyv@llayRbis atrgosireaahioapial THigds gehlsvedalndusﬂﬁge@ ki®in popeity bh

AE4- ORF3 infection where p53 is targeted for degradation b E1B- 55K.

Fur t hertBRofa@cCrsus WY RO BeREIckT o gatsPTotRIs Avth KsBY and BRBrAmain (52953
transcr, I | 44 I

apopt ool BN expLapLer FRE ARLTGrGEN fOHFIReBLE £3h o EEIRAIGG
t r anscrto{pKiBR). Biicss mmsqs&ifed:ta:tegetzm mdtiple r&$argétﬂng legaddqjmmnaapzﬁnydnmtreatdmnt i on

of others, such. as. PU . I.n c 53 transc. t| onal

t ar get SVhi¢hys aptionat P@Jg@?%%gﬂ CPRAIEHPBAL T %% SRR S ﬁ‘&teé}avelst ate
MRNA | @ygles tli%‘}apggﬁloli‘&i%{a Iﬂ?ﬁ%@'té@ﬁn&l@@i‘%s elgﬁ%uﬁf ﬁrof@ﬁ C@[B lﬁ%seaqldl%)itl@ O?FS
(Supp. Fig 6) 3-null stable cell-line

ponast gatimays tujlnn:asbﬁtreblp@ﬁie(lmrgd Bed emdxrswpd iRy C?)I ty}WeVls Iad»wowhalt lnfdQEOIl
e e o ARG RN ek BT TiRg PR EoRE] thd dcifiealiy ifl
p53- de At EntE wot ot hé ’Fegseﬂ?rta 8‘? é‘FS [PEHOCT G5t T '8RaT hALWeGAET

the absgp @ﬁltﬁft tlEAorORES preShBEEh Al BRAst LAn ke ki, BxPWBRE havdh3 petdiial th Rexe

experinments al so denonstrate that E4- ORF3 does not inactivate p53 by

i nduci e byesef meny gengssBatiysls. ce forms. We conclude that E4-ORF3 has a
critical and novel role in inactivating p53 that functions independently of
E1B- 55k and M53 diigneidapSdctivity hi CelartChvomatinr us proteins, such as

E1B- 55k, 5V40 LT and HPV E6 generally inactivate p53 via high affinity

protein tein int tions. wever, contr ryt this establi

par adi dﬂf 1 RS oo 2 SReqear (e OE m&us PrQicigy éVii-(Eferrgsr Thor e,
in contpasty tiowkR: Qfékplte%n%% ﬂ%%f %@B ré‘s@aﬂcM@Q@t‘i@a‘P ERJratat &ét&lﬂnﬁé?’ in
| ysates ffomeither virally infected cells or cells transfected

epi t ope tagged constructs. This suggesf® that E4- ORF3 inacti vat es p53 via a
non- canoni cal nmechani sm




[0112] The induction of p53 | evels and phosphorylation normally drives p53
tetraneri zation and confornational changes that facilitate
sequence-wWpeeiFi2e3sDNA bi ndl ng at the pronoters of regul acedsgenessonher e it

vor sus ol oS SBEL TS AL S AR Bt e SR RS Ay

i Munopoatalictlaivhor 1tMabfiV1ﬂ§DiSQEduglhaio triirmiatlyy llﬁgbl Jregtﬂatvepsyprol%@ 240

respectively, In_both AELB-55k and WO 2012/ 024350PCT/ US2011/ 048005

AE1B- 5EREAHIRESS pipateddensiption ipigesisd iniaspRIlE éb?l}ﬁog%&eé&n@ BNt dppagsy py

PAb 16 ) SRSt J2N6h BE

domai n% Pgl?%hggb@g?ln%at ;ﬁon tgagtfﬁéh g@%{he%g FE ?th% :ﬁgdg to %l\}%ﬁtarget

si t es ilevetsednldylhasphorydatidneis Synohgynfour @/tlﬂlqﬂéltltaylsd@ttlena‘han‘evm}f atEEdrg@?iEBmptem/mnt S
p53 DNA bi ndin we transfected U2 lls with p53 lucife orter

D1 asm d&Ty RS AGrE BECHra g sode G el oA SR RE b at os

luci f er,ag e the aIRmhlcRb) QReral HRZE: BURBICS, nﬁah&nw@dlﬁ?dnf&argeﬂoteywr&@g%ur ing

luciferase activity in real-time over a 48 hour time-course of viral

i nf ect IMRMZantagonisty, syBid-nutle, hied ths & 1BepDy dadeted aarplyBRdeno\ged therapyot er) is
activat &o imlar levels in all viral infections (Supp. Fig 10). In
vmldt;}iggy Q i nfected cells, p53 activated transcription of Iumferase
is inhibited after 24 hours (Flgq whi ch is expected due toﬁp

degr addf1®h (Aigoyieys E]Br58k hinds thegééitaawflé@t oniand ipegesp33fopot h
AE1B- 5%% Qld%ﬁﬁ%?ét%vt‘&g%f%é%éélg[ﬁ% 158fd ds(f 'f@01é11ﬂ)to 1n-£htﬁt ?W{ﬂcctellglgr of

| uci ferase activi y requires sSince a pronoter wth a

mut at edrapﬁBrrﬁﬁBmm’S&@Is ahe mhbu@bod lbeSchﬁﬁcal foe ps@ i tvabhiir hdghovirhesplication.
experinments _denonstrate that FE4- ORF3 daoe not1 g mtz)cite wi th p53 for binding
88>

to congeASEE-DRAENGERSsELLRNERY TP 1 priddushit %Yﬁ%‘dp|Htft3?t6<i8‘i’”5a9tlltktlét| on
of proRRLerENYR_ 65 QR Rsted attfehtsl% %@p@ %Hots%ﬂetate V8 cahid 'tﬂe}‘alﬁ/fan'é‘ts &3 to

prevent p53 activate tran cription ogenous targets but not ectopic
| uci f empp@vedporeyenal q:]juaHmS(ﬂBOW ihnd)\lm as Bneoroel).| Bowasvedithd losubf EtB-56kconci | e

Fig 4 Pl as S not ect t.0o the .same archlt t ur al ckin
Conct r MicrionS B GRARNM bRrdtorab b b Ac SRR oy bh e icgaprsi SR EREC M9
chr omatsisR o fBALRRIRYG6Y. [ dndhiyoB x & tidmd, \Xz@fdﬂﬁﬁ etdmeodgh 54 a‘e’RFn%n%efd [;tl\lgl@ ally

prevents p53 DNA binding in the context of | ul ar chromati n.

bi ndi ndeviels inayigd-58 tné@tadrprtrh@’ypmll(as'wamulﬂ@ehaécftlle)(SéE@sN@mwm mbrs is

i nduce on,,dax treatme t and 1B- 55k/ Al 3 |nfe ere
1 ot yHR e SRR B Pt B BB R e R bp e MM

cont r agtycliald, hawgh cpBBRP sP1G3d hltf&dADDéBS drt hatrmh@oeal(slgl 1) Al Bk 16 BétRated
cells, we show t hat E4- ORF3 prevents %53 DNA bi ndi n? to target sites in the
p21 andS MRS D8RR S3TECtE I Rptaisgucangci8e spectmf @53116)%11 a@@ﬁs@i%ué alsp ytabilized

i AcL i S SR dnt Bl oy iRy pi g RTR b bl AR 8l o AU LRSI TR 063
bi ndi ndgndue @BJA(S@ngig Bi $iadlas peaildsianlaryreachddie AEA B £5& UDO S cahdrudeds,

chromatin. [0114] reasoned thgl p53 DNA bé};gi n depends not onIy on t he
n

pr ot ei IVHEEHPDY %tctuaﬁi trhighsfevelgen Hegpiclsys g 1 btq friggerghe exprgesion of
pronot ?lro%n's atnbﬁrar?s@h ﬁﬂlﬁ[t Igﬁch Qﬁ)‘ﬁqla‘ﬂﬂ mi@' IV cdh%‘%tl t@*tdggorg&'aﬁlstr@a'trﬁent
eplgenetlc y sil ed |n iryogenesi s by théir conpaction into

het er o¢higolratnd rBupp tfag éh)yTlpscedrzEmtiemgnsat@teehet tholoss papiScddgpidaton feagltoin Hnghndl ng

i j Ils., Het f th f hi st

oot ot o8 S ehin Sen i SCh R Rus k8 SRE T BS s siel ey il et s 05

hi st one, g8t B @Mﬁ BsctBé K SimiV¥e chieRPLshBS iR @elllinad whH p RESnsanhighidRICB3 Xat e
e

p53 by inducin terochromati n at endogenous target pronoters, preventing

access MBARBIB-2Hosrsh HEEN 1 6wiSBH-.tSpB., Flgﬁé Thl%te@n%és 8 éenslemphtabgar intaubi t or ,
TSA, fallst0|nd ce n rlma cells (Fig 2d). From
(s winiSirePabR el g A Bkl o TR0 b PO BT o ot er o via

mechanismthat is domnant to the inhi b| tion of histone deacetgl ation, such

as hi sl®HYI nefAlplaaaperiral epcpggiearsuch peRapndradanowisiyl hbtact vate Pehby ng of

t unor ion
of hi st§ Ilcf)gée F—ﬁg%ﬁ’ée %?%8 03%%85 T@L in MCZ? fégﬁhlo?%%éﬁ%r rclttlﬁgto E@ i‘%’e:vgln

( H3K9nesd ahtyvaﬁbNBBbﬂ:S andchEaAHArdon IART shest én 58%odhiumen amiodrs, denti ty and
have redundant functions) also plays a critical role in inducing the

conpaction and transcriptionally repredkive characteristics of DNA in
pericentroneric heterochromatin. p53 localization is




i ndi stingui shable in AE1B-55k versus AE1B-55k/AE4-CORF3 infected cells (Fig
4d). However, in AE1B-55k infected cells, where p53 is inactive, dense

regi ons OWOHBMQHESOrepreSS|ve heterochronatln ar e i nducedTrats2eathm4gees i phery
of the I Fi f our. _known

et hyI ?%&%S Eﬂgar%lél thcgste t?’&g n%iflﬁ)&) "[syp @wh gl I%?laotulglg/ bec 1? M Eed as tHe fmgiﬂ\/Bng

and SWaQbixhaIpretauts pﬁetact“pEéﬂaBJm&Mil@r smafec&rdauﬁlpeeelfsl U@hgy ROt edlw t h
the formati on of de novo H3K9ne3 het erochromati n. domains i n AE1B-55k

i nf ect 4@ ARRA Wild-tmegARE) negative) fiphtehi ARE Sregikisd hx/ﬂéTgsgveéhoaff it Akome3
hetero i nock
or - at S BT ARERR3 EAUAS,  Fichy RO i ESK e QPG NBughbREl, T2
denons tdlesqﬁte théradu EbnORPR F anﬂuhasal pﬁ%\/@ltlvﬁjd\p% Hﬂvedmaje SNV Btk s ¢dBIeS e Bar

het er o rmati o 3 ,.access enous .t ar get
or oot S ol feang i B go e B e ES i SRS SLEHPRES  The

I nduct ipgiha9§ sAeerse&ﬁbg&ﬁ@%@@%&&%ﬁlam%sﬁ@ a@BEa3 Hg§3 H%scﬁﬁt%&ﬁ'l ghgds Wi th a
gl obal "upregul ation of either total histone 3, ch are at

si m | anFigehag| Busrp3Pos knachEi®l, m%paﬁwem@mwﬂm mgxprygmreg adFiqyi®a) . | n
AElB-SSH%éRé %fFS infected cells, we show that p53 binding is induced at
p21 and” noter sites (consistent with Fig 4c) while H3K9me3 is at
| gG Ievels (Fig 5a and Supp. Fig 17). In contrast, in AE1B-55k infected
cells, nel?,lgfesdamgeé@aalétalw YR itiga HroMDmRCBF SRS s e MBS bi ndi ng i s
preven L egi on
and i stpﬁg%pho l%t;b?lc%%é) (P[ &IEEJS@ Ii?taﬁ g&g‘? %Sb%dﬁld&g%l Hﬁ‘dé(:t psltéhgvels%ign hus,

in cel Irlsayembeslsﬂﬁn@n%me pbhar AE1B-538R inflovted salscmdﬂaheDdeaﬁg\aemmSS
and H3K9n93 at pronoters. The sanme concl usions were reached

p53 re
for addft? %%ﬂquﬁee In L%ge% éﬂ%ﬁh@é@é& 13k mgtand K, QNP Ly veasiused I ne| udi ng
GADDA45 | i t
non- pegCTRAfion (i Sfico e ohothBRnich! el s S Hhorqy B TaR el RS 8
AE1B- 55¥hcthef @M dametd sgdnpanectssay makivaSypdp targety leISEdiBeﬁSkafecMﬂ)cells

2012/ 0 P US2011/ 0480 H3K9ne3 . i.s r ronoters
- AE1 A S SRR GRS B0 G B 19 508 gBaAR A Do Bl e ageiby B8
rest r aion) @lioQpdhaBEEINY H@l%@g@éﬁebyﬁotlﬂt i BisMipk HglKlﬂ{rlrgagahm mME 6RBELYUMewt hat

E4- ORF3 |nact|vates p53 by i nducing de novo het er ochromatin’
si | enciathg aaelypghprimpyerliproddemonstraimibatp Bhrasogyonaldnigets, arpgdaningnihower | ess

t t te th t ff t

of Dt SHOETRO TP or FEBrURe S S HARIHIn BeATS i HAearTPg (Sgap) LV "
rel ati V@hyaRorSuyp Unges 8t @RdrubliH$Fig Rl or question is how is E4- ORF3
directly invol vedpln i nduci ng repressi ve H3K9ne3 heterochromatin at p53

Lo D BTV Eleriiont st 3F BsPettse FEONIE st &8 8o B Bl G Bh sy ¢ na

E4- ORFATMIMATRADSA PRes f OHRRtah@ CTHK 2, d@lmmsb@é?me&pﬁateepfdsf@e@tﬂoﬂ donai ns
in both AELB-55k infected tunor and rlnarg el Ot hogonal slices
1S

t hr ougl§xeHBlenphasalhgyylatior af P hritsce plages MRMp gtevpRiitg PXdj acent to

H3K9me S C

e SRR phb B R S S PR RPN SRRt o (i
5b-c, @nEm&uppPThérefpre@- p2>191b1e ldspllagatfungbr ﬂlefalluré bf)DNvodeirﬁ@@I to At EVaBSKigh S 3 we
shOM/that E4- ORF3 f or ﬁntlnuousljfaffold that org zes. and, s eC|f|es

de novoS\sEtIB AT R-orkatn; ff?%ﬁisfse opRheidatiqnyis e He itor i) vaigh indgstign5 )
These ‘i?&x@ev@?%@&?x’}v&ﬁ&ﬁ tie ﬂ%&%noh%kexé 501%4 SBeRid g@reesr 9%511%5&“131@@%9”93

het erochromatin silencing a targe pro ters. Furthernore reveal
an ext mphospdiondatyd musE 83155k mabcbtecﬂ fritnhnt cotls bhenltipld dids tagetekby DN?g damage
architectural, feat t or nlze cel DNA or is vi ral

Const  dCiTe inges [ gst d e ro B aiaet i Bechrbiy e BePNR Gt heer s
[0117] tihes Sodiahe stabilizAtim ﬂaeﬁbgmrﬁ%&&ftﬁe BRRIetileqhisYp33fis BfbiSEREadly
silencing for p53 targets as well as the obal consequences of such a
machi nandroandoailg el dctivate thermemptm | rdowmsiefraef olfegtors.o det er mi ne t he
specificity and gl obal physiol ogi cal consequences of E4-ORF3 on cellul ar
transcription, we perfornmed genone-w de expression anal yses on primary
human qui escent SAECs (Supp. Fig 22 and 23). These studies denonstrate that
E4- ORF3 is an exclusive player in the g#obal transcri ptional changes

i nduced upon viral infection in quiescénat SAECs. There are 1730 overl appi ng
genes that are up or downregulated by a log fold change greater than two in
A55k and A55k/ AORF3 versus nock infected SAECs, which are simlarly

regul ated and reflect a conmmon transcriptional program (Fig 6a). W show
that these global changes in gene expression are associated with the cel
cycle and E2F actlvatlon mhlch IS expected due to t he |nact|vat|on of the

e S B Y . S . . = oA A —yr . o o o o



E4- ORF3 i nduced heterochromatin silencing, as well as the scaffold it forns
t hroughout the nucl eus, does not affect the global activation of cellular
transcri pyve 20reduessd by viral infection. [0118] To defi neCrhis2¢endesnos

speci fi y r 4 - =

AE1B- 5 ﬁﬁﬁhf e\yé}t%e ?‘g ?gedggl-nﬁggbsﬁﬁgev%nﬁ ik ?5;‘19 lﬁgi‘bﬁs???ép% (HQa?’ts}s%f i on of
265 gendsndwruaidfeged edld. Whdingea efall W€l camtazonidt éEMBMBkhalt nfhaﬁtsedDm | s.
To estimate how many. of these are likely to be regul ated 53, we used

two cr .pééﬂoiréhn&%@tb? Hlapiien offpSSsiseBdati. s eontat tﬁlmﬂﬁkﬁ@feﬁ‘ieﬁé@lﬁ’ thet hei r
pronot YRaS I at ed
i h 1R RERE LN p i AR Py AT RS R0 SRR P e Seb i
differ e&ﬁllBaBSlymtﬁq@ltceigﬂAECe@lgéd)aghaseereslﬂﬁmc@cbnsmtmewh tisesitdanfailiiierofayRE or
have predicted. 3 bi.ndi ng, s he f rgnscri pts upregul ated
in resPSHSEPICH PB‘C?’SW %ﬁ 'K%‘Qggl?’éfﬁ %@WWP%C Ud v@’? known p53 targets
(MDM2, FAS, PIG3, TPS53INP1, BTG2, LRDD/PIDD) that are associated with

growt h [0 HHE] bi Faken tmdleapmpﬂ@tgidsmasstwé& thagie trovssiriptiona @t:tsva(ulelmleli PSRMASET,
JI\/IJDlC) and Supp. Fig 24).. T 76 U t hat do
ot havEoay Bhds bR aERR el ebFy BURg Ao BB R EEOR e ponee
t o nut lhigfoncAlcRedtNuey((FHMACY Sihshik, thiéhostin3 (BN, a&f £eknkf2Aa8dckptiondl Betivaadres
that in addition to the p53 pathway, there is a significant

overr eﬁhaéwawléﬁxmssgéh@fﬁdigwp aepuliinihothangaha mﬁS)atIn grockdnfpetpd  as

t / 53
o one TRELLL, FSTELLOR) ThRaifhArEARaTR b okl R GBI
whi ch i(Bigcaisihsbetndst vih NE 1BAgSKin@ieted odif,eSA fels te plducathi mnsn‘nptlon of p21.

AE1B- 55k/ AE4- ORF3 (Supp. Fig 25). [0119] The concl usi aons our study

chal | ey censdidsdhpadrap tréggcmgpnﬁﬁargﬁfé@r IP%FHLYdUPBWS%fHdn 6@%@;&%& pfeetidon i s
tant a”QHlE§ it & Qé%e%?tﬂl {3k, aﬂﬁ‘&e&?oi@e éc'ﬁ% e%@onfs@'fo I%Ei’a%ﬁ eﬁé%xicac{rggst ed
cancer ther apr es. Qur ata reve a nove and nant nec a%n sm of 3

i nact i VRRF MDWant@mmstmrd{Dh@ inbibgetse Deping éne hicchaiidne idimpgrteit fpb3 t ar get
pr onot er hupan ce i denti f VI r al ORF3,

P ch foRsatiRb pel Sy BRT o h atindbusiden BT tspdidds Tt s Bthoed oot s
SUV39H1/ 2 H3K9nme3 het erochromatin assenbly at p53 target pronoters to

si | encd0HB3 2w date sepnghyatugeest frat therd in amesporrheundiscgeered esenovanlproteonigeni c

cnonar dbiButEhss BRI of vgBncd SHAR3ER RN Fo SRl S AR S sr i ba
t r anscrpplobei)ahd chras@a ot pratacliatium i Phineirp adiBahfeeRl Mithaddcasdriéey @bt have

replication. ({_@120] Adenoviral E1B-55K targets p53 for pr ot eosomal
degr ad&PmeAYNHBREYeRs g FoRFgandriber e\a&vevgrag%lei% Eﬁj@ﬁ et Wy dbscorrgd §BKiny

2 e aRgiBRh ALAE! £ AETRIRL By SPUer IR IAShIK Bn OF EPRI(R ) A Pl AN

E4- CRF:? are necess 0 ac |va In a ovirus In
Appl i cORFFisstquiet ue anttlvamb&‘slmgdmlmatnfmﬁctam(dl(ﬁg Jag\@urrfendany that, tohat an
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AE1B-55k/AE4-ORF3 co-infected cells is due to the partial activation of E4-ORF3 (in trans) by

E1A-13s, which does not occur in AE1B-55k/AE1A-13s co-infection (Supp. Fig 5). Hence, the
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mRNA levels and steady-state mRNA levels of the housekeeping gene, GUSB, are not affected
by E4-ORF3 (Supp. Fig 6). Using a p53-null stable cell-line (H1299-D1) with a ponasterone
inducible p53 (Fig 3¢ and Supp. Fig 7), we show that the induction of p21 and MDM2 in AE1B-
55k/AE4-ORF3 infected cells is p53-dependent and not the result of global transcriptional
activation in the absence of E4-ORF3. Since H1299-D1 cells express a p53 cDNA, these
experiments also demonstrate that E4-ORF3 does not inactivate p53 by inducing alternative p53

splice forms. We conclude that E4-ORF3 has a critical and novel role in inactivating p53 that

functions independently of E1B-55k and p53 degradation.

[0111] DNA tumor virus proteins, such as E1B-55k, SV40 LT and HPV E6 generally
inactivate p53 via high affinity protein-protein interactions. However, contrary to this established
paradigm, E4-ORF3 does not co-localize with p53 (Supp. Fig 8). Furthermore, in contrast to
E1B-55k, E4-ORF3 does not co-immunoprecipitate with p53 in lysates from either virally
infected cells or cells transfected with epitope tagged constructs. This suggests that E4-ORF3

inactivates p53 via a non-canonical mechanism.

[0112] The induction of p53 levels and phosphorylation normally drives p53 tetramerization
and conformational changes that facilitate sequence-specific DNA binding at the promoters of
regulated genes where it recruits transcription co-factors to activate their expression. An active
versus inactive p5S3 DNA binding domain (DBD) can be distinguished by immunoprecipitation

with monoclonal antibody PAb 1620 versus PAb 240, respectively. In both AE1B-55k and
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luciferase reporter plasmids (p53-luc), where p53 binding to consensus DNA sequences activates

luciferase transcription. These experiments were performed by measuring luciferase activity in
real-time over a 48 hour time-course of viral infection. A control pGL3-luciferase reporter (non-
p53 target promoter) is activated to similar levels in all viral infections (Supp. Fig 10). In wild-
type virus infected cells, p53 activated transcription of luciferase is inhibited after 24 hours (Fig
4a), which is expected due to p53 degradation (Fig 1c). In contrast, p53-luciferase is activated in
both AE1B-55k and AE1B-55k/AE4-ORF3 infection (Fig 4a). The induction of luciferase
activity requires p53 DNA binding, since a promoter with a mutated p53 response element
abolishes luciferase activity. These experiments demonstrate that E4-ORF3 does not compete
with p53 for binding to consensus DNA target sequences or prevent p53 transcriptional

activation of promoters in ectopic reporter plasmids.

[0113] The ability of E4-ORF3 to prevent p53 activated transcription of endogenous targets
but not ectopic luciferase reporter plasmids in the same cells is difficult to reconcile (Fig 4b).
Plasmid DNA is not subject to the same architectural and packing constraints as DNA in cellular
chromatin. Therefore, we performed p53 chromatin immunoprecipitations (ChIPs) to determine
if E4-ORF3 specifically prevents p53 DNA binding in the context of cellular chromatin. p53
DNA binding to target sites in the p21 (5* and 3’ site) and MDM2 promoters is induced upon
doxorubicin treatment and AE1B-55k/AE4-ORF3 infection, where it activates the transcription
of p21 and MDM2 RNAs (Fig 4b-c). In contrast, although p53 is induced to similar levels in
AE1B-55k infected cells, we show that E4-ORF3 prevents p53 DNA binding to target sites in the
p21 and MDM2 promoters (Fig 4b-c and Supp. Fig 11). Consequently, the induction of p53 fails
to trigger the transcription of downstream effectors in AE1B-55k infected cells. Thus, E4-ORF3
inactivates p53 by preventing p53 binding to DNA target sites specifically in the context of

cellular chromatin.

[0114] We reasoned that p53 DNA binding depends not only on the protein conformation of
p53 but also on the accessibility of target promoters in the cellular genome. Developmentally
regulated genes are epigenetically silenced in embryogenesis by their compaction into
heterochromatin, thereby preventing access for transcription factor binding in somatic cells.

Heterochromatin is specified by the loss of histone acetylation and induction of repressive
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11. The method of claim 10, wherein the cancer a p53 rel ated cancer.
12. The nmethod of claim 10, wherein the cancer is lung cancer, skin cancer
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heterochromatin at endogenous target promoters, preventing access to p53. Consistent with this,
the histone deacetylase inhibitor, TSA, fails to induce p21 in AE1B-55k infected primary cells
(Fig 2d). From this we infer that E4-ORF3 inactivates p53-regulated promoters via a mechanism
that is dominant to the inhibition of histone deacetylation, such as histone methylation. In cancer,
the aberrant epigenetic silencing of tumor suppressor genes, such as pl16INK4a, is initiated by
the methylation of histone H3 at lysine 9 (H3K9). The induction of H3K9 trimethylation
(H3K9me3) by SUV39H1 and SUV39H?2 (which share 59% amino acid identity and have
redundant functions) also plays a critical role in inducing the compaction and transcriptionally
repressive characteristics of DNA in pericentromeric heterochromatin. p53 localization is
indistinguishable in AE1B-55k versus AE1B-55k/AE4-ORF3 infected cells (Fig 4d). However, in
AE1B-55k infected cells, where p53 is inactive, dense regions of H3K9me3 repressive
heterochromatin are induced at the periphery of the nucleus (Fig 4d and Supp. Fig 12). Of the
four known methyltransferases that catalyze H3K9 trimethylation, we show that SUV39H1 and
SUV39H2 31, but not SETDB1 32 or G9a, are specifically associated with the formation of de
novo H3K9me3 heterochromatin domains in AE1B-55k infected nuclei (Fig 4¢). The formation
of SUV39H1/2 associated H3K9me3 heterochromatin domains requires E4-ORF3 and does not
occur in either mock or AE1B-55k/AE4-ORF3 infected cells (Supp. Fig 13-16).

[0115] These data demonstrate that E4-ORF3 induces novel SUV39H1 and SUV39H2
H3K9me3 heterochromatin formation, which could deny p53 access to endogenous target
promoters. To test this directly, we performed p53 and H3K9me3 ChIPs. The induction of
repressive heterochromatin by E4-ORF3 is not associated with a global upregulation of either
total histone H3 or H3K9me3, which are at similar levels in mock, AE1B-55k and AE1B-
55k/AE4-ORF3 lysates (Fig 5a). In AE1B-55k/AE4-ORF3 infected cells, we show that p53
binding is induced at p21 and MDM2 promoter sites (consistent with Fig 4¢) while H3K9me3 is
at IgG levels (Fig 5a and Supp. Fig 17). In contrast, in AE1B-55k infected cells, H3K9me3 is
induced at the p21 and MDM?2 promoters and p53 binding is prevented. At the p21 promoter,
H3K9me3 is also induced at the -5kb region and is not restricted to just the p53 binding sites
(Supp. Fig 17). Thus, in cells expressing E4-ORF3, there is an inverse correlation between p53
and H3K9me3 at p53 regulated promoters. The same conclusions were reached for additional
p53 targets repressed in AE1B-55k infected cells, including GADD45A, FAS, PUMA and PIG3
(Supp. Fig 17-19). In contrast, H3K9me3 at non-p53 regulated promoters, such as Actin and
POLR2, is not induced in AE1B-55k infected cells compared to mock (Supp. Fig 17 and 19).
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Basal H3K9me3 is decreased at these promoters in AE1B-55k/AE4-ORF3 infected cells,

suggesting that E4-ORF3 may also restrain global demethylase activity in viral infection. We
conclude that E4-ORF3 inactivates p53 by inducing de novo H3K9me3 heterochromatin
silencing at p53 target promoters, and with access denied, p53 is powerless to activate the

transcription of downstream effectors.

[0116] The induction of heterochromatin formation in mammalian cells and cancer is still
relatively poorly understood. Thus, a major question is how is E4-ORF3 directly involved in
inducing repressive H3K9me3 heterochromatin at p53 target promoters? E4-ORF3 does not co-
localize with p53 and forms a distinctive web-like structure in the nucleus (Supp. Fig 8). We
show that E4-ORF3 demarcates the formation of de novo H3K9me3 heterochromatin domains in
both AE1B-55k infected tumor and primary cells. Orthogonal slices through the nucleus reveal
that E4-ORF3 is, for the most part, adjacent to H3K9me3, suggesting it acts as a novel platform
that catalyses heterochromatin formation through transient or long-range interactions (Fig 5b-c,
and Supp. Fig 20-21). Using high resolution confocal microscopy, we show that E4-ORF3 forms
a continuous scaffold that organizes and specifies de novo heterochromatin assembly as it
weaves through the nucleus (Fig 5d). These data demonstrate a direct role for E4-ORF3 in
orchestrating H3K9me3 heterochromatin silencing at p53 target promoters. Furthermore, they
reveal an extraordinary nuclear scaffold that either builds on existing architectural features that
organize cellular DNA or is a novel viral construction that targets heterochromatin assembly at

p53 target promoters.

[0117] These data beg the question as to the specificity of E4-ORF3 silencing for p53 targets
as well as the global consequences of such a machination on cellular transcription. Therefore, to
determine the specificity and global physiological consequences of E4-ORF3 on cellular
transcription, we performed genome-wide expression analyses on primary human quiescent
SAECs (Supp. Fig 22 and 23). These studies demonstrate that E4-ORF3 is an exclusive player in
the global transcriptional changes induced upon viral infection in quiescent SAECs. There are
1730 overlapping genes that are up or downregulated by a log fold change greater than two in
A55k and A55k/AORF3 versus mock infected SAECs, which are similarly regulated and reflect a
common transcriptional program (Fig 6a). We show that these global changes in gene expression
are associated with the cell cycle and E2F activation, which is expected due to the inactivation of
the RB family of tumor suppressor proteins by E1A. These data are also consistent with E1A
induced enrichment of an active histone mark, Histone H3 lysine 18 acetyl (H3K18ac), via p300
and PCAF at the promoters of genes involved in cell growth, division and DNA synthesis. Thus,
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E4-ORF3 induced heterochromatin silencing, as well as the scaffold it forms throughout the

nucleus, does not affect the global activation of cellular transcripts induced by viral infection.

[0118] To define the genes specifically targeted by E4-ORF3, we compared AE1B-55k/AE4-
ORF3 versus AE1B-55k infected cells. E4-ORF3 prevents the transcriptional activation of 265
genes by a log fold change of two or more in AE1B-55k infected cells. To estimate how many of
these are likely to be regulated by p53, we used two criteria: the presence of consensus p53 DNA
binding sites in their promoters and whether the same genes are also upregulated in cells treated
with the MDM2 antagonist, nutlin (Fig 6b). We show that 71% of the 265 differentially
upregulated genes are induced in response to nutlin and/or have predicted p53 binding sites. A
heat map of top transcripts upregulated in response to AE1B-55k/AE4-ORF3 and nutlin includes
well known p53 targets (MDM?2, FAS, PIG3, TP53INP1, BTG2, LRDD/PIDD) that are
associated with growth inhibition and apoptosis as well as novel targets (HRH1, RNASE7,
IMIDI1C) (Fig 6¢ and Supp. Fig 24). There are 76 upregulated genes that do not have either
predicted p53 binding sites or are upregulated in response to nutlin. A pathway analysis of E4-
ORF3 regulated transcripts indicates that in addition to the p53 pathway, there is a significant
overrepresentation of genes associated with immune modulation as well as tissue/vascular
remodeling. These data suggest that E4-ORF3 may target p53 promoters as part of a general anti-
viral transcriptional silencing program, which is consistent with the highly defective replication

of AE1B-55k/AE4-ORF3 (Supp. Fig 25).

[0119] The conclusions of our study challenge the general assumption that p53 induction and
phosphorylation is tantamount to p53 activity, which is the premise for several p53-targeted
cancer therapies. Our data reveal a novel and dominant mechanism of p53 inactivation that acts
via the targeted epigenetic silencing of p53 target promoters in somatic human cells. We identify
a viral protein, E4-ORF3, which forms a novel scaffold that weaves through the nucleus and
directs SUV39H1/2 H3K9me3 heterochromatin assembly at p53 target promoters to silence p53
activated transcription in response to genotoxic and oncogenic stress (Fig 6d). Remarkably, this
suppressive nuclear web selectively ensnares p53 and anti-viral genes and operates in the

backdrop of global transcriptional changes that drive pathological cellular and viral replication.

[0120] Adenoviral E1B-55K targets p53 for proteosomal degradation. However, E4-ORF3
inactivates p53 independently of E1B-55K by silencing p53 target promoters. Thus, the deletion
of both E1B-55K and E4-ORF3 are necessary to activate p53 in adenovirus infected cells.
Applicant’s structural and oligomerization studies have revealed that an E4-ORF3 N§82A mutant

protein is functionally folded but adopts a closed configuration that prevents higher order
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oligomerization. Therefore, to determine if E4-ORF3 higher order assembly is necessary for p53
inactivation novel adenoviruses were engineered that are null for E1B-55K and express E4-
ORF3 N82A instead of wild type E4-ORF3. E4-ORF3 prevents p53 activated transcription of
p21 and MDM2 in AE1B-55K infected cells, (Fig. 32A). In contrast, in AE1B-55K/E4-ORF3
N82A infected cells, E4-ORF3 is unable to undergo higher order oligomerization and inactivate
p53 (Fig. 32A). Similar conclusions were reached for different classes of p53 targets. Thus, E4-
ORF3 N82A behaves as a complete null. Applicants conclude that the higher order

oligomerization of E4-ORF3 is critical for inactivating p53 mediated gene expression.

[0121] There is a profound functional overlap between adenovirus early proteins and tumor
mutations, which has led to the identification of many of the key growth regulatory mechanisms,
including E2F and the p300/CBP histone acetyltransferase. Thus, a major question is if E4-ORF3
reflects or exhorts an existing mechanism and nuclear structure that also censors p53
transcriptional activity in normal cells or tumorigenesis. Strikingly, all of the known cellular
targets of E4-ORF3, PML 39, the MRE11/RAD50/NBS1 (MRN) DNA damage/repair complex
and Tiflq are also subverted by tumor mutations. It is intriguing to speculate that E4-ORF3
physically integrates the inhibitory effects of several cancer pathway mutations, both known and
perhaps yet to be discovered, which together have emergent functions in silencing p53 activity.
Similar to the discovery of p53 with a viral protein, E4-ORF3 provides a powerful dynamic
probe with which to define critical cellular factors that induce de novo and targeted epigenetic
silencing of p53 target promoters in somatic human cells. This has important implications for
understanding how high p53 levels might also be inactivated in cancer cells as well as the
mechanisms that induce the aberrant epigenetic silencing of tumor suppressor gene loci in
tumorigenesis. Finally, our identification of E4-ORF3 changes the fundamental definition of how
p53 is inactivated in adenovirus infected cells, which is a critical mechanistic insight that could

now enable the rational development of true p53 tumor selective adenoviral therapies.
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WHAT IS CLAIMED I8S:

1. An adenovirus that is p53 replication impaired and E4-ORF3 impaired.

2. The adenovirus of claim 1, wherein said adenovirus is isolated.

3. The adenovirus of claim 1, wherein said adenovirus is a recombinant
adenovirus.

4. The adenovirus of claim 1, comprising a mutated E4-ORF3 gene.

5. The adenovirus of claim 4, wherein the E4-ORF3 gene, or a function

portion thereof, is deleted.

6. The adenovirus of claim 1, wherein said E4-ORF3 impaired adenovirus is

also E1B-55k impaired.
7. The adenovirus of claim 6, comprising a mutated E1B-55k gene.

8. The adenovirus of claim 7, wherein the E1B-55k gene, or a function

portion thereof, is deleted.
9. A cell infected with the E4-ORF3 impaired adenovirus of claim 1.

10. A method of treating cancer comprising administering an effective amount

of the adenovirus of claim 1 to a subject in need thereof.

11.  The method of claim 10, wherein the cancer a p53 related cancer.

12. The method of claim 10, wherein the cancer is lung cancer, skin cancer or
breast cancer.

13.  The method of claim 10, wherein the cancer to be treated is pre-malignant

breast cancer.
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