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COMVBI NED WOMBRSSYWPPRESSOR GENE THERAPY AND 5 CI—IEﬁ@;%E%XIJ N THE
TREATMENT OF NEOPLASMS FI ELD OF THE -

| NVENTI ON Thi s inventjon describes novel nethods of
treating subjects afflicted with hyperproliferative di seases such as
tunors or netastatic disease. In particular, this 10 I nvention provides
met hods of inhibiting the hyperproliferation of cells, nore specifically
neopl astic cells, conprising the conbined use of a tunor suppressor gene or
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whol e chronosones or chronosonmal segnents, and hi gher |evel anplifications
of specific regi ons of the genome are commbn occurrences in cancer.
See, for exanple Smith (1991) FIELD 6FePHE INVERTIONS. Treat., 18: Suppl.
1: 5-14; van de Viler (1991) Becane. Beefiest. 20 Acta. 1072: 33-50,
Sato (1990) Cancer. REkis ingatior desrribesgovel methass Ofltmnwmhjéut&aﬂﬂmeu with

DNA sequencges cSONLA ni_.n ro ncogenes and the deletio DNA sequences
cont ai ni ngCh {"fé %s%ﬂfﬁs é}b PS BERRES or metastaiic zqep%t:quﬁmqr?cular
charagger i ﬁhv&xtibfn Uﬁﬁéé ARfHRAS of inAifih 'tlﬁ.“»ﬁ& i )
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t he nost cmmphsgen@ts; comptlsngthmmhnMMDfZBtumor SUPPTESS0S gér&amt gdne (pl'&ﬁﬂ:i

Oncogene 6: 699 703, Hol.lstein %{15991) Sci ence, 253: 49-53).
Mor eover, i YrcHye ARUGARGET A p53 in manmalian cancer cells |acking
endogenous w | d-type p53 protein suppresses the neoplastic phenotype

of those cells (see, e.g., US. Pat ent No. 5,532, 220).
O the many avail abl e chenotBACKSROUNR QB THE INVENRION avai | abl e 30

becaule of 1te o Clioplostis PROEIEL Be QlSAASOLRS] HED ESPCHl GeATES: or y
s, s, 1 RS oy, BBt A
whole chromosomes or chromosomal segments, and higher level amplifications of specific
regions of the genome are common occurrences in cancer. See, for example Smith (1991)
Breast Cancer Res. Treat., 18: Suppl. 1: 5-14; van de Viler (1991) Became. Beefiest.
20 Acta. 1072: 33-50, Sato (1990) Cancer. Res., 50: 7184-7189. In fact, the amplification of
DNA sequences containing proto-oncogenes and the deletion of DNA sequences containing
tumor-suppressor genes, are each frequently characteristic of tumorigenesis. Dutrillaux
(1990) Cancer Genet. Cytogenet. 49: 203-217.
Mutation of the pS3 gene is the most common genetic alteration in human
25 cancers (Bartek (1991) Oncogene 6: 1699-1703, Hollstein (1991) Science, 253: 49-33).
Moreover, introduction of wild-type p53 in mammalian cancer cells lacking endogenous
wild-type p53 protein suppresses the neoplastic phenotype of those cells (see, e.g., U.S.
Patent No. §5,532,220).
Of the many available chemotherapeutic drugs, paclitaxel, available
30 commercially as Taxol® (NSC number: 125973) has generated interest because of its
efficacy in clinical trials against drug-refractory tumors, including ovarian and mammary
gland tumors (Hawkins (1992) Oncology, 6: 17-23, Horwitz (1992) Trends Pharmacol.
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Sci . @g%éfg Rowi nsky (1990) J. Natl. Canc. Inst. 82: 1247-1259)..

Recent stud| es on the interaction of paclitaxel and tunor

suppr essor gene t herapy show that reduced 2 evel s of tunor
suppressor (i.e., p53) correlated-with increased G2/ M phase arrest,

m cr onucl edd. oh3 land4ﬁ5kommtkp€(mm))u el iCanz.elnsi. 8AUTR4T-8ERNT Rdcsnt slntdies- -
contrast, surviving cells with intact p53 progressed throu mtosis
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provi de an enhanced effect in inhibiting proliferation of

neopl ast i c Tdiescstidies Huis|suggest thattumar;suppisgsor gene therapy apd dsygoiherapy gyith anti-
activity. this invention
provi des ne tot1§ gogts (e?e{: mllgpacht;-ﬁll'?herﬁaé}lg% eﬁﬁsggju?@r}%? | ferative cells by
contacting the cells with a tunor suppressor protein or tunor
suppressor nucleic acid and with at |east one adiunctive anti-cancer agent.
In sone enbodi nents, $HM F T &HXJEM LN ni stratlon of the
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p53) can be adm nistered with an adjunctive anti-cancer agent (e.g.
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hyper proli Ive cells are Bften neopl astli
are presentumer suppreysor ddheityet hod i nhibits tunor growth and thereby
provi des a 30 net hod of treating a cancer. Such cancers ncI ude, but are
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cell Tung GaAGELr hypRplolfi&ativd HAR P a8icting the cells with a tumor suppressor protein

or tumor suppressor nucleic acid and with at least one adjunctive anti-cancer agent. In

cells

some embodiments, the methods include co-administration of the tumor suppressor protein
or nucleic acid and the adjunctive anti-cancer agent with at least one chemotherapeutic

25 agent. For example, a tumor suppressor nucleic acid (e.g., a nucleic acid encoding p53)
can be administered with an adjunctive anti-cancer agent (e.g., paclitaxel) and a DNA
damaging agent such as cisplatin, carboplatin, navelbine (vinorelbine tartate).

The cancer or hyperproliferative cells are often neoplastic cells. When the

cells are present in a tumor the method inhibits tumor growth and thereby provides a

30 method of treating a cancer. Such cancers include, but are not limited to, an ovarian

cancer, pancreatic cancer, a non-small cell lung cancer, small cell lung cancer,
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hepat ocarci norma, nel anoma, retinoblastoma, breast tumor, col orectal

carci nomm,

| eukem a, |ynphoma, brain tunor, cervical carcinoma,

sarcoma, prostate tunor, bl adder Bunor, tunor of the
reticul oendothelial tissues, WIlms tunor, astrocytoma, glioblastons,
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neck cancer. . 5. . I
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trechideatha fisknulatiobowith pphchtionic agdnys whieh didiliite the coidensation of the
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Particularly suitable adenoviral vectors (e.g., for delivery of a nucleic acid

encoding a wild-type p53 protein) comprise a partial or total deletion of a protein IX
DNA. in one embodiment, the deletion of the protein IX gene sequence extends from
about 3500 bp from the 5' viral termini to about 4000 bp from the 5' viral termini. The
vector may also comprise a deletion of a non-essential DNA sequence in adenovirus early
region 3 and/or in adenovirus early region 4 and in one embodiment the deletion is the
DNA sequence Ela and/or E1b. A particularly preferred recombinant adenoviral vector
for delivery of a human p53 cDNA comprises the adenovirus type 2 major late promoter
or the human CMV promoter, and the adenovirus type 2 tripartite leader cDONA. One

such preferred adenoviral vector is ACNS3.
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Preferred paclitaxel or paclitaxel derivatives include paclitaxel and/-or -
Taxotere[err] with paclitaxel (Taxol[err]) being nost preferred. Another’
preferred adjunctive anti-cancer #s Epothilone. In one particularly
preferred enbodi nent, the tunor suppressor .. 1Is AACNS53 and the

adj uncti ve anti - canc&refsied paglijaxsher paclifaxel deriyatives include paclitaxel and/orThe - -
tumor supp | Q3 ® r ' [ .
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cancer can be adm nistered intra-arterially, intravenously (e.g.,

i nj ect ed), CANFEF &+ inaskifaxgl|oy paclitaxel deamrvs{canrher disnesesddn @ypharmacetagigallyr
tial f ' Lok St ' '

e LoueerRPFLEGAR e SuBbr AGARALS OO 0Bt Wresor mpis i ang

i ntra-hepa ery,rrntraperi

celI's in tksdpaditakd.of padiftaxel defieitive|cas bo@l beCditpesskd ih Alsthgld\@mpsRidnd syst em
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aci d ¥hn bécomprisingens ergmpltiple excipign(s)). dose or a nultiplicity of

SIS o TSRO S AR S ey e

I n anot her caicef edd B¢ladifiinisiirs® fitra-drtegiallyintravenopsiP$E @l, iRjeole@), intedpetittiRally20
suppressor nucleic acid is admnistered (wWwth or w thout an adjunctive
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i n a 15 eat E@rblogical cells),r @ e Batidepsten dfaaeriedie group consisting ' of: the
total dose in a single dose, the total .dose adm nistered daily over
5 days, the total dod&esumPhsupprasty paeteinordpsieiciacidigansbe adinistered in painglet al

conti nuousf et pipisy ¥E beielldY 8.0, 08y SORRERty & RE SR ERAULS BHEY,
adni ni st er preférably in least thred éalients sépat /e by gbdut @Mhébrs350 ng/ nferr] over 1

hour, 3 hours, 6 hours, or 24 hours in a treatnent regi nen sel ected
fromthe group consi % prashesrprefgried cabpdintesh the, RENOT SHEPISSYH PECLEIn QT tumor

ngetég)&ﬁ} ni e?se%[%%é‘t' g&ﬁg%igca%l/in%ﬁ&g%g‘ﬂﬁ%?’oggg@l{,aﬁtfggﬂ’fﬁg%ﬁéi'ﬁgggeéa?g%gﬁCf%al
dai |y dosageothibdost Yasfiis fronnabducldixl 10° doudoet 1 x 10", orfabout30x d8Y 3o absutdas ky

continuous _infusion for 15 dagﬁ, on daily continuous infusion for 30
0%, preferably about 1 x 10°° to about 7.5'x 10°°, adenovirus particles in a treatment

regimen selected from the group consisting of: the total dose in a single dose, the total

dose administered daily over 5 days, the total dose administered daily over 15 days, and
25  the total dose administered daily over 30 days. The dose can also be administered
continuously for 1 to 30 days. The paclitaxel or paclitaxel derivative is administered in a
total dose ranging from 75-350 mg/m? over 1 hour, 3 hours, 6 hours, or 24 hours in a
treatment regimen selected from the group consisting of administration in a single dose, in
the total dose administered daily on each of day 1 and day 2, in the total dose administered
30 daily on each of day 1, day 2, and day 3, on a daily dosage for 15 days, on a daily dosage

for 30 days, on daily continuous infusion for 15 days, on daily continuous infusion for 30
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days. A preferred dose is 100-250 ng/nferr] in 24 hours. Alternatively, the
paclitaxel or derivative can be adm nistered weekly at 60 .
mg/ nferr]. This method of adm nistration cén be repeated for two or

nore cycles (nore preferably for three cycles) and the two or nore
cycl es are days.bA meaoed dasransthB*ﬂSOhng/m dn 24 dwonrswekkernatiely, the pachtaxel or
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Thi s i nvent C nel% cancer
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growh or proliferation o ecan er or perproli era ve ce
One parti Cubﬁhj'perprrohf&aﬁmi:eldst The ity dacudy ﬂtﬁﬁ(ﬁ%up}ﬁdsspﬁpfdtélﬁm Inucleic acid

I n anat her enbaodi nent_ this invention provides pharnacol ogi cal

conpogi® i ondescohed hereing(more praferablyppvdldupe priceretein e nueleicasid (§gppines wiss!
nucl eic acig; r
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optionally any of the other chemotherapeutic agents described herein. The kit can

optionally further include instructions describing the administration of both the tumor
25 suppressor protein or nucleic acid and the adjunctive anti-cancer agent (and optionally an
other chemotherapeutic agent) to inhibit the growth or proliferation of the cancer or
hyperproliferative cells. One particularly preferred kit includes A/C/N/53 and paclitaxel.
In another embodiment this invention provides pharmacological
compositions comprising a tumor suppressor protein or a tumor suppressor nucleic acid
30 and an adjunctive anti-cancer agent. In various embodiments, the pharmacological

composition can optionally include any of the other chemotherapeutic compounds



6 described herein. One particularly preferred conposition

i ncl udeswa faB3ssaucl ei ¢ aci d (e.g., A/C N 53) and mawtsdsazsls. The
tunmor suppressor nucleic acid or protein and the chenot her apeuti ¢
agent (e.g., paclitaxel) can be in different excipients or can be contained
in a single excipient as described herei 8. Were there are nultiple
excipients, the 5 _ excipients can be intermnm xed or held separately
(e.g., as depprﬂqeg M§ELiRs (Ineparticularly preferred composition incjygdes aipSP nualeichanid
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herein. ~Si mhatilhanbiher e@bodiment, s aiVen@6LpIOVided hoftipobifitn
hyperproliferative and/ or cancerous cells descri bed herein.
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polypeptide to a surgical wound.

In another embodiment, this invention provides particularly preferred
dosage regimen. Thus, in one embodiment, this invention provides a method of treating
mammalian cells, where the method involves administering to the cells a total dose of a

25 tumor suppressor protein or tumor suppressor nucleic acid, wherein said total dose is
administered in a multiplicity of administrations of incremental doses of said tumor
suppressor protein or tumor suppressor nucleic acid. Preferred multiple administrations
are each separated by at least about 6 hours. One preferred administration is in least three
treatments separated by about 24 hours.

30 In another embodiment, this invention provides a method of treating a

mammalian cell, The method involves administering to the cell a total dose of a tumor



suppressor protein or tunor suppressor nucleic acid, wherein the total dose
I s adm nixad &fdss inamltiplicity of adm ni strati ongTajsesossi€nent al
doses of tunor suppressor protein or t umor suppressor nucleic acid:
The adm ni strations may be spaced by at |east about six hours. Thé
met hod can involve at | east conprising at Teqst three increnental doses and
the 5 doses can be adninistered daily. In one enbodinent, the nethod
can conpri SUPRressQIpIptein or mar FHPRICSSOE Aueistasids fherein &ip oial dpssuis adminigtered.

I n anot her . | t : A . ' v 1. QU £l t he
tunor supprBesBalcRnsirg og SaRiPRioBERY ineromend UERE G ddP buRRENEY b 69 11
rangi ng fr aumabeupprésser hfleicracid. oThd adthinistfatisnslMhg be spacet bstae Wastlabsutléik er r |
to about 7.5 x 10[ err], adenovirus particles in a treatnment reginmen
sel ect ed f rawrs hdhgmashodeansinkelve gt least comprising at least Wireeipsremental dasep gnd the

adm i 8t or SPRLASE B DA o0y b Sfimpl WEmelsld bR bBnpiiiiesst o,

30 days. Thfree treatmesife isEiRflat8® By fablbdt DY heiRIPIn asdtietBnibodinaent Mg BeGbi caxel or
a paclitaxel derivative in a_total dose ranging from about 75

ng/ m err] tiavelye yemenadmpisigring the olaaror SUPPIESHOS nigleis aciddls @Aministered in a total
regi men sel ected f.romt onSSi | f.aBdM Qi N L1 N0 i gl e
Goser i a Gk Sanihe R fodtk TEAGTRENEN 755 40570 Bt S ET o ol 53

adni ni st er efh'Yaideovifusdryticles idaytréatmefiregimen seledfid ffom@he grolipicbisiddgagetteor
15 days, on a daily dqsg%e for 30 days, on_daily continuous © 1.nfusion
for 130daystotahdoseain 3 sipsletdose:Jhe totak dpse admindstersd datly overrh days, thedgtahdose

regi nens .. ' eat.ed o ) ;
e oyal e gt B QrdrBRRlE addthe R e TR0 SR o0 JF a8 e
thus treat egethbg midefurgeptaapiie feninktedidgIpaciitand o aGRBERkel AR rivativeshacihed
fromthe group consisting of an ovarian cancer, mesot hel i oma, pancreatic

cancer, dose ranging {romnaboug €f Img/mdo abeis S50 mgfm’|loverel4 hpyssdn 8 Aresiarent

car oi nom, Toetanteic-ER B she exapp SoRb iR pP St B abBRle. i sl

sarcons, pramiaisteréd GRity ol day dehd iddy2! in & d6®Y addhinisteged daily on day 1, day 2, and
reticul oendothelial tissues, WIlms tunor, astrocytonm, glioblastons,
neur obl ast ofa¥, 3,2 a daidg dessge farokedaysepmpr dedlyidesage fpr3thdays. andaile eqatisyavser .

or pr ot 1 orArsiEE R 3Rk 4R, dorspuapa prisitict B iy ol el pifile

of the tunmbmhay be is repeated for two or more chieiesiafiyl @ fwdorh6R dYicRY icahe Be bfticed® apart
phar macol ogi cal conposition conprisin tunor suppressor protein

ga . . T,
or a tunor Bugecestour weekei Fheeells thugitraated inpludedigeplastjogedls compyging a cancer
anti - gancer te T ' LVe. ant] - r ng p I.taxel or a
oot § vl sl trog I BEub bk B o SR8 caRBF e IR Babort i Fanllr,
; g_r; }o [J g; g ;) B 32[15t1iﬁﬂ-§1h§ll @6l Quripddanbér, $@hB el dung cancer, h¥fdt&Ar3bdh4, melanoma,8
from t he gristipobiasieme; bregstaRmar,mgdorestal epscinompaleukerniadsunphopa; braiy pangss 3

protein, a &%kﬁ' &rcinoma, sarcoma, prostate tumor, bladder tumor, tumor of the

reticuloendothelial tissues, Wilm'’s tumor, astrocytoma, glioblastoma, neuroblastoma,

25 osteosarcoma, renal cancer, and head and neck cancer. The treatment treating preferably
results in inhibition of growth or proliferation of a tumor as assayed by measurement of
the volume of the tumor.

The invention also provides for a pharmacological composition comprising a
tumor suppressor protein or a tumor suppressor nucleic acid and at least one adjunctive

30 anti-cancer agent. The adjunctive anti-cancer agent can be paclitaxel or a paclitaxel

derivative. The tumor suppressor protein or tumor suppressor nucleic acid can be selected



acid that encodes a retinoblastoma (RB) protein, a wld-type p53 protein,
and a o osaskél | nobl astoma (RB) protein. PCT/US98/03508

reti nobl as?oma protein can be pll0[err] or a p56[err]. The nucleic acid can
5 be contained in a reconbi nant adenoviral vector. The nucleic acid can
be contained in a reconmbi nant adendviral vector conprising a parti al
or total deletion of a protein | X DNA “and conprising a nucleic acid
encodi ng afrPB3thpgoous consisting nba antleiti acishthat envedebsd wilddypapS3 protein, 4 macleic

protein | X e._sequence can,exten rom about .3500 bp,.for the 5 viral
Permni 1 oacls tia: SRNERA ToGRBIASHouts (RN HEER. &, ilryPe PR RIORngadiel ot | on of
DNA can i nghind81as8AdGRES pidtein. designated Ela and Elb. The recombi nant

adenoviral vector can further conprise the adenovirus type 2 major
late pronoter or theThenetinoblasopmacprotein cant beep Hd&how/a paE™t yIhe micleic acid can

tripartite | eader ¢cDNA and.a human pb3 cDNA. Ln a preferred enbodi nent, the
vectop i s be Chinaned i A r@3mbFrat EHRER Yeter. AP URefiE 1R Gpe Copfhined fn 4
pacl i t axel red@ibit@hi dRn6Vird veder chpabing a partial 3 20t2104tetiohdf a protein IX DNA
The invention further provides for a conposition conprising a manmal i an

cancer or dndeemprising @ nucleicacise¢ncodingar Biprotdinl &epne emhediingst, e doletipanaius
a tunor su essor nucleic acid_or tu uppr.esser. protej n and an
adj unct i vethgir?tr‘?@’é‘g]ﬁé ErReiyayince can exten&#ém{ %?Pb‘f g&@pﬁ? g‘g'stg? §n M E‘e‘FE’“&'& Y can

be a nucl eigpufged Bﬁ%ﬁﬂﬁ@%ﬁt&rﬂiﬁm PUARIGRAYT DNA can iREIB4EL ufxf‘éeeCt ed
fromthe group consisting of wld-type p53 protein, and a retinoblastoma 20

( RB) 1fr ot edesignated ElatanddblbasTherrecombinanhadeanvinal vaciot tai &rther comprigbtikerr] .

The cells can he resent in. a . T el ls can.be .neopl astic

ol | s and BeYIEs RS AL P proibet o B EHCY BroBafEeie Sarueras bmec

t he group ©ipasits idader éIﬁNﬂnarﬂV@ﬁl?xlﬁﬂn 9?3‘ EPNA.pﬁPE bRFEr&d embodimeR2 M Vectdt is
sma

non-small cell |ung cancer, cell lung cancer, hepatocarci nong,
mel anoma, A/C/N/53; éihiernoipesitionsan be paclitaxalner a pasditaxebderivative ot a paclitaxel
| eukem a, | homa, brain tunor, 25 cervical carcinom, sarcong,
prostate t UChl adder tunor, tunmor of the reticul oendot hel i al

tissyses, WIms tundrhe dieh@syhffRr pﬁi\ﬂi&@'f&si Qﬁﬁpoﬂ%ﬂé&hﬁ%@@mammaﬁan
ost eosarcomm, renal cancer, and head and neck cancer.

The i nvent ¢amperordyipeawofiferative celthwiiersin said atll coptainsran axegenows caimar sai d
nmet hod cog}ri sin coget act.(iin'g said cell with {a. t unpr s(ij‘cé)gresso. nucl ei ¢ aci d
or tumor 3UPPFESIIICREEAC SR FHERT FHPRTSRY BERTCHLFIT TR fARICTHE 20t ARG 2858ht |

The cont acThé\@inforSuPidor Bfcleic acid c4rORd £ Ahcléig ALl thit' ebcb @R 2Otanidr Tsﬁ%essor
suppressor nucleic acid to a surgical wound. The nethod
08/ 35554 protein selected from the group consisting of wild-type p53 protein, and a retinoblastoma

Can P0r cnodaDbrptsin, The Zefiphlagtoma prstein fane.4,RHYE oF 88365 (Theesls canll | ne

chenot her afiestnt fn 2 GRMmAIATTRCcels Thh Bk nBoplaRicRns aid the RopRARKESLNs R

comprise a cancer selected from the group consisting of an ovarian cancer, pancreatic

cancer, a non-small cell lung cancer, small cell lnng cancer, hepatocarcinoma, melanoma,
retinoblastoma, breast tumor, colorectal carcinoma, leukemia, lymphoma, brain tumor,
25 cervical carcinoma, sarcoma, prostate tumor, bladder tumor, tumor of the
reticuloendothelial tissues, Wilm’s tumor, astrocytoma, glioblastoma, neuroblastoma,
osteosarcoma, renal cancer, and head and neck cancer.
The invention provides for 2 method of treating a metastatic cell, said
method comprising contacting said cell with a tumor suppressor nucleic acid or tumor
30 suppressor polypeptide and an adjunctive anti-cancer agent. The contacting can comprise

topical administration of a tumor suppressor nucleic acid to a surgical wound. The method



DEFINITIONS 5 . The term "adjunctive anti-cancer agent"”
refers towdogaaesyt which has at | east one of the f@dmusosg3s14.
activities: the ability to nodul ate of mcrotubule formation or action,- -
the ability to inhibit polyprenyl-protein transferase activity, the ability
to inhibit angi ogenesis, or the ab®lity to inhibit endocrine
activity. Adjunctive anti-cancer agents useful in the invention are
descri bed i samfurthedénchide doeadspinisfration efla ichemptherapeyticagent eindGhe -
nti-cancer f the inventian not, incl nds with
g aﬁra g?ﬁ gC € cﬁgg&hgr@&a\{ﬁct zgeg_ent ca%rge :gsplgtcx)n, c%-bo;»ﬁ"aﬁnrxﬁJ C(ine ng_{)ﬁr@?‘g 5 S;pr ets S0 PNS‘E nes"
are nucleic acids for which | oss-of-function mut ations are_.
oncogeni c. Thus, the absence, nutation, or disruption of normal expression
of a tunor suppressor gene in an ot he DRENIEEANShy cel | increases the
| i kel i hood of, or 15 results in the cell attaining a neoplastic state.
Convergél y, when a fuﬂ@?itﬁrﬁél‘“ﬁw}’e antx-cancergg%rgeggrggoagﬁge r‘ﬁBF}b ’ﬁai?@
present in @n&ef the follSwhi] RRRs SHERLARS 6 nicdBlatc ofhicIeibele t¥rmation or acti n,
mal i gnancy or hyperproliferative phenotype of the host cell. Exanples o
t unor the abilityrte duhibit polyipeinyl-pootcin transferasetantivityighe abilihote inhibitude, but

are not limted to .pl110]er ey ers 6l.err]. .p53, .and.ot her tunor

suppr essor s a%g%ﬂeggdo%ép@ﬁhi%mj ighibif S%W-E‘Pﬁ alt% i égjppg%thl-cancmms

08/ 328, 673 {ibdfarinde RIS artXesdrdf in THOYR deEiBMAS S As ubea nBictn, fdjthRetiv

I ncl ude tunor suppressor genes, or nucleic acids derived here?rom

(e. g., 1@k DNAsnti-cRI¢aE agents of the imRNNon damdt indlidecpompousds wish dINAalaomgingy
active fragnents of the respective tunor suppressor pol ypeptide),
as wel |l as O8M®rs conprising these sequences. A
"tumor suppressor pol ypgpb} elgpg?ésssf BLRENare’ RicRiSadi@s for RAMPRIS b fuddiRh: 25
when present in a cell, reducéeés the tunorigenicity, malignancy, or

hyper pr ol i f engatione are oncogemibe Thhy pidie absenbe, mutation, or disruption of normal expressitwe

t "viral ticle" f t i.ntact viri .Th ti f
i et oue SHGIHSTT TEPURFSH S48 AR oLEry e Ay el inciEnses s, ke fagod of or

spect rgphot gl i the cell attaitifl @GeopRsi sthiblA Cativert8BS WiRRG ﬁlﬁéﬁoﬂaﬂﬁ%ﬂ&ce’ by
Huyghe (1995) Human Gene Ther. 30 6: 1403-1416. WO 98/ 35554
PCT/ US98/ 035uppressor gene or protein is present in a cell, its presence suppresses the tumorigenkéty,

The terns"neopl asia” qr "ne astic: are i nded t scri be cel |

growi ng | SAERcd or YR RTHGTLE Dherties O REHRD. HORRR SLRERE | ons of
growt h for &ipress6f hudieiP8eids within this definition include, buth#?e Bt [Mnitby FPpi fPAI C* Or
"tunorigenicity" are intended to nean having the ability 'to form

tumors or chPabl pShiandatisirrgmon suppréssorsateserthed Horein and in copending applicafion
Phrase,y t I eissRPod)s58 673 el &5 Detodet 55, 1984 PRl sudprdle mfedd b3l flendl® O

tumor suppressor genes, or nucleic acids derived therefrom (e.g., cDNAs, cRNAs,

mRNAs, and subsequences thereof encoding active fragxhents of the respective tumor
suppressor polypeptide), as well as vectors comprising these sequences.

A "tumor suppressor polypeptide or protein” refers to a polypeptide that,

25 when present in a cell, reduces the tumorigenicity, malignancy, or hyperproliferative -
phenotype of the cell.

The term "viral particle” refers to an intact virion. The concentration of
infectious adenovirus viral particles is typically determined by spectrophotometric
detection of DNA, as described, for instance, by Huyghe (1995) Human Gene Ther.

30 6:1403-1416.



nore di sease characteristics of a diseased cell. Wen used in reference to
a cancer wiebdissssa that is neoplastic (e.g., a mamul i pOT/USYsMAs14CE] |

| acki ng an endogenous wi | d-type tunor suppressor protein), the
phrase "treating a cell" refers to mtigation or elimnation of the

neopl asti ¢ phenotype. Typically such trealdrent results in inhibition (a
reduction or 10 cessation of growth and/or proliferation) of the cell

as conpared to the sdihe (@R neApiRsia“tafe neoplastic” argaipiendeshidt deserihe peall growinghe
treatment g4y QFL I b@?&dd ﬁl?rﬁgﬂinalalgﬁ%xoﬁgﬁf :rothh' P& that cell WPEse co |

suppressor nucleic a |d or i'tion may
death (e.qg., ’laneaamosm')ongEhies@rt'ﬁxmm:guneny'Uaednwnddal tohAnA¢Rgt 0 a
tunor refer to inhibition of growt h or proliferation of the tunDr

mass (e.g. heaPilivdefpen yBems e cpabls pfjausigg dsmenfrmptonn 15 may be
di ated d .
oot gt i@ reduct ) e el Ml EPRIN AR ALSH P RREBSIATH e o

or i nhi bi t nwie disefvehafaetepisticsof a diseased call Wheh assdpasfeeshcbyo alﬁalﬁﬂef egipt i on
in cellular phenotype &e g., restoration of_ norphol og

char act er i $14t ds BIOPIASHE (- GclpIMaliaa CHICE F%hlaelﬁn&amea%zgepw Wild-1ps tumes s of
| nvasi ve p@l‘?@eééé&e rotein), the l'l;lrggg ﬁ.\'éa't a%fellapé?gkg 63%txéé§ﬂﬁ%‘?'}ﬂ3ﬁﬁ ﬁl%&ﬁlﬁ

etc.). For pur 0ses’’o sure I Sease

have one ohesplagticphehelypdi Tepichlipinich treBRRGR réshits b inhibiortlizeaswidnee! | nay
include, inter alia, defective expression of one or nore tunor suppressor

prot elths. cessation of[&my@h ARd/oERiiSergtion afdle erdl asirempares,tpbeisame eobimmder the

Foducti on st ERlifols i 008 eaument (e g MRImeBHORTEEHEL: AR S offonf,
tunor s Upp%ﬁﬁﬁ'@dsopﬁﬁlﬁb asid deyolypeptiid). Bueh ailiikition atl! iadudecalnddatt (e.g.,

tunorigenic. 25 The term "system ¢ _adm ni stration”
refers to &BORASID: (Bhase fergms veheadispd svithj reference to a tumgr rgfardo inhibition of greavth
reconbi nan u I

cancer or I‘:’Bg%q?g\é#‘é‘geu I'C co?rpn%sny]? dé‘g%&%ﬁ%ﬂe;“é&%&ﬁﬁ a%r%@r’ﬁ{ahat

resul1s i nnidythe mediated vinfedaction ingfrowth fabearnddummslifernionahtetind drideith ofhe
circulatory system The term "regional adm nistration” refers to

admi ni st r acelrcomprisingths dumer Bassor The ingihitierpofgropde px inhibidtien ofpreliferation
oFaen, anaCeffe HBRARIL' S Yuerd B PRGR! eSO L BholiBof oEASRbldRy

accig} n IS 3 g /r gghamctexfxsttcmf leanhypsells, oestaratict omcontact inhiNRiéH3 /1853 F4nvasive phenotype

PCT/ U 514 11

into the hépabitien gf @aﬁlgﬁr%rmﬁl@gp%m% ¢icat rEarithgpurgoses of thig disclogure, 2 er m
"l ocag xsFase&%@?é %ﬁti{a% bftfor ﬁx%%@ a%h618$ﬁ?%fﬂdaﬂ‘ﬂs {d Ok aam?e%@ﬁo%htxh@‘ or

drug Into a Clr umsc om C space, sucC

i nt rat unor alchide), ées amiu | defextine expressisrbsSone or more tumum@mmqﬁouemsect | ons,
i ntramuscul ar injections, and the like. Any one of skill in the art
woul d undePsfaeHie expression BRY ke sharasierized @hc%ﬁpl?téd?ﬁﬁrﬂilonaﬁﬁﬂﬂf%f‘?nétlf’% may

| | f
al so resu Eluxh& suppressor prlfein¥ oPfa refiferfol TR A% l%teq 3¢ %ﬁ%xggéﬁg"u%fe%

ci rcul at or turmrlgen|C|ty
I's used hehaictiohal tumbe supppessdreproteing r Suchrrells are often neoplastic and/or tumorigenic.

25 The term “systemic administration” refers to administration of a composition
or drug, such as the recombinant adenoviral vectors of the invention or the adjunctive anti-
cancer or chemotherapeutic compounds described herein, in a manner that results in the
introduction of the composition or drug into the circulatory system. The term “regional
administration” refers to administration of a composition or drug .into a specific anatomical

30 space, such as intraperitoneal, intrathecal, subdural, or to a specific organ, and the like.

For example, regional administration includes administration of the composition or drug



of hyperproliferative (e.g. neoplastic) ceIIs to a less proliferative
state.. | ngloyassame of tunmor cells, "reduced tunorlmsygxoysw S
intended to mean tumor cells that have beconme 10 | ess tunorigenic or
non-tunorigenic or non-tunmor cells whose ability to convert into tunor
cells is reduced or elimnated. Cells withlkeduced tunorigenicity either
formno tunors in vivo or have an extended_lag time of weeks to
mont hs bef ori@wtth@hempiéear@m&erﬁgipml\aﬁwistranon to theyliner. grhevierm “lgedll s with -

reduced t L. grow ng. t hr B

i e onal APirRgRedenY 85,8 Bt ¥t R B of o Mt h Shis o 1

i nact i vat ed cirturhbcribed 19ﬁm6mrt0§phw%hcﬂ mﬁa@umleﬁpaﬁoxgﬁmea Qirfoy Mdss, Nt he
same physiological mlieu (e.qg. tissue, Hanl sm age, organi sm

sex, tine iSubmiRNepuminjesjiens intsarguscular injections, and the ke Any ong ofiskifl inghearn

iy fﬁ@%ﬁa@r& end pHE RERLLoRRIRIR oReloRR! diifiBiserasion, may ARB reiivim

(e.g., try ORI coripdsitiodt & diug hﬁo@méﬁcmatérg sggteide proteins having
t unor suppreSS| ng activity. 20 Siml arly, an active fragnent of a

pol ypeptide refers to Ehedemg qmmd@xmmgcnpw iewsed dwereiih kg refer to the cmversiamor
suppressing ote

anpl e .an activ fra nt i s ps5gferr
Gomertbod - of hbébRyieetative T Ebadnfiend eRely ¢ forc bAMER Y B I Hedashar o5
1994. tumor cells, “reduced turhBfgMEifp" 1§Bitérﬁ@@|&ﬂheath funhdH RN it hﬁ’véjﬁ‘e%%friebe a
turmrl enic cell having the ability to netastasi ze. 25 :

"Nucl el& aciless umerigeniedr hen-simorigenic asaonipmer ceiigavhase @bidity tcammrsrmmsp tumor

al so i nclude podi fied,nucl.eotidesthat.permt,.correct. read, thro
ol ymor ase. SRR eciea B Clfiadf > iR Sedlichg AAdrTehichy Blnee Yot 3o Gl 8
that nucl ei §;@Cdrthave an extended lag time of weeks 16 oRtHs@Rfore MCATPRAAG SERUARS

i ncl udes both the sense and anti sense strands as either I ndivi dual
single st r ataipongrowtht Zelld swithesedu®@ tumorigenicity may also resuitiia slpiwea geowiniyAbree
sequence" si ngl e or douyhl

ers.to stra . nol ecul e
conposed of HERIGH BiRiaes somesie da uSAE Woh ot faving b FHETUAHGH or
guanosise. pon-fundifen@Brudior 3dppressor gene growing in the same hysiological milieu
PCT/ US98/ 03514 fop gene 8 PRYsIolog te. §3
The phrase 'tidsngl erganisem dg%@qg@msmémh mgnemUﬂ@lr@cme@; )nucl ei ¢ aci d which

- directs the gx of, ecifiG rote| i de, .The
nucl eic acid sequencesﬁi %Eﬁtsﬁ‘ﬁleem art "active thgp qrrp °£§é%3ﬁ&‘6‘ef hat is

transcri bed smatiér fR¥AoARY (subfqRMeHFTURE Eanel dtuciete acid derivedith@@fibal @dq i nto
protein. The nucleic acld sequences inclfude both the full length nucleic 5

acid se q uen @Eé\ll’a)sthabjeltalashen%mhwm) Ientmglrue@e daving demorsuppeassifig am\tlt)e ful l

 mob udBL SR APAcEvE SR Rt belfiy KHES S W beelleo S sRRAA et

whi ch may b@ad RimiIupErsdify 9fd@eahd@&Q&%p&rcﬁfa@r@m@fmgnanﬁ@955%a§ descnbcd
host cell. phrase "expression cassette" refers

t o nucl eot i @e8-siytapsnding WSBH 0§/r338 673 filed on October 25, 1994.

The term "malignancy” is intended to describe a tumorigenic cell having the

ability to metastasize.

25 "Nucleic acids”, as used herein, may be DNA or RNA. Nucleic acids may
also include modified nucleotides that permit correct read through by a polymerase and do
not alter expression of a polypeptide encoded by that nucleic acid.

The phrase "nucleotide sequence” includes both the sense and antisense
strands as either individual single strands or in the duplex.

30 The phrase "DNA sequence" refers to a single or double stranded DNA

molecule composed of the nucleotide bases, adenosine, thymidine, cytosine and guanosine.



10 capabl e of affecting expression of a structural gene in hosts

conpat i bl ' uch sequences. Such cassettes inglyge east

pr onot er ﬁ%%ﬁcﬁsl onal ly, transcription term nati if)n Si ?;8?1&3?{34. .
Addi ti onal factors necessary or helpful in effecting expression my

al so be used as descri bed herein. 12 The term "operably
| i nked" as used herein refers to |inkage of a pronoter 15 upstream from
a DNA sequence such fThephiabe" RicRi®hdd seRéhed @Rodihpn sfersib aQimcRic 4di€ Wit -
sequence. "lsol ated" or "substantially pure" when

referring digeqiydiesxprestipe ofa sprsificprotein or peptidac ddierfgicleimanid sequences susiude

protein or I ' or f r I ef ' ed .

nucl ei ¢ acp(gtg %lsﬁ{{ gtgarhcf(’ﬁeqée%%gglgﬁ 3% %?efﬁgédolp?opgfg?'l %@s‘hgm SEqRERcS that Sunor
Suppr essor trafslated indé pictéin. ATheRRLEREIVId Squericet irRQiRYoth tHREUR Qél%gth nucleic

The term "reconbi nant” refers to DNA which has been isolated fromits

nat ij vlé or aid seansnees agcy@:lloaé ngRdfulidensth fﬁﬂuéﬁilﬁeh é?fi%qfifafﬁ¢m;(h¢ @lblengnhzsygt(u;mmm ly
tVanki ng. nfdeing: forfBEF ekpoideHER e Bfhehte LGS B S Bt 0E Sodiing BE B fifive

nucl eot | degeqateld8BGuenUe WHILH iy WTnebdeE @pidiiic 8ok peTeRefite @ specific

downstream fromthe described sequence or sub-sequence of nucl eoti des.
A "vect or "hessggl.i ses a nucleic acid which can infect, transfect,

transiently rmapent | y. transduce el l..1t.will be recognized

that a vector can be?ée ﬁiﬁ?@ed eﬁ‘gﬁelsélog AR refgré! 8,““81F°téden§589%9°83 gg‘fcg‘ €

conpligxed MipableRifAfREingéxpréstiof -of Aneru¥@edl Pen® it hdBompaGiBIRRL it Sifch

viral or bacterial nucleic acids and/or proteins, and/or nenbranes (e.g., a

cel | menbrsaquencgs Suckacasseties indlysdecpt deasepropwiera td pptignally stranseriptidzred t hat

vectors offen.include an exntessj C ette acing the.nucl eic
{eERisafon, By SSERIGRRP by mepepspy, SR & HiRg deblifny

acid of in
98/ 35554  also be used as described herein.
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i ncl ude, but are not The tarme@pergblyelinked o as uged hgrein prfersip dimkageaef apromsiterges)

Vect 075t ntstieam i BT Snlencl'shea ke OF pRnh e B SR IRIoh T8 sh BV
sel f-replissyueme. ci rcul ar DNA (plasm ds), and includes both the

expressi on and nonexpressi on plasmds. Wiere a recombi nant m croorgani smor
5 cel | cul ture i Slsolatedf opasnbgiantiglist purg” when eslpyring 4p guclgiscacist sequpmass

i ncludes b - ' I DI¥A een
I ncor por at ée)ﬁd:lafi HES"PRE s‘ﬁﬁ{&g}%&% 812%1?3&%&5@%8&53 %tg?% 5 Vglée?%‘go i?é)ﬁbei ng
mai nt ai nedmieid abias which do ndtR@codeopirotein¥Ryt peptideslother than the DEm6t Qippyessor
replicated by the cells during mtosis as an autononbus structure, or is

i ncordfor at P@teiR ohpalypertid s fragmeamdhereofi o The term
effective anount is i & N gﬁﬁn £ vect I .

whi ch achi eves a pos'ﬁ}‘{é \F/egl(ijl 03?%%}762}? %2 %:‘Jc?)ﬁr ?o |‘ltr‘1§‘ﬁ1 e lfa%g})(rgél\l/\fsﬁlag%déﬁg? its
prolifer at iftive or endogenous source and modified either chemically or enzymatically to delete

(1]

naturally-occurring flanking nucleotides or provide flanking nucleotides that do not
naturally occur. Flanking nucleotides are those nucleotides which are either upstream or
25 downstream from the described sequence or sub-sequence of nucleotides.

A "vector" comprises a nucleic acid which can infect, transfect, transiently
or permanently transduce a cell. It will be recognized that a vector can be a naked nucleic
acid, or a nucleic acid complexed with protein or lipid. The vector optionally comprises
viral or bacterial nucleic acids and/or proteins, and/or membranes (e.g., a cell membrane,

30 a viral lipid envelope, ezc.). It is recognized that vectors often include an expression

cassette placing the nucleic acid of interest under the control of a promoter. Vectors



The abbreviation "C.1.U." as used herein, stands for "cellular infectious
units.-" -TWe9didssd). i s cal cul ated by neasuring viral hexon pomaisek/ossppsitive

cells (e.g., - 293 cells) after a 48 hr. infection period (Huyghe -
(1995) Human CGene Ther. 15 6: 1403- 1416) . The °
abbreviation "mo.i." as used herein refer$3to "nultiplicity of infection"
and is the C.1.U. per cell. The term "paclitaxel" as

used her ei ninclide;, dut aret g ligiteg to gaplinoos &d.ky plasmids, bacteriophages) tToustlidherr] . - -
Taxol [err] i.nhibits ryotic cell replication. by enhanci ng pol ynerization
of 20 tﬁﬁ&ﬂe“}%sﬁgﬁg‘tb 2y ht griachsgiand Decpms PLeAiosl | ¥ eeiomsRus inchuge, butare
unabl e t O r @f Giited fo-RMNA, 4 1f-rBpIRAGH S i ! A5

The term "contacting a cell” v(\)hmeor?srsgfferr&? ?%g %gﬁ%dgﬁ]gélﬁ Wfé&vfﬂl{i% grﬁidi?lﬁlé‘des
and/ or nucl &pth theiexpiessios entl henexpression pieseidst oWaenetaaetombinant mickaotp&tisi e N
that t dru cleic gcid is interpalized into the cell. In

% . andgo% n$1 [

this cont exfol BT Arsgried a3 hosiing an; expression yegtor o this meludes bothl ent t o
transfecti ngxma ] ' [ ¢ : IS, 4l 5| hlj.C

or the nucl o seforottiie] ol AR R A MR e, bAtS ifbdifolba BB hots)

si npl e cont abromrogome(s). Where a vertes s being maintaingbby a hasitdelle thepaBor \yoeReo
di ffusive) 'bnt 0 fhe ﬁel | ,, Al.terpnatively the drug and/ or nucleic
acid may beP°F S@BY;repgeated, by Hieifiels SMHAS FRitasis2S @B AHI0BPMEBHHBATNIE P ise
actively incorporht@Rafieh Hethdsfi Beddife.CE! | . Thus, for exanple, where the
nucleic acid is present 1n an 30 I nfective vector (e.g., an adenovirus)
the veétor may nedi at heperakeffedtive amonncisehendei td mean the ambwitdftvaetos of brug

The nucl ei c_aci.d By be canpl exed to agents which interact specifically
VO 98/ 35554 W ich achieves a positive outcome on controlling cell growth and/or proliferation. '

PC-I-/ U898/ 03514 ’I‘he abbreviatio "C L] : " : .14
with extracellular receptors to ?aci'HJt' afe 't glhle{/etlanr’ysmo s{ Te cgll}%l%}néecgepﬁ

into the cehnifs.exXHpCdsU. is calculatedby umbasuringavichl hexongabicpddivecRnipkL)es as
descri bed i 9§J§ P tentg Nos. 3, 166,,322H and 5, 635, 383.

Addi t i onal |§, Glisa piteed (6 oF - infacion petipd, S uvgher( {9954 Hhman-agrte Ther.

nodi f ijgat i 0§:19h341@¢cKnob or fiber domains of the viral genone to

i ncorporate cell targeting 5 noi eti es. The
constructs desi gnat ed Thembbreviatiott Atn0Ob /"58"used KerbihNefess to, "mpdlfiplieityr §f infection”

pS6[err], refer to constructs so designated in copending application
USSN 08/ 328","6‘?@,‘;’3 cr. pe’quH{ed on Cctober 25, 1994, International

Application WO 95/ 11984ie term "paclitaxel® as used herein r@fe;sct%r}ﬁﬁgfégte é'oXlgnercialllx known

substitution”, when describing a protein refers to a c

ani no aci d aoharei?.t iTenol¥finkibits pulairpstic deliaeplitaton by enkanoiigaprlymaérizatioh ber t he
protei,R' s . activity. Thusg, 'conservatively nodified variations" of a
parti ¢dl ar ShRHR %?tlfséﬁtﬁlﬁﬁl?&lézea mxcrotubnﬁ%pggcgesttga% HBable tQregrgarizetintoi thers

of those anprgepghfiturkd fr RR&idI0t critical for protein

The term "contacting a cell” when referring to contacting with a drug

and/or nucleic acid is used herein to refer to contacting in a manner such that the drug
and/or nucleic acid is internalized into the cell. In this context, contacting a cell with a

25 nucleic is equivalent to transfecting a cell with a nucleic acid. Where the drug is lipophilic
or the nucleic acid is complexed with a lipid (e.g., a cationic lipid) simple contacting will
result in transport (active, passive and/or diffusive) into the cell. Alternatively the drug |
and/or nucleic acid may be itself, or in combination with a carrier composition be actively
transported into the cell. Thus, for example, where the nucleic acid is present in an

30 infective vector (e.g., an adenovirus) the vector may mediate uptake of the nucleic acid

into the cell. The nucleic acid may be complexed to agents which interact specifically



activity or substitution of amno acids with other am no acids having
simlar_ pioagdskies (e.g., acidic, basic, positivelperassogiegati vely
charged, polar or non-polar, etc.) such that 15 the substitutions of -
even critical amno acids do not substantially alter activity.

Conservative substitution tables providing*functionally sinilar amno acids
are well known in the art. For exanple, the follow ng six groups
each cont aiwithagntraselielavizeceptars tarfacilitate deliveropfsbe nueleizacilintg theuell pevanfpies
one anot her,; Al ani.ne . nLne

. . 1 [ T
(T): 20 tnclude hgand/polycatlo%Dlgéﬁgmpa%(eg a5 8es€B§>¢',:A3 i@ ﬁ%ﬁaﬁeu&salas.(gigano
3) Aspar agiafig 5(895,343. Uhaditid8ally)viral delivery may be enhanced by rédorfibighgti ne (R),
Lysi ne (K); 5) Isoleucine (I), Léucine (L),
Met hi oni ne ngadificationi ofdhg kfob emtiber domains of the viral genome tg)indonpargteaiet nangetifg-) ,
Tyrosi___?e %ﬂi tTer ypt ophan (W. 25 See al so, Creighton (1984) Proteins
W H. ee EO R Conpany. |In addition, individual substitutions,

del etions or additi onpheWdoinStfuctd d&ignadcheddin 41" RVE/NYSSF NOA AMANYSHY, AQDRE OF 2
smal | percentage of am no acids in an encoded sequence are al so

" conser vat ipd6T’y refiorita theonstructs so designateil dm sopending applicanondg3SiN ©8/828,673,
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illustrates the in vig "'&nis&bhtlik}et§u@§titﬁﬁo§|§w@én@e§t‘ﬁb‘ir%ga£‘pidi!él"ﬁrrefé% fo% change
by various concentrations of p53 (A/C/ N 53) and/or Taxol[err]. '

Fi gur 80 2 piinthecamingracidsesmposiionraf Akeapxosein thay doenrotsupssantiabytadter the psoteit’ ©d

in 5 Fi gur.e 1.. Synergism.between.Taxoll.err] and p5 Al C/ N 53) was
obser ved wREN e TR Gorer vty drating i Bat o fprficilen i oci domiie
bef ore p53 réfefaoihe acid substitutions of those amino htifls A6 adenot 3hticANEr Potein
Il1lustrate the efficacy of p53 Ad agai nst human breast cancer

xenogr af t s aftiviplersubsdmtion/pt amingr acids Wish other amino atidsehayingsimilar popertich

Cl.uU adenovi r us .C//N 53 or. er mouse split jintg 10

i ecti ons (G- RHRCqats YR of BeBhevely Rl BEF of Botrbglef g S qusg
bet a-gml Athe stibstitatibsd 6f &efeiticAll Mnind Acidk ldb Sot Mﬁmﬁﬁguhlte‘i activity. W th
MDA- MB- 231 tunors. Fig. 3b illustrates results with MDA-MB-468 '(-468)

t unor s, Conseryativeryudstitgon tables tprexiding funetiongliy\similayemingBacidsare-welbknown
tunmors.

. ELgur.es 4da_and 4b. provi de 3 C/. N/ 53)
dose res poﬁ%g’ec"m'vggr ?:éﬁmple, the fol Apﬁ/é!xz%rfu?s- ?%&)coﬁtﬁ%%&? ﬁc@g(t%)ar%nd for
VDA- MB- 468 chhbeB¥ative shktinftidhs fdd & abother: were dosed with 1 x 10[err] x
10[err] C.I1.U p53 Ad (AAC/ N 53) split into 10 doses

1) Alanine (A), Serine (S), Threonine (T);
20 2) Aspartic acid (D), Glutamic acid (E);
3) Asparagine (N), Glutamine (Q);
4) Arginine (R), Lysine (K);
5) Isoleucine (I), Leucine (L), Methionine (M), Valine (V); and
6) Phenylalanine (F), Tyrosine (Y), Tryptophan (W).
25 See also, Creighton (1984) Proteins W.H. Freeman and Company. In addition, individual

substitutions, deletions or additions which alter, add or delete a single amino acid or a

small percentage of amino acids in an encoded sequence are also “conservatively modified

variations”.



adm ni stered peritunorally on days 0-4 and 7-11. Average percent

i nhi bi t1 0Q% Y¥Ps8s4 cal cul ated by conparing the tunor wraigsnidiscach
p53 Ad dose wth buffer-treated tunors on the days 14/15, 18, 21.
24, 28, 30/32, and 35 (IDA-MB-468 tunors only on day 35). The -231°
tunors averaged 22.51.2 mMerr] on day O, 1&hile the -468 tunors 20
averaged 33.1[err]1.8 mmjerr] on day O. Figure 5
provi des a conpari son of BRIEFN DESERIPTIONOF THEPRAWINGSent when

adm nistered as a single bolus or as spl.it, dqoses. [ MDA- MB- 231) were

dosed with a total ofg’ﬂ.“ie ﬁ‘l UsEaies phegn V}S‘S‘%“ﬂ’d&}S‘QP %@Q&‘é@ﬁaﬂ%ﬂﬁuﬁ@f\ﬁéﬂks 1

and 3. ' : : i CHAT ' we efficacy of nmultiple
I%’an ious concentratigns S g ﬁlé/NHPZr%g%{%}\?\%ﬁ €

cycl es of ose p agal nst -established tunors. A
total of 1.32 x 10[ erFigufg 2 ptdviges 2nAsbboicgram analysis for themxperifients dihstiated in

MVDA- MB-468 xenografts. (P = plateau_.in.control r growth rate; E
el 5t ddNENg D, Synérgism berheen Taxold Aad DR} (RIGAYTE) wi,Gbsaried ey the st o

the in vivayiahibiti - i n nude m ce
adm ni ster gﬁé@%aﬁ%ll[t%imgx?@%l\ﬁp@%?f?ﬁ@%\#%ﬁgg a single bolus 30
injection (Fig. 7a) OFigaresi 3a,i3dt and 3t nfheatateaths effidagy of Ipp3 Ad Lgaim} hamhbeONS

(Fig. 7c). WD 98/ 35554 ) i ) o
PCT/ US98/ 0br¢ast cancer xenografts in nude mice. Mice were given a total dose of 2.2 x 10° C.I|{.

Figure 8 Tldahyiplsan ehvisiorl) bl mhsd 4t 4959004 ABAIARARS 02 aBgiADEIESS

tunor’ gr owt late s’in scid mce.
VDA- MB023 IMiderwers treated with p&3 AddbsmegaivAidh oa vehitiel alade. Fig. 30illastrdtesresules

beta-gal Ad (1.1 x 1011 viral partjicles) split_into 10 injections
o venon dayh MDAMEEs braimss a6 ket rerus FOHMDAMBAE8 (14068 Bisporss

pel | ets rel gased $3iRisl8kS 1&11&%2:&3%1)@?&4&@35 -435) tmors. Figure

9. Conparison of conbination p ati erapy on nor nal
and tunor cells. Figures 4a and 4b provide p53 Ad(A/C/N/53) dose refpiohée tikries for
DESCRI PTI ON .10 IS i nventjon rgvi des new net hods, of

. Thi s [ .
i nhi bi ti ng YMR&-YBVEH (234) Bymors (Fig. 4a)and for MBA-MB-868 timers (Figo k). Mice
parti gyl arl _ lop i £REY : I ' one
enbod;irgrent ,M% @%ﬁ%ﬁég ?2@0?\%2002%{'2{31P?%é&q{t%e cg]?f:;s)%%lh% ﬁn%l?ljl&s)ers
suppr essor admrihisiered peritumoradlyi ah, days Ot4iamd 7-9dp pAearage perceidtdninibhaiods wekdr an

adj unctive anti-cancer agent. Typically, the tunoy suppressor
protein or Safulass Y, TRt HROT, Kolirgs gfa«?ﬂshﬁécﬁ%eos;swmiu Tefvigpatad;

SuBP eesor ke Tui i 15788, 20 24 M sgae e ST RISA bR
It was a sulagraSyi Mhed23k aunsory avéragdd 22.5 e mimhon tayg 0, while ey 468 curhbs
resul t2(8) averaged 33.1+1.8 mm® on day 0.
Figure 5 provides a comparison of the efficacy of the therapeutic agent
when administered as a single bolus or as split doses. Tui'no'rs (MDA-MB-231) were
dosed with a total of 2.2 x 10° C.1.U. p53 Ad per week given during weeks 1 and 3.
Figure 6 illustrates the efficacy of multiple cycles of low dose p53 Ad
25 against large, well-established tumors. A total of 1.32 x 10° C.1.U. p53 Ad was given °
over 6 weeks to MDA-MB-468 xenografts. (P = plateau in control tumor growth rate; E
= end of dosing.).
Figures 7a, 7b, and 7c illustrate the in vivo inhibition of MDA-MB-468
tumors in nude mice administered 1 x 10° C.1.U. p53 Ad (A/C/N/53) as a single bolus

30 injection (Fig. 7a) or split into 3 injections (Fig. 7b) or 5 injections (Fig. 7c¢).



described in previous studies (see, e.g., Wahl et al. (1996) Nature Med.,
2(1):. 725 (?8/%95 Hawkins et al. (1996) Canc. Res.p&Bissifd3si398). the
treat rrent ? manmal i an cel | s | acking 20 or deficient in endogenous -
wi | d-type tunor suppressor protein (i.e., many neoplastic cells);

wi th both an adjunctive anti-cancer agentlé( e.g., paclitaxel (Taxol[err])
and a tunor suppressor gene or polypeptide (e.g., p53) results in

i nhi bition of prol i f &Higire @rillastehtesrof the ability @rlomdmsc)ﬁem&med)de&ogum@rm& han
t hat observ wth either the chem cal_treatnpent_ or

suppr essor RBHEPR of fuaphLERe Wi Blediid by NK cells inyscig %%eWW?ﬂ% ﬂimvfént | on
that 25  ypL §bdefl %ﬁ??tt?tw 4 i‘%“&cﬁ Uy Getﬁ‘%?l' Ad ?P?%cr 1095323 uppl@g)t g;gﬁ

i ncreases the anti erat tunor

nucl ei ¢ acil@. mj\i\tﬁdm@vd)mm(j;ayisdunm ind H-p&ir Suhmtaeods@nmethastone (or placebbp

bel i eved t hat E)osm bI% means by which an adjunctive anti-cancer agent may
cont ridut e Pelets released ?@iléggﬁT%E@'odaé'ffect is: to increase the transfection

ef ficiency of variou t addCei

Vectors): or, to i noriango, CoibBlkon of compinki P3faidibhlaiERERRY citbrmel
gene; or, anrl ainadridellze m crotubules to assist in intracellular virus

t ransport ;or, WO 98/ 35554
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to provi de enhanced effect thr owr 'ﬂﬂ(ﬁﬁﬂ‘i@l\of various intracellular
mechani sns (e.g., signaling pa vvays apoptotic pat hways, cell

cycl i@y pat hways).  This invention provides new méthods of mhmﬁﬁxgeﬂib(gﬂbmrﬁnd/drhl S
i nvention praqvides nmethods of inhibiting i.seased mammalian cells

| acki ng, oPraiiferation gt cells, moge @ﬁ'a’(‘}@‘?ﬁlﬁﬁge gForgh %@ql‘éﬁ%ﬁm of cancerscglir lysor
pr gt ein of oﬁ@lﬂﬁxﬁo&i&e‘ﬁ? The letifis Hﬁ\%’i@é’?ﬁn’fhcﬁﬂg ﬁ@ dﬁ}i Rfot sGHRESEr ARBERE

an tunor suppressor aC| f unor "suppr essor
pol ypept i decid\\emmdresuppdelsor protein andawich qir afjentive anmcanmnagdnhe Typichity] the
inhibits tum)rLﬂ%r owt h and t hereb rqyi des @ rretthhod of treating a

calncer PgF‘{“i“E,r RPYESSQE REptsin I puclpipacid ynd ¥ f SIpe FReciss ,aagheotgmor
o ont D 1 pappreson prpudif fa SC1afcd. Pinn, Wik e e lncks Fndodelflh gsS bbby g | o

p56RB) V\hpﬁiepnnemlomﬂsarﬂuylewaﬁdawﬂeﬂeaebdmct|ve anti - cancer agents

(conpounds) include paclitaxel, and, co ?gﬁﬁw th pa |itaxel -1ike activity
such as paclitaxel dérVht SWressipg discov gg)mtxont t, contrary to the results | ¢

uas al o gl B predlook Bich WBNEIOMWalink: 101996 b MlteB ek, 9918,

t unor suppressor nuc ei c aci e can
net ast at i c Haelkirs. et 8110(119961)hd3dmd iRan 561r8925898), thakeattnlant dfoamamoibliaméeslisilacking of

the fogrmati o 0 rath r epr oducti on of nmet astatic
cel | €U | n Bhee @ﬁ%dﬁl ﬁ@mgemfem kYRS, TG SURBFESHRY RIAEPLE Cer FIRENeRPlasHe

i nhi bition / m ) nce
of neopl as‘r:r(;'snsg e‘?’rltgltl gsﬁ.‘r %:gdmﬁtahﬁ%aﬁd&?i nrt ?'FU r%?l H&%zl(gh@%f?z‘ﬁ??gﬁﬁ?gﬁ
provi des neipgpoessorf ganetorqmlypngndmetg gab3)ngsudts in inhibition ef prulifiehtiorgdnd/dre

f t ast t di t hqd | tacti 20
et a5 a1 CBIBYREE e SR S e it EREBI I SHier M Fomeh BEPSROpPE: de

I'n a parti gidhéd suppressor construct alone. Moreover, it was a discovery of this invention that

25 pretreatment with adjunctive anti-cancer agents dramatically increases the anti-proliferative
effect of a tumor suppressor nucleic acid. Without being bound by a particular theory, it
is believed that possible means by which an adjunctive anti-cancer agent may contribute to
this enhanced effect is: to increase the transfection efficiency of various gene therapy
vectors (e.g., adenovirus vectors); or, to increase expression levels of the tumor

30 suppressor gene; or, to stabilize microtubules to assist in intracellular virus transport; or,



preferred enbodi nent, this nethod may involve contacting the cells in a
sur gi cal w;g 54 site (e.qg., after renoval (debul ki pgrugbsessidinmor

mass) with a tanor suppressor nucleic acid and/ or tunor suppressor

pol ypeptide in conmbination with adjunctive anti-cancer agent. Thé
cells can additionally be contacted with am adjunctive anti-cancer agent as
descri bed 25 her ei n. In still another enbodi nent,

thi's i nventio@iovitie¢hkigted effecidhongipgratteraction of viriQRtifkadellaRE mBRASnisms
utilizing tunor suppressor genes and gene products. In part, these

treat ment r@g- nBigBalE-pathiays, apODtofic RARWAYSs PellCYsliag PadmayPhat t unor

suppressor nucleic e, ef.f. Jve I n
inhibiting cell or tu us,ér?éﬁ %m%ﬂﬂ éb%urg%%érg&%aﬁegnﬁhds&fé&

admi ni st r atdisyased Mah@ialiafi261ld Rcking] AiddeFickt if an endogenous Wil pdRBtbr

PCT/ US98/ 03514

The or8er i¥PMeston protein ofrasts by spniasting themovith pr n@vncxé/eaaﬁlrcaa@m@apmag@nt s

are admni s ' Q rit t h .CO Sition
oo b Witk 5 prflor ieiic b Wl of MM suffresdhl BB PSS R MO

i n one enmbogk pRdkat in a tumor tHY Mktheatinfbits Ao gedvih éﬁﬁttﬁbrélby bﬁﬁﬁes%rkﬁethod of
adj unctive anti-cancer agent (alone or in 5 conbination with a

chenot her apeasting axgaear) Fasdeuwlardie prefereedaumos suppressonnunlaie aejde ar polypeptides

amhoai ment e Ree B3 REPRANIGC G S, CnlE o3 Peff B RTRY 0 ploEPacive

adj ungpi ve faipnhertihefdof QﬂgntpldORBt b§6RB), while pabtfolarprefeefedGidjuietive bfti-aci d
and/ or pol ypeptide. In another enbodi nent, the adjunctive

ant i - cancercapeiragental(esrapanndsrinelone paciitaxehand eompoushe withtpackitgaeltlike afwiy )
I's adm ni Sts%gﬁfdz? égchtwfgg}g'vaﬁ%nsefeufl %nWo&@esme tunor suppressor nucleic acid

and/ or pol ypep odi nent, the tunor suppressor

nucl eic acid and/ or priwiseRb ddsdovesdst thisshedntidn #dt @bntacting of celxbanmwaﬁnor
suppressor nucleic acid and/ or pol ypepti de.

ant i -t unor SBPPEEsIOr guclgifmacid andier p@ypwélde Gap Bhihil matastadc pelish oﬁ@hanhlb&twn can

" byst dhder ek 6 38 SufBhBl ot e FRbar S MSPEC bikilh, SepdlSsaitt ey
15: 385- 401 madstaticekils( Tank ebobiment, the inhibition cd@n B8 ¢hA2foterized By e iBKiBitiohhe

I mune system can al so be nmani pul at ed to selectivel y accentuate (or
depress)  t He-gurpdiglionand/ereclypinpiiontiin sheqnpearapee offegplassy seraote froma the

dul ate t vti.e (CT L
Fomor i nt { (RS fymor” o o cnio e st R feattERPR Rt bl
i ncrease i relifdih&ting) tRPpWgyedsion PP Metditatic disdaieN| Fid MEthods ﬂvaoB/eQ5ﬁta6ﬁiﬁ§ essing
adenovirus to humans. Specifically, an increase in

( phengﬁypl dastpsjatic ellspeith @ &imey, supPEBIT rrauclmccpcmdé@rrqqup@tlé@s ém ae@;t@qmﬂy
for the tr cupiemse egoolEpdh, s BERLR' Sl BbSY oBludilie SR AR AGY |

detail bel Giie (e.g., after removal (debulking) of a tumor mass) with a tumor suppressor nucleic acid

i

and/or tumor suppressor polypeptide in combination with adjunctive anti-cancer agent.
The cells can additionally be contacted with an adjunctive anti-cancer agent as described
25 herein.

In still another embodiment, this invention provides for advantageous
treatment regimens utilizing tumor suppressor genes and gene products. In part, these
treatment regimens are based on the surprising discovery that tumor suppressor nucleic
acids and/or polypeptides are more effective in inhibiting cell or tumor growth .when

30 delivered in multiple administrations rather than in a single bolus.



It is recognized that the nethods of this invention are not restricted to
the 25 _ d Rf4 @ single adjunctive anti-cancer agent orpe€pesosidsisuse of a
si ngl e chendt herapeuti c. Thus this invention provides for nethoeds-of
i nhibiting di seased nmanmal i an cells | acking an endogenous tunor -
suppressor protein, or a tunor conprisinglg&uch cells, by contacting

the cells or tunmor with a tunor suppressor nucleic acid and one or nore

adj unctive anti - The GrABCEr whigE fiie ot eGsprési@ardeddpurittivé @nti-cancer Yfents-

98/ 35554
PCT/ US98/ 03¢ administered is not critical to the invention. Thus the composition(s) canbe 19

. Adjunctiyve.. Lz t . . . r ot ubul e
af fecting a%@ﬁﬁg{éed%ﬁﬁgne%gﬁgﬁ & We‘éﬁl%leyd g lrol\tllset:‘mcleh 1, R e"ﬂ%%ééﬁnﬁgﬁﬂt , this

i nvention psretéAment 6t @iswith at least one atijdlitteldnticadtragendalkat lop it acki ng an
endogenous tunor suppressor protein by contacti ng the 5 cells with a

t unor SupprestiRationsyigh a chemetherapewsiAgeaty insreasescthe efficaey af asebsaqueatly unct i ve
anti - cancer ' | e i nty (€. acl itaxel,
o NS lier P Sy B RS TSR] oo B
herein, a nihemothebdpettihfentis ddnindRnéd before the adjundtive ANEQ4nEkr taBait andied f er es
with cellular mtosis, i.e., having an anti-mtotic effect, b o

af fecti ng rEEDSUNPIESSOR BiGiRiE RO and@r dplypeptidsn . Inoneticngahodimeah theadjrmative

nstance. 10 contlClOh A AE of iF Bihbhich AR BeRbaBlRti: 1A UiatBloey

m cr ot ubul e Tor nmat i

usef ulioi n tdiAuitdnieondly ithahe wfdd sulspssor inclelRQRRI and/or polysuptidki [h aifirthdpe art
and include, but are not limted to all ocol chicine (NSC 406042), '

Hal i chondr | SURAURERt, BGIBMGY SURPEESSON RUCHAG Reidandpy polypentideds admipisierod afteres

(e.g., NSC , 1 -1376128), mayt ansi ne( NSC
153858), rhrS Sy sﬁ%}%%g@&c%iﬁwor&gﬁﬁ@% (Taxol [err], NSC 125973),
Taxol [err] derivati veFhe tigumolNefesiiiGddinisteihg @Rl cofipdkition and methods WEthe
361792), trityl cysteine (NSC 83265), vinblastine sulfate éNSC 4984;),

vi ncri st i ndnvention alsodpeldesean aggctugips,/mon-spepibiciefice shenso-eqllsd ibystander efifert,”
di scoder nol i de (se i . [P-Yalo - )

est ra(ringjst [ n(léé,je’ i 'bgggrgé §1,99§M5é%c%g%t¥sﬁaeszﬁ llqivé %I%%grf‘%) il eaé Zg?kaéggﬁa%) Gene
agents ar e FHep03:98%06).bFdrthéinione, the iimuhé systen darp@lt€Bé maniphiladédifocselestitsly
e.g., Bulinski (1997) J. 20 Cell Sci. 110:3055-3064; Panda (1997) Proc.
Nat| . Acad.acegtuate)@r depresg)she humory or the cellular g (of the immuneAysiCEhder. Res.

voi 6ol RagbiERER el pRIOL TR 3, 0B ErGR A mpoene (CTLYBSRHR ifdliddng
271: 29807- 29@pRocyte (TIL)) response. For exampl&pdri increbser inyTTRs & eisepddagent s are

conmpounds wth paclitaxel-like activity. 25 These incl ude, but are not
limteél to adminisiration ofanpPhexnressingadeniiug o hymans. paracifically, an inggease in

compounds) R @RAbARNSRy TRAbr @IS CBIY ahd EISS 1/ GHskivea uBbR itiEhéall ©

commerci al l'y.
arterial administration of a p53-expressing adenovirus for the treatment of metastatic

QO

hepatic carcinoma, as described in detail below.
It is recognized that the methods of this invention are not restricted to the
25 use of a single adjunctive anti-cancer agent or even the use of a single chemotherapeutic.
Thus this invention provides for methods of inhibiting diseased mammalian cells lacking
an 'endogenous tumor suppressor protein, or a tumor comprising such cells, by contacting
the cells or tumor with a tumor suppressor nucleic acid and one or more adjunctive anti-
cancer agent as described herein. |
30



addi tion, nethods of nmaking paclitaxel and paclitaxel derivatives and
anal oguesygbg33464 | known to those of skill in the ®chnf{sogessie. g.,
U S. Patent Nos: 5,569, 729; 5,565, 478; 5,530, 020; 5, 527, 924;
5,508, 447; 5, 489,589; 5,488, 116; 5, 484,809; 5,478, 854; 30 5,478, 736;
5,475, 120; 5, 468, 769; 5,461, 169; 5, 440,05Y9 5, 422,364; 5,411, 984;

5,405, 972; and 5, 296, 506) . WD 98/ 35554

PCT/ US98/ 035 jAdgungtlve Anti-Cancer agents 20 -
Addi tional m crotubul ents can be assessed using one of many -
such assays known in ‘ﬁ@{ #“ﬁ'ggé'?g Qnggﬁ?l&ﬁtorrat ed assay whi ch neasures
the t ubul-i n- pR¢ ¥xplaingd Elibv%cld el efniidima! tHidirendAhB9Rled ett ds
conbination with a cellul’ar assay to nmeasure the potentia ese
corrpounds tl@hlbitm@mmsttdscalln lagkingsansendegenous pagor( SUPPrEpsor Protein tfyammctmg the

Chenot actjvity

of a thst &8&% ¢ WE‘%@P@QW%EH’%V“@B FTIR% SURGressar diupleic it a“‘{/\ﬁ“{ J‘P%’tve

conpound  angdahedrHgBht\Gichae h RBErRibuOAfréchfg @bt (ssgcl ﬁachaxeil 2 ﬁﬁag
parti cul ar, throughthelnhlbltlon of a mtotrc event. Such hi |t|on may

be nmedi at edlenyatwe ora pmlmbhk@mmpomﬂh distused berapparrmcm;ubtrle gifectithip aipemtis on

mmy Do charerEoRRaayaftiss s ot bl Foigyis oy Hevit & bRt orfishay

conpact i on affebiiLAT@dnbilFRRAIGH MdMECictiof! Sulh a%ents can be for instance, In a
preferred enmbodi nent, conpounds with possible tubulin polyneri zat ' on

activl@y ameicrtutsde stabilizing agents Olrngaltpwd;iwrdla'dpremmmdmfomdmmcorrpounds

are scree_ned _ ai nsf3 cul.t ured WR21 g}i deri ved frog}l i ne 69-2
wap-ras mce) for inHVARTPUBHESfiequng agepisdise JRVERHAR gFe ¥ k%‘FW'éF‘é@lose

cel lular nrRRR B%Ye atthinRAdhdL bRE afeQlot Thfife@ltd! BtdDIchicine (N%%@M on. In

vivo screening of positive- testing conpounds can then be performed using
nude ni ce dichondrimB (Méﬁ%ﬁﬁ) colﬂlﬁcsne(ESCa]ﬂhcbqkrm:mdd:rwatwes {ehg.s NSC

AL TP TR TN SE ST ETIRTN T

for desiregadphke! (rixABENSE! 12597DWTabl® derﬁ'ﬁ’mﬁe? 0e8., quS@ l60B&32) ntlﬁ&%léﬂi% e

Typical ly Such assays involve assays for inhibition of m cr ot
assenbl y af¥S6r361i782k seitphdlcysteing ENSE F3265)yivinhdastibe sulfais CBG 149842)e vincristine

d | bed, SKi t al 1974)..J. .Mbl eg. ,Biqgl., 89;
737758, Lsulite TRRE s Bbepoiing g6 spbilons. &9 ishodeimotie (pr ey ictndle99) v vo
assays for seQppoWwIds 2009) kstramustineP 26¢ddasbie] MAPLS 238 eViile!  Examples of such

. B) Pol yprenyl-protei’n transferase I nhibitors
st i || anot hgente ateoalsordescribechinsthe neientificoandypagant diccsathoe, sehee. g.0 Bulinskd (1895) df

UToraGUPPISRAK, THEAREad: BanBl 1000 PR DAL SR 0O HEABS o
transf er as{niHlfide( 19575 daneérRiB, 5PBB443846; Nicolaou (1997) Nature 387:268-272;
Vasquez (1997) Mol. Biol. Cell. 8:973-985; Panda (1996) J. Biol. Chem.
271:29807-29812.
Particularly preferred agents are compounds with paclitaxel-like activity.
25 These include, but are not limited to paclitaxel and paclitaxel derivatives (paclitaxel-like
compounds) and analogues. Paclitaxel and its derivatives are available commercially. In
addition, methods of making paclitaxel and paclitaxel derivatives and analogues are well
known to those of skill in the art (see, e.g., U.S. Patent Nos: 5,569,729; 5,565,478;
5,530,020; 5,527,924, 5,508,447, 5,489,589; 5,488,116; 5,484,809; 5,478,854;
30 5,478,736; 5,475,120; 5,468,769; 5,461,169; 5,440,057; 5,422,364; 5,411,984;
5,405,972; and 5,296,506).



not limted to farnesyl-protein transferase (FPT) inhibitors,

ger any| ggys\bedssgg otein 30 transferase inhibitors, and echrarsesussod er pene
protein transferases. Exanples of WO 98/ 35554 -
PCT/ US98/ 03514 21

conpounds that are polyprenyl-protein traB8ferase inhibitors are well known
in the scientific and patent literature, see, e.g., Zhang (1997) J.

Bi ol . Chem 272:10232A44183:%41 mlcrombuld\hmmg agédR9éin Be ashmked leﬁgnone of many-
40: 42904301; Mall ans (1997)Bi oorg. Med._ Chem 5

Exenpl ary YRR BFAVS KRG | @aﬂamese/Feraxaematpdt%swswawawasw Bitors are

descri bed | B0y Botymerizing activity of BRRisel el LR AR £ suglar iy o

1996, wher ané¢d=ii2he portatiaignfahesd comppondsdo block ce11§ fOmikolis {see lwge@ﬂ%ﬂ) WO

97/ 23478.
descri ded |<}ﬂq‘%'e&&ﬂl’féwhﬁpﬂ'gnﬂgpqz gg?’lr’:'r‘ﬁbonbl nat | on therapy with a p53

expr essi ng adenovir usGQﬁgﬁye aﬁﬁ%@ﬁ%@&s@&ﬁﬁﬁm RS 9&51%1?? L f‘.&&ntﬁ& ﬂgﬁl ?ﬁ'ﬁ? ng

manmary tunor I natiom was nore effective at
tunor cel | swviththat eothpendagdrdetesiniiing ‘whether or not the cell cycle is@iswprdpid des

(nostly tetrapeptides, but .also pentapeptides including.the formul a
Cys- Xaal - X481 5 threngh the fnhibision b4 myetigevent. Eﬁs&ls@élbaw mgy, he pgsdjaged by
95/11917) .

Cys- Xaa- Xaa I%Eu%uorﬁ ?r%tthfc%lzmulglﬂpapagt’ %%8’3@%&?& Eﬁg\% @ﬁ@gmﬂ@&ﬁﬁ@a gﬁlis ™o

04/ 09T66; Wit LRSS int@reptédFagde chracterized b aBasd FrophdlSeb(e340, 828, US
5, 420, 245; WO 95/ %0396 US 5, 439,918; and WO 95/ 20396. 25
Far nesy! at SBICHRIBRYIE SOmPAREION  inCrastsl Fifemosome, Bumbsr, £10 ), f ar nesyl at ed Cys-

pept  do- m et ?L;ﬁpounﬁfeﬁéﬁsﬁé@m}%}% YA B ol IBin pejpezpgon
VO 95/ 0900CictiVi€y Sim/2fdefdd inNire1/Th 26refer’éd enfbod bid®, thelRAmpdbndslate screened
against cultured WR21 cells (derived from line 69-2 wap-ras mice) for inhibition of
15 proliferation and/or for altered cellular morphology, in particular for microtubule
compaction. In vivo screening of positive-testing compounds can then be performed using
nude mice bearing the WR21 tumor cells. Detailed prbtocols for this screening method
are described by Porter (1995) Lab. Anim. Sci., 45(2):145-150.
Other methods of screening compounds for desired activity are well known
20 to those of skill in the art. Typically such assays involve assays for inhibition of
microtubule assembly and/or disassembly. Assays for microtubule assembly are
described, for example, by Gaskin et al. (1974) J. Molec. Biol., 89: 737-758. U.S.
Patent No. 5569,720 also provides in vitro and in vivo assays for compounds with
paclitaxel-like activity.
25 .B) Polyprenyl-protein transferase inhibitors
In still another embodiment, this invention provides for the combihed use of
tumor suppressor nucleic acids and/or polypeptides and polyprenyl-protein transferase
inhibitors. Particularly preferred polyprenyl-protein transferase inhibitors include, but are
not limited to farnesyl-protein transferase (FPT) inhibitors, geranylgeranyl-protein

30 transferase inhibitors, and other monoterpene protein transferases. Examples of



and FR-A 2, 718 149. 30 Fused-ring tricyclic

benzocycl yrl di nes: WO 95/10514; WD 95/ 10515; pM2uSds/038X116; WO
96/ 30363; 30018 WO 96/ 30017; WD 96/ 30362; WO 98/ 35554 . -
PCT/ US98/ 03514 22

WO 96/ 31111; WD 96/ 31478; WD 96/ 31477; WO 9631505; International Patent
Application No. PCT/US96/ 19603, WO 97/ 23478; U.S. Application Serial No.
08/ 728104, kbfipoviRR!thatairé gay ?'Iibrdﬂﬁn tRbférade Bibdbitdes Sre WO lh&Wh Iu?&teSer i-al
No. 08/ 713, 326, U. ication Serial No. 08/ 713,908, U.
Application seentifid andopaters hteraw 7AE8, 7.5, Zhang (199014 Séali &he@emanom-mzsc)

Serial o, Dipises (885 oMl it BiadBiaany: e (19577 Bisgyy %5’*8%-" Os"

ApplicationsSmogl No. 08/713,323; and U.S. Application Serial :

08/ 713, 297. Farnesyl derivatives: EPA 534, 546; WO
94/ 19357; WD 95/ 08546 ExEmplaty compe®kisahat: are fatnesgl-pmitei 0G@sferase inhibitors are
Nat ur al product %fand derivatives: WO 94/18157; U. S. 5,430,055, GB-A

2,261, 373, %61,374, GB-A 2,261,375, U S. 5,420,334, US. 5,436, 263.
Q her CO”DOUHdS WO 94’113@"313mhl&095¢’i&§g'§ﬂ?ed B8139,429 désefibedGh International
95/21815; and WO 96/ 31501. 15 O ANt i - Angi ogeni ¢ Conpounds.
The t unor sépplicationr WEY 81/83488, dileh sk el 2, HR90dwhere FIT3IO isrdesignated compowids o

.St ere n with antiangi ogeni ¢ conpounds.
Pr eferred aﬂﬁﬁ %Pc”r} %bw}?&kgbsi tions inhibit the formation or

prolifgyation of bI ood vessel s, nore preferably the formati on and/ or
proliferation of blood vessels to tunpr N Sui t abl e
ant i angi ogeni c corrposi tions includ®& @ not limted to Gal ardin
(Gwo001, 4G &corre i:%.a Al ameda, CA) .Y ehdq@t hebhi al response inhibitors
(e.qg., ﬂ‘t 8h as int erferon pha,¢ TNP-470, and vascul ar

endot hel i al grovvt h factor i nhi bi et ,Ja,g,gnt s that pronpt the
breakdown of the cellular matrix (e.g., Aitaxin (human LM 609

anti body, 1xsys Co., San Di ego, CA, Met%stat, Coll aGenex, Newt own, PA; and

ri mast at BBZS British B|o ec ents hat a d|re n
vesse Iggr owth (e.g., Ay ‘describegynfigq W %??1&8 |“\58 Pﬁﬂ?’é "EB}'lW ppsg
G oup A StregiresaiCalfendit IS the 'ﬁﬂre’ﬂh&‘ij figdifist prostate tfifYY dISAHd YFHRAY tumor
i nduci ng an intense host inflammatory response; and Thal i dom de).

Sever al ki ndellspthes¢ambinationwasematesefféntive ahkilling tumosxcells thanteithemagegtaione.
Oligopeptides (mostly tetrapeptides, but also pentapeptides including the
formula Cys-Xaal-Xaa2-Xaa3: EPA 461,489; EPA 520,823; EPA 528,486; and WO

20 95/11917).

Peptido-mimetic compounds, especially Cys-Xaa-Xaa-Xaa mimetics: EPA
535,730, EPA 535,731; EPA 618,221; WO 94/09766; WO 94/10138; WO 94/07966; US
5,326,773, US 5,340,828, US 5,420,245; WO 95/20396; US 5,439,918; and WO
95/20396.
25 Farnesylated peptide mimetic compounds -- specifically farnesylated st-
Xaa-Xaa-Xaa mimetic: GB-A2.276,618.
Other peptido-mimetic compounds: US 5,352,705, WO 94/00419; WO
95/00497; WO 95/09000; WO 95/09001; WO 91/12612; WO 95/25086; EPA 675,112,
and FR-A 2,718,149,
30 Fused-ring tricyclic benzocycloheptapyridines: WO 95/10514; WO
95/10515; WO 95/10516; WO 96/30363; WO 96/30018; WO 96/30017; WO 96/30362;



activity. In particular, several reports have indicated that
medr oxXyprReYeisespne acetate 30 (MPA), a synthetic progesrmsssmssiqgpotently

i nhi bited neovascul arization in the rabbit corneal assay (G kawa
(1988) Cancer Lett. 43: 85). A pro-drug of 5FU, WO 98/ 35554
PCT/ US98/ 03514 22 23

5' -deoxy-5-fluorouridine (5 DFUR), m ght be al so characterized as an
anti angi ogéMO(96/31111 WO et idds; BE2 8684457, DNVORP6H SQTrinermaidnaldPdieritU by t he

t hym di ne pryl.as (}SF UR. ni ght be

sel ecti vel 9‘ *Pé‘y N8y 55%/5%@3}5&9&7%45&& ‘Apphcat“&rgg?%al\rﬂq h hi gh
angi ogenesiog;R/IGNIUA. A fé@t‘fﬁn §ér¥a"N‘@ 0871955801 85| RPSlidafiod 'SQMQ‘N{; hat
5 DFUR is likely to be effective for PD ECGE/ TP-positive tunmprs. It vvas

showed t ha08413,326, U.& Alpahu:auomﬂwaabﬁrre&%ﬂdﬂ 9&81tUtS,| ripplicatiecSeriat Nw. DFUR

| a e BaiTa 08 LS. Arpicetio SEREL G o 61715, 05 @?A&i&%%%“%@?”“e“ *

addi tion, ggpiored %@FN? ﬁchBﬁS%ﬁHPNH“d@N@I 925“@% Appucat&ifi
ant i angi ogeni cs’ ( Yayol 8 Int J Oncol. 57 27-32).""The co |nat|on of

the 10 BSDIWFQMMPASWA@phcahencSaneme 0%/d13,323% andrihiSn A pphinatihn Serial No.
angi ogenesbgﬁ Bt#? itors with different spectruns, an endotheli al
grow h fac 1 bitor and a protease inhibitor. Furthernore, in

| n-vivo experiments yshngyDMERARGNAUESA S7 IR IWOI94/ 1A591 HRTS/
5' DFUR exhi bited a conbi n}ét | onaéffect vxft h™ AGW 1470 Yarrarmtooﬁég'g)apﬁﬂcol

Reporl®s 2: 333,00963nd WA 95/13059. Anot her group of anti angi ogenic
conpounds for use in i s inyentio . .. inel I c i des _capabl e
of interfering with ﬂ#?é“”lahﬂ’i?fi}’% aB#]deéﬁé’tVFﬁ ‘gﬁré;ﬁf@%g ﬁghgqs% 095 @chor s
that prombeANGgR0EHIas 96§ 874, GB R@t 3*750% %55l40818h: U.S. 5,436, 6.263

Ot her nodul atof’'s "6f angi ogehesis 1 ncl'u 'at'el et factor TV, an
1470. Still others amhdmmmdndrm%m SHD 06 418542 US et B57; '0bi t or ,

VI tamn 20 mgal lin, herbimycin A and isoflavones.
Endoc??’ﬁégf%&@p@% 88/31%]1 Endocrine therapy, which is
aI reagy establi ghed %ﬂl-%ﬂ?ﬁ)%@ﬁﬁ%xﬁ Yifds. cytostatic treatnent, can

| ead hormone-depéndent cell's to be g escent and can reduce t unor
cell nunber jin-vivo &dihg tamor supprdssdr pmtuns aymueleic acrdspﬁtﬂm mm:nmbm barP&lso be

horrmne-de dent nmors. Such Iher es are expec rrent t he, ef fect
of tunor Bt I BoTndlopriv i st ReEr R CoBPO e FItBrH SRGAEIRESE | o

Thus, in apghp&ditiGiEaAlibiane forhi%t@n or proliferafi%e6# b18dd Pés@é’lk [of ﬁ‘re&rablj} ®fe ¢ he
conbi ned use of a tunor suppressor nucleic acid and/o pol ypepti de

and an ant foramlon@adlor@mhfemndnogbloodmessalsttonpnmgesterone. Endocri ne

t her gpeutics are wel | wn to those of ski art are. include, but
are linmited to 35’“‘“’%1? éﬂ%&%%ﬁ“‘ct%m?‘g?ﬁe‘“%ﬁé‘é%eb“é ae {‘°‘31“’§‘ed4 9596, 949) ,

flutam de, GIRIGRIGMEED1, G1§&QMedS Tho., Alameda, CA), endothelial response inhibitors (e.g.,
agents such as interferon alpha, TNP-470, and vascular endothelial growth factor
inhibitors), agents that prompt the breakdown of the cellular matrix (e.g., Vitaxin (human
LM-609 antibody, Ixsys Co., San Diego, CA; Metastat, CollaGenex, Newtown, PA; and

25 Marimastat BB2516, British Biotech), and agents that act directly on vessel growth (e.g.,
CM-101, which is derived from exotoxin of Group A Streptococcus antigen and binds to
new blood vessels 'inducing an intense host inflammatory response; and Thalidomide).

Several kinds of steroids have also been noted to exert antiangiogenic
activity. In particular, several reports have indicated that medroxyprogesterone acetate

30 (MPA), a synthetic progesterone, potently inhibited neovascularization in the rabbit
corneal assay (Oikawa (1988) Cancer Lett. 43: 85). A pro-drug of 5FU,



WD 98/ 35554

PCT/ US98/ #3D8As554 PCT/US98/03514. 24

al so, e.g., WD 91/00732, WO 93/10741, WD 96/26201, and Gauthier et al.-J.-
Med. Chem 40: 2117-2122 (1997). E) Del i very of
Adj unctive Anti-Cancer agents: Pharnaceut?®al. 5 Conposi tions

Phar maceuti cal Conpositions The adjunctive

ant i - cancer> #igeny-S-flizqrauiigine K& DFdiRIo arighyrbe Hito ¢havastarized agem antiangiogenic - -
Lypl cal 1y COER Wik S BRIRTTCHLLEE bl BHSPRE bhn B St YL PLGA)

to forma ar nmacol ogical osi'ton.
conposi ti orfHDBEGFMEE S DFURCRIhi Be sele@BRD Adtve IREPDFEOBFET P giditivd fuvifor
anti-cancer agents with or without a tunor suppressor gene or

pol ypept i deselld with higiy angipgenesis potential. Recent clinical investigations ineshowved ithap

Compouna + P 1 RN BRI YR RGP T porkive wogy RO RPYsS s

decrease  dramatic bRMAnGEHE: R affitufiior effectad D FURigPeakRiah PI-BECGREP
conposition. Physiologically acceptable 15 conmpounds can include, for

exanpl e, caransfeptedoells comparnd adthginiansfected wilddype cels (Haraguchi d893) Gercer

ant i oxi dant C orbi ¢..aci d or, .gl ut, hone el ating, agents, |ow
nol ecul ar ‘%sgrsﬂ?' %?@t%%@g &%8%§3?’t‘f°6‘}})§g?dﬁ%?)t Pﬁé@&@ﬁﬂg"gﬂp@g&grﬁga@P

hydrol ysis &fecii@anﬁwﬁiogeniw¥W (MD4R N F ORRIES: ZRSIL SThdEorBMIBARIIEST the O

other stabilizers and/or buffers. Detergents can also used to

st abi 10ze tHhPFEBpIYPA might be categorized as @ combirsation ££ éwe Ragigpenesistinfvhitors t he

20 phar eytd.cal, conposition e.infr or _e | ary detergen .
oher bhos B AirEFe sBETRERS. ab BaoBeity stk by, BTy 2h g BpEre dihblor
emul Si fyi noragRRhSre, Gh FROHE ieﬂ]ﬁbrﬂﬂé‘ﬁé Bsiflg DMEA Shdetel Y@c&nﬁiﬁhﬁi‘y édr€inomas,
particularly useful for preventing the gromh or action of

m cr oor gani ¥PFUR/axhibited prembineton effect avith ABGM-14Td(amamoto (198N POnaeé| ude,
for exanpl henc ascorbic acid. One skilled in the art would 25
appr eci at ee}ﬁ’fﬁf”?%eg c o)(:e of a pharmaceutically acceptable carrier,

i nclugsng a p hmmﬁéxggbﬁg ok ¥ntemE RIFemiB|cBmpONIRUBE ustemahRSnvénéion
m

exanple, on the route of admnistration . of the adjunctive _

ant i - canceringlyée polasaschariden sapable olcinregferipg ywithothe Hagation | of disparincbiadingt growtlof
t he adj unctjyve | -cancer_agent .. The conpositions
for adn ni serar it bR adaRmbeis (i PeRORTRAYBIBO or 300 the

adj unctive anti - canceptrg ivdufitdis of ¥@fogeneds RitAIdeRLAE! faetdr IVaaREAGM ! ©

carrier, referably an aqueous carrier for "water-sol uble adjunctive
anti - cancerl4gfe r§t§1_ othesszare derjvagffrom natural sources collagenase inhibitor, vitamin

20 D3-analogues, fumigallin, herbimycin A, and isoflavones.
D) Endocrine therapy.

Endocrine therapy, which is already established and a representative
cytostatic treatment, can lead hormone-dependent cells to be quiescent and can reduce
tumor cell number in-vivo and can inhibit tumor growth in patients with

25 hormone-dependent tumors. Such therapies are expected to augment the effect of tumor
suppressors in the treatment of hyperproliferative cells. Thus, in another embodiment, this
invention provides, e.g., for the combined use of a tumor suppressor nucleic acid and/or '
polypeptide and an anti-estrogen, anti-androgen, or anti-progesterone. Endocrine
therapeutics are well known to those of skill in the art are include, but are not limited to

30 tamoxifen, toremifene (see, e.g., U.S. 4,696,949), flutamide, megace, and lupron, see,
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carriers can be used, e.g., buffered saline and the |ike. These sol uti-ons
are sterile and generally free of undesirable matter. These i
conpositions may be sterilized by 24conventional, well known

sterilization techniques. The conpositions maé contain

phar maceut gbal e8..aWE2BLABTE, WA 93/30741s WOt 1 aand Gapthiee ef aloJaMedoxi rat e

physi ol ogi ¢al . C I Lh@RS such as pH adjusting and buffering agents,
toxicity a@ﬁ'gt ?%gzggﬁ@ gg@ﬂt he | i ke, for exanple, sodium
acetate, sodiumchloride, potassiumchloride, calciumchloride,

sodium |l actate and the like. The concentration of adjunctive anti-cancer
agent in these E)  Delivervfl Adivsstive AmtizGagcepiagenty: Phamagpeuticak sel ect ed

primard |y n fluid vol unes, viscosities, body weight and the
i ke ijn ac%ﬁ%ﬁ@g’% th the particul ar node of 10 adm ni stration
sel ect ed and t h@ppphdcenticd (J'&@@@ﬁitions Rout es of Delivery

The adjunctive anti-cancer agents used in the nethods of the invention are
useful for and can bdhegefjupeteanii-canceragenis upttbinrihe aethods bf Swripveition ars

(101 Ry B i B BERRA BpcyrmCheBlp R ™ Ko
i nt raar t er pRdrmatSlogRALEEMFsition  TIRVSRAAMECEOtMN coRPoRISIEESehe ihv¥nfidn can

pleural cavity, topical, oral, or local adm nistration, as subcutaneous,
i nt r al& r achemmprifecong. or more adjuncjye arti-oansel agentst wisthenwitbeut|a thmog syppesseal |,

bl adder, vaginal . .uter.i.ne, re | ,drasal nucosa), i ntra-tunoral
(e.qg., tra%%&e(?r%ﬁlypaeﬁ F?’p%?i’c?ﬁ%gof l}ﬁ(;cal injection). Particularly preferred
modes of admi ni str at PRsrmidtedtitdRy iabiepBib® dabiers lcan BorRaihiaghysiogRanyal | y when
it is desired to 20 have a "regional effect," e,g., to focus on a
speci fi ¢ onefgptable qgmpoynd thet a¢tsveg;, teStabilize the compositionrag49 incFesse exdenpease

i ntra-hepati c.artery injection s preferred.if the.antp:tunor. regi onal

ef foct | & HeanPergipt of Mle et fhal G PHafingiehital cambatudiy o PRy 4lPeicsi el o
it isjsdesi e@fipdunds @hh HRlude, for example @EBORYdraes) suh h8lubssd] Sucrése, 8, for
treatnment of brain tunors) a carotid artery or an - . artery of the
carotid sydexransfanioxidantss sych ag ascozbigiagic ef ghatathégng, chelating Aggntsalomer y

tenporal 25 oiccui Rl -pﬁ(gig-rﬁgg,@,eqo%g}oglg Yag FEASEL kh%rcyeagz;ntycs[?g P&?rtrqgfs;%pfstg‘f ubl e

~

Pacl i t axel cer . errvatives are o ubl
in adjORRive InGQUatiédrAgents, o excipi@heor Qbercsibiiietamd/or Biffeds.C DERSSdntd ONS
are either delivered directly to the tunor locale (e.g. b

s | ] oy
i nj ecti on, CA7alsA nsedttp Stebilize thy eqraposifinm ordaincsease oF deyease the absorptien ofithea

rocegur e .are sol ubilized. t.ahl ci pient. Methods of
20 % ad?‘r?ﬁn)%rgl[tageﬁkl(ﬁgl %oﬁqqsﬁgbé%ezealﬂgai'}gxg&&gtﬁnﬁ%gtd?é\%gengs e a/el | known to those
of skill in the art Osie physiologicallf agceptablezonpatifd! indiase Wehihg akonds,

5, 565, 478, 5,496, 804, 45, 484,,889. Ot her paclitaxel .
emulsifying agents, dispersing agents or preservatives which are particularly useful for

preventing the growth or action of microorganisnis. Various preservatives are well known
and include, for example, phenol and ascorbic acid. One skilled in the art would
25 appreciate that the choice of a pharmaceutically acceptable carrier, including a
physiologically acceptable compound depends, for example, on the route of administration
of the adjunctive anti-cancer agent and on the particular physio-chemical characteristics of
the adjunctive anti-cancer agent.
The compositions for administration will commonly comprise a solution of
30 the adjunctive anti-cancer agent dissolved in a pharmaceutically acceptable carrier,

preferably an aqueous carrier for water-soluble adjunctive anti-cancer agents. A variety of
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derivatives are water sol uble anal ogues and/or prodrugs (see, U S. Patent
5,411, 984 and 5,422, 364) and are conveniently adm nistered by any
of a vari ety of nethods as descri bed 25 above.

The pharmaceutical conpositions of this invention are particularly useful
for 5 t eqstiees| cancheiused t 4. a4, ibwfiferedopaling andsthe dike al Thasaisodstians are stetile and
I nci pi ent turmraﬁ ast.atic c

d thei
precursors PYeK Qtﬁgéjgt'ﬁ%ﬁfﬁ?\fm“%eTP,?ﬁﬁBE’PP?lB?f? W%Lﬁgtg?lﬁredtbyel r f or

parent er al = agliventisal, aEIP Rnows Qﬂérlﬁi?atioﬂttéél‘ﬁﬁjﬂéy S TRE Bb F§§1ﬁ@ﬁsi 184y Edntain
administration into a body cavity or lunen of an organ.

Tr eat ment Felgﬁnmn@xtmelly acceptable aux1l1ary substafibes qshequmedea tappmimaierphﬁs'mlbgmsl
can be _adm ni stered i ar,i et. 0sa Qr ns de endi ng
pon ¢ o meEARkHesS utheh PR AT S0 B Sring Apeus. S doiisgas secntd and g,
suitabl e f Ofik& regt eﬁﬂﬂﬂl@' Sddiih la8date nﬁd&lﬂﬁ‘ cHB‘Pﬂ@rpotﬁsﬁfﬁIn?Elﬂon&é 'Ja&xurﬁ%ﬂ(%?i’d‘és
and | ozenges. 'S recognr zed t hat the adj unctive ant1 - cancer
conpounds (sodium laaate |and1xha| liken d'Hnetcaicatranon of adjundmwcnm:dtlsaMesagemtmcth&

when adm ni stered. oral | e d fromdi.gestion. This is
LYo cal Ty aEaEEHHAtioRh gen L unensy skl B efepred @mapilioass 000 HA votumete
agent Wi th @scosities, bo il idcpﬂﬁetlﬂte rn? Q%EddnEe Gv%'tﬁé pattichiar Afotidbf and
enzymati c hydrolysis by packagi ng t adj unctive anti-:cancer
agent 10n anachmmsmanomsdbgtedmxlﬂleqxatxentarnaeés such as a |iposomne.

Means of protect }UBogig s fromdigestion are well known in the art
(see, e.g., U. S es . f%®nt 5,391, 377 describing |ipid conpositions for
oral delivery of ther FREYY; hﬁct%eii‘ﬂhsc)anc&ggems used in the mefhods of %qﬁ%ﬁOBQE}C
typi cal chenot herapeuti cs are known~"t o those of skil

art. Mor eovesefuldor Andl cespiopedel reredt alqiecar] ds;phaﬂmcsmdahbomposmmsr(wnhrw withoube

adj ust ed dependi n n artlcul t her apeuti c context, patient

Fo or ance, BEIOT SYRRISROF of & oybity by Bny meats ipvin 1 BN, . iR ey}

conpogist i ONpebfyrdily l:éli W'x)xtt%ﬁﬁﬂ? Q& okl 2iEa0etdus (1Y), parenteral, ntra-
1d

adm ni strati on wou Bout adm ni stered dover 1-24
(typically pleurs] c&ltﬂsoplcalporaﬁ dtdumaé ,admunﬁrqmnef msnbbgta&dusm&r)i-tanuea}rm g ,

f bl t t hr ks f . to .6 | )
et oo 1 Y REBHIS At i SaTuicat) Sr B rp il Pladdece Kaginaly HEpSe ot el Spurorain:
nmay al SO I em@laMBmAPAYE. gzotrz{iﬁd&ina‘ijﬁ f@flS@éPl%@al(xggoﬂﬂ{)orParﬁﬂﬂalﬂt prfdedor al Iy

about 12 hours ®and 6 hours efore, and ut 50 ng o
di phenhydr amod@ r(fmhmdxsgrat{mr m}:ludanntraeam& Jnjections, equ:mals' wheniit 18@@1:&1; tof

crmetrﬂ1 Ler% m. o ranti dJne tac er.r 0 to 60
nut ft5$‘ n ?ng ’vho H"’%&f‘lﬁp&’ﬁ’éﬁc or r‘%te 'yl)l $hiosages
(e.g., 1 angluﬁﬁs)UpFor example, tiftraRe afic mﬁ'éﬁorrrﬁ/ﬁ&ﬁr&a i@k aﬁ&*utﬁ@yrég?oddﬁ ed,
partlcularly when the ugrsa ni st :

effect is desired in the liver; or, mtra-carond artery injectiont, where it is desired to deliver

a composition to the brain, (e.g., for treatment of brain tumors) a carotid artery or an
artery of the carotid system of arteries (e.g., occipital artery, auricular artery, temporal
25 artery, cerebral artery, maxillary artery, etc.}.

Paclitaxel and certain paclitaxel derivatives are only marginally soluble in
aqueous solutions. In a preferred embodiment, these compositions are either delivered
directly to the tumor locale (e.g. by injection, canalization, or direct application during a
surgical procedure) or they are solubilized in an acceptable excipient. Methods of

30 administering paclitaxel and its derivatives are well known to those of skill in the art (see,
e.g., U.S. Patent Nos 5,583,153, 5,565,478, 5,496,804, 45,484,809. Other paclitaxel



WD 98/ 35554

PCT/ US98 M3 5digss54 PCT/US98/03514 .27
to a secluded site and not into the blood stream such as into a body -
cavity or into a |unen of an orgg&. Substantially higher dosages”
are possi ble by any selected route, for anpl e, t opi cal

adm ni strat;i on.. Actual nethqds fqr pre I n arenteral | y adm ni strabl e
conposi t i ofSAUVES H& W‘E)‘vﬁ?l‘g’?" é‘i‘?g%ﬁ“gﬂf‘g%r? sdgger |- %ﬁteflhé""éﬁ P84 padar e
described kmy2364) afi®he Gav@itndy adiiifiitcPttPhy & bf)@@aﬁ@:ﬁ?mm s Sescri

Phar maceut i cal Sc?ence, 15thle%l.yf1a Mack y @Publ I shi ng Corrpa%/,ﬁ%@ggf%n,
Pennsyl vanabovel980) and U.S. Patent Nos: 5,583, 153, 5,565,478, ___ .
5,496, 804, and 5,484,809, Typical, K doses,.e.q., .for intraperitoneal

admi ni stration, wi I | THE PBATASetita) cAmpasitioRs Sk FyS yFno, o Pasrulshiseful for
every s3 Weglptea] administration e. ., in surgical wi\fnds WBER Bl RIMUrE! AlBRst

adj unctive ntai ?ca}]nésel}a 3’g’é’rﬁ smc%lrl{glﬁe 10 aam nli s1 ere or ﬁoggg%é;u dl C

t r eat ment smetastatib eeligpand their ppgriursoes ilnapothenembxxiimentn sheacanpositions are useful
adm nistered to a patjent suffering froma di gease characteri zed, by

hyper pr ol i SR aﬁqdmmlstratmn,cmgh g‘i’ NtV enqus plmynisieation; pr 3dminisiration into a
sufficient b&&, S oxrluxﬁt:n beasbradartially arrest the disease and/ or
its conplications” An anount adequate to acconplish this is defined as a
"t herapeuti cal | JrestrhegtReganahose. " Anounts effective for this use wll

depend. upon the 15 seyverity of the disease and. the general state of the
pat i e& s heal t h. The pharmaceutical composngnﬁgpxéggpdmmqt T6Hl &N 2 YaPiety Of ualt ons

of the conposbl ks JHBY a,?dﬂ fhe Sh@h&Fof adminispdGHE N EHP -P@o%ggee and
frequency as Feqw re a%cgﬁ%o er at Z’é&%y ‘t)%ae II|lolflallisltent. I'n g’ﬁa&;ble’%l event

t he conposidrimssuitihie fat grabadmisistragerf inchidepowden nablety, pillss dapsulds amiclozenges.
anti - cance of .thi,s invention to eff Eﬁ(;t ively treat the

. . agent ]
pati ent. ol is recognizeq fit the pipgiCtiée, M CRICHT CRRRIECS 418 o EN ARG aE rlated
A) Prefe ] SHRR RESRTsR Sy ai ned
above, in %‘?\rgﬁ)edr?bgggsr?}e%?@ Bf’hl S | nveg{si g:nd %rral c%l\,/’l e bﬁe%rﬁ%egtgdgom%&e )
i nhi bi% i ngThisas gipiceily ascemplished eithdr dyatomplexiig theladpnotive antt-eacenapénhwithal | s
with a tunmor 25.. su essor. nuclei c..aci d and an.adjynctive anti-cancer
Agent - (e gEomAguion B 8RIC 3 st toaeieid Snd e el il iia o By Padvagiog i
pacl i t axel adjif@ive IRAQUALE agent in an appropriate}]ydresistant dAIBf Rl AR AR mYENes are

well known to those of skill in the art a i ncl ude, but are not

limted toMeBns pbprotesiiy cémpdunds deom diggstionSirp madlhknoin intbO it (Rrepe.g., U.S.
Nat| . Acad, Sci :13771-13776 BRA an RCA2, VHL, W, DCC,. FAP,
30 N, Redke %-3§§8AE'Z?’F§?¥$H&$Q‘ 1d fihbesTaoatop T daHYERiSt SIeriReE SRR o
gene Jgs the PRk AYeY mrggﬁcsltemfnfggga)iyeﬁﬁa%em BR¥Vn8aRodeflskill in

characterized (see, e.g., Bookstein (
the art. Moreover, such dosages are typically advisorial in nature and may be adjusted

depending on the particular therapeutic context, patient tolerance, etc. Thus, for example,
a typical pharmaceutical composition (e.g., paclitaxel) dosage for intravenous (IV)
administration would be about 135 mg/m? administered over 1-24 hours (typically at 1, 3,
25 or 6 hours, more preferably 3 hours) and more preferably repeated every three weeks for 3
to 6 cycles. To decrease the frequency and severity of hypersensitivity reactions, patients
may also receive about 20 mg of dexamethasone (Decadron, and others) orally about 12
hours and 6 hours before, and about 50 mg of diphenhydramine (Benadryl®, and others)
plus about 300 mg of cimetidine (Tagamet ® or 50 mg of rantidine (Zantac® IV 30 to 60
30 minutes before treatment with paclitaxel. Considerably higher dosages {e.g., ranging up
to up to about 350 mg/m’ per day may be used, particularly when the drug is administered
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Sci ence 247: 712 715, Benedict (1980) Cancer Invest., 8: 535-540, Riley-
(1990) Ann. Rev. Cell Biol. 10-1-29, and Wenberg (1992) Science
254: 1138-1146. Perhaps the best cli’aracterl zed tunor suppressor is
p53 whi ch has been inplicated in many neobl ast omas as well as in the
geneti c pr ddiasiselided site aud nordniethe bigadesitearss swihasriste a bedy QaViltN drdntol 4 lusen

\32879-5108@%]38 %mg“bax‘ﬂg@gﬁg‘??giag%ﬁgw’wﬁbigsbg(ag@@ecg am%fr e Ther

J. Nat. Cangp lcblnéiimmﬁ%ﬁgﬂ AkAfh? methods for ﬁﬁh@ﬁa&@ﬁthﬂﬁytdﬂﬂuﬁﬁﬁﬁblég

expre55|on and use of 553 i n gene therapy). her tunor suppresSors
i ncl ude V\7I' qommsnwnmx tbe knoya3yr agparentio; @asetsgtllegtméhq)m wnd axe detsgnbed fsee

770, 778, AR spoh pLations 36 Rptiiten™S Enhpstdical pie e By Mack

suppressor mm@hﬁ gl¢sfpdnyl fastﬁ@rPﬁfn@ﬁ'vhxﬁa(l%O) amHUsSI Phtafit Nbd: as,sswamf ound
in a region on chrormsorre 3 2, also reported at 3p21) that is

known to be, @ﬁﬂ?%m,éﬁﬁ;soﬁr 14641&03n§mpmﬂ doges, e.lgr, cfar intrapatitagegls i s

believed to | ead.,t.0 omac ol gn,canc see,
bel Teved | Cuminpragh ST & ARIBGRAIA ek TR RuSU G 905 L el
U469227) . The tunor S'Fﬂ@&&ﬁﬁ&'itlcﬁﬂ%ﬁtam fhk l_él]ﬂhulesanu—cﬁfb@r Ef¥ntPE 4 be
assom ated wth colon carcinoma (see, e. ick et al. (1994) Cenes

, 18( 10)administerad 88, mmmmmema bnﬂtﬂrapemmxcamwmpamdonum berg

1992) 1438 J Q1 5eR) F 1
ENpl b 17@APIBRETRED 4 phtieht sufetiin 635 o fhedst Sharpaifeetiis BYRRERIPbIGREY °

tunors (e. Gpe &Qﬂéx@fdellttgﬁéﬁh(aﬁ'&n&ﬁf sﬂﬁéxeﬁﬁ@» cure or at le@st Sibam ia‘ﬁel@%e%sei‘ge-
(1990) Cell, 62: 193-201, Viskochil et al. (1990) Cel 87-192, 20

Wl | ace et aezn/or(lnsgtw)plsenemfceAnzn@unmneqnas to agrgmpligh @lusaﬂ def“(nrésas)a Cel I,

62: 599-608;, and oma, and nno f.or MEN .f unor
suppressor jeraRsutically qu\%vf ﬁgs Amotua ? 55 & {on SRR 5% ?”él% ge%ﬁ?gd‘@?f‘ﬁ%

neopl asi a SER&HQBT the 8Rease- aﬁdthé/%ﬁﬁhﬁrs&t&@ﬂma%ﬁmexﬁ‘é%ealth 1138-'1146, and
Marshal | (1991) " Cel |, 64: 313-32 The VHL tunor suppressor is

associ ated with von Hipgls oruawaate agimigistratiqnsafithe Qm}tm@um@: aboinistered

1317- 1320, No: L15409 h d BRCAl
hnd BRoso dieRending S the dosaE B33 FRRydiy ar iyl snd Wty ul patipt R an

Skol ni ck (%98 usct itickOdhioufBpro¥ide GosuiBdiknt qfanmy &Qﬁ@&@uﬂalmml&ﬁ@éo

f or BRCAL, and Teng (1996) Nature Genet. 13:24 GenBank

Accessi on NGCHMMG)H}WHFIQH&UGﬁNtUﬁly wreas e padighter i n gene is associated with
t he I nvasi ve phenotype of prostate cancer (Unmbas (1992) Cancer Res.
52: 5&%4 5109, 30 Bussemakers (1992) Cancer Res. 52: 2916-2999, GenBank

Accession Np;, 2 %%k suﬂ@sso: genes Mgeg@?ﬁ,d@tsassoci ated with tunor
netastasis (Dooley (1994) Hum GCenet., 93(1): 63- . WD 98/ 35554
PCT/ US98/ 03514 A) Preferred known tumor suppressors. -
As explained above, in one embodiment, this invention provides methods of
inhibiting the growth and/or proliferation of cells by contacting the cells with a tumor
25 suppressor nucleic acid and an adjunctive anti-cancer agent (e.g., paclitaxel, a paclitaxel
derivative or a paclitaxel-like compound).
Tumor suppressor genes are well known to those of skill in the art and
include, but are not limited to RB, p53, APC, FHIT (see, e.g., Siprashvili (1997) Proc.
Natl. Acad. Sci. USA 94:13771-13776), BRACA1 and BRCA2, VHL, WT, DCC, FAP,
30 NF, MEN, E-cadherin, nm23, MMACI, and PTC. The RB or retinoblastoma gene is the

prototypical tumor suppressor and has been well characterized (see, e.g., Bookstein (1990)



29 66, CGenBank Accession No: X75598). O her tunor suppressors

i ncl ude_ Bedsdssslent i fi ed at 18qg21) associ ated wit pqrarsesassid.c
cancer, hM.HL (3p) and hMSH2 (2p) associated with col on cancers,
and CDKN2 (pl6) and (9p) associated with nel anoma, pancreatic and
esophageal cancers. Finally, the human PTZ gene (a honol ogue of the
drosophila patched 5 (ptc) gene) is associated with nevoid basal cell

car ci noma SyiededdE7:(NBSUS) B&mﬁlvﬂ (t1H80) Cancer Inyettat§: 300481 Riley I(1296) dnnorr&s

E 3r6rgr supplfgfggg?r?lﬂe Q'g'lzge Iﬁgﬁ?’ kj%%gﬁgg s ﬁ%éh%segi‘?% B%rh'fll?srﬁh? 5?% !
and is characteBaet m%idmhflprbékoi' id. 11»53; WHICR haBeet iftlivaed o all nlémmmﬁémf

suppr essors. ntification and screenin
previ ous| y welkasdmthe genstic spmmp@smongo tiieodevelopment of diverse tumork/in fandhesomm

i dent i f t

to thobe of-aErnenYERans eee Fok SRR TROB B Orare derit o' 1gor osg, LS
screened f@*atéii€59532 220, WO 937280048 WAt dCH arrRR!(1998) 3t INaR Q&nd’WIhﬁhSS(QG) 1442)
associ at ed (corre ated) W th the hyperprollferatlve tate. Thée nost

stringent tvgdth describe therndorting gxpriession amd usctofipd?d i gener thexapy). g@ﬁmr@m is

its ability to.s ress eni henot. 8, tunDr or of
cel I 's deri suepPiars e Pn T (687 Wi a i) RO pPRetiahY RErime oPReed
pref erabl y gaitdr @u@edoy Okp 404%0F SO09/shS, Gessier ¢19008 Warture 343: $INMI8 n@Rose ef
appropriate expression vector, or an individual chromsone har bdring a

candi tat e Ialm(d99©u@¢ﬂ eﬁ&;éBﬁj@ﬁb The tumomnsippressor igene calledrFRIE], [for Bragite cr ocel |
t r ansf er

Al t t. I the t duct
(e h o Bfiding, TFpEx g found i Wgipy Bn Shromiont ™ e TN a6 tebarid o abs
cell(s) an@hét hexiswd td B ﬁértx&ﬂaﬂi‘tp?orﬁfto td%sl@eddoas I &eﬂ@aahu 845ps40 benev(ee 1§, by
counti ng cells or neasuring tunor vol une, Conpl ete or part

i nhi bi tionleadto Csoniﬁg?ﬁdoﬂomeﬂamd)ml(ie cg;cersc(em G‘e&e%ﬁa grcdl (1f9QﬁhCel¢mS4" ate),

i hen
Tt ortnt | aer R Renb S afsstian R} Yagoran, mRIERRL Bibrefift benes DG G182y
tunorijgeni gn@ Wﬁrﬁ%sdcimﬁﬂ cBl16nCaRlihdtha (s*eb’ d. . IHRiritR QP h@-qtl99‘4)sd;éﬁe§ ).

Met hods of screening tunors to identify altered or underexpressed nucleic

25 aci dDexr,B(MR): 111R4dWB3 .t GenBaskeAasessina Np: Xﬂ6132eanIDCC&R,d1Wmtbhrgiél992)

g, PhrpSBita o8 NIBafe for FAD nafe MohbRg et 0P IR L5LRe

genomi ¢ hy ht mgmght@iksé&&&&mmmrolsgﬁax, mm@rsQ(%/gl%&ﬁofrm&nm@isem NE1382)

Sci ence, 258: and expression nonitoring usi ensity arrays of

nucl ei ¢ aciee-» Cazvthon ¢rabbd 990 €ell, G2: gi93'2_Qicl¥ﬂ$DGhll 11996?19% Gel, 62: 187-192,
o Ot SN0 SBijacd & ar) 19903 Seiens 249: 181-186, and X SUr>Tr80) Cen, 62: 599-608; and
C) Pr epM@iihg@oma fand 3chvidiloa T8 NIF2JDIThe WPBN&88f Suppressor is associated with
tumors of the multiple endocrine neoplasia syndrome (see, e.g., Wienberg Science, 254:
1138-1146, and Marshall (1991) Cell, 64: 313-326). The VHL tumor suppressor is
associated with von Hippel—Landéu disease (Latif (1993) Science 260: 1317-1320,
25 GenBank Accession No: L.15409). The widely publicized BRCA1 and BRCA2 genes dre
associated with breast cancer (see, e.g., Skolnick (1994) Science, 266: 66-71, GenBank
Accession No: U14680 for BRCA1, and Teng (1996) Nature Genet. 13:241-244,
GenBank Accession No: U43746)). In addition, the E-cadherin gene is associated with the
invasive phenotype of prostate cancer (Umbas (1992) Cancer Res. 52: 5104-5109,
30 Bussemakers (1992) Cancer Res. 52: 2916-2999, GenBank Accession No: 272397). The
NM23 gene is associated with tumor metastasis (Dooley (1994) Hum. Genet., 93(1): 63-




As indicated above, this invention involves contacting a cell, e.g., in
Vitro, _ woosmsssés physiol ogical solution (e.g., blood), inpeTiisssoesiorgan,
or organismwth a tunor suppressor nucleic acid or a tunor -
suppressor gene product such as a pol ypeptide. The 5 t unor suppressor
nucl ei ¢ acid or pol ypeptide can be a nucl® c . acid or pol ypeptide of any
known tunor suppressor includin but not limted to RB, p53, h-NUC (Chen
(1995) 66, Genank) Acggseion MNap ?&SQ?#&CA@EMBRW, suppaessopsTincinge, DR (idpiitifiadEN,

E- cadherin | nd PTC a cr.i bed a preferred
enbodi ment 2 131 ﬁﬁg?%?eﬁ M}ﬁo‘&n& f)%l; %chgc%r1 Mﬁﬁp@’g‘éﬁ gﬁ@‘@bdﬂ’? B?SO_&ath with
pol ypept i deoleh candtes} dhdatPKB23pil6h £id (98) Xﬁﬁfihﬂed it méldnoma 2pdricMtic and

fragnent (s) thereof. i n a nost preferred enbodi nent,
t he p53 or esuphagaabeancersor Biosldy, the bimag PTC gene (a bpmnolagup oé shendrosophila patched

expression,cassette under. contraol of a.pronpter that .expr he, .
Cunor Supp RE5Eel i abSesiie b itynd bl eefl SRlloma Wrgfihe GNBEDS) afg wien
tumor) cel komatic basal i &@elfiodhs GR£SE. b\ Gké FEhR ¥PEIC$BIIBY Cefis 881 845351/ Tiis
vectors encodi ng tunor suppressor 15 genes are wel [ known to those of
ski |l in t Het ofrtumgs seppressphgenepés urither exhaustive nor intended to be limitipg@pdrisnit i on
of tunor suppressor. hucl ei ci ds,. . DNA encodi ng the
t unor suppr‘geggtosll“ﬂyo&oe‘ﬁﬂ%_rag? ﬂ'ﬁr%ftag ivlgrlgtgEggdgﬂgﬁ&rgowuppressors. this invention
may be preparedp)y amjertifidatiohndPicheing)6f Pebivitiisly @dkifoviBlfior Shpitesdrand
restriction of appropriate sequences or direct chem cal synthesis (e.g.,
usi ngllexi sting 20  Mshedsmfdd¢ntifpingwr assaying fontimartsuppressov gendsyarestetiods

h th h trigest.er t hod . f _Nar. .(1979) Meth. | .
ob: "o0- 00. KpeYes B el in Rl A1E R Tapisplish pgptfifeRgtive colid hed S e VR
68: 109- 15ios§ &9 ¢hich, loh SnufarInl ol WiieR P QEsdBlatidt RorFElhfeas warth (R 1i%érative
al., Tetra. Lett., 22: 1859-.1862 (1981); and the solid support nethod of

U. S. Pat enéstatgo. The most stringengtegbipr axmne to qualify as a tumor suppciiseor geak (THG) fscigs s

d i.nal t | i, i de.. Thi b . t ed
o Goubr BEBPts erBhFo BN ARy SRR PHERI of  fimde PR NS Pl drriveg FERRATIREE o
by poisyner TEehimér spbfessorMleROAERY preferably MrddicedSinfiOhfncriceR9ds ASiched
tenpl ate. One of skill woul d recogni ze that while chem cal synthesis

of DNA is EPNA idan apprepriase expression vector, onaw individual shenmosomgrigeboringrpiences

gac}ll_ / ngg/bgal Zefgateb thxor}esulpgln%gstolr %Qneois in géutcg(li it AHmOr Cells by microcell tyz\x.ﬁstge?/ 25554

Al ter nati velcnighd! D AGRHSRHGES, ERVMuRRr ShieHoP BéhelpPEdwR Ré. QR @ifdr suppressor
subsequences cleaved using appr OEI‘I ate restriction enzynes. The Tragnments
may then bpolypeptide) id ingradungdtintoihe deli(e) andcthe priliferatiomnrete of thereells is measured

In o enbpdi nent , tunor suppresser nuclei e acids, of-this invention. be
5" "B onolf b g BT RoiRi B RERThe RBRorSlelordt e Gpbhye R Lartel PR
reaction (Bholifcktién (e.g., decrease of proliferation rate), contact inhibition, loss of invasive

phenotype, cell differentiation, and apoptosis, are all indicators of suppression of the

tumorigenic phenotype (reduced susceptibility to the neoplastic state).
Methods of screening tumors to identify altered or underexpressed nucleic
25 acids are well known to those of skill in the art. Such methods include, but are not limited
to subtractive hybridization (see, e.g., Hampson (1992) Nucleic Acids Res. 20:2899),
comparative genomic hybridization ((CGH), see, e.g., WO 93/18186, Kallioniemi (1992)
Science, 258: 818), and expression monitoring using high density arrays of nucleic acid
probes (see, e.g., Lockhart (1996) Nature Biotechnology, 14(13): 1675-1680).



for exanple, the nucleic acid sequence or. subsequence is PCR anplified,
USi Ng .a S eBEs5554 primer containing one restriction sPEEUSB/O031L. Ndel )
and an anti sense primer containing anot her restriction site (e.q.,
Hndll1). This will produce a nucleic acid encoding the desired
tunor suppressor sequence or subsequence 38nd. havi ng termnal restriction
sites. 10 This nucleic acid can then be easily ligated into a vector
containing a nu8ei c Paeparatine 6fipA3 and other tumps %@Bﬁﬁ&"‘ﬁol ecul e and haV| hg
t he appropriate corr t

. %% g@g%&ggt%o% hxé: an?{ihosn 1&1 'ves nEa%Bhg S CFlrll o §U dfl ivgﬁ)e d

prinmers can be deter art usi

sequence in physiologit4lrsoRtiba fe.fQrbidoty, P4 tisshe |oi9ganl< BOBEFahidAOWILE W RRHES S OF
gene, cDNA, or protein. Appropriate restriction sites can al so be
added to t FHPDRRFSOEAUSICIe Reid ©F 8 SWMAT SUORECSSQIEsne DEoduct wigh 3 8 pobipeplide: eThe or

Cont ar'ni note EhAGt mRbbE Al SCOAAMUPRANGh RaoRell A Pibenide oty e

appropri at Rnown tumor mpieﬁsoetmc)mm?dﬁn wot Bﬂﬁted aﬂHBt p$3) H-NUHC eCheénn1993)he
vect or encodi ng the second nol

t t andar d t hod
ho” ndi cat HPranAE, FRENMBRAGH] . BRGAZVHEnIEL. BECaAP. OV a“@ﬁiﬁm"ﬁagaﬁ, 20

Pound | n LRg# MMACT: gh@Er€MBaRnel dhovloched Giefited HHMTRER e oiRgr b2
Accessi on é\?pré‘dﬁ& i$ bh)RB fidleicatidyor polypeptide € p5BIakaieiC adidicd pdBgesidecorof RB

I's describ by Lee et al. (1987) Nature, 329: 642-645 (GenBank
Acces¥) on P@VCM@}(S) theeeokucl ei ¢ aci d sequences of other tunor

suppressors are aval habl g o5 FELCAl GG AR B s 35 A eBhrer P LA

avai |l abl e sequence 2 ormati on one of “or |nary can

cl one the iadidty piebdiif a6 @xprossiviscalssette under control €4 progncieti thatdxPrdssys the act i ce
in this invention. The p53 and RB tunor supf)ressors

are part i cB¥RATSyPPRessos gerrion PN dswuhemit inlocated in the rget{gdks, Bmarhrd
i nventi on. NM@({&%% C8£SIHJC€R%%I‘QS§§)HMSCR§S A Gr Vc%%?éx?coﬁﬂfigttﬁlpx £ sw.(éng)ées§%er apy

expression o e respec suppressor proterns o

appl i1sat i ogeneakfe woll knowRtd tHos@vNsKiD it BRsat & deldibed befow.he art. Thus, for
exanpl e, the cloning and use of p53 is described in detail by Wlls

(1994) supra; in U. Sl. Rreparatiqn.ofdumpy suppressqr nusleis,acids WO 98/ 35554

PCT/ US98/ 03514 RNA € utgethe fymor, Sppressor (Yrotm%r g:}tixgggaseq% o sggq ly

USSN 08/ 328,673 file

t he thikpetim Bay bapﬁeptaiea bysmmuamla meacbmtlhdmgﬁfdrwmp&u Plhigsmd
cDNA operably linked to a pronoter, nore preferably to a strong
pronot er (¥ESHiction QE apPrEPRRE SPqUCAEES qsrchwst ehieniged synthesis (e.g. les egistinghe human

cyt onpgal o ),

part [Eg’ul ar%/é)gh%?cgflgr r e&ﬁ&ﬁ%seglm%t g %Bﬁé %Eﬁéds( I'S %gﬁ owgg1 og}es eﬁén ethod
tripartiteof Nag@g (LI Meth. EnzymanCBSt @e—gwmplmsﬂwdmﬁometﬁdﬁﬁoﬂ Brofvaldr anvpd by
a poI yadegx‘@at ion site ( pol yadenyl ati on site) (see,

cop oMt rmanl. 651 56515 615700 e sty iphosphprymidig mediod of Beaucage 7
al., Tetra. Lert., 22: 1859-1862 (1981); and the solid support method of U.S. Patent No.

4,458,066.

25 Chemical synthesis produces a single stranded oligonucleotide. This may be

converted into double stranded DNA by hybridization with a complementary sequence, or
by polymerization with a DNA polymerase using the single strand as a template. One of
skill would recognize that while chemical synthesis of DNA is limited to sequences of

about 100 bases, longer sequences may be obtained by the ligation of shorter sequences.



(1994) supra). It will be appreciated that various tissue-specific

pr onot er syaogssakH o suitable. Thus, for exanple, aprCYUSss/I3a6E
pronoter can be used to target expression to 10 nmel anonas (see, e.g., -
Siders (1996) Cancer Res. 56:5638-5646). In a particularly preferfed
enbodi nent, the tunmor suppressor cDNA is ékpr__essed In a vector suitable for
gene therapy as described bel ow. 2. Preparation of
tunor suppressor protdjtgrnatively, subsequences may be cloned and they3pppepnigte o cheni cal

synt hesi s. . ' C of .t unor _suppressor
pol ypept i desé,gsc:[qg{gncteﬁ fisaved using ap Péﬁ%%a?“géeggfc%‘r‘ %ﬁ%’% 0 hesﬁﬁ%"é“ Lﬁ’@%gﬁ)ﬁnﬁ& eof

my be syntiipasddzedhrodicadhs tanda DN A Reqiensd. pepti de synthesis
techni ques. Were the desired subsequences are relatively short (e.g.,
when a particul ar antinggiesnbedinaenti Hamer spppresser pedyic @pids of this invention/mie be

synt hegi ze . R ' 0 L de. .Were | r

nol ecul es gcr@?e.gess fnrge]aNAs?fB lgtgéﬁgﬂggrgé %%ﬁ@ %Odow) rﬁé){?%ﬁ ?E@_&“%Qﬁ‘?@r J’}“Sm n
one Or NDr eforlBkarfiple 2he ubRft dcith Ssdubice R REByRGEdncels PER! di8pIFEAN Bsing a sense

term nus of one nolecule with the carboxyl term nus of the other nolecule

t her eby primer; eontAinine QN s95trichionisie de. g.. Ndel) and an antisense primerSohtaihipghase

2 tached t gl Reictfmad 06 8, Rine B, oRuR U ol GeR AERERAT ebdingitne e

remaini ng afesined Anor supplestdr béquehe: raNbSaence ant havingateiingdesEtdssiflesr t he
chem cal synthesis of the tgg_ggpep; I des of this invention. Techni ques

for sdPid pHuseueisapidtan qleastly iligatgd iinfo Baieatoy canfgining a nuclejs acidfineoding

Sol i d- Phas o] | Sos - | i . Anal.ysi S, .

Syt hes s, e Seohd GroRaL e viiPne dpgidpun ootReriling ESe RN, Syuae
Part a., MPCR fprigheds caf bélleternindiby one of skilChefe aFOSsing ﬁégmgﬂiéh%d% fntel 963) ,
and Stewart et al., Solid Phase Peptide Synthesis, 2nd 3 ed. Pierce
Chem Co., imfsectopeierforiany pagticydarknown tumor SuppiRss@Ee8856ANA, or protein.

E)CT :Qggg%?ﬁéaéﬂl}bgr)%%tF é%sériicginon sites can also be added to the nucleii% a%lid pelncé?dé?g gﬁ tumor
enbodigent ,supfiesdor PestemUProREOuUbSRERICY sie-ditdored e Rsis. The plasmidher eof
are synthesi zed using reconbi nant met hodol ogy. Generally this involves
creating a ‘ONAIRIBE thervmor SERPTesselequenc @1 SuRseqienge it dpaved pyiticiba gppropriBRA i n

o easi ng THRECHPbEBIORERREk Fa i toa a0} 8o PhachoBRbe B BB e

and, if reqgtér@éhg toepdiderd Mehbdye protein. _ Met hods of
cloning the tunor sup‘gr essor nucleic acids into a particul ar

vector are described apindicatetiaboyg; dhe pucleis aeid seqiianaescef WambMImAY suppressor

supprgssor r ot S Qr elLn e o tdaen be .expressed

in a ggr [ etggs3 08} 45 6SP QEEIf%, ' fo(r%(? f‘%ﬁ lﬁqgihefgng%?c %'_i.'c?g%ﬁ%r}@éggf%ﬁ lsg%x{ngrlpg.'am%

hosts, yeask al.31986)aMbR CeliBigh®: 187ABINIGenBadk AT cesdivh M6: M18110G9S, Similarly,
the nucleic acid sequence of RB is described by Lee ez al. (1987) Nature, 329: 642-645

(GenBank Accession No: M28419). The nucleic acid sequences of other tumor
suppressors are available as indicated above in Section Il(a). Using the available sequence

25 information one of ordinary skill in the art can clone the tumor suppressor genes into -
vectors suitable for practice in this invention.

The p53 and RB tumor suppressors are particularly preferred for use in the
methods of this invention. Methods of cloning p53 and RB into vectors suitable for
expression of the respective tumor suppressor proteins or for gene therapy applications are

30 well known to those of skill in the art. Thus, for example, the cloning and use of p53 is
described in detail by Wills (1994) supra; in U.S. Patent No: 5,532,220, in copending



CHO and HelLa cells lines and nyeloma cell lines. As the tunor suppressor

pr ot ei NSvwaF §k/3s554 typically found in eukaryotes, a euker/ysisa3bumst is
preferred The reconbi nant protein gene wi Il be operably linked to
appropri ate expression control sequences for each host. For E

coli this includes a pronoter such as thed2r7, trp, or |anbda pronoters, a
ri bosone binding 15 site and preferably a transcription term nation

si gnal . FolUSSNaB3a8i6d3died en Octoberd3fit 19544, and in WO 95/d49&hc Fypisally th'encl ude a

t d_preferabl h d d f bul
Genas, - SvaBXPBSREORTIAF FORTLEER Witk SR pRrany SBY, prEBRoR e

may i ncl Ud?r&ﬁbt’ep%gﬁrﬁéfeﬁ% RES AR proffBkeNE.SS. the A2 major late promoter (Ad2 The
pl asm ds of the invention cdan be transferred into the chosen host ce by

20 wel IMkBRpwr thehbtas cyombgalevious ipimediat barly genetpromofes (GMVYN Ihar E.

e an SaieU s prpteries sREBYRREY g pruor s Sliovedhy bRREE A RabSmus, oq
by resi st apa Oy 's@;baﬁéds&scﬁﬂﬁ ﬁrféﬂdwé&’bﬁﬁgﬁf{a&é?ﬂia%ﬂ%ﬁe gl e E1b

pl asm ds, such as the gpt, neo and
Onc e expr epebdderwﬂa;mmesuohﬁm ang., copending SN 863280613, VOIS atP8deand Willsi ed

cul tat o pr SLISBY sitrebn SO be Bpprecited iy JaricyR SRl petifc Lﬁrdo'ew?gﬁafeo Riphy.

gel el ect f@ﬂ%’i@s*rﬁu@rfér EDghpid, iyt Sfiase Elﬁd?ﬁdt@:‘ dah be used to tar Texp KOGt
Protein Purification, Springer-Verlag, 82), Deutsc elzroo?s I n

Enzyniﬂ ogy mﬁdﬂnonmslfeesargdesldgrsm?ﬂ@ﬂm@arﬂa 661563&—5&@@ ahlearpmlanledg | nc.
N. Y antrall ure psi tions .of at | east, .ahout 90
N 059 homBERHETT gpaiment the R suboRiof AN R SbrSR a Retar SO R dhc 1

ar e nost pgeﬁ@rhee%y aPuesribd bblogd. - WD 98/35554

PCT/ US98/ 03514

partially or to hom@erﬁrepyraimndﬁsﬂulmtsmbeesmﬂmni des may then be used
(e.g., as i mmnoge for a | bo oduct i on).

One of skill in the art wB (f"r"éfeé’ Sésfter cheni cal synthesis,

bi ol ogy cal express'omsnsgmrwrrg‘egﬁ&kwafm&ﬁ&sﬁ soﬁ@&?g@p&ﬁeg tBé?Jxﬁbxn(S) may

possess a b5 conformati on substantially differen an the native
conf or mat i eum:rgsfsot proteinmern subseguences thereof mayl §epsyptliesized using standardabemidat may

b t, d h | tid d_ . t t
Caune” Che B RRUN SR R RSB BB ury o oo
of whed ldcﬂaﬂwcu?é}chnﬁgé}ﬁé Hétbﬁﬁmﬂﬁt% %ledfedﬁﬂfé maéerﬂe &91 rlfé sfgﬁlﬂé'kxﬂ&i &8
wel | known to those of skrl the art (See, (1993) J.

Bi ol . Chensingigcontig0Bs- mmtpmda{r wnermhrger Hgcules are dmdosr}hsmueﬁbmrcambe

581- X d h 1992) Anal 5..2 Debi.nski
(190330 s up PR BRGFE SRRATHF (riEEPY WO UHIE) ARk B FSR H ERAeRRiRR of B 400
i ncl usi on  terminus ofRRAEYNAIERAEC WA thecAHER riBmidUF the BRePHIRULR thérebfen
refolded in a redox buffer containing

forming a peptide bond.

Solid phase synthesis in which the ‘C-terminal amino acid of the sequence is
attached to an insoluble support followed by sequential addition of the remaining amino
25 acids in the sequence is the preferred method for the chemical synthesis of the polypeptides
of this invention. Techniques for solid phase synthesis are described by Barany and
Merrifield, Solid-Phase Peptide Synthesis; pp. 3-284 in The Peptides: Analysis, Synthesis,
Biology. Vol. 2: Special Methods in Peptide Synthesis, Part a., Merrifield, et al. J. Am.
Chem. Soc., 85: 2149-2156 (1963), and Stewart ef al., Solid Phase Peptide Synthesis, 2nd
30 ed. Pierce Chem. Co., Rockford, Ill. (1984).



oxi di zed gl ut at hi one and L-argi ni ne. One of skill
will appr‘ggiggjagssahat many conservative variations of the npct/esmodss. acid
ypept’l

and pol yp € sequences described herein yield functionally identical-
products. For exanpl e, due to the degeneracy of the genetic code,
"silent substitutions" (i.e., subsint utions of a nucleic acid

sequence which do not result in an alteration in an encoded

pol ypeptide) are an inpliedbf qedcoibifint@xpressiods! ei ¢ aci d sequence which -
encodes an am no acid. Simlarly, "conservative amno acid
substitutions," in onelnot peeferess emboimant, die WMOZ SUDRICSSOT BALTIBS BSubsepIGIeesCe

e P B AL PR Aot bl g o
identified agedtRighUDINABGence that encBEs thé Fusich rotHis,ChIGAE tRNDNA MCind

sequence, or to a disclosed nucleic acid sequence which . encodes an
am no aZi d. Spewsion sassevanndesithe contenliof gtpattioniarpAPIENE. eXPresaing teprotein in g

e of ski | A F R B TSl i R ARG SRR s AP e 1 o
suppressor proteins w Mefidds dF BloRins the SurhSYSiuppitisr GitIRR) ackiil intb 4 PartioQRE

modi fi cations may . be nmade to facilitate the cloning, expression, or
i ncor por at i of¢ctr arhdescriberbabayg. ridlecanpleic acid sequengasiepceding §imaer wppressar. Such

el ude. 1 orbraigroueh e tpded iy o BE st A Byt host st ippioine
aivp

an initoati g &%, othes baterifl hareidlybiseNald arioi®hiphéieukasyotic ceRObuchids She olORCEd
on either term nus to create conveni ent | ocated restriction sites

or terni nat iGHOrRMIMAeLveellslines pehmystonepliclingss As the tumyysupgresggroteins are
PCT/ US98/ 03514. . . . 35
Nbdi fi cat i onrdPFED fRved;ip eukaryates, & enkaryate Bpst inRreferredy, Ihe reqombinapt protein aeng o
screeni ng t agiiMiedsiReabl 1mked BPAPPrafreay sxfredsidn@neoB idqaencel drogkR hbsit i Kor A-OF
I nstance, changes in the inmmnol ogi cal character of a gol ypepti de

can be det ecioddhisyinelndespppropratertsuch as the T7, trpnardembdy promoatersag ribosome binding

Modi ficationg, of .other.properti.es such.as. nuecl ej ceaci ridi,zatlan 5
v n t Gger eana PROtEter € RainsiBios raition ek FOCH oot cBiig tht Bontra
hydr ophobi cisejuences will inchfild aCBinobir! antiYpréferalyoirceihnficer defived fidni endency to
aggregate are all assayed according to standard techni ques.

D) Deli very ismungginbulingeness S¥46, eytomegajevires efos, and a polyadenylation sequence, and

The t unor s%gé)ies?u%rss ge‘? in the nmethods eofc this invention can be 10
i ntroduced t HEMEESPUce: ?I}?élando@ccéi:p PSSy as a nucleic acid. Wiere the

tunor suppressor The plasmidk OF tileRvattiod dah Bk efansfefrel WD the HRBELHSR cef Bpe
expression product (e.g., a p53 or an RB pol yg;ptlde or fragnent
R/

t her eo?0 pos sealkkrayva mepods §pely asseadpiumcehlarideytyanstorgalion, éardyl qod andecalcium
target cell ' ) dard t for Nrotei | Lyer L scussi on,
ol on . piSsgl LI o AR R, L REAR CEIF Ly B Ry 2
suppr essor i€ carhelse]etdl by fesitiie to antibiotics conferréd by genes contained on the

plasmids, such as the amp, gpt, neo and hyg genes.

-

Once expressed, the recombinant tumor suppressor proteins can be purified
25 according to standard procedures of the art, including ammonium sulfate precipitation,
affinity columns, column chromatography, gel electrophoresis and the like (see, generally,
R. Scopes, Protein Purification, Springer-Verlag, N.Y. (1982), Deutscher, Methods in |
Enzymology Vol. 182: Guide to Protein Purification., Academic Press, Inc. N.Y.
(1990)). Substantially pure compositions of at least about 90 to 95% homogeneity are

30 preferred, and 98 to 99% or more homogeneity are most preferred. Once purified,



15 a cDNA, an nRNA, etc.) the nucleic acid is introduced into the cel
usi ng . copyeRbisepal met hods of delivering nucl ei cPGEI8$/8%4cel | s.
These net hods typically involve delivery met hods of in vivo-or éx
vVivo gene therapy as described below Particularly preferred

met hods of delivering p53 or RB include I3%id or |iposome delivery and/or
t he use of retroviral or adenoviral vectors. 20

1. In vivo pgaidlytorde &pgnogeneity as desired, the polypeptides may then ke wedf(egr,cxt

enbodi ment . _t he tun&r s%‘gg)r 63304 nuc)l eic acids (e.g., CDNA( s)
encodi ng t HETPIRBFRSJOp APRROSY PrETUSHE) are cloned into gene therapy vectors
that are corgpgd énkill i the ARSWENE ré@ghfze (Bt GlfteR ShdihitR sy Rtheqlt heT

mamal ian cells) in vitro and/or invivo. 25
Several appidegindexprassion: eropiricagomibe MTBOLBIPREESEOTIEOEHI()sminpessess a ex

Vi vo and.in vitr A u - JThese.include Lj.pid or |iposone
based Bene FRORRRON rlgehallf ke PGE g 350 nai SRAARIERE of IR croHeueps )

Bi oTechni qyg E\Gt?deis. GBioQke, R8BS, belheSessiFtto denature andYedude 1B gogﬁgpﬁd\égnd
91/ 06309; an el gner (1987) Proc. Natl. Acad. Sci. USA 84: 7413-

7414) and ithgw toausecthe pelypeptidedorretiplgvinioathe peefered corforroationg Methods abeut i c
D e O 2 g sha RS 6o B HanRlngl ST BY A kAR nb R st 9
PCT/ US98/ 03p#ifk art (See, Debinski (1993) J. Biol. Chem. 268: 14065-14070; Kreitman (1993)36

10: 4239 (1990); Kol berg (1992) J. NIH Res. 4: 43, and Cornetta (199I) Hum
Gene Wher. Bioconjug. Chem 45581-585; and Buchner (1992) Anal. Bigchemy 205:263c370)ene

LB SR8 B BUAP AR e oSBT
TI BTECH 11b08)1§r<ﬁ%igsi Aiind-DIE3) THe i then ¥6f1de@Gn aMeldi E@ﬂfer(c%ﬂﬁ%ﬁngé)

Sci ence, o 6-932; Dillon (1993) TIBTECH 11: 167-175; Mller (19
Nat ur e 357 oxulsmdgiatathione and L-arginie.unt (1988) Bi ot echnol ogy 6(10):

1149-1154; Vigne (19 torative Neurol o and . ur osci ence 8:
35361 Ke emer (1995 G Rt R PR o e bsgrvarive b oS icke
(1995)5 i n GHidr#Atpo ﬁﬁgﬁ&e scuidices abicAbed HerdiitlyikRMuAicHaMy idBicdll Rbared Bahm
(eds) 10 Springer-Verl ag, Heidel berg Germany; and Yu (1994) "CGene

Ther apy, 1e3@nple, due to the degeneracy of the genetiy godes Csidang supstitutions'n(itehe practi ce
of the present. invention are typically .. derived from.viral gen S.
Vect or s whPaHHEPAE 8t & e Biscarid Rishfore™vhih da mgs bl 1 on aleSillich ifen GR0ILF
envel oped @blypepidey i APpabiidieatrt 6f\eMi fitfds acill sehitnod iichaint6ded Gn fanfio
bacul oviridi ae, parvoviridiae, piconoviridiae, herpesveridiae, poxviridae,
adenovi ri direid; Similarly ofcopserwativeapine @rid substimtians; cinong 05 asfewamiae geidpin an

ST, i 38 ke SR i By e
15: 866- 870 propéfties\(sde2 theddsTitesns ¥8otidHe sipyet)  dre d1so)readBOABRINRA asBYfng highly

techni ques to . . . o .
similar to a disclosed amino acid sequence, or to a disclosed nucleic acid sequence which

encodes an amino acid. Such conservatively substituted variations of each explicitly
described sequence are a feature of the present invention.

25 One of skill would recognize that modifications can be made to the tumor
suppreésor proteins without diminishing their biological activity. Some modifications may
be made to facilitate the cloning, expression, or incorporation of the targeting molecule
into a fusion protein. Such modifications are well known to those of skill in the art and
include, for example, a methionine added at the amino terminus to provide an initiation

30 site, or additional amino acids (e.g., poly His) placed on either terminus to create

conveniently located restriction sites or termination codons or purification sequences.



I nclude the tunor suppressor gene and may be engineered to be replication
defi ci enty, conditionally replicating or replicati RCTHUSHSEBHEAL. | n

t he preferreds pract ice of the 20 i nvention, the vectors are replicat-ion
deficient or conditionally replicating. Preferred vectors are
derived fromthe adenoviral, adeno-associ at38d, viral and retroviral genones.
I n the nost preferred practice of the invention, the vectors are
replication i nconpet enModifications toemicieis aclds ambpblyp&mriemmaythEnalaﬂembylrbﬂﬁne

genone. d|t|on | 1 eplicatin vectors are
dsed 1o achi EHRENIE ELHigws s sl o6 dpsliad Eharafieristice, Yor ippaRcenn | o

avoi di ng unt R | @@5%
condi ti onal I‘i/ﬂyrﬁ% | ég??ﬁgﬂgg%?grms&%%%eog % rqog)yé)(f plnde Bl sc o?? cifl ;[)y g aP;lré)Bg?te
Sci ence 274: ﬁﬁﬁurﬂﬂﬁgmﬂmwy& Mod#ificati@3Gyf dfindrgmopertiesisusi 2s M&pxcﬁasbbyﬂndxﬁubn
1994 ur. cer 30A(8): 117 Addj ti o al | the viral
éenorrze y bY@ AiBEget PBB“:’(C(?C“P redox ‘i’rn‘gF‘%Eoé ag iy %PQIWW éﬂFﬁl‘r achi eve
| t t
ond 1 ons. ErpiPLEy 3 Biulygiyor GERAERRT 0 3kkredls arc ?‘Eqﬁ% ChceBidng o,

| i terature (steelardteghnifoeshi da and Hamada (1997) Bi ochem Bi ophys. Res.

Comm WO 9811)31'—'5 'I—';
PCT/ US98/ 03514 ) Delivery of tumor suppressors to target cells.

230: 426-430; lida, et : t

al . (1997) J. Virol The t“g‘i}’%%g;’p‘}isé’é ﬁ/‘%ginaﬁ('%):mggéa &9?%35% b%OeI B

Bi ol . 13(9) : infibduced @5 theaodlls [ithéxeas, a priotein or as a natleicldeRll) Wherdtheltumoh aippressor

272(46); 29364-29371. The transgene may al so be under control

ti ssue specﬂﬁipéo‘ﬁﬁi‘?ﬁn%ﬁ 2PIOtER; § AITRON WRPTFESOE 85R% SXRIBTH1Qs Product(. £ns‘gﬁ%°bﬁlll§w

in particul

retroviral 35 ¥I§IP nd? %g :ﬁlag ereogg %ssmgonﬁmr% rS lllprPere S8l ﬁéﬂ&g s dé?l@gred to the

(MILV), gi bhargeapeil hsaug(etammrd|mmﬁoc(s<$at_p&)qtexﬁldehmyl(swmmﬁbn etove)y VI rus

(SI V), human | mmuno defjciency virus , and conbi nations,  thereof. See,
“Bﬂéth‘éeéhe‘i"h?r ¢ é@ezﬁ\‘lm?f’f SWPYS$S°1’ SR ByNOr AYPPISISeg nuglsicaci (9199 g)geye,

o 18 (ARG RN i) e SO Blhed Bt T i

65: 2220- 2224netﬂ6<llsgef5‘ddmtlenﬁg nadleic id51&SOM. OBHERE merlnstis typxcally mRoB'emlivg-yand
Fauci (1993) in Fundanent al Irmunoleetg Third Ed| I on Pa YQgEd Raven
Press, Ltd., MEBGHASRELR MPRI0L Hevive gk erégmﬁéﬁwe SelgwyPrtioyasty prgfergd The

vectors are methods of 8RHARRLEY oPIEHARLDSA ssﬂsﬁﬁé cbliferd ok PEscYr t he

are eretro | rus
correspondi mgtrbmalhn adendviral vddtersyesi cuI ar stomatitis virus
envel 088 gl ycopr ot ei MV V- ) has been used to construct VSV-G pseudotyped
H Vv vectors YHR gene dheraR¥nat opoi etic stemcel I's (Nal dini et
al . (1996) Science 27% Ak N@,
Adeno- associ ated virus n‘(%{5 %aegeerr dvect gﬁg&gr g“eaﬁq’?‘%?ﬁ%”i %SBPLL‘}%%%%%@%)(C& I's
cDNAC(s) encoding the tumor suppressor protein) are cloned into gene therapy vectors that

are competent to transfect cells (such as human or other mammalian cells) in vitro and/or
in vivo.

25 Several approaches for introducing nucleic acids into cells in vivo, ex vivo
and in vitro have been used. These include lipid or liposome based gene delivery (WO
96/18372; WO 93/24640; Mannino (1988) BioTechnigues 6(7): 682-691; Rose, U.S. Pat
No. 5,279,833; WO 91/06309; and Felgner (1987) Proc. Natl. Acad. Sci. USA 84: 7413-
7414) and replication-defective retroviral vectors harboring a therapeutic polynucleotide

30 sequence as part of the retroviral genome (see, e.g., Miller (1990) Mol. Cell. Biol.



20 with target nucleic acids, e.g., in the in vitro production of

nucl ei c. a¢p 93884 pepti des, and in in vivo and exPUTAI883sHd .t her apy
procedures. See, (kada (1996) Cene Ther. 3:957-964; West (198%) -
Virol ogy 160:38-47; Carter (1989) U S. Patent No. 4,797,368; Carter et al.
WO 93/ 24641 (1993); Kotin (1994) Human Ge®& Therapy 5:793-801; Mizyczka
(1994) J. Ain. Invst. 94:1351, for an overvi ew of AAV vectors.
Const ruct i oi:4%3% @090 iKvdberg AVO922 3. NIH Res.t &ird3, and Coersttai( b2 ) iHuna Geiglier of
publi cati org, l.ocl udi ng Lebkowski, U S. Pat. No. 5,173, 414;
Tratschin ( @é%?- Mol . Cell. Biol. 5(11):3251-3260; Tratschin (1984) Mol .
Cell. Biol. 4: 2072- \ ) e.°C \ :
6466-6470:; ﬁﬁ’ﬂ“;ﬁ??n (1%8g§tﬂezn Ig%zﬁﬁéeks?@é(éigéé) zgéngaQPg?)}E&é}
63: 03822- 3g¢@astas’k Rev.i H383-#Ak; Amierdon, Science (1992) 2561 808v81B;dyabePAOBNCI ude

Onor Sui t ABPEEGH L HHD velwrel oha) W mi : B Lot MSiignn (19590 Seience.
WO 98/ 3555496.932: Dilion (1993) TIBTECH 11: 167-175; Miller (1992) Nature 357: 455-460; Yam

PCT/ US98/ 03514

In a parti ddrisir(1988) Biveachralogn®da):riddd-1164eVignei 9%5) Restemtive Nparsiogysand
expressed in an adenqviral yector .table for. t.her . .The use of
adenovi r al ﬁv’é’é‘??‘fﬂ?‘ce 35536, ‘Wr\ﬂég%inﬁ” SM@;@?{@%@?%S&@%%-%HM%C“ bed
in the pat | bhi-Cin A 3 : 1997)
3" Neur baci VBRI AR Tobick i AGLROIRS and tmanolony RoerfEand BIFR 0ef
120: 9K - 928prifgamMeriag, T96d9lberg r@hrmang,carle¥u (994D 62rd TRerapy anip-24996) Cene
Ther. 3: 980- 987; Zegeda (19966) Gene '¥ er. 3:973-979; Yang (1996)
Hum Mol . Genet. € vestoys;psgful 1 $he practice pf thoppsyenbinyentigh e ypigally. Sci .
USA 93: 113 : s B P . ecker
(1996) Hum%g%%%?ﬁleﬁ?& 19 %s_. 1\19&%210.rs %?ﬁ%&y %&ﬁpfgpéﬂ mcglgg%%\?lﬂﬁ:g? an\'t;fgct ors
i s descr i beubdified etvaidpet ror Won-@fiveaied /D NRaartd RNAavituges) peéferablydselddted from
adenoviral ,vectors, are described, b WLA,S (1_‘1994) supra; i.n,copendi ng USSN
08/ 328, 67 3,bacu oviridiae, parvpyirigiae, piggmoviridiae, herpesveridiae, poxvmdapalage;r&yp&mey
pref ef4 ed YhiAhri t | tHeQ d :

t he p%)t ei ﬁﬁ'?,}f{& gene.hrl(?iﬁéoggﬁ%éﬁgg‘t(ﬁd %snfhagfa Lsg Haedll:g%%)i,eraa S@E’f@é‘g a_la){]aélf a&&%“s
del eti ons afientshef each of the parentaveckon prdpietties €Besen g g Feng 1(1297)ridaturp Bidtecimelbgy

enmbodi nent . _t engQvi.ral .construct js a 53 .encoq] cqQnstruct such
2 A O N sSRBEAE Ny ltal §80egnes iy hEwogiied by Beombinit DIA «Eifaiapes to
95/ 11984) . include the tumor suppressor %en@‘hﬁ&nﬁﬂr%%gﬁge@& fo téggé?g&ﬁi&e&eﬁ\eﬁﬂg rom

t he human adenovirus typ ype Suc rs are prefterably
are repl i caonditiontdlyi rephcating or meplichiicracompesendr Inl diceprefemredipnadtice of the Ela
and/ or. Elb.codi.ng regions. Qther npodifjcations to the viral gepo to

2ehi oA parif{eatiply s Jetiorsiats raicRan Gifeion Pk Prdianallg renscats. PiepuaRd

adm ni st r alye@Brsdre [dRMPE FrIRMUAE alGRRRMS GdéioPassociated viRAISnB TE@SViral BEfomes. In
preferred are reconbi nant adenoviral vectors having conplete or “parti al

del eti ons dlie mhst prdfecredipnaptice of the, invgntioonthle| vectorst axe mépligatioh iRpiGpatent ORF

6/7. The E%ectors derived from the human adenovirus genome.

Conditionally replicating viral vectors are used to achieve selective
25 expression in particular cell types while avoiding untoward broad spectrum infection.
Examples of conditionally replicating vectors are described in Bischoff, et al.(1996)
Science 274:373-376; Pennisi, E. (1996) Science 274:342-343; Russell, S.J. (1994) Eur.
J. of Cancer 30A(8):1165-1171. Additionally, the viral genome may be modified to
include inducible promoters which achieve replication or expression of the transgene only
30 under certain conditions. Examples of inducible promoters are known in the scientific

literature (See, e.g. Yoshida and Hamada (1997) Biochem. Biophys. Res. Comm.



codi ng sequence nmay be deleted but is preferably retained. In particular,
it is.prefgbsssssi hat the pronoter operator regi on cicTEBsRe3smwdified
to i ncrease expression of E3 to achieve a 25 nore favorable S

i mmunol ogi cal profile for the therapeutic vectors. Mst preferred are human
adenoviral type 5 vectors containing a DNB&equence encodi ng p53 under
control of the cytonegal ovirus pronoter region and the tripartite

| eader sequeBo@26a300NHidE3etahddPI®antVindl. 70(9):60543603% &g, ot ahtioe?) Arvlirol-

del et i f di [ whi | i ni /7.
'm t he most T8RRTAZRU3b: Bes 5 el Q1SR QTo St Bt KOOESQIEbITH: cad Ruebstn st { he
vector i1s 3 g&gwmg’ﬁiol. Chem 272(46)"29384-388P The transgene may also be under sgtrol

PCT/ US98/ 03

I n a parti ceof anrisyuepspeti€ic ipecineteb cxpiioremiiowih expression sfuhp taasgene galycinigartidulhror
RB. As expl ained above. the cloning and use of p53 is described in detail
by W1 1% (1§94fypes. supra; in copending USSN 08/328,673 filed on
Cct ober 25, 1994, and y L . : L

gene therapy. 5 Witelfdsa? rétiloqﬁrﬁa} Neae %cr%(g i 'RBn a,se(%ﬁ e 18%&&?{1&“ S
i nvention arngus¢eELM, gibbobape leukemia vitug {SabVy)| Sifriaralmmend deficiencyegndsast i c)
ceIIsinasulgject (e manmal i.ncl udi ng but not limted to

rat, muri ne{(SHovhuman é%@ﬂgéFﬁ%iﬁQﬁYn@WSdﬂVheﬂmf@m%ﬁOP&Frtjé?ﬂfr pise, 64,
h : b G ' i . gt ff
T e ST PR 95 Mo, S5

psori agy s, PEwYNSHEneRifel (1990 Wrol.r TI6RS8-5%; WiEa(198D) 1.0Virol. 3123742878 0r east
cancer, sarcomms, bl adder cancer, col on cancer, Iungccancer vari ous

| eukem a and/lillgrdie9mnd. Yisel. 65122201228M Wome-Staal ef al., PCT/US94/05700, angx vi vo

application 1$ P&, ' ' Pl s . j

nmeans for dgé%ﬁqﬁ%ﬁg& gu T 935 gH aﬁp e o? Mpl)g’?ﬁlg*’%%?% ?@@éégélgpﬁ{agrrlgﬁ f\l}gven
cel I's. Thusprésey Ltd., New Yérkaumpltee foferendes dhdréial aid Ya (0994)Supai)! aen@tiofidare
hemat opoi etic precursors during bone 15 marrow reconstitution can be :
el i mi nat ed bptienadlypseydogypedipexiend ignhast range ofihetisator ¢¢ cellf which are not

i nventjon. Tyl ' e L Qi Fes AR 3

subj ect” or gé ‘%%ﬂ?b&%é%%vﬁ%@%g{)@?éﬁ %B’tggt’ﬂy%ge ﬂgﬁer ogsg%%é@fgc&elpﬁ
prepar at i onefi@ém glyogproein (VEBB) thap been hsed to construct 6 WeG-paaudiopgied GIRNI C
(hyperproliferative) cells. The sanple is contacted with the tunor

suppr essor ¥eetpes whigh ica infect hemaioppistia sem eells {Npldinitef gb (AP96)-Scigree 27%36ht
according t P&ka{; 996 rye{,tl;l ,Qgsf)hi s invention. The tunor suppressor
gene can be“de |vereG, e}g in‘avriral vector, such as a
retroviral vector or aueaélassoviated! viMeq(ANV)-Bdied vecters abilse ashdco Irankdice cells

proliferation of the pathogenic cells thereby providing a sanple containing
a hi g r atvig target nucleigracidsy 81, indhe i Vg droductien pEnygieie @cids ang) peptides, and

rei ntroduceg. ing. ' [ [ Vi, ]
t ransf or mat ?%%r{p\%lg? E‘Q‘?ﬁ% g%é glg{ées?leggg ggéﬂceﬁ?reg.r ste %’rog%dr?él?%@rg%nf @aér' 3.‘99(—23%,_ :
via re-infusyesn(1U87Y Weroldgs 15038 Cutter $1989) ©.5 hPatbarNo0.04,J9N368) Carservez lal.

known to : .
WO 93/24641 (1993); Kotin (1994) Human Gene Therapy 5:793-801; Muzyczka (1994) J.
Clin. Invst. 94:1351, for an overview of AAV vectors. Construction of recombinant AAV
25 vectors are described in a number of publications, including Lebkowski, U.S. Pat. No.

5,173,414; Tratschin (1985) Mol. Cell. Biol. 5(11):3251-3260; Tratschin (1984) Mol.
Céll. Biol. 4: 2072-2081; Hermonat (1984) Proc. Natl. Acad. Sci. USA 81: 6466-6470;
McLaughlin (1988) and Samulski (1989) J. Virol., 63:03822-3828. Cell lines that can be
transformed by rAAYV include those described in Lebkowski (1988) Mol. Cell. Biol.,

30 8:3988-3996. Other suitable viral vectors include herpes virus and vaccinia virus.



those of skill in the art. In a preferred enbodinent, cells are isolated
fromthe ‘%ﬁ&b’g kg organi sm transfected wth the tpCwWUSS8BSILSSOr
gene or ¢ of this invention, and re- i nfused back into the -

subj ect organism(e.g., patient). Various cell types suitable for ex

vivo transformation are well known to tho3& of skill in the art. Particular
preferred cells 30 are progenitor or stemcells (see, e.g., Freshney
(1994) Culture of AniIed paetuiscly prdfemedadmbodiment, thef ules iseppfessbngeneds t hird

edition WIley-Liss, New York, and the references cit t her ei .
98/ 35554 e)?f)ressedS in an adenoviral vector sthablre for gene tﬁerapy. ei%e use oF aé]enowral vectors

PCT/ US98/ 03314y, an?l f?lr gene thera%)f, is well described in the patent and scientific literatyréOe. g
for a discussion o owto 1solate and culture cells from patlentgﬁ.

Tr ansf or medseecHemnensg(1997) J. Neurasti Meatkbdsy, Janaﬁé(l_be%-%nﬂaigei (L1906 Smangery See,
Ui ror gy RSrSs G 168 CatdlanreRen 2295205 Huang 1998) Gene Ther.
At | 19933. Ol ' . i ,

{1 as (1993).o6Sstanchaglc1sis) Vet hke bsyacsto: Nl 16920 thon oy, G e

Boca 5 Rat on, ian cell "'systens’'oftén wll or m of
monol ayer s &fi7@17R2; Caruso (1996) Proouyhtl.rwhensi lSciail/SA93: 153020 E13060 Rethmtannal so
used. Alternatively,_ cells _can be derived fromthose stored in a
cel | bank (@599, Celaiasa3Rasips: Tinecke (1996), Hiugy Gept dbero - Nk harihe use of
cell lines j = e - I knese
hanst er ovadrd;ﬁé’“% VE&sfslglnggc(r:@ﬁ@ﬁ% llierféeﬂs ﬂPv\Xl%/ggg %S)H(Im(;GI %&%ﬁgk W d(i:el | |ines
(see, 18. g. ,adenedhad egctomugre dpscribed by Wills (1994) supra; in cdpending USSN 081328673,
preferred enbﬁg t temcells are used in ex-vivo procedures for
cel | transf&dny0 15 ‘gene therapy. The advantage to using stemcells is
that they can be diff had ediel ts ' }s
I ntroduced into a %ﬁ&hh&e&féﬁ%ﬁ%ﬁh%fﬁl ﬁ’g&b gn%‘?ﬁ?ﬁ b[d ﬁréhééapf ss@ﬁe\:/\gg?%g?
they will ahgpadteinilX gdre. Harme embodiment, the adenotdedlnvedord mcludk fdklxiond ofghieng
into clinically 15

T . CHICT AR I N
IO SUBD, 3 s B A5 ATk, . OB 67,

Rat her tharandsSWEg91#984)el |s, T cells or B cells are also used in sone
enbodi nents in ex viv rocedures. Several techniques ar.e known fqr
isolating T and B 20 Xlsg@éﬁ%?ré‘?‘{afﬁ3?‘@%’[5#@3%@6%’5&%&1’?3&@&@%?%&F’Q’e%' or type
facilitatess i @lfdﬁweuoeﬁaﬂegﬂef@ﬂaayraw feblicafibh Q8%int By alddifications ot FeleBondR i dS

of identification and isolation of cells include FACS, incubation in flasks
wi th fixed BlatdndetiBEld aadingtregionsd Qther moadificationsito the iviraligepema thelaghaeveipagionlar h
magneg' c beads. . - . ?t mcells are | sol ated for

trans@tct i SHPERYY Fharagtenistics, o %‘fﬁm&s’F?F@ %‘ﬁ%ﬁm@n O 'OWER iU TR &fipl e,

in mce, bgiefeffed N¥re pldfSredl fe fxBBinst dA¥nSAHEI vectdrh Ravihg Corffleie®r partial and
cutting the |l eg bones wwth a pair of scissors. Stemcells are isolated from

\t/)mopeh g delmiuona)ofrdaeE@o@@gplgginn,r@ﬁpmlywn@ingsﬁ%@F«Fé@nd ORJ} ¢/7. éfhaila@o?: es
'ch bin c%@ﬁ%’}tggﬁngs mayhe gafigera gﬁﬁé@%@g@ Te Lﬁé&.] ln[aﬁbﬁlrrii%%,[{?ﬁsr prefodre§ Bhat S)

CD45[err] (pa andlaf‘er
the promoter operator region of E3 be modified to increase expression of E3 to achieve a

25 more favorable immunological profile for the therapeutic vectors. Most preferred are humian
adenoviral type 5 vectors containing a DNA sequence encoding p53 under control of the
cytomegalovirus promoter region and the tripartite leader sequence having E3 under control
of the CMV promoter and deletion of E4 coding regions while retaining E4 ORF6 and ORF
6/7. In the most preferred practice of the invention as exemplified herein, the vector is

30 ACNS3.



(di fferentiat ed antigen presenting cells). For an exanple of this protocol

see, wo o8R8 (1992) supra. 30 pCi/isd3BARS, bone
narrowasplratlons fromiliac crests are perforned e.g., under :
general anesthesia in the operating room The bone marrow aspirations is ~
WD 98/ 35554 39 .
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alppr oxi3 mately 1, 000 riin a pergodady p?ef?'ﬁcﬂ c:ml?orlbinbmcﬂmjmmomrsupl);fresspﬂlgfmnk 953 or
iliac bones a : e tota r cells collect

| ess than }s%ut”*sfx?laﬂﬂdéi’f’]’? k@e cloning-apd use of P ‘i@ﬁ’f‘?%‘( W‘%&Pm&’lﬂh@”‘ﬂ
t t

g OSSN P 2 L 5 o,

adm nistered to repl & eExYivo gértectherdpyne - of rrarrow taken by the aspiration.

Human hemat opoi eti c progenitor, and stem ells are characterized by
the pr¥sence of a CD3IB %ﬁ%@‘%ﬁ%ﬁ%ﬂ%ﬁ%‘ﬁéﬁs 1W§°%1ﬁf"1‘§s§ﬁ‘° inhibit g

used for p , [ t he
bone %%‘}%Jg?@of\%v%ge egvensetg @3&&{) Cgh%r}oﬁn%%{lﬁ ege deiﬁ;&s are separga@tdl% rom
the other ¢imipdents tyrine, bovine, peeine, equifit,cahing/ feline N largendrphf stdtimaap.
This can be Performed by a sem -automated 10 met hod using a cell

separat or (@ }@logxghmggp@hfqrgwgaq:ellggggg@ragﬁr isHig afhdisease stafes)inclydiag, but not
light d | ted d
the cel | 5 gt CravE S TRAIES plfifnte bOl T pRAPME BBl PLAEBUR 207 0T

about1d. 5 hyndrsmeIhmamamntarcahhs bladder cancérTrolnydaaser, (EErcaptvedatownd

B-Cells) are discarded. The non-adherent cells are then col | ect ed
and i ncubat@¥kemia pndlymnhomas 4af Ofisr NEUEMSANt | body (e.g., the murine

i nal concent ration o i apPicatéil offheh bt Frfilibn dn LA oo E

10 [err] g/ Eﬁeani\fér&teplenhg\mheblc sprapkrafgatiolegic hyperproliférativesqiier ﬁ&mé efofl-
Dyna Beads, supplied by Baxter |rmmunotherapy G oup,  Santa Ana
Cal i forni an@BBlFéHPWWI@W&éIE celly ‘qu’éaq‘@@x%?l’od?ﬂq B@HVSW@’“HHE@GRQ ot he

fﬁlclubgjfllsgﬁ peri odem%lstl tu?r% efnél%:g fedg:?qg%ezvﬁﬁl)hgé&ﬁﬁgﬁ Iﬁ gdg;%i&el ted

cel | s w t hinwgtied.! Tybixallg smmmembﬂeﬁtveblrewbtdimag asgmele from the subjéaﬂy}fg“aﬂﬁﬁﬁl n
(Baxter | nmunot herapy G oup, Santa Ana, California) at a final
concent r at iI'8f S#RPiEGS tYRirallycheterogenays $ell pronsration contining heth phewstypipdlycD3 4+

ol um i soPSFaland pathogenic (aydbbBiifbines s, 28fle BRAE tEptacidl v ble'tudnty
ant i bodi es siyspressot nudlEid4cids ee prateins anMe(étijﬁ.%)wémtmﬁﬁ:er ageﬁie hd:cbrdlﬁg tsthep! .

3): 100-105 and Brenner (1993) Journal of Hematotherapy. 2: 17) .
I'n arfét her meiiRsiofdhis inveateR .o JGp &umer SIPBFASER 53¢ 4k bo 8¢} i“éeé‘Fdatee&j m)rﬁrﬂet al

cord bl oodyedth (s%,&??%ap&i’fma'l\'%ém 64 4|fa1u/§btor g%heQI%rggx?n«gﬁ umggﬁf’fg? al

preferred transduci ng err[ cells
cord bl oodptulifegtiosof dw pathogeaictoells thereby providing a sample containing a higher ratio

of normal to pathogenic cells which can be reintroduced into the subject organism.
Ex vivo cell transformation for diagnostics, research, or for gene therapy
25 (e.g., via re-infusion of the transformed cells into the host organism) is well known to
those of skill in the art. In a preferred embodiment, cells are isolated from the subject
organism, transfected with the tumor suppressor gene or cDNA of this invention, and re-
infused back into the subject organism (e.g., patient). Various cell types suitable for ex
vivo transformation are well known to those of skill in the art. Particular preferred cells
30 are progenitor or stem cells (see, e.g., Freshney (1994) Culture of Animal Cells, a Manual

of Basic Technique, third edition Wiley-Liss, New York, and the references cited therein
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3. 'Aﬁﬁgﬁgé ?%tion of Tunor Suppressor-Expressing Nucl ei ¢ Aci d: -
Vect ors and Expression Cassettes Rout es of

Adm ni stration Expa@ssi on cassettes and vectors
(e.g., retroviruses, adenoviruses, b5 | i posones, etc.) containing the

ther apeut i Gor & diselissEOHGH RS @ isGRRY BFSdulttird ¢xtls Gidin patlicits)Of Transformed dell§ are
i nvention, can be adm nistered directly to the organismfor transduction of

cell's in cultured by means vl knoyn i the arte sSagy alspKushler RE977) Biechemisahethpdsised
for introdygi ke i 0t o ulyt i e . A | 0ood or,

P cun! borE R QP SR ol i B LB A0 AGH ! )

di scussed iAvad€1993), CROMandbdsK of Micrabivldyica] MddiD(Pavks €} CRCiprass, Boca
anti-cancer_agents. The 10 "packaged" nucleic acids (at a mninm a

t unor JuppriRaters Flc Mamatian aelh sxstems often will be in the fomp o0& monglagers dficellst er ed

' i tabl . bl i th _ph ' accept,abl e
carriors. aboSal BARGansf ) Sipeigiont st ARRILAEC AR Ky celts pan TR
packaged nyfdne ifos@Siodsd B £caVBdnkaR! e, abibodahkk NOWstrhivd HREMDIATof Harhialidh
the art, and, al t hough nore than one route can be used to

adni ni st er cgll hiaes includgrthe Hig6o 1B ¢adhlines VIBRO and Hela eellsaChingse Bamstar ovaren

Pout e ooy STheS %138 nR o SEMBE R He P G- Frespopsc S an:

adenopy rus vector engh@epedicularly prefefied @xibodisend, $teifiUells liRRIsed HPkx-g9pe can
elicit an i Mmune response, specifically, an anti body response,

agai nst t h@ressdwisy feragelliganstormationandg genectherapiiayi Neaduanage wusing sigm zells is

anti - adenoyy I, eaaGt i ant.i 1,8S., Thus,. in: ir s.. regional
o o ey S e85 el 40 e 100 s PN BB en
t unor - SUPPmEHSAA] GACH S5k ASnGdEMEaY lcéwdg wigd ey iviill engraft in B0 bbi@InagBe. NSt
effective. For exanple, as discussed bel ow,_ ovarian cancer limted to

the abdoni Methedsyior ylifferewinting|stem eells €an&D34™) sremnelln in aigroontd clg@llyene
t her B . | ng o, ritaoneal .(| P LR WD, shoul d
cons, hr e g0t e At RS ol X5 Rikaies b BNCRIE RN B A T atpha

r econbi nantar@ﬁmmv(sw,sag., |TRate (51992)945@:?;5 Mdu. 1769693-aM702f SAabeicp ergospneal

i ni ng and absorg_ltsi on of the adenoviral vector into the systemc

ci rcul ati odS¢I8ALP8APans of regi onal administration can al so result

in introduction of t Vi ct f '
circulation). The ex?gartll?e qoﬁgh%[*ﬁ"g g ecgﬁg’rr'gg&gge(}olje\%aél(l)snarte ﬁéﬁ’i‘%ﬁ%gﬁ%ﬁ i on
and/ or embodin®@néd ino0uNG peicellires| Sevdrhl etiafqudErdkadver et ibdlating Ttahé B
system c effect is desired, a higher 30 concentration over several

consedlit i v&ellay Therexpression off supfaegimarkers facilitates identification and purification of such
cells. Methods of identification and isolation of cells include FACS, incubation in flasks

with fixed antibodies which bind the particular cell type and panning with magnetic beads.
Stem cells are isolated for transduction and differentiation using known

methods. For example, in mice, bone marrow cells are isolated by sacrificing the mouse

25 and cutting the leg bones with a pair of scissors. Stem cells are isolated from bone
marrow cells by panning the bone marrow cells with antibodies which bind unwanted
celis, such as CD4* and CD8" (T cells), CD45™ (panB cells), GR-1 (granulocytes), and Ia‘
(differentiated antigen presenting cells). For an exampie of this protocol see, e.g., Inaba
(1992) supra.

30 In humans, bone marrow aspirations from iliac crests are performed e.g.,

under general anesthesia in the operating room. The bone marrow aspirations is
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Local adm nistration of the tunor suppressor-expressing adenoviral vector’
of the invention is also preferred in sonme circunstances, e.g., when the
patient has pre- exi sting anti-adadoviral reactive antibodies. Such
"l ocal adm nistration" can be, e.g., by intra-tunoral injection, if
i nternal, cpproximasly 200Dintlini quantityfandxs eoliegted fRdthahe posterddryilia@bonds and

"local adm nistration" effect can_be effected b e@ getl n the adenovi r al
vector to tHest§uhfpthe total numbergficells goliected;is, ?d}é‘ﬂ PRt 2 X eﬁ-s?@@égm zi ng

reagents ( olelc I} f sel f.
For mul at i Oﬁa}p 3 f?&e %ﬁh%ﬂﬁ%ﬂ%ﬁﬁ?glﬁ%&gﬁﬁ %:na?qd“;l accg&g&gﬂ e car r|L ers
are determ pwfbnnadpibdndgythé lopenation, icraldiated] facked re:bct‘qﬂs frd admnnbe&rw to replace

adm ni ster(rafg as wel| as by the yp'glrtlcul ar t hod_used to adm ni ster the
conposPti o °K€B’8Ped‘i’fﬂ§?§¥°wtt#§“é3 ¢ ASRiFaHiony JHwpay hematoppiete PEOZEBOR And: Stern s

For mul at i ore 8 61 At ed B THE Bk BT A DR slER TR mbANE Rhlflh:. Tois ancigen

conposi t i oris usedor ipatifigatidie et gijron affifipr ecismns emwhelﬁﬁd aPucAfiecthedods can
consist of (a) 15 liquid solutions, such as an effective anmount of the

g?c II;E% eg . Blfé‘l‘fé?‘é’ ‘%Eﬂrﬂeg%ﬁéﬁ Mop\ppleartcells arefeprais Srom the,other 9@%‘293311@&1)’ i ne
pr edet er m ne‘éﬂ)ﬁﬁggﬁﬁpgﬁa eﬁl?@eg{g{?ﬁ%%&?nng?g fégﬁibe%géama%%g se&??{l%h& gr anul es

or 10 rgethad using Qelisepqrans (Qps d Baaer Barwab 93006+ dnqrurdm&mbhﬁxﬁ) The
sui tabl e enul si ons. Tabl et forns can_ i ncl ude one or nore of

| act ose, sUighdensitygsHs. camposed Brosidy of monenyeieas icelisarsicollectedyand thy cells are
starch, pot ﬁlﬁaagh%%sn& ffﬁgn?sczft%t?m 3;? fbgfaﬁéaxai 5136 sC e'rﬂ.éimr%f‘e tRERC! a,
gelatln I con I OXI croscar nel l'ose SO um talc,

magnesi um ghraveytes, micophagesandiB-Celld) afeldiscarded. The morsadherant sellCArt @isant S,
fillers, binders, diluents, buffering agents, npistening agents
preservat i \F@QCCtF¢ and incubated withs mapeclonalagtir Xt #uyhedy 466ntthe maine antibody

phar mggeut iy r at 4°C for 30 nﬁﬂ&B@Wuﬂ' g%nﬁé‘ E‘th"ﬁ&g 5’1‘119 ﬁﬂngc?onchﬁt%og%r fpri se

the active |n Sucrose and acacl a oOr

t r agacant h,antisCI@4 lan@isodyais q;rdszablycmsm 18 iugOml. hAfier two evabiteg) patamiagndtie an
I nert base, such _as gelatin and glycerin or sucrose and acaci a enul si ons,
gel s, and tTAicraspheres (e.g., Dynadinads.rupplied by Bagex Fraw“%thﬁwey A¥Pup.cSanta Ana,

i ngr edi ent ’%aﬁﬂ&rxﬁmgrc%a&[i% éﬂéﬁ% ?ﬁcg?l&ﬁse IeG %:C y are a%c}ed to thel B4l Qﬁﬁé&ﬁﬂﬁd

nucl ei ¢ aci ne or In co I on Ult

conponent s, at aa'atubef mﬂe 2i aelleybest. oAGder ﬁ(fumﬂrahmmaﬂoxﬁ perdod of &yt G@mniketes at
"nebul i zed adm ni stered via inhal ati on. Aerosol fornul ations

can bé0pl a@@ﬂu‘i ‘th) ‘BF &asstied sells with magnetic-beads ats collseisd rithahmagnetuch as
di chl or odi fyor HIBSNABExtePIRRAARGheAb 'CHOES, Sa@ﬁhdAhQ,_edlﬁﬁéﬁna) at a final

concentration of 200 U/ml can be added to release the beads from the CD34 + cells.

Alternatively, and preferably, an éfﬁnity column isolation procedure can be
used which binds to CD34, or to antibodies bound to CD34 (see, e.g., Ho (1995) Stem
25 Cells 13 (suppl. 3): 100-105 and Brenner (1993) Journal of Hematotherapy 2. 7-17). '
In another embodiment, hematopoietic stem cells can be isolated from fetal
cord blood. Yu (1995) Proc. Natl. Acad. Sci. USA, 92: 699-703 describe a preferred |

method of transducing CD34 " cells from human fetal cord blood using retroviral vectors.
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Suitable formul ations for rectal adm nistration include, for exanple, -
suppositories, which consist of the packaged nucleic acid with a
supposi tory base. Suitable supposf?ory bases include natural or
synthetic triglycerides or paraffin hydrocarbons. In addition, it
is also possible to ude geAdministrationof TapwyiSnppressenExpressing Nufcleic Acid: - -
conbi nation of 5 t he Yeatkmontl Buptession @asskttest h a base, including, for
exanple, liquid triglgsged SCfiministration POl yethyl ene glycols, and paraffin
hydrocarbons. Formul ati ons suitable for par ent er al
adm ni strat ion, such Bxprefsion cazsettps and vectors (e. g byetrowiruaes, taendvirnsesj n t he
j oi nt s% ;&t ravenous, . i nt ranusgul ar, intradermal, intraperjtoneal

cut

and su IROSOIDCS: 4- & SOnpifing fie RSB WRAT PHARISHRTaTREessing ueipicacids of i | e
injection 1fe jnvefRbtitdagibe: adw%stereaadh&erft@th@ AP rm?&q%duc% g Cells in
bacteriostats, and solutes th render formul ation |so oni c
with the blwed Afiministrationeis dydny of ithe motes narmialhoused der iatrddudimg a molecule into
aqueous sterile sus nsL that .can include suspendi ng, agents,

sol ubi | i zerdtimags; ‘i?P gg%?ood or tissHG.¢RLIS, €& aF’éfPtIeWi‘@ﬂ& re%ﬁﬂi‘ggy’e%relf’%‘(yi’%s I'n
the practi cgsc@bselifih %leéaﬂv SiPrk Ofor tEé)ﬁmﬂﬁﬁsh‘aﬁ&? oPé’@uncth anti-cRffceR 9gan

for exanple, by iIntravenous infusion, orally, pitcally, Intra erl toneal I Y,
15 10ntr at‘petslqagal"l nucteic acids Gt h@mairm;m, Prungortseppriessad noding sequencenvising

i ntravenous adni nj strati.on . are. the preferr ods of .

L T ot » adrBOtoT) & iR rad n ag Sl B prery Agipharmsceutionlly, o
present ed ijcdhtidie emﬁrmsmlgcussée%ﬁ rﬁeaﬂxﬁt@blﬁ%’étﬁddﬁff%dnﬁxﬂ&@rﬁ%ssﬁﬂpm es and
vi al s. Formul ati ons of the invention as 1njection

sol uti ons gadkaged puelsicoacidsczan amlable and Welbkmpmtedhtbsemﬁskﬂbm thearppamlbr s,

gr anul es, gq’ﬁl ets.of the revi,ous escri bed.. The exact

I
conposi ti or‘?"g? moFe,thap og¢ F e C*l“h e ?ﬁ&%ﬁ?%‘&?“?‘%ﬁ B"‘I‘m?‘ﬂér ‘F%WP& and
nucl ey ac ';ﬂrﬁdﬁlar route cantol?t@n E)Rf\‘ﬂ’el £iopd! muhE&iaﬂé'ﬂnd ik %f”f@mv%’}@?&itoﬂ‘?ﬁan
parameters w || vary depending on the nod
admi ni st ratamoﬁne( wuge., whet her system c regl onal or I ocal admi ni.stration)

and needs related to stgmmgtf lin shi ‘%r‘]’?h and shelf |ife of
the particul ar phar mec FEERle, admimis atng BP0 "Eﬁ‘? VU YeRPr Sngingere
parameters t@%ﬁft@ﬁg & ot s‘hBﬁrer%[‘tgbﬁéléﬁir eliefed lﬁﬁm{n@@es%énse spdcRtidiity aﬁx# on can
be done by routine nethods; and any of ingredients and paraneters

known i nj e@namcty ﬂesponsb,aagamsmademmmwtoroﬁmmms iy ha\@mre-aimlstmg
formulation | rec inant wld t 53e

adenof r us 338398?0"6‘?1 f‘f‘?&??gwm(’d Oﬂ;%s’ n Sof"reﬁé@}“ﬂé%‘cegt m&l e‘sﬁffg 1At of
about 7.5 shdyefetdic.! Rinfi ﬁtr%ité‘xp[o?rﬁdmﬂﬁiih e ?%‘é

phosphat e rmnoﬁgc?r é%e atln . ) ny/ : , sorls‘)ul?gr&ﬁgisap){al{tggesl agévg}aéﬁﬁ?%frl de at

2.48 30  optigyahhnd podi foncum oFprl exawnpls,cnmdxsmgﬂad bploat, @ vanaroéanderdimitedt to5. 8

ggcfl-rusggfgégei%ﬁatmigg'cgvity is onevc\:gn?c% §c5e151a5r£i10 in which regional p53 gene therapy, i.e.,

intraperitoneal (IP) administration, should be considered as a preferred treatment plan.

25 Administration of recombinant adenoviruses IP also results in infection of the peritoneal
lining and absorption of the adenoviral vector into the systemic circulation (other means of
regional administration can also result in introduction of the adenoviral vector into the
systemic circulation). The extent of this effect may depend on the concentration and/or
total amount of viral particles administered IP. If the systemic effect is desired, a higher

30 concentration over several consecutive days may be preferred.



45 ng/ M, magnesi um chl ori de hexahydrate at 0.40 ng/m, typically
st ored i wolodhsssss dosages. Cel | SPEFASSMBSEI by t he
packaged nucl eic acid as descri bed above in the context of ex vivo
t herapy can al so be adm ni stered intrave%sly or parenterally as 5

descri bed above. dose adm nistered to a patient,
in the context of th resent. i nventjon, shoul d he syfficient to
effect a beneficial mﬁh@&mseaﬁl%%ﬁgé"mﬂr RBTSIATTARICS e PH‘FWOHE?I vector -
The dose Wigkhndvegid H1alks i en Sdrhd ERGNRInctd) @, P2NHeR WePpattbRCh A pre-
enpl oyed ar?g thev wa cg)rrlgix{ri on of the pat inent, éa)ts wel | egg 15 %c?&fl

wei ght or euisfing entdvadenoviral teactpet andhodies BechlOocal a¢mindstragion Témmn ts, zeg.0byt he
dose also wi |l be deternine

d.by the existence, nature, and extent,
of any advéREnuReral B’ﬂ?cé‘e{‘sl?ﬂ?féﬁnag& d’i‘r‘ﬁ‘&ﬁ"ge} appicatign, 1f ie§{eF%3§]1 oﬂ‘%@aﬂé(ely » a

pal‘tiC | ar « t 3 tan? t: i i i t.
I n det%r m n#ﬁél étaﬁ‘gnep 1? %%I% ie\;gec%‘grfatrl)lu nt oi5 Fe{&htgﬁﬂ\a}tggfxggﬁ%éoﬂggogﬁglhﬁgé g%ﬁ%ﬁg{he
t r eat nent , using, plzysiumarspenifit amtigen-recogniding reagenss s amtibaies) ondiposdmesvaradror
vector toxicitjes,, 15 progression of the disease, and the production of
ant i - vect oth&3fenpYigEesefThe typi cal dose for a nucleic acid is

hi ghly dependent on rgyy,6 ag%nﬁdm nistration and gene delivery system
Dependi ng on delivery matﬁo t he dosage can easily range from about 1
[err]g to 100 ng or Pharmaceutizally acteptajde earaiers arb detdusined guparabgnhe pdrtieular
naked, nucleic aci.d froma vector, i s fromabout . l.[err]g ta 100
[err ] f or ComPoHHER Peing agmiysirred, fr%\‘(VFé ﬁ?,by Abrpaticdar IBF“’Q%E’P%“Q agjmipister the

| ncl ude a Zmposicith ! AcoBfidg!s! Bedi6a GAUE Yhidkf bt biirablePhotimBuigtiby 2l ent
amount of t ePapeut i C nuc c acl ci For

adm ni st r appharmaceuticad dompositalslof tid ptebent jmvestion. | nventi on can be

adm ni stered at a ratPe det er m ned @y the LDJerr] .of the vector, or
transduced cel | type, Fosmylations suitablefar gral adapmsteation of Pharmagentical or cel |

type at var] : : | &4 fe Sic acid al |
heal t h of tc%eﬂggﬁggﬁ?ﬁ%#ﬁiggﬂlﬂ gﬁlg‘t&l %‘%B{ééasﬁd}b%agégco%‘pﬂ??sﬁggl \a/:icgn sc | ngt§¥g£r)
di vi desl 25 liquid shbutizms asuches an ieffectiveedmount of the packaged nucleic acid suspémied in

preferred enbodi nent, prior to in ' | ood sanpl.es are, obtai ned

and saved ﬂgger&ﬁeﬁ“ﬁ@ 28 Watgl¢ gaﬁmg ioéa)g%a%@);égg/@@ﬁmﬁ%t phets ?)‘ntaB&?tspG?‘g’e oxi metry
are cl osel - | andoh - .S ; aj

i nut es andoY2ping o pRRPICAEH anhuRP6 RS ROBRAIRL T LBy s IR CRARY or
anal ysi s. Igalatin; (d) sospehsomgpip, anl appkoppiaer Bqiid;, andr(dhsultablel emulSions. Tabladforms

rei nfusion can be repeated are repeated evergzif% to, 3 nmonths. After the

first treafARHiclude one or morgof dactpse, UCHOSEM3 r SREBIQIn CaiCYR PhAsPRates. 595 <

gtCT; @gg; 8%%%{!, Wtatd stahh, Hapahith® ticlobrystifline cellulose, aciifh, S1aARn RBilloidal

silicon dioxide, croscarmellose sodium, talc, magnesium stearate, stearic acid, and other

—~&

excipients, colorants, fillers, binders, diluents, buffering égents, moisténing agents,

preservatives, flavoring agents, dyes, disintegrating agents, and pharmaceutically

compatible carriers. Lozenge forms can comprise the active ingredient in a flavor, usually
25 sucrose and acacia or tragacanth, as well as pastilles comprising the active ingredient in' an

inert base, such as gelatin and glycerin or sucrose and acacia emulsions, gels, and the like

containing, in addition to the active ingredient, carriers known in the art.

The packaged nucleic acids, alone or in combination with other suitable

components, can be made into aerosol formulations (i.e., they can be “nebulized”) to be

30 administered via inhalation. Aerosol formulations can be placed into pressurized

acceptable propellants, such as dichlorodifluoromethane, propane, nitrogen, and the like.



46 reinfusion is given as an outpatient, the participant is

noni t or edyH 983sxk4 | east 4, and preferably 8 hours POTIUSHS/3§I4-he

t her apy. As descri bed above, the adenoviral -
constructs can be adm ni stered systemcally (e.g., intravenously),
regionally (e.g., intraperitoneally) or l4dcally (e.g., 5 intra- or
peri-tunoral or intracystic injection, e.g., to treat bladder cancer).
Particularly Spitetblerfwm@aﬁnﬂeiomcaﬂadmimmmn tnchidec fqrctncample

i ot o cuRpstitics, wiidtsaRRat ofhe pROGE pifit foid gith o mumnISRaY tesdcSrtahie ¢ o
deliver a %Gﬁﬂb@ﬁb&' Biest ﬁcl@d@ﬁ&hﬁl b# awmete tﬁgryeéﬂx&s%rtpafasfﬁ% gl

the carotid system arteries (e.g., occipital artery, auri cul ar
artery, t erapdman, ans; dsy poas&nleawrtssb galatigirgctalig@psules \Mmh cbrsist ofiatcempination .of .

Delivery faor nt er. c be acco by
use ofg ?lb %ﬂ’ le’l‘i/?ﬁ“gg%wagﬁﬁ’hmﬁ jngy &4r,e; ng‘f i@uﬁnméhgﬁﬂﬁ%%us

phar macol Ogjb%hiy}’ené(‘g@y%@i@lah@ SdfftehyRecHBak! | bed above. However, on one
particularly pr ef erred errbodl ment, the adenoviral const ruct_s or the

t unor suppressor exp rﬁemulanons suitable fmattcleb admigistradtiomi $ick aedfor examplepi d

f | ati J t h d f
| pl f muct BY SNERAEeE R thedtimfy. tevenott Bty e, e Al Ao ageeh)
WO 93/ 2464Qpg Bﬁ’d?;ﬂta'ﬁ@oufslr%ﬁt%ﬁ RtBA& aqdRdE e and-hon-adiRbud)Gsoronié éRrif3ij ec@Bh gham
(1991) WO 91/06309;" ‘and Fefgner (1987) supra) or encapsul ated in

| i poskhes, sn!utlenqa rvéficly cdnl gontain antioxidants, bnffcml bmm @nd ecluted thas reyudecithe c
tunmor mark IthII be . reciat t hat id formul ations
can_al S0 beogiaberputd SEERE By gt iitntd Fetjpiens, apd pirBptabd o5
aerosol .  aqueous sterile suspensions thaf car-HORIAE isiipehdiiP hgdhid) RbRibE ers) hitNeing
Tunnr suppressor delivery can be enhanced by the use of one or nore

"del i ver y- egéninicstabijizas and ‘presﬁvati'eﬁm \/Iartbre prabticecofiibisdyesntion; edmapasitians zay
t wh h, t h
S B i 1 Seoali Yiktebus nhBERCRRL). GG iR

delivgyy ”?de%sxé&ﬂ}' @r\fﬁ&aﬁ&aﬁ?r | St ERC AL R Btior MR intravenous HERiHIRFFRA] sm
may involve the disruption of the protective glycosam noglycan |ayer on

t he epi t hehieathe preferxed methods obHadministration.s Jhe f¢rmudations iof pmladctbm)clelEmaldpl es

of such dellv ancin ent s re detergent,s, alc

gl ycol s, g%gﬁ’ﬁ?’&ed B e p@%?Ft"éI nﬂﬂﬁ%ﬁﬁ? Fate féd contai Fﬁgé g gmpu 2 viats.
cycl ooxygenas e i nhi biphahslatithsRETthe® RiventicH ds 1ﬁ}ébﬁﬁd mxon@hﬂd%ﬁﬁeﬁéﬁﬁs can be
Al cohol s 30 i nclude for exanple the aliphatic al cohols such as et hanol,

N- pr opanol preparsdr fograsterile qu,drs granules, and tabldts o’éthetkwd pieyismisly deggribed| sThe
:32:% 8 / 0 %}%ﬁ Icgr%po uoﬂD X)l t?\n ?&n}/u(iaudn Ft)k(l)l yon%@ﬁém%gg %% ¥}§: e reagents and nucleic as;§5554

the formulation, its pH, buffers, and other parameters will vary depending on the mode

and site of administration (e.g., whether systemic, regional or local administration) and
needs related to storage, handling, shipping, and shelf life of the particular pharmaceutical
composition. Optimization of these parameters depending on the particular need of the

25 formulation can be done by routine methods; and any of ingredients and parameters for
known injectable formulations can be used. One example of a suitable formulation is,
e.g., a recombinant wild type p53-expressing adenovirus vector of the invention
(rAd5/p53) at a concentration of about 7.5 x 10" to 7.5 x 10'° particles per ml, sodium
phosphate monohydrate at 0.42 mg/ml, sodium phosphate dibasic anhydride at 2.48

30 mg/ml, sodium chloride at sodium phosphate monohydrate at 5.8 mg/ml, sucrose at 20.0



and ot her | ow nol ecul ar wei ght glycols such as glycerol and thioglycerol.

Acet at es g8 6ky35554 as acetic acid, gluconol acetate, andcIsssnIsiget ate
are further exanples of delivery- enhanci ng agents. Hypertonic. salt
solutions like 1M NaC are al so exanples of delivery- enhanci ng

agents. Exanples of surfactants are sodi uddodecyl sulfate (SDS) and 5

| ysol ecithin, polysorbate 80, nonyl phenoxypol yoxyet hyl ene,

| ysophosphamgdpl,ahagriesism chloride hexahydsateydt &) ;mganl, 4p@icallyoitgred i 410em80,

pol yoxyet hyl.ene et hers, polyglycol ether surfactants and DVBO. Bile
salts such 9€28&r ochol at e, sodi um t aur o- deoxychol at e, deoxychol at e,
chenodesoxychol at e, _Qloe9eanidue®By the fhcksreaRBRIECRYY s WstSbeiCibdvaifithe
ot her astringents like silver nitrate nay be used. Heparin-antagonists |ike
quat er nary g¢ontext ofreixrvé therapy &an piso lbe mdménistareddneavengusly soparentazatiy as

Cycl ooxygengse . ncpi bitors such as sodium salicylate, salicylic acid,
and non- st ef'sF h‘l’ aBfYe: i nfl ammat ory drug (NSAIDS) |ike i ndonet haci n,
naproxen, diclofenac may d8s athfiflistered to a patient, in the context oP@icSprant ﬁwbﬁ’&*dﬂde
anionic, cationic, zwitterionic, and nonionic detergents. Exenpl ary
det er gent s $hesld,be suffiicient to effact hibenefinialttherapantio cbsponsedn thiepatiephovexttime. 15

tz\é}\‘f ;?‘éﬁ&ﬁ?g!; 8{)%: \Xﬁlelt)é/ h&x&ﬁigg@g;, ﬁ%ﬁkko”i L SR Sector empioyed and the

(3-[ (13- Chol auigited Ok Jpdiiom! By vaimae &ie%ddy]wé!glﬁﬂﬁ'}ﬁﬂ’déé £B2bPLthe patient tbégr ate,
Aldrich), Big CHAP (as described in USSN 08/889, 355, filed Jul'y 8, 1997,
and, 10 treatedsr Tae s ailf thgpddse adsoi will Glaathiaal/by thedxistebze, a@g€) andsoent

Bi CHAP (ibjid .. TRLTON - X-100._det.er, t Cl2ES8, .
ety B D P IvErsE e IoEtS S EP PR, thp Ay Station i & FaEigular-MAgieRy @ 1
20 det er genirunsatick B it 4 pAfciRk Bi6R! (CALBI COEM e 1]

Bi ochem cal s). an enbodi nent, the
del i very-enhanci ng agbndetesnining| thel effe¢tivetanmounti bf the vieetor to be administdred hethe

reconbi nant __adenoviyal. vector delivery systemis for ated. The delivery-
enhanci ng aBEHDeRhoEmH PeliGien atIaBhE P de vt Shiof Nerer vepigs tasicites,
concornist ant pidetd3siéR of the MiSeaée,” 443 thé ProidBor FPAMH- V&M rSantib&iies. The typical dose

del i very-en%anm ng agent is provided wth the virus by m X|png a

vi rus pr epafosta micleit a¢idas bighlyvdapgndanh an goutg of gdministration land gene deliverypsystem. t o

agent ana Depending o BRer? Fethadlod 4P s 5o Rl 0968 o S0 Lk 10 LU or -

adm ni stratjygfe. In general, the dose equivalent df"h fdk€d adSIBicAcidefreIi 3 vERER W Frof about
conposi tion conprising a tunmor suppressor 30 gene contained in a

reconbi nant 1 agend 0D el fov agypical J&) kilogram patiens naridodoses of wgtars whidhiinélede a
ohi oh g ko FATRAL S8 g ot BREYRh: 380 of PR TRERH At
PCT/ US98/ 03514 .. For administration, transduced cells of the present invention can be 48
preferably be administered over tinme in the range of about 5 minutes to 3
hours, pr ef aimibistered at a rate détormingd byrithe:LBs, afahd véctor, ivn transdugedicaibtype, and

preferably t%g %ydte-ejf?ec@ %g %eétgr grocerﬂ t%é &t \'rar{ortlxs concentrations, as applied to the mass

and overall health of the patient. Administration can be accomplished via single or divided
25 doses as described below.

In a preferred embodiment, prior to infusion, blood samples are obtained
and saved for analysis. Vital signs and oxygen saturation by pulse oximetry are closely
monitored. Blood samples are preferably obtained 5 minutes and 1 hour following
infusion and saved for subsequent analysis. In ex vivo therapy, leukopheresis, transduction

30 and reinfusion can be repeated are repeated every 2 to 3 months. After the first treatment,

infusions can be performed on a outpatient basis at the discretion of the clinician. If the



anot her enbodi nent the delivery-enhanci ng agent may be adm ni stered prior

to ... wowsssai stration of the reconbi nant adenoviral vEBETAISIMBSIdvery
system containing the tunmor 5 suppressor gene. The prior admnistration
of the delivery-enhancing agent may be in the range of about 30

seconds to 1 hour, preferably about 1 m néfe.to 10 minutes, and nost
preferably abaout 1 mnute to 5 mnutes prior to admnistration of the
adenovi ral Tldesien is given as ancpytpatiopt.ghe pagticipgnt isimanigred for @t fesst 4 @pdr essor

gene. ration of the delivery-enhancing
i1 pd'efera éy 8 hours foln%\g}@ltgg %E(i'g&. :

agent wil epend on a nu factors known to one of ordinary

skill in the art SUChAﬁﬁest:i‘iBecDﬂfdvieQtHeaddeﬂWifa!/edetmcts can be a@iiditeledy agent
bei ng used, the buffer H, target ti ssue or organ and node of
admi ni str atsiyétﬁmlcPHéé e«sncerrﬁvtmorl M) .cegionallyite. §-v AF{RPEFipRsai erdoeatly (wigl.l be

st "o of or g et e Vo R M A, Gty

concent r at |prafermdtrﬂft&ief; bﬂammﬁmtfmbﬁhnzﬂﬂddaﬂtfaarﬁflelrmjtctxmtrher feedWly dfpra- 1S
about 0.5 - 2X the critical mcellization concentration A preferred
concent r at i RSRaHs argry igjeption (- &b&l’t“@l@m‘rﬁ@lhvﬁbm%%%rﬂ ¢16 ibisolesirdl ®- 7 mvl

The buffer h

phar maceut Idégf?érad l{e}é’osgtu tgggs&r\é ospha Q@%ﬂop ger e &g& fIFAEANd system
phosphat e/ sfditeries (e.g., occipitaliarfey, aliricalabuftésy Ier@dt@llzﬁﬁ: Udek€iral srtepy, | €

wat er _and other buffers known to the ordinarily 20 il1led artisan such

as thide ddBavillBEAresyy.csol Deliyery fo1 tsament ot hagicandey csn he zccomplished, e.g.,
of the bu”gusle%f%?ox?&%&ﬁg ‘f:})g Gc%hx%ﬁﬁg i ’rﬁs%’auéfﬁfﬂ%'a%'%geé e tunor

suppr essor enovital Vect livery syst em

may be in tﬁhmmgglaﬂly&céepublébﬂﬁer as describefifabbes. aHowevert, @n bne paitdia
preferably 7.2 to A preferred fornulation or
adnmi ni st r atPFefATTEd eglbpgm, the adengyirabeqnstiucts er ths tumOp SYRPressoN expréssion10[ err |

TR TO er 1 F250R0B s Spmit ettt ok e A0 or plretcutbrt} i comploreg wigy o
The use of “?S’Zf?‘f‘ésr‘°.f2ﬁ‘ﬁ‘;‘§l‘.“ﬁw e bel o Daoehd Phu R15bay. 4.
copending IWOSRARIOndan9i0 ABRIoswPrs:RaseNU.- BaPat No.¢n?79,833; Brigham (964

January 7, w8%/08fh. and Felgner (1987) suprg) ¢t &F%{xlafeﬁ 15%%&6:&9& ?n&r*é ﬁn%fg%fu ved

gene transf er Tor nutlerc I ONS corpri Ssi

Bi g- CHAP piie pamaholpusomid direted sydpesificanmof midirkers. It wﬂﬂ@@bﬁéﬁ&éd that such
PCT/ US98/ 0 514

CHAP wi | | iR, fosmalatiops can alsq Beradminisiered dopieally. wysiemicaldy, Brrgieemad ivia sour ced
from g aefgbbBl OCHEM it is preferred that the concentration be in a
range of 2 to 10 nmillinolar. More preferred is 4 to 8 miIlinolar.
Most preferred is apph oEnhmicihgy tuinor sippresser delivery. When t he

Big CHAP is sourced fromSigma, it |s preferred that the
concentration of Bi g’@WSBBPTFﬁﬁoédFIAYFQECB‘f iSnliaéc@SbYﬁf}el‘fsPr@fQPe of/Broze

preferred i"gejffirf-Bnhancing agents”. A "delivery-enharicing agent” refers to any agent which

enhances delivery of a therapeutic gene, such as a tumor suppressor gene to a cancerous

25 tissue or organ. Such enhanced delivery may be achieved by various mechanisms. One
such mechanism may involve the disruption of the protective glycosaminoglycan layer on
the epithelial surface of an organ or tissue (e.g., the bladder). Examples of such delivery-
enhancing agents are detergents, alcohols, glycols, surfactants, bile salts, heparin
antagonists, cyclooxygenase inhibitors, hypertonic salt solutions, and acetates. Alcohols

30 include for example the aliphatic alcohols such as ethanol, N-propanol, isopropanol, butyl

alcohol, acetyl alcohol. Glycols include glycerine, propyleneglycol, polyethyleneglycol



30 mllinolar. Most preferred is approximately 25 mllinolar.
I n a.fur wessssseodi ment of the invention, delivery-enhanciRgI/ESEMBE4havi ng

Formula | are provided: 10 [err] wherein nis an - |
integer from2-8, X err] is a cholic acid,group or deoxycholic acid group,
and 15 X[err] and X err] are each indeﬁ ndently selected fromthe group

consi sting of cholic .acid . r,ou a deoxychal ic acid.grpup, and a
sacchari de 2§t 8@}? q%’ moleelar eigh; gl%?‘é? F']E)dhaa}'fcgqxé[eé¥lrﬁn%i tbxoé?ycerol. ‘g%ega_éwpde
group. The a§ae&itaddidlg18¢dn8PadERite, RidSOURM ekrdtt @fe fitthed ERURPIEPBEAQIVERE Of
pent ose nonosacchari de groups, hexose nonosacchari de groups,

pent ose- perenbaneing agents. dilyperonin salisolptipnp dike Hdk D€l arsdse extimsples hbdélivery-
groups, pentpse-:hexos L.sacchard de. 20 roups, . and hexose- t ose
di sacchari &ggad}c%%g_en Snd%’f?énpg secffleﬁuff@ﬁtagﬁ%g F?Fgﬁ'P do?lﬁ‘éyl Sultae (sgg%ﬁfinds of
the presentydofaciin, polydaate 815 nbayipHémoxybolybfdthylene, lysophosphatiéhbisdiihe X[ €1 1]
and X[ err] are selected fromthe group ConSisting of a cholic acid group
?‘Ed a polygthytsngtisiol ?%@Wﬁgtbaﬁ%mtﬁ@&etmwm ?hqﬁ,cmti}agolygrgzay:anug.

ese conpounds are abl.y used i.n the r e of ..abou
ot ror SURPere anf PRE0T il $3S Fuites BitneROHE, Son PR e REbNED. 2 1o
2mg/m in %@oxych%%%cﬂéﬁ@de?&:dy\@/@ﬁﬁg@ éigggcé:lﬂdh\‘.%@{d, QycolRsiod 868/ cRE €Skl 3nd

approxi mately 2
PCT/ US98/ 0 3%t astringents like silver nitrate may be used. Heparin-antagonists like quaternary0

Prosolgt e WLl et S ARk oS o SO RSl &
recogni ze th@unt@liciiat, salicylic acid, and non-steroidal anti-inflammatory drug (NSAIDS) like
indomethacin, naproxen, diclofenac may be used.
| Detergents include anionic, cationic, zwitterionic, and nonionic detergents.
Exemplary detergents include but are not limited to taurocholate, deoxycholate,

15 taurodeoxycholate, cetylpyridium, benalkonium chloride, ZWITTERGENT®3-14
detergent, CHAPS (3-[(3-Cholamidopropyl)dimethylammoniol]-1-propanesulfonate
hydrate, Aldrich), Big CHAP (as described in USSN 08/889,355, filed July 8, 1997; and,
International Application WO 97/25072, July 17, 1997), Deoxy Big CHAP (ibid),
TRITON®-X-100 detergent, C12E8, Octyl-B-D-Glucopyrancside, PLURONIC®- F68

20 detergent, TWEEN® 20 detergent, and TWEEN® 80 detergent (CALBIOCHEM®
Biochemicals).

In an embodiment, the delivery-enhancing agent is included in the buffer in
which the recombinant adenoviral vector delivery system is formulated. The delivery-
enhancing agent may be administered prior to the recombinant virus or concomitant with

25 the virus. In some embodiments, the delivery-enhancing agent is provided with the virus
by mixing a virus preparation with a delivery-enhancing agent formulation just prior to
administration to the patient. In other embodiments, the delivery-enhancing agent and
virus are provided in a single vial to the care giver for administration.

In the case of a pharmaceutical composition comprising a tumor suppressor

30 gene contained in a recombinant adenoviral vector delivery system formulated in a buffer

which further comprises a delivery-enhancing agent, the pharmaceutical composition is



addi ti onal excipients and additives nmay be desirable to achieve solubility
char act eme ba/zsssof t hese agents for various phar nBEBYSEEF14.
formul ati ons. For exanples, the addition of well 5 known sol ubili zing
agents such as detergents, fatty acid esters, surfactants nay be added in
appropriate concentrations so as to facil #Bate the sol ubilization of the
conpounds in the . various solvents to be enployed. Wen the sol vent
is PBS, a prrefesrblyleagmimistered;qygr Haein the range of ghoutryapipuigytos3 haurs, preferably
concentrati | 159 : .

adi i st o ou? 49 HREE B PmthuRc; 380 most prefersply abour 15 minutes ® 90 minugg, In
suppr essor grodieeientdodjmény pepdalives)enmthancihg agkt magrbechdeiinieretddypriop td he

tunor site by jipjection or adm nistered system cally as described above. In
a pref er r ecRdministrations gf,thgiraeambinans @dengyinal et delivery systemcop@inigg:the swmphed

w th agphar | y : { I 4 er D} rm.a
phar ma(S:oI Ogs{ﬁ?gﬁ%g%dg%gé] tTlh R85 acc]i'?als c?%@g °§6‘{§3‘f§ 'ﬁlk,&'i, &lﬁﬁd"%hg&%%%? b];.?n me.
ZUppr ei ; or @%weﬁ]dudeoweddngifm adon :pieéfgfab@damuﬁl tiﬁifmgmmo ingimhtks, aﬁtﬂfnﬁfst ive
ose. us e conpositions w oe adni nistered in an anoun
suf fi ci ent RTsfegahly aboutgk minaugsto 5 minutes priek tojagmiRisteatiop Hf theadenpwiead yectand/ or
Its conplicakl f ' ' se W || depend upon
t he severi t%ﬁlk?@fﬂgéﬁf%@gﬁgrﬁgﬂ%ﬁgsgﬁ rre%é& g?géfe of the patient's health.
|t \lN: Il be {e(t:)ogni z ted’rltmgdx}cémtfm{jqnwmtﬁ damiryﬁﬂﬂiaycﬁiﬁ{ph'gdmﬁilll\dbmdﬁrai mm‘ﬁbégr ed
o thelOby S factofSAsALIRI on§ FiscigBy sl e 2 as Bls paBisuler Jalivayr ender | t
resi stant t I di . ' ' ing the
roststant \ngih BudP R ieq, EBENIEAE Bl Bl RGP T
LII loosorre asadidaitratier a?lhieuﬁnceh&m (Sﬁ;]tha ﬂelﬁm(i:ﬁ-emgxnmg)age:ntwmaﬁ ih @ie AHa¢ of
elivery are we nown in the art (see, e.g., U S. _Patent
5,391, 377 deBdP PBG/ V). preferabhip bR %itp g% (v/v) and mesg preferablydki % (@ 3Q%dv/v).
t her apeuti ) : | [ ST .
T i oD e
adm niist er g6 aboi icdl i ati einration S SAIpr ic acid or
pol ypepti de . bei %&a m ni stered before the "_ng unc%i ve ant.i - cancer
(tunor suppioBsEBratign of FEFI#R}S Fhousd-20 mM, nofaprrieablfaba 3 /amber  bei ng
ol ypept | de. (cancer. bty g coRdRRAE e UelipHy Ehincily frent may bo 800 0 o1
nucl ei c pharmaddi®f/bubfeb duch as phosphate buffered saline or sodium phosphate/sodium
PCT/ US98/ 03514 ) ) ) . 51
aci d and/ orsufdley JeistoudEr.osycinn Butler, siceils watenard othempuffers kawn toathe pedinarily
adm npst er eg: : ' : ; ; .
ebod et SHpjed artisen LAY WEREAUENeY by Good etal, (1966) Blocemisery 3. 80° The pH
and the adjofrth¢ bufferaintthe pharacewrripahéonpasitivardompsising eble artnor sapprgsser gene

har macol ogi cal
P gc:ontained in the adenoviral vector delivery system, may be in the range of 6.4 to 8.4,

Q

preferably 7 to 7.5, and most preferably 7.2 to 7.4.
A preferred formulation for administration of a recombinant adenovirus is
25 °  about 10° - 10!' PN/ml virus, about 2 - 10 mM Big CHAP or about 0.1 - 1.0 mM
TRITON®-X-100 detergent, in phosphate buffered saline (PBS), plus about 2-3% sucrose
(w/v) and about 1-3 mM MgCl,, at about pH 6.4-8.4. The use of delivery-enhancing
agents is described in detail in copending in copending application U.S.S.N. 08/779,627
filed on January 7, 1997.
30 In order to facilitate the improved gene transfer for nucleic acid

formulations comprising commercial Big-CHAP preparations, the concentration of Big



5 conposition. In this enbodi ment, the tunor suppressor nucleic acid
and/ or. pwo/gssssidde and the adjunctive anti-cancerPElES/088H4 -be
suspended or solubilized in a single honbgeneous delivery vehi-—cle.
Alternatively the tunor suppressor nuclmééeuﬂd and/ or pol ypepti de
and the adjunctive anti-cancer agent can €ach be suspended or solubilized

in ifferent deliyery vehicles which in turn ar spended
(di sbur _sed)cq'*@ &‘ﬁ@ﬁ"@" @?E%{B}‘é‘ﬁtcowemal ﬁ“f?‘?er@?n %i}?gb‘lgié%‘igflg SHFFEd ematy on
or conti nueuylNrOCHERE, ailf %Iﬂr&%ﬁg@ bt 1R coneértafibh ¥ in a range of3Nol mpgaﬁ%}] gent

may be solubilized In ar solvent (e.g., paclitaxel in ethano t he
t unor suppMre prefarred & 4 tead imillimeglah eMosthprctereed isvapprozinatgly @ miliimblaar e t hen

ei ther stored t oget her _i .suspension.or, alfernatiyely are

conbi ned at the ti ne%e“gﬁﬁig‘ﬁ MFWPPCCB rom S‘%i‘bﬁé’rgﬁfff‘im%ﬂ%fel i very

vehi Clses,  gxfde “HAP'R i ﬁﬁh'é’éﬂlﬁmﬁ ifitholar. M nt
regi mejﬁ: corrxgieﬁg éirsl%f ?%&I’\;‘ﬁguallﬂt er%py mrriotar A;)re ﬁrgfﬁﬁrﬁgﬁg 348

suppr essor 30 meilimeiat. Mugi preferred is approximately 25 millimolarl t was a di scovery of

this invention that t{umr suppressor nycleic acidg or . _pol tides,
nore particularly tuibf FB’Q‘?@W‘%&? thein¥entign. aﬂbwigmm&ng@sﬁ/tgﬁgvnsn

20 i nhi ?‘bﬁh\?lg I%ﬁ’é‘@fov@ﬁeﬁ‘."’t h when adm nistered in nmultiple doses rather
than in a single dose. Thus this invention provides a treatnent
regimen for a tunor suppressor gene or pol ypeptide that conprises
mul tipl e adm ni strations of the tunor suppressor nucleic acid or’

poly tide. o The tunor syppressor protein or tunor

suppressor nucl eic aci d Ryt 28, —N-2@H,NNH-E8d (with or without an
adj unctive anti-cancer agent) 1In at dose rangi ng from about 1

x 10[err] to about 1 x 10[err], abouti 1 x 10[err] to about 7.5 x 10[err],
preferably about 1 x 10[ err] %0 about 7.5 x 10[ err], adenovirus
particles in a treatnent regi nen selected fromthe group consi sting

of: the to b I HOne ¥ ; A : or
adm ni ster gﬁkﬁgﬁgs ?ﬂc}lﬁ%fegays, 2{&229%1&5? o%(giscg& 5@&%;31%{:/%@9%&@%@%@%
admi rli5st er Xg andX;\ard eachdfidependeby celested dromn theegroup ednsisting oflavchdkcldacider 30
days or adm ni stered i.ly for 30 days. Thi, nmet hod _

s st 1 2BTOR, & ARODIePl it BE0vRo A0d hseeshatits B0 (AR BREOp e e Kbt o

WO 98/ 3555¢sccharide group. The saccharide group may be selected from the group consisting of
PCT/ US98/ 03514 52

t hree cycl psitossmiondseccharide grouwps,chexpsd menetaechatide proupsquentbsapantosdy t hr ee
or four weeks.., . The treatnent. may cpnsi st of a sjngle.dosage,. cycle
of dosage Biicharide,groua iexpiechi At discetaride Brodps, JeuBathess alfgBiiias
pr ef eypabl yg{/dilg@ ﬁﬁ%o&-ééﬁt&@%ﬁac&aﬁﬁe lgBsups. In one Preferred embodiment, the

Parti cul ar referred treatnment reginmen include the total dose divided
over 5  cémplaursis afithegphasent siventizh bipieltie Fotmaula Oz al dose di vi ded over 15
days and adm ni stered daily, and the total. dose divided over 30
days and adm ni stered daily. N

Xl—g—}m—(CHz);—-r'\l—(C}h);-NH—P:—x;

7

25 %
wherein X, and X, are selected from the group consisting of a cholic acid group and a
deoxycholic acid group and X, is a saccharide group.
. These compounds are preferably used in the range of about 0.002 to 2
mg/ml, more preferably about 0.02 to 2 mg/ml, most preferably about 0.2 to 2mg/ml in

30 the formulations of the invention. Most preferred is approximately 2 mg/ml.



In some preferred enbodi nents, a daily dose in the range of 7.5 x 10[err]
to .. . woodrseé4 7.5 X 10[err] preferably about 1 x 10[ ePET/USW/M@EIUt 7.5 X
10[err], adenovirus particles can be adm ni stered each day for up
to 30 days (e.g., areginmen of 2 days, 2 3o 5 days, 7 days, 10 14 days,
or 30 days with the same dose being admi %tered each day). The multiple

regi nen can be repeated in re r c of 21.to 28 S.
I ngsone enmbodi man!tO s, P&"W@F%‘?ﬂ ?foag’é‘ %ﬁﬁ’ ?ﬁ%‘?feéfqdéﬂl“?ﬁ%}/zim% agent forithesgse
of ceinfpsﬁﬁc&nm%@&e?r 6&%&&&%@ SN U e aﬁ%m RebgiFeshal Qirtain

I ntra-hepatic arterial delivery, preferred range wll typically
be between aﬂdﬁonal]ﬂ):k:gmm}s mdchdditmas naybekighieati¢ to anhiaye solubiity bharadtéristics about

R ORI TGN eI
adj u ncg i ve KaB¥h sﬁﬁﬁﬂ%ga%ﬁis%ucf%t@i‘ge%t&f_lg% ]a_\c_:ﬁ _esti?é?’éﬂrt?gtéx%tk‘h ;%a? Wel ddt&Pin

(5" -DFUR), or 1Irinoteca ydrochl ori d
10-[ 4- (1 piappropriatecjondentiatiens b aapdwb@MqulubxﬁmMahﬂ):omﬁmnds in the

i ntratunoral del.i ver erred_ ran ..be between
75 % 10] er"ﬂm‘ét*rﬁ?l‘éﬁi’&ﬁf’ bp Gunoyedy FVheRghecobtsnt & PR aprkiopied Spiiling sgeot

10[err] to ¢ % t cﬁda?; 1 cl es per day. For
i ntraperi téﬁggjfle ?veféljgyegﬁ%rog fer ggﬁr angggﬂﬁé typically be between 7.5 x
10[err] and about 1 5. Admipistrai¢meof lymonsuppressbe patieinsabout 1 x 10[err] to
about 5 x 10[err], ,adenovirus parti.cl er . . far.5-10 days.
Q:onbl nati on t heh iRy SPP%‘S#HEH’EM?‘B@&WQE’ Y can be delivered d‘re"tjxy re
the LunDr SYRRY GESBY idjettibR 8 addlinRdel ey&éﬁeaw A UARBHR 5L | YE a PRdtbrred
cancer agent the turmr suppressor nucleic acid is admnistered in tofal
dose as desmbobimknt, the mmorasnppzessdrrprmomb iareatamrined wish adiharmadeugcadlyt i - cancer
agent is admnistered in a total .dose endent . upon, t he agent
ied. For RHEPHBSCATISEOaan 1 O 5 pbmasRloeicab o i B diesctibed Toove.
admi ni st er egielingr hifipfdss egﬂgé Q411 bE Qithifriacted 1M/tﬁgreﬁ‘;fehllc£léreéffe1:tx 3
hours, 6 hours, or 4 rs in a treatnent regi nen sel ected omthe
gr oupl&®onsiThus iy efmpodidons will he ladtmmsteradmanamoumsngﬁcaemaeeurelm aalejstse

S%mgg} Zggg%gm%ﬂ a¥re(s)tnthg %}lsease anglor b coinphcr:]ati”(‘)nf&;j o%em&%rtrg Qf'fec%we or tgxs us(Y, will

PCT/ US98/ 03agdéhd upon the seventy of the disease and the general state of the patient's health. 53
on day 1, day 2, "and day 3,7 on a daily dosage for 15 days, on a daily

dosage for 30 days It will be regngrizéd thatiwmor suppresspmpolypeptides rwhes admisisterad

dai | conti us i nfusign_f 30,.day.s. . . . referre s 100- 250
mg/ i err] Eyish pE proteceed frorh aigdbiSn. ‘s is ynical§ s R ERer by

adj unggive c@ﬁblexﬁ%nﬁﬁ r;)o%glmde(ﬁlﬁga coﬂﬁ& itidPeelendd it ﬁ’.rmsiaﬁt tocacidic kh@at nent
with a tumor Suppressor "nucleic acid enhances the efficacy of the tumor

suppr essor enZymasic hydrolyigs paby P&Naamgyh@pdfvp@'pt@d ueamammpmtelyrmsxetem carrier
tlssue or otganl t|v

agont - pr | oRSECRY 1 DRsoR s dopet affven Moetco b pftile Poivmebtigfthos af efiveny
anti - cancepr@ggknbWwh 3 RNt Qeefepalth g, pa@ﬁtesi,sm,gw dbderBIng PP cOMPSitions

for oral delivery of therapeutic agents).

25
III. Combination pharmaceuticals
The tumor suppressor and the adjunctive anti-cancer agent can be
administered individually with either the tumor suppressor nucleic acid or polypeptide
being administered before the adjunctive anti-cancer (tumor suppressor pretreatment) or
30 the adjunctive anti-cancer being administered before the tumor suppressor nucleic acid

and/or polypeptide (cancer drug pretreatment). Of course the tumor suppressor nucleic



nucleic acid treatnent by about twenty four hours although | onger or

shorter . peobsssssar e 10 accept abl e. PCTU38/03514 .
pretreatnment is particularly efficacious when the adjunctive anti-cancer
agent is a paclitaxel-1ike conmpound, nore preferably paclitaxel or a
paclitaxel derivative (e.g., Taxolq%er.r] or Taxotere[err]).

Particularly .preferred tuppr suppressors are RB and p53 .. Wth p53
el ng. oot | SEABH/PEOPEPE A E SRS APUSAnCE SRGH CaRbe R, o |-
A G N 53). dmultaneouslyV- Treatment of and prophyl axis for netastases
As illustrated In Exgrrpl es 2 and 3, tunor suppressor (e.g., p53) gene
repl acenent therapy hsoieembottimens tthatusbrtsapprasser afidleicacid andfurpolypaptic

tunor cells i ) vitro, human tunor,_ xenografts in i mmunoconprom sed
hosts, and ﬁ‘lfﬂﬁ‘ﬁ djHRGHYS, ARSH-GanCceR agat are m&&s?egﬁﬁsgﬁ tingle pbarmacolegical pri mary
tunors si N padhsssicorPl it %ﬁﬁrﬂ' LD thd¥Ror ‘e aci '

site and turmrﬁér%%t?ogs)t asl lssr ror%ql?ﬁgt’ tlIisi teOéjgﬂ{r%?%%eslgggpgnd}ggg?%égﬁey

t unor and-thk |agdjunbtivhanti-cantes sgmht ban bésuspendge on soldbilizediart 4 sieflg, i n order
to make surﬁ that all nor i s renpved froma prinmary site, the

t he ) t
patient nayl¥BORESPRIRltyenveRide; JHW‘@M g fumor suppressoy nugleic g angd/qp

B Shother RoipbepRe 1R the SR anfiuBficr Gt taR badibosustiiaba Bt idlubifised i,
growt h and/ diffepernidefiesra tvichicles fwhiet astuasae sispehdat @lisbarsed) imssingld beeipieathod

generally i nvol veg ei fher systemic or topical_ admnistration of a
t umor 1Quppr eitheg at thedie i adraingiragion or continugpsly o Thysfop £Xample; Fradipngsisg or
RB. s t 3t Crs ) : :

Bl i ned | 2ntisancer eny mapt B SA Fobir soltlht ez, paciitaxel in ethanl/Ahd the

i nj ection) tmdrisoppressopponesiacid/may besohplexed with@ ligid 3Yhichide hhdnegithieh tored

progression of . WD, 98/ 35554 : . L
PCT/ US98/ 03t9gather in a suspension or, alternatively are combined at the time of administratiogy

metastases ViridisBiafiauRiivi) AR é%[*?ﬁ’&%i@ﬁ@,t erct, DS adsBYERE AR Pr OVi des
met hods for Inhibitfng the progression of netastatic di sease by
adm nil§tering to an organi sma tunor ‘ suppressor nucleic acid and/ or

a tunor suppressgr pol ypeptide as desqgri hed .above. The t unor
suppressor t% pri%%#gl&m%%gwﬁéﬁ#ﬂwﬁ@@mm nmore preferably a
p53 5 tunor  aypPr ¢aiRdk sQppt&kér @ehtheaand preferably a p53 nucleic
acid in an adenoviral vector (e.qg. 53). In another preferred
enbodi nent, the tunorltsvgsp dissverynofthés invention that temorsupprgssarviudieit acids or

encapsul ated .in a |iposonme or conplexed to a lipid (see, e.g., Debs and
Zhu (1093 RRBREDSR TOore MRHIHHS Do RS PRSI0, BIGIE 214 Shaw iafssies SHAAAEN B
6(7): 2882- inhiniti ; 3 ; . Welpl

91/ oe%gg; anciomy ggtr?g‘%j‘ SR whtPachifi e ipmetibicidoies Findt 184H fdsilc Wi,
7413- 7414) . Thus this invention provides a treatment regimen for a tumor Suppressor gene or

polypeptide that comprises multiple administrations of the tumor suppressor nucleic acid or
polypeptide.
The tumor suppressor protein or tumor suppressor nucleic acid may be
25 administered (with or without an adjunctive anti-cancer agent) in a total dose ranging from
about 1 x 10° to about 1 x 10", about 1 x 10° to about 7.5 x 10", preferably about 1 x
10" to about 7.5 x 10", adenovirus particles in a treatment regimen selected from the
group consisting of: the total dose in a single dose, the total dose divided over 5 days or
administered daily for 5 days, the total dose divided over 15 days or administered daily for
30 15 days, and the total dose divided over 30 days or administered daily for 30 days. This

method of administration can be repeated for two or more cycles (more preferably for



B) Topi cal treatnent I n anot her enbodi nent,
t opi cal - wepysizessti on of the tunor suppressor protein PCHPSIPIH4 -
suppressor nucleic acid is preferred in conjunction with surgery. In-this
enbodi ment, the tunor suppressor, preferably in the formof an infectious

vector, is 15 applied along the surfac®of the wound cavity after tunor
renoval . The infectious particles wll car r3/ p53 into any residual
tunor cel | $hige cyeles)and the 5yq er morriensigspre kan be spaced apagpbpthyes ar four ovpeksmed

andlor g Bl T ER st bR Yokenc Rl SRR SRS Y b om st

needs to be to about 12,andrédieftiblynfromidt@at 2 to gbbut 6 cycles. The—t-uwor
suppressor is preferably conpounded in one of the many formul ati ons
known by those of skilartiqulariynprefarred:tecagraers egimendneluge thegotabdosgslividehoyan.

cuppr cksor S g EgRered Baby & toulffo BB S Yoyt AL BHERRRERT g

(e.g., petraad ok doye @ivided d9Er 30 8P M administered dalfent ) which is suitable
for spreading along the surface of the wound cavity. 25 Al ternatively,

the tumor suppressor IBspmperefeaphembodiments, adaily gpso/arthe range of 7appI 10t doi on
Suppr essor RAR Y x 167, FRertOfiy SHRE 1 KP4 =0 abohedl 7 8105 AR, Borgiefi cht B

e.g,. resonbailisersdmagieday fdraip t6B0 dags Pagk elregimen of 2 84y, Rhe Siddypd7 dayy, t y
and whi ch rel ease the tunor suppressor protein or vector in_a timnme-
depentent réslas. or3§ days with the same dose beipg adrainistered aarbadaydn Ie mayltiple

applicatio i |- Cl 015t certain defined
topi cal ar E%éf,neé.%g&,gpé%?eﬁ{gg,qgg%gﬁ{g%%%séﬁa? @r%@?', tunoral resection
sites WO 98/ 35554 some embodiments, different routes of administration will result in use of
PCT/ US98/ 03514 55

use solid differprtrnrefesred doprgetrangeso fipsinstaneapioriipr-henasic angrinkdalivenatae vir al
IS ot . Siidie . '
I ntection récﬂ'ﬁlgasmg m}gaﬁ%‘p@%&@&??.ﬂ 1" BhaRSR 1%26‘2&6}9# e@rek'ﬂqu he

reconbi nantp adénovi e virds can Vi a

gauzelSuppabbuttlox 108 wodboen7.Sx a0'hi adenovimms partidles pendgefur Seof Kodays. Tese
drai ned gauze can al so_be prophylactically applied to resected tunor areas
in order t&egimens cap ey inclpde agministegtion A pdRmedyr HRi-cancer agentse FLEARI t o

areas of tBe-d?%%&?iu%ﬁﬁfdii&a<5'-ﬁﬂ?ﬁ)[, o1 irinotgcan%yd&&ﬂi&ﬁie' QP12 Ar eas of the

pancreas for T Suppressor gene t'herapy Exenpl ary

oi nt ment  cJrethylr K)-f4nd-pigeridiasd - Dpiepridhnieabdiyiadysnptetbetiny FoRfftfatumoral
soluble KJ-Jelly[err]. In an ex’errpl,ar%, met hod, sterjle gauze gads 1{5 X 5
cm) or teadekyesy, 2 peaferred range will fypieallyhe beewessalak 10 amd ahawhdw HQT, metet or

sol ut4on ( r 4o I4ln12t O : e ds or
stri pisd)ar eﬁ%ﬁ%‘r’%’dﬁs 5 rﬁpﬁ g(pfd(;f ?%%Q‘%g?g;e(twt Ts%dg}elé‘éﬂé%aﬁé%ﬁ%gzg’t degr ees
C for 30 mintHpesitonelladeliveryk alprefeirkd ramgeagtli tygicillyobe bétWween 7a0x 10% andabaitiIns,
or ointnents ¢an be included that can takg up, or be mxable with
wat er. | n Zd& s imate peefpkablysaboppl antls fggbout 7.5 x 10he adgpeyirisparticdles e fifsnce

gene transfgers 3§ dgﬁcri bed above.

B) Combination therapy treatment regimen
25 Where the tumor suppressor is used in combination with an adjunctive anti-
cancer agent the tumor suppressor nucleic acid is administered in total dose as described
above. In combination, the adjunctive anti-cancer agent is administered in a total dose
dependent upon the agent used. For instance, paclitaxel or a paclitaxel derivative is
administered in a total dose ranging from 75-350 mg/m? over 1 hour, 3 hours, 6 hours, or
30 24 hours in a treatment regimen selected from the group consisting of administration in a

single dose, in a dose administered daily on day 1 and day 2, in a dose administered daily



\Y/ Conbi nation treatments with other Chenotherapeutics 15 A)
Tunor. sURPrRASEMS adm nistered in conbination with nultipPeT/us9so3si4 -
chenot her apeuti ¢ conbi nati ons It will be appreciat ed
that the nmethods of this invention are not |limted to combi nati on
of a tunmor suppressor with a single adjundéBi ve anti-cancer agent. Wile
nmet hods typically involve contacting a cell with a tunor suppressor (e.g.
p53) and aron’dhy 1, dayj 2iruntiidag 3aohia-dalyadusagegfont] Siags) asa faity désage for 3dmhys
met hods of the invention also entail contacting the cell with a

conbi nat i orPPoAaily qogHBROus IBiseadeF 1gdaws. an dadlyyroBtiRyQys afysiop et 30 days. A
three or a I fzs%% l?(mr cancer agents and optionally
ot her Me%:llﬁgr(rfgg Ees?lladgeut i C @ﬁ:tgs §addl tion, one of skill wll
recogni ze that a chenPfetreataeeutwith an adjuncnvagmt:ﬁrm)er agent §6.90 paelitagel)l priot b
t unor suppressor proteins or genes the absence of an 25 adj unctive

anti - cancert regggmt( a tumor suppressor nuc e1c acid cm SiRe, cpﬂgyé)'gélm e ugs are
vel | Known & Bpdelior S CFfi! fnf dufe ARSERAH PBlcferred embdditiBhcthb kel AXGIRSArfadlidl S

that can b I nvention I nc

limted to:s Blhh@ted&ﬁﬂgthagdﬁmemsax(n-micmdamt piiér wl thy Imhomgxp@mmﬂ)uce:ugacid.
cisplatin, carboggatln see, e.qg., Duffull (1997) Cin
Phar macoki nide adigctiye anggncepagent (trfg@mmmfe@ély pre@@@é rthe MYy BURRTOSSPT

navel-bi ne

car boxypht él\ﬁlc{é? ¢ E‘JI‘QHE %%nn%n%ﬁu t%ﬁ@ Q%Q’UQQ&FMQ% %?rl or Shﬂll.t &7 lo°td 5 & %,
U0 S510=5S cspubi

PCT

cis-platinum cl onesohl® PreyeatEsBt ismardiouariosEicagiows Wherbg}’ewemngﬁw‘eantwman
coy " 00 B b abactilax A ORI SRR bR PaMOAN Y f PRHRR i ERGY
al kyl at or, (e.g., TaxolPiop§aadtere@yli cPamcupirMefamﬂ tumor ﬁuppmen}cnsra,re RB and p53

splrohydant0|n pustard, teraoxirone, traplatin, thio-t

tri et hyl end¥ih B3 heingamost prefeired. 4p @ﬁnmﬁg mﬁ‘«ﬁ@ﬂ?ﬂ%ﬁ& vecwr (e'g.) AICIN/S3).
topoi g ﬁnerase | inhibitors (e.g., topotecan hydrochlorlde I ri notecan
hydr ochl ori de (CPT 11) canptothecin, canptot hecin Na salt,

am nocanpt o¥ heciTreafii® axis for metas ot hecin derivatives);

t opoi sonerase Il inhibit ors ox rubi cin, including doxorupicin

encapsul ated in |i pos%ﬁﬂgls'é'% in Examples 2eand %d%mfsg‘tme ezt d PR3 EERE504)

amonaf i de, clacemdi mtﬂze@ax&aﬁa{agc&&;%gm%@y RSRROATEEL Bets i

bi santrene aunor ubi ci n eoxy oru t oxantr one,
menogari |, wiré\ dilenaytordenograftc 1mumnumdnmpmmised hosts, and humen llag engors (in
VM 26 and VP- 1é£ RNA/ DNA antfj net abol i tes ., L-al angsi_ne,

5-az ag(}/t i dive) “F&‘Gb‘r‘!ﬁ!??“&&ﬂ o %Fé‘?‘%’iYc‘PHmf%’rﬁ Pﬂ%{"éﬂﬁi‘?“ rssdﬁhﬁd‘bf‘gﬁ?rrfegmmh at

[ avcone, g ENRAR) Sand pmor meraBom G H8\Ge B0k rconit, S O ey,

met hot r exatcells mbidhodre enisded byahe wafgeses Alternatively, in ordér to make sure that ail the

tumor is removed from a primary site, the patient may be subjected to disfiguring surgery
which removes a large amount of normal tissue sﬁrrounding the primary tumor site.

25 In another embodiment, this invention provides methods of inhibiting the
growth and/or proliferation of metastases (metastatic cells). The method generally
involves either systemic or topical administration of a tumor suppressor, more preferably
topical administration of p53 or RB.

A) Systemic treatment.
30 As explained in Examples 2 and 3, systemic treatment (e.g., intravenous

injection) of tumor suppressor vectors (e.g., A/C/N/53) inhibited the progression of



N- (phosphonoacetyl )-L-aspartate (PALA), pyrazofurin, and trinmetrexate);
and, -DNAwo 9g3sss4 antinetabolites (e.g., 3-HP, 2 deoxy 5-PCT/USBOB3 - ne,
5-HP, al pha- TGDR, aphidicolin gI ycinate, ara-C,

5-aza-2' -deoxycytidi ne, beta-TGDR, cyclocytidine, guanazol e,
hydroxyurea, inosine, glycodialdehyde, na fecin 11, pyrazol oi nidazol e,
t hi oguani ne, and 20 t hi opurine). The tunor suppressor nucl eic acid
and/ or pol ﬂ@&‘i‘%@ i aﬁ’oalTéB‘Sb@ one embodjpaentnthis iByertionprevides mawhednfogi t h -

Cheot gy B Ty Ay s OO

4,696, 949 fsappresdor mireleicoavid and/or £ irhémsppressor polypeptide as described abb¥eeCTheni cal
studies in relevant ani pal nodel s have shown that p53 25 adenovi r us
conmbi ned witHIROE SURRressPhis RIsfeRARbY afWROr SURpEsr pucleitacist. upereipreterably a p53

5-fl uogour

proli fer at ﬁg‘lﬁ‘bﬂ%‘ﬂ’ : Hﬁ%}g}agﬁt ﬁm%sﬁgre? xﬁﬂ?sipéﬁ el Qél{]one #égg%’lr%lg t he
tunors: SSGebtohgag. M(I/NHCBB( I5afbthér prefetired eechbodithent SBENRhowupPresstdt nucleic
neck, SK-Ov- 3 ovarian, DU 145 gr ostate, MDA-MB-468 breast and MDA- VB- 231

br east acid i prpYided pneapsulzied i MepsameTRomplexed 4o adipith (Fee e Gntlebs and
efficacy i Szrﬁxegﬁwfw 9§/ B&@eM%an g(% Qu&f’ﬁ% Pigé g@@afézoﬁé&nﬂﬁ&? 6(7): 682-

(expressed enovirus vec cti've ant

cancer agerg9i( Roge U. $adeth@.x‘Eiz79 883! Brighhfn d@%};w{g 9H96B09; (and Felgner endiat i n) .
The WO 98/ 35554
PCT/ Ut®s/ 048987) Proc. Natl. Acad. Sci. USA 84: 7413-7414). 57

conbi nati on of %3 pf%%‘%%g‘ﬂ%m cisplatin has been shown to be _effect ive

i n an ovari an These data support the conbination of
p53 gene therapy W t Hincdnethet embegiynent, topical applicdtioniof ete tfrioRIseppressor protein
These ot her chenot herapeuti ¢ drugs can be used in_conbination with the 5

tumor supproESWBPT SHAPTESSer BRAIGIC AF1H 1% PrefesTssd 8 sonMactign: With SULgety, oli thisne
presence ofg rzﬁi?;ﬁnnent the, 1ol ?\ﬁﬂré/s@maﬁﬁéféﬁ@ﬂf:ﬁrth@ﬁﬁﬂ% of a1 ngechHrYseWc't&n &l SO

contenpl ates the usé of rad ion t Chat1 on W 1

of t h#s t unappBedrgions sior surfies of t}teewlmafd(meup aftertumon remetal 0 Theiinfectious t he
tunmor suppressors describ d above carrbl ned w adj unpctive, anti-cancer
agent . particles will carry p53 intq any,resjdug} %‘810563155\%#&%?’8?%31{%&’% “ﬁH‘ﬁ tBeir t hese
chenot her a ﬁ‘%ﬁfm‘“

t unor supp%@%gﬁﬁ clelc g%?%l &&mo ?@gﬁﬁ\é‘f‘ a%?%@ﬁpmgn%g&é%gﬁvﬁal
nmet hods of ahtos reducernthe amount of normal tissue surrounding th%mmdrhaet\ﬂnﬂr needpps Bssor
nucleic acid é ‘g é‘{)&SB‘} is adm nistered in an adenoviral vector
with an adj"tReYs diring SUrgerycer agent (e.g., paclitaxel) and a DNA

damagypg agent (e.g. Tlﬁ' ﬁﬂio?%h@res%ﬁf Rgﬁ{efé}d gv pldjﬁgé‘dﬁf&@of th@ﬁza@&"’enow ral

vector is 15 typi cally adm™i stere ays at about X
10[ err] t o fedmmilatichsSknowkOyethoge aﬂ:ﬁmb\m thelart to be suitahdarfmn topiesl qpptication. Huors,
exanpl e,

a daily dose pof about 7. ghlrr acrjpggovrral articles in
conbi nat i orfOMFRAMRIS, FhiRfertions E%Ha%‘é‘oﬁg e hugnag i2 5 JHBBsHS ﬁe(ssorageaal(f -§-»dose
of about 7.A4yCc/N/53) is suspended in a suitable vehicle (e.z., petroleum jelly or other cream or

ointment) which is suitable for spreading along the surface of the wound cavity.

25 Alternatively, the tumor suppressor can be prepared in an aerosol vehicle for application as
a spray inside the wound cavity. In other embodiments, the tumor suppressor can be
prepared in degradable (resorbable) materials, e.g,. resorbable sponges, that can be packed
into the wound cavity and which release the tumor suppressor protein or vector in a time-
dependent manner.

30 Preferred embodiments for application of recombinant adenoviral vectors to

certain defined topical areas, e.g., cornea, gastro-intestinal tract, tumoral resection sites



x 10[err] adenoviral particles can be used for admnistration to the |ung.
| n anot h&¥098/35554  enbodi nent, p53 is administered with t5d{EEEA3S190

Typi cal ly, the DNA danmagi ng agent will be adm nistered at the B

recommended dose, see, e.g., Physician's besk Reference, 51st ed. (Medical
Economi cs, Montval e, NJ 1997). For instance, carboplatin is

adm ni ster - achis : : ; : . Of

6-7 5 ol me#?n Eé]’l-xcf‘a}h@éeto%ﬂpﬁ% ﬁ@{ég{ ggggatfo#ﬁ?rﬁ?%ﬁgﬁggﬁtgQ/u‘:\il"fn\fgeuog. AU

In still amahlbergaezebodoimemints sdaked with el rezompinant atieaovious soh@iono MPhditusUsaa
of t unor suppressor nucleic acids and/aor pol ypepti des and protease

i nhi bi t or s.beaRpled yiadhe gauze suppor iqthe CPERFALP aghisKedmpipyes wansgene rifegtse, Thet

o ot | s sl 3RS S o ol B PR 135
89: 1269- 12 0pid feturenpe e f@intmehtecdoil applied tdgieallyas aoss of trpgasaeintestinal tract,

adm ni sterin concurrently or sequentially, an effective anount of a

30
prot ease i roRiteRically 1Qrateas pfdhe paricreas for tamor suppRpsSoR geftesiharapy.
PCT/ US98/ 03514 : e ®
anount of a tunor sup%xreg?slac{y of)% f Bte?)ﬂlglrg lgﬂét}eo?etrnoa% eibgsegcl?uéglug acr’rlg%%tgr of
conpounds soluble KJ-B¢I®, aineanpexetnpiae metkod)isteviles gauze paed (5 k Saw) ortedr@ow test
scientific and patent |iterature. m’runor;pdul ators
i

I
The tunor S$HRSr@RIESopked; iBiaRadgpRyira vetprsleiaded, { i K iRV/aH) perd tetllype 5
used 4 CORydinCihBadl difbu R R G RpSorthelafed: el HIMNRORAIAT, 37 Seflek0C"

upregul ate an i nmmuhe resp d agai nst yperpro rati ve

cancer cel IC for.39) minutes. One ahskiliwill eecogaizenisat odier ¢aiirixd, pejatings lor diritkheMs can
specific anti genﬁ)l or downregul ate an i mmune response directed

agai nst t hderibetadedsthatcandaks upphbe mixable it valso laaddition, ofher exeipieqts may
tunor supphRasafly &ﬁﬂ:%ferﬁﬁn& gen@'ﬁdrﬁf@gﬁpﬁgécﬁﬁé%bﬁgg.t i on), and/or conbined

10 chenot her apeu , for exanple, this

i nventi on piovi démmbimatibh ereatmientsodlith etherChevhotherapentics concurrent

adm nj stration of an effective anount of a tunor suyppressQr nucleic acid
and| o#? Adror EURYT SYYFESSerY ¢rainistgeed inoqmbination with multiplent of an
i mmunonodul at or . chemotherapenticicdmbioationsicl ude, but are not limted to

cytoki nes such as I LJ2will beép%rbbiaﬂeatﬂ&then{e_tﬁo&s obthiBihverdtion 4r8 8P 1imitdd %)
Ann. Allergy Asthma | mmunol . 79:469-483; GCeissler, ] (1996) Curr.
Opi n. Heratcombimition 9f agwmor suppresserswish asingle adpnetiye anti-con®y agentaVitie e

e nomodu TR icety iy BRATRRGEAEL L 6P Witk o cumor. swopressor (e.e., 253) snden

mtigzg e andjuittivcantPeieasfehasidaln Paddtakdsthe bithddsaifane tivesitidialSo enthiinor
suppressor 20 protein or nucleic acid or adjunctive anticancer agent,

etc.). | nmsABEchnE el wthaz eomiination of a tumor suppressor gene or polypeptide and two,
three or a multiplicity of adjunctive anti-cancer agents and optionally other

chemotherapeutic drugs. In addition, one of skill will recognize that a chemotherapeutic
agent(s) can also be used with tumor suppressor proteins or genes, in the absence of an
25 adjunctive anti-cancer agent(s).

Many chemotherapeutic drugs are well known in the scientific and paten.t
literature; exemplary drugs that can be used in the methods of the invention include but are
not limited to: DNA damaging agents (including DNA alkylating agents) e.g., cisplatin,
carboplatin (see, e.g., Duffull (1997) Clin Pharmacokinet. 33:1_61-183); Droz (1996) Ann

30 Oncol. 7:997-1003), navelbine (vinorelbine), Asaley, AZQ, BCNU, Busulfan,
carboxyphthalatoplatinnm, CBDCA, CCNU, CHIP, chlorambucil, chlorozotocin,



known to those of skill in the art. Suitable i nmunosuppressants incl ude,
but are-wotss;3sss4 |limited to cycl o-phosphani de, dexanet RE38I$88/03514 -

cycl osporin, FK506 (tacrolinus) (Lochnmul I er (1996) Cene Therapy

3: 706-716) 1L-10, and the like. Antibodies against cell surface
receptors \/\hi ch nodul ate the immune resp%se can al so be used. For

| nst ance, anti bodi es that block |igand binding to cellular receptors

on B cell s‘“S'HlaEE‘I"PstN}QSQ,‘EP Fyanomorpholingydoxgmipiciin £yclodigong, f¥H0Xay | s can be

d f t h Y.
(3606 *GordluipyBtigtR ol oSSl fipsfityh hialihbit Hlphalan, metACRY-+ Yang
7: 2273- 22 fAitondgein 4, kAR6Polasidetigo2etbmuitard, PENU, piperazin¥\@QIk9Btci5554
1 her piareipedione; pipobroman, porfiromycin, spirohy ARG RREA e H5BHFIRERT . Lhi
i nvengion tgﬂ-ﬁﬁiétﬂle%mfo%pé hﬂ&ﬁgﬁﬂ&haaﬂ ura-Eh%téo%en muslta{ﬂit ?oé cééﬂf but are
not Iinmite SSor nucl&i ¢ aci

phar naceuttopﬁkommmbinbib@tbrst(la@" gtipotetirehydrbchlomde, adxmmancﬂydft&hmmdatdcmt lve
antl-cancer gent or a_ pharpaceuti ¢al conposjtign thereof or

phar maceut} éa‘l’a‘%ﬂ‘BS%‘Pt F%‘FP‘?‘I’?@‘F’E(NE‘ salt, ammocampiothegin, SFI-Lhaghathes ons nay be
provi ded 'cﬁ@?&ﬂ%ﬁé Bert ag@a‘)n Disbidkrdsd & ?ﬁhﬂi’rﬂ%s (dox mblcw, %Hﬁuz%fi&{oﬁ‘m&r

f or conbi tratlon ernatlv

conposi t i ensapyalatdddnflipoyomesd(seay (A Ss PagheNoorf, 813556 an‘thiz,leG B4 ayormafide,
I ncl ude vari ous devi ces, .buffers, assay reagents_and the |ike for
praci®ce P-AMEAmapthErnyragole deryvativese RyTagploacriine, bisantaene HChn daynesubigins nay

contain i ?gﬁ)tx t

vari ous rrergtéh* b&%?‘%lllgﬁl Ftﬁ%/éen#tolﬁ%nﬁ?&&aﬁg e f%% ﬁ% r ea‘%mnr#& d’etanﬁlga%g, in the
prophyl axirgbidazone, VMi26/ anid VPe]E&)nRNA/mNmmetalscﬂBcs (@nd, Lhdarlosige) .

The kit can optignal l% i ncl ude qQne, or nore | munonodul ators (e.g

i munosup %@EWFP%‘) S-Paproprasil aRGIYiCs, STERGRATI. ARIRRPES HUdCTIVaHYES, ﬁﬂlaﬁﬂ@lvany of
the 15 Q&P%léﬁhﬁﬁ Sdi@ﬁlﬁfﬂigp%sgﬂé eBr mar ftorafud’ (p0-btug), Cells

contalnlng t erol ogous tunor suppressor elc acl ds”or _
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20 thiopurine). The tumor suppressor nucleic acid and/or polypeptide can also be

administered in combination with chemotherapeutic agents such as vincristine,
temozolomide (see, e.g., U.S. Patent No. 5,260,291), and toremifene (see, e.g., U.S.
4,696,949 for information on toremifene).
Preclinical studies in relevant animal models have shown that p53
25 adenovirus combined with cisplatin, carboplatin, navelbine, doxorubicin, 5-fluorouracil,
methotrexate, or etoposide, inhibited cell proliferation more effectively than chemotherapy
alone treating the tumors: SSC-9 head and neck, SSC-15 head and neck, SSC-25 head and
neck, SK-OV-3 ovarian, DU-145 prostate, MDA-MB-468 breast and MDA-MB-231 breast
tumor cells. In another embodiment, an enhanced anti-tumor efficacy is seen using a three
30 drug combination of p53 gene (expressed, e.g., in an adenovirus vector), an adjuctive anti-

cancer agent (e.g., paclitaxel) and a DNA damaging agent (e.g., cisplatin). The



25 as E. coli cells. Suitable animal cells preferably include mammali an,
more pref\whaRkYsse human cells. Host cells include, bi'kt:'r/ﬁgfydigh
limted to any nanmal i an cell, nore preferably any neoplastic or
tumor cell such as any of the cells descrjbed herein.
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supr 81)0 individually in combination vggbg BRRer s,qamepﬁogtnpglﬂccﬂqxd or polypeptide according
Ovari an ca dom nal cavity is one clinical scenario in
whi ch regi o&?g’F} %@%ﬁ%&%ﬁ%@&% i.e., intraperitoneal adm nistration,
shoul d be consi der ed Wien the agmer suppfessor amicleiccaridr@g. , p5anis administered in an
EXAMPLES The follow ng exanples are offered to

i |1 ust r at e2deggyirglotectas with,an adjpective anHcgncer agent (e, ﬂwml%'-ﬁ apg) a DNA
Example 1 Nehy 3 and
Taxol [err] damaging agent (e.g., cisplatin, %opla%géﬁx{‘?%v’%ﬂ%ﬂrx Vi E rm\tﬂr‘{%&((:’g%oi ned
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fol 1 owi ng BaEsRlss @erydarn; Far exampie)ia daily dose gf ﬁaelte'(xﬁﬁégs.aﬂ’gn%’a%mmf t he

I nvention compination with carboplatin can be used. In one embodiment, a daily dose of about 7.5

x 10" adenoviral particles can be used for administration to the lung. In another
embodiment, p53 is administered with topotecan.

20 Typically, the DNA damaging agent will be administered at the
recommended dose, see, e.g., Physician’s Desk Reference, 51st ed. (Medical Economics,
Montvale, NJ 1997). For instance, carboplatin is administered to achieve an AUC (an
area under the curve) of about 6-7.5 mg/ml/min. -

Protease inhibitors

25 In still another embodiment, this invention provides for the combined use of
tumor suppressor nucleic acids and/or polypeptides and protease inhibitors. Particularly
preferred protease inhibitors include, but are not limited to collagenase inhibitors, matrix
metalloproteinase (MMP) inhibitors (see, e.g., Chambers (1997) J. Natl. Cancer Inst.
89:1260-1270). In a preferred embodiment, the methods comprise administering

30 concurrently or sequentially, an effective amount of a protease inhibitor and an effective
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H :ﬁ ]m;/”tﬂ )Zl'iltzgr%teoanl xmmurzx& xgsliogrscr: tarfQee agaxE’s% 60 Brapeutic (e.g., nfs;?(?lcmlﬁ{pgrnegsoods
protein or nucle1c acid or adjunctxve antxcancer agent, etc.). Immunosuppressants are well
known to those of skill in tﬁe art. Suitable hnmuﬁosuppressants include, but are not
limited to cyclo-phosphamide, dexamethasone, cyclosporin, FK506 (tacrolimus)
(Lochmuller (1996) Gene Therapy 3:706-716) IL-10, and the like. Antibodies against cell
surface receptors which modulate the immune response can also be used. For instance,

25 antibodies that block ligand binding to cellular receptors on B cells, T cells, NK cells,
macrophages, and tumor cells can be used for this purpose. For examples of this strategy
see, e. 8., Yang (1996) Gene Therapy 3:412-420; Lei (1996) Human Gene Therapy

7:2273-2279; Yang (1996) Science 275:1862-1867.
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15 immunomodulators described herein.
VI Cells containing heterologous tumor suppressor nucleic acids or

polypeptides, and other agents

Further provided by this invention is a transfected or otherwise treated
20 prokaryotic or eukaryotic hoét cell, for example an animal cell (e.g., a mammalian cell)
' containing a heterologous tumor suppressor nucleic acid and/or tumor suppressor
polypeptide. The cell may optionally additionally contain an adjunctive anti-cancer agent,
e.g. paclitaxel or other microtubule affecting agent.
Suitable prokaryotic cells include, but are not limited to bacterial cells such
25 as E. coli cells. Suitable animal cells preferably include mammalian, more preferably
human cells. Host cells include, but are not limited to any mammalian cell, more
preferably any neoplastic or tumor cell such as any of the cells described herein.
The transfected host cells described herein are useful as compositions for
| diagnosis or therapy. When used pharmaceutically, they can be combined with various
30 pharmaceutically acceptable carriers as described above for ex vivo gene therapy. The

cells can be administered therapeutically or prophylactically in effective amounts described



25 Tabl e 2. Treatment groups for conbined Taxol[err] and p53 Ad
(ANCN 5@05#%§§ JTEnt s. G oup Taxol [err] PERRISHID3S14.
Goup axol [err] p53 AD _ ([err]g/m).
(mo.i. ([err]g/m) (mo.i.) 1
0. 001 : 25 60 0.001 10
2 0.01 0.5 26 0.01 10
20 in de@hxllabove Ina d1aého5uc context, the cgﬂ? may be used for t@aclung or other '1'8
10 reference puirposes and prov:de spitable models for gdeptification of cells fiyus transfected .
1 6 ... 5 0.5
30 andolreated. 10 WD 98/ 35554
PCT/ US98/ 03514 63
7 10 0.5 31 10
8 5 IX.20 Preclinical and Clinical Efficacy of denovi enedThera 10
9 0. 001 . . . 0.001 . 5
10 0 01 Adenovirus-tnediated p53 gene té%rapy is currently dmgirgomg phasezléﬁ
i% chmn%l gnals in several coun'tnes The pharma@émcal composmonchséd in these chmé’a@
13 trials included an exemplary wild type p53—expgspsmg adenovirus of me invention 25
14 (rAd15p53) consisting of a rephcatxon-deﬁment, %ype 5 adenovirus vec‘ll_’or expressing th625
10 human tumor suppressor gene under the control of the cytomegalovirus promoter
("rAd5/p53"), as described herein (see Wills (1994) supra).
Regional Administration
Ovarian cancer limited to the abdominal cavity is one clinical scenario in
which regional p53 gene therapy, i.e., intraperitoneal administration, should be considered
15 as a preferred treatment plan. '
EXAMPLES
The following examples are offered to illustrate, but not to limit the claimed
invention.
20 Example 1
Combination Therapy with pS3 and Taxol®
The invention provides for the combined administration of nucleic acid
expressing a tumor suppressor polypeptide and paclitaxel in the treatment of neoplasms.
The following example details the ability of a pS3 expressing adenovirus of the invention
25 in combination with Taxol® to treat neoplasms, and that the combination therapy was more
effective at killing tumor cells than either agent alone.
Combination therapy in vitro.
The cells were subjected to one of three treatment regimes: In treatment 1,
the cells were pretreated with Taxol® twenty-four hours before exposure to the p53
30 adenovirus construct A/C/N/53. In treatment two, the cells were pretreated with the p53

adenovirus construct and then later contacted with Taxol®. In treatment three, the cells
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45 ® >
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48 20 Figure 1 illustrates
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1...S t
ol Dor ] tichdiite BIARY JVRF Qonnddhy aboti Y ponsXOFTE 340 PE'CRe The srve-Chasei® 1
Taxol [ er r]the24$53 adenov:ﬂil@Udirsthbaﬁﬂroprlﬁé&ehﬂé%@ﬁ&@astardﬁ@d fPédch wel. FAQUr e 2,
t he stral ght _line (isobole for ED30) represents the effectis on ceII

pr ol ilPer atPasktaxgl is mohaten spltblex thecdrag was dtlasele(sdmncthw alpohdhgriorto  two
drugs Wereadﬁfxﬁtrl{u&gdeehy §ere fled Bfiured 6 rmg hE ﬁi’cgggggmal 540 the |ower

left of th ET (RULE
26) adeﬂ@nﬁ&é@ Yefedadministered in phosphate buffer (20 mM NaH,PO,, pH 8.0, 130 mM

PCT/ US98/ 01\??(%14 2 mM MgCl,, 2% sucrose). ’
Cell death was then quantitated according to the method of Mosmann (1983)
15 J. Immunol. Meth., 65: 55-63. Briefly, approximately 25 ul of 5 mg/ml MTT vital dye
[3-(4,5 dimethylthiazol-2y1)-2,5-diphenyltetrazolium bromide] was added to each well and
allowed to incubate for 3-4 hrs. at 37°C and 5% CO,. Then 100 pl of 10% SDS detergent
was added to each well and allowed to incubate overnight at 37 °C and 5% CO,. Signal in
each well was then quantitated using a Molecular devices microtiter plate reader (Thermo-
20 Max). The particular cell lines used and the results obtained therefrom are listed in Table
1.

Table 1. In vitro evaluation of the adjunctive anti-cancer agent Taxol® combined with
tumor suppressor nucleic acid.

Cell line Taxol | A/C/N/ Treatment

25 dose 53 dose
Cancer | (ug/ml) | (m.o.i.) | Taxol® pS3 simultaneous
pretreatment | pretreatment
SK-0OV-3 (0.37 40 additive effect | no effect additive effect
Ovarian p < 0.0001 p > 0.2000 p < 0.0001
cancer

30 SCC-25 0.100r |2.50r | additive effect | very small effect | additive effect
Head and | 0.01 5.0 p < 0.0001 p = 0.0606 p < 0.0001
neck
cancer

SUBSTITUTE SHEET (RULE 26)
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described above. In addition, a dose response curve for p53 Ad alone (using the doses
listed in Table 2) was generated (after 2 day cell exposure to the drug) and a dose response
curve for Taxol® alone was performed using the doses listed above (3 day cell exposure to

the drug).

25 Table 2. Treatment groups for combined Taxol® and p53 Ad (A/C/N/53) treatments.

Group Taxol® pS3 AD Group Taxol® p53 AD
(ug/ml) (m.o.i.) (ug/ml) (m.o.i.)
— I——_————-—-—-————
0.5 l 25

1 0.001 0.001 10
2 0.01 0.5 26 0.01 10
3 0.1 0.5 27 0.1 10
30 4 0.5 0.5 28 0.5 10
5 1 0.5 29 1 10
6 5 0.5 30 5 10

- SUBSTITUTE SHEET (RULE 26)
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23 10 5 47 10 50
24 20 5 48 20 50
20 Figure 1 illustrates the inhibition of cell proliferation (as compared to the
buffer control) as a function of treatment. In general increasing doses of either Taxol® or
p53 decreased the rate of cell proliferation with the combination of p53 and Taxol® having
a greater effect than either drug alone.
Figure 2 illustrates an isobologram analysis of these data using the Isobole
25 method as reviewed by Berenbaum (1989) Pharmacol. Rev. 93-141. Synergism between

Taxol® and p53 (A/C/N/53) was observed when cells were pretreated with Taxol® 24
hours before p53 (A/C/N/53) treatment. In Figure 2, the straight line (isobole for ED 4)

represents the effects on cell proliferation which would be expected if treatment with the

two drugs were merely additive. In fact, the observed effects fall to the lower left of the

£
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WD 98/ 35554

PCT/ US98/ Q35defssssa PCT/US98/0351456

p53 Ad treatnent significantly reduced the nunber of netastases per |ung .
when conpared to either the buffer of beta-gal Ad groups (p < 0.001 and p <
0. 002, respectively). In additidffto the reduction in the number of
net ast ases, there was also a dramatic reduction in_the size of |ung

met ast asedsebele kive jpdisatipe Gablewer fianmyedietsd conpentrations of gagh@aig wers seeded |
sections fﬁ?@rﬁﬂéﬁg\iﬂ%ﬂmra 5r?b§:w§8%h9(iﬁlﬂ%'§£ Ha¥ oQ&ﬁFAd".ISt Ic tissue and
4mor s “wer e no Za ar

I ndi vi dual onger recogni e over ge areas of the

| ungs. In contrast, | ung netastases in nost of the p53 Ad group
were snmall and easily distinguishabl e_as i ndi vi dual tunors.
Adenovirus tissue distribution 10  Example2 Li ver tissues had the
hi ghegt nunber of i I g -

gal ac?osi dase acti vﬁ%@ﬁ\?gxgwﬁﬁ{ éﬁ[géx%?%aé%@@&&é&%& 1\65 ats:ﬁ“u € of infected
cells evenly Thei isvention pesviddirfot geuinidineationsefumcleid icd ekpressingal
stomach had periodic infection of cells in the quter snooth nuscle

wal | sur r GUmar sppressorpypeptiderithe tigatment epmplastaseya| Zbe fellawing example
activity i . ' Vbl oo [, cle
val | /15" S TG AR IR epldeay Aokt o RE B UEn 3R D wlAT
to that sedfithd Bodyhmditotest ma@stases. Most stromal cells in the ovary
were infected. The spleen had scattered bet a-tgal act osi dase ©activity

in th@ snoot h nuscl Feamspisimics @rice hemezygaws. for g SCIR mutation lagkobeth i and: ed
ITs (< 15 Wyd S ' . ' : . |

st no B ISR el BT Reconfindtich) ShEIRERN ISR RO MBRSRIEIE

nor in thenameery dadifiorBa bélRtiah theis ehaenma fat paddh eifter \08 primary nhed ®erecel | s

I n the kidney. . . Liver pathol ogy. . All

livers mervéeléqs@&lpl}edraadd’aﬂ tipecle TRelastenAs tadhe %ﬁ%éhmgm%y ByRars were

nepat ocel (ATEy seifBled (Y., RHEEwhERbt W BRI AXONIS of BHE)

whi cb5i nclogfigol wiffey oh &y n 28180, 37044 CRIWpBwith cafitrol buffer oo With, ALCYIN/S8 &4 p53

i ncl usi ons, and changes .in I"!gegat ocyt e size and shape. WO 98/ 35554
PCT/ US98/ dnaa adenovirus) at 4 x 10° C.1.U./injection. On day 49, the lungs were harvestedgfixed,

Exanmpl e 3 .,: ; | aedi ated Gene Therapy Agai nst Human Breast
Cancer Xens(t)aé]%egfafng eﬂiﬁxﬂ%ﬂ%@ﬁs&dﬁca’i’@. The invention provides for the

treat nent of vari ouSheassudts ardillustirsted below in Table 3.
Table 3. Inhibition of MDA-MB-231 lung metastases using A/C/N/53

20 Treatment No Metastases " £ 6 Metastases >84 Metastases
Buffer 11 (65%) 1(6%) 5(29%)
n=17
A/CIN/53 5(50%) . 4 (40%) 1 (10%)
n=10

25

The A/C/N/53 treatment decreased the number of metastases in the mice -
that had them.
In a second experiment, 231 tumors in the mammary fat pads of scid or
scid-beige mice were given peritumoral injections with A/C/N/53. A total dose of 2-4 x
30 10° C.1.U. given in 10 injections decreased the number of mice with lung metastases by
80% in scid mice and 60% in scid-beige mice. Also the number of metastases per mouse

was dramatically reduced in mice with any lung tumors at all. As indicated above,
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adm ni stration of nucleic acid expressing a tunor suppressor pol ypeptide.
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exanple details the ability of a p53 ecmuses3zy .

adenovirus of the invention to treat hunan br east cancer.

53 offers a

strategy for controlling tunor grow8d Casey (1991) Oncogene 6:
i ntroduced wild-typ

p53 into breast cancer cells in
vitro via allmaaslmw dpping watht AC/NVH2 als0 demonstrasest ef&rzamm B8 niq&sises i )

Iasm

Negr I'ni

L

ran

ALGINISS

w6 Bt
94) Cance

sfecti on was
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rofl\/CF?

I Res. 54:

conduct ed n another expetimentafersale siid mcmgemmdm Sed 108 MDA-ony

uced 50% b

gty et gRlisie
p53. Par ado(ﬁhﬁﬂinlairy) thitots Wére %ﬁfg%ﬁll?'r@nb%ed gfﬁ?

In th

transf

UsE I8

ction W
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o GBS0 FRP e

1S WHE hibDVBfVethi M%h
described in this exanple

the effi cacyltnafvemousequbctms iof bufferf, ibetacgal AD or p53 AdCHADINIAR on ddys 21, 24, 32,

regi on-del e

was tested
p53,

carry an

Aol RRERR 40k8 rof

(POt Mg &35, 3)Mpf- 98- 468, a@ﬂéieé\% ¥B 43 PPN/D2. VDA- 36352

Arg-to- Lys mut at i on in codon 280 of the p53 gene’

(1990)100ncoGdnd.)5:  893- 899) .

Arg-to-H s
a dy-to-d

mut ati on | cod

u rrutation

53 Ad:
jeqtiop

e eV AR

4)
ss

supra) 20
i ng mut ant

§?égr tsl S

The I\/DA- MB- 468 cells carry an

273

B e’c&‘f aﬂFéte

8 BueT s s o femp o6

Hum Cene Tfé‘éflensﬁw&%%gﬁhted for lung tumors and for liver daffa@¥| Wa"]oxs&%g

shown high levels of wld-type p53

expreSS|on in

carry
§W825

by Bt

rom

human br easand 2bataygal Admgice oo flash-frozen fov eryostntianing aaddnalysisdéB-af t er

infection w
Cancer Gene®
ultimgely resulted in changes 30

in

a{lactgmgasqr%éygrb%;;%{v?q;{v |1|38 ) (1994) supra.

Harris et

al . (1996)

Adenovi r us- medi at ed p53 expressi on

cel |

nor phol ogy and the induction

of apoptosis in p53 null or nmutant p53 tunor cells. I nfection of 468
breast cancEabled. | knhihijtigrs6f MdD AMBR3h long metastabesiusingcAG/NSS3 i nf ect i on)
\é\gT??J/sgg/Sgg upg Metastases per Buffer Gp.* | Beta\-ga:= Ad pS3 Ad 68
caused al mjSt®%%0% i nhibitidn of DNA syht hesPB-*by 72 hrsC™fter| i nfection.
In addition, i nfectijon with p53J]Ad in vitrojlinhibited proliferation
of MDA- MB- 46 nd NMDA- VB- 231 cells w ED[ grr es jof 3 [err] 2
and 12 [err}{ §%ﬁ ma i res) pr'rH/%J(xp oLiJ\é%t yion ]2'1%3‘! ot her
pS53- nypant b;eg;;g Cpgrlgbnoma | i ngpy al so 49yi teol atg by oncentrations
of p53 5 3 EBf-e - ug\i@wivw +64 M(Q +—if-or WDE cells, 33
mo.i. for T>4IKID mall £ 200 33% (3) 33% (4) 0% (0)
> 200 and < 300 33% (3) 17% (2) 0% (0)
> 300 11% (1) 8% (1) 0% (0)
Total number 9 12 14
25 evaluated
Regrowth of primary 82% (9/11) 88% (14/16) 100%
tumor (14/14)
*Number of metastases is under-estimated. Multiple tumors had grown together in these
lungs.
30

The number of metastases per lung in the buffer and beta-gal Ad groups was

not significantly different (p=0.268, see Table 4).



and 22 mo.i. for BT-549 cells. Infection of MDA-MB-468 and MDA- MB- 231
cells th 30 mo.i. of an equival ent, reconbi nantpcaniesogre3sias

expr essi ng ?Eg bet a- gal act osi dase (beta-gal), instead of p53,
resulted in >67% bet a-gal positive MDA- MB- 468 cells and 34-66% -
bet a-gal positive MDA-MB-231 cells. By cobéel ating the 10 per cent age of
beta-gal positive cells with the p53 anti-proliferative effects in a large

panel of tuny53cAd treatmicht sighifizandy ﬁaced—me mutnbet ofinetas@sHRIpRr lung -
showed a strong positjve correl ation tween the degree of

p53- i nducedheRHOBIRAFSHIOLIGEE Hie ByElsF o8 bei-aad éﬁcgrpmﬁs(pﬁ 0 A Ry 0.002,
I t t
il 1y APEGvel). el S S feiBlGRIn B Kihibed be Hehabotl BeP pal 56 o

adenovi r us dramadclteduction inathe sizé bf lung metastases in the p53 Rd @rdiper ki the Bosttol MCF7
and HBL-100 cells, two human mammary cell 1ine % . cont ai ni ng
wi | d- t§/pe ;%?,“Psvv%s‘ﬁeéf"‘éiqn&ﬁan fest ¥%§ ¢y 5@ ‘K‘G“B’Gﬁ@é!ﬁle%!?ﬂt?rféss%@ﬁ er

h
;[- nﬁinbi tion O?lQWﬁigﬁ%@ﬁg%g& récngYxkﬁCHé?Pgérp %‘%l r eéw?%s ‘X&Eg Om &mtrast

concent r at ilemgmetastagessin st o the3H3f Al grdupowwere stﬂn&lrmﬁ@sxl‘;mleﬁngmslabm for
-231 and -468 cells, respectively. Using a simlar reconbinant p53 Ad,
Kat ayose (ngl}y,gdugbtumorg in. Cancer Res. 1:889-897, denonstrated increased

p53 protein expr cel | proliferation, and increased
apoptotic cell d&l&?‘ﬁ ki %&% celfiuatransduced invitro. This ' st udy
exten@® these in vit ridvertisshésshadi thé h@ﬁstamhbeim infedted célls (abar SO %)aumnd deta-
xenografts in vivo. The effjcac

K adenovi rus@gegl ated p53 gene
therapy is galpstosidessiactiviey yasratenss, o Lupg bad scattereg Ratches elainfected fells evenly -

( MDA- MB- 43 o] r

(ntoy 1 ol SheRheed Bt leAfind. O LREGARY bid Sk ABAL GUIRR: Ifecioh o oplin,
in vitro the outer smooth muscle wall Sureoundimgtheroegas. Ckheeeewasalsd betarpatactosidase
MDA- MB- 231, -468, and 435 were obt ai ned from ATCC (Rockvill e,
Maryl and, @GRYity imecattersd migrqvilliglong the lymer g The smooth outerpsugsple Wall

IﬁSQR?“G?Lh ol ey RS na Pl at o & s sider a5 T o LR, 0

Lei bovi t z' SMbst 5fromal cells innixslovary (weré énféetedinThe gplea) hacbsuaaened ibgtalgiflackdsidasd

37[err]C. The -435 cells were cultured WD 98/ 35554
PCT/ US98/ 0#64Yyity n the smooth muscle components of the organ. ere were very few infegtgd

in Lei bovi tcéll§(k‘1175 1%‘1@& H{Pr\ﬁfathbuié%f Etﬁ%eﬁ’}{ia&%\[s@fer] ot v}éPé’éIHﬁusi RS tirkdted

(Si gma Che . Lours, ssouri) at 37[err]
Constructi ca:nllsanﬂpqnnalgatgatomm thé mdmmhxynhnpad Ind»rmyﬂm mﬁérlmgrs&m«zdwgmmid E.

col i t a- gal act osi das bet a- gal ) expressing reconbi nant adenovi ruses
(rAd),8 wher'dler&were nqwg‘ﬁéij’e??@ S&nge’gép% is directed by the human

cyt onmegal ovi rus lg{, ave been . described previously (Wlls
(1994) supra). Adendvi rus were adm ni stered in phosphate buf f er

(20 mM NaH err] PO er rAll hpei's&reﬁ)e t8tslyMdrmal when nddropsidd. eThdre weimeurvedse) .
Cl.U is

necrosis in any liver. However, mice treated with adenovirus did have hepatocelilular
abnormalities (not present in the buffer group) which included elevated numbers of cells in

25 mitosis, cellular inclusions, and changes in hepatocyte size and shape.



defined as cellular infectious units. The concentration of infectious viral
parti cl e%vé“’??ass 4 determ ned by neasuring viral hexon g@ifRkgzdigsitive
a :

293 cells ersa 48 hr. infection 10 period (Huyghe (1995) supra)..
For in vitro infection studies with p53 Ad, cells were plated at a density
of 1-5 x 10[err] cells/well in 12-@gpell tissue culture dishes
(Becton Di ckinson, Lincoln Park, New ‘Jersey, USA). Cells were

transduced with 0, 10, or 50 mo.i. (MEfanppledity of infection = :

"C.1.U/cell)_ p53 Ad and cultured for 72 hrs. as_previously described (W'I | s
(1994) 15 PS3Agdenovirusmediated Gepg Therapy Against Hymag B\xqaﬁf\ Ganeer Jegnogafts

cells were plated at L.§: - ol | .. The cells
were transduced with ghgfxﬂ@hé%n 8(??'}%6()%}18 _tﬁe_étn%«% §f g%‘rf&%(ﬁaﬁée‘{)?hy the After 48
hours, the adthinfstratios of nyeeicwicidexpret¥inglatumion buiprssser fdhyguptidéneThe Rlllowing)

t hen washed 3 tinmes with PBS (Life Technol ogies). The cells were

t hen adsayeekample depilpihe ability of aypS3axpressing pdanopirusofthe Npentien tq treatumean
NaCl , 44 n%ﬂégaeﬁ% ffer, pH 7.4, 3 mM 20 pot assi um ferricyani de, and 1
mg/m X-Gal "in N, i met hyl f ormam de (10% fi nal conc.)]. X-Gl was
pur chased from Boehr i hgsydublomnbfewi Copedps3 infdiuaepwith il ctdingag p53 offers a Al |
ot her chem cals were purchased from Si gna.

2

det er m ne tRRYeharesy fgcopirolingfumgr growiby (Caseys(199Ly Gueagsae Fi éTQisl'(ﬂ)@r,e
ted f | t '

et - gal ac BEPGEca YIS sk B9 bucfind Wty BERYS B CETR BSRIERA Vhctor. The

Adenovor us HumisriefNDAMMB-468 (p53™) and T47D (p53™) colonhédutising iferglianiigde nice
were purchased from Charles R ver Laboratories PéWI m ngton,
Massachuset frausfegtan was redyged S0f%be wild-trpapob d Alse. Aonempt theresudtant eoldonies y

fortn i nno el BRYAGTHSS PistRLHE Ry doRERE HERGRHH SEMCE 053 00 ¢
Tunor cel | scolgries whas Q61 #ftbcted. Negrind[{E9940 Rmvér Bes0b4: 1818-182, cewduRten o at

pad. . .WD 98/ 35554 .
PCT/ US98/ o3similar study using MDA-MB-231 cells. Colony formation was reduced 50% by7(

cel | s/ ouscrebFol St o papmifichhipg S ipe p3 FRY e Akl Bhighiel, 00 0°

grow i n vi vexpressed wildft9pe p§5. 1 Paady£icalBf, i his Rady bindilar @ésutts Wengobseiseanvit or
one -468 experinment where the tunors grew for 33 days before
treat ment sM&H-@&eUstunor vol ume was cal cul ated as the product of 5
measurenents in threeydi ' : Fg s o) | £ : t
groups on each i A aSers ok R g B RS sl ¥enEacy B E UL ey,
|1 sof t war erecéthbinast, Blregiph-deleted, p53 adBowvicas b3 A@|(AVCYNIS3) Wil e(1998) supra)

percent inhibitions for tgroups dosed on days, 0-4 and 7-11 wer e
cal cuPlt ed Was tested jagainst thrpshupen hyeast ganeer ¢olh lines sxpressjng mutant phd, end of t he
study. MDA-MB-231, MDA-MB-468, and MDA-MB-435. The MDA-MB-231 cells carry an

Arg-to-Lys mutation in codon 280 of the p53 gene (Bartek (1990) Oncogene 5: 893-899).

The MDA-MB-468 cells carry an Arg-to-His mutation in codon 273 (/d.). The MDA-MB-

435 cells carry a Gly-to-Glu mutation in codon 266 of the p53 gene (Lesoon-Wood (1995)
25  Hum. Gene Ther. 6:395-405).

Previous studies have shown high levels of wild-type p53 expression in
tumor cells from human breast, ovary, lung, colorectum, liver, brain, and bladder after
infection with p53 Ad in vitro (Wills (1994) supra., Harris et al.(1996) Cancer Gene
Therapy 3: 121-130). Adenovirus-mediated p53 expression ultimately resulted in changes

30 in cell morphology and the induction of apoptosis in p53 null or mutant p53 tumor cells.
Infection of 468 breast cancer celis by p53 Ad at 10 m.o.i. (multiplicity of infection)



The specific effects of p53 were distinguished from adenovirus vector 10
ef fect s b sepkdqact i ng the average tumor growt h inhibiti orcwessassipy .

beta-gal Ad from grow h inhibition caused by p53 Ad. Al virus
injections were peri/intra-tunoral. In general, two 5-day courseés
of tunor therapy (i.e . 5 |nject|ons) wer€8 gi ven to each nouse,

separated by a 2 day "resting period". In some cases, this dosing regine

was ext endadusedraimost 100% mﬂ@tlﬁmaﬁDﬂM@Hmswﬂl Br hisaftesrinfection: | b addition, -

frggf]t It Llrjr;redg%f:{i YLk ES S%d in g?ro uqfngxte pro ﬁrgtfo& q{d&bﬁ&l%@%@%%x ?\/SIB_Szg(EW

i runohi st eeNewitt ED,, values of 3+2 and 12+ 10 m.o &Séjﬁcﬁ\ﬂﬂ@' PPoliiBrafiop bifided N 10%
buffered formalin and processed over ni ght Ml es VIP Tissue

Processor, atkrsrpSSrinu@nkbreast cpreinenta lines yagalsi l@hlbltﬁect atsigwe:oncentratxonsmftpﬁ ns

t t The sljid d_wit
Farr i Eyzowﬁé‘hins%v & R BEo s b SRME Coctls 3 25 u e forpradth celf
Hi st ol 0gi C agH @41 Bilo NEEHPIE589 cells. Infechb@ oAMIBAL NEBL4&E antl MDALMBE2 P cells

Pat hol ogy. New York: McGraw Hi Il Book Co.). Apopt ag
in situ apoptiodf m.ddt eﬁm eqrikalent, mp@bp@nbmg@dmreamesm@b" coli

her sb d
bref Ly, - bersdpl@BE eonaln, mR Fpd s B B 8 6/% pPBael by B WA e
Wi th Oncor NfBOf6BI deliPafi@ 341669 B&a-gal ﬁm:wwummﬂmp@kw tﬂy J&Jelatme
devel g(s)ed using an avidin-peroxidase kit (rabbit 19G gma Chem

r | EPPRANREe of deBARI paaidvarells atith the ph} smrpuﬂ)ferasw dﬁf@ct&\mraalarge panel
count er st ai act osj dase a
oY

o o e ot St bl A Yeecd 85T Brarris ehply S PR B ORI E o3
Nort h Car olpeReen\dé\lie@él of h§3 thdutQZRRibitbriand-tHEBEPELUE ARALER tkzﬁﬁdtﬁ@ibﬂ
e et of post

Frozen tissue
PCT/ US98/ 03s tantrast, cell lmes expressmg normal levels of wxld-type p53 were minimally affectad

sections (8 _[enr]lm ck) f|x OS(V dehyde at 4[err]C for
5 mn. and%mg% t]:ans& ctiony, eé’(ﬁle? %B%g%enagllm @%%0853 5 described above.
I nteggsn FACS anal ySII&ohferauon of MCF7 and HBL—lO@@élisStW@hﬁknﬁxvﬁﬁﬁﬂﬁa@ cBlY lines
treatment with 0.02% EDTAEﬁfel | eted, and then 5 washed 2X with PBS.

Cel I's wer e con@ining wildrypel avaszelatively mmfi@qmﬁwbsbpmm congegtrationsegreat¢mthan

and i ncubated w,t.h Rri nar fi,nal nc . 250, t- 4 r for
o "eap o Salth'ed o8 IR ¥n 9. DS a8 Bro b it o Mok Fnd WL
primary anicelobquire®p5s Atdodcentrations atllb08i Al iz tordl hi/gh&hthEhﬁfeEpgy vafiRt est
rabbit antinouse adjunctive antibody (final conc. 250/ m , S?ﬁ/mad)

at 4 er r ] C-2%k arxh-468«ells, sgepestivelyhdisingsa guilay @combmams‘am Katyese 4l

(Boct B CUCREERRE, A6eon A Weinhled Sedeplel pY LB anp RUGEH B

and forwar ¢el padlifefatioR] &nd increased a@ap@nmcaedeaﬁh MH2BareNsGhsductdtn ko, ThR
were collected wwth a Hew ett Packard conput
study extends these in vitro results with -468 and -231 cells to breast cancer xenografts in

vivo. The efficacy of adenovirus-mediated p53 gene therapy is evaluated in another breast
cancer cell line (MDA-MB-435) which is resistant to adenovirus transduction in vitro.
25 Materials and Methods
Cell lines and adenovirus infections in vitro
The human breast cancer cell lines MDA-MB-231, -468, and -435 were
obtained from ATCC (Rockville, Maryland, USA). The -231 cells were cultured in
DMEM (Life Technologies, Grand Island, NY) with 10% fetal calf serum (FCS; Hyclone,
30 Logan, Utah) at 37°C and 5% CO,. The -468 cells were cultured in Leibovitz's L-15
medium (Life Technologies) containing 10% FCS at 37°C. The -435 cells were cultured



equi pped Wi th FACS research software (Becton Dickenson). Prinary antibodies

used to wogmsssdet ect integrin receptors were obtained frpmmlggs/d;;gid OW ng

suppliers: anti-al pha,, 15 (12084-018, G bco BRL); anti-beta3 (550036,

Becton Di ckenson); anti-al pha[err]betaler rg (MAP 1976, Chemicon);"

anti-beta[err], (550034, Becton Di ckenson)6® and anti -al phabet a5

(MAB 1961, Chem con) Results Adenovi r us

t ransduct i ot Iefflb‘i"mlei’nbyﬁamddlpmwgh A& FCSrind 10; egdmil ovipe igsubio (Sigma Chem. -

The-231 an 8 [e ighly transduced in vitro at an mo.i.
€ 168 MLt 154G

Célls were rarely transduced, even at 100

m 0.i. For -231 C€| |'S CofSfuction and ptdgaghtich of the hitRikn GAR-Fpe p53 )expx‘%§s(i|n 28 E.
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In the 231 experiment, 1 nouse in the bet a-gal Ad WO 98/ 35554
PCT/ U308/ 03gerind (Huyghe (1995) supra). 72

group and 3 mice int 53 Ad re t ee..at the d, of

study, and all {?fr?ﬁvg "?% eﬁmtﬁ%gp%i‘ &Y wrCE%P at a|q?HFIB’ o on

of -231 tunps QI@Vdells/Aedriadedwell tissue cu?tﬁ%) dibHes r(Blt&erb)iekxﬂ%ﬂ L%BHPP;EH{ New
growm h inhibition due to p53 averaged 37% whi
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conpl etely resi st ant tOBSESB Ad treatnent (Fig. 3c G owt h
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efficacy of 0osT ng reg
were given conp9J. Ixmrvais pufdhaséd Rom Mhrii@@ﬂ%aﬂxﬂeuﬁl@@p., Indianapolis, Indiana.

All other chemicals were purchased from Sigma.

C

To determine the percentage of transduced cells, 5 microscope fields were
counted from each culture well and the average percent expressing beta-galactosidase was
25 calculated for 3 wells at each m.o.i.
Adenovirus treatment in vivo
Athymic female nude mice were purchased from Charles River Laboratories
(Wilmington, Massachusetis, USA). All mice were maintained in a VAF-barrier facility
and all animal procedures were performed in accordance with the rules set forth in the
30 N.I.H. Guide for the Care and Use of Laboratory Animals. Tumor cells were injected

subcutaneously or into the mammary fat pad.



15 treated with the therapeutic agent (p53 Ad) received a total of 2.2 x
10[ err]_ o odhssspuse per week. One group received pcpusg/@siaol us

i nj ection containing the entire week's dose of adenovirus. The .ot her
4 injections for the week consisted of bu;fer vehicle (11X group). ’
The other treated group received the sane Ad dose split |nto five
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frozen tissue sectlons were assayed or beta- ga actosid
expr essi ontheldmmeadsFarcesalnstituta aftPaysdogyd New York: McGraw dfillBookdks ) wer e stil |

t d d by bet Ad, .althou ht d the - 15
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1 of the 3(Gaithersburg, I@Iﬁ%rlidd”MSi\)' Bh@pled HetdladshiRd BX pof RidRireasbrse| Briefly,
expressi ng bet a- gal act osi dase.
deparaffinized, rehydrated tissue sections were treated with Oncor Protein Digesting
25 Enzyme, incubated with TdT, and developed using an avidin-peroxidase kit (rabbit IgG
-Sigma Chem. Co. *EXTRA-3) and DAB (Vector Lab. *SK4100). Slides were
counterstained with methyl green.
Beta-galactosidase assay
Tumors were embedded in TBS (Triangle Biomedical Sciences, Durham,

30 North Carolina, USA) and flash frozen in a 2-methyibutane/dry ice bath. Frozen tissue



| nduction of apoptosis in vivo by p53 Ad The

VDA- VB- 23 WwaosB3sh83A- MB- 468 br east cancer xenografts in nudePCT/US98/035k4.ce
were injected with 1-5 x 10[err] CI.U. p53Ad or buffer 48 to 72 hrs.
before harvest. 20 The induction of apopyj osis by p53 Ad was assayed

usi ng Apoptag i munohi st ochem stry on.ti ssue sections. Tunors
Injected wt d r | t he
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border of t u%dyed for beta-gall dXFﬁé%hGﬂ aP @edckibeD aBdve) - By cont rast, tunors
Injected with buffer had a few scattered apoptotlc cells, as

expected. 25 Infeg"”FA@rﬁ'ﬂ&FW@on of integrin expression in MDA-MB- 231

and MDA- MB-435 cells egrin
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determ e whedshed 2Kheith PBSAICEIsades Widn rRBuspéndv@At YRoA@atra®bn 6f 1 x 10° cellNap
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integrin noieties at aproxwrate t he
PCT/ US98/ 03511250/ml, Zymed) at 4°C for 1h. Cells were washed as before wuh PBS and immediately
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adm nistered in 10 i nj ections, tunor growt h inhibition was 74% f or
NVDA- VB- 468 tdgtesminedrsimalagepesty, and all dapmwers odiected nithsa HewletBackawt computer

0
tha totar r SORERESFACS rtslh o b (Ao icsason). Aely HRboted tsed’S 5
% of the totdtect REGRIBSR Nﬂﬂ&rsﬁ%ﬁe dBfdreli fom Tiefodbividgd suppﬁeﬂaehm-ﬁl ha Ad to
t ransduce NDA- NVDA- MB- 468, and NMDA-MB-435 cells in vitro

was gedér al I(}ZMSMGID@ BRL) panti-beta, (550036, Beston Riskensen); aptinlphabgime vi r us

concentrat i r C rate
t han MDA- VB O(%gl cel Fﬁ“%‘vﬁ% npaﬂ*}%ﬁ%@%bgé h#%g& Dgtgcexrxson} q'ﬁ i‘l’ha%etas
adenovi rus t(vABd061, Ohemitbs). VDA- MB-435 results in vitro correl ated with

the very poor response in vivo. System c
treat nent ofResuM® ni ce bearing MDA-MB-435 tunmprs, with a

p53-1i posonme vect ? g@w nhi bition, and
P sonb_cases.  1dtenolls REERIARONYAder Una s Frbwil ghiig Bt Wl 01 21

6: 395405) . P53- | i posarme 231 and -468 &Hls Weié beth3ichle etaaeticéd g vitphehn ef. o|1U6£J
nmet ast ases. These results denpnstrate that the | ack of NDA- MB-435

tumor responde BHcoEmsnt48} eelsriuere raneli m@ds@eddyvm 196tm @ie Fop-23 cells, 8%
Lnadt L1ty 0lBnd09, 4BH Bo'm Y. LY a%3% (RIARIAE) 5 e MW HRadMT By beta-

Rat her, the
gal Ad. For 468 cells, 78% (10 m.o.i.), 84% (50 m.o.i.), and 97% (100 m.o.i.) of the
cells were transduced by beta-gal Ad. For 435 cells, 0.5% (10 m.o0.i.), 1% (50 m.o.i.),

25 and 1.3% (100 m.o.i.) of the cells were transduced by beta-gal Ad.

Infection with 50 m.o.i. p53 Ad resulted in nearly complete cell death in the
231 and 468 cell cultures. By contrast, p53 Ad had no detectable effect on the growth of
435 cells.
P53 Ad Efficacy against human breast cancer xenografts
30 Adenovirus-mediated p53 gene therapy was highly effective against -231
and -468 xenografts (Figs. 3a & 3b). In the 231 experiment, 1 mouse in the beta-gal Ad



results suggest it was the | ow adenovirus transduction efficiency of

VDA- MB- 4§p os2dskss 20 t hat caused their nonresponsi venes®craSo&esidl.

treat ment. - The al pha[err] integrins have been -
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Theref ore, gg%%gé@%(% (p<0.05YN8 %ﬁ%—%??e%ts were observed in either experiment. The ERs

PCT/ US98/ 0
of Ad transdwes fon281 aMDA4OBARS prewihsinhibitivol wered t a05Cdel| (detirinfectious

e ] SRRt . e i B s oy S g™
target cel l.ggerddr tb 5?%?&@4tﬁxeﬁp@x% :ﬂ% "GowiPithintGE 4&16%3%!‘91?1{)%%}03?3& trefted

this receptor or t at sone ot onent required for Vi
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e © ek Snerdingd eteBicunals bos SR {ORGSBAAEE e Weak s g9 o)
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Ad) therapy ovér time in the present studies. The 1npaired i nmun

control group were tumor-free. One mouse in the 5X group relapsed with a Very small

25 tumor by day 21. No further "cures” were observed after the second cycle of therapy.-
Figure 6 shows an experiment using 468 tumors that were initially 4-fold
larger than the 468 tumors shown in Fig. 3b, treated with a 10-fold lower dose of
adenovirus. A total dose of 2.2 x 10° C.I.U. p53 Ad/mouse per week was administered.
One group received a single bolus injection of virus, followed by 4 injections of buffer per
30 week (IX group). The other treated group received the same viral dose split into five

injections per week (5X group). These dosing schedules were given for 6 weeks. The



function in nude mce and the poor blood supply to the interiors of the

t unor. XeRagssidsss could explain the partial effectpeenss®osis.the p53
Ad even after 6 weeks of dosing and the ability to infect a few -
tumor cells with beta-gal Ad even after repeated p53 Ad injections. i
In addition to breast cancer, a number of 7dther cancers have been treated-
25 wi th reconbi nant adenovi ruses expressing w ld-type p53. These reports
i ncl ude nodetad viypl dose admigigtergdcyer ém@ai W@meqan@mgalf Crerdose uRtskin Fig:3..

3047- 3054) , . . . Res. .55 . .
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(27, 28), _and col orectal cancer (13, 29). |l ectively, these data
support ondbpseggiven Aurag lagy weeks.n{(dag mayse e S gloup was qumersfre¢ by day 20f
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Further Investigations of Treatnment Regi nen on Tunor Inhibition’

The i Mention prigativeinfecsivity afier repgated edenavinusexpasyre ancer s by t he

adm ni stration of nuclejc acid expressing a tLnor su essor_pol ypepti de
o i St on Of U By o B e B S AR SR B B O

i ncreased ghjebieacyitiPbetaPal Ad JPRsE GuhBR widte harvested P4 s HtérOthdOfroRAIissue
expressi ng adenovi rus of the invention. In order to

i nvest i gat eeetipnserare @ssayed for betaggalactesideage expressionn Fumars fsated avithopS3 Ad for 2

VDA, V- 208 P icedks e S et B BY bl ol Biond e lSfion Has Toviee ke e,
mouse19f 1 £68%Mn8Fs tredtedforBOReddd with p53 Ad 6K fer WeeR) SReliddditidrR 0AE, Bof fhe 3 -

single bolus injection or split into 3 or 5 injections 15  adrinistered
once a day 468dumorscinjestadsia teg 5% grewrkhad cells cxpressing besa-gaagosidasei g. 7).

The results obtained.with MDA- MB-468 fu were simlar to those
obtained with N@R&%@%&W@S‘“Jf&"ﬁ’rb?ﬁ%&rat ed in Figures 7a, 7b, and
7c. In ~gener al ThesPIDA-MIB-23 10 @nd MIDALMBUASITRAst B4rRé Rerdtdra inniad

single bolus injections wt i nj ecti on dosage regi nen havi ng

h the
si gni fi cantmicen¥esy dieqied withrl-3 nelog G.hle pb3 & oribuffieret80 72 hrp.ogifarenharvest.
20 The induction of apoptosis by p53 Ad was assayed using Apoptag immunohistochemistry

¢

on tissue sections. Tumors injected with p5S3 Ad had areas of extensive apoptosis along the
needle track(s) of tumors injected intra—tﬁmorally and around the outside border of tumors
injected peritumorally. By contrast, tumors injected with buffer had only a few scattered
apoptotic cells, as expected.

25 Comparison of integrin expression in MDA-MB-231 and MDA-MB-435 cells -

FACS analysis of integrin expression was performed on MDA-MB-231 and

MDA-MB-435 cells to determine whether the low Ad transduction of MDA-MB-435 cells
was due to a deficiency in the alpha, integrins needed for internalization of Ad types 2, 3,
and 4 (Wickham ez al. (1993) Cell, 73: 309-319; Wickham ez al. (1994) J. Cell Biol.,

30 127: 257-264; and Mathias et al. (1994) J. Virol. 68: 6811-6814). Both cell types
expressed alpha,, alpha beta,, alpha betas, and beta, integrin moieties at approximately the



Exampl e 5 Dexanet hasone Mutes the Inhibition of Tunor G owth

Associ at gl ¥4Ad3sdNK Cel | - Medi ateabsos/n3si4 .
Anti - Adenovi rus | nmune Response 25 It has been -
denonstrated that repeated adm ni stration of adenovirus vectors can

I nduce an anti-adenovirus immune response74TQ investigate whether the
| mmunosuppressant properties of | ow dose Dexanet hasone (Dex) can inhibit
the anti- same levelslehnregrin alphajbetapandbgoexprasson werd\iighe dn MEXo-MB-EBS cells

VDA- MB- 231 tunors i ' ' were treated with reconbi nant virus
of the inve BHMPQ‘[’S@'%?E%& and in the presence of 30 dexanet hasone.
PCT/ US98/ 03pistussion: 1A/ a3e@Pdose of 2.2 x 10° C.1.U, p53 Ad was administered ilﬂ 10

77 Approxi mately 5 x 10[err] NMDA- MB-231 cell s/ nouse

wer e i nj ectimjections; tumer growth inhibitionswag 7% fon P AsM B-46fhtumas anll 86 % fopn day

0. On da d t hasone_or pl acebo . I re i npl ant ed

subcut éngoi@f."ﬁﬁ%\% (RO PHE Pas mrsgzaggqngfﬂg&d%-@%ﬁﬁx@g_&% [ AMB-

d th top b aVEs i ca,
exanet hasopg &iﬁiéﬁf,fm 19 3% Bttt 18P0 RS (HRARY AR RERAARELS] nfiiBSI 2

Sar asot a, m ce recelved a tot 10 peritunoral "injections
gi ven once 48 % af thtotkd yrespbise was p53-spetificarifhe2ibila$ of beth-gal Adeo tiangdnce MIDA-

The, L% 3 S8 Y ek, AT 1SR LBEY snears o )
Tabl e 5. TrgakpRkugf NPﬁfe'\é%née%E ‘éﬁgéegggb;ﬁ'ox%g%ﬂ&ﬂ?had a slightly higher

G oup Hornone ne T

1 10pl actedmsduction rate thimMI2A-MB-231 cells, while MDA-MB-435 cells were resistanttbacebo
bet a-gal Ad I b 53
AS a-ga adenovirus transduction. TheMDA-MB—&éi m%@ﬁg%gnglategdyiﬂbme very p(?or

5 de Ip beta-gal Ad 15 6
dexanet hasé‘%@ng@ﬁppg‘%’ Ad Low dosage dexanet hasone

treat nent had no si gnSystemiotreafrient bf andd iméce bearing MDA-MB-435 tumors, with a

p53-liposome vector, has been shown to cause tumor growth inhibition, and in some cases,

15 recession (Lesoon-Wood ef al. (1995) Hum. Gene Ther., 6: 395-405). PSS-liposéme
treatment also reduced the mumber of lung metastases. These results demonstrate that the
lack of MDA-MB-435 tumor response to p53 Ad treatment iﬁ this study was not due to an
inability of p53 to inhibit growth and metastasis of MDA-MB-435 tumors. Rather, these
results suggest it was the low adenovirus transduction efficiency of MDA-MB-435 cells

20 that caused their nonresponsiveness to p53 Ad treatment.

The alpba, integrins have been implicated as cellular elements required for
efficient internalization of type 2, 3, and 4 adenoviruses (Wickham (1993) supra.;
Wickham (1994) supra.; and Mathias (1994) supra.). It is likely that alpha, integrins
perform the same role for type 5 Ad. Wickham et al. (1994) supra., observed 5-10-fold

25 higher internalization of a recombinant type 5 adenovirus in cells transfected with
alpha,betas as compared to cells lacking alpha, expression or transfected with alpha,beta,.
The human embryonic kidney -293 cells used for production of the p53 Ad used herein
express alpha beta,, but not alpha beta, integrins (Bodary (1990) J. Biol. Chem. 265:
5938-5941). Therefore, it seemed prudent to measure -435 cell expression of the alpha,,

30 beta,, beta,, and alphas integrin subunits. Both MDA-MB-231 and MDA-MB-435 cells

expressed roughly equivalent levels of the integrin family molecules. Therefore, the lack



growh rate of MDA-MB-231 tunors in scid mce (p>0.05). No adverse side
effects Q{, 08/35554 dexanet hasone were observed. Treatnent opctyssare3sial.th

bet a- gal ac?05| gase adenovirus 20 caused significant inhibition of tunor
grow h in placebo control tunors (p[err]0.001, days 21-30), but not
I n dexanet hasone treated tunors (P> 0.05, ®ee, Fig. 8). Tunors treated

with placebo and beta-gal Ad grew slower than tunors treated with placebo
and ofekxd mahiduecon of MPAFYB-935 celi)is n@Bdit(p a deficiency in alpha; integrin
There was no si gnlflcant PSB specific inhibition of tunor growth in placebo
25 cont rGIPrSEeBr ‘(rﬁ% Yo Ip. htB?ﬂE'é sisgan the idatity of gceliular fageptor required

dexanet has 5%
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gr owt h3 ass oRSME CEPrestion is dafestivei - adenovi rus i mune response (e.g., NK cell

response) in 30 sc _ S c T, a_al so
suggest that |ow doseTg%;Eg%e?#asone c}ﬂ&vp%% 'tgcrl Z’b%qn%lﬁ{"fp% %ﬁ% 5, A}eall g? was
transgene (exafinedrindhe MPASMB-231 aitd WEDANMBL4E8 tGikbir piodeR! €k apptars that efficacyO

98/ 35554
PCT/ US98/ o3iserpased with continued dosing. however this effect needs to be examined in moregdetail.

[ féﬁgﬁhﬂf‘.”énf@%ﬁﬁﬂ%%ﬁee%’%ﬁﬁa“%erﬁﬁm?@é@@ AR dPbd AipRiato g iRa0 e

The Mpg- MB-gidtytic papbnseanedifteddyl @ytotesic Meoells s fosté witvially #metiohd idfime
tunor efficacy of Ad with and wthout p53 in mce with differing abilities

to nount arfys®ms (ravigyyadeby ¥ilson<tITD) N@Wé.l‘gﬂd #it88FtR9) . (ilireT epld cesppuge is

non-functiq cel L
but el evat ew 8& ﬁ' aﬁeréo%g}ug mdg%gl Rjadyge d\é% BQ%&QN %ﬁreg%ﬁ%%lr?c“toﬁ%“%' wi
and NK cel | MH@®idties @nabe cell surface. Neutrahzm antibodies §euitic foh@el&f&dxﬁéﬁdéd@y
r Ad5/ p53 (descri bed supra) agai nst MDA-MD- 231 xenografts: nude m Ce

wer e gi ven adeRgyinls acyw@demeé ageryin 1 Epmpnecraspense Apd geg belisyed respensible iﬂ@rothio

vi'rus ose 120yl abi o rdifcls B ofng O bugevhls el Thaliob oo i

0-4 and 7- hithynScinddBahige usddCia m&emxmvaa defective Tt @lldimnvireiespipsets- 1. 6 X
10[err] C 1. U split into 10 doses given on days 0-4 and 7-11. All
m ce were tiPECARTRANtigens, araable te ganeral aM) cellymediatgd-ansibady fesponse (Boven

15 "Gl TP MRPNOIE i 0 agd) B BharRf. FolbE CREMH Th BRraukBlBe o,

(no p53 i nseﬁtrhhzmg anti-adéntats antibodiesédald explaiffthd redcedefeivhdy. of 53
expressi ng p53 rAd5§£5?a% had great|y enhanced anti-tunor efficacy

conpaf@d t Gdermins|(p hezat pessitime in the paessel yidies. c The impaired immune
(nonfunct i q‘ﬂﬂt%uﬁ)-lr_x 1n%ud@%cy§acf C}f()o?' b%l}d' suj 5‘]&?5 tﬁé { l:e(i'?atci'y olNﬁi% tﬁH gggogré)ftéa 53

expr ession W corrpo
i nhi bi ti on.collieapldntiee patRNSTecHyends of the p53 Ad even after 6 weeks of dosing and the

ability to infect a few tumor cells with beta-gal Ad even after repeated p5S3 Ad injections.

In addition to breast cancer, a number of other cancers have been treated
25 with recombinant adenoviruses expressing wild-type p53. These reports include models of
cervical cancer (Hamada (1996) Carnicer Res. 56: 3047-3054), prostate cancer (Eastham
(1995) Cancer Res. 55: 5151-5155), head and neck cancer (Clayman (1995) Cancer Res.
55: 1-6), lung cancer (Wills (1994) supra.), ovarian cancer (13), glioblastoma (27, 28),
and colorectal cancer (13, 29). Collectively, these data support ongoing clinical
30 investigations evaluating the effects of adenovirus-mediated p53 gene therapy. The present

results demonstrate the ability of wild-type p53 to curtail cancerous cell growth in vivo in



20 previously unrecognized role for NK cells in Ad-nediated tunor growh

i nhibiti %98}59 4 data al so suggest that suppreSS| orpcairudo8@3s1gune
system m ght abrogate sone vector- specific, NK cell nediated, -side
ef fects. Exanmple 6 25 °

Conbi nati on p53 Adenovirus and Chenot her aggy Tr eat nent

The i nvention provides for the conbined adm nistration of nucleic acid.
expressi ng b%a&%&c%ﬁgﬁ% @ﬁpr@%ﬂ’goﬁxﬂiahﬂﬁiﬁ NGhE PRE&H: fa%i’d@%%' dbnﬁﬁﬂ Qﬁa'i th
the treatnent of neopl asns. | ow ng exanple details the

abi lity of adenoSuesappeassiorhy a@m’ﬁmntrmlvgtfy vehicle fortthee53 whemtarget cells express
conbi nat i on vm th vari oLs Aanti - cer drugs, cisplatin, doxorubicin, 5- 30
f I uor our act a(pgr%atewé.’[x 5??&B§?§€g and et oposide, to treat neoplasns, and
t hat the WD 98/ 35554 -

PCT/ US98/ 03514 79
conbi fati on therapy was nore effecti veExam[de4 was synergistic, at killing

tunor cells than lstered wth
Chenot her apeut i c Bugther IW"V%’??%"“SQ,ﬁf éatment Regimen on 'P'H‘g'b?‘?;?l B
doxor ubi ci n, 5-fluor %E@ﬂehtxéz?pfdﬂdes?@i ﬁ‘x@ttfeﬁfﬁ%n?of MR icanQsd Bifthe

in conblnatlon with The effect of the
clinicall yadmimﬂmmbna)rﬁmueleamekemmsgmg@ tspﬂoab'uppresdmnqmimpudn psing various

5-fl uorouraci | - t rexate, det posi de, onbi natj.on th a
Pumor o 0" 8 Serimets Mo Rh it campla o RRe frCreared 476y of skt dostng the

| nves{g gat Q&lnhf'stfé'txbl%f 58 Expre a&ﬁgvu'us of the if¥BftforSauanous cel | carci nom,
SCC- 15 head and neck uanous Cc€ carci noma, SCC-25 10 head and neck

squanous cel | carci nhnrardeattdetstIga& the effecitof acsargdﬁ dasage n@uhsn aecampared to
) e e Lo 5 e YR e O o i
before expagysevboa ﬁﬁiﬁr@@@x@h’éafé&swnh a total §REDPEF Hehse ¥ N1081.U. ?’r 58r&pt ment

2, the cells were pretreated with the p53 adenovirus construct and

then | at er(z&/&‘dwﬁ)eaﬂmmismm wsingle hehsdnjectinanytsplit pe dtor &. injeationseat ment 3,
he c wer, e conhact ed |rrulta%€%us% V\éth cP th the. a% 'ancer

cherdher aBUBTRSTEN ant s tay over the s CRER bRy Hdibaled By Brbn if Al

cell lines were obt a'l‘ﬂ@Qeshftpﬂbtﬁlm&lmAJMM6mmox§%9 similar to thos&C 15,

and SCC-25 head and neck tunor cells (p53[err]) were cultured in a 1:1
m xt ure of obtained wxmwaammm greilRemated fire Fipyodsiital, 894 and 7ax knd
| sl and % f et al

, th | f h
0.4 [err]g ‘?ﬂer‘ﬂyﬁé F’Pgé%lﬂé‘ e(dsﬁ“ﬁ‘rc?g gffﬁ‘i be%r(tlﬁan anléyécboggl s injeg Hg%gnw e gand
1% noness eﬂﬁécﬁbn@%z&@ réginfh HatnBGidniAdans HhRoldrer RYeth¥o3Gr|cRtibd dosage

20 regimen.

Example 5

Dexamethasone Mutes the Inhibition of Tumor Growth Associated with NK Cell-
Mediated Anti-Adenovirus Immune Response
25 It has been demonstrated that repeated administration of adenovirus vectors

can induce an anti-adenovirus immune response. To investigate whether the
immunosuppressant properties of low dose Dexamethasone (Dex) can inhibit the anti-
adenovirus immune response (e.g., NK cell response) MDA-MB-231 tumors in scid mice
were treated with recombinant virus of the invention in the absence and in the presence of

30 dexamethasone.



SK- OV-3 human ovarian tunor cells (p53[err]) and DU- 145 human prostate
tunor celdSosnessy (P53[err]) were cultured in Eagle's MVEMdwssdsia FCS at
37[err] C ana %5% CJ err]. MDA-MB-231 human manmmary tunor cells -
(p53[err]) were cultured in DVEM 25 (GE3CO) with 10%fetal calf serum’
(Hyclone) at 37[err]C and 5 % CJ err]. MNDA7WB- 468 human mammary tunor
cells (p53[err]) were cultured in Leibovitz's L-15 medi um ( GEBCO)

contai ni ng 10% FCS at Agptoximately 519 100MDAIMB-231 cells/mouse were injected into the -
MDA- MB- 231 manmmary tunor cells carry an Arg-to-L mutation in codon

280 of the wsgmyéhéataﬁés ek famale said e %ng psin lh.m;lmsmpm)eorM5

chr omobonsspoie ¥ st SBkbudncgly P r Y W AR s Ui Ulgeionse 43,3 e

nut ati on i ndexadethadorte/ddySdatfudubBOfbl 60a9€ (InfPtive Researé%@ﬁﬁ:%ﬁ%%arasota
PCT/ US98/ 03514

51: 4716- 472BL)- Adlomisg geceivedratotal of J0periginanl ipjestions given owasra day 61 dwsel!l-

p53- nul | u 1992 4196- 9 -9 cel |
have a del et 8% %£¥§3Q3 rgppér mjec%?fﬁggg‘ Eé{ﬂ'&s %%"V%Ss%f(gl%ng fﬁcé“‘?‘ﬁs%ﬁ%%
shi ft nut at ApivA/APN/ SEBINRStL 2alhéteside A M), OTRhthents were as listedGh gabRP € i n
SCC-9 nuclei (Jung (1992) Cancer Res. 52:6390-6393; Caamano (1993) Am 5
J. Pathol. 142:1131-1T8d eﬁm'ﬁrq'aimanOEMDAMB damorsin scid 1eie8) . SCC- 15

cel I s have an ing n e pair codpns 224 and 225:
S v [ %@a nﬁox?eas pai P.ann gaz S _

t hey produce | ow | evel s | nRNA.._ D pl e p53 protein
(Mn (14994) supra). SCC-251 cel l splggéb% | oss of buffer heterpzygosity (LOH)
at chronosone 17 and a 2 (pase—pprr—del-etor—iArcogder—269—6er t he

remaining allele; p53 nRNRis nppladehoect abl e i nbétégaPAdcel | 5 and no

| munor eacti ve p53 10 pTOl_EI T TS observed—TptherTTucte] (Caanmano
(1993) supra). Approxi natje SPI%CGI@[ err] cel{B33 Ad in| cul ture medi um
(as described in exanple 1‘% addeE t o each t\4\@3},{]{ on a 96} wel |

mcrotitre plate and cul tjuted f 9‘ Xamstasone o\ “zlerr]ld and 5% CO err].

Construction and propagatiipn of| ghe A Wi | drﬁﬁg_gapgg andj E. coli
gal act osi dase (beta-gal) (adenrow é-laes%m ~ped preéviously

(WI11g95(1994) 15 supr )6 The déxaarefHakdie on . 01553 Aﬁect i ous vi ral particles

was determ ned by neasurimg—ttre —concentrattomof—vir hexon protein
positive 293 ceI ls affer a 48 hr. infection .. uyg 1995)
supra). C.1.U. is deff‘ﬂ‘@@oé?ée@éﬁxm'a?sqnﬁfn@é'ﬂ’? ga‘hﬂ‘i’ pignif] ?fgﬁﬂ

adenovi r us egowe ?at@QM§tbﬁBe%§l' tﬁTxBPsO@O@SEgl; @bcg.g#‘;% ﬂf)z 8‘Nug, E%Egé §ff9$$ 8r0:

130 mM err
adenovi r us, dexamethascnepwerp obsdreed? OTreatmenttiof nendws fwidr bem-galacldmda&ecadea@inmel | .
| ensjty of

105 x300] erapsedipSRiog nkihitian o8 byar sk ih HRGEOL GORIP KOSt (OIS, days
oL T2, o Ao e 08 e R0 LB
Then drug, vwiilspkxiebooand Ma-qupid) gravaslewee thanltemosdreated thh placebo and
dexamethasone (p<0.01, days 23-30).
There was no significant p53-specific inhibition of tumor growth in placebo
25 control tumors (p>0.05). By contrast, tumors treated with dexamethasone and p53 Ad
did grow significantly slower than tumors treated with dexamethasone and beta-gal Ad
(P<0.02, days 21-30) or placebo and p53 Ad (p<0.04, days 21-30).
Low dose dexamethasone treatment thus muted the inhibition of tumor
growth associated with the anti-adenovirus immune response (e.g., NK cell response) in
30 scid mice without adverse side-effects. The data also suggest that low dose dexamethasone

treatment may stimulate transgene (e.g., p53) expression driven by the CMV promoter in



added to each well. Cell culture was continued for an additional 2 days. 25

Cel |l de @ggssahen quantitated according to the MIT assacpgsddnssyi bed by
l\/bsrrarin'a‘%' g ? . Imunol. Meth., 65: 55-63. Briefly, approximately 25 .
/

[err]]l of 5 my/m MIT vital dye [3-(4,5 .
di et hyl t hi azol - 2yl ) - 2, 5- di phenyl t etrazol ¥8&4m brom de] was added to
each well and allowed to incubate for 3-4 hrs. at 37[err]C and 5% CJ err].

Then 100 [ e¢doldbisknt adenovirudddoCoavetietys dgtitheti@onafEdg dndrease adbnovius and - -
all owed to incubate overnight at 37[err]C and 30 5 %CJerr]. Signal in
each wel | Wassduston gifigigrcy apd thegehyhigceeasgometogicall derthi ces microtiter

pl-ate reader. 3 Q84 4 b
PCT/ US98/ 03514 The MBR R/I?ﬁ %??%reast cancer model was next used to evaluate the antig ¢

In all caseasmoréiogyCos Rl atiibankiseithola pES P nfiey wih AifrihgdHitidsd mount an
doxor ubi cin (see Table 7 for summary results), 5-FU, nethotrexate,

and etdposimeune fespenseipfareigmantigens. Nude paeewith pas-fugstionalr F eelis, weidamice

kKilling tu cel th I t her .agent, al o The ¢ i pat.i on.. . of
met hot r ex ap@&afhoa‘ 0}_@%\5@ ﬁe%{lﬁg“{]ﬂe‘g%"é{]@& c[eﬂg,i %@%@ﬂg%&?ﬁ%“% s were
treated Sponfun¥idal @, B, ed NKVeéRt Relerstidadd®e 24 hours before 5 mo.i. p53
Ad, the conbined antiproliferative effect of the two drugs was

only 5% nore than wi tIie 558ty the efficany of aAd¥Hpd3 Kdesenibed supra) againgt MDA-MBe23das

statistically significant er.r]0, Pretr. ty Qf 145 cells.with
o o eyl b€ ke B a 0t dosf SF 2 ER UGG 48Pt g o
resul teed i mQ Gjectionk dfanggk 06 4edndiTaCYL. SCID mice WefY gi@ér A etalVitl RJs@Re4 x
(p[err]0.0001). When SCC-15 cells were treated with 0.3 [err]M 10

e]E ?posi dfe 30’ Gdul ssplisrintoel O5dgsegiven ps@aslml?%amé Tebhb ShER-Heigd miics! w¢rergu§w.tdmae
ot o W s, V3,0 el R S BB EY R

(p[err] 0. Ogide weftarcaestdwitA piSe AN et FAAS WRReBiSRMloENe t herapy and
anti-neopl astic agents did not denonstrate antagonistic effects.

In a second exper i mefn nudemicer (pr-dagctional: T eellshon scid mipe (neafunctipnal T B9
15 cells; elevated NK cells), intratumoral dosing with control Ad vector (no p53 insert)

caused some inhibition of tumor growth. Ad expressing p53 (rAd5/p53) had greatly
enhanced anti-tumor efficacy compared to control Ad. By contrast, in scid-beige mice
(nonfunctional T, B, and NK cells), anti-tumor efficacy was all due to p53 expression with
no Ad vector component to the tumor growth inhibition. These data demonstrate a

20 previously unrecognized role for NK cells in Ad-mediated tumor growth inhibition. The
data also suggest that suppression of the immune system might abrogate some vector-

specific, NK cell mediated, side effects.

Example 6
25 Combination p53 Adenovirus and Chemotherapy Treatment
The invention provides for the combined administration of nucleic acid
expressing a tumor suppressor polypeptide and chemotherapeutic agents in the treatment of
neoplasms. The following example details the ability of a p53 expressing adenovirus of
the invention in combination with various anti-cancer drugs, cisplatin, doxorubicin, 5-

30 fluorouracil (5-FU), methotrexate, and etoposide, to treat neoplasms, and that the



15 cells) was conpared with tunor cells (Figure 9). In this experinent,
growt.h wag, awsayed as [err]Hthym di ne i ncorpor apcposssaizsrr. t han
the MIT assay. The normal cells (diploid fibroblast MRC-9 cell-s) -
di d not show nore pronounced effects with conbi nation treat nent .
As woul d be expected, the effect of turmr7%uppressor al one was negligible
I n nor mal ceIIs and highly significant in tunmor cells. In
contrast, tcombimatipn thenapy wapmore effedtivapi e wap exnergistid, ankilling umoracielpthati -n,
doxor ubi ci n,, 5- FU t hotrexate, and etoposide) was nore effectlve
in nor mal E@‘Trsagf’ﬂ'aﬁeﬁ%mcer cells (see Figure 9). Tabl e 6.
Anti-proli ferat'ssﬁﬁﬁﬁée@uﬂ%’h&%:h&aggw;nﬁ;gsqa Vrbh cisplatin.
Greater Conbined Effi cacy? Li ne p53 Protein Ti ssue
Type Cisplatin Fir stCisplayytJosdrubiain,t S-fluorsurasiit (Ariddu snethotrexate, arBKet@n{a.ﬁde

Null 5 Ovari an in combin¥fién witheys3] 0. 0001) Yes (p[err]0.0001) Yes ,

err]0.0001 |'1\|edi|§ S
EB% er r} 0. 0001% Yes f pefeﬁr?o 888&3‘:311 ele\{yﬁ{ ienrnr ad“’%‘oﬂgﬁg‘”&“ %E:‘B“‘}('g’
Nul | 5-fitdeakadil KBEX), mehware((a[eE&ﬂd ﬂo@&ﬂib) in corbination with a tumor

SCC- 25 Nul | Yes (p[err 0.0001 Yes
(p[err]o. ogwessqxégec(tg[%frtpf @m@g@qx} (A/C/N/53), vitro. P head and

(Bg[egﬂ 10. 088 sqéxgﬁ‘x%ug 9&1?%&%9%?015 h@dl\%ntd éxr?rt:k squamou%Feelé gf'rﬁmoma, SCC-25,

g p[ errg 0. O@eat) and ne\é/&SSq(mh@Isr defl. dAPfingma, Véd THU] 165 rpirOst4t® @drcinoma cells Wtk = not
one WO 98/ 35554
PCT/ US98/ 0sabigcted to one of three treatment regimes: In treatment 1, the cells were pretreated wigh

ggg'ofugl CAEHe Al kL LR e rleufE te - Bnhduts BetocUXBLARL tPR p¥4 héenovirus
G eat er Cogbasa®ot EV(EAM/’&Gy"In treatment 2, the cefle Merd_pn&&eatecpﬁliithﬁhepﬁ adenovifussue

Type Dox First First Si mul t aneou SK- OV- 3

Nul | consggjgh (hen Tater spagacted) with the @G‘Cﬁ@}mf’f chemotsrapeytG . boermenta
(bl er13 o, OB " conipel Tiansgeis P o i e Bt and B
Nul | 53 h@a@v&umeck Yes (p[err]O. 0001) Yes (p[err]0.0001) Yes
(p[err]0.0001) SCC- 25 Nul | Head & Neck Yes

(p[err]0.0001)  Yes Alpsall lines wrye pprainedfrom A GG (Rogkyille, MD). SCC-9,

SCC-15, and SCC-25 head and neck tumor cells (p53™") were cultured in a 1:1 mixture of
DMEM and Ham's F-12 (GIBCO/Life Technologies, Grand Island, NY) with 10% fetal

20 calf serum (FCS; Hyclone, Logan, Utah), 0.4 ug/ml hydrocortisone (Sigma Chem. Co.,
St. Louis, MO), and 1% nonessential amino acids (GIBCO) at 37°C and 5% CO,.
SK-OV-3 human ovarian tumor cells (p53™") and DU-145 human prostate tumor cells
(p53™") were cultured in Eagle's MEM plus 10% FCS at 37°C and 5%
C0,.MDA-MB-231 human mammary tumor cells (p53™") were cultured in DMEM

25 (GE3CO) with 10% fetal calf serum (Hyclone) at 37°C and 5% CO,.MDA-MB-468
human mammary tumor cells (p53™") were cultured in Leibovitz's L-15 medium (GEBCO)
containing 10% FCS at 37°C, no CO,.

MDA-MB-231 mammary tumor cells carry an Arg-to-Lys mutation in

codon 280 of the p53 gene and express mutant pS3 (Bartek (1990) supra) . DU-145

30 prostate tumor cells carry two p53 mutations on different chromosomes, a Pro-to-Leu

mutation in codon 223 and a Val-to-Phe mutation in codon 274 (Isaacs (1991) Cancer Res.



DU- 145 Mut ant Prostate Yes (p[err]0.0001) Yes

(p[ er-r] Ow@dxlsssaYes (p[err] 0.0001) MB- 231 PCTABI8203514 - -

Br east Yes (p[err]0.0001) Yes (p[err]0.0001) Yes (p[err]0..0001)
10 Doxor ubi cin and p53 Effects on Human

Hepat ocel | ul ar Carci nona 80 The foll owi ng exanpl e
details the abili t‘%/ of a p53 expressing adenovirus of the

i nvention Bh:47dft4738),i and Gmtehs umm pb3.cISK-O¥-3 peariantumor geliseare phdrntiat t-he

nmbi nat th e t killin
unor el | YRR Gt B SRBE 1BaE SORE rdi AR a Fekfrm Brongen o
syner gi sti ¢oddHse7aCnd BB sheiu@RNin A frad Ihift mutation SXP RREAGIGadE PSS pPétein/l®
i nvention (ACNSS? and doxor ubi ci n. Doxor ubi'cin

(Adri anyci d)eteatnb ed8 3QENBlel (hag (¥ iGangen Resd 82:6390-6393; Caamano (29933 tdruct

Fol| o n. dePi be: e RuR oo 087 07 Canb 3 A3RisASE SEENIS fatls oy,
(1993) 20 an ms@ﬁicﬁi Msmqjaﬁs %ém%%ﬁc&%s ﬁarasxb 20 5{ &89 Brodhice Mir 1ev¥is'dtips3

38: 235-239; Dor (1975) 85-392), with a nutated p53; HLF,
a human hep&RMAe buumadetcaablc pSApretein| (Mmr(é9%)tshplal) SCC-25 Cﬂlistlaitvedoqsw

(ibid); Hep 3B, a hu epat ocel | ul car chnoma W nul | 534 %agawa
(1995) 1 n persy By GRAER ghratpinmesty 681 £2 PApal dclecba gl o
hepat ocel | WrAdining allele; psarnmmma nWt aéte&aﬁe W Sdetameetisiahd G imaioreakrivdgi3al,

a human |iver adenocarcCinoma with p53 wild-type (Lee (1995)
FEBSLH t . saselazxso@@zyed methmr aielpi dcm@émbmmk hAppeeximately 1.5 x 10° ceuse| |

b | 19
e cad o L 0 L SRR B S R ol B
generat e amjcrotitre platf: lH® cRREed ForAHRats hours at 37°C and 5% CO,. Cell's were

plated in 96 well plates (5 x 10[err] cells/well), al'l owdd to adhere 30
overnight, treated ||€qnsuqmuommémmalgamn of the hymah wildNype @03 and Eutcolins of

SX0rUb! <! BBosos, ol Arasl’ UFDyRERES ASSARSGCHUAT (bR 198 oy
3 nedis VasyRgp Tak encnttatd 6f Rifecfiviid Olrﬂl?pﬁrﬂ@& wéko@teririndd ¥y measuring the
concentration of viral hexon protein positive 293 cells after a 48 hr. infection period
(Huyghe (1995) supra). C.I.U. is defined as cellular infectious units. p53-expressing
adenoviruses were administered in phosphate buffer (20 mM NaH,PO,, pH 8.0, 130 mM
NaCl, 2 mM MgCl,, 2% sucrose). The drug, the p53 adenovirus, or the appropriate
20 vehicle/buffer was added to each well. For in vitro studies with p53 Ad, cells were plated
at a density of 1.5 x 10* cells/well on a 96-well plate and cultured for 4 hrs. at 37°C and
5% CO,. Drug, p53 Ad, or the appropriate vehicle was added to each well and cell
culture was continued overnight. Then drug, p53 Ad, or the appropriate vehicle was
added to each well. Cell culture was continued for an additional 2 days.
25 Cell death was then quantitated according to the MTT assay as described by
Mosmann (1983) J. Immunol. Meth., 65: 55-63. Briefly, approximately 25 ul of 5 mg/ml
MTT vital dye [3-(4,5 dimethylthiazol-2y1)-2,5-diphenyltetrazolium bromide] was added
to each well and allowed to incubate for 3-4 hrs. at 37°C and 5% CO,. Then 100 ul of
10% SDS detergent was added to each well and allowed to incubate overnight at 37°C and
30 5% CO,. Signal in each well was then quantitated using a Molecular devices microtiter

plate reader.
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treatment. As would be expected, the effect of tumor suppressor alone was negligible in

normal cells and highly significant in tumor cells. In contrast, the anti-cancer

chemotherapeutic alone (e.g., cisplatin, doxorubicin, 5-FU, methotrexate, and etoposide)

was more effective in normal cells than cancer cells (see Figure 9).

Table 6. Anti-proliferative effects of p53 Ad in combination with cisplatin.

Greater Combined Efficacy?

Cell Line | p53 Protein Tissue Type Cisplatin First p53 Ad First Simultaneous
SK-OV-3 Null Ovarian Yes (p<0.0001) Yes (p<0.0001)  Yes (ps0.000l')
SCC-9 Null Head & Neck Yes (p<0.0001) Yes (ps0.0001)  Yes (p<0.0001)
SCC-15 Null Head & Neck Yes (p<0.0001) ND ND
SCC-25 Null Head & Neck Yes (p<0.0001) Yes (p<0.0001)  Yes (p<0.0001)
MDA-MB-468 Mutant Breast Yes (p<0.0001) ND Yes (ps0.0001)
MDA-MB-231 Mutant Breast Yes (p<0.0002) Yes (p<0.0001)

Yes (p<0.0001)

ND = notdone

I Nes.
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p53 Wth Chenot herapeutic Drugs In Vivo The effect -of
the clinically-relevant anti-cancer drugs cisplatin, doxorubicin,

and 5-fluorouracil (5-FU), in conbination83dth a tunor suppressor vector of
the i nvention (A/C/N53), was further investigated in vivo. 5

C. B. 17/1 CR scTable? c cAntipeoliferatinesefects afipSBasdim combinatioq Geitrdnkerabicin. -

NY) or Charles River Laboratories (WImington, M), Athym c nal/ nu m ce were
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or p53 Ad). The p53 Ad dose was 2.5 x 10Q[err] C. .U /nouse/day (5.2
x 10[ err] \Gomhinasion therpy was mose eifeqsivas f-6.» RS Synaagistic.as killjag synor cells than

Tumor §sver & {i’l %E?ﬁ gﬂ)n nq‘h\éﬁéﬁxﬂgge@%ﬂ?ﬂe %9%1}61‘ fnc interaction between tlg? g/%zce in

one treat nen up receive 0Ses o atin simnul taneou

with the fIe‘:@i’esfsmg@ea’éBoMedﬁmsmnTthNSG@Sﬂd a:ixomﬂxcmperl toneal p53 Ad
reduced nouse t unor_ burden only 17% b éZO (p[err].0.01). However,
when conbi ned W|th ci Rpxoqubigin (AdnamYCHQQH 852 (AGNE3 othg gopombinant adenowirys nor

burden as le 1 r reat ed
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i nvasi ve t uisllowingcrelldines nHLEe adiuﬁmhﬂﬁgﬂhdfammalr earciﬂoﬁ&a:eﬁ)lhjet(ﬂlsﬁ (m9393 absent

in the 30 mce treated with spl atin al one or cis 9

WO 98P8555/Carcinogenesis 14:987- 992 Farshld (1992) J. Med. Virol. 38: 35-239 Dor (19 5) Gann

PCT/ US98/ 036%%185-392), with a mutated pS3; HLF, a human hepatocellular carcinoma cell line with a
mutated p53 (ibid); Hep 3B, a human hepatocellular carcinoma with a null p53 (Hasegawa
(1995) In Vitro Cell Dev Biol Anim. 31:55-61); Hep G2, a human hepatocellular
carcinoma with p53 wild-type (ibid); and, SK-HEP-1, a human liver adenocarcinoma with

25 pS3 wild-type (Lee (1995) FEBS Lert. 368:348-352). Cell viability measured with the live

cell probe calcien AM (Molecular Probes) (see, e.g., Poole (1993) J. Cell Sci.

106:685-691). The substrate calcien AM is cleaved by cellular esterases to generate a

fluorescent product.
Cells were plated in 96 well plates (5 x 10° cells/well), allowed to adhere
30 overnight, treated in triplicate with dilutions of ACN53 and dilutions of doxorubicin on
day 0, such that a dose response curve for doxorubicin treatment was generated with each
dose of ACNS3. On day 3 media was aspirated and calcien AM in PBS was added to the



85 Cisplatin/Paclitaxel efficacy: Female scid mce
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Cells were incubated for 3 days after first treatment. Media was aspirated
25 and calcien AM in PBS was added to the cells. Fluorescent intensity of each .weIl was
determined using fluorescent plate reader. Fluorescent value from wells with no cells
were subtracted and data was expressed as the percent viability (fluorescent intensity)
compared to untreated control wells. ED;, values were used to generate isobologram plots
to assess the interaction between ACNS53 and doxorubicin. Isobologram analysis for each
30 dosing regimen showed similar interaction, consistent with synergy, between ACNS3 and

doxorubicin in HLE cells that was independent of the dosing order of the treatment.



Doxor ubi cin efficacy: In a second experinent,

MDA- VB- 46808858 Were treated with vehicles, p53 raO/USISRIMMDI Ci N,
or both drugs. Female nude mice were injected with 1 x 10[err] -
MDA- MB- 468 cel | s subcut aneously 12 days prior to the start of dosing on day

0. The 5 i ntraperitoneal doxorubicin &se was 4 ng/kg/day on days 0, 2,
7, and 9. The _intratunoral p53 Ad dose was 5 x 10[err]
Cl U nouse/ day ( 1098 With Cfremotf:exdpeutic Pamgs Il ¥y on days 0-4 and - -

7-11. p53 Ad d ater efficacy. when admnistered in.conbination
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Neck Tunor MudeKluorouracil (5-FU), in combination withF #eo? $iiiisrkdsof védtéro6bihe invention —

Subcut aneous SCC-15 tunors were treated with vehicles, p53 Ad,
5-f | uor our a@/IC/NE3PUwas furthep imvegtigatasl inSdval mice were injected with 5 x
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I n conmbi nati on 25 with the FPT inhibitor designated " F%T
descri bed i¥»a4G arianaTumennMadel:i on WO 97/ 23478, filed Dec. 19,

1996, where FPT3 is i ‘ ed_ conpou ) " see 95 of . WO
97/ 23478) to treat negg?sggﬁgé %Bergﬁﬁ?a?%&agfé%mrﬂ%i%?ﬁgfrﬁﬁtﬁgwmagai nst
prost ke t UiiRhperitoneal d6&%slof vaieleSBIHIBAY, éismmnélqg Irygﬁl drags. MMie \e/\;fgegg}/%% ggat

killing tunor cells than either agent 4
PCT/ US98/ 03iBjegtions of p53 Ad over a period of two weeks. The total virus dose was 1.5 x 197

?Etr;)r prol i farl%'l é?l Effd,@%lq pgltﬁcieégw p53 and FPT39 agai nst SK-OV-3 Ovari an

Cisplatin efficacy: Female scid mice were injected with 5 x 10° SK-OV-3
ovarian tumor cells, I.P., on day 0. Mice were dosed I1.P. on days 6, 8, 10, 13, 15, and
20 17 (p53 Ad only on D17). Mice received 0.2 ml total volume (0.1 ml cisplatin vehicle or
cisplatin plus 0.1 ml Ad buffer or p53 Ad). The p53 Ad dose was 2.5 x 10°
C.1.U./mouse/day (5.2 x 10° viral particles). The cisplatin dose was 2 mg/kg/day.
Tumors were harvested and weighed on day 20. °
Mice in one treatment group received five doses of cisplatin simultaneously
25 with the first five p53 Ad doses. This dose of intraperitoneal p53 Ad reduced mouse -
tumor burden only 17% by day 20 (p<0.01). However, when combined with cisplatin,
p53 Ad caused a 38% decrease in tumor burden as compared to cisplatin alone
(p<0.0008). Mice treated with drug vehicles or with p53 Ad alone had bloody ascites and
invasive tumor nodules in the diaphragm muscle. These symptoms were absent in the

-30 mice treated with cisplatin alone or cisplatin with p53 Ad.



Met hods: SK-OV-3 human ovarian tunor cells (p53[err]) were aliquoted into

96- vel | RbGbHSsss4 at a density of 250 cells per well pcmusegisia MEM

pl us 10% fetal bovine serum Cells 5 were then incubated at 37[err]C-
and 5% CJ err] for 4 hours. FPT39 or drug vehicle was added to each
well and cell culture was continued for 38%ays. After 3 days, untreated
cells in sonme wells were counted in order to cal cul ate the anount
of rAd5/p53 to add. Iheﬁlatm/PachtaxreAdﬁkaya Bemdieugxdmhe efe WicctaIORWRE 2l Pxeach
well and cel] culture was continued fo not her 3 _days. Cell

prol i f er at il8nSKe@Vnba¥ariandumer aejlss Ad- Wd%)éQaW’CBlweéﬁ fgsed 2P an days 3, 9011,

/m MIT
b o o] ko Bnd 8 Neige (el T WIXOGIN A 1 0t i L ARG HE bERLAE Bl T
at 37[ err] ©. pad padtitakdlesehicle oryrapolitaX€10plus 0.1 ml AH bﬁffeﬂ&%m&dﬂeﬂ‘ﬁé pshadwas
added to each well and lfhe incubati on was o]0 over ni ght .

Fl uor escend@ss Wagdchx WR[ €. Ividdmqusaidan @ty 195]"“@‘ P&"‘I\%‘Fséc Jibg cisplagin dose was

Thin P at e SIS me Pthao Bboe hEL RNOB4 YRR BEREA Bl 10
(1997) J. @milghedGh&Id93(Etnai= 7=610ﬂﬁéepergroup 241 Resul ts: rAd5/p53

and FPT39 had additive efficacy in inhibiting cell growh. Neither
synergi sm (p > 0.05) Indkis serondswdynSKOY- @WHW@SMF@&F@%@ inthis

experi ment . i y of
r Ad5/ p53 an algﬁﬁlg)éle?lﬁ-gfe ﬁ%ﬁ? %E%&Eif%sb 'ﬁ‘%ﬁﬂg a% gﬁgﬁg‘t %)Eﬁiﬁ tat e
Tunor1Cel | simultaneoushEt Tae Sombldatidkbohaliited dry éﬁdd&cédmﬁfor(bﬁi'deﬁ 34190 Rlopé thah
were treated with FPT39 or dru vehi c and r Ad5/ p53, and the cell

cul tur es wéteecosirinrtinneft ¢isplativep qy&%phtﬁ@l d@ms%@g the enhanggsisféicacyrofithe
SK- Ov- 3 hu%n @r@&*ﬂ&r(ggg @@ The experinent was repeated tw ce.

Resul t s: ‘and FPT39 had additive efficacy in
i nhi biti ngw&{ her synergi sm (p>0.05) nor antagonism (p
>0. 05) were denonstrated in this experiment.

Experiment 2: rAd5/ p@sﬂﬁﬁnﬁfﬁ?ﬂhad synergistic efficacy (p=0.0192).

Th Its d t
synerBstic o o otpRiebcoth DOCPT o ereltichita Bl itBEEhed Wped D
Anti - prol i vesigles,vig53aAd, S¥platig)i citboth Bhigs.C Male ofid rmﬁdé:(v@fa?mﬁmédmﬁﬁﬂ (LR

i nhi bi tor) ai nst MDA- MB-231 Mammary Tunor Cells Met hods: MDA- MB- 23
1 humen br 43 skl Belon day 95 ider ygre desed kP cen daysid Oh 1EpT8ng; 6. Mice
g;glgy‘z’gg' Cgegce V3% 3 236 %x@?gg‘ggﬁn Ef5pthtis YEitE BF cflafin PHRSE T d Busfer or

PCT/ US98/ 0853 Ad). The p53 Ad dose was 8.3 x 10® C.I.U./mouse/day (2.9 x 10'° PN). The 88

descri bed above for the SK-OV-3 human ovarian tunor cells. The experi nent
was 20 cisplagi dosgwegl gag/kg/day. Tumors were harvested and weighed on day 22. The

combination of p53 Ad and cisplatin had greatly enhanced anti-tumor efficacy compared to
either drug alone (p<0.0004).
B-468 Mammary Tumor Model:
Cisplatin efficacy:

25 Established MDA-MB-468 tumors were treated with vehicles, p53 Ad,
cisplatin, or both drugs. Female scid mice were injected with 1 x 10’ MDA-MB-468 cells
into the mammary fat pad, 11 days before the start of dosing on day 0. The '
intraperitoneal cisplatin dose was 1 mg/kg/day. The intratumoral p53 Ad dose was 8.3 x
10 C1U/mouse/day (2.9 x 10" viral particles) given simultaneously on days 0-4. p53 Ad

30 had enhanced efficacy when combined with cisplatin (days 8-31, p<0.0004).



Resul ts: Experiment 1: rAd5/p53 and FPT39 had additive efficacy. Neither
syner gi siWQ@8/38584 05) were denonstrated in this experinent PCEHUSI8N3S14.
Experinment 2: rAd5/p53 and FPT39 had additive efficacy over nost of the
response surface. However, synergi smwas evi dent at isoboles greater that
or equal to 70 (i.e., less than 38% of cells killed, p=0.0001).
These results denonstrate fhat rAd5/ p53 and FPT39 can interact and
have synergistic effileexorubichh eificag¥inan breast cancer cel | -
proliferation. 10 ; MR- . le 7
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Tr eat ed p53 Ad, doxorubicin, or both drugs. Femalehtide rAiberwere linjectd® etitar: £a0t yi ng

p53 The invention provides for the conbined in vivo
adni ni st r atIBA-MB-AGR pellssubetanepysly 12444y grier iythp sBriefsiasingeon day 0. The

chenotgqera o ey .
foll OV\? ng (E@g%ﬁéﬁggﬁgﬁomlﬁgﬁg%%ﬁé%%élkg@gy %@%Ia‘@gf%sg]“glg gadgﬂ%vi rus of
the i nvent iimrattmoral p53 Ad doseveasies 10h€IUknmiss/day (1.08ar 104 Vikdlngrdctedpba@ujes

found within a human |iver carcinona. The aimof this
study was Ot e/ ddt eri ze the genot ypes and phenot ypes of t he tunor

infiltrati I j 3 iz ' . i A t h
col on 20 PR EAEE ol Wnth AR A if clondihe G hEh WA g
(1997) Mol 1444 p<0.05). 3:716-731; Marrogi (1997) Int. J. Cancer

74. 49@-501 . al. of 6)? tients were treated in a dose

escal ing-ﬁéﬁgﬁ—ﬂ%@wea C delirticles, through hepatic artery
canal i zati on W jLus vector carrying wild type p53 gene.
A total of four bi opsisvt‘el?t;?@%%@lgggﬁégc&' pati ent was obtained 3 to 7 days

after admi nistering ShbcasizooySCE-15 anhors wetbtreated withn@hicsdsp pheriacal
anal ysis were perforned on the frozen tissues obtained from naornal

liver and PriHAro#asH (3F5Ryer beth drpgse eSaid mise wersniplected wish§ &t K SGRds cells
- t . . v
ol 1 i g aveatansousy 196 ERR o\ e SR U doln on By P 18R hitisblonel " oo

HLA- OF, | FS-fymmomeracil Mbseas30 mgfkg/dayin 48% hydroxypropplbaasgclodexilah {Cerestar
(CD3[err] and err] )ﬂXfOpm ﬁé)l on was observed with the paxi num at 30
7.5x10[ err ?ncpa ?11’&‘?%@' ey ihdr oglays 0, 4, arst 14 fange pweskdped eekng TR R |
popul ati on MER i $e; i oV

CoB err] ol aose RS 2k TR se/ 88y (P4 0° CicfQby, B M0 R L. ol
CD3[err], ©B4pemrdmmorhl Gh&itions pverappéridd eff8 waekspb The\seBUidosé bE50 mg/kg was WO

98/ 35554 | S . .
PCT/ US98/ 08iy¢a. The combination of p53 Ad and 5-FU resulted in greater antitumor activity glan

t unoryaas ngggﬁ%ﬁﬁertd}g%%sﬂ%d@lme illj{k?}z?@r esults denonstrate that delivery of

hi gh doses enovi rus pa S results in increased TILs conposed
of CD4[ err] andpi®Vieh FPTdepibitari on.

The effect of a farnesyl protein transferase inhibitor in combination with a

tumor suppressor vector designated A/C/N/53 was investigated in vitro. The following
examples detail the ability of a p53 expressing adenovirus of the invention in combination
25 with the FPT inhibitor designated “FPT39," as described in International Application WO
97/23478, filed Dec. 19, 1996, where FPT39 is designated compound 39.0," see pg 95 of
WO 97/23478) to treat neoplasms, and that for combination therapy against prostate tumor
cells and mammary tumor cells was more effective at killing tumor cells than either agent

alone.



It is understood that the exanples and enbodi nents descri bed herein are for

5 L1 | ugig qaisisyda pur poses only and that various nodifi cat ipoTRISYS/OIBIENTES
in light thereof will be suggested to persons skilled in the art and
are to be included within the spirit and purview of this application

and scope of the appended clainms. Al publ B¢ations, patents, and patent

applications cited herein are hereby incorporated bg reference for all
pur poses. Anti-projifesativesEfficacyBHrA&3/pS3 and FPT39 against SK-@ Vr8tQuadianf
treati ng mammal i Juneancer or hyperproliferative cells, said nmethod

conpri si ng L i Syl ' : i 9!
cuppressor ARZpOE:! SO i Svalah tufdol L (SIPY ftre il Bl ofiwell ies
adj uncti ve ana densityaof50 calle per. well in Eagle's MEM plhd.10Vh éctalshdving: sefum) aelds 1,

agent . 5 ° e e Sneobad Bs°and aof D ton PR ETaD T st VP o el
oLt BB P L8058 PACLIIES L KB Sy, it plnfy
cell w th asahewsilkovezpeotrnted apender to calculate the amount o rAdHépS53es hddl Thee!l ai m
e R uSpSE ST A velcie was added to each Wil and cell cuftife whs contimhed &
navel bi ne. p g ec tor
another 3 days. Cell proliferation was measured using the MTT assay. Briefly, 25 ul of 5
10 mg/m! MTT vital dye {3-(4,5 dimethylthiazol-2-yI)-2,5-diphenyltetrazolium bromide] was
added to each well and allowed to incubate for 3-4 hrs. at 37°C and 5% CO,. Then, 100
ul of 10% SDS detergent was added to each well and the incubation was continued |
overnight. Fluorescence in each well was quantitated using a Molecular Devices
microtiter plate reader. Cell proliferation data was analyzed using the Thin Plate Spline
15 statistical methodology of O'Connell and Wolfinger (1997) J. Comp. Graph. Stat. 6: 224-
241
Results: rAdS5/p53 and FPT39 had additive efficacy in inhibiting cell growth. Neither
synergism (p>0.05) nor antagonism (p > 0.05) were demonstrated in this experiment.

Anti-proliferative and Synergistic Efficacy of rAd5/p53 and FPT39 (FPT inhibitor)
20 against DU-145 Prostate Tumor Cells
Methods: DU-145 human prostate tumor cells (p53™) were treated with FPT39 or drug

vehicle, and rAdS/p53, and the cell cultures were subsequently analyzed, as described
above for the SK-OV-3 human ovarian tumor cells. The experiment was repeated twice.
Results: Experiment 1 rAd5/p53 and FPT39 had additive efficacy in inhibiting cell
25 growth. Neither synergism (p> 0.05) nor antagonism (p > 0.05) were demonstrated in this

experiment. '

Experiment 2: rAd5/p53 and FPT39 had synergistic efficacy (p=0.0192).
These results demonstrate that rAdS/p53 and FPT39 can interact and have synergistic
efficacy against prostate tumor cell proliferation.

30 Anti-proliferative and Synergistic Efficacy of rAdS5/p53 and FPT39 (FPT
inhibitor) against MDA-MB-231 Mammary Tumor Cells
Methods: MDA-MB-231 human breast cancer cells (p53™) were treated with FPT39 or

drug vehicle, and rAd5/p53, and the cell cultures were subsequently analyzed, as



6. The nethod of claim1, wherein said tunor suppressor nucleic acid is a
nucl ei ¢ & ddakisat encodes a tunor suppressor protein sel egxteossdossnat he
group ‘consisting of a wild-type p53 protein, and a retinobl astoma (RB)

pr ot ei n. 7. The net hod of cla| m 6, wherein said tunor
suppressor nucleic acid encodes a w | d-tyBe p53 protein. 8.
The nmethod of claim®6, wherein said retinoblastoma protein is a pllO[err]
or a p56[ edestribed above for the SK-OV93 hitnan weatimctuoior ctits. nTHg expesmennwaai d - -
nucleic acid is deJ | vered by a vector selected fromthe group consisting of

a naked DI\F&PE?SQ ~a plasmid within a
REPLACEME t 1: rAd5/p53 and FPT39 had additive efficacy. Neither 91
| i posone, a asm d co?rprfxg?(ne o %p fm F a %cli raq lvee%tloa}cy anel vect or,

and a recosyhmergam (pCHN0S) wart dvmopslra_ted in thx_s expenment 10. The met hod of
vectop, o S Experimen: 3y ERnSphB and FoL S i g ety A Rl BF o
actd 1S deldalse ultice? HEGEVR! §381i00 WA Viudh: of HobOles GRARK it 3P ofudl & 76 2

or total tiron o a pr ot el conpri sing nuclerc a
encodi ng a(ive.) idsg thae 3p%30ﬁxrediskll1ed p=0.0001). These resul@ defloastra¢ thadrAds5/ps3i m

11, wherein del eti on of rotein ene .se enc extends from
about 350@@’?%%?%@%“‘ ¢pd Pﬁ%&‘ﬁ“cteég( Cé’glﬁ 68312% Fagheanaer cell

proliferation.
10
Example 7
Immune Response Profile in Patients with Metastatic Hepatic Carcinomas Treated
with Adenovirus Vector Carrying p53
The invention provides for the combined iz vivo administration of nucleic acid
15 expressing p53 and other chemotherapeutic agents in the treatment of neoplasms. The

following example details the ability of the pS3 expressing adenovirus of the invention to

increases the levels of tumor-killing lymphocytes found within a human liver carcinoma.
The aim of this study was to characterize the genotypes and phenotypes of

the tumor infiltrating lymphocytes (TILs) in metastatic liver carcinomas from the colon

20 harboring p53 mutations (for discussion TILs, see, e.g., Wéng (1997) Mol. Med.
3:716-731; Marrogi (1997) Inz. J. Cancer 74:492-501). A total of 16 patients were
treated in a dose escalating manner, 10° - 10" particles, through hepatic artery canalization
with an adenovirus vector carrying wild type p53 gene. A total of four biopsies from each
patient was obtained 3 to 7 days after administering the adenoviral vector.

25 Immunohistochemical analysis were performed on the frozen tissues obtained from normal
liver and tumor-host tissue interface sites. Computer assisted image analysis was
performed to quantitate immunoreactivity to the following monoclonal antibodies: CD3,
CDh4, CD8, CD25, CD28, CD56, HLA-DR, IFN-gamma, TNF-alpha and IL-2. An
increase in TILs (CD3* and CD4™) population was observed with the maximum at

30 7.5x10' particles. At higher doses, a decrease in CD3* and CD4* population was
observed. An inverse correlation was observed for CD8* cells. At the highest dose
(2.5x10"y an increase in the CD3*, CD4* and CD8* population was observed in the



5 viral termni. 13. The nmethod of claim 12, further
conpr.i Si y 9h2dses4 on of a non-essential DNA sequence in adecwmisesessear |y
regi on 3. 14. The method of claim 11, further conprising -
del eti on of a non-essential DNA sequence in adenovirus early region 4.
15. The nethod of claim 11, further conpr8%ing a del etion of DNA sequence
desi gnated Ela and El b. 16. The nethod of claim 10, wherein
sai d r econtimemas comniesd todhe pormalr Thespreseltssdemanstatertbati delivenyyqfchigh desesof

| ate pronmoter or the huyman r onot t he ade LAYS t tripartite
| cader QDNATEIRIITHS REFHAF FesltE i RereaBed TrLs'compBSel SEICDHS o R pomfitiona
16, wherein said vector is A/ C/ N 53. 18. The met hod of
claim2, wherein said mcrotubule affecting agent is selected fromthe
group consisting of puisiunderswod dhat thRasxamples/andrembodiments described herein are for
REPLAGCEME SHEET . . . e . 2

To. i motHBHABe RYRPSFE PBLy SEiE verious mafiTsationsen hangpsdaighs tegtoville
Taxol [ err] syggested to persons skilledOn tlé'rt ARA AR Ve iAtIAEA WithIBE Shiftit %ﬁ&nguﬁﬁévl/ S
are first contacted with said tunmor suppressor nucleic acid or tunbr

suppr essor ofithis applicatich andl scope efjtherappended elaiws e dllhputilications, patehist andepatent

pacl i taxel agp(i{claggﬁsl cyxge'd herein are hereby incorporated by reference for all purposes.



pacl i t ax&¥0o e87358%¢| i t axel derivati \ é’*‘é\?ﬂ(‘f’ cont EET@GS‘W-"FH said
tumor suppressor protein or tunor| suppre aC|d

22. The method of claim 2, wherein said c Is are sinultan
wi th said paclitaxel or paclitaxel derivat’ve and with sai jmﬂ "ﬂiﬂ@ﬂ ,I
suppr essor Muppressor nucl ei ¢ aci d.

The net hod h said cells are neoplastic ceIIs

24. The nethod of claj m@%etﬂ@ﬂ%ﬁfe@nﬁ@hﬁnﬂﬁﬂﬁh%ﬁﬁde? oFﬁHJe?pbe&}ﬁﬂu?eeceﬁsC?a%er

sel ected fromthe group consisting of an ovarian cancer, pancreatlc cancer,
a non- snal methetl icompriging ooctingsad celtsavith hmmrgomppmsor t]mpxanmranmnnonn

nmel anoma, reti nobl ast st tunor ol rci nong, | eukeni a,

| ymphoma, -bFEPHSIQ %“‘c@i"g F“&‘gﬁls‘& ﬁ?gﬁﬁwa“g%ﬁﬁc%ﬁéat A% O AGUREHNS ANty | adder
tunor, tunmganeér dgage reti cul oendothelial tissues, Wlims tunor, astrocytoms,
glloblastona neur obl ast oma, osteosarcoma, renal cancer, and head and neck
cancer. 25. The nmethod of claim 1 wherein said tunor

suppressor protein or_t nucl ej c a I S, d|s ersed in a

r s,g{%gr %sor
phar macol ogi cal | y acceépt ?ﬁ?@ml wheren said a ““cnve?B ~CHRRET ABRTS d%2 of
claim 3, V\hﬁﬁ&btﬂbﬁﬁla@fegéi%h gearel or paclitaxel derivative is dispersed in a
phar macol ogi cal | y acceptable exci pi ent.

93 27. The nmethod of claim 2, wherel n said tunor suppr essor
protein or

21. The nethod of claim 3, whereipF=ard u-,‘ ,_§ * st contacted with said

3. The method of claim 2 wherein said microtubule affecting agent is

paclitaxel or a paclitaxel derivative,

4, The method of claim 1, wherein said method further comprises

contacting a cell with a chemotherapeutic agent.

5. The method of claim 4, wherein said chemotherapeutic agent is

cisplatin, carboplatin, or navelbine.

6. The method of claim 1, wherein said tumor suppressor nucleic acid is a
nucleic acid that encodes a tumor suppressor protein selected from the group consisting of

a wild-type p53 protein, and a retinoblastoma (RB) protein.

7. The method of claim 6, wherein said tumor suppressor nucleic acid

encodes a wild-type p53 protein.

8. The method of claim 6, wherein said retinoblastoma protein is a p110~®

or a pS6®®.

9. The method of claim 1, wherein said nucleic acid is delivered by a

vector selected from the group consisting of a naked DNA plasmid, a plasmid within a
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are di sp@icssghsssn a si ngl e congdpsi t1 YxpLacep 2BCT/URB/038M4hod of
claim1l1, wherein said contacti eorpri-ses—ateet'i Ng sai d jhEkker s WEE e E S G
protein or tunmor suppressor nucleic acid into a tunor. lmm””m‘muiﬂﬂm‘
The method of claim 1, wherein said conta2ting conprises imra-art eni *
injection of said tunor_ suppressor protein or tunor suppressor nucleic

aci d. liposome, a plasmigiocompiexegayiffbd lipid, @ vasahveasor, méservegr@rth acting
is selected_from [ Qul onsisting of intra-hepatic artery injection of
said tunor ‘E%°6‘§?‘%§£§Pg‘b°&6‘gk?"rﬁ’?%r tunor suppressor nucleic acid for the

treatnent of liver cancer and intraperitoneal adm nistration of said tunor
suppressor protein or tunor suppressor nucleic acid for the treatnent of

tunor suppressor nucl eic aci Si{aqg,,ssgngp@,g\glé;e@f\j—el or paclitaxel derivative

ovari an cancer. 10. The method ®f claimd , wherail saif naclgicracil isiclivered byai d
contacting_conpr.is L nj ' sai d paclitaxel or paclitaxel derivative
into a tumfre® man?%dendv?rgﬂrél 2. The nethod of claim3, wherein said

contacting conprises intravenously injecting said paclitaxel or paclitaxel
derivative. 33. The nethod of claim1, wherein said
contacting conpri ses dysthewnethod @§claim|10, whergin saidpudeic acidis delbeared byeal |

I ntra-pleural cavi oral, buccal . sublingual, .inftra-.tracheal ..

t r ansmucosaF<OrH! %ﬁéﬁ?n%{@% Y.%fr",f C_l?P?HSWEg,aP%E%ﬁr,mtﬁi éﬁﬁ%%ﬂ oaadmoﬁef‘gﬂ‘egmén.
34d TheI Uftah@iéoﬂf)riﬁhg'arﬂu%lei&mE%?dﬂ%hﬁwmiiﬁﬁd d;mf ﬁ:@fﬁh.celll S\M\gw th AT !\1353
and paclitaxel. . e nethod of claim1, erein sai
contacting cells with a tumor suppressor protein or tumpr suppressor
nucl eic acid comprisey ot AchiR8s 3k 138 Whireld Sk detetion of the protein IX gene

sequence extends from about 3500 bp from the 5' viral termini to about 4000 bp from the

5" viral termini.

13. The method of claim 12, further comprising deletion of a non-essential

- DNA sequence in adenovirus early region 3.

14. The method of claim 11, further comprising deletion of a non-essential

DNA sequence in adenovirus early region 4.

15. The method of claim 11, further comprising a deletion of DNA

sequence designated Ela and Elb.

16. The method of claim 10, wherein said recombinant adenoviral vector
comprises the adenovirus type 2 major late promoter or the human CMV promoter, the

adenovirus type 2 tripartite leader cDNA and a human p53 cDNA.
17. The method of claim 16, wherein said vector is A/C/N/53.

18. The method of claim 2, wherein said microtubule affecting agent is

selected from the group consisting of paclitaxel and Taxotere®.
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94 said tunor suppressor proteggR—0
i

36. The nethod of claim 1, wher &i onpri ses :
treatnments separated by about 2 ours. ﬁlmﬂmﬂmﬂﬂﬁ}}m
claim1l1, wherein: s8d tunor suppressorc prot @i Ns

t umor suppressor nucleic acid is administered in a total dose ranging from
about 1 x 10[err] to HboThe thethod df@lainy 18, adkeneinisaidsmivastibulk affectingsagent is - -

t r eat ment g@gi r?n selected fromthe group consisting of: the total dose in
a single d ,°l *he total dose divided over 5 days and adm ni stered daily,
the total dose divided over 15 days and adm nistered daily, and the total
dose divided over 30 days and adm ni stered daily; and

said paclitaxel or paq. iTwnieﬂxdsdrdf\cwm& wiscreidirsaid lle asslfirsh conthaedivit @aid
rangi ng from about 75 to about 350 ngy/ n{err%ﬁover 24 hours in a treatnent
regi men selSRPESURDIESIPE Bicleis acid "(E(S\‘@P"Sﬁ‘%ﬂ?@es I pYQtRim pad ’fsaFPP%?ﬂ“‘FWYaF"@FaﬁEfFie

dose, in a y 1 and day 2, in a dose

admi ni st ered dal ?gg&éﬁh’%%?&lgﬂ ?R%t day 3, on a daily dosage for 15
days, on a daily dosage for 30 days, on dally cont i nuous infusion for 15
days, on daily continuous infusion for 30 day .. The

nmet hod of claim 37, wher Ehgymstiod Oﬁé‘l%d?”l‘ghqré‘ﬁéélde‘ifu{‘ are ﬁ%c‘éﬂ‘a‘ﬁ?ﬂf with gaides
39. The mhﬁ@ﬂa?& 0? g%bl”ﬂa?‘é def R d?xdss%bgeqhml)pé%ﬁ&?ﬁ wHA's ?ﬁ (j@%l? %@I 2

apart by three or ’
wher ei n saiptotein drowirmios snmrbeﬂucflelc atidr ee cycl es. 41. A Kit

for the treatnent of mammal i an cancer or hyperproliferative

22. The method of claim 2, wherein said cells are simultaneously contacted
with said paclitaxel or paclitaxel derivative and with said tumor suppressor protein or

tumor suppressor nucleic acid.
23. The method of claim 1, wherein said cells are neoplastic cells.

24. The method of claim 23, wherein said neoplastic cells comprise a
cancer selected from the group consisting of an ovarian cancer, pancreatic cancer, a non-
small cell lung cancer, small cell lung cancer, hepatocarcinoma, melanoma,
retinoblastoma, breast tumor, colorectal carcinoma, leukemia, lymphoma, brain tumor,
cervical carcinoma, sarcoma, prostate tumor, bladder tumor, tumor of the
reticuloendothelial tissues, Wilm’s tumor, astrocytoma, glioblastoma, neuroblastoma,

osteosarcoma, renal cancer, and head and neck cancer.

25. The method of claim 1, wherein said tumor suppressor protein or

tumor suppressor nucleic acid is dispersed in a pharmacologically acceptable excipient.

26. The method of claim 3, wherein said paclitaxel or paclitaxel derivative

is dispersed in a pharmacologically acceptable excipient.
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cells, said kit conprising:

95 _woos;3ssse a first cont
or nucleic acid selected fromt

gh flunor  superessmesiarotein.

f wild-type p53 protein
or nucleic acid, or a retinoblastiona ( : j nucl ei ¢ m w
a second container conprising at one93ad1unct|ve anti-ca I!m ﬂﬂ““"ll"”“l
42. The kit of claim4l, wherein said tumor suppressor- nucleié atid
encodes a Wwild-type p23. ffietmethod of claim 2, wherein said norSupplessorgiroteintérm 41,
wherein said adjunctive anfi-cancer agent is_paclitaxel or a pacl.itaxel
deri vat i ve. tumor suppressor nucleic agid and,gaid pacligaxet pap%ﬁlwel feri Yatiye arcodipparindrig a
|nstruct|on§» g@sC%HERISﬂ the adm nistration of both said tunor suppressor
protein or erc e and said adj unctive anti-cancer agent to inhibit
the grow h or proliferation of said cell. 45. The kit of
claim41l, wherein said_tunor p‘gressor protein qr tunmor suppressor nucleic

acid is selected fronﬁ?hérlljrlﬁﬁbo ehelaim i1nyherein said contaging, GOmPrispYiniEsEng ] .
46. The kit C t a nucleic
R L L e T L R

47. The kit of claim46, wherein said nucleic acid is contained in a
reconbi nant adenoviral vector conprising a partial or total deletion of a

protein | X DNA and co®Br iBiedacthod o flaine 1awhereimsad rorjactingsomprisesinia-arterial
injection of said tumor suppressor protein or tumor suppressor nucleic acid.

30. The method of claim 29, wherein said contacting is selected from the
group consisting of intra-hepatic artery injection of said tumor suppressor protein or tumor
suppressor nucleic acid for the treatment of liver cancer and intraperitoneal administration
of said tumor suppressor protein or tumor suppressor nucleic acid for the treatment of

ovarian cancer.

31. The method of claim 3, wherein said contacting comprises injecting

said paclitaxel or paclitaxel derivative into a tumor.

32. The method of claim 3, wherein said contacting comprises

intravenously injecting said paclitaxel or paclitaxel derivative.

33. The method of claim 1, wherein said contacting comprises systemic,
regional, local, topical, intraperitoneal, intra-pleural cavity, oral, buccal, sublingual, intra-

tracheal, transmucosal, bladder, vaginal, uterine, rectal, or nasal administration.

34. The method of claim 2, comprising contacting said cells with
A/C/N/53 and paclitaxel.

35. The method of claim 1, wherein said contacting cells with a tumor

suppressor protein or tumor suppressor nucleic acid comprises contacting said cells with
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48. The kit of claim47, whergFs i-ddel efion of the protein | X gene
sequence ; 4 f rom about 33 viiral ter rry@rfugg/@mut 4000
bp fromt viral termni 219 The kit of ¢l di

LEH_R?:{ENE%WS;%SE:E'T'Q a del etioh o DF 94 e—desi gnat ed El HlmlH“ﬂlliﬂulIm”“I

50. The kit of claim46, wherein said reconbl nant adenoviral vector
conpri ses tshid tahenesppressor proeei® oNainir suppressor analtie acidrintahaulbiplisity §8W

pronoter, the adenovirus type 2 tripartite | eader cDNA and a human p53
cDNA. treatments each sewateqr % ak jeastabout @hANta6, wherein said vector is
AlC N53. 52. A pharnmacol ogi cal conposition conprising a
tunmor suppressor protein or a tunor suppressor nucleic acid and at | east
one adjunctive anti - G8NCEic mghod of claim 1, wherein said meftibd chhgprisesqrdedst tée Of
claim52, wherein said adjunctive anti-cancer agent is paclitaxel or a
pacl i t axel t¢aWAGRE separated by about 24 hours. 54 The conposition of clai m 52,
wherein said tunor suppressor protein or tunor suppressor nucleic acid is
selected fromthe group consisting of a nucleic acid that encodes a
wi l d-type p53 prot ei37. ateuatthbd oficiaimtinathemicodes a retinobl astona (RB)
protein, a wild-type p53 protein, and a retinobl astonma (RB) protein.
said tumor suppressor protein or tumor suppressor nucleic acid is
administered in a total dose rangmg from about 1 x 10° to about 7.5 x 10" adenovirus
particles in a treatment regimen selected from the group consisting of: the total dose in a
single dose, the total dose divided over 5 days and administered daily, the total dose
divided over 15 days and administered daily, and the total dose divided over 30 days and
administered daily; and
said paclitaxel or paclitaxel derivative is administered in a total dose
ranging from about 75 to about 350 mg/m?* over 24 hours in a treatment regimen Selected
from the group consisting of administration in a singlé dose, in a dose administered daily
on day 1 and day 2, in a dose administered daily on day 1, day 2, and day 3, on a daily
dosage for 15 days, on a daily dosage for 30 days, on daily continuous infusion for 15

days, on daily continuous infusion for 30 days.

38. The method of claim 37, wherein said method is repeated for two or

more cycles.

39. The method of claim 38, wherein said two or more cycles are spaced

apart by three or four weeks.

40. The method of claim 38, wherein said method is repeated for three

cycles.

41. A kit for the treatment of mammalian cancer or hyperproliferative

cells, said kit comprising:
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55. The conposition of claimb52, wherein=sard nucl eic acid encodes a wil d-

type p5 .%gg. T'HP@ Eéﬁ’ﬂ 5ition of ekbajuspsddsiaherein

said nuclelic acid encodes a aTPHSrg pDAGEBSt onmli p110[ err] -or @-p56[err] "
57. The conposition of clai mib2_—where i ald nucleic acid igiuﬁﬁﬁ#ﬂl&h'lyﬂw
reconbi nant adenoviral vector. 95 , 58. The conp L Oy
57, wherein said nucleic acid is contained in a reconbi nant adenovi ral
vector conprising a pafitst abntainet ceraprising e twnor mppresyorgiretein ooxmiditic acid
conpri sing nugl ei c acid encodin P! rotein. |, ..
o7 sE1eieS s (e BouE GRPURITR: B I e B PR eI AT Msie BSHO%R et on of
the proteine i%%%n§@8§ﬁ¢%&i&6hﬁﬂ&éicfaﬁﬁf‘aﬂ@°m 3500 bp for the 5 viral

bp Tr e 5 i

termni to about 4000 om t viral termni. 60. The
conposi tion of cl ai m&bs&cofdicartEnerccomprisinghar least eheetdjonctive abhiAcanesru agene,
designated El a and El b. 61. The conposition of claimb57,

wherei n said reconbi nant adenoviral vector conprises the adenovirus type 2

maj or |ate promoter of tfige i@i‘t‘ﬁ?@la%l%%@&th%aidhﬂﬁo@éﬁ%ﬁ@éé&r%ci&@%%@
tripartite |l eader cDNA and a human p53 cDNA. 62. The
conposi t i orencddes laavild-§7pe pMiqreiem.sai d vector is A/ C/ N 53.

43. The kit of claim 41, wherein said adjunctive anti-cancer agent is

paclitaxel or a paclitaxel derivative.

44. The kit of claim 41, further comprising instructions describing the
administration of both said tumor suppressor protein or nucleic acid and said adjunctive

anti-cancer agent to inhibit the growth or proliferation of said cell.

45. The kit of claim 41, wherein said tumor suppressor protein or tumor

suppressor nucleic acid is selected from the group consisting of p53, p110®®, and p56®2,

46. The kit of claim 41, wherein said first container contains a nucleic acid

that is contained in a recombinant adenoviral vector.

47. The kit of claim 46, wherein said nucleic acid is contained in a
recombinant adenoviral vector comprising a partial or total deletion of a protein IX DNA

and comprising a nucleic acid encoding a p53 protein.

48. The kit of claim 47, wherein said deletion of the protein IX gene
seqﬁence extends from about 3500 bp for the 5' viral termini to about 4000 bp from the 5'

viral termini.

49. The kit of claim 48, further comprising a deletion of DNA sequence
designated Ela and E1b. - S
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63. The conposition of claimb53j] ELEIR j taxel or paclitaxel
derivat L \@ologaéiag! i t axel . _ T%ELP  BEEN: nposi ti eaTARINGIsE4.Ng a _
manmal i an cancer or hyperproli fl ; GED wherdfi n said cel| - ainsan -
exogenous a tunor suppressor nucleic acid or a tunor suppre%ﬂlﬂﬁlﬂ&mﬁﬁlléﬁﬂll
paclitaxel or a paclitaxel derivative. 9% . 65. 19 i e
of claim64, wherein said tunor suppressor nucleic acid is a nucleic acid

t hat encodes a tunor $S0ppFledsoof gaint é6,nwherkinshiddretombinkitcadgnovisal @edisd St ing
of wild-type p53 protein, and a retinoblastoma (RB) protein,

6. "The. congaBprGi e actionfi e ZaRPLIA Bampier ke BURB OB prometsithe aci d
encodes a W,k | . conposi tion of

cl ai m 65, V\ﬁgﬁxed;v%rﬂggi’frg%{g{pﬁfﬁg%%aag%rocn%Nerag{iélﬁxrxlxasn I(ilisépclﬂl_xgﬁérr] or a p56[err].
REPLACEMENT SHEET 98

68. The conposition of claim64, wherein said cells ar sent in a .
nmanmal . 51. 6’@‘.3 liof ‘E'Hﬁb‘béi ‘f’li’%?f“éf“dc‘feﬁ?%“ﬁg,/éﬁ%sm n said cells
are neopl astic cells. 70. The conposition of claim®69,

wherein said neoplastic cells conprise a cancer selected fromthe group
consi sting of an ovari52n A ahareracolpgital exapositioa Tomprisiag aOmor suppressor protein

or a tumor suppressor nucleic acid and at least one adjunctive anti-cancer agent.

53. The composition of claim 52, wherein said adjunctive anti-cancer

agent is paclitaxel or a paclitaxel derivative.

54. The composition of claim 52, wherein said tumor suppressor protein or
tumor suppressor nucleic acid is selected from the group consisting of a nucleic acid that
encodes a wild-type p53 protein, a nucleic acid that encodes a retinoblastoma (RB) protein,

a wild-type pS53 protein, and a retinoblastoma (RB) protein.

55. The composition of claim 52, wherein said nucleic acid encodes a wild-

type p353 protein.

56. The composition of claim 52, wherein said nucleic acid encodes a said

retinoblastoma p110®® or a pS6RE.

57. The composition of claim 52, wherein said nucleic acid is contained in

recombinant adenoviral vector.

58. The composition of claim 57, wherein said nucleic acid is contained in
a recombinant adenoviral vector comprising a partial or total deletion of a protein IX DNA

and comprising a nucleic acid encoding a P53 protein.
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smal | cell lung cancer, snall|cgld sheBy HRIBEEN cN:Tgpat ocar ci noma, nel anonm,
reti nobl ¢gd §9xssdr east tunor, || col orpetigdcamar ci nama, | eukepcausbyessipoa, ,
br ai n tunor , cer Vi Cal car Ci no - mt e tunor , bI i AR ,
tunmor of the reticul oendothelial tissues, WIms tunor, ast rammm“““!l““‘
gl i obl ast oma, neurobl ast oma, osteosarconed7 renal cancer, and HECK +

cancer. 71. A nmethod of treating a netastatic cell, said
met hod conpri si ng corf@actliepnpositionalficlaiint 38, avheravm said dpletion ©6 therprotei IX aci d

or tunor suppressor polypeptide. . 12, The thod of claim
71, " Wher of AP0S SABERAH EXean GombiauE 3500 bR firle SauAFERRAL GHRbA0dD byfrom
suppr essor sl Gif @atidi.t 0 a surgi cal wound. 73. The met hod
of claim 71, wherein said cells are further contacted with at |east one

adj unctive anti-cancer agent. 74. The nethod of claim 73,
wherein said adjunctiye anti-cancer nt J.s clitaxel. )

75. The method of cl &’m 7% CORRASLIOR °3§fa&n§&'@ﬁ%{%f\?8m8rfﬂng@a%%wnﬁmAi s a
m cr ot ubul geqieh@ChdsihaRdSMa and E1b. 76. The method of claim 71,

wherein sai d net hod@urt her conprises contacting said cell with a

chenot her apeuti c agent. '

99 77.,. T met hod, of ¢l ai m_£6, wherei.n sai d.chenmpt herapeutic

agent is 61. hlehe composition o(f:c ale 57, Where?n said recombinant adenoviralp
vector comprises the adenovirus type 2 major late promoter or the human CMV promoter,

the adenovirus type 2 tripartite leader cDNA and a human p53 cDNA.
62. The composition of claim 57, wherein said vector is A/C/N/53.

63. The composition of claim 53, wherein said paclitaxel or paclitaxel

derivative is paclitaxel.

64. A composition comprising a mammalian cancer or hyperproliferative
cell, wherein said cell contains an exogenous a tumor suppressor nucleic acid or a tumor

suppressor protein and paclitaxel or a paclitaxel derivative.

65. The composition of claim 64, wherein said tumor suppressor nucleic
acid is a nucleic acid that encodes a tumor suppressor protein selected from the group

consisting of wild-type p53 protein, and a retinoblastoma (RB) protein.

66. The composition of claim 64, wherein said tumor suppressor nucleic

acid encodes a wild-type p53 protein.

67. The composition of claim 65, wherein said retinoblastoma protein is a
p110®8 or a p56R®. |
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68. The composition of claim 64, wherein said cells are a present in a

cisplatin, carboplatin, or r]a‘fﬁ@éﬂﬁETHas BE’*ENNH

mammal.

69. The composition of claim 64, wherein said cells are neoplastic cells.

'70. The composition of claim 69, wherein said neoplastic cells comprise a
cancer selected from the group consisting of an ovarian cancer, pancreatic cancer, a non-
small cell lung cancer, small cell lung cancer, hepatocarcinoma, melanoma,
retinoblastoma, breast tumor, colorectal carcinoma, leukemia, lymphoma, brain tumor,
cervical carcinoma, sarcoma, prostate tumor, bladder tumor, tumor of the
reticuloendothelial tissues, Wilm’s tumor, astrocytoma, glioblastoma, neuroblastoma,

osteosarcoma, renal cancer, and head and neck cancer.

71. A method of treating a metastatic cell, said method comprising

contacting said cell with a tumor suppressor nucleic acid or tumor suppressor polypeptide.

72. The method of claim 71, wherein said contacting comprises topical

administration of a tumor suppressor nucleic acid to a surgical wound.

73. The method of claim 71, wherein said cells are further contacted with

at least one adjunctive anti-cancer agent.

74. The method of claim 73, wherein said adjunctive anti-cancer agent is

paclitaxel.

75. The method of claim 73, wherein said adjunctive anti-cancer agent is a

microtubule affecting agent.

76. The method of claim 71, wherein said method further comprises

contacting said cell with a chemotherapeutic agent.
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77. The method of claim 76, wherein said chemotherapeutic agent is
cisplatin, carboplatin, or navelbine.

* c L M S *

This Sheet Has Been RTlaced




