WO 2010/086838PCT/IB2010/050452 1 Non-Ad5 adenoviral vectors and methods and uses related
thereto Field of the invention The present invention relates to the field of medicine. Specifically, 5 the
invention refaigsdmeanser therapies. More specifically, the present invergiop;fsiatessiesoncolytic
human adenoviral vectors and cells and pharmaceutical compositions comprising said vectors. The
present invention also relates to a use of said vectqrs in the manufacture of a medicament for treating
cancer in a subject and to a method of treating cancer in a subject. Furthermore, the 10 present
invention relates to a method of producing an adenoviral vector. Background of the invention

Cancer can b&gdxRd{iddenqriralovasians et anethnsineapi susamriataéetrapies but in
many cases, ¢hegetn which are often characterized by an advanced stage, cannot be cured with
present 15 therapeutics. Therefore, novel cancer cell targeted approaches such as gene therapies are
needed. FlaifipgdheilpstAvienty years gene transfer technology has been under intensive
examination. The aim of cancer gene therapies is to introduce a therapeutic gene into a tumor cell.

These therapeutic genesgjiatiaddertlifRantSriarasiectiomay RIGHRTRIGISRE eShHaMRIGH genes,
suppress gctlyﬁeqrqgg%?rr\]e;s o é%etgeral'gl%ear(lgltlgn%l S‘pr‘\czlgrertées tgi (t:hﬁyc?ﬁll. Suitab & exogenous _
therapeutiC genes inc i il aren Tt ae{o?mmunoﬁwe?gﬁ GAYY - dn-8i %@eﬂlg _W@moprotectlve
and "suicide" (88, EhanaRytiaRBEARIRARNAND Hassrbyaiglishils rABeifd@rmacaudiedrs or non-viral
methods incluging etitreporatioisiip gedergoorand tipidrespaymentoatiigs relates Reguirements of

optimal viral vggiass daeluder aifirienhsanakiine terfindsaraitic itrephealis gadigprass the viral
genome in the t% ggtt C%Iés,[ Further{}qore gtlm | vectors have to séagc?cp_.ve In the tarqgt tissues or
a

r
cells. All thesguprfoper_ﬁes o? v?rarp\%c?grsb 5 E’é‘encﬁré%%dse% g Ilng thqugte%%fgc &s and for
example TetrovieseaidBrRviRN siatatiinhs-asibehRiPrRHcRe RISV EENaLIRElY studied in
biomedicine. To further improve tumor penetration and local amplification of the anti-tumor
effect, selectiay kasistaidbatinegtioshditionally replicating adenoviruses, have been constructed.
Oncolytic adenoviruses @pp@&Promisinge2 akied regimentRfdancersmismaer aalls g killed by
oncolyfic aden virust%s duestoar ODHCEgiO{'I of the vi us in a tumor cell, the last phase of the replication
c:giemo %fs r n é l(é?f_f

resulting in a reléase 8{?8&?_53% ofANONS RO usdPréﬁ%l‘fn%%oﬁ@%ﬂés &ltve tumor
penetration aRBSASHARHENERSL I aNreaduasivedpplagRheamaikRen Gupra Yatb T Protettiar
differencés bébhesgrethiem Grneabione, tnoved calfesT welbtzogbtedllopwprepticatianich the génus while normal
cells are sparg o £89iBegLRd changes in the virus genome, which prevent replication in
non-tumor cells. An optiBw}I ong QH{C? enO\{irus would infegt and r gliﬁat only,in cancer cells and
Ut ﬁ dst Wellly, vears” deng trans er%I chn has
al b e 10 g

would be potent enough'to ki allcancer cal ore immunologica ?ggponse Reutralizes the

virus. MAKIRG EERsiHcoREiiRg naddif iR Rfecapetifepo Hisiaricsds FRAREAAESHrus more
selective while Hudapetranggerssioan imake tad. afpreacharamepoteahat deamd uinaaididition to

replicatigrp megdigtacsetnalling XasaidicaHepOViliusRY GRAAISa hp RV VENAEIRjeRt herapeutic 15
transgenes. T} QHBFS%CQ&cﬂfgﬁ'é‘zegﬁggﬁgﬁ%‘éa%%%sc%flP%Df%ﬁ'é’%@é %’%%Sse'%h’sr%’ W[thhe potency of

. . Sl
replication competent agents. arming viruses Is induction of an |mmun<=Preact|on towards

the cells that BREGAViRIRUEDIRAtoRreViRat rEpiiedidn domunatrsapauiicm anogEicgetbrmally not
enough to indeisTatfeoteivdidmeritideugipeT oastteigtheaniguttordoted therapddiic immunity,
viruses can betapmedgtirsinetasonsReptensrchias maatdnssntingfacitadperdagrintroduction of

tumor a@@e%%ﬂ%%ﬁﬁggsog%Wg}i%gsa?fnié%munotherapeutic genes into tumor cells and

furthermore, roteins, leadsto activation of the immune response and efficient

destruction of tumor celREP4HIRARGeL YRR IARLME dPEdEoph Al HonerRraR LY

to find specific target cells and express the viral genome in the target cells.

Furthermore, optimal vectors have to stay active in the target tissues or cells.

All these properties of viral vectors have been developed during the last

30 decades and for example retroviral, adenoviral and adeno-associated viral
vectors have been widely studied in biomedicine,

To further improve tumor penetration and local amplification of the

anti-tumor eflect, selectively oncolytic agents, e.g. conditionally replicating

adenoviruses, have been constructed. Oncolytic adenoviruses are a promising



icosahedral viruses, which have double stranded linear DNA of about 36 kilo base pairs in a protein
capsid. The viral capsid has fiber structures, which participate in attachment of the virus to the target
cell. First, thedkpol/gagaain of the fiber protein binds to the receptor of thertggeseakdeg. CD46 or 30
coxsackievirus adenovirus receptor (CAR)), secondly, the virus interacts with an integrin molecule and
thirdly, the virus is endocytosed into the target cell.,Next, the viral genome is transported from
endosomes into the nucleus and the replication machinery of the target cell is utilized also for viral
purposes (Russell, W.C. 2000, J General Virol 81, 2573-2604). 35The adenoviral genome has early
(E1-E4), intertRebiafcigrtiagat vhoanaisala genaeis rIsskiNgrisy arcahicausee i wfuential order.
Early 3 genedurothuatsspliestiaietétise vrasharisorapcelicitle antipdelidaf thetadplisatiaf the host cell.
Intermediate and Jafe; 97352 RASOYE BIEUSHHAL Wi RSALaINS AL RIGAGIARLIMRYY ¥ikigns (Wu and
Nemerow, 20 4r’ Tﬁ%ntds |¥|ICI’0bIO| lf{: %62- 38\} Ru‘ésell, WEC 20009\] %inegral Virol 81, 2573-2604;
Volpers, C. and £ KSENEASR'E PS61 258 A8 NS A LUSpM IS 882 71 REBISABPN A S8d Verma, 1.M.
2003, Annu Rék e RavPHegETxicorssial thffgsices betyera thennsoeRiféncht YBRItFEES of
adenoviruses Tavebesis faliovd ieplicatiansofSbeotypasvetiteclas itk ddtiisoasex spdrgrbdps AoF and
different seroyRemasrneNaMROHArRodRIRguHb Ll erpit conaiaR i daRBIaloRoHD diseases,
conjunctivitis an as?tﬁoe terltl%.m I\é?v%rthﬁk?ss, all cancer | ttgl%lgi u élZéré% re%orir?t)al Fs‘agtn 9d%nowruses
have featured SUBgr 5 ‘C Viruses, WHICR I ?n%%?%%ses hasbeen : gﬁvgn ages o serotype
chimeric capsf@@Rete ook sr U Mpdoin aaeugie’s il ehsessolkeReieEyfiSed. Even
though stfotypenainietza atwes gart@ltescaseHonrueeutralizing antibodies 15 (Nab) existing against

AdS, the fact that most qfitheyirseapsidiistishl rpmdiny aRders esscansnaeraplelgs (Sarkioja, M.
et al 2008, Genek'léh%éLS: 92 -9.%9{%. here | d for a fully non-A on%%ytic virus,

. Thus ne d%
which is able [noaescape PO NG exisst?rll%{:g\é%in@gbi X e e(%{/‘?i‘f‘}uS S5 e eefdld Egespecially in the

context of pre@@REA NIBeagalaat AngerrisiRifidiiamig rerlivadicn Rediairbraiiflinthfection or

subsequent totreatienbaddthoainudds besed alscolydes vamseCuwitntly ifféteias erapquitidished on
serotype3 adppRYLISES ITHRe SonieiPTaana b ary ANikhivaeAdB inknanmia cgang mainly 25
respiratory mfg%uons a% ?Rtgjugpwgs g}@g 1ans. Trég n%ogtlg}ﬁtg %Hﬁg‘ ix}n uence was r&eﬁgorted in 2005
and it has only % iden It}PWﬁH %’erotyﬁje%a The genomic orcglanls'a I0R fe similat to Other human

adenoviruses Wafigg ol eHiPRQEFE BN BRSSP YAIES ihaucaHS) TRt aHavmYdiBIate units
(Sirena D et aleRdGsiodirdlogy 348i@88:2938pnAa, faltheals agoanegetypeid®B0aliyusatas studied
under normoxis ahhP i coNslitiens SRt ShakiRB6T S enertiRed 39661990 Recently, the
same arogp AUBIshethicglanting cmReXATRAdIR HmBTcHitR )N diel AL A8, PLOS ONE 3
e2409). ColoAdl was made by pooling an array of Serotypes, then passaging the pools under

conditions tha?¥IRIEGR @A RN e SERHEOPhaTalNGFs 3figens to dendritic

cells. Infroduction of immunotherapeutic genes into tumor cells and
furthermore, transiation of the proteins, leads to activation of the immune
response and efficient destruction of tumor cells.

25 Adenoviruses are medium-sized (80-100nm), nonenveloped
icosahedral viruses, which have double stranded linear DNA of about 36 kilo
base pairs in a protein capsid. The viral capsid has fiber structures, which
participate in attachment of the virus to the target cell. First, the knob domain
of the fiber protein binds to the receptor of the target cell (e.g. CD46 or

30 coxsackievirus adenovirus receptor (CAR)), secondly, the virus interacts with
an integrin molecule and thirdly, the virus is endocytosed into the target cell.
Next, the viral genome is transported from endosomes into the nucieus and the
replication machinery of the target cell is utilized also for viral purposes
(Russell, W.C., 2000, J General Virol 81, 2573-2604).

35 The adenoviral genome has early (E1-E4), intermediate (IX and
IVa2) and late genes (L1-L5), which are transcribed in sequential order. Early



35 this method "Directed Evolution”. These highly diverse viral pools were then placed under stringent
directed selection to generate and identify potent 4 agents. In their experiments they found out that
the Ad3/Ad1%pgcm ié%s jrus was 2-3 orders of magnitude more potent and selective than the parent
serotypes or the most clinically advanced oncolytic Ad, ONYX-015, in vitr6 CTABIY ¥880488 were further
supported by in vivo and ex vivo studies. ColoAdl, 5 however, given the approach utilized to develop it,
lacks a rational basis for tumor selectivity. Also, its dctivity and safety in vivo is poorly understood as it

has only been studied in one animal model, featuring colon cancer xenografts in mice. Therefore,

more efficient gadageudaraneraBrIREDARRhARANT; LAATRNEarsAs well as ingreased
specificity and %Iglﬁgéttggipﬁ’h%lﬂ_%gbwt}é 0(1:‘i nqn-AdS ene therapies are warranted. gf‘ety records
of therapeutic Vectors MuST alSo be excanent The E%‘&gn?wgﬁtﬁfﬁlﬁ?ﬁi%?éﬁfaﬁﬁﬁt‘i%rapeutic tool

with the aforerREMIEHION SfopRMiMEE MY AgbAGTRIOWURRIH nbrerdisMicoskis) 12:SBmary
- The object of the&iRussete ¥/t6 pafide haehanathditsiapt, eeaB EY1achitying, the ang
above- mersionstpeneeriss obasenouG#eRAYNUS,BPIYng . proRiem of cyrent gancer
therapies. Mor@esrﬂffcfifiﬁﬁ‘",ﬁ_{ Héegﬁ%cd%gg?%oﬂdes'n(ovel m%%{w s and means'for'gene therapy.
20The present applicatign (Qeséribes cons rUCHiOR B orP(ng&%c ’uﬂéh‘*ﬁ\%)s vectors and their use in
tumor cells lines and aniMarébaaIS0Hlsr b srIey AR RE BRENRY Itsen dulyideemntgpad adenoviral
vectors in virotherapiessT Heevelyoeofatee disddisut eitsdhefirstisgtechvel pngalytigiupian adenovirus

based only onsseoafpee &d Raciestds ialseabsidesuarafitbidiased ansalitic e adenoyius

= , SpIraiory .
controlled Ry pegi ter. n a first aspgct, there Is provided a onp@(ytlc human
adenovirglaegggac%iagéﬁgﬁé%@%oéﬁri ﬁﬁ@%%@g’rot%‘geﬁsﬁﬁﬁ%ﬁﬁorﬂéf aRBs%0nit#'epecific

hTERT promotErEBHHERRGINE N FsenoviFgrRinhave featuipdssbesadraspics serisipiovided a cell,
characterized HpS0cesapHeindtm sbidhotitabuizges ax deficggalbiaeric capdids thirdRspect, there
is provided a mhatmmaﬁabmeéitm@%@r%ﬂﬁﬂz@%Qvec%@!?fﬁé%ﬂt 8@%@8&{”@%%“0" as
defined aboveyg,ah é&&{%‘é@hﬁﬁeﬁgw rvevsis arr%vai ggcthe ufsg of the aderoviral vector as defined
above in rige n@ngacture OF 2 medicament Tof teating Careat IR Q‘Q%EHHB B9 Artibodiesn, 5 fifth
aspect, there 15 BPOVEISEONASRIBE fRotfirc iRt aldeinstiedl thecrstas desided abibveyroharacterized
by comprising?d5 rendejspibeigisrpacDNsowettts (SaThiigindvatdeast paotakAsha ONA-ang one or
several tumorg¥1tisgoe specific promoters and/or optionally one or several 5 transgenes, and i)
inserting the remainder n optionally on several. tumor or tissue promoters
and/or option%@x one or@e%gee'rﬁ%?g%% gnrﬂegs%;ﬂ%reavg[a%r%oni‘gg SpRg eSS YEIELIR relates to a
fully serotype F6hdBIyiARMAPTD Q%Qnsm%awea%mst AdThd pesenitisslosigreusatiler relates to a
cell compfsingshrReEd¥iohal setwrt of theedistlisgrAb against Ad5. This situation might

arise as a result of natural infection or subsequent to treatment with an Ad5
based oncolytic virus.

Currently, little has been published on serotype 3 adenoviruses in

the context of gene therapy. Wild type Ad3 is known to cause mainly

25 respiratory infections and conjuctivitis in humans. The compiete DNA

sequence was reported in 2005 and it has only 62.75% identity with serotype

5. The genomic organisation is similar to other human adenoviruses having

early and delayed early transcription units, including late and major late units

(Sirena D et al. 2005, Virology 343; 283-298). A few years ago a wild type Ad3

30  virus was studied under normoxic and Nypoxic conditions (Shen, B.H. ef al,

2008, Gene Ther 13: 986-990). Recently, the same group published ColoAd1,

a complex Ad3/Ad11p chimeric virus (Kuhn | et al. 2008, PLoS ONE 3: €2409).

CoioAd1 was made by pooling an array of serofypes, then passaging the pools

under conditions that invite recombination between serotypes. The authors call

35 this method "Directed Evolution”. These highly diverse viral pools were then

placed under stringent directed selection to generate and identify potent



The present disclosure also relates to a pharmaceutical composition comprising the adenoviral vector
of the disclosure. 15Furthermore, the present disclosure relates to a use of the adenoviral vector of the
disclosure in the manufacture of a medicament for tr%ating cancer in a subject. 5 Also, the
present disclosure relates to a method of treating cancer in a subject, wherein the method comprises
administration of the vector or pharmaceutical composition of the disclosure to a subject. Siill,
the present diag@wamdm dapenathad ﬂf@dd%@@@ﬂﬁﬁdﬁ@%&ﬂ@h@@% @ﬁth%ﬂ@ﬁ?mslre
comprising: ias 'bREONBE.ad NAeAignCOmBs N ahleashaeLlal A By g optsagly one or
several promoters and/or optionally orie or several transgenes, an Inserting the remainder of the
Ad3 genome SREPERRMAIY BReBPH @W@?Hyp?@m@%gaﬂaﬁﬂlﬂfﬁi&%@%@%p SevdiaVfghsgenes
to the vector. These Theylre vemtadfacibsueipporigesty taolfeo taeatraewiad ctundiess, Gdlichdre

refractory 40 cHeERYL BRRIRAGN R AlRRrSSRIGHANS fearalR IR IHBRS SUitaRiRPTIgAIpENt remain
few in the present disc ospre co&I%ared to ma& c%?t‘Her t];eatments. In fact, E}I sogd tumors may be
treated with tffE'BP(Sp%%\SE HEYiERRUTE. 3 R ARHSRIEMN Ko 'YK iRRIIMBISRS R G itary,
intra-arteriallyhtgraubhoeely aingdliechioampisaiivrelonpdsle featuringocobesednviesesrirgrafife to enter

cancer stem Gglityge cells better than Ad5 viruses. Efficacy of the virus of the present disclosure was
shown in tumor cell lines,and tl,ne Virus wasffe\t.le st a§ gotent FS Ad5 ct;Adg/B 0 based controls in
ere iciery a { cg

N NELF © 12 ERIBIMGHE NSNS 6TFR 08d6 o the site

several murine models of human tancer esides he
of interedGthe AR IR BPtR8 VG st N BReBshRasilisitn @edprulinianbiamssrkitiea ebibitaof
transgene(s). iasuateng@iran tiieripies erctivarawisds Safistihadallely efnlicatpaiaicinaanred viruses

s normaly nok SHOUKENBUIL, 0.k 9 e 5180 oL AR SIARAHS WUrarimARYn prcer o

overcome this weakness, the present disclosure provides armed viruses with a cer of
anti-tumor imiAhy (. frecicraspyntioned pippasiese Y d¥tioag Onasly ¥ Mdm 3B dan-Rifde
symporter (hNiiB)gegnsgene is utilized in targeting radioiodide to the target cell. This approach 30
allows tumor cells to be killed due to the oncolytic effect of the virus and due to radiation induced cell
death. The appipaakafip0 takes advantage of synergy between radiation and oncolytic adenovirus
replication. By introducing hNIS as a trans&ene, radioiodide therapy can be used to treat cancers of

non-thyroid origin. An adbifoRRIR-eHItAS FEEFIgRHIA S8 {onBrRdE IRy ahRGHIE 8F RaFsEERESS
expression, whichaileviagribeitabogvirarijoesd prubericsistérstenbvirused hagthaensdigitigsure also
solves a probigg iGiRdhie theraprelit eaRigNtRAHERY eRRAIIERRIMENTS apaveienalher
aqleno_wral th_era ies. A hi ql erflgal sybject grqup of the rcresent disclosure Is a group of patients
with high anth&g’ 55 ﬁ%?? XFDS? 0 %é(ﬁﬂ@&@%&ﬂﬁ%&? 5§%rﬂEYSFurthermore, the present
disclosuRfprovides toolsTagdoresard@priicstitucdesarbaesnamstirudtiiouctoxicalyiss bamagdsith healthy
tissues. Also, @ébt@?ﬁaﬁgﬁﬂi @@h@@ﬁaﬁq&mgeﬁﬁ ﬁ%@@%ﬂﬁ%@‘ﬂ@x diffeser @}%hfﬁﬁtgﬁsqiéfbeefmfects 1[”
comeanscn SRS RE AP UER IR nae) 8 SSRClE WhmRElriame !
regimens.  vector of the disclosure is the first selectively oncolytic human adenovirus
based only on serotype 3. The vector is also the first non-Ad5 based oncolytic
25 adenovirus conirolled by a tumor specific promoter.
tn a first aspect, there is provided an oncolytic human adenoviral
vector, characterized by comprising a fully serotype 3 backbone and a tumor
specific hTERT promoter controlling the Ad3 E1A region.
in a second aspect, there is provided a cell, characterized by
30 comprising the adenoviral vector as defined above.
in a third aspect, there is provided a pharmaceutical composition,
characterized by comprising the adenoviral vector as defined above.
in a fourth aspect, there is provided the use of the adenoviral vector
as defined above in the manufacture of a medicament for treating cancer in a
35 subject.



Compared to adenoviral tools of the prior art, the present disclosure provides a more simple, more
effective, inexpensive, non-toxic and/or safer tool for cancer therapy. Furthermore, helper viruses are
not needed. The novel products of the disclgsure enable further improvements in 15 cancer
therapy. Brief description of the figures Figures f-e show schemas of Ad3-hTERT-hNIS-E1A
(SEQ ID NO. 14); hNIS (SEQ ID NO. 15), Ad3-hTERT-GMCSF-E1A (SEQ ID NO. 16); GMCSF (SEQ
ID NO, 17), Ad3-hTERT1R I fiiB-BbHSctAdieTs RfotdéddES n2i ol 6iShroanding an adenoviral
Ad3-hTERT-QBé8}_é§Jd%f{§§GQ b% Oc Bfﬂerﬁ%gi%?%gﬁ'ié§§%m NO 21). Figures 2a-k show
egln igures la-e. The ¢l of v

the cloning of viruses described | . onin uses with the transgenes in E1A is
demonstrated in Figures'PBrariding-g INANERIAL IIRTEEE Risasinyinbads PAerierags
E3gp19k 25 |eaysis| demmamstoateibsuéigapresiRb arurizieks and/Gigorsidrefipwsrs) tbe stevetale of
Ad3-hTE%T-ﬁ%§§§%gPaN@. 18); hTERT (SEQ ID NO. 19). The hTERT promoter (295bp) was
inserted to replace the TATA-box in front of the E1A region of the adenovirus 3. Arrows indicate the
places of PCR primers ubkd"FEEIGE S0 &7 BP&%%*F‘EE@%PA‘?GH?@%OO@EW%%WS%at the
hTERT promaievésabtnerryHigsiae eramaotiess thilisackiionally sexmtypsese@htthnsigdnes iodhsee a
band of 270bpgaaé on the right 210bps from both sides of the hTERT promoter insertion area. These
fragments have been seguenced and they gave the expected sequence. As negative controls Ad3wt,
AR NTERT Agh ant M Ea eSO RGO I SRS o SO T8 po 5
and 5, afld Ao@?'&%ﬁé@d Y&6tfied viruses was excluded in other PCR experiments. c) Progressive
infectivity 7 assay with Ati&hpERErE 1disdibsueellsumpes pratatbonig6-seldilatesrpndife tows

infected USinQE&'ﬁB r%ill%(&?érfg?%é%éﬁ)&wgf&? of Ad3-hTERT-E1A, each dilution in ten duplicates.
se

Plates were observed by microscope and virus wells were compared to the mock wells. From the

observations pfu/ml was B'&RGEEEY HeHeRiIASR 4529 @ BB ARl HRIBPoSivAt
Technologies chmop2idR) thbadesdiail@ MERGr59htR8 8)saleichanged every 4 to 7 days. The pfu/ml

titer platgays after 30 dayg,rﬁmg glaw inadlies replcpiign&inglisator Ad3shTERTHr 14 digures
4A-D show cell killing assays with cance ,ce'I lines. P g 10é\l/ln2[l/lfaé§rosta e canc r%ég\]), A549 (lung
cancen) (B), RDRR Lh T8 RIS 5 e SO 9 ) PSR or
Ad3-hTERT-EBgatingwaoessliikikirsg hiesi.cell lines (P<0.05 versus Ad5/3lucl, the replication deficient
control, at 10 VP/cell). Ad300wt, Ad5/3-hTERT-Agp and Ad513-A24 killed cells faster than Ad3-based
viruses. Bars indicate SE. 15Figures SA-C show cell killing assays with non-malignant and Ad3
receptor deficient cells. HUVEC (human umbilical vein endothelial cells) (A) and FSH173WE
(fibroblasts) (B) were used to represent non-tumor cells. Ad3- hTERT-E1A did not differ from
replication deficient Ad5/3-lucl at low doses and killed significantly less cells than positive controls
Ad3wt, Ad300wt, Ad513- 20 A24 at 0.11 1 and 10 VP/cell (P<0.05). It was known that LNM-35 (lung
cancer) (C) cells lack the Ad3 receptor (Sarkioja, M. et al. 2006, Cancer 107: 1578- 1588). Ad3wt and
Ad3-hTERT-E1A did not show any cytotoxicity on these cells. Bars indicate SE. Figure 6 shows the in
vivo efficacy of Ad3-hTERT-E1A in (A) P03- 25 MM2 (highly metastatic hormone refractory prostate
carcinoma) tumors in nude mice. 109 VP was injected into each tumor weekly for a total of three
injections and tumors were measured every 2-3 days. Tumors treated with Ad3-hTERT-E1A grew
more slowly than PBS treated tumors (P=0.0035). (B)



Similar data were seen in mice with A549 (lung cancer) tumors, although the 30 PBS group had to be
terminated early due to large tumor size. On day 17 a difference bordering on significance (P=0.051)
was seen between PBS and Ad3-hTERT-E1A. Also, pn day 30 Ad3-hTERT-E1A was found
significantly (P=0.01) better than Ad5/3-hTERT-E1A Suggesting the utility of Ad3-hTERT- E1A in this
model. (C) Luciferase expressing SKOV3-luc ovarian cancer cells 35 were grown intraperitoneally in

SCID mice. A single intrcmgdsit@n@@iré@&rwaus'tﬂ&mj@e@'mas pefermrddesithpuahesahtumor

cells as a funcélogu%j gttl ﬁ]e%gnaﬁggt ﬁ;%géu% (ﬁ{iﬁw%ﬁ%‘e gﬁ)f ﬁu\’e ad &?)z}lsqﬁe .

significant difference in ’t erase signa Was Seeh betwee ed groups and

group (P<O. OGE?B”HHGQH@F@'W@F@W@%I%W@@SMH@EW% S¥&IRAL: Please note that the Ad300wt
virus (wild type Ad5) couBtibhnihbepbasehiddibaioSee Baksi¢wdieate Sietldy vbyrodakcanplysis, all

virus treatgd %SHﬂé\ﬁl‘HV{}é%‘iHPﬂgﬂ{éi}ﬂQc'iB@ﬁgé g,(.jPQBO .01). The only long term survivor from
the experiment was one (iUt of 7 mice fro w the Ad3-h E1A group. It was healtpa and tumor free

in imaging and autopsy 4t PERYIH)S, A ihiAnesiyerpmpisiag a 1@@5%#@? SU3HI cell Killing
assays with C@Mm:mImmncmerp(mypmh(mbimoeémamew)e(@)r antiehd idnsgrakeancer) (C)
cells. Ad3- hTERT-E1A showed ceII kiIIing in all of these cancer types. In all experiments

Ad3-hTERT-E1A was si nlflcal efﬂuenti ﬂli re atlon deflg‘la%r# coptrol Ad5/3-lucl in
oOvPlonl (P00 1o EIRERBRATE fETAM SR ErIDF oS ke oRalib e Pscence
picture w3 taf@vesal gagmelarsyard ospptienatemngronh sanesdcopesgenss s the YREIORTERT- E1A.

Figure 10 shows partial ggugneef 4idedslrRfridddde aasionerh#ZRRNA isafieaviidpold.
S SEfelEs S RN O RIS AR o SRl Ll SRR s s 1

Ad3-hTERT-EI compare ac rom pubmed are marked in brac
THE hTERT IRSER® &N tsatmestusanaitefmriked d RS HREIASUre SRI0RAIISIS-ABNNNIS

mediated iodideheptalcatinaiastdte Rizicantesadiel sufiehs were idedtestadtnwitd \tRicplopbsed
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were analysed with gamma spectrometer to determine the radloactlve iodide content of the Cells.

Non-infected SMfi@¥FBAYEl¥SRLNARYARNAEBAREEER®r bars present SEM. * p<0.05; ** p<0.01 and ™
p<0.001. 30Figure 12 shAdd AdS£3iAZA:aH Sanepiddticle aentencalysar isterostet tepeeralisls without
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uptake irRfivobased controls in several murine modeis of human cancer.
Besides enabling the transport of the vector to the site of interest the
vector of the disclosure may also assure the expression and persistence of a
transgene(s). Induction of an immune reaction towards cells that allow replication
of unarmed viruses is normally not strong enough to lead to development of
25 therapeutic fumor immunity. In order {0 overcome this weakness, the present
disclosure provides armed viruses with a potent inducer of anti-tumor immunity
(e.g. GM-CSF).
in the present disclosure, also human sodium iodide symporter (hNIS)
transgene is utilized in targeting radioiodide to the target cell. This approach
30 allows tumor cells to be killed due to the oncolytic effect of the virus and due to
radiation induced cell death. The approach also takes advantage of synergy
between radiation and oncolytic adenovirus replication. By introducing hNIS as
a transgene, radioiodide therapy can be used to treat cancers of non-thyroid
origin. An additional useful aspect of hNIS is non-invasive imaging of transgene
35 expression, which allows monitoring viral spread and persistence.



Mice bearing subcutaneous prostate tumors received Ad5/3-A24-hNIS intratu- 9 morally (lower flank
tumors), Ad5/3-424-Agpl9K (upper right tumor) or saline (upper left tumor) followed by an intravenous
1231 injection (1.85 MBg/mouse). The iodide uptake was imaged A) 2 h and B) 13 h after the
intravenous 1231- injection with gamma camera. The pixel size was 1.08 mm x 1.08 mm. C) 5
Biodistribution of 1231 13 h after the 1231 injection. Bars present SEM, n=3, except n=6 in hNIS
tumorsb Figure 14 $h@vv§réa5ik3dwlobi/}+b€ aléiﬁ-t@mﬁéﬁfﬁ%%gﬁlbzhﬂvﬁelgtéépli&‘ﬂﬁ@tb?}@[ﬂétate
tumor bearing mi i .12 tumars/arqup). receive 9/3-A24-hNIS, or growth, medium
intratumorally rogrg%\(/?v%@ggr@zéguﬁ?/\%g ti%)%gt!’:l s%(tnl ovr\}c}agd _Sy\e’\ée@@ ﬁ/l@c??r'{t?ape)gﬁ%’érr?ez??ﬁ%éﬁ%h%?'f%f& or
saline. The tuRRiCaHA fdiatiearire @fdie Prasrtdisciosid euiharyrRURRI BRlioHMS Wilhimelftislower
in the combinatitt Nitatitel gy NdbsdyAiddia koith, ASH pyenesn compared to all the other groups (*™
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injection due to 15 animal husbandry constraints. Figures 15a-d show that the GMCSF

expression doeS SV HIBAMARAENRFioXif andasandarifyherlity fsgues: HiserahaiAgePesults of
a MTS assay shdivingthedninglicatreare enad ifRBas) ciitfeatintg afficictticef theideewfigeteiated virus
Ad5-D24-GMGshpBie ﬂé%mreﬁergﬁer@%&tsm{@,%ﬁﬁy?qt?@s;fgm'ng G REMkerd cancer
initiating cells ("cancer ste cells'];) ¥]v|th Ad5-q2 -GMCSF. g:gure C V%%esents {}(ésults of%MIS
255y Showind B0 et BAT e T R IS RAIRG SHEI AR SUE bl BEMe A2 virus
Ad5-D24186 MCF tathinse Be veprcscrnatipaieueomamIS assay showing the MDA-MB-436 killing
eféiC}enCy with the new g@@mp@eddﬂw%BEMS-&B&&-@ME&&@?@AB%@%&iﬂ@ﬁf&@ﬂ%
Ad5/3-D24-G F IguE a s the adenavirus- expression, o an GMCSF.
The A549 celwﬁg gv%ss ?n%cgfgc:é b&é@Adﬁﬁﬁeﬁé &ﬂé\%}iﬁgéﬁa%\georﬁg f)gg\fv%rél?:%!ﬁéc?é?%\{;%gtime and
analyzed for tf RpFRESITAMGIMTBRRPIe) belpe RiENESSi IR 2bRagRRs that the
adenovirus-expressed GMESto 38 mtaisitsdfithegitiatiastivityendijenfamthen ihoeytesnéftt tells, which
require Wa%wgﬁﬁefg@aying alive, were cultured in the presence of human recombinant GMCSF

(E. coli-produced, purchased from Sigma) or supernatant from Ad5-D24-GMCSF infected cells, Figure

17a shows th%ilqé/fv effirri:iet?gx 8%'%195#25'593'\/'(:8': in 35 Syrian Hamsters (permissive for human
adenovirus replica ioﬁfﬁeg’nng pancreatic cancer tumors. Both Ad5D24 and Ad5-D24-GMCSF

eradicate the WO 2010/6@838H@Tdm'mmmiﬁdﬁﬁﬁﬁmmwmﬁa}s(%&@viEDgNh'b
Inratumoral i A e S e O Syran
[ u [ -D24- v, | u yri
Hamsters. Th eglgni él@tri'iehl@lth%’sﬁégiﬁﬁl?ﬂfg&%moﬁ& w&%ﬁrﬁ&%ﬁ%ﬂ%§4 and the
concentrdfion GM{ubTancB MBS tha bérHllas B &dadi ByNACEA RRAN|; Fidde Ll (8ERows that
curing of Hap T tyangrs with Ad5-D24- GMCSF (but not Ad5D24) protected Syrian hamsters from a

subsequent re-challengewith HapT1. This demonstrates that Ad5-D24-GMCSF can induce a 10 tumor
specific immune respons%l'\.lgjljﬁ%%%f‘n}fa shg%ﬁb%éf? ?r'ggtgé Wit 28 852'%98 dgﬁgyéﬁgﬁ—ﬁ(l:igure

17a) were re-dlIStRjuagnivintseawihuihe frangareas indr Yfowiemanaesdrbuigdrasda
Figure 17d shaws Pelyctine efanitignof spesls withunengrpansenbihadfeiHGME S3gpsiion of

HapT1 t%or%@ﬁg éddlsé%‘kﬁll\gféﬁ'flndf.;qéj;ﬁe%?’zBrgﬁegcﬁl’?‘X{ian hamsters from HaK tumors. The

animals with HapT1 tumaors previously tréated with Ad5D24, or Ad5D24-GMCSF (Figure 17a) were
re-challenged with a diffdiSHF BB AME MdheRBrEsR Ol RESTEER el SV D NO. 18);
hTERT (SEQ ID NO. 19). The hTERT promoter (295bp) was inserted to replace

the TATA-box in front of the E1A region of the adenovirus 3. Arrows indicate
the places of PCR primers used in Figure 3b. b) PCR of Ad3-hTERT-E1A. The
30 PCR confirms that the hTERT promoter is on the right place and that the
backbone is serotype 3. On the left we can see a band of 270bps and on the
right 210bps from both sides of the hTERT promoter insertion area. These
fragments have been sequenced and they gave the expected sequence. As
negative controls Ad3wt, Ad5/3-hTERT-Agp and MilliQ water were used. The
35 presence of wild type adenovirus serotype 3 and 5, and Ad5/3 capsid modified
viruses was excluded in other PCR experiments. ¢) Progressive infectivity



Figures 18a-c show toxicology in mice. In toxicity studies, Ad3- 20 hTERT-E1A was found less toxic
than the Ad5 and Ad513 control viruses in an immune competent murine model. The histology of all
major organ ﬁ%ﬁﬁﬁlood values were analyzed. 72h after 8x101 VP \K%iv/elﬂziontra\_/enously,
significant ditferences were seen in liver histology and in liver enzymes. th serg)?{?ﬂg“ézonly minor
liver inflammation close to nonportal veins was seen in 25 some mice. At the same time point and
dose serotype 5 and 5/3 groups displayed features bf acute liver toxicity and elevated liver enzymes.
Other organs and blood values showed no signs of toxicity. Graph of blood samples and liver histology

pictures are attasagdi(fHALBCHTHRIE B! heThd bistopashologieal tRPOELWRB I8 Nadak No mitoses.
No inflammatieg, 30,4d3wl VasiviBagiekiMISE B/ §§awl?§1Mﬁ?oﬁ&ﬂﬁW'%ﬂear

(nonportabveins in tr(? arenchyme 5/5. Ad?wTERT-El%MostI normal. No mitoses. Borderline
inflammation AP AUHIOH ) CRAAICAE D Eh Y RER ABRE SR 318 CSRRB S RS 5/5: Many
apoptotic hepadsteeiRreagRieth phremesimeclndbinelitbandshinsdigesnietianasins (at the
portal areeb35 saugatad riot ieesegm)iano wayicenrtrahhelaibey te Alksisyctivansigatosigienekrosis, no
lymfocytes in t ay-ac i 1y .
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refractory to stan(ga%r#%a%lfs thlch were treatzg%\)lwnhI - ’hTERTEF Mherggi“ ﬁallls were
separated usiit) Percon Gradientd ﬁﬂaﬂhéaﬂ?%h 2SS RralEER. Y sanhia e ¢ analyzed by
gPCR. With péﬁl’@?ﬁeﬁtﬁéﬂvhﬂlé‘@éénﬁé eelidioRBiEFHO veespRB S isd piheprrrit#iend
mononuclear cifg:idB Mol ant hdu v/ RiGH paieDD vt ushEIE thERRTIs\gpeans to.gdrtonthe PBMCs and
plasma beforggpnid-glearansediamaioed MAthbelty patienisaeMryg was detected from the red blood
cell_s (RB%. Results_sugfgiestréh_?#‘ otr atmen‘ f,?anceFrﬁpatient _V\r/‘ith _Ad _-hTERT;a%tlﬁﬂgwigh_t be safe.
Patient 1 gave two virus free Gring ‘sampras g%%]%géﬂ%ga Y thd Vi (ST %%%%t% e urine.
receptor deficient cells. HUVEC (human umbilical vein endothelial cells) (A)
and FSH173WE (fibroblasts) (B) were used to represent non-tumor cells. Ad3-
hTERT-E1A did not differ from replication deficient Ad5/3-luc1 at low doses
and Killed significantly less cells than positive controls Ad3wt, Ad300wt, Ad5/3-
20 A24 at 0.1, 1 and 10 VP/cell (P<0.05). it was known that LNM-35 (lung cancer)
(C) cells lack the Ad3 receptor (Sarkioja, M. ef al. 2008, Cancer 107: 1578-
1688). Ad3wt and Ad3-hTERT-E1A did not show any cyiotoxicity on these
cells. Bars indicate SE.
Figure 6 shows the in vivo efficacy of Ad3-hTERT-E1A in (A) PC3-
25 MM2 (highly metastatic hormone refractory prostate carcinoma) tumors in
nude mice. 10° VP was injected into each tumor weekly for a total of three
injections and tumors were measured every 2-3 days. Tumors treated with
Ad3-hTERT-E1A grew more siowly than PBS treated tumors (P=0.0035). (B)
Similar data were seen in mice with A549 (lung cancer) fumors, although the
30 PBS group had to be terminated early due to large tumor size. On day 17 a
difference bordering on significance (P=0.051) was seen between PBS and
Ad3-hTERT-E1A. Also, on day 30 Ad3-hTERT-E1A was found significantly
(P=0.01) better than Ad5/3-hTERT-E1A suggesting the utility of Ad3-hTERT-
E1A in this model. (C) Luciferase expressing SKOV3-luc ovarian cancer cells
35 were grown intraperitoneally in SCID mice. A single intraperitoneal 10° VP
virus injection was performed and the number of tumor cells as a function of




Figures 20a-b show biodistribution in mice. Murine biodistribution at 6h after 5x101 VP intravenously
suggested that much of the serotype 3 virus 20 stays still in the blood and blood rich organs such as
spleen, lunghdhabinedeses. All major organs were analyzed by gPCR (Figeca g} olsiry:to other
organs was found attenuated. In this assay blood clots 13-actin was used for the serum values. Due to
the lack of (3-actin in blood compartments, blood vglues are best compared with absolute values as
done in Fig 20a. The results suggest 25 that Ad3 virus does not associate with RBCs or serum but is
abundantly present in blood clots anqéi)lasma. Thus VVBCs and platelets are possible Ad3 virus

carriers in mié@%e‘%fe&%@@}ﬁﬂio‘ﬁf FRPFAIBA LS IIERRVIFRRYE8oPR NS RV BR&Sntinvention, it is
shown that arsignifisigit dilierancade fowikisfomsesigizidven seeothptvsemalbérosristatettd and it

allows tumor gedligliagd the PBS AdRipGwRIboG 1N aitehace eyl Usegifarcisasabediakeapsid consists

of at least thr jQr proteins, , fihe
2010/086 38?’%}%&/ %{/ 258 @gﬁ{%@ Sgﬁsggltzﬂﬁﬁgré?ﬁ%& E}%?gfﬁbgswc@?g \3?(%I)I,c&[€l?llg?i nt%FIVaZ (Russell
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Wt. 2000,%) GBREFRY b 3. 555918, (RSO \AREISES 285 88388 Sirena et
al. (2005, Viréksups43iryged d)aeiviaspbirted the gomiplefestuiootide segiielecy ofearild type Ad3
(GeneBank asnesenrimm hDKRG#66): Mae AdS genenrersestaists aarlnd{Bh#krmarmediate (IX and

IVa2) and thegmia.rmy%éwﬂmrﬁ%ﬁ.@@%ﬂ?ﬂﬁggf&ﬁ%%gr Laeriss dehg fldfpeats (LITR

and RITR, reiﬁ)ectivelpgﬁwhich cont E the sequence uire e DNA replication. In one
embodiment 61 & %%‘f"ﬁsflﬁ'l‘ﬁ?% rotype 3 oncolytic 10 human adenoviral vector comprises one or
more rediBns selected fFdgn @R Ghdusbevsisting!brEREaYESIHL AW dbigrshndnass)regions.
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DNA strand StARtERAFEASDHIGA istrdlsd/aeliusesd iifiein, the expression "adenovirus serotype 3 (Ad3)"
refers 20 o the genomé-yuparttal gemegmearnf ivnaamAddovhiskiceemposesdmpT@ERsEvesal regions
o A3 origin R e o o 20 A toqion refers (0 tegiot.which [AcKs any
gart comp%réd to a corr%@#&%ogmsé-'ama %éigg f%ﬂ.m?—’"‘gﬂ?gf)ﬁg E%?W&gét%tﬁa%%ﬁl lacking gpl !
ok. As &EY herein, the expressions "VAI" and "VA2" refer to virus associated RNAs 1 and 2,
which are transcribed bfithesatie sbuvive pbuaaseqoirtcans2igsh VAR TRAD A2 Bayaent@ld in combating
cellular gefensfAeCHAEREL-13GUIE. IERIIGALT RNIROSINIHOE BXATRIOHS SlRTpENRJgay enhance
effects of the yeciors [ (arget eell. The Uss, ol SXOUCRQUS esiip o1 UQL: SPeFmS prgmoters is
common in recombinant adénoviral vectors %ncpf:hey can P
backbone from pubmed are marked in brackets). BIG LETTERS IS THE
hTERT INSERTION. Primers used are marked in cursive.
Figure 11 shows Ad5/3-A24-hNIS mediated iodide uptake in prostate
25 cancer cells. Cells were infected with 10 VP/cell of Ad5/3-A24-hNIS or Ad5/3-
A24-Agp19K and expeosed to '*°| 24 and 48 h post infection. The cells were
analysed with gamma spectrometer to determine the radioactive icdide content
of the celis. Non-infected cells were used as a negative control. Error bars
present SEM. * p<0.05; ** p<0.01 and *** p<0.001.
30 Figure 12 shows Ad5/3-A24-hNiS replication and oncolysis in prostate
cancer cells without radiciodide. The cells were infected with various viral
doses (0-100 VP/cell} and the cell viability was determined 6-9 days later by
MTS assay. A replication deficient Ad5/3luct and oncolytic Ad5/3-A24 were
used as controls. Error bars present SEM,
35 Figure 13 shows Ad5/3-A24-hNIS mediated iodide uptake in vivo.
Mice bearing subcutaneous prostate tumors received Ad5/3-A24-hNIS intratu-




also be utilized in the present invention. For example, viral replication can be restricted to target cells
for example by promoters, which include but are not 35 limited to hTERT, variants of hnTERT, CEA,
SLP, Cox-2, Midkingodsgds, variants of E2F, CXCR4, SCCA2 and US. Theycq{]&%é% 4%jded to
control the EIA 13 region, but in addition to or alternatively, other genes, such as E1 B or E4, can also
be regulated. In one embodiment of the invention, an oncolytic human adenoviral vector
comprises the Ad3 E1A region under an hTERT pro?noter. Ad3-hTERT- 5 E1A contains the human
telomerase catalytic domain promoter up-stream of the E1A transcription site for tumor specific

replication.  Mofaledeneddieutick mwshréil bi3 wRsgpsHaduetemdmsearhas progirssed rapidly.
Bctivy of tlome e o e e e IS o P
activity of telo Thi e e ed with acfivi 2T promoter, which has
been suggestmé;‘?ggzacti%étlgn %%lé‘% Htﬁr% %at&g;slﬁ e?ﬁéyt rﬁc:fﬂe & %r‘l’?g%vﬁQSﬂﬁ furkior specific

promoter. In oﬁ@%%%d’l’n’#ér&aé‘?% ARRR N 2 BIEbISEE HAsan- BB enbViKameEtars &pable of
replicating ®niyBiedistiiufientetbricrake hcsfity. ths I tnmenimdibant eirdsenn\sBkinnmam oncolytic
adenoviral vectaxepmpbspsHesAdm&3, region under a replication activated Ad3 E3 promoter. In one
specific embodiment of t sent i |0 trans is placed into 19k deleted E3 region,
under the E3 p o%noter. 'ﬁsaﬁgsa%tsgﬁgﬁa%&gggﬁfp%gggioﬁ%{ﬁ%%rr ceé?lg‘{)ﬁ%\t hotiMeplication of

the virus and SUBSEYEBREYD BIIR/A(R MG B2 Bro MR BT AEOES rebn Sk rHiBgrBIg @M ex0genous
or endogenous§siRiastrd&idwian NS ant, graférabidamentiagenotsipromateconse cu@genous
Chromatin protgins gy ASBE G "“Eﬁfm%ﬁ%ﬁ%%%%ﬁ%%o o ey promoter
components 25;or modifi ti%ns a ptl(lgp}]%ﬁlw@é usedtugnd‘to 5r%rcr)1v61%h06ﬁ ea%?)s/ %ﬁﬂ% drs of the
present inventiofir o' M %‘%% I’—f‘@%@'ﬁ%ﬂqg nBRRESk AW APy Sn Vitro, lbutRNE3 proteins
have an imporf&ftialedntthalidbelsticer erauwph Ot immuhe0éspdhsesikpeiintet inhibiliopef both innate

and specific inemdeeaesposseniievenias Sonfdheinugrlisnamae havacplRiannthegp19k region
in the E3-1§heé3¥?ﬂﬂ%¥r9%9&ﬂ%%§r§ﬂﬁ¥m to bind and sequester major histocompatibility complex 1
(MHC1) molecules in the_endoplasmic reticulum, and to prevent the recognition of infected cells by
cytotoxic T-lymphocytes” S § rﬁ%ﬁg ﬁﬂﬂ\”f@ﬁf&@e%&fﬁn RIRTESSIQME AR B JiFPOKK iihereases the

tumor selectivififust rEpNGATSES gk aaliusinglefirst fEigtercttidn trepwieripessirtts Sommognal cells but
therbe Ls_ no (iifmeagaﬁ@m_iﬁg)ﬂﬁeﬂis)g MR 2046/08688BRG T JANP LRER2 14 th? ndfyone I
embodimen n 0 compri one or mare tr enes. In one
em bodimﬁ?t %ig?%?grﬁggf ?ﬁg%%?; %ﬁ;ﬁgﬁ }ller?cé%n%grp f%%?%‘éﬁsf'j%srocgnfro ,gllag?éi/or in E3
under thé replication actvated Ats %Tgrﬁu PCRT BRPERShERIERRBFeRERISIRIEN, Wits oncolytic
human adenofif@r Peérst MEmpriSéavisebarisgeers Naesulite @iba tvg Scietey ghikiiny tthe: E3 region.
In one embodimemnitotahedn\eatiiofMBA-MBeIFEr RNBRP WiRlMACIOHWAAMRESESRRMEmaLribosomal
entry site (IREF.bepveanesnrosoensng i By retinns 'RESLEIRS i 3 NHrieolide sequence that
enables the showing the MDA-MB-436 killing efficiency with the new generated viruses
25  Ad5-D24-GMCSF, Ad5-RGD-D24-GMCSF and Ad5/3-D24-GMCSF.
Figure 16a shows the adenovirus-coupled expression of human
GMCSF. The A549 cell line was infected with Ad5D24 or Ad5D24-GMCSF,
media were collected over time and analyzed for the expression of GMCSE by
FACSARRAY. Figure 16b shows that the adenovirus-expressed GMCSF
30 retains its biological activity in human lymphocytes., TF1 cells, which require
human GMCSF for staying alive, were cultured in the presence of human
recombinant GMCSF (E. coli-produced, purchased from Sigma) or supernatant
from Ad5-D24-GMCSF infected cells,
Figure 17a shows the in vivo efficiency of Ad5-D24-GMCSF in
35 Syrian Hamsters (permissive for human adenovirus replication) bearing
pancreatic cancer tumors. Both Ad5D24 and Ad5-D24-GMCSF eradicate the



10 initiation of the translation in the middle of a messenger RNA sequenée in the protein synthesis. In
“one embodiment of the invention IRES is from encephalomyocarditis virus (EMCV), which is obtained

from ClonteaheveaipispiiES2-DsRed?2. In one embodiment of the inventi?,%,rﬂﬂzg%g J»Xiiac adenoviral
vector comprises the hTERT promoter, transgene, IRES and EIA. 15 In one embodimerit of the
invention, the transgene is selected from the group 8onsisting of a granulocyte-macrophage
colony-stimulating factor (GM-CSF), human sodiuiViodide symporter (hNIS), interferon alpha,
interferon beta, interferon gamma, tumor necrosis factor alpha, CD40L, trastuzumab and other
monoclonal afiibeeiewithiG M- Csrspinticiiate $in theaimenine fespdbde/Py afctimgsthaargh various

mechanisms iaghiisgtee secaaifent efdatural killer (NK) cell and the stimulation of antigen

presening cells (APC). ARG aniag [ReTlh ANAIR NG SIARLT Sl AQuarss g ugmor. The

nucleotide sequence e,ncadin GM e from any animal, such as a human, ape, rat, mouse,

g " ! .
hamster, 25 d& 8Fht B0 RARB P R}F'Mélgﬁs @n%é@%&%ﬁur‘ﬂﬁ@@eﬁﬂ@%@ﬁh Rucleotide
sequence &ncUtiRgI GRS withy At Petiie drin dbdeR4oGinti S revineeffevtiadf GMIESE, or

unmc()jdified, i.angf anaviwbnmtﬂmi@mrafeﬂ@ﬁ@mgmsemroftfme Q@f@ﬁii%éhﬁs@%@]@ %?&d sequence
encoding GM } [ 430l odi ipvention, an o ic,human
adenoviral ve%ﬁg%kiﬁr@é\gﬂ é%be é@é@%&%ﬁlﬁﬁﬁggﬁrg;(%?g,di@fgntcﬁ)ﬂ ﬁ%ﬁaﬁ%—et cell. The
expression of é%dil@mti&ﬁ’lﬁ ?h%@rt@rofﬁﬁ?g) Wiagd Bilrae A RRFFOey &ing
systemically djisileage ratisieptbpeshis. gematisisditetiatibrb 2#HRMpProsan iatlows amor cells to
be killed tiuie tarthe 8peaiicotyiin efteaisidheyvitue anthdue pesadialipndaticasicalydenth, and the

approach aB%FW‘KW{FﬁéjDFé%QF%?E'}_J%WQ‘%@H%ﬂﬂ%ﬂ@@%n}étﬁﬂqeor}oé’iré’s replication.

An a_ddi_tiona_l t%seeful aspect of hNIS is non%ﬁvaswe imaging of transgene expression, w%c_h aIIo_vvs
monitoring vir s&@g&%{ﬂ&%@@gtg}&@% é"fgraff'f‘?ﬁtegral plasma membrane glycoprotein mainly 5
expressed in thyroid follfcgtae delfs SovMamoustian 203U GreRiBe. inmures EERdTse thiplogical
function of hNAGSsDR4AEdREFadtiveitanspaiapfipdinfomhichissogiaareeneat fatthyroid
hormoney Biosyriagsisyfikis H&lﬂé@&ti%ﬁbmk}f@m}%h%ﬁé’% M@Uﬁé }£S0Hprgn radictodide
the_rapy of thyl’?ld.C&l’fln rm? g(\)/heiﬁg rg\gk%cilv%rlo &%%%_)Iécu esF lg_ll are_used to mte_rnally 10
radiate cance? éf‘é’f%SVth@?Sé rYél . ’ MCSF" (Figure 17a) were re
challenged with a different tumor and the tumor growth was measured over
time.
Figures 18a-c show toxicology in mice. In toxicity studies, Ad3-
20 hTERT-E1A was found less toxic than the Ad5 and Ad5/3 control viruses in an
immune competent murine model. The histology of all major organs and basic
blood values were analyzed. 72h after 8x10' VP given intravenously,
significant differences were seen in liver histology and in liver enzymes. With
serotype 3 only minor liver inflammation close to nonportal veins was seen in
25 some mice. At the same time point and dose serotype 5 and 5/3 groups
dispiayed features of acute liver foxicity and elevated liver enzymes. Other
organs and blood values showed no signs of toxicity. Graph of blood samples
and liver histology pictures are attached (Fig 18c). Here is the full
histopathological report: PBS: 5/5 Normal. No mitoses. No inflammation.
30 Ad3wt Mostly normal. Mitoses in 5/5 samples. Minor inflammation near
(nonportaljveins in the parenchyme 5/5. Ad3-hTERT-E1A: Mostly normal. No
mitoses. Borderline inflammation near (nonportal) veins in the parenchyme
were seen in 3/5 samples. AdSwt: 5/5: Many apoptotic hepatocytes throughout
the parenchyme, endothelitis and damage in central veins (at the portal area
35 same can not be seen), no periceniral hepatocyte destruction, steatosis,
nekrosis, no lymfocytes in the portal area, acute iiver damage, damage




In the present invention, interferon alpha, interferon beta, interferon gamma, tumor necrosis factor,
CDA40L, trastuzumab and/or other monoclonal antibodies may also be utilized as transgenes for

inducing thewomunessygtem of the patient against tumor cells, e.g., by aﬁﬁ%&ﬁ@bﬂ@ killer cells,
T-cells 15 and/or macrophages. The vector of the invention may also comprise other

modifications than partial deletions of E3 and msergt ﬁn of transgenes and/or promoters as mentioned
above. Any capsid modification, i.e. modification of hexon, fibre and/or penton base proteins known in
the art, which improves delivery of the 20 virus to the tumor cell, may also be utilized in the present
invention. As te@ygribithecrsrraatare. e hhdieRlste hekvirtiS; whiisleshohadeglhexon, fiber

and penton bm@@mm@&mﬁmmmr@mh@gwmﬁﬂleﬁmyégﬁﬁdtmmgtlﬁﬂﬁ:@@d include but
are not limited o yupgificatar HZIIRMB?)O Rﬁé%mt!&ﬂ?”ﬁ’%h%ér df é@gﬂgeﬁﬁ&ﬁﬂ ﬁ&#‘g‘gg receptors

and/or block nat ve tor Indin la |ng the domain of an adenoviral vector
with a knob of‘8 Hé‘}cg?:éeaﬁgw 8h\fﬁ{ AF ettt iR daeie FREED) to
adenoviruSes of Hepefoid f@&ﬂi@%ﬁnﬁﬂ!ﬁﬁ%@ﬁ@“ﬂ@md@mb@m@d ingredheimadrpettatioa of small
peptide motif(skykpidels)y titnessentspar souistipndskinto the fiber (e.g. into the knob, tail or shaft

part), hexon and/or 30 pegign Q@s&mrﬁaﬁmﬁf&em SRR RPN HRnsgenes in a

target, such as ectors. As Us erein, the term "expressjon cassette” refers to a

I, b ut|I|
DNA vector of gj’f%%ﬁe&e BRIl ﬂﬂ@%ﬁ&@%’&?ﬂf@gﬂc‘é@ Wh‘f&ﬁ%ﬁ%@dﬂﬂmégﬁ genes, and
nucleotide sedUéHtES; bhidhabicedtesinyrie regnaasicthaisingr&ssion afradient® MRk tbe genes.
Similar on dliffédeidt expressiiteehshedteamelydrdnsertad iedny Eator avis seieral 1\We

2010/086838R{ 118200304 164 W@x’i’? Py Sﬂ%@ét%vﬁé%ﬁe%ltg%&ﬁ%%%‘é%ﬁ}o” may
comprise either on veral expression cassette r. only one expression cassette is
adequate. In ofie e&g@%%%flﬁgr %hBﬁ, it %ﬁ%% i ‘&‘Mﬁ%ﬁ% AR Bsmprises at
least one expfe3¥le eagdsesmMa Satrriatitheigmifaofrothérrérnish, Bethoprittpte haman
adenoviral veetarsconprigeigciely drerexpsessipnicassetits (RBO). CRbsampssHedharadenoviral

vector ofhe IfusiHgf B ARBMLERLRIGASRISHANHIE 6! aastcriel cad. g cell, human
cell, mouse cell etc, For, exarfng e cell n%%y be useq for %ﬁf ﬁcm(‘:)g ea enovwal ctor 10 in vitro
or in vivo, or tHa ceWVr%ayﬂf)s t%l%{ RGPS iR MEUS e RS ERsE! tFPthe

adenoviral ve&i6ritincer Any cancers or tumors, including both malignant and benign tumors as well
as primary tumors and miglastai8aviay s digekstrif gianeitheilapi adutmd biadpetifiteenapodiment of

the invention, éh%ﬁ@ﬂ%%ﬁdﬁ‘awffH{}QJHHMslw §RROgiMSALOS @PtHéVQQF&? ode Ganger is selected
ffom 2 aigkiP SRR BH1% AR II IS E L OV R AL T DRSSl e renal

All major organs were analyzed by gPCR (Figure 20b). Entry to other organs

was found attenuated. In this assay blood clots B-actin was used for the serum

vaiues. Due to the lack of B-actin in blood compartments, blood values are

best compared with absolute values as done in Fig 20a. The results suggest

25 that Ad3 virus does not associate with RBCs or serum but is abundantly
present in blood clots and plasma. Thus WBCs and platelets are possible Ad3
virus carriers in mice.

Detailed description of the invention
Adenoviral vector

30 In the present invention, it is shown that an oncolytic human
adenovirus vector based on serotype 3 can be constructed and it allows tumor
cel! killing.

In Ad3, as well as in other adenoviruses, an icosahedral capsid
consists of at least three major proteins: hexon, penton base, and fiber, along



cancer of connective tissues, melanoma, lung cancer, bowel cancer, colon cancer, rectal cancer,
colorectal cancer, brain cancer, throat cancer, oral 20 cancer, liver cancer, bone cancer, pancreatic

cancer, chokiagaseirme dastrinoma, pheochromocytoma, prolactinomaf,il',{-ﬁ%gulm4 Eajlymphoma,
neuroma, von Hippel-Lindau disease, Zollinger-Ellison syndrome, adrenal cancer, anal cancer, bile

duct cancer, bladder cancer, ureter cancer, brain cancer, oligodendroglioma, neuroblastoma,
meningioma, spinal cord tumor, 25 bone cancer, osteochondroma, chondrosarcoma, Ewing's
sarcoma, cancer of unknown primary site, carcinoid, carcinoid of gastrointestinal tract, fibrosarcoma,
breast cancerwithgetiodisersmscaucicalscahcet | cooribistabodnda? igbtabehiier, eéibithalgus cancer,
gall bladder cangesy 1A CeNCEs7 SYR0aNSREReokseanGrTokidNRYREes: Ygimpgymor, liver cancer,
e orealoomea. PIRNe SNl s CANSdrotelansariey Talguadlinnse,
non-Hodgkin's lymphoma, oral cancer, skin tancér, mesothelioma, multiple myeloma, ovarian cancer,

endocrine parkREWRRI IMpolifc866HBATE, BhACNESiYRaREr, HaPRRRABI REREHOPeRts cancer,

pituitary cancddki64i88 e e cAdth, getioroklastotanssaalyiretihe tdeneedatambsh aathcer, 35

thymus canceryiyraih GaBGRE;SFOBRODIRBHAICAOS eEgRtig RS BPQl: biRyiRghtanastegndometrial

cancer, 2. Sales HURLCRIGR! AR TRURIR KB NAROIES g, carcnol
86 ma,B%‘rg\ cancet, heart car 9

syndrome, somato cancer, cancer, meninges cancer, mouth cancer,

nerve cancer, sakitetipdbe fiBRYE#PRancer, peritoneum cancer, pharynx cancer, pleural cancer,
salivary gland cancer, tdngaeecanteedimgnorgil henteesiPhamiady satyompositisiylic A

pharmacegticy sranpagiiuyphthe e cinbresraas St ieas! piRdipaelheemiarsies the
invention. Fur hr%moréaﬁ st:hﬁ CO&]%JTSIBH 3&39%%%&%%@&&%&@@8%‘ four different vectors of

the invention. ¥ addition to tHe véctor of thé invention, a pharmaceutical composition may also

comprise 10 any other vELR18 SORAUYSMST fofe GRICTe ABIR_NGRIYAICHEMRR FRENRY Effective
agents, any otvesrtageotspSsieh tre ghiowiage egaty aadefitdbie EtrielX; nl¥fars, BXcipiehts, adjuvants,
antiseptics, filmlq@gi}i@m@@g@@,kggmgi agers, andDFghytrmponents normally found in
correspoqging prOdUCtSThe ‘regions may be in any order in the vector, but in one

embodiment of the invention, the regions are in a sequential order in the 5" to

3' direction. Open reading frames (ORFs) may be in the same DNA strand or

in different DNA strands.

As used herein, the expression “adenovirus serotype 3 (Ad3)" refers

20 to the genome or partial genome of human Ad3, which comprises one or
several regions selected from the group consisting of E1, plX, ptVa2, £2, VA1,
VA2, late region, E3 or partial E3, and E4 of Ad3 origin.

As used herein, the expression “partial” region refers to a region,
which lacks any part compared to a corresponding wild type region. “Partial

25 E3" refers to the E3 region lacking gp19k.

As used herein, the expressions “VA1" and “VA2" refer to virus
associated RNAs 1 and 2, which are transcribed by the adenovirus but are not
translated. VA1 and VA2 have a role in combating cellular defence
mechanisms,

30 The insertion of endogenous or exogenous elements may enhance
effects of the vectors in target cells. The use of exogenous tissue or fumor-
specific promoters is common in recombinant adenoviral vectors and they can
also be utilized in the present invention. For example, viral replication can be
restricted to target cells for example by promoters, which include but are not

35 limited to hTERT, variants of hTERT, CEA, SLP, Cox-2, Midkine, £2F, variants
of E2F, CXCR4, SCCA2 and TTS. They are usually added to control the E1A



15The pharmaceutical composition may be in any form, such as solid, semisolid or liquid form, suitable
for administration. A formulation can be selected from a group consisting of, but not limited to,

solutions, eulsiapgs@yspensions, tablets, pellets and capsules. In one gbgedimgRighthe invention,
the oncolytic adenoviral vector 20 or pharmaceutical composition acts as an in situ cancer vaccine. As

used herein an "in situ cancer vaccine" refers to a,gancer vaccine, which both kills tumor cells and also
increases the immune response against tumor ceﬂ- . Virus replication is a strong danger signal to the
immune system (=needed for a TH1 type response), and thus acts as a powerful costimulatory
phenomenon fegihe, 28:GMadgiomisdiatstiamativatio ®hed setivatisncbimEOS andtheBeruitment of
NK cells. Tumgis el Ixsisialee. helps to present tumor fragments and epitopes to APCs and

furthermore, costimulatign s poghicaft b Bfi ARG TUS, Gk SHIGRR IREERRAIEN e not HLA

restricted) response is produce e _context of each tu Eé_%%ci_therefore ﬁ‘ Beﬁ Jﬂ%ﬁm situ. A tumor
specific 30 iImYRGIRY REEPRIIRSS (e ARARINHGHL RHYSRLER LGP lIs, e.g. in the
target tissbie. E1A cPhtaisfcibevbuiose isfiomeissedepehdis sivaaieariaie &iibjecsigadel of the
treatment, theferEantyRasrptoaaiterts theduspeciird dhecstage of the tumor. The dose may vary for

example rom about 104 viglpariglescih (AP Jt%%;%s%‘?f&f%@éfrﬁ@%é@%éxlo8 VP 10

about 1013 VP and more prefera rom about 8x108, VP to a out

pharmaceuticBIRY#6S tléﬂ@‘i‘]‘yay]y)%'mﬁ%%d HyFAAY &H@el‘ﬂloﬁ% oc%tgges kng\ﬂm ?H the art, for
example by utitieiigpgagesite enthertsiidimgprbammmredephith Wﬁé@uﬁﬁ"ﬁ@fﬂﬁ% mbiges,

column-gfyorfaiegians ycriseficanred Gefl erattlipnt glunTiesip pendqierfusitinimicae oBawith low-shear
cell retention gg gg%ieé\%meésté%ﬂe? in modRUISEIPTAHBRAGRECEUIGR o Rappsiaof the invention

may be admlnls to any e otic sub ect selected fr roup c sisting of Iants animals and
human beingd!SH'Y re%P@ﬁ’T AFRBIASE B |ﬁ’\9§nl’?6rr’g(1%q%@tsﬁjeﬁ%s a I%u(tr)nogn t'an animal. An
animal may beiwb’éi@(ﬂltﬁmﬂm ageoapirednsistrgidieeabidorhestlicatingafh inth HRlu¥itn animals.
Most adults haygrheriz€xpasgd to the most widely used adenovirus serotype Ad5 and therefore, the

immune system can rapigly pr %&dﬂﬁ&ﬁ@&?'ﬁ% IRVaRiRS é%h)cégﬁw%m?deén {aekothe
prevalence of anti-Ad5 15 NA

b I’ES 50%. It E been sh%\évnr{igﬁ can tbe induced against
most of the mERTPREFFFHIRSEER dﬁﬂ@ﬂé‘%‘f{ﬂﬁé AGRY é\?gﬂ aciaiPd or(?lmeen of the
invention, the@ibjeetils sirfiedimenhed disaRteAes HREMERAN %m@ae li§ BFEMBEYiment of the
invention, the $ybjegk HarRreFidusHidpeenderated BEthrémdbt 0y cestviettitmatraretpenbmay be used
for administrag 99@&% UBCIOMBF %@ﬂwaﬁmmarémﬁwee fiuite ekadminisisatiqnadepends on the
formulatéljﬁ or th rm of f%&sg#ngosmon thﬁ%ﬁ?se the Iocatlont?f tu;}nors the gagent
comorbidities Y d ﬁ@r?&é 69@%%b0 & 91e |nvent|(¥n ?he avdmlnlg rafion Is conducted
through an ml@@ﬂ%@f‘ﬂ@grﬁmé‘@%ﬂ|mﬁéﬁ%ﬁgnQTWFQVM@?@VWQEBF&H%IHFRFQH@QcuIar,
intracavitary or peritone&xioj@citns, disamatsed acmirigicatign. elemen@®nlpgaieshdmisstediion of
oncolytic hum@ﬁh%%@%ﬂ&ﬁb\/%@sqwofm@Aave@t@mm@%w&tber@n@m.aﬁ@@@mmyer in one
embodiment of thepg\ﬁ% é)%’u%nco % %%eQ% r%lo\\/lc[ar% orsC Or% ?Ij,m%%%ll{ icalc é’\%%%gggs are 30

administered 25\? reatment period. Onco uman a vectors or
pharmac&tical sepsiissitions %ﬁ/%‘%ﬁﬂﬂﬂ%é#%%‘#&ué%ﬁ’rﬁ% HRfigpioy i@%ﬁ]é?‘ﬁ?fﬁé’%ﬁt 2 weeks,

4 weeks, mortthdypoeshringvirgitkeatment period. In one embodiment of the invention, administration is
done three to seven tim%@é@%&&&%%é@ﬁﬂaﬁ% viegkeandfoenmant)yuBhd B3 length of the
treatment period May yatk a0 makala SXe RIS RYIRT-"MPHR HL ARG F8HRnse
i.e. in the inhibition of both innate and specific immune responses. The vecior
30 of the invention may have deletion in the gp19k region in the E3. The gp1%k
gene product is known to bind and sequester major histocompatibility complex
1 (MHC1) molecules in the endoplasmic reticulum, and to prevent the
recognition of infected cells by cytotoxic T-lymphocyies. Since many tumors
are deficient in MHC1, deletion of gp19k increases the tumor selectivity of
35 viruses (the virus is cieared faster than the wild type virus from normal cells but
there is no difference in tumor celis).




19 Nevertheless, in the context of advanced tumor masses, a single round of treatment may not
eradicate the tumor. Therefore, re-administration of the virus is likely to be required for increasing

efficacy. A ke%éazqﬁ%gﬂg i}jgng systemic re-administration is the neutralizingRtihae /@B response
induced 5 by the'virus. In order to avoid neutralizing antibodies in a subject, the vectors of the

invention may vary between treatments. The rggne therapy of the invention is effective alone, but
combination of adenoviral gene therapy with any other therapies, such as traditional therapy, may be
more effective than either one alone. For example, each 10 agent of the combination therapy may
work independently in theltupner distodjrtrentde teviratasiioramayesiyiiitiecssidrad ¥eefiotherapy or

radiotherapy angiprchemgiieranauiic faRsiERRRY FNbABGabedrvehob s replitiiorttw effect the

receptor status of the target cells. , The-ag inati iRiseERd
simuItaneouslth?%%Qﬁ?eenhsaﬁI}%cfgIrllﬂce)‘%qe gﬁ%mﬁgwod}éﬂﬁﬁép)émrbﬁ e

Ye]l [ odlmeniﬁ)f the In ea%'onhwef mgt%o%&go seag‘]urther
comprises admiRRiiFation artivedrfish RHRRIBRIRY PQ&&@\& R RUbject. I another
embodimers of thediytiertianathedeaciiel oeaty frmeisasni P serimis et 8hlifrent
chemotherapy Q@e@egég)@ﬁgﬁgqqggctbeg@;@ﬁgoncurrent" refers to a therapy, which has been
administered before, afterI Q' %%%&@H@H% YHiéhiﬁK}%rﬂPo'ﬁ? yﬁeﬁeggflﬁé%%@nmm&m period for a
concurrent therapy may vary from minutes to several we fe t rapy lasts
for some hours.Compr'sﬁéé’rﬂérgﬁf%IE%?%ﬁ?b‘?ﬁirt‘(oﬁwﬁw%@agﬁﬁaéﬁdgeééut%%rcg%%t %ﬂ%{teégﬁo All-trans
retinoic acid, AzheitiBife, RgithiofRES, Biesmy6in M@Bﬁﬁ],%@&ﬁscﬂ&%ﬁn%?%ﬁ?ﬁa :
Chlorambugjl, GygiemhospimsnidasGitarabine, Daldtonfticme Beogan@N A safueichedDdXorubicin,
I\Eﬂpirl#l)ici”h'fp‘?r}lﬂj!;ﬁﬁ’ EipRAsids, W%ﬁ@ra&ﬂnlﬁ@&iﬁiﬁbieﬁ*Jﬁé!dﬁﬁwum, Igregbidin, froatinib, )

echlorethamine, Mercaptopurine, Methotr »Mitoxantro i : etrexed,
Temozolomide, SRGHRIGR} 9?86??3?1%'&?/5%{}%{% g%@?nb %ﬁfﬁﬁﬁ%lﬁ?@udﬁ&@#@ sg{ien%ggnnd
Vinorelbine. MeptidES 2fRBeadeing %éWP&F‘U@@E&%N&ﬁJH@WEOﬁ%ﬁ%ﬂ%%% {o3< % hown in the
art. Usually a trgasgensi{spidsanstrcdliERTashotdtepltensidensd IRES BofBIBYous recombination is
performed hetween the shyttle digseidiahedtasenisvennsaining thmsgerairdesetidive fiva genome

(" 35 pl id"). Th h C id WO
201010860381 FLASIBITIOEDANE b 5 G ool ar R R e Aot

VIT uction Alternatively, the resc lasmid can
be co-transfectd@MtE ProdhveRRetRHIM RYAH HATBATR" E}:éﬂ?'%mn Fﬁpér?é ige}%%%ﬁﬁnent' of the
present inventidseta, flesratorogstnat, itosedretprisifigtetelnbgefBEP o HREHALRGN N Yector. 5
one embodimeng;,aEthadnyeitianatiigsflegoviral vector is produced in a cell line. Usually, eukaryotic

cells are trzﬂsfected with taﬁnga?gpo%}rgg S\ﬁ%é)é ﬁﬂ%@?[&ﬂﬁ%&if@%@%@wgﬁ@ﬁﬂ@ areciected,

ministation (5 AHEISSAGINER BIHGLTA VRGBT I < el ) T owiing
examples, whichtareiatibintsaietben herdsainting reelsy (Hak)- APC can then recruit; activate
and target T-cells towards the tumor. The nucleotide sequence encoding GM-
CSF may be from any animal, such as a human, ape, rat, mouse, hamster,
25 dog or cat, but preferably GM-CSF is encoded by a human sequence. The
nucleotide sequence enceding GM-CSF may be modified in order to improve
the effects of GM-CSF, or unmodified, i.e. of a wild type. In a preferred
embodiment of the invention, the nucleic acid sequence encoding GM-CSF is
of a wild type.
30 In one embodiment of the invention, an oncolytic human adenoviral
vector comprises hNIS (SEQ 1D NO. 15), which targets radioiodide to the
target cell. The expression of the sodium iodide symporter (hNIS) as a
transgene is a strategy for targeting systemicaily applicable radioisotopes, e g.,
radioiodide to tumors. This approach aliows tumor cells to be killed due to the
35 oncolytic effect of the virus and due to radiation induced cell death, and the
approach also takes advantage of synergy between radiation and oncolytic



Examples Cell culture 293 cells were purchased from Microbix (Toronto, Canada). 293- 15 2v6-11
cells contain a ponasteron-inducible E4orf6 region (Mohammadi E.S. et al. 2004, Nucleic Acids Res

32: 2652-2659)% Q4 dnkedk cells were kept in 1mg/m1 G418 (Sirena, D. et %ﬁﬁg@l%gg@gy 343:

283-298). SKOV3.ipl ovarian adenocarcinoma cell line was obtained from Dr. Price (M. D. Anderson
Cancer Center, Houston, TX). Firefly luciferin-expressing ovarian 20 adenocarcinoma cell line
SKOV3-luc was kindly provided by Dr. Negrin (Stan?grd Medical School, Stanford, CA). PC-3MM2
highly metastatic hormone refractory subline of prostate carcinoma was a kind gift of Isaiah J. Findler
(MD Anderson f2zmosirGe mayiddtiostofin TadditidiB BB Rsaddy i hithphisgeaourvarivastatic

subline of a hupaiyissosrcel ays OB RfHIedURhi¥RS ASWRr ovisietb by T akaskpladtashi (The
Honda Researg)lgrjﬁg{g% , Japan). The human umbilical vein endothelial cells known as the HUVEC
were bought from Lonza (Basel, Switzerland). The following cell lines were obtained from ATCC

(Manassas, VA): ACHN KibHiey &1l 28rciRtswa! ABRS g BRRINWELPENR 7 30 Wuman
fibroblast céll liexptdFEulib tojoritfallcaraiesie (OraaQ 80 HreiadenissiB@ond; PANC-1

pcancreati9 epitlﬂebi.oim_@ramdjrr@gnﬁalA@Jrﬁﬁtb_ﬁrtﬁSfmseigu@rﬁémm@eaémmm@pdqdmadiﬁ@n?. ;
onstruction o - - - - - .performed on
Ad3-wtuplasmi&v a%% &2%??@%}5%@9@@9 gfﬁ%%gﬁ \%ﬁé&o’ﬁ%&g ﬁé%%g%%ﬁé%g&nﬁgﬁ{? em to
exclude the o PNIGIRR StFaheseaIRt Rl adum Erflipdide neiaryi 2t BER D roduct

included LITR wddsiadval dideseoraginacii toda molsui@sriart simess-GANBTAIKCC CAA
GTG TOT1@GGabale Cavés Tl (SRR IBI\Sgh), reverse primer 5-CAT GAT ATC AGC GAT CAG

CTG ACA CCT ACS (SRR Wi a: atldiebK PksHehianhande ReaR¥te Atdhe gRd). the
second started directly after the TATA-box u%l%g Tir th?lf of thg EI%/egl n %&forward g{r‘%per: 5'-CAT
AT ATC O CORTRE GERCIHES o N ray %OEH PSR CT AGA
GCG AGO ACANipadEs MeY RisThe3rzrd ap thosugnas didnEasy Kleigmart aykisthal at the

end). The thirdd? @ padifiedgbeea hpmarteeliend. of, 1) adanantiy s dypealXitetudiy Rid&isThe
respectively: digesieg ﬁ{g&%g&@_ products around the TATA-box were cloned into Kpnl/Xbal
digested pUC19 cloning vector resultin%}in GBAd3EL], inc uding a TATA-Rox e%(al,gdeg start of the

Ad3 sequence. The hTE %r\iﬁ’ﬁ%}{e% i ?&%%MS%W& c%)é?teegtwﬁh 'an'l/'ﬁ%(')?,nglunted, and
cloned in front BfaReaTtiRiggiepns REdrdvand disestion of eregses B RS pISBAM3hTERT-EI.
The third PCR pradimissithtibese néingf tapsidi 3restijiicatzen was. nowdificatdringd Nettiblufibee pShuttle,
follovltv_ed by dggg.ééiA%? m@%&s@é%eag}eﬁéﬁswntm &3@5@,iwas&Hnﬁipﬂ%ge&asu?%%@l?maTERT-El3
resulting i . - -E1 as shuttle vector e modifi . enovirus
genome. |(r£|)allv'%@C?%K‘&-H?@h%%lmﬁgsaéﬁag% el(\é}al%ﬁﬁdqﬁgﬁ/%ﬂgé%g%ngdﬁﬁ%n%@ ?hggslzé%%sfd being

opened up in bRRFRIBN ¢ARSHodRIEmsiathgnereiRiesiel ehinss b dehistifssissyig e, and
homologous refibentindcpesto Mhdsdigeste thankd eific hiimid oney flee g8 B2 Audint, pbysidace

ba}gégéoxgg g#&&aiﬁéﬁlﬁﬁgmﬁﬁéwQ@@é%@@h@f@cﬁt@'ﬁ%ﬂiﬂo&@dmﬁff&d306?@%@ seglﬁnfel
(1pcells with MIu@(%xdegst(%%%Eé%%%;ﬁg%%EW%%@E%S@%%@%%éﬁﬁa@gﬁyoﬁgat%i lar E&tmg )
Ad3-hTEF?’F"-EPA“9?ﬂ% o enaLHb e R 25 R eI QIR BTN OV IS ¥RFEBTIPAS 49 cells.
After amplificatiowihef 3gharuadeneeire pisifieddisndoaielce siddinghtpeddic malentdeT e $tocks were
confirmed not todieyp BLEHI¥RSIrGaEEaMiRaEiRN VBRI (Rbthecataidantkiude but are not
limited to incorporation of small peptide motif(s), peptide(s), chimerism(s) or
mutation(s) into the fiber (e.g. into the knob, tail or shaft part), hexon and/or
30 penton base.
Expression cassettes are used for expressing transgenes in a target,
such as a cell, by utilizing vectors. As used herein, the term “expression
cassette” refers to a DNA vector or a part thereof comprising nucleotide
sequences, which encode ¢cDNAs or genes, and nucleotide sequences, which
35 control and/or regulate the expression of said cDNAs or genes. Similar or
different expression cassettes may be inserted to one vector or to several



method, see Kanerva, A. et at 2003, WI Ther 8: 449-458). Then the presence of the hTERT promoter
in front of the EIA was confirmed (Fig. 3b). The primers used to get the 270bp band were 5-GOT TAT

GCC AGG GG HAang A3 forward (SEQ ID NO: 5) and 5-AAG GTG@%@’S@&%‘AG GAC-3'

reverse (SEQ ID NO: 6). For the 210bp band, the primers used were 5'-A BC CCT TCC
TTT-3' forward (SEQ ID NO: 7) and 5-CCC GOT CTC ACT GGA GAT AA-3' reverse (SEQ ID NO: 8).
The PCR bands were then sequenced and the expégted sequence was obtained (see SEQ ID NO: 9
and Figure 10). 5Finally the Ad3-hTERT-E1A was observed by electron microscope (see Figure 9).
Other adenovirdiffesent vedtenstddeesTrivieof g pumeovinsesirstevanctonhisinedntionnd able 1.

Adenoviruses WirufpamepekshonesesetdpebierdnahsevndybekedsiBaticnb¥BiR us Reference
AdSwt 55 W”%)éﬁﬁa]tg.ﬂ g%’%ﬂ%%%%eﬁtr%me invention, the oncolytic human adenoviral
vector comprises at least one expression cassette. In another embodiment of
5 the invention, the oncolytic human adenoviral vector comprises only one
expression cassette.
A cell comprising the adenoviral vector of the invention may be any
cell, such as a eukaryotic cell, bacterial cell, animal cell, human cell, mouse
cell etc. For example, the cell may be used for producing the adenoviral vector
10 in vitro or in vivo, or the cell may be a target, such as a tumor cell, which has
been infected with the adenoviral vector.

Cancer

Any cancers or tumors, including both malignant and benign tumors

as well as primary tumors and metastasis may be targets of gene therapies. In

15 a specific embodiment of the invention, the cancer is any solid tumor, In one
embodiment of the invention, the cancer is selected from a group consisting of
nasopharyngeal cancer, synovial cancer, hepatocellular cancer, renal cancer,
cancer of connective tissues, melanoma, lung cancer, bowel cancer, colon
cancer, rectal cancer, colorectal cancer, brain cancer, throat cancer, oral

20 cancer, liver cancer, bone cancer, pancreatic cancer, choriocarcinoma,
gastrinoma, pheochromocytoma, prolactinoma, T-cell leukemia/lymphoma,
neuroma, von Hippel-Lindau disease, Zollinger-Ellison syndrome, adrenal
cancer, anal cancer, bile duct cancer, bladder cancer, ureter cancer, brain
cancer, oligodendroglioma, neuroblastoma, meningioma, spinal cord tumor,

25 bone cancer, osteochondroma, chondrosarcoma, Ewing's sarcoma, cancer of
unknown primary site, carcinoid, carcinoid of gastrointestinal tract,
fibrosarcoma, breast cancer, Paget's disease, cervical cancer, colorectal
cancer, rectal cancer, esophagus cancer, gall bladder cancer, head cancer,

eye cancer, neck cancer, kidney cancer, Witms' tumor, liver cancer, Kaposi's

30 sarcoma, prostate cancer, lung cancer, testicular cancer, Hodgkin's disease,
non-Hodgkin's lymphoma, oral cancer, skin cancer, mesothelioma, muitiple
myeloma, ovarian cancer, endocrine pancreatic cancer, glucagonoma,
pancreatic cancer, parathyroid cancer, penis cancer, pituitary cancer, soft
tissue sarcoma, retinoblastoma, small intestine cancer, stomach cancer,

35 thymus cancer, thyroid cancer, trophoblastic cancer, hydatidiform mole, uterine
cancer, endometrial cancer, vagina cancer, vulva cancer, acoustic neuroma,
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mycosis fungoides, insulinoma, carcinoid syndrome, somatostatinoma, gum
cancer, heart cancer, lip cancer, meninges cancer, mouth cancer, nerve
cancer, palate cancer, parotid gland cancer, peritoneum cancer, pharynx
cancer, pleural cancer, salivary gland cancer, tongue cancer and tonsil cancer.

5 Pharmaceutical composition

A pharmaceutical composition of the invention comprises at least
one type of the vectors of the invention. Furthermore, the composition may
comprise at least two, three or four different vectors of the invention. In addition
to the vector of the invention, a pharmaceutical composition may also comprise

10 any other vectors, such as other adenoviral vectors, other therapeutically
effective agents, any other agents, such as pharmaceutically acceptable
carriers, buffers, excipients, adjuvants, antiseptics, filling, stabilising or
thickening agents, and/or any components normally found in corresponding
products.

15 The pharmaceutical composition may be in any form, such as solid,
semisolid or liquid form, suitable for administration. A formulation can be
selected from a group consisting of, but not limited to, solutions, emulsions,
suspensions, tablets, pellets and capsules.

In one embodiment of the invention, the oncolytic adenoviral vector

20 or pharmaceutical composition acts as an in situ cancer vaccine. As used
herein an “in sifu cancer vaccine” refers to a cancer vaccine, which both kilis
tumor cells and also increases the immune response against tumor cells. Virus
replication is a strong danger signal to the immune system (=needed for a TH1
type response), and thus acts as a powerful costimulatory phenomenon to the

25 GM-CSF mediated maturation and activation of APCs, and the recruitment of
NK ceils. Tumor cell lysis also helps fo present fumor fragments and epitopes
to APCs and furthermore, costimulation is produced by inflammation. Thus, an
epitope independent (i.e. not HLA restricted) response is produced in the
context of each tumor and therefore takes place in situ. A tumor specific

30 immune response is activated in the target cell as well as the surrounding
cells, e.g. in the target tissue.

The effective dose of vectors depends on at least the subject in
need of the treatment, the tumor type, the location of the tumor and the stage
of the tumor. The dose may vary for example from about 108 viral particles

35 (VP) to about 10" VP, preferably from about 5x10° VP to about 10" VP and
more preferably from about 8x10° VP to about 10" VP.
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The pharmaceutical compositions may be produced by any
conventional processes known in the art, for example by utilizing any one of
the following: batch, fed-batch and perfusion culture modes, column-
chromatography purification, CsCI gradient purification and perfusion modes

5 with low-shear cell retention devices.

Administration

The vector or pharmaceutical composition of the invention may be
administered to any eukaryotic subject selected from a group consisting of
plants, animals and human beings. In a preferred embodiment of the invention,

10 the subject is a human or an animal. An animal may be selected from a group
consisting of pets, domestic animals and production animals.

Most adults have been exposed to the most widely used adenovirus
serotype Ad5 and therefore, the immune system can rapidly produce
neutralizing antibodies (NAb) against them. In fact, the prevalence of anti-Ad5

15 NAb may be up to 50%. it has been shown that NAb can be induced against
most of the multiple immunogenic proteins of the adenoviral capsid. In one
embodiment of the invention, the subject has high amounts of anti-AdS
neutralizing antibodies. In one embodiment of the invention, the subject has
previously been treated with Adb.

20 Any conventional method may be used for administration of the
vector or composition to a subject. The route of administration depends on the
formulation or the form of the compaosition, the disease, the location of tumors,
the patient, comorbidities and other factors. In one embodiment of the
invention, the administration is conducted through an intratumoral,

25 intramuscular, intra-arterial, infravenous, intrapleural, intravesicular,
intracavitary or peritoneal injection, or an oral administration.

Only one administration of oncolytic human adenoviral vectors of the
invention may have therapeutic effects. However, in one embodiment of the
invention, oncolytic adenoviral vectors or pharmaceutical compositions are

30 administered several times during the treatment period. Oncolytic human
adenoviral vectors or pharmaceutical compositions may be administered for
example from 1 to 10 times in the first 2 weeks, 4 weeks, monthly or during the
treatment period. In one embodiment of the invention, administration is done
three to seven times in the first 2 weeks, then at 4 weeks and then monthly.

35 The length of the treatment period may vary, and may, for example, last from
two to 12 months or more.
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Nevertheless, in the context of advanced tumor masses, a single

round of treatment may not eradicate the tumor. Therefore, re-administration of
the virus is likely to be required for increasing efficacy. A key factor limiting
systemic re-administration is the neutralizing antibody (NAb) response induced
by the virus. In order to avoid neutralizing antibodies in a subject, the vectors
of the invention may vary between treatments.

The gene therapy of the invention is effective alone, but combination
of adenoviral gene therapy with any other therapies, such as traditional
therapy, may be more effective than either one alone. For example, each
agent of the combination therapy may work independently in the tumor tissue,
the adenoviral vectors may sensitize cells to chemotherapy or radiotherapy
and/or chemotherapeutic agents may enhance the level of virus replication or
effect the receptor status of the target cells. The agents of combination therapy
may be administered simultaneously or sequentially.

In one embodiment of the invention, the method or use further
comprises administration of concurrent radiotherapy or radiciodide to a subject.
In another embodiment of the invention, the method or use further comprises
administration of concurrent chemotherapy to a subject. As used herein
“concurrent” refers to a therapy, which has been administered before, after or
simultaneously with the gene therapy of the invention. The period for a
concurrent therapy may vary from minutes to several weeks. Preferably the
concurrent therapy lasts for some hours.

Agents suitable for combination therapy include but are not limited
to All-trans retinoic acid, Azacitidine, Azathioprine, Bleomycin, Carboplatin,
Capecitabine, Cisplatin, Chlorambucil, Cyclophosphamide, Cytarabine,
Daunorubicin, Docetaxel, Doxifluridine, Doxorubicin, Epirubicin, Epothilone,
Etoposide, Fluorouracil, Gemcitabine, Hydroxyurea, idarubicin, Imatinib,
Mechiorethamine, Mercaptopurine, Methotrexate, Mitoxanirone, Oxaliplatin,
Paclitaxel, Pemetrexed, Temozolomide, Teniposide, Tioguanine, Valrubicin,
Vinblastine, Vincristine, Vindesine and Vinorelbine. _

Methods of producing adenoviral vectors include any conventional
methods known in the art. Usually a transgene(s) is inserted into a shuttle
plasmid and then homologous recombination is performed between the shuttle
plasmid and a plasmid containing the remainder of the viral genome (“rescue
plasmid”). The new genome can then be cut from the plasmid and transfected

275-280.
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to virus production cells. Alternatively, the rescue plasmid can be co-transfected
into producer cells for recombination in those cells.

In one embodiment of the present invention, a plasmid construct is
used for placing a transgene(s) to the adenoviral vector.

5 In one embodiment of the invention, the adenoviral vector is produced
in a celi line. Usually, eukaryotic cells are transfected with the adenoviral
vector and thereafter virus-producing cells are selected, expanded and tested.
The viral vectors of the present invention also need extensive purification
before administration to animals or human beings.

10 The present invention is illustrated by the following examples, which
are not intended to be limiting in any way.

Examples
Cell culture

293 cells were purchased from Microbix (Toronto, Canada). 293-
15  2vB-11 cells contain a ponasteron-inducible E4orf8 region (Mohammadi E.S. et
al. 2004, Nucleic Acids Res 32: 2652-2658). 911-1¢c11 cells were kept in
1mg/ml G418 (Sirena, D. et al. 2005, Virology 343: 283-298). SKOV3.ip1
ovarian adenocarcinoma cell line was obtained from Dr. Price (M. D. Anderson
Cancer Center, Houston, TX). Firefly luciferin-expressing ovarian
20 adenccarcinoma cell line SKOV3-luc was kindly provided by Dr. Negrin
(Stanford Medical School, Stanford, CA). PC-3MM2 highly metastatic hormone
refractory subline of prostate carcinoma was a kind gift of Isaiah J. Findler (MD
Anderson Cancer Center, Houston, TX). LNM35/EGFP, a highly lympho-
genous metastatic subline of a human large cell carcinoma of the lung, was
25 provided by Takashi Takahashi (The Honda Research Institute, Japan). The
human umbilical vein endothelial cells known as the HUVEC were bought from
Lonza (Basel, Switzerland). The following cell lines were obtained from ATCC
(Manassas, VA): ACHN kidney cell carcinoma, Ab49 lung adenocarcinoma,
FHS173WE human fibroblast cell line, HTC116 colorectal carcinoma, CAMA-1
30 breast adenocarcinoma, PANC-1 pancreatic epithelioid carcinoma. All cell
lines were cultured under recommended conditions.

Construction of Ad3-hTERT-E1

For cloning of Ad3-hTERT-E1 three different PCR were performed
on Ad3-wt plasmid pKSB2Ad3wt (Sirena, D. ef al. 2005, Virology 343 283-
35 298), two of them fo exclude the original TATA-box from the Ad3wt sequence



WO 2010/086838PC171B2010/050452 23 assay was not sufficient and therefore we developed a
more dynamic progressive infectivity assay (Fig. 3c), where the cytopathic effect was allowed to

develop until $he fitgr.piatgaued. This represents the actual functional titerlgglthgz\gilré}%o'éye cells were
plated on 96-well plates, 10 000 cells/well and rows were infected the next day with decreasing 10-fold

dilutions from 10-5 to 10-12 of Ad3-hTERT-E1A, each dilution in ten duplicates. The infection was
done in DMEM, 2% FBS. The plates were observe ﬂ)y microscope and the virus wells were compared
to the mock wells. From the observations pfu/ml was 10 calculated in the similar way as in TCID50
(Adeasy manuéFiguient-Bechiheldigse £ TR pROOS) Mok destid BtV a5V BIg)eatienchithged every 4
t0f7 days.  urlff YHEOTIRALRES \¥eEWERIVEinere aCiAg tRomaxmau miiteGa ‘ﬂ@ﬁlﬂ@ﬂpdnal 000
infectivity assa ' 7 Vigo oyt ICIty, . ted at 1
cells/well on 96Bf v@ﬂw%ﬁgeé%fd}ﬁ@g?ég W,EtSHe de%glé;\}gt%ﬁ?ﬁtgeig rC Au-r (%Q%ﬁtée\g%grﬁgected with
the viruses at G-\ %T@\/‘ﬁ%lpcfﬁéﬁiﬁécﬁg’ﬁ@/ Ddfe é??‘%'gé’?gl &5’\'7 ng'%emrﬁ BB&)IThe plates
were reguldrly BbsBVedtant treandwthasedirndatacrdrijesty efiepths-bAddydagikngtihenty days

later, as optimalkeneachs ine, tha celivialibitywayapanalyzedomth GANSARGSay G eliCAtes ©6 AQueous
One Solution CRERTRERTE FESAYSELORPRR): ET%@Q%%EMF@-@%W?%W@@@'OWW days:
PC-3MM2 on day 8, A549 on day 17, HTC116 o OV3.ipl.on da , HUVEC op day 11,
FSH174WE od"tée f&%ﬁ%&@/ﬁ%@ﬁ%ﬁ%‘ 10 @@@é;g}:ﬁﬂé&?qgcﬁﬁé@f &E fg §‘/pzo and
ACHN on day BDATibaésattsheeantiwi e Fijide S GR-mmplified tHiy o thg &89 iuses
eventuallyskilledddhennoer ks i iacyEnigxRItRasshy, theyestientedigosted thias Aud B&ivd oncolytic
agents, includig. ol seabRe G RTE Kbpaleranehes isd KEATRIAT débiastlipss toxic than

e control viruses,, including wi e, - - w e to kill atack the
Wb e A o oAl T Rl S i ey
Ad3-hTERT-E thetd /il sariseneelld ne itE b wnnioedaridtanytRdReRyEaS Figrshtiing seven
different tumor e Kbl (Kiguras died, and Fegures TAfOnt robithealignergicelbines Aa8NTERT-E1A
24 showed gorgpielgoneplyaiBANBHES e ey RRYCEING AiFEN ok Yirus showed no cell killing
(p<0.05). However, as anficipate d on experience from growi nd titering the. virus,
Ad3-hTERT-E1A was s.or:rﬂﬁé\jﬂgfgsl%@gr @ﬁcgjnu&gv isteﬁr%ﬁ)?p%n? ﬁ&%&#fﬁi@%@%&%ﬁ%@
Ad3-hTERT-EBioned ipter Alsi{piirntancrbivdicseodavad vy itisestipn ik cHiidlardhbilical vein
endothelial cellshlzswh&&HY 7 3\e dfitimtb| akte) Withgbsteh npeBAdE b Bold p&rforamdtiogl Killing assays
I(Fig- 5). No Cegbﬁtﬁria&wﬁﬁémqﬂo%g'gﬁétﬁ@ng&ﬂsatm% and aédﬂigh%ﬁfg’?ﬁ%tﬁﬂ%ﬂtﬁéi?ilﬁ) was
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ol TOTECo8" Nith Ad3-nTER T-E1 sequernice (PKOB-AGSTERT-E1)

The recombinant Ad3-hTERT-E1A virus was rescued by transfecting
911-1¢11 cells with Miul-digested pKGB-Ad3-hTERT-E1. Subsequent
amplification of a first large Ad3-hTERT-E1A virus stock was done in 293-2v6-

11 cells, followed by 2" amplification in A54¢ cells. After amplification the
30 viruses were purified on double cesium chloride gradients. The stocks were
confirmed not to have serotype 5 contamination by PCR (for the standard
method, see Kanerva, A. et al. 200'3, Mol Ther 8: 449-458). Then the presence
of the hTERT promoter in front of the E1A was confirmed (Fig. 3b). The
primers used to get the 270bp band were 5-GGT TAT GCC AGG GTG GAG
35 TA-3' forward (SEQ ID NO: 5) and 5-AAG GTG AAG GGG CAG GAC-3
reverse (SEQ ID NO: 6). For the 210bp band, the primers used were 5-AGC



20 subcutaneus model female NMRI nude mice were used (Charles River, Germany). They were
ordered at the age of 3-4 weeks and quarantined for 2 weeks. For the intraperitoneal model female fox
chase SCID %&é?n@%ﬂ%@ss River, Germany) were used. They were orderelg ahg]z%l%\%e of 6-7 weeks
and quarantined for A months. 25 Oncolytic potency in vivo We tested the e‘fﬁcacy SPRAGENTERT-ELA
in mice bearing PC- 3MM2 prostate cancer xenografts (Fig. 6A). Ad3-hTERT-E1A was able to reduce
tumor growth significantly in comparison to PBS injé’@tions (P=0.0035). Interestingly, even though the
virus was slower than positive controls in vitro, 30 there was no difference in efficacy in vivo.

Ad3-hTERT-ER0Eas @l €6t apamopiytis’ dsmve a8 EAdB1 NoasEdarren&elGo BET IETiGice with A549

xenografts (Figure6B) AIeAFSANERTSELA qeqetn RBCNR BTARESISEROsS femuiay Ifeanwards, but
because of rapid tumor %{owt t#n the PBS group, and termination (gf that% qua‘{’ge;u?l?r1 dthe
experiment lostHEIETAtEHES W%i@lﬁ%‘%@%gﬁ@ﬁf i) Ehpower. AT 17 a
borderline diffeFégige (F20.051) could be seen comparing Ad3-hTERT-E1A and the PBS. At day 30
Ad3-hTERE-E1A had redeigedhyiutres pgowTiE Bitiif canths (Be0idbiteldhronAdizB6ddpR T-E 1A,
which is know §9.e??i§m9@ y potent oncolytic adenovirus (Bauerschmitz, G. J. et at 2008, 5 Cancer
Res 68: 5533-5539). ubcutaneous tumors may not be optimal surrogates of human cancers
and therefore v&g&p%eg% fﬂlgg@ze an orthotopic model featuring intraperitoneally disseminated
carcinomatosis induced with luciferase expressing SKOV3Luc cells (Figures 6C, D). Ad3-hTERT-E1A
significantly 10 reduced théergsierséailignhrers wrese® eiswant iadihitee98.0001). There was
no difference in efficacy between the different replication competent viruses. Ad3-hTERT-E1A
extended the nigdian sukvdenbyinusss from 34 to 46 days (PBS versus Ad3-hTERT-E1A), which
resulted in a sighifisaiebfereBaekn K&Han-MBigx survival analysifgie0.0Rsfedercout of the 7 mice
treated with 15 Ad3-hTERT-E bamsurvile@kintil the end of the expeffféHt (day 120) and may have
been cured as no evidence o@@or ('(?y?}pﬁgbe detected in Iuciferasé‘hmag ng or autopsy and its
behavior was {nprmal-SubeutgiEous-pHiffal-¢xperiment-Mice-wherg-injected  spbewtaneously to both
flanks with 2 x 108 BE- 20 3VIN2 or § % 1064548 CAIE. After 13 ahth 11 da?%ﬁr%ﬁg . the tumors
had developefdAgaRerpEEaRIE Sizes aml the Mg waies treatedgpragmonasiieidddvitzin PBS or only
PBS. Injection gapime per tumor was|50 pl. Therggectionprasotepeated afteroeeand twoiweeks. The
tumors were measured frequently and the volumediméss cadtgiivigd; V = L x| H208,0.52. The measured
volume 25 before the first treatment Was regarifel$laga@egcashittthe tumar a$Bompared to
this. With the A549 group some of the tumorg fidifted with PBS grew aggr §i§/’<§l§/3§ d the mice had to
be euthanized after two and a half weeks. Intraperitoneal animal experime ?@%ﬁ@ 6"_6 gpic model of
peritoneally disseminated ovarian cancer was
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10 Progressive infectivity assay

The methodology established for Ad5 based viruses had to be
optimized to account for the slower replication of Ad3 wild type and Ad3-
hTERT-E1A. To estimate a functional titer, the usual 10-day cytopathic effect



developed by injecting 5 x 106 SKOV3-luc cells intraperitoneally in 300 pl of pure DMEM into SCID
mice. After three days the mice (n=7) were imagined noninvasively and treated intraperitoneally by
injecting PBS or 109VP in PBS per mouse. The mice were imaged on day 3 7113%5110 01 4%8 35 and 42
using 35 IVISHHE t?(gsr?%gen Alameda, CA, USA) to estimate the number oﬂﬁmor cej?s 56 is the mice
(Fig. 8). For bioluminescence imaging, 150 mg/kg D-luciferin (Promega, Madison, WI, USA) was
injected intraperitoneal and captured 10min later wih#10s expousure time, 1f/stop, medium binning

and open filter. During imaging the mice were in isoflurane gas anesthesia. The images were overlaid
5 with Living Image?. GR4Xappaamicketal dhix (peainne/siveadsvenperedibyriravidgneegions of
interest (ROI) Egéogﬂ%gygep%%%[y gﬁ%%‘? %@?&W@H ,élétﬁg@@% gﬂ}gﬂ;&]ogy in mice.

10In toxicity st igures -E1A was foun gles C;OX\c;f Ad 0afnd Ad5/3
control viruses §f SRVRIR WIS E EHHW@H B REH i? B9 AT o?noarganrs and basic
blood values wtre vnalyzed. 72h after 8x101 VP given intravenously, significant differences were seen
in liver histgdogy and in IiVﬁ{eeaaym@;y\,fﬂhtserohyee‘ﬁ@huméapn (vl baitsfamliratibroglese to

gon?ort"’(‘]‘l }’e'rt‘%)@?‘é ﬁ?@&éﬂl ﬁ?é“ﬁe‘%’c'%% ﬁ‘fd%%{@%stﬂ e1@9f8fda@ﬂ1%8tﬁ§ ferelyDe ﬁ)aﬂ!?l'%/g grtl)UIOS
isplayed features qQ iver toxici elevated liyer.en er,or od values
showed no sig 6‘?&)?3%#% G%éh gﬁb%"gg%ﬁ\f ﬁ/ R?er%lsﬁe y' eIC ur'gg%ssr'gg?’té)c ed (Fig
18c). Here is tHéI\ﬂEIM|§Pép5%l5§i@£5?éﬁ®we¢%@%%%ﬁ?‘°ﬁ9%%|%§%§‘Wﬁlﬂﬂﬁatlon
Ad3wt: Mostly pesmatdditesed ind/heamnules. Mitisr iffaomniatonrszarétionpoptalivéiveis the
parenchymg 5/5,AGRig ERT% Meostly nggmahsl\lqmm%B@ax@@é infkarnanatiagieagr

(nonportal) vei the parench seen.in I 8 5 t
hepatocytes thngﬁ'g%’ﬁ?ahe pler\} QO\%fe Eﬁ 6 |t<s @ma‘@’rﬁa@@\f@%é’ﬁ@ égjll%gg(at %ﬁe portal

area same can'Adt #@Y8een), no pericentral hepatocyte destruction, steatosis, nekrosis, no lymfocytes
in the portal area, acute Iihevidanmgevidwmahmr@oueﬁ:@méimmwm%%?hﬂﬂhﬂ“@eltacipI ok:

5/5: Almost normalisaRRUAL AL EERSIS (BQliAsiBBdRRS in AdSwt), some apoptotic cells, mitosis of
hepatocytes, (lobular) inflammation in 30 the parenchyme, inflammation (as with Ad3) around the

veins. Ad5(2-424: 2k éﬁlﬂﬁo‘}i’éﬂ pajidivgy failure, 50% of tissue in necrosis, damage stronger near
the portal area where all cells are dead, possible fatg)ﬁgeeneratlon some rFr{/ltOS@s unstnetlcs in

human patients. 35S0 far@%a‘f@fﬁ%ﬁﬁ alfas 'S sl avelieiBR, WS LIS u Erapies, have
been treated witkxAdayh TERBIBIA tipleateiety Iqasdfeehpgtﬁmwgve\m@iadefsﬂbﬁsﬁwywto 5x1011

virus particles aé%d)@ﬁ?%@‘ﬁﬂﬁé‘licqm@mt@ﬁ%ﬂ @dhpaterys faaxerexvperienced RS 1-2

adverse eventsn%o qa% é/sf% eL peau F@Q@%ﬁ% F@%%Mﬁﬁé have been
seen so far. Com éate analyses, 1 icacy an mun%h |calt§ata re e i rocessed
From the f#St t\ﬁogﬁa'ﬂ@n@blﬁb'@v@%mﬂ%%ﬁ@'taﬁéw g Hiéd it g(\ﬁ cells were

separated usingifdyzet! gvétliedd SncaasaDNBaad l@&rﬁﬁed\@@%ma@@ welanz@l by qPCR.
With patient 1 t%ﬁ@gt@em@bgr@@@r@; Tramstheanataleieanpepiniper anbios divsvioguclear 10
cells (PBMC) ing ‘i?:%; I%I?O e@%}? %Aé’fo%é@fﬁ'? 819 89 Hajhe BRYES pacdplasma

fice from

bef id cl th lood cell
(RBC). rsgéuﬁfﬁba%smyﬁ%am bt g el Bl gk R i
1 gave tw@giruSAbEution éamﬁhﬁ@@e&ﬂ@@%&?%éﬂﬂr&@%%@ﬁ@dédme results are

shown in Figures 4A-D.

Although both fully Ad3 viruses eventually killed all cancer cells in a
cytotoxicity assay, they seemed slower than Ad5 based oncolytic agents,
including a 5/3 serotype chimera. In non-cancer cells, Ad3-hTERT-E1A was

30 less toxic than the control viruses, including wild type Ad3. Ad3-hTERT-E1A
was not able to kill cells that lack the Ad3 receptor.

Oncolytic potency of Ad3-hTERT-E1A on cancer cell lines in vitro

The ability of Ad3-hTERT-E1A to kill cancer cells in vitro was
analyzed by infecting monolayers representing seven different tumor types
35 (Figures 4A-D and Figures 7A-C). In all malignant cell lines Ad3-hTERT-E1A



15 the urine. Statistical analysis Nonparametric Man-Whitney test (SPSS 15.0 for Windows) was
used to compare two independent samples for all the in vitro and some of the in vivo data. The

analysis of tuW%ﬁﬁ%ﬁa%’?ﬁ performed using a repeated 20 measures modqj&%ﬁﬁgﬁ MIXED (SAS
Ver. 9.1). Models were run with the tumor size measurements in the natural metric anc Tog

transformed. The effects of the treatment group, time in days and the interaction of the treatment
group and time were evaluated by F tests. Curvaturé4n the models was tested for by a quadratic term
for time. The a priori planned comparisons of specific 25 differences in predicted treatment means
averaged over tmavanccatrtple tastritmigpisinihitr ¢heonuputed lioptivet aishicdudovitbe Atdesikperiment

we compared the GoMRAIAGLHRODEN davseved the BRiSMIMRIab30days agdiBrcavaeaged. Survival
was evaluated usi?\g the Koa%gpﬁlgﬂﬁ%%rﬁmgiv H%W%@%r li]%[@ RR2RaGifar Windows).
S eeme

For all analysegfa0 wo §8 ided P value of <0.05 was d statistically significant. Viral constructs

comprising hNI8S5IRS BXIESS and/or CD4OL hNIS and/or GMCSF transgene is (are) added
to the human Ad3 based vector of the invention by utilizing methods known in the art or as described
in the abové exAHIPRIsSGIes N L A APRHTERWEAAerein a non-Ad5 35 adenoviral vector of the
present invention, for example A3 EERE-ElAocaribevagd instamdabiheindBS-gadkackbone (see
also Figures 1 and.2): . WQ.2010/086838PCT/1B 20, PO4RE 2 ansdene MAJTERIALS
AND METHO gn%’é%ff:ghl\{u}% Rﬂ o%%ﬁﬁg ?n?@zén%‘ean#p%@state caﬁ%rf:cgl%ﬁ%éesizelg:\vl, PC-3, DU- 5

145 and lung adBHSRS MO RATCENGASCAERYINE RS PRV HER d HoMOASE K N4RE 8803t PC-3MM2
cells are a metastatiosonorenteftacs 3nsubt inghs RICs8Y obdBed\EbYTIdaidhwaFigrs KB Anderson

Cancir Ci(ementhmuai@rbeNuﬁm bR maidney SBtheER P A?Uﬁdweﬂﬂml(d?ﬁsed from f
Microbix (Toro | 1 ' (MR . - lversity o
Leiden, The N%ﬁ*gﬁﬁd@gﬁ?ﬁggﬁﬁe@'wﬁﬁﬁu%ﬁ%fﬁ‘%&e r C?@Wrﬁ(ﬁ%ﬁ%ﬁﬁ)@%vﬁl constructs
To create Ad5191R¥ AN SR Qide SEUGhADITREE W@ ?r‘g%e?ﬂ(tf il B@I\Iﬁ% IS, courtesy
of Steve Russefdfageceiini¢ SasriscHdstet AN POfhsGasered ifto 1B &R0 -bijeshsd hd blunted
PTHSN (Kanensibkithg/waeseshhgitd Ad8 MIERT-Bhmior pltISNefybs. To make the control virus
Ad5/3-A24-Agpl9K, BsiWI-Mfel-digested and blunted pTHSN was self-ligated resulting in
PTHSN-AgHIKa Kl xiseptfrintAdS/3-A24-hNIS and pAd5/3-A24Agp19K, Pmel-linearized
pShuttle-A24 (Suzuki, K. et at 2002, 20 Clin Cancer Res 8: 3331%??}?%(1 Ad5/3- 5kh.NI% or
pAd5/3-El-Agp19K were Sl ARIBE tERGHIBIB B EE-BRETOVed Ny 0 '%‘§FH|‘Q§H{‘| WP linearized
and transfectedGatondiiteeeifs ihithiBuypEibet gD Egem i er clae CAP N Hifgarermaitatturer's
instructions. Adgaawieds FMenids Mieepiekedrandarityses wne e fopalgaitcbntA s ce s @5 and

purified using siandard dachiiayss, AS/&ihed aitd Affp/uckidrdses wese pralugieH prgviously
(Kanerva,ﬁg et a/, 2003, Mol Th% 8:1,4493 8; Wewa}jeA, e{IC%I. 293962,638@ C@%$fe§e§.§: r275-80).
Viral partictes (@%%@%‘&éﬂ% éd WitR Spé\]c ropholfomerpr and plaque torming units %?u with
TCID50 assay. PREFSNErel hets ek pramueg: at the f@fzoogrmnf\@% 304 SprRIPAILINGISR: 30

A24-Agpl9K: lvberkk) 20V Bienin2 8o iidbépfuimtjsAderBai2 foxl dhrskd BCP mitan@ Aai#8Ilucl: 6.9 x

1011 VP/mlL.  Riyey, Germany) were used. They were ordered at the age of 6-7 weeks and
guarantined for 4 months.

25 Oncolytic potency in vivo
We tested the efficacy of Ad3-hTERT-E1TA in mice bearing PC-
3MM2 prostate cancer xenografts (Fig. 6A). Ad3-hTERT-E1A was able to
reduce tumor growth significantly in comparison to PBS injections (P=0.0035).
Interestingly, even though the virus was slower than positive controls in vitro,
30 there was no difference in efficacy in vivo. Ad3-hTERT-E1A was at least as
oncolytic as Ad5 and Ad5/3 based controls in vivo. In mice with AB549
xenografts (Figure 6B), the Ad3-hTERT-E1A group had the smallest tumors
from day 17 onwards, but because of rapid tumor growth in the PBS group,
and termination of that group at day 17, the experiment lost much statistical



RT-PCR Prostate cancer cells were infected with Ad5/3-424-hNIS and Ad5/3-424-Agp19K (10

VP/cell) for 2 h at +37C. Cells were harvested 24 and WO 2010/086838PCT/1B2010/0504152 29 48

h after infecti Ia was isolated using the RNeasy Kit (Qiagen) and_treated with DNase before
of tota

RT-PCR. 350 ng NA was used for each reaction. Amplification (S%Ccycff%oswagﬁ(ﬁeallng at +54C)

was carried out with the OneStep RTPCR Kit (Qiagen) using hNIS-specific primers (Forward 5-CTT 5
CTG MC TCG GTC CTC AC-3' (SEQ ID NO: 10); R&%erse 5-TCC AGA ATG TAT AGC GGC TC-3'
(SEQ ID NO: 11) and 13-actin-specific primers (Forward 5'- CGA GGC CCA GAG CAAGACA -3

(SEQ ID NO: 13)3%&%&&%5'-(7#@%&@&*5&&%%’&0\ A&“GGB@)%G@GIB)G(SE@I&)M@M@) PCR
E’rOdUCt o forp{algl 1’??\0 o dSIE m ﬁg@wﬁé‘g L‘é%?(@eilo VP/ Il) for 2 h
rostate cancer cell were infected.w cell) for
Poste e el e e A w%n%%i? G Ay BT AR 4 kea of
sodium iodide [225A|Nighiv ReteEREaPITEEhASRIEESy (BadeiReRRIFifand) @ 20 P&t 15 room
temperaturé. CélimuvegrBoydidhebd8i6839h 1 x PBS followed by lysis using 300 pl of Cell Culture Lysis

Reagent for each sampleg&@md\gamwsvm ﬁgllog‘gtlg Mm@smﬁ\ﬂgggg Wﬁmarﬁ\éﬁﬂ counter
connected with a multi-chan ﬁ]el analyzer Atoml dex Me ste §rL 3}5 NY). Cell
et s Jeaitiog
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Ad5/3-A24 and AEARSIlienedding éfwm'ﬂatfdlo%a“l%a\m@ell '@Hﬁﬁ% nﬁ’é‘&hrﬁ%ﬁ@rﬁ’@ﬁlaced every
other day. Cell abdiyingp SHEWBhireddldaffSqossirfectioh (Ad3-foPRI-ENIM Zighdepsithyi. for
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methoxypheny1) hen {&Fazol assay, rome adison, ? iIssue

culture infectiolf¥'¢fste (¥ Ly §6@@ﬁ9$g’§dﬁﬁﬂ&” §Ur (4 B‘Fd’gi‘é@e PR R A8well were
plated in triplicategsiiPBS|vsiS9s S33-0r RIvEN platekiciheabdted bversighfioaot idféeteccwith

Ad5/3-A24-hNIip Raymdeelikfer BMa'r%ﬁﬁiyéis&p% @B a0de 3t Braidnfesiian wedrangtgrowth media
were colleg ﬁeo' APER AR 18R R g&@@otﬁ%% B R DR Ut (PP %G IR4ere spun

down and the su ernatant was adde
ve been cured as no evidence of tumor could be detected in luciferase

imaging or autopsy and its behavior was normal.

Subcutaneous animal experiment

Mice where injected subcutaneously to both flanks with 2 x 10° PC-

20  3MM2 or 5 x 10°A549 cells. After 13 and 11 days, respectively, the tumors had

developed to measurable sizes and the mice were treated inftratumoral by

10°VP in PBS or only PBS. Injection volume per tumor was 50 ul. The injection

was repeated after one and two weeks. The tumors were measured frequently

and the volume was calculated V = L x H? x 0.52. The measured volume

25 before the first treatment was regarded as 100% and the tumor growth was

compared to this. With the A549 group some of the tumors treated with PBS

grew aggressively and the mice had to be euthanized after two and a half
weeks.

Intraperitoneal animal experiment

30 An orthotopic model of peritoneally disseminated ovarian cancer was
developed by injecting 5 x 10° SKOV3-luc cells intraperitoneally in 300 ui of
pure DMEM into SCID mice. After three days the mice (n=7) were imagined
noninvasively and treated intraperitoneally by injecting PBS or 10°VP in PBS
per mouse. The mice were imaged on day 3, 7, 14, 21, 28, 35 and 42 using

35 VIS 100 (Xenogen, Alameda, CA, USA) to estimate the number of tumor cells



Tissue samples: Organs collected from mice treated with Ad5/3- A24-hNIS and 1311 were collected,
weighed, manually homogenized and diluted 5 into 800 pl of DMEM. They were freeze-thawed at -80C

three times. F\gr TCI usrsrsthe tissue samples were spun down and the supernatant was added to 293
cells. For%o?llr experlments 1044 293 cells were plated in 100 pl of 396 ORIV E06-well

plates, incubated overnight, and infected with the 10 supernantants of aboce experiments. After 10
days, the development of CPE was assessed to estitfiate the titer. In vivo studies Male
NMRI/nude mice were purchased from Taconic (Ejby, Denmark). Tumors were established in

eight-week old migaed)dubCRRNEGSF ib}eﬁtiﬁmﬁcfemwﬁir%@ﬂijﬂl\ﬁﬁo:eﬂ@/&gdér luciferin
medetomidinekgs %m@ aOnEa;SaH e[ 1635)1 Ralhife mﬁe SYRSIMERL 3 BHGe received
intratumorally s eg left tumo? 1% tP Ad5/ :424- A 935:1? per ”f?rjljtrtifn {) and 7 x 108
VP Ad5/3-A24- “ﬁh iGIR AR Mot 45 2R dRECT S &Y H}Pe? SN Plocthafidn. A day
after the last virdtagjastbe miee r&ra\re@rsgmﬁr@\maﬁgﬁlhesw Bheieegnsivriaiauegtd@di)Nal (MAP
Medical Teghnelitidsvdy, Tilkdgkaska Kidaodpfllowed Eysinjphtignsith gammeaamedabyoshiba

7200AUI (TostifiyRgkysydaeasn R fast (RO Breihd b do i dila xRosHes Animal
regulation did Iow argada/srs 0 ate{ﬁéne points. The gamma energy peak 159 key was recorded

using 20% win ow grodr_nL 38 KiOLBTI were collected per image. The used matrix size was 256 x
256 x 16, this made the pixel size 1.08 mm x 1.08 mm. At 13 h, various organs (heart, lung, liver,
spleen, kidney, Towiomlogfpimasticenuscle, blood and bone) and tumors were collected, weighed and

analysed wih a well counrera@aﬂegr@agé@ttrag orki-ahapnehanalyes At 950uRiggex Medical
System. Shirley, 30 M), Rechlls are xpeesseias Bierceliacs ipmh aLiogils dpse pacaram of

tissue (ID%/Q). orthe. erapeutic experlmen tumor bearing mice were randomize |nto4groups (6

mice/group, 2 tIHRBRY/MdIRsd)'SRIRg, 191 ! | ARSI A OYARRGL S PRSI/ RJOSA LSS WS 6 and 7
days after tumanajiZedclititiofemid 85 M gived intrauamonally sidndicgriwlifiarantiesnvsrd x 108 VP

of Ad5/3-A24-hjlsnprr Husidtishoiday aftar ithaJaskyizrghiaicolion, seirsyiesavetintimperitaneally 50 31
MBd of caer o sadiyaniaride (113 gyarawnwwgageacmﬂgméem TiEkoskdniand).

Tumor size was measure ever er ¥andt volume calculated using the ormulﬁv%en gth x

width2 x 0.5). %‘f&%%f%o S8 AP o ARG U QYRS (HISRIAYS g‘?ﬁ&f Sl Weighed and
their 5 radioactigiyctigtenthlevaischisejannyamnesuibe(wigars 3nP ket rakesTshrwerinlnd) for 180

seconds. The rggjits afeiexpigssehps REreasdagedngpieiitiatidiide Wiessiqusr gretirey tissue (ID%/Q).
The whole body, ghaified rag'%e Vs rﬂeaﬁmrﬁ%epqwa r&Q skboltd pids 15:5PRerhaOn days
9-11, mea, ents were ed on.a dose.c “Rér\?g(ﬁé E@t g g,){!# 10 Ramsey, NJ),
and after ﬁ/ %%%ﬁére ?HBQ?HP&TM i 98%% 8F53da Sééﬂ E?%ent chamber
and an UniSpeMtU@eiﬁ%%@'ﬁﬁ]lﬂﬁW&W&W@BWWéBdWW@i@@WE‘ﬁUﬁ%cﬁﬁ&iﬁtﬁﬂ&anberra
Industries, Inc. pMAridisstE THomal Mike miosoreiGhedealidayrihnandiibe saare (veightrials used in
calculations throeaeom tﬂ?e%%?é% find YA QRATRCAIE BUERHRC KHissk g theahymor size
reached 15 mm in a Eﬁ? aés uwe&iﬂ%% nimal re ulatlons Tl-h1 ltgrggg%nc in vVivo experiment
had to be stoppaéﬁ)g 6 g 0S ﬁc?r?/ %o SRS g\ﬂ e animal expesr']lments were
approved BY theaidtnye esniitide f@oﬁﬁinﬁleéxﬁéﬁ?ﬁeﬁ?ahdﬂn@n%ﬁﬁﬂsme EERAAERI Office of
Southern FinlanepaEjaendestincit, isleathsiStatistiealanady fisifocytednalyisis wirtbe sostde uptake
was performedésu@qzr@y aaa, g&s Ofi YRERRCEHANGO) thish Besfripnis PRISRRTEstr The analysis
of the tumor volyhe OVl MR PSHRER SRFAMLURISSHRE HesBSTYBELETRIA as in

Ad5wt), some apoptotic cells, mitosis of hepatocytes, (lobular) inflammation in

30 the parenchyme, inflammation {as with Ad3) around the veins. Ad5/3-A24: 5/5:

Acute fulminant liver failure, 50% of tissue in necrosis, damage stronger near

the portal area where all cells are dead, possible faity generation, some

mitoses.

Virus kinetics in human patients.

35 So far 8 patients with advanced solid tumors, refractory to standard
therapies, have been treated with Ad3-hTERT-E1A. The safety has been good




25 repeated measures model with PROC MIXED (SAS Ver. 9.1, Cary, NC). The tumor volume
measurements were log transformed for normality. The a priori planned comparisons of specific -
differences |nv5)red|cted treatment means averaged over time and at each time point by t-statistics and
Tukey-Kramer Mode WaLused for adjustments. For all analyses a two- sided' %Zglﬁ’é 50¥}4<b 05 30 was
deemed statistically significant. Results hNIS speC|f|c MRNA is detected in Ad513-A24-hNIS infected
prostate cancer cells A new virus contalnlna the Ad3 knob in the Ad5 fiber shaft, a 24 bp 35
deletion in the EIA region and hNIS inserted in the E3 was constructed. To 32 assess the expression
of the transgenerittonddhesinfs, haotong refrasidy’ brestate garicarscalhtineoRC-SMa@PRV1, PC-3

o DU45 v e OUBOIPN ASdd UK aeaaconbrat s
ransgene) and,ana e with a I Intectio ecled ce
2 S A RS ang b IBSHOY & TP s /e TN G

lines featured a 495 Specific amp?? catio stin IS expressed

from the virus JEHEMEaRToRRERL, %5@%2@%@?&@ |ﬁ‘F€é¥é@SceI|§ C@Bﬂs 8@‘?&56@5\‘?&( yield to an
amplificatiof privoimctnologhctd/Bak2drd NEB\gamaneshiatk efficient iodide uptake into prostate cancer 10

cells In order to aSSﬁéﬁh%B*ﬂ@tQ%l abthe hidba expiprIcAdremKRp VirsisHaWatate cancer
cells were infected wﬂﬁ @d%’s A% QN@l ?/? A\Rﬁf‘atA@p&s%@ %I&\e/&p # XROSUre | tq‘,;leZ51 and

quantlflcatlon e jodide accumu atlo ed to no ected or control virus

treated 15 cells N&Y@ﬁ?&tfﬁ@@q‘egﬂﬁéﬁ”ﬁ%eé@f‘ﬁff&é\WﬁF@q@V iBE 8- uf fgké’?ltfeoﬂféxmmed cell
lines. In compavison seehes ook idectid frorttis-Aaie/nis SrshpsdoherpidRed(Femomgiaad 3

(p<0.001) ﬁime%@aiugn@rém@araﬁﬁuﬁamammﬂmE@ﬁMMﬂL@ndoE%EMsmllgem@@t@&m {hePC-3 and
DU-145 cells a paip-mad s&ﬁ%stw ISR Y f"}?‘ %%%BH'WWS&%@&%M‘(Q%”
|Pﬁ4

compared to mock treate (p< é’%@gﬁl é% er Ie\é
g that

respectively). A4BS- X536 adffesie éﬁ’[%etrti‘?dfﬁ
iodide uptake wizgatmehbtet] wnwm@m@swﬂl {0 AEERT45441MG%%ﬁﬂan RaieNhirdl infection

or replication p@@s@ t%m&f%%hmmmt@a@@mmgausemmmss obipsestatecamcer cells
Prostate cagcepcell lines were mfected with Ad5/3-A24-hNIS, Ad5/3-A24-Agpl9K, Ad5/3-A24 and

Ad5/3lucl followed by det rmlnatl eII .viability 6 (PC3-MM2), 7 (PC-3 and DU-145) or 9 (22Rv1)
days post 30 infection (F|§ #5pt 5&3 ﬁ'ﬁNIS showed efficient cell killing in all examined prostate

cancer cell lines. The moé‘ﬂ@&pﬁfﬁﬁﬂ@%&@ﬁt%&@%@%&é@@%|ﬁ‘ RE-BmEndaesiviER almost
complete cell killig was@ehieectvt trigpafigeinfentiplesdingall 1He/delliod A/ 3oh2d-¢iNIS. In

addition, oncolygis, wasfimilaf e tQﬁé@@%ﬂaﬂﬂ%rﬁgﬁléz%%é’@%%rm@thgr@r%taéséﬁ@@er cell lines,
the 35 oncgtic ROIEN2E hossl mih PROEIMRE S HY P88 1130 ARt 8 R Rttn
tumor size measurements in the natural metric and log fransformed. The
effects of the treatment group, time in days and the interaction of the treatment
group and time were evaluated by F tests. Curvature in the models was tested
for by a quadratic term for time. The a priori planned comparisons of specific
25 differences in predicted treatment means averaged over time and at the last
timepoint were computed by t-statistics. For the AB549 experiment we
compared the groups at 17 and 30 days and the PC-3MM2 at 30 days and
time-averaged. Survival was evaluated using the Kaplan-Meier survival plot
with log rank regression (SPSS 15.0 for Windows). For all analyses a two-
30 sided P value of <0.05 was deemed statistically significant.

Viral constructs comprising hNiS and/or GMCSF and/or CD40L

hNIS and/or GMCSF fransgene is (are) added to the human Ad3

based vector of the invention by utilizing methods known in the art or as

described in the above examples or in the examples below, wherein a non-Ad5

35 adenoviral vector of the present invention, for example Ad3-hTERT-E1A, can
be used instead of the Ad5/3-A24 backbone (see also Figures 1 and 2):



In fact, Ad5/3-A24-Agp19K which has the partial deletion in E3, showed the highest oncolytic potency
in all examined cell lines. It is possible that the larger genome size of Ad5/3-A24-hNIS may impact the
speed of oncolysis as compared to Ad5/3-A24-Agp19K. The hNIS transgene is -2.2 kbp, which 5
together with Zi'lﬁ@Bﬁﬁr"ﬁpng keeps the genome size under 105%, Whiéﬁcﬁggzl%%?‘ﬁgi’égested
important for retaining virus functionality. The replicativity of Ad5/3-424-hNIS was assessed in PC-3
and 22Rv1 cells where the TCID50 assay showed tA8 increase in infectious particles in function of
time. Ad5/3-A24-hNIS can mediate radioactive iodide uptake into prostate 10 cancer tumors
Subcutaneous PgnilMgdsgueis were established in nude/NMRI male mice. The lower tumors were
infected intratumorally on two consecuti ays with 7 x 108 VP/tumor of Ad5/3-A24-hNIS and the
upper right tu Fﬁﬁﬁé—%ﬁ%‘) 13-A24-Agpl9k (Figs. 13A and B). The upper left tumor
15 was mock treaipdutu@ay after the last viral injection, 1.85 MBq of 1231 per mouse was

administered intravenousl d mice were imaged wit 0 13,h after the

1231 injectzign. ﬂ?om;{gdﬁ%@c{g&%mgé%qé?g %‘Z&&S%axgjzg%g Sﬁ;@%&;@gg (}/g%%ﬁ;gélready 0.5h
fter the 1231 imfectiif ARROREF IRERD AR &% , ' t

goet[wroﬁg hout 1@@%&%% PEatMdiZnoels, wheaesaettmw:shnfergee vetraaieons? ‘éﬂ'ﬁaswc?rss?iﬁg

ditli ?ot luptaket@ﬁﬁ@(ﬁgﬁ&%@Qg_/ﬁfﬁ%&@%_t@em&,emgcmwéas@m m@im?}mweapﬁngremained

relatively cons up to the last imaging fi 0 | erimegn injection

(Fig. 13B). In addi io%f‘i%’oﬁﬂe%%%%%a‘?xi|§"§%:%ﬁn$%§%ﬁ%ﬁt%§t% ré(%]c% atr\q}ﬁst E F‘gﬁﬁ%g) to ?gthe

endogenous Nidigsahigddieraianednasidiatsdingh! dms oy SQér@?ﬁf(fgIWgegﬂq fice but not
in humans1@n pEtidsiviesibylof heplessibretdigtutdonts. riraall thyesicvaienevidisbdid®ebut this was
not done in this @euse Stddy- ihgagitearance of the radioactive iodide occurs through the urine,
iodide accumulation in the bladder was seen. 30To quantify 1231 biodistribution in vivo, organs and
tumors were collaciefoieFiR1aging and their radioactive content was determined (Fig. 13C). Because

of the endogenous hNIS expression, the_thyroid and stomach captured abqut 30% of injected
dose. Nevertheless, the Atf518/28%% 1S/ %f’@gfé@w%o?én%’é%b%ﬁ%ga rr%’nae :RTQH% Yo gﬁhgé total iodide
dose. This 35 chagtaet! WitbntargelRMAguhte Bf infastiess Afudirese RusstlimdviavRnildibigly trace
amounts weye sesihisiie twpiganchsiomacihtSiBeRuMtEBdigssted/@nd blunted pTHSN
2010/086838P 0/ dgnoygt ; Whﬁ'@)’%ﬁﬁﬁ@@ﬁﬁ@ and
TCID50 measui‘iérég?r%e th%USQ Q%ﬁ?ﬁéh@%?ggﬁiﬁf kﬁggagtl)g( rgﬂe tk\)/liru%f, (r}eigxﬁg{% n. Adenoviruses
lose their capsiaciﬂﬁé?h"t‘lﬁ\éi/%ﬂ%?'ééfg' NERi i?&ﬂ%\? TSRO be detecte w#t% ID50; it
requires productiifligetesviesidiicg Theod HshuadriBike emedRedaIRPTRIDPRA% A4 RIRIIng mock
or Ad5/3-A24- Agd' pRs sreated AgmoK (Ri%| dhtherittia) Sloske-Al8/EBA240 IS ath ZBIL] inhibits
tumor growth Ny Q}%ncer@e@%%@gﬁfgﬁag%@f&?ﬁﬁﬁ:ﬁ@f‘SW ISnisydve 1 AQBtRIR teRer bearing

mice were treated with 1311 aor @dﬁ/%@é IS alone, or with their 10 combination (Fig. 14). When
tumors were trea RS AR ?;gégﬂ ?jyﬂéﬂﬁ@;d out r&g%qdidﬁwé?%ﬁ%%vg&gvfgg% s%gﬁifige%gtly slower
than in the mock or 1311 el DYEOE 4 h
Ad5/3-A24-hNIwign g diddeduQigine ¥ sleteisi g datitlyisph i mhavfactarey ' sthetrgesiaps(all p
<0.001). An adjugiad privisaselsisindierid maianificantdifersepadadievemuddall-A24-NIS
+ 1311 versus virus alope, 1311 alone qr I%Jotck ﬁlr.eadg Oﬂcga"’%- gll R EO;QOBQIST&@LaQJ ted pairwise
p-values b%ﬁ/ve@ﬂ%@é'fg-' ‘M%’&ﬁs*?@_ﬂ%ﬂr VErUEAIrTs AloRe 1511 Flone or mogl on‘ldc%a /s 4, 6 and 8
were also all <002 . TANS'HATRIaYiIRMN dKAEGHSHatht Lt #haddhed MlelFiatind4kpEriment
would be endedanstay, 14, altab @@t Zodia dfahesmiResvierd7ib@). 20rgbperidadifidi) were Whole
body emitted ragioactivibsWag MraHIBAGRIRG BampnadayAfieg et iectioroadioactivity
declined rapidly durng fhe next 3 (ax5a SXRRGISTbY £IRFADRRAGYOR KR, Adsia-

30 A24-Agp19K: 1.5 x 10" VP/mi; 2.8 x 10" pfu/ml, Ad5/3-424: 1.7 x 1012 VP/mi

and Ad5/3luct: 6.9 x 10" VP/ml.

RT-PCR
Prostate cancer cells were infected with Ad5/3-A24-hNIS and
Ad5/3-A24-Agp19K (10 VP/cell) for 2 h at +37°C. Cells were harvested 24 and



When tumor size reached 15 mm in any diameter, mice were killed 25 and organs were collected for
radioactivity measurements. Radioactivity declined over time and most radioactivity was seen in the
thyroid gland and stomach, and briefly in the heart probably due to propagati 131 circulation.
In other orgaxéetﬁﬂel?jae%ﬁl%%sctivity remained low. Importantly, the virus injec%lli%l‘:rllB gﬁ?&rﬁc])%g%?ym iodide
biodistribution and therefore the safety 30 profile of the approach resembles that of radioiodide therapy
for thyroid cancer. Il. GM-CSF transgene Cloning ofthree 024-GM-CSF type viruses FOR out
hGM-CSF, create Sunl/Munl sites =-> 445 bp (pORF-GM-CSF as a template) 35 - Sunl/Munl
digestion of PCI prafuciniactiph HShi 35\ /Sticky isvidtidatingtheRhlediydsitifthpSniand-D24 +
Inearized SHT A N e R e e
inearized 5p -GM- => -D24-GM- ad | lineat

Ad5-D24-GM-¢&getion. Ampﬂﬁ%%%@o??ggya%ﬁinagn\r}vaearién oén{fir?nzeéz’ a%%éﬁgﬁc@% %}@te;‘.?estriction
digestions. The¥mfirRPpREIRKIH SNSRI SRS MSEHTCHE PHRES Y SR %pe El was
confirmed vgith EORARE EI G000, CA0sHERs SBEABBrNRrd Chddreersa fid fital\dyS\ith
sequencing ang RERGWhisEwas thepsiakeibtq theralpandah detingsbutionrire tig-endardral DNA was
extracted by over igﬁtﬁi bati m} ORyi rsalutior =P nd
sequencing wa pgr% e oga%l?'z%%h\% inte ﬁ%?/%f't%ie?%gy sz ﬁl §%§?S§é@ 5nglgg%NA. All
phases of the vi¥a& prb&utfién ﬂﬁ%ld“dﬂ%?%ﬁ&ﬁ%ﬁ%@ré%m oﬁ)ﬂ\ RIS %K of wild
type recombinatiidisamddsantiedvbeiébé a2 bmtrasEodseiviol Ther 8, 449-58; Baeurschmitz,
G.J. et at 2006, Mol Ther 14, 164-74). GM-CSF is under the E3 promoter, which results in replication
associate transgrhdecuptakeion, which starts about 8h after 20 infection. E3 is intact except for

deletion of 6. 7K/gpI9K. A%?é%‘t%é“'&%ﬁ'&%ﬁ%@%{; QO RFENZ4-GMCRIsNerof9NaBuGRd identicaly,
e el

except a rescue plasmid e aturin er a knob fr m s rg%gg 30% Rv%eDr-A'.vc\%aitheh A? 5@ er Hi-loop
were used. In vﬁ&?&\%ﬁfségﬁ@ (WB@?% é%%és ‘Iﬁ’ie i Vit eEfflcacy ggf B -GM-CSF type
viruses was stugiRSl 24 lang 48riveostinfentry apdinadatedvatBr ddEdert seriupiiplicts (IMT-1)
and breast cangéf|pedls (MAA- W43 6)eklirion (EESmE | Kitkag ass aysn @he) N S28ssay islcurrently
the standayd melfed de, fssens celdRb U aSREE GRRE ARRRY RyRBSAHIABRACE) Ugkis 2
replication eflcdgirg]tgw%%a& g%: t%)gﬁ Culture Lysis Reagent for each sample (Promega,

Madison, WI). Radioactivity was quantified with a well counter connected with

a multi-channel analyzer Atomlab 950 (Biodex Medical System, Shirley, NY).

Cell killing assays |

20 Prostate cancer cells were infected with Ad5/3-A24-hNIS, Ad5/3-
A24-Agp19K, Ad5/3-A24 and Ad5/3luct using 0.01, 0.1, 1, 10 and 100 VP/cell.
Growth medium was replaced every other day. Cell viability was determined 6
days post infection (p.i.) for PC-3MM2, 7 days p.i. for DU-145 and PC-3 and 9
days p.i. for 22Rv1 celis.

25 -9 days post infection with CeliTiter 96 AQueous One Solution cell
proliferation assay [also called the 3-(4,5-dimethylithiazol-2-yl)-5-(3-carboxy-
methoxyphenyl)-2-(4-sulfophenyl)-2H-tetrazolium [MTS] assay, Promega,
Madison, Wi1).

* Tissue culture infectious dose (TCID50) assay
30 Cell line samp!es.' 5 x 10* prostate cancer cells/well were plated in
tripticates in 1 mi of 5% GM on 24-well plates, incubated overnight and infected
with Ad5/3-A24-hNIS (5 vplcell) for 2 h at +37°C. At 8, 24, 48 and 72 h post
infection cells and growth media were collected, frozen at -80°C and freeze-



30 a negative control. Ad5w1 is a wild type Ad5 virus (strain Ad300wt) and was used as a positive
control. Ad5-d24-E3 harbors an isogenic 24bp deletion in El but is intact in E3. VP indicates virus

particles. bnzggo%gg%@/, Ad5-D24-GMCSF had oncolytic activity similar to positive controls in vitro,
and therefore ransgene production did not compromise the 35 oncolytic pb YPthetus (Figures

15a-c). Similar data was shown for Ad5/3-D24-GM-CSF and Ad5-RGD-D24-GM-CSF (Figure 15d).
WO 2010/086838PCT/IB2010/050452 36 To t88t whether Ad5D24-GMCSF was able to express
the transgene, A549 cell line was infected with 1000 VP/cell and media were collected over time. The

concentration oh@MOSfe4Rigwe FoaTo!thsomadiasiasareasiredibyi-aaSARRA¥matagdition to
that, we also anglyzediwhaihaidhedrus- 5 expressed GMCSF retained its biological function. To this

end, TF1 cell line, whose grsowth and srur\_/i rl IS strictl%%e%eejﬁdent on hgggéﬂaM SF, was treated
with media collected from iig%g*%w fines ﬁ&ﬁgﬁsﬁ’ Eted"Xiith RIEDZR ML /ﬁ F1 viability
was assessed it Bpdhe Mrseasslisciedeveislieds masesibehiprepgsiiaethanehdiviags
expressed-GM@&F 8¢s @blsf DNIE gtiMlayevgseviteeksubhwet! lute,801¢ nbrdidfanmaee Ams found with

the same cell ”ﬁ@:ifﬁﬁ?ﬁ'w%@é%@%ﬂaﬁf&&@@@%ﬁ'\ﬂ% ARIOMa)JgHS R0 AE Yhgnalysis of
D24-GM-CSF t_y(pir?\grus s in animals The in vivo efficacy of Ad5-D24-GM-CSF was tested in immune

competent Syrian A esrs, which are semipermissive for human adenovirus 15 replication (mice are
non-permissive) (Ying B. EPAPED0DICHMNE b T REP i E0Megamaied009189. 7xab6%iapT1

pancreatic candaviEddls wiere 96jectibd satesy tainenusiyda nok &x QIS viraisipairtiebdsd( ViRitiof the

Ad5-D24-Gi1-GabephAHaR3 4 2H0Hich gReFRAlSWIesS @%ﬁ'ﬁ)é’%@éﬂiﬁﬁt@ﬁtiBF_@tF*@OFa”y on
day 0, 2 and 4.J£eargocsksg&o%ip8\évan§ é?éeﬁeegt&";'th the same volume of growth 20 media at the same

indicated time points. Figure i s’t ows that intratumoral injections of Ad5-D24-GMCSF resulted in
high levels of hGM-CSF, in,the serum of Syrian hamsters. Human GM-CSF is known to be active in
Syrian hamsters”(ﬁﬁg,ﬂglﬁxicol Pathol 2006 vol. 57 (4) pp. 321-8). Interestingly, all animals were
tumor-free by day sixteernixee PR ifroclke groige (Riguee pradhasctunrorscdexwece shlbgnalyzed for

two additional weeksk pssess Whethe RapRerRANe @ BhindHINSk gk B?@QM&@QU%"OWGVGE on
day 32 thefg WasSHLRGAIN 68528 RUMAS SR A NGARLRANSL D% saline
(1:2:7) anesthesia. In the imaging experiment, 3 mice received intratumorally
saline (upper left tumor), 7 x 10° VP Ad5/3-A24-Agp19K (upper right tumor)
and 7 x 10% VP Ad5/3-A24-hNIS (lower right and left tumors) 11 and 12 days
after tumor cell inoculation. A day after the last viral injection mice received
20 intravenously 1.85 MBq of sodium iodide ['Z*I]Nal (MAP Medical Technologies
Oy, Tikkakoski, Finland) followed by imaging with gamma camera Toshiba
7200A/Ul (Toshiba, Tokyo, Japan) 0.5 h, 1 h, 1.5 h, 2h, 4h and 13h after iodide
exposure. Animal regulation did not allow analysis of later time points. The
gamma energy peak 159 keV was recorded using 20% window, and 150
25 kilocounts were collected per image. The used matrix size was 256 x 256 x 18,
this made the pixel size 1.08 mm x 1.08 mm. At 13 h, various organs (heart,
fung, liver, spleen, kidney, thyroid, stomach, muscle, blood and bone) and
tumors were collected, weighed and analysed with a well counter connected
with a multi-channel analyzer Atomlab 950 (Biodex Medical System, Shirley,
30 NY). Resuits are expressed as percentage from initial iodide dose per gram of
tissue (ID%/g).

For the therapeutic experiment, tumor bearing mice were randomized
into 4 groups (6 mice/group, 2 tumors/mouse): mock, 1311, Ad5/3-A24-hNIS
and Ad5/3-A24-hNIS + ' 6 and 7 days after tumor cell inoculation mice

35 received intratumorally either growth medium or 7 x 108 VP of Ad5/3-A24-hNiS
per tumor. A day after the last viral injection, mice received intraperitoneally 50



experiment was terminated and animals of the Mock group were euthanized. The remaining treated
animals were at this point challenged with the same 30 tumor in the right side of the upper body by
subcutaneousipisfiiRRsefs’x106 HapT1 cells, while on the left side were cpallepaed with a different
tumor (1)(106 of HaK tumor) for which the animals were naive. Tumor growth was measured over time
and is reported in Figures 17c-d. Interestingly, the agymals that were previously treated with
Ad5D24GMCSF completely rejected the 35 HapT1 tumor challenge, while Hak tumors grew normally,
whereas in the WO 2010/086838PCT/1B2010/0504152 37 animals that were previously treated with
Ad5D24E3 HapiBoaefl saavetdieersetaminadidendeniyaripiabsMedien! Technglegiesrayy, the data
indicates that AtikkBRdsks M-EG&ind)asTamantisizaowastivibaguminsnergontipatedauamlt fiesaring

animals, and itz e (e i YK SRS ol AX AR e 0.9 reinlingraubaRsb e

challenge of the.same tumor, 11l..CD ransgene Using methods simjlar,to those described
ove A 1 R S LS e, e i oI SRS A oDt MRS P B o 10
20a-b). Mufine IGd9RetMtigRtaBIned A GEMPHERUEAD IMER R Bt Rye StEkhat much of
the serotype 3 ¥irusrstafs dtilindbenkkbobhand dltie cirtchxprgassd sschesssspierenirtumdniiad the liver.
fr\]” major 0[)2:1”?&\;&%%%@@%@?%%9Bﬂt:%él::&H‘i?"/@@;l?)-ﬁ@twwéﬁiﬂﬁ@ﬁﬂEHﬁ?ﬁF%&B&%ﬁ}t?”Ugtedd In
is assay blood clots. 3-actin was used far ser, alyes. Que ack of £3- In in bloo
compartments,V‘If)%‘:"oéjrn \;ge%ue}g %rg Eoés?ty gor%’pgr%’divﬁﬂya 'sgﬁjte%gluae%} ag‘%joréenindlséygs qufiThe results

suggest that AdBCARYEEABEE e REHRIBIGHIRRB €256 RIHYUGR Gt Hldrap Piesentin blood clots
and plasntd} THRenW8C \&ind idteldts ateypddsible Adghvierd adyriewsasunsicent38iiatiss 1. An
oncolytic humagoadriiayirak vaciehChRrERRBFZRERY Gaimvdsing a fully seielyee Iprckheane and a
tumor specific W&%ﬁa‘h’ﬁ’é}‘oﬁ\% V‘?'\'«';'i}ﬁ;'&%ég% E o890 e8P §)¥tté‘f '};&'C%e e%ﬁ%eno"'ra'

vector according to claim aracterize Tiijlcomprlslng one Oor more regions se rom the group

consisting of EfNEYSESS EWRGnMeridifaeht 1588 rdtifgnyere weighedagidrynite A0 SEadenoviral
vector accordirgptoeciaiig it wiag usisaractaicddtinns dnprighagttiesfepainterdgions: a left ITR, El, plX,
plva2, E2150 VAI, VA2, |pienegipsrimadias paitialvieste kficangrfighs tiRRor size reached 15

mm in any diameter, as required by animal regulations. The therapeutic in vivo

experiment had to be stopped on day 17 due to animal husbandry constraints.

All the animal experiments were approved by the national committee for animal

experimentation in Finland (State Provincial Office of Socuthern Finland,

20 Hameenlinna, Finland).

Statistical analysis

Analysis of the iodide uptake was performed by 'one-way analysis of
variance (ANOVA) with Bonferroni's post-hoc test. The analysis of the tumor
volume over time between experimental groups was performed using a

25 repeated measures model with PROC MIXED (SAS Ver. 9.1, Cary, NC). The
tumor volume measurements were log transformed for normality. The a priori
planned comparisons of specific differences in predicted treatment means
averaged over time and at each time point by t-statistics and Tukey-Kramer
model was used for adjustments. For all analyses a two-sided p value of <0.05

30 was deemed statistically significant.

Results
hNIS specific mRNA is detected in Ad5/3-A24-hNIS infected prostate
cancer cells

A new virus containing the Ad3 knob in the Ad5 fiber shaft, a 24 bp
35 deletion in the E1A region and hNIS inserted in the E3 was construcied. To



4. An oncolytic human adenoviral vector according to any one of claims 1-3, characterized in that the

regions are in a sequential order in the 5' to 3' direction. 5. An oncolytic human adenoviral
vector accordj 1R.en.one of claims 15 1-4, characterized in that the promﬁt g I4 ation
activated Ad3 E3 promoter controlling the Ad3 E3 region. 6. An oncolytic b ﬁLﬁ!l{%lr'?ﬁag‘(;jenOV|raI

vector according to any one of claims 1-5, characterjzed by comprising one or more transgenes.

7. An oncolytic human adenoviral vector according to claim 6, 20 characterized in that the transgene is
selected from the group consisting of a granulocyte-macrophage colony-stimulating factor (GM-CSF),
human sodium #5@is siheporpsespiRnsyf itherfspoagaphallame tigorirbetd)onteene oeisasiana, tumor
necrosis factor frddle, dearitz usiahesd oty ERRwnalROtibedie D U-145 wéeAnfertealytic human

e HTERT o R B
oncolytic humaHW&ﬁ‘aﬁ‘ &B? gé%gr\%ﬁb %)RJAE) %;I:g%e ‘?%g@ f% ngrgé?grlﬁ&éh%@é%mpnsmg
internal ribdsordetdehtipsitéeREE S3bistescaatedrarsifebie 'ii‘ﬁﬁ(ih%"li&@#@ﬁ'@ﬁ awealdicARCONncolytic
human adenovisebarectosiarzathgatiot i ® e ofckaisas Irdmcihar aicter geconyechmymigiagtthe hTERT

promoter, transggnp. Bﬁ%@ﬂﬁ’gﬁArnfectedl%eﬁ@ QpeRlyfic hiupagadagovigg! yeaipr@accgyding to any
one of claims 6- 8 clt][ai ctenze%%([)( comprising the transgene in the place of the deleted gpl 9k in the
y

E3 region. 39 @ AP tic human adenoviral vector according to any one of claims 1-11,
characterized b east one, expression casse 13. An on tlc human
adenoviral vect‘gﬁﬁé@g}é{ﬁ'ﬁéﬁ%ﬂ%@&f%ﬁ% ﬁfg I éjr'zit{ﬁell‘&t@&?)y}r%’n%ﬂg%é ﬂﬁPBﬁe expression
cassette. 394. Agtlshcolytic human adenoviral vector accordlng to claim 1, characterized in that the

vector is capable of repllcmlam@mﬁ 'sts,@@% W@ﬂﬁ%@ﬂ&%ﬁ? BEIVAYINIS exdras&duomsellie human
adenoviral vector accord | to any one calms 4 ch Zgyh(f\ﬂ@p”SAo% NA% which
et Tk e SHed AT

targets rad|0|odl dresio%e comgrlsm the a enovwal vector

according to ar§SHE6r frlipned- 12y exposgrp A‘bhar#né’é%ﬂ%\?%ﬂ‘fﬁ QftioRl Hgraladiiged by
comprising the actlemovisdione@igr ddgordeg wanpaorktofnclaimtedtador control vit8s Amaiadolytic

human ad%OVE@I;yeﬂ@mmﬂaJme@m&pmpamﬂf%mcrr@imt%amﬁé anstdNeclminag 1-15 and
17 as an in situ cancer, 38 IP‘“rn é a%?s% f%&‘etr?ed‘?ﬂ&fkf"’}hi’eec‘i 19k, E\%%f ”2\%0»1%%0”6 of

claims 1-15in tﬁe manu ac ure o a me Ica ent or treating cancer in a, SuﬁJﬁJ The use

according to cl&SRS LRaIA &S RSP RGhaR e P R sLreeR Higbes g %’ﬁ‘%&gﬁ%“of |
nasopharyngedhdafiedl]dynavibReRvdesed hegreiotbetivldncatcdrndrialedhzaglitandepsf connective

tissues, melanqArRidENg SN CEH b@rgﬁﬂn@aﬂﬁ?r seiRReancabdgntahtancerasoloseatakhgmicer, brain
cancer, thigat Lr QA SANSEL 1Y, a&SiFJ Qﬂﬁﬁ” ‘@éﬁ?@?rﬁ?&'q GANGEH, GERAMRRRFINOMA,

gastrlnoma thOC romothoma prola ctlnoma

oma, euromd, von
Hippel-Lindau QS%Ee!SYElfndERRaRLYRAYS gﬂ‘?’&?’oﬁ% Zapé'ﬁéﬁ ég‘?ﬁ%?e%&i idahkresid dict cancer,
bladder canceriagtidterasstioeulaticin suggestiodgtvénachdsionriakte e asestiatemeniidima, spinal

cord tumor, borgpaeet ASKROSHEIHIITANISORMREateNTaoWiIRg'Sreecaomar caphestidhunknown
primary site, c?gp‘géd carcinoid of gastrointestinal tract, fibrosarcoma, breast cancer, Paget's disease,

cervical cancer, colorectal cancer, rectal cancer,
25 Ad5/3-A24-hNIS replicates in and causes oncolysis of prostate cancer
ceils

Prostate cancer cell lines were infected with AdS5/3-A24-hNIS,
AdS/3-A24-Agp19K, Ad5/3-A24 and Ad5/3luct followed by determination of
cell viability 6 (PC3-MM2), 7 (PC-3 and DU-145) or 9 (22Rv1) days post

30 infection (Fig. 12). Ad5/3-A24-hNIS showed efficient cell killing in all examined
prostate cancer cell lines. The most rapid and efficient oncolysis was seen in
PC-3MM2 cells, where almost complete cell killing was achieved 6 days after
infection using 1 VP/cell of Ad5/3-A24-hNIS. In addition, oncolysis was similar
to that seen with Ad5/3-A24-Agp19K. In other prostate cancer cell lines, the

35 oncolytic potency of AdS/3-A24-hNIS was slightly less than Ad5/3-A24-Agp19K.



30 esophagus cancer, gall bladder cancer, head cancer, eye cancer, neck cancer, kidney cancer,
Wilms' tumor, liver cancer, Kaposi's sarcoma, prostate cancer, lung cancer, testicular cancer,

Hodgkin's dis&gs&i&%ﬂgigdgkin's lymphoma, oral cancer, skin cancer, mg%ﬂgm%ﬁg‘gyltiple
myeloma, ovarian cancer, endocrine pancreatic cancer, glucagonoma, pancreatic cancer, parathyroid

cancer, penis cancer, pituitary 35 cancer, soft tissu% arcoma, retinoblastoma, small intestine cancer,
stomach cancer, thymus cancer, thyroid cancer, trophoblastic cancer, hydatidiform mole, 40 uterine
cancer, endometrial cancer, vagina cancer, vulva cancer, acoustic neuroma, mycosis fungoides,
insulinoma, caféirfer. shedidhed Sanatishisbniegytin eavber deldietdnde?, BHewReeeninges
cancer, mouth iegjhest, drenigtianceh alatel ecaneesinghvelidigéand tapcesinketitahtuniazgacer, pharynx
cancer, pleural cancae 35alIRNAAIAGGANKRISIONAYE IFHET Mo {pRsl CanGicolysis & The use
according to claim 19 or 2t0’ EP%Q%AZ d uPQWa he subjgctis & haman or ap ggimal, ... -~ 22. The
use according {5IRGShe G Sis9: ,pchar'ac SFized In that medicarmént 13 to be auministrated

through anntriaaiBes Withdhsudcdrer AaR39! eaprsithe HRRKAS Sizenigns V8P ‘husbisicular,
intracavitary oresriteeead iggested, iopantarafadmiaistngticnus functi@@lifthd beesemidiitg to any one
of Claim$_19-2?9f9h@5b¢f§13343mi1@tn«gg%@@%@hmm@@%wﬁ We,@ngsfmrje@glﬂgﬂzicﬁTmh' !
compositions are to be administered several tim uring.the tre r . The use
according to ar?lyS %%%}OC 5’1@2‘5 &E@,ac a'?aﬂg?gﬁ%z}%gjs‘n? ?#é%l?ﬁ?emmﬁa}ﬂ%gagh%ﬂ%b be combined with
administration qf CLLT digtherapy or radioindide to a supject. .2b. The use according to
any one of clai%ﬁg:§§§:%g}%ct%?ﬁe8{)%d{ﬁ§ tﬁ%%oea | 'gf’nelr?tl?slf 0 Hgtgg%bllﬁgod \R/ﬁ%s%%r%inistration of
concurrent &heFadERE A0St a subject. 26. The use according to any one of claims 19-25,
characterized in that the sbiegidhasoP@mOWNS RFw-Ab O eutligRecmibadieaMrl  27. The
use according o any one aof claims 19-26. characteyi ' ject.pas previ been
treated with Ad5- )égc%\ ﬂhe?%gg%rf %rrgg{Jsc%S%é%g%?rggﬁpﬁg\%ﬁ%éﬁgc%&é%%%ﬁélné%%t:l}%of claims

115, charactcRAU8 B R HAVE/UMOT S AU 24 BN R dPe SRR LA Wilhrial Ad3
DNA and one ¢heszenal tosmod AtSEsd epekific! Prothiarerd dhdiad ditidhallyppes effskyeesl

transgeness angadhoacariagiovempinder aidhmdodaengatsiendiopsionaty sm&drsaveral tumor
or tissue prom%%%%’\%%r é’c?r“ﬂﬁé“%e‘?ﬁﬁw%?&f&ﬁ@l#@ﬂé%i&%ﬁ&&@ﬁg "with a gamramethod
K

according to claim aracterized in that a plagmid construct is used for placing a transgene(s) to
the adenoviral SROB 3856 Jortbl 5@‘35%919 tb IBIGHH05s BPHE 'Bﬁ%@t(g‘f%?gﬂﬁ?ﬁaffﬂge adenoviral
vector is produbgd@/iA2deliNife treated 200077 186 SSTRRbEREQEENEr theT ignjection.

Two hours after the iodide exposure, a strong iodide accumulation was seen

20 throughout Ad5/3-A24-hNIS treated tumors, whereas tumors injected with a
control virus or saline did not uptake iodide (Fig. 13A). After 2h, the iodide
accumulation reached a plateau and remained relatively constant up to the last
imaging time point of the experiment 13 h after the iodide injection (Fig. 13B).
in addition, iodide was heavily accumulated into thyroid and stomach due to

25 the endogenous NIS expression of these organs. A high stomach uptake is
typically seen in mice but not in humans. In patients, it would be possible to
protect the normal thyroid from radioiodide, but this was not done in this mouse
study. Since clearance of the radioactive iodide occurs through the urine,
jodide accumulation in the bladder was seen.

30 To quantify '?°| biodistribution in vivo, organs and tumors were
collected after imaging and their radioactive content was determined (Fig.
13C). Because of the endogenous hNIS expression, the thyroid and stomach
captured about 30% of the injected dose. Nevertheless, the Ad5/3-A24-hNIS
treated tumors accumulated more than 6% of the total iodide dose. This

35 correlated with large amounts of infectious virus present in tumors, while only
trace amounts were seen in the thyroid and stomach. Since tumors were



<110> Oncos Therapeutics Oy <120> Non-Ad5 adenoviral vectors and methods and uses related
thereto <130> 2090771SG <160> 21 <170> PatentIn version 3.5 <210> 1 <211> 29 <212> DNA
<213> Artificial <220> <223> primer <400> 1 catggtaccc aagtgtgtcg ctgtc <210> 2 <211> 29
<212> DNA <938 KIS <220> <223> primer <400> 2 catgatatca gcggf%qalégtzgéiog?z‘é‘%éczg <210> 3
<211> 29 <212> DNA <213> Artificial <220>

collected more than 10 days after the virus injection and TCID50 measures
infectious virus, high TCID50 values probably reflect virus replication.
Adenoviruses lose their capsid when they enter cells and thus the input virus
cannot be detected with TCID50; it requires production of new virions. The

5 iodide uptake remained low in other organs including mock or Ad5/3-A24-
Agp19K treated tumors (<1% of the initial dose).

Ad5/3-A24-hNIS with '] inhibits tumor growth in vivo

To assess the efficacy of Ad5/3-A24-hNIS in vivo, prostate tumor
bearing mice were treated with "'l or Ad5/3-A24-hNIS alone, or with their
10 combination (Fig. 14). When tumors were treated with Ad5/3-A24-hNIS without
radioiodide, tumor growth was significantly slower than in the mock or ™'l
alone groups (p<0.05 for both). When the mice received both Ad5/3-A24-hNIS
and 1311, tumor sizes were significantly smaller than in any other group (all p
<0.001). An adjusted pairwise analysis indicated a significant difference
15 between Ad5/3-A24-hNIS + '*'I versus virus alone, "'l alone or mock already
on day 2 {(all p <0.05). The adjusted pairwise p-vatues between Ad5/3-A24-
hNIS + 3 versus virus alone, ' alone or mock on days 4, 6 and 8 were also
all <0.001. Due to animal husbandry constraints, it was predefined that the
experiment would be ended on day 17, although some of the mice were still in
20 good condition.
Whole body emitted radioactivity was measured starting from one
day after the iodide injection. Radioactivity declined rapidly during the next 3
days as expected by clearance through kidneys.
When tumor size reached 15 mm in any diameter, mice were killed
25 and organs were collected for radioactivity measurements. Radioactivity
declined over time and most radioactivity was seen in the thyroid gland and
stomach, and briefly in the heart probably due to propagation of '*'i by
circulation. In other organs the radioactivity remained low. Importantly, the
virus injection did not affect iodide biodistribution and therefore the safety
30 profile of the approach resembles that of radicicdide therapy for thyroid cancer.

li. GM-CSF transgene

Cloning of three D24-GM-CSF type viruses

- PCR out hGM-CSF,

- create Sunl/Munl sites => 445 bp (pORF-GM-CSF as a template)
35 - Suni/Munl digestion of PCR product and pTHSN



<223> primer <400> 3 catgatatcg tgccagcgag aagagtttt29 <210> 4 <211> 30 <212> DNA <213>
Artificial <220> <223> primer <400> 4 cattctagag cgagcacaat agttctttca30 <210> 5 <211> 20 <212>
DNA <213> Artificial <220> <223> primer 2090771SG_sT25.txt <400> 5 %gttat cca gggtggagtaZO
<210> 6 <21 PEBATEDNA <2135 Artificial TAB2010/050352

35

- Sticky-end ligation =>
- Pmel linearized pShuttle-D24 + pTG3602 => pAd5-D24
- Ad5-D24-GM-CSF
Homol recomb: Sl linearized pAd5-D24 + Fspl linearized
5 pTHSN-GM-CSF => pAd5-D24-GM-CSF
Pacl linearization & transfection => Ad5-D24-GM-CSF

All phases of the cloning were confirmed with PCR and multiple

restriction digestions. The shuttle plasmid pTHSN-GMCSF was sequenced.

10 Absence of wild type E1 was confirmed with PCR. The E1 region, transgene

and fiber were checked in the final virus with sequencing and PCR, which was

then taken to the clean lab for production. To this end, viral DNA was extracted

by over night (ON) incubation with an appropriate buffer solution and after PCR

and sequencing was performed to analyze the integrity of the fiber as well as

15 the GMCSF cDNA. All phases of the virus production, including transfection,

were done on Ab549 cells to avoid risk of wild type recombination as described

before (Kanerva, A. et al. 2003, Mol Ther 8, 449-58; Baeurschmitz, G.J. et al.

2006, Mol Ther 14, 164-74). GM-CSF is under the E3 promoter, which resuiis

in replication associate transgene expression, which starts about 8h after

20 infection. E3 is intact except for deletion of 6.7K/gp19K. Ad5/3-D24-GM-CSF

and Ad5-RGDD24-GM-CSF were constructed identically, except a rescue

plasmid featuring either a knob from serotype 3, or RGD-4C in the Ad5 fiber
Hl-loop were used.

in vitro analysis of D24-GM-CSF type viruses

25 The in vitro efficacy of D24-GM-CSF type viruses was studied in
lung cancer cells (A549), breast cancer stem cell derived explant cells (JIMT-1)
and breast cancer cells (MDA-MB-436) utilizing MTS cell killing assays. The
MTS assay is currently the standard method to assess cell viability in cancer
gene therapy publications. Ad5Luct is a replication deficient virus and acts as

30 a negative control. Ad5wt is a wild type Ad5 virus (strain Ad300wt) and was
used as a positive control. Ad5-d24-E3 harbors an isogenic 24bp deletion in
E1 butis intact in £3. VP indicates virus particles.

In summary, Ad5-D24-GMCSF had oncolytic activity similar to positive
contrals in vitro, and therefore transgene production did not compromise the

35 oncolytic potency of the virus (Figures 15a-c). Similar data was shown for
Ad5/3-D24-GM-CSF and Ad3-RGD-D24-GM-CSF (Figure 15d).



<220> <223> primer <400> 6 aaggtgaagg ggcaggacl8 <210> 7 <211> 18 <212> DNA <213> Artificial
<220> <223> primer <400> 7 agcccctccc cttectttl8 <210> 8 <211> 20 <212> DNA <213> Attificial
<220> <223>vp6i%%/@%%> 8 cccggtctca ctggagataa20 <210> 9 <211> 719 <212> DNA <213>
Artificial <220> <223> Ad3-hTERT-E1 <400> 9 FCTIB2010/050452

36

To test whether Ad5D24-GMCSF was able to express the fransgene,

A549 cell line was infected with 1000 VP/cell and media were collected over

time. The concentration of GMCSF (Figure 16a) in the media was measured

by FACSARRAY. In addition fo that, we also analyzed whether the virus-

5 expressed GMCSF retained its biological function. To this end, TF1 cell line,

whose growth and survival is strictly dependent on human GMCSF, was

treated with media collected from a A549 cell line previously infected with

Ad5D24-GMCSF. The TF1 viability was assessed over time by the MTS assay.

The result of this experiment was that the virus expressed-GMCSH was able to

10 stimulate growth of such cell line, and no difference was found with the same
cell line treated with human recombinant GMCSF (Sigma) (Figure 1'6b).

in vivo analysis of D24-GM-C5F type viruses in animals

The in vivo efficacy of AdS-D24-GM-CSF was tested in immune

competent Syrian hamsters, which are semipermissive for human adenovirus

15 replication (mice are non-permissive) (Ying B. ef al. 2009, Cancer Gene Ther
doi:10.1038/cgt.2009.6.). 7x10° HapT1 pancreatic cancer cells were injected
subcutaneously and 1x10° virus particles (VP) of Ad5-D24-GM-CSF or
AdSD24E3 {(which does not express GM-CSF) were injected intratumorally on

day 0, 2 and 4. The mock group was injected with the same volume of growth

20 media at the same indicated time points. Figure 17b shows that intratumoral
injections of Ad5-D24-GMCSF resulted in high levels of hGM-CSF in the
serum of Syrian hamsters. Human GM-CSF is known to be active in Syrian
hamsters {Cho, Exp Toxicol Pathol 2006 vol. 57 {4) pp. 321-8). Interestingly, all
animals were tumor-free by day sixteen except for mock group (Figure 17a).

25 Tumor scars were still analyzed for two additional weeks to assess whether
reappearance of the tumor might have occurred. However, on day 32 there

was still no sign of tumor in these animals so that the first part of the
experiment was terminated and animals of the Mock group were euthanized.

The remaining treated animais were at this point challenged with the same

30 tumor in the right side of the upper body by subcutaneous injection of 7x10°
HapT1 cells, while on the left side were challenged with a different tumor
(1x10° of HaK tumor) for which the animals were naive. Tumor growth was
measured over time and is reported in Figures 17c¢-d. Interestingly, the animals

that were previously treated with AdSD24GMCSF completely rejected the

35 HapT1 tumor challenge, while Hak tumors grew normally, whereas in the



ggcggatgca agtgaaaatt ctccattttc gcgcgaaaac taaatgagga agtgaatttc60 tgagtcattt cgcggttatg
ccagggtgga gtatttgccg agggecgagt agactttgac120 cgtttacgtg gaggtttcga ttaccgtgtt tttccctaaa tttccgegta

cggtgtcaaal tct tacgtagg tgtcagctga tcgctgat
ota0at1ogs G00 ARk Sk ataaco gogotioeca satg6008a0300 ghacioaads ERLDUUARE hatoetgoce
cttcaccttc cagctccgcc tcctcecgege360 ggacceccgcec cegtececgac cectcecggg tcecececggecce ageccecctee
gggccctcecd20 agecccteec ctteetttee geggeccege ceddtecteg cggegegagt ttcaggecage480 getgegtect
gctgegceacg tgggaagcecc tggecgggca tecgtgecage gagaagagtt540 ttctectceg cgecgeaagt cagttetgeg
Ctatltg ;aaat gatgaé‘zﬂﬁ?té& GHSIGRIGCERN BRgs %e%@@@ﬁ@%ﬁmwm@ﬁaggagganmﬁa@i
cc
om0 AR RPN eliennon coacciatan g et o
10 cttctgaact cggtcctcac2l) &i’ﬁg‘ﬂ'l’*<§ﬁ>d?@<2’ﬂ%aﬁﬁl&@1@%&%%9@%:@%3 Morimer
<400> 11 tccagadtynaeagetigttdrdmmune competent tumor bearing animals, and it is able to
5 elicit tumor-specific immunity to the degree of rejecting subsequent challenge
of the same tumor.
lil. CD40L transgene
Using methods similar to those described above Ad3-hTERT-
CD40L-EIA was constructed and analyzed for biodistribution in mice (Figures
10 20a-b). Murine biodistribution at 6h after 5x10'% VP intravenously (Figure 20a)
suggested that much of the serotype 3 virus stays still in the blood and blood
rich organs, such as spleen, lung and the liver. All major organs were analyzed
by gPCR (Figure 20b). Entry to other organs was found attenuated. In this
assay blood clots B-actin was used for the serum values. Due to the lack of B-
15 actin in blood compartments, blood values are best compared with absolute
vajues as done in Fig 20a. The results suggest that Ad3 virus does not
associate with RBCs or serum but is abundantly present in blood clots and
plasma. Thus WBCs and platelets are possible Ad3 virus carriers in mice.



<210> 12 <211> 19 <212> DNA <213> Atrtificial <220> <223> primer <400> 12 cgaggcccag
agcaagacal9 <210> 13 <211> 23 <212> DNA <213> Artificial <220> <223> primer <400> 13
cacagcttct ccttaatgtc acg23 <210> 14 <211> 36982 <212> DNA <213> Artificial Sequence <220>
<223> Ad3-hTERT-CD40L-E1A <400> 14 aaatctatct atataatata ccttatagat ttaaaaaagt gcgcgctgtg
tggtgattgg cgaccgtggg aaaatgacgt gacttatgtg ggaatggtgc caacatgtaa atgaggtaat ctgcggggtt
aacggct&daimggggcggcg ggaggagtta tgttgcaagt tattacggta Page 3

1. An oncolytic human adenoviral vector, characterized by comprising a
fully serotype 3 backbone and a tumor specific hTERT promoter controlling the Ad3
E1A region.

5 2. An oncolytic human adenoviral vector according to claim 1,
characterized by comprising one or more regions selected from the group consisting
of E1, E2, E3, E4, intermediate and late regions.

3. An oncolytic human adenoviral vector according to claim 1 or 2,
characterized by comprising the following regions: a left ITR, E1, plX, plva2, E2,

10 VA1, VA2, late region, E3 or partial E3, E4, and a right ITR.

4. An oncolytic human adenoviral vector according to any one of claims
1-3, characterized in that the regions are in a sequential order in the 5 to 3
direction.

5. An oncolytic human adenoviral vector according to any one of claims

15 1-4, characterized in that the promoter is a replication activated Ad3 E3 promoter
controlling the Ad3 E3 region.

6. An oncolytic human adenoviral vector according fo any one of claims
1-5, characterized by comprising one or more transgenes.

7. An oncolytic human adenoviral vector according to claim 6,

20 characterized in that the transgene is selected from the group consisting of a
granulocyte-macrophage colony-stimuiating factor (GM-CSF), human sodium iodide
symporter (hNIS), interferon alpha, inferferon beta, interferon gamma, tumor
necrosis factor, CD40L, trastuzumab and other monoclonal antibodies.

8. An oncolytic human adenoviral vector according to claim 6 or 7,

25 characterized in that the transgene is placed in E1 under the hTERT promoter
and/or in E3 under the replication activated Ad3 E3 promoter.

9. An oncolytic human adenoviral vector according to any one of claims
1-8, characterized by comprising internal ribosomal entry site (IRES) between the
transgene and the E1A region.

30 10. An oncolytic human adenoviral vector according to any one of claims
1-9, characterized by comprising the hTERT promoter, transgene, IRES and E1A.

11. An oncolytic human adenoviral vector according to any one of claims
6-8, characterized by comprising the transgene in the place of the deleted gp19k in
the E3 region.
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tcttgggtgg ggacttgga d gag gttag Ctcaca s tgctgcca ccatggagg
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ttctggttcg gtggtgatcp®36the use according to claim 19, characterized in that the cancer is

selected from a group consisting of nasopharyngeal cancer, synovial cancer,
20 hepatocellular cancer, renal cancer, cancer of connective fissues, melanoma, lung
cancer, bowel cancer, colon cancer, rectal cancer, colorectal cancer, brain cancer,
throat cancer, oral cancer, liver cancer, bone cancer, pancreatic cancer,
choriocarcinoma,  gastrinoma,  pheochromocytoma,  prolactinoma,  T-cell
leukemia/lymphoma, neuroma, von Hippel-Lindau disease, Zollinger-Ellison
25 syndrome, adrenal cancer, anal cancer, bile duct cancer, bladder cancer, ureter
cancer, brain cancer, oligodendroglioma, neuroblastoma, meningioma, spinal cord
tumor, bone cancer, osteochondroma, chondrosarcoma, Ewing's sarcoma, cancer
of unknown primary site, carcinoid, carcinoid of gastrointestinal tract, fibrosarcoma,
breast cancer, Paget's disease, cervical cancer, colorectal cancer, rectal cancer,
30 esophagus cancer, gall bladder cancer, head cancer, eye cancer, neck cancer,
kidney cancer, Wilms' tumor, liver cancer, Kaposi's sarcoma, prostate cancer, lung
cancer, testicular cancer, Hodgkin's disease, non-Hodgkin's lymphoma, oral cancer,
skin cancer, mesothelioma, multiple myeloma, ovarian cancer, endocrine pancreatic
cancer, glucagonoma, pancreatic cancer, parathyroid cancer, penis cancer, pituitary
35 cancer, soft tissue sarcoma, retinoblastoma, small intestine cancer, stomach
cancer, thymus cancer, thyroid cancer, trophoblastic cancer, hydatidiform mole,



