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ANTI BODI ES Field of the invention The present invention relates to
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conposi t1ons conprising sai vectorsg F%ﬁ present i nvention also r% ates to
said vectors for treatl ng cancer in a subj ect and a nethod of treating
cancer in a subject. Furthernore, the present invention relates to nethods
of produci ng nonocl onal anti-CTLA4 antibodies in a cell lo and increasing
tunor specific imune response and apoptosis in a subject, as well as to
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oncogenes or generate additional properties to the cell. Suitable exogenous
25 therapeutic genes include but are not limited to immunotherapeutic, anti-
angiogenic, chemoprotective and “suicide” genes, and they can be introduced
to a cell by utilizing modified virus vectors or non-viral methods including
electroporation, gene gun and lipid or polymer coatings.
Requirements of optimal viral vectors include an efficient capability
30 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
decades and, for example retroviral, adenoviral and adeno-associated viral

vectors have been widely studied in biomedicine.



10 tunor cells allow replication of the virus while normal cells are

spar ed. Replication can be limted to the tunor tissue either by
maki ng pawoizal2/dedoet i ons in the adenoviral El region or Poy/FEmingso8i2zssue or
tunmor specific pronoters (TSP). Insertion of such a pronoter nmay enhance
effects of vectors in target cells and the use of exogenous tissue or
tunor-specific pronoters is 15 comon i m reconbi nant adenoviral vectors.
Most clinical trials have been perfornmed with early generation adenoviruses
based on adenovirus 5 (Ad5). The anti-tunor effect of oncolytic
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25 ihe cell enfry mechanism, targeting of recombinant Ad veciors may be
achieved via genetic modifications of these capsid proteins {Dmitriev 1., et al.
1998, Journal of Virology, 72, 9706-9713). Currently most oncolytic viruses in
clinical use are highly attenuated in terms of replication due to several
deletions in critical viral genes. These viruses have shown excellent safety
30 record, but the antitumor efficacy has been limited.

Clinical and preclinical results show that treatment with unarmed
oncolytic viruses is not immunostimulatory enough to result in sustained anti-
tumoral therapeutic immune responses. In this regard, oncolytic viruses have
been armed to be more immunostimulatory. Moreover, viral replication and

35 expression of immunomodulatory proteins within a tumor potentiates the



15 natural killer cells (NK) and cytotoxic CD8+ T-cells. A key
revel ation in cancer immunotherapy has been the realization that, due to
tunmor i nmuoeoewasioens nechani sns, the induction of an arCirtFzeor/os08a2UNE
response is not sufficient to eradicate the di sease. |Instead, because of

t he i mune suppressive nature of advanced tunors, down- 20 regul ation of
inhibitory T-cells is also required (Dranoff G, Nat Rev Cancer 2004,
4:11-22; de Visser KE et al., Nat Rev Cancer 2006; 6:24-37). One of these
key regul atory pat hways involves cytotoxic T |ynphocyte-associated antigen
4 (CTLA- 4, icmeng sysienchy dstusingyeytakineprodoct®mani aledse of merardigenshe
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conbi nati on of turrd?reegatéyﬂmﬂdm human monoclonal antibodies (mAbs) agalnst

CTLA-4 are in clinical development; IgG1 ipilimumab (formerly MDX-010) and
lgG2 tremelimumab (formerly CP-675,206). Several published studies attest to
30 the biologic and clinical activity of ipilimumab and tremelimumab in patients
with melanoma and other cancers (Kirkwood JM et al., Clin Cancer Res
2010;16:1042-8; Hodi FS et al., N Engl J Med. 2010; 363;8:711-23; Ribas A et
al., Oncologist 2007;12:873-83). Although anti-tumor activity has been seen in
many trials, also severe and even fatal side effects have been reported. Side
35 effects relate to normal tissues exposure due to systemic administration, while



CTLA4 scFv expression with nethods of system c T-Reg depletion has a
synergistic effect (Tuve S, et al. Cancer Res 2007;67:5929-39). Further,

t he aut howe 2di2xh3s@t observe aut oi mmune reactions in a nmecirrRomDaek220vhen
anti- CTLA-4 scFv antibody is continuously expressed by the tunors and
anti-CD25 30 antibodies are given i.p (Tuve S, et al. Cancer Res 2007;
67:5929-39). In contrast, when anti-CILA mAb is given systemcally
together with T-Reg depl eti on autoi mmune reactions are observed (Sutnuller
RP et al., J Exp Med 2001; 194: 823-32; Takahashi T et al. J Exp Med 2000;
192: 303- 10)efficagy poListemneined by metvetiam@f sipiaugs SUPPressioni el tie dwmer.
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tumor immunity is through regulatory T cells (T-Reg). Among the several
approaches that have been used thus far to downregulate T-Reg, the anti-
15 CTLA4 mADb is the only one whose safety and efficacy has been proven in a
large randomized study (Hodi FS et al., N Engl J Med. 2010; 363;8:711-23).
Although this trial represents a breakthrough for tumor immunotherapy, it was
preceded by a negative Phase 3 study with another anti-CTLA4 mAb (Ribas A
et al. J Clin Oncol ASCO suppl. 2008; 287). Also, in all anti-CTLA4 mAb trials
20 severe immune-related adverse events (irAEs) have caused mortality resulting
in concern over the safety of the approach. Therefore, further approaches,
such as utilization of a gene therapy platform, are needed, because it could
increase local concentration for enhanced efficacy while reducing side effects
related to systemic exposure.
25 It has been reported that combination of tumor-localized anti—
CTLA4 scFv expression with methods of systemic T-Reg depletion has a
synergistic effect (Tuve S, et al. Cancer Res 2007;67:5929-39). Further, the
authors did not observe autoimmune reactions in a murine model when anti—
CTLA-4 scFv antibody is continuously expressed by the tumors and anti-CD25
30 antibodies are given i.p (Tuve S, et al. Cancer Res 2007;67:5929-39). In
contrast, when anti-CTLA4 mAb is given systemically together with T-Reg
depletion autoimmune reactions are observed (Sutmuller RP et al., J Exp Med
2001;194:823-32; Takahashi T et al. J Exp Med 2000;192:303-10). One
possible reason for the synergy is that depletion of T-Regs reduces the
35 number of regulatory cells, while anti-CTLA-4 reduces the activity of



15 gene products affect defense mechanisns, the cell cycle and the cellul ar
nmet abol i sm of the host cell. Internediate and | ate genes encode structural
viral prowveizne/iBesect he production of new virions (W aneCRamm®iDog0sr ends

M crobi ol 2004; 12:162-168; Russell WC., J General Virol 2000; 81; 2573-2604;
Vol pers C. and Kochanek S. J Gene Med 2004; 6, suppl 1: S164-71; Kootstra
N.A. and 20 Verma |.M Annu Rev Pharmace Toxicol 2003;43: 413-439).

More than 50 different serotypes of adenoviruses have been found in hunans.
Serotypes are classified into six subgl_roups A-F and different serotypes are
known to besuppsessive eellsv Marepver eaeinC lddddran @sp reduce theesyppprassipn of

di seases, CgitigenGire¥bhtiry 88\, gastroenteritis. Adenovirus serotype 5 (AdsS)
is 25 known toO causge respiratory di segses and i

i he nost co n
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Brie escr it t i 1 b4 the invention is to
provi de nov@sﬁgw\g&’ ‘éﬁ%?r{ég%%@296@’%&6?#&?9@1*he above-nenti oned
properties of adenoMe @slesounal géngmesbayiaaglyt (el -prdbirdemnediateo feandonal
cancer | Qeguggaggﬁgh@%ggg%%mlml W¥ichlgl8 thhsenbedth BsBYLEtalHuEl, ERYhods
y. e present application descrjbes the
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and their usetdodlisH®Tthe #loss céll.NeRrmbLiAd biel atenses ervddel frktgal Vigalof
cancer pat 'Sr%iéﬁné‘?é’r tﬂgrp%éu&%r}%fshew virions (Wu and Nemerow, Trends Microbiol
2004;12:162-168; Russell W.C., J General Virol 2000;81;2573-2604; Volpers
C. and Kochanek S. J Gene Med 2004;6, suppl 1: S164-71; Kootstra N.A. and
20 Verma |I.M. Annu Rev Pharmacol Toxicol 2003;43: 413-439).

More than 50 different serotypes of adenoviruses have been found
in humans. Serotypes are classified into six subgroups A-F and different
serotypes are known to be associated with different conditions, i.e., respiratory
diseases, conjunctivitis and gastroenteritis. Adenovirus serotype 5 (Ad5) is

25 known to cause respiratory diseases and it is the most common serotype
studied in the field of gene therapy. In the first Ad5 vectors E1 and/or E3
regions were deleted enabling insertion of foreign DNA to the vectors
(Danthinne X, Imperiale MJ., Gene Therapy. 2000;7:1707-1714). Furthermore,
deletions of other regions as well as further mutations have provided extra

30 properties to viral vectors. Indeed, various modifications of adenoviruses have
been suggested for achieving efficient anti-tumor effects.

Still, more efficient and accurate gene transfer as well as increased
specificity and sufficient tumor killing ability of gene therapies are warranted.
Safety records of therapeutic vectors must also be excellent. The present

35 invention provides a cancer therapeutic tool with these aforementioned



The present invention relates to an oncol ytic adenoviral vector conprising
1) an adenovirus serotype 5 (Ad5) nucleic acid backbone conprising a capsid
nodi fi catwonpi1zp3edoer ably a capsid nodi fication with an PETAU®NDS0822S
serotype 3 (Ad3) knob (Ad5/3 capsid chinerism 2) a 24 bp
deletion (D24) in the Rb binding constant region 2 of El and

3) a nucleic acid sequence encoding a fyly human nonocl onal anti body
specific for CTLA-4 in the place of the del eted adenoviral genes 20 gpl
9k/6. 7K in the E3 region. The present invention further relates to
a cell con'pFPFp§BH@St by didEing ibaih orealdic éndt iemunotherapeutic properties Tfe

present i nvgdddRitudesm 5@\5@&%& mvgnﬁ\y@ﬁ,g‘gceut i cal conposition conprising
t he adenovi raI vector of the invention The present invention al so

relates to denov ra ct.or of the invention for treating cancer in a

subj ect . fer 895%@ 'BF'é’sféﬁF INYeRUPNon also relates to a method of
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of the vector or th armaceutic oslIt |on of e invention to a

subj ect 3uf3&HVgg fth%mwﬁd@entlw%gmrwﬁ P BdsRPXIEIRES ap@rthugt $RYiNgo
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specific imune respasRebéhtdif/ehligs! reldB8’ @ ant BACHREOOSHSTRIE] SR%tor
comprising
1) an adenovirus serotype 5 (Ad5) nucleic acid backbone
comprising a capsid modification, preferably a capsid modification with an
15 adenovirus serotype 3 (Ad3) knob (Ad5/3 capsid chimerism)
2) a 24 bp deletion (D24) in the Rb binding constant region 2 of E1
and
3) a nucleic acid sequence encoding a fully human monoclonal
antibody specific for CTLA-4 in the place of the deleted adenoviral genes
20 gp19k/6.7K in the E3 region.
The present invention further relates to a cell comprising the
adenoviral vector of the invention.
The present invention also relates to a pharmaceutical composition
comprising the adenoviral vector of the invention.
25 The present invention also relates to the adenoviral vector of the
invention for treating cancer in a subject.
The present invention also relates to a method of treating cancer in
a subject, wherein the method comprises administration of the vector or the
pharmaceutical composition of the invention to a subject suffering from cancer,
30 especially from cancer refractory to conventional chemotherapeutic and/or
radiation treatments.
Furthermore, the present invention relates to a method of producing
a fully human monoclonal antibody specific for CTLA-4 in a cell, wherein the
method comprises:
35 carrying a vehicle comprising an oncolytic adenoviral vector of the
invention to a cell, and



5carrying a vehicle conprising an oncolytic adenoviral vector of the

invention to a target cell or tissue, expressing a fully human
nonocl onavoantzdseady specific for CILA-4 (anti-CTLA4 mAbpCofFiiohs03082t Or i n
the cell, i ncreasing the anount of anti-CTLA4 mAb production
in tunors (but 10 not normal tissues) by virtue of tunor-specific
replication of the genone of the virus. 7 Still, the present

invention also relates to a use of an oncol ytic adenoviral vector of the
invention for producing a fully human nonocl onal anti body specific for
CTLA-4 in a cell. 1B®ressing ehillprragesn menastenarentiepey epecthicadar énlddi-¢ti c
adenoviral ymepbQeckr it e édvention for producing a fully human nonocl onal
anti body specific for CILA-4 in a cell resent

. , Still, the

i nvention al so rel diEHN&rBIOFEUEE REESENT 'BYR-,‘HI%/”tﬁe@tﬁﬁ&éx}’F?@deﬁgd@‘gﬁant he

i nvention famdrpeedisiimgnine@spdnss irf & Gubjsrtnenetein tennstwd dompriddy: ect .
Still, the present jnvention r.ﬁl ates to_an oncol%tti o adenp iral vcgctbor of
the invention for i%rrygé%ianbem ﬁoqorg%résd?g i Pﬂ?ﬂl ¢ ?8@%%‘{{ Ve Yy ]eect.
The pr esentinvention ioomtgrgeicelesr ssueol for treatnent of cancers, which are
refractory to or i ; r tnlﬂ%f&;p@gl : S. A_AD
restrictions regar mé%dﬁ%%y{u@geﬁsﬁﬁ%ta e orI @}l@??%@?&@ﬁ@%ﬁ'@?_@wa
conpar ed t daRbifyTledharrk@dbewaeior in Eerlt all solid tunors may be treated
with the proposed ipyRAkingthe BHoPHESNL-CTVAAHAD prBIudRINAINttANdRS (Hiay

| arger tunors b S and nor.e conpl ex tunors than.b revi ous

{ othror ol SRSt ARETE Tiasies 1 WaHS B8 Ry oL RRlS ZeRlraran i) i GePama Rt iaey

i ntravenousyispusand in a 30 conbi nation of these. The approach can give
system c efficac S DI i.njection.. T oac S di cat e
c)él | s proposed a)s/ t prth:éné)r%lggh ﬁ’g’e?‘(f@"ém@éP 'Isé?aet%ggtrgl ?s%é:%gr%s@gﬁ{ tal.
Mol Ther 20adgnoviah XpcR08d- @) invention for predgtitgsa ehbylhungan eonecdoraort of
t he vector érﬂiﬁo@ﬁcfﬂetcﬁic%r brﬁ_g\r_@ athﬁ’. vector of the invention al so assures

t he expression a eé),erm stence of the 35 transgene. The present invention
sol ves d5probl em r eptik dige Presa riayRitioncrelaies 46 it eneRlylis Adeneyit aector

tr eat ment s. offtiet IRGERTITE fort BrodRERGEA FullyMEMEhaRonSclBhaV Aftasodyosd&cifi tbr
met hods for iﬁ‘%‘?‘g“ ve Ereat ments, with less toxicity or danage to healthy
a

tissues. Adv B8 68!t he present invention include also different and
reduced si de effect$tili, theopmesent amvantioat bleo tdieapeuti ose dfngordraotyitiz, t he

approach i Sa&é’rﬂ)%gi %é-c?orv"iorf hth'gane%ttiBﬁr fcIrorir{E‘?egginé hﬁfn%)ry specific immune
20 response in a subject.
Still, the present invention relates to an oncolytic adenoviral vector
of the invention for increasing tumor specific immune response in a subject.
The present invention provides a tool for treatment of cancers,
which are refractory to or incurable by current therapeutic approaches. Also,
25 restrictions regarding tumor types suitable for treatment remain few compared
to many other treatments. In fact all solid tumors may be treated with the
proposed invention. The present invention may help to destroy larger tumors
by mass and more complex tumors than by previous technologies. The
treatment can be given intratumorally, intracavitary, intravenously and in a
30 combination of these. The approach can give systemic efficacy despite local
injection. The approach can also eradicate cells proposed as tumor initiating
(“cancer stem cells”) (Eriksson M et al. Mol Ther 2007; 15(12):2088-93).
Besides enabling the transport of the vector to the site of interest the
vector of the invention also assures the expression and persistence of the
35 transgene. The present invention solves a problem related to therapeutic
resistance of conventional treatments. Furthermore, the present invention



5 includi ng chenot herapy, small nol ecul ar inhibitors and radiation therapy,
and can therefore be used in conbination regi nens. | nduction of an
i Mmune r exoto3gemsar ds cells that allow replication of pemamvenios0822
adenoviruses is normally not strong enough to lead to devel opnent of
therapeutic tunmor inmunity. In order to overcone this weakness, the 10
present invention provides arnmed adenoviguses with a fully human nonocl onal
anti body specific for CTLA-4, which strengthens antitunor immunity by
activating T cytotoxic cells and antigen presenting cells, and by

downr egul atpreyidesgiacis ;angd Telbpds fandsaledivie yeppnentsi Vit e toxiggy or
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cells which are key resentin
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(i ncl udi ng dntRedy I?épEClabstrblOTd_AMr ewhicyt streagthievat adtiflinos Iummllmtya e B7
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IS expresse ace of many tunor cells Int J
Cancer 2@05th§1?d689\“5® Ve&FQ@uﬁﬁﬂh? nvenden; r$§VGfa4 e@@t'@ﬁﬂpmmﬁﬁh%nUWﬁesm ve

ml on on Bﬁe@fat%db?t?ﬁ.ﬁ@ﬁﬁ@@&ﬂ?aﬁmbd@ elnsll d@&gfri%?ﬂld!ﬁivlé; afelieXided! ?Ckl ng

s can induce dir i nor_c riggerin a 0si s
(R bas A et o< onbS dsCHa T mAt GrsBlod, Mmbhe ‘Eraroive b8 ncer
2005; 117: 53@erb@d famh CﬂiLAWmdldmu;e ovuthe sm'faz]elwafnaetd/alted TheellIsb{Creamb bdrsdy
dependent gAIég régé cl’-ié%?‘l'n?r‘nb%ol@dd"l“?@"égy al. Proc Natl Acad Sci US A

2006; 103: 91 expressed may trigger increased
i ndol ea@d ne (B): An important |nh|b|tory subset of T-cells (regulatory T-cells, T-

Reg) constitutively expresses CTLA-4 and can bind B7 molecules on dendritic
cells which are key antigen presenting cells (Paust S et al., Proc Natl Acad Sci
USA 2004;101:10398-403). Subsequent upregulation of indoleamine 2,3-
dioxygenase and other suppressive circuits results in tolerization of T cells in

25 the microenvironment, instead of cytotoxic action (Munn DH et al., J Clin Invest
2004;114:280-90.

(C): CTLA-4-expressing T cells (including T-Reg) may also bind
directly to activated T cells, because B7 costimulatory molecules are
expressed on the surface of activated human T cells. CTLA-4—-blocking mAbs

30 interfere with this suppressive signaling and result in the local expansion of
tumor antigen-specific T cells (Paust S et al., Proc Natl Acad Sci USA
2004;101:10398-403).

(D): CTLA-4 is expressed on the surface of many tumor cells
(Contardi E et al., Int J Cancer 2005;117:538-50), presumably reflecting direct

35 immune suppressive action on B7 of cytotoxic T-cells and DCs. Interestingly,
CTLA-4-blocking mAbs can induce direct killing of tumor cells by triggering



2, 3-di oxygenase in tunor-infiltrating DCs, and CTLA-4-specific nonocl onal
Abs woul d al so block this effect (Ribas A et al., Oncologist 2007;

12: 873- 83W0 2012/038606 Thus, 5 di fferent nmechani sns nmake trhe/ramenaosnuses of
t he invention conprising nonoclonal anti-CTLA-4 a potent anti-tunor
approach, 10 but wi thout side effects associated with system c exposure,
whi ch have resulted in safety concerns (gHodi FS et al., N Engl J Med. 2010;
363; 8: 711-23; Sanderson K et al., J din Oncol 2005;23:741-50. In addition
to these 5 transgene nedi at ed nmechani sns, oncoélﬁétic replication of the

virus will aRaptewsdRibas AnetralefOneelegist E00éH 28#3-881 Gentarditnelsali.nf dt or y
act i vi ty_ medhaiadp6us, 3778881Miaréd iP5 0WRis doNE 0B ofifarided MGk 6. ardl09:

i
27(31): 4225- 39, | th l'ogical util f th
Approhch. - 1PAUARATECSY Cellyar Giloloxialy (BRNEM ShuErof SeH RSP oy

i nprovenent2006;108:910ed)r d, adding CpG noieties into the adenovirus genone
makes the virus evep,nmpre jinmunosti ory.  2QConmpared to adenoviral tools
of the prior art .y IhEGORRRE FORAR SopfdtsdBn et sk P ERRsh Be
effective, 2Bedipeygenase mofuroxindilteatidgoDGsafand tWHIA-Hespeciiic enondaopdgy .

Fur ther mor apdGlORR] aXbIHIRASINY e AR AL 8| RcQbalsP 9807 1DYo-88) ecul es
are not needed. e _present 1nvention provides a neWw generation o

infectivity 25 enhalt4sd andifferghl ynesifandsms e madkendie r aderovimigesr ef dhe t he
good saf et yin@éntdrfl @bmpiris e fndidlclones Wntisc TRAKS ahgstehewdtisuflor fpreasy -

or ovi do 1D mioPGEPLE IS 9 EBRES c#HACERS with PEUSRYS (GPORUT PGk P
oncol ytic wiesukes in safety concerns (Hbei F®\etlal. pNoEhgitsMetl. 20¢0; 3638171dr2Znabl e
[urLre” ! TPSRIIRGh . & 3D, SO OHRS] aRs SLLRl oS halleg 8 s § ovres
ant i - CTLAA4-teamegenentetiated naemhamiamsiserscolviicstgmiinatiore of theusirusawilbaddftot he
SR ner o SR AR kol b et o)
o ADSAETLAENOHTHS ABEST SEAEYE ECHL 2. \BRSNG 1 E00% T (1 F4P2R-3001 PBEaNES 10
adds to the overall immunological utility of the approach. In Example 9 (Figures
1, 11, 12) below we describe a further improvement in this regard; adding CpG
moieties into the adenovirus genome makes the virus even more
immunostimulatory.
20 Compared to adenoviral tools of the prior art, the present invention
provides a more simple, more effective, inexpensive, non-toxic and/or safer
tool for cancer therapy. Furthermore, helper viruses or co-administration of
recombinant molecules are not needed.
The present invention provides a new generation of infectivity
25 enhanced and highly effective adenoviruses that retain the good safety of older
viruses but results in higher levels of efficacy. Importantly, the present
invention describes oncolytic adenoviruses which provide immunological
factors critical with regard to the efficacy of oncolytic viruses.
The novel products of the invention enable further improvements in
30 cancer therapy.

Brief description of the Figures

Figure 1 shows the construction of single- and double-targeted and
anti-CTLA4-armed oncolytic adenoviruses. A schematic illustration of the
oncolytic adenoviruses Ad5/3-A24aCTLA4 (single-targeted; others are double-

35 targeted), Ad5/3-hTERT-A24aCTLA4, Ad5/3-hTERT-A24aCTLA4-CpG, Ad5/3-
E2F-A24aCTLA4, and AdS5/3E2F-A24aCTLA4-CpG, the replication-deficient



Ad5/ 3-aCTLA4 as wel |l as the unarnmed oncol ytic Ad5/ 3-A24 (positive control)
and the replication-deficient Ad5/3-Lucl (negative control).

Fi gures 2o2b123esceval uati on of the virus produced ant iPCTHM1/050822Cc| onal
anti body expression and function. 5Figure 2A: Serum free supernatants of
virus infected A549 (lanes 1 and 2 fromleft to right) or PC3-MW (|l anes 3
and 4) cells analyzed by Western blot fegp specific detection of the hunman
g (both heavy and light chains) in native (upper row) or in denaturating
conditions (lower row). Lanes 1 and 3: cells infected with Ad5/3- A24aCTLA4,;
| anes 2 andAdd/3cETIsAY rgsewel dswinenhunarsrest oncol i Adh/3-A24 (positiveiagiirel)2B: A

functional gssme n@étﬁirfaéﬁd?antt/tt%/ga_tucw(hégﬁfﬁvé/ewﬁomroduced anti - CTLA4
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nonocl onal atgthggdy Jurkat cells were activated as before but now al so
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super nat ant 25 contl%igmengBaCNIiMcﬁm&I atded, deridhgtratingatheblactikind of amdisB7 was
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20 positive control

Figure 2C: A loss of function assay demonstrating the affinity of
recombinant CTLA-4 (rCTLA-4) to virus produced anti-CTLA4 monoclonal
antibody. Jurkat cells were activated as before but now also rCTLA-4 was
added to bind B7, preventing CTLA-4 activation. When a supernatant

25 containing aCTLA4 was added, rCTLA-4 was blocked, and B7 was able to bind
CTLA-4 for reduced IL-2 production. Columns, mean of three independent
experiments; bars, SE *, P < 0.05; ***, P < 0.001.

Figure 2D: CTLA4 expression levels in A549, SKOV3-ip1, PC3-

MM2 tumor cell lines and a UT-SCC8 low-passage tumor explant. All tumor
30 cell lines were positive for CTLA4 in fluorescence assisted cell sorting.

Figures 2E and 2F: Adenoviral gPCR showing that the large size of
anti-CTLA4 expression cassette or the production of anti-CTLA4 protein does
not affect the replicativity of Ad5/3-A24aCTLA4. Briefly, A549 cells were
infected with PBS, Ad5/3-A24 and Ad5/3-A24aCTLA4 and the number of viral

35 particles was measured by qPCR at different time points from the supernatant



Figure 3 shows the cell killing efficiency of anti-CTLA4 armed adenoviruses
and control vectors. The tunor cell lines (A PC3-MVM, (B) 5 SKOV3-ipl, (O
A549 and wD)pot2mssdoew- passage tunor expl ant UT- SCC8 wer e PCHiFemi 8050822

Ad513- A24aCTLA4 had an oncol ytic potency simlar to the positive control
virus Ad513-A24 in all cell lines. Also the replication deficient Ad5/3-
aCTLA4 had anti-tunor activity, since tygqor cells express CILA4. Col umms,
mean of triplicate assays; bars, SE. ** P < 0.01 ; *** P < 0.001.

10Fi gure 4 shows tunor growth suppression and apoptosis in i mmune deficient

mce with henthiirm dbeacellsc e eignitieanyr diffesenaecaapMpundnbeyeemheviiis | ung

cancer xenogpabts (A549 tunors) treated with an anti-CTLA-4 nonocl onal
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row) by 1P mmunohi st JdAEHR $SPOWELHERR ProwiegiRPressien aad 3RAPT9%S My ERMUNEat i on.
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pl asma of t ani na <0. . The average sma concentration was
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humans treagd tvé hoagdgdtbtis) sFbct 66 nRWTIA-4angtet e aRYd, Mubfdrs 4508 PN,
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Figure 4A: Ad5/3-A24aCTLA4 had the best anti-tumor activity in this

20 highly aggressive model. Tumor size is presented relative to mean initial size.
Points, mean; bars, SE; **, P < 0.01 (Student's t test on day 7).

Figure 4B: On day 5, tumor cryosections were stained for
expression of anti-CTLA4 (Human IgG, upper row) or apoptosis (active
caspase-3, lower row) by immunohistochemistry (brown). Images taken at x40

25 magnification.

Figure 4C: On day 7, human IgG levels in tumors and plasma of
mice treated with Ad5/3-A24aCTLA4 or Ad5/3-aCTLA4 were measured. In
Ad5/3-A24aCTLA4 treated tumors 81-fold more anti-CTLA4 mAb was found in
comparison to Ad5/3-aCTLA4 treated tumors (p<0.05). In addition, 43.3-fold

30 more anti-CTLA4 mAb was found in tumors treated with Ad5/3-A24aCTLA4
than in the plasma of the same animals (p<0.05). The average plasma
concentration was 392.6 ug/g (SE 312.0), which is below concentrations
reported tolerated in humans treated with ipilimumab (561 pg/mL) and
tremelimumab 450 ug/mL, respectively (REFS) (1 mL of plasma weighs circa

35 1 9). In Ad5/3-A24aCTLA4 tumors, mAb concentration was 16 977 pg/g and



35 1 g). In Ad5/3-A24aCTLA4 tunors, mAb concentration was 16 977 pg/g and
12 therefore much higher than in plasma. Columms, nean of triplicate
assays; bao20128B8606 Fi gure 4D. Ad5/ 3-L, 24aCTLA4 pcarsmai/esiogni f i cant
antitunmor activity conpared to nock (P < 0.01) in a lung cancer nodel.
Significant difference 5 between AdS5/ 3- A24aCTLA4 and Ad5/ 3- A24 was not
seen. G oups are shown until the first muse fromthe group had to be
killed as per animal regulations. Points, nean; bars, SE Fi gure
5 shows increased IL-2 and IFN-y production in stinulated peripheral bl ood
mononucl eartheegfpee RBIMCHigher dhageh PlasmentEolumasamearbef 10pligat BsA2YSICTLAA.
Cancer patiggssgfpatient 1244, patient C261, patient M58 or patient X258)
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20 from 2 healthy donors were stimulated with ionomycin, PMA and recombinant
human B7 and treated with filtered supernatants from virus infected PC3-MM2
cells. IL-2 (A) or IFN-y (B) levels in the growth media were measured by a
FACS array. Columns, mean of three independent experiments; bars, SE. *, P
< 0.05; ***, P < 0.001.

25 Figure 7 shows a schematic of the anti-CTLA-4 functionality assays
performed for Examples shown in Figures 2, 5 and 6. In vivo, dendritic cells
present antigens via major histocompatibility complex (MHC) to the T cell
receptor (TCR) on the T cell surface. For immune response instead of
tolerance, co-stimulation is also needed. This is mediated by binding of B7.1 or

30 B7.2 (of on DCs) to CD28 on the T cell. T cell activation can be quantitated by
production of IL-2 and IFN-y.

Figure 7A: In the absence of an intact immune system, T-cell
activation can be simulated in vitro by incubating PBMCs with phorbol 12-
myristate 13-acetate (PMA) and ionomycine resulting in activation independent

35 of TCR and CD28 signaling.



Figure 70: CTLA-4 has 100-fold higher affinity than CD28 to B7 resulting in
T cell arrest. 5Figure 7D:. Bl ockade of CTLA-4 signaling by anti-CTLA-4

ant i bodi esokbmaisscosnhi bi ti on resulting in activation of PCT®GEiolH050822

Figure 7E: Wen sol ubl e reconbi nant human CTLA-4 is added, the anti-CTLA-4
mAb i s sequestered |eaving B7 free to bind to CTLA-4 for T cell arrest.

10Fi gure 7F: |If reconbi nant CTLA-4 is aglged to the growh nedia in the
absence of anti-CTLA4 mADb, it sequesters B7 leaving the T cell in the
activated status. Figure 8 shows the specific anti-CTLA4 mAb
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20 independent experiments; bars, SE. *, P < 0.05.
Figure 9 shows the specific anti-CTLA4 mAb activity by Ad5/3-
A24aCTLA4 in stimulated peripheral blood mononuclear cells (PBMC) of
healthy donors. PBMCs were incubated with ionomycin, PMA, recombinant
human B7 and recombinant human CTLA-4 and treated with filtered
25 supernatants from virus infected PC3-MM2 cells. IL-2 (A) or IFN-y (B) levels in
the growth media were measured by a FACS array. Columns, mean of three
independent experiments.
Figure 10 demonstrates the utility of the replication competent
platform in increasing anti-CTLA4 mAb expression in comparison to the
30 replication deficient virus. PC3-MM2 cells were seeded at 20 000 cells per well
and infected at 10VP per cell with the respective viruses. 24h, 48h and 72h
post-infection the supernatants were collected and analyzed by ELISA for the
amount of human IgG. A 3 fold increase was observed with the oncolytic virus
Ad5/3-A24aCTLA4 in comparison to the replicative deficient Ad5/3-aCTLA4.
35 Columns, mean of quintuplicate assays; bars, SE. ***, P < 0.001.



5 CpGrich oncolytic adenovirus (Ad5-A24CpG white cirle), oncolytic
adenovi rus (Ad5- A24, bl ack square), oncol ytic adenovirus + reconbi nant CpG
ol i gos (wwote12wgs@se). The CpG rich virus was nost eff eeCirwreoinnosoexdi at i ng
antitunor inmunity,and it was even nore effective than oncol ytic adenovirus
given in conmbination with a reconbi nant CpG nol ecul e. 10Fi gure 12A shows

the results of a MIS cell killing assayqperfornmed on spl enocytes harvested
fromtreated mce at 72 hours (same mce as in Figure 11). The percentage
of A549 still alive at the indicated time point is reported. Figure 12B

suggests that the rfugiite 14nshoveTiiae efiees ohdain anEelytic tagenamirys wontaining
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an |cosahe s I sts of thr
pent on base"‘f(mlllml)y anghdt waﬁn@\r%bmqreb%ffeth)thaa| @F@'Wq AdeneidruSpyEBiiAs: VI,
VI, IX  lddrabinatén Wad (é@é?ﬁcﬂhént\@& mg|e@g||éer al Virol 2000; 81: 2573- 260421
Prote ns VI, small_pe r ot ei P are ssoci ate
ot th DNED Pr ot et VPG S shgwsr g aRsnE O PMTERIned kel HesopTate: 1
VI. Virus io_m@@iﬁhq@ymseaaﬂ/estemﬁede@ebmd &ﬂceraﬁcmﬁdmgs s(gammesmncechsrual Cased
roteins (o) ase
gn an adenoe'g}"ﬁé's]qur/ﬂt@pogqué}?%\gé;%f Xﬁ{f%%g” gcwg %a@%b%?éat%%ﬁﬁ% g)qqtagcap5| d
modi fi cat i olepogedhFigsirenrd 2Bdeurggsastsithas dne nyanesanihdd)L Adndbeg nabaBectapsi d

chinmerism, 5. gfug)pmqgh@t,l on (D24) in the Rb binding constant region 2 of

El 35 and a nucl el c_aci d sequence encoding a ful I%/ human nonocl onal
anti body® 15 Figure 128 shows the results of an interferon gamma ELISPOT

assay suggesting that the murine anti-CTLA4 does not affect the anti-virus
immunity. Immunocompetent C57BI/6 mice (n=5) were treated three times with
PBS, Ad5/3-A24, Ad5/3-A24 and mouse aCTLA4 antibody or with mouse
aCTLA4 antibody only. Two weeks later spleens were collected and PBMCs

20 analyzed by interferon gamma ELISPOT after stimulation with UV-inactivated
Ad5/3-A24 or by functional virus. SPU = spot producing units.

Detailed description of the invention

Adenoviral vector

In Ad5, as well as in other adenoviruses, an icosahedral capsid
25 consists of three major proteins: hexon (ll), penton base (lll), and a knobbed
fiber (IV), along with minor proteins: VI, VI, IX, llla, and Va2 (Russell W.C., J
General Virol 2000;81:2573-2604). Proteins VII, small peptide mu, and a
terminal protein (TP) are associated with DNA. Protein V provides a structural
link to the capsid via protein VI. Virus encoded protease is needed for

30 processing some structural proteins.

The oncolytic adenoviral vector of the present invention is based on
an adenovirus serotype 5 (Ad5) nucleic acid backbone comprising a capsid
modification, such as an adenovirus serotype 3 (Ad3) knob (Ad5/3 capsid
chimerism), a 24 bp deletion (D24) in the Rb binding constant region 2 of E1

35 and a nucleic acid sequence encoding a fully human monoclonal antibody



specific for CTLA-4 (anti-CTLA4 mAb or aCTLA4) in the place of the deleted
gpl 9k/ 6. 7K in the E3 region. . In a preferred embodi ment of the

i nvent i onyotzhe/as@aovi ral vector is based on a human adeoorrIz0us0508Bhe AdS
genone contains early (E1-4), internediate (1 X and I1Va2) and |late (L1-5)
genes flanked by left and right inverted termnal repeats (LITR and R TR
respectively), which contain the sequenggs required for the DNA
replication. The genonme al so contains packagi ng signal (ip) and najor late
pronoter (MP). 10Transcription_of the earlg gene EIl A starts the
replucatuonspgatfmeforrdﬂldevéd -eXpAegBABrOradC HAR) IEg, plees, ofEBe Aiedeted. El
protei ns nogh 6 7&ah i &3 rgBigrPol ismin a way that mekes a cell nore
susceptible to virus replic |orh794:or exgrﬁjleth Bter ere th NF- KB,
p53, and pRb-protei'ALP eU&e‘ér‘?ﬂ“ iBent Akt eo'rﬁ‘V?BEj‘é’iH ”PHH@bY%qt?fg'S
apgpthm S. d@e(d@faaﬂlﬁnﬂﬁdemr}dﬂﬁ4 15 %ﬁ/rle pr ogu?:_ts medi ate DNA repli (r:]ati on
an products a efifect the vir i man r ent ost
rot i n' Syt heai o, T E3 SRintts FolRes cad F Lo irtsranats (¥ cttsn iy

agai nst t hearibite i(bind) @esgstiimmked tyadetiarg cehtl invgéd terardalr rejpeats (LgTBf
uius P ogesty RRS hloditfan) InFRACEalial B s2000 8L 2308 Hne DN

20l nt er nedi at e geneés enco e m nor prote caps id.
Expr essi on F@P“W\t@ﬂ athe genese_also, compits Packraing Hanfldi) oandmajae [ater us
structural @@m&@@@ﬂ@p} encapsi dation and maturation of the virus particles

in the nucl eus, i s ced Russel J  Gener Virol 2000;
b1: 505318600 " 25CoHBaFHIPEE 97 nF R SR Ed SIS dNETEP A QYY1+
vector of tfotowsd eyt exprebsioksof241BAERAP&EH2B; E3 emddRR. En drbteieg nmdulate

SPe 5 sk RSesh, PR pR0, (o Rl Saer SR ses
conpar ed t oeplioatian. ﬂ:pp@xat’f@dﬁ)theyustegmgmth ME&(Bacw@BoandauRbfemtelnSOEMhe
i nvention agey EE'1‘Bnﬁln' |o§9?g&HEF 'n??rﬁnt'S'i? op GE2 Ezﬂ%ﬁgz@g% gy in

the El region, specl st ream of A redion, an pl 9k

and 6, 7H5T 0@ PraslUCi MagiaterD S neenangian Ao (4 Dt plso; PdRet AN o T Rcl ndes

an adenovi FRNAb&ﬁé‘tb@Gﬁsrﬁnéh@hQﬁbv‘éht *’th@'—ﬁ’o@t @r@l@im%yﬂﬂ@si@' Jnes E3vep have
been pl aced | the E3 re % ﬁubg . 35In.a, pref enbodi ment_of the
ielAd

Cnvention. PTROYEH: IS {eseo ing” Biggi g FoSS RSN eVSRbL vt | &
adenovi r al erdEnmingtelt hais, Hhd relesging of virus lprpogemympRusss Whe.,al Geneeal

regi ons sel\g%l?b mﬁ?@%ﬁ& consisting of E2, E4, and late regions. In a

preferred ehbo he ™l ventlon t he oncol ytic adenoviral vector
conpri s&8 the foll datergedaie genesalX and IVaR .engadeininopiprofeing optheagirale2,

VAL , VA2, ddpsid.[Bepréssiok 6f tRaatd §En&ES L1122 wHiéh lead to production of the virus

structural components, encapsidation and maturation of the virus particles in
the nucleus, is influenced by MLP (Russell W.C., J General Virol
2000;81:2573-2604).

25 Compared to a wild type adenovirus genome, the adenoviral vector
of the invention lacks 24 base pairs from CR2 in E1 region, specifically in E1A
region, and gp719k and 6.7K in E3 region and comprises a capsid modification
in the fiber of the virus. In some embodiments, compared to a wild type
adenovirus genome, the adenoviral vector of the invention additionally

30 comprises hTERT promoter or an E2F promoter in the E1 region, specifically
upstream of the E1A region, and lacks gp719k and 6.7K in the E3 region. In
some embodiments, the invention also includes an adenoviral backbone
enriched with TLR-9 binding CpG islands, which have been placed in the E3
region (Figure 1).

35 In a preferred embodiment of the invention, in addition to
amended/partial regions E1 and E3, the oncolytic adenoviral vector of the



5 and a right ITR The regions may be in any order in the vector, but in a
preferred enbodi nent of the invention, the regions are in a sequenti al
order in wbeolR03ss@me3' direction. Open reading frames (OREI)FIzoay00822 n t he
same DNA strand or in different DNA strands. In a preferred enbodi nent of
the invention, the El region conprises a viral packaging signal. 10As used
herei n, expression "adenovirus serotypeq§ (Ad5) nucleic acid backbone"
refers to the genone or partial genonme of Ad5, which conprises one or
several regions selected froma group consisting of partial El, plX plVaz2,
E2, VAL , Vviagentign further @mprisespanei ar raare regigns selesfedad®nora g@ieupl n a

preferred eghag fﬁ%nbf HA1CEY e@har |0 rb?%n‘sm{ﬁné'&@fé?%@re'rﬁ&%n%eﬂ@ diupkei

aci d backbone of Ad5 w rtiQ of the capsid
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a region, V\If'I'IRifpdrﬂ@IkE QX mﬂ‘f/az cezpvmd\/tﬁ@ a1c, Q%pQﬂdlp@ﬂlaMECd t5 A,
regi on refers to E3 re Lon ack%cgg g@l 9k/ 6. 7K.
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AT-rich sequeEei Cg@]\bﬂg%at\h@ gggwﬂ@jg@n@n process. 24 base pair
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A pr ot o BB b S5t eP ey’ el ot BoliticPlpatifn o7 purtar” 11
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As used herein, expression “partial” region refers to a region, which
lacks any part compared to a corresponding wild type region. For instance
“partial E3” refers to E3 region lacking gp19k/6.7K.

20 As used herein, 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 defense
mechanisms.

As used herein, expression “a viral packaging signal” refers to a part

25 of virus DNA, which consists of a series of AT-rich sequences and governs the
encapsidation process.

24 base pair deletion (D24) of E1 affects CR2 domain, which is
responsible for binding the Rb tumor suppressor/cell cycle regulator protein
and thus, allows the induction of the synthesis (S) phase i.e. DNA synthesis or

30 replication phase. pRb and E1A interaction requires eight amino acids 121 to
127 of the E1A protein conserved region (Heise C. et al. 2000, Nature Med 6,
1134-1139), which are deleted in the present invention. The vector of the
present invention comprises a deletion of nucleotides corresponding to amino
acids 122-129 of the vector according to Heise C. et al. (2000, Nature Med 6,

35 1134-1139). Viruses with the D24 are known to have a reduced ability to
overcome the G1-S checkpoint and replicate efficiently only in cells where this



overcone the GL -S checkpoint and replicate efficiently only in cells where
this 17 interaction is not necessary, e.g. in tunor cells defective in the
Rb- p16 pawbwa/3ssse C. et al. 2000, Nature Med 6, 1132cTH3Dj1/6%08220 J et
al . 2000, Oncogene 19, 2-12). The E3 region is nonessential for viral
replication in vitro, but the E3 5 proteins have an inportant role in the
regul ati on of host inmune response i.e.qyn the inhibition of both innate
and specific imune responses. The gpl 9k/6. 7K deletion in E3 refers to a
del etion of 965 base pairs fromthe adenoviral E3A region. In a resulting
adenovi ral iptataetiacts meit REERISY ald-6i7 KUeneeellar detestive eid thearlRp-w46A et
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20 promoter. This restricts transgene expression to tumor cells that allow

replication of the virus and subsequent activation of the E3 promoter. The E3
promoter may be any exogenous or endogenous promoter known in the art,
preferably endogenous promoter. In a preferred embodiment of the invention,
a nucleic acid sequence encoding anti-CTLA4 mAb is under the control of the

25 viral E3 promoter.

The gp 19k deletion is particularly useful in the context of anti-CTLA4
mMADb expression as it can enhance MHC1 presentation of tumor epitopes in
such tumors that retain this capacity. In this context, stimulation T-cytotoxic
cells by anti-CTLA4 mAb can yield the optimum benefit.

30 Anti-CTLA4 mAb potentiates the immune response by acting through
various mechanisms including activation of T- cytotoxic cells, downregulating
regulatory T cells (T-Regs) and inhibiting the direct immunosuppression of
cytotoxic T-cells and antigen presenting cells (eg dendritic cells) by CTLA-4
expressing tumor cells. In addition to these 5 transgene mediated mechanisms,

35 explained in detail above, oncolytic replication of the virus will add to anti-tumor
efficacy.



The nucl eoti de sequence encodi ng CTLA4 mAb may be from any ani mal, such as
a human, ape, rat, nouse, hanster, dog or cat, depending on the subject to
be treat ewtp 2b1to3psoef er ably CTLA4 mAb i s encoded by a f ulpcy/Fnemraesos2quence
in the context of treatnent of humans. The nucl eoti de 5 sequence encodi ng
CTLA4A mAb may be nodified in order to inprove the effects thereof, or
unnodified i.e. of a wild type. In a pregerred enbodi nent of the invention,
a nucl ei ¢ acid sequence encodi ng CTLA4 mAb i s unnodifi ed.

I nsertion of exogenous el enents may enhance effects of vectors in target
cells. The use of ekKwjenolgotide seguenee aneedingpedLA4cmpbomaly b fiosn BOYcomon
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blocking elements against unspecific enhancers, the left ITR, the native E1A
promoter or chromatin proteins may also be included in recombinant adenoviral
vectors. Any additional components or modifications may optionally be used
but are not obligatory in the vectors of the present invention.

25 In further embodiments of the invention, the adenovirus vectors of
the invention feature a TLR-9 binding CpG-rich DNA region in the adenoviral
backbone (Figures 1, 11, 12).

The oncolytic adenoviral vector of the invention comprises a capsid
modification. Most adults have been exposed to the most widely used

30 adenovirus serotype Ad5 and therefore, the immune system can rapidly
produce neutralizing antibodies (NADb) against them. In fact, the prevalence of
anti-Ad5 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,
and on the other hand, it has been shown that even small changes in the Ad5

35 fiber knob can allow escape from capsid-specific NAb (Sarkioja M, et al. Gene
Ther. 2008;15(12):921-9). Modification of the knob is therefore important for
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20 chimerism(s) or mutation(s) into the fiber (e.g., into the knob, tail or shaft part),
hexon and/or penton base. In a preferred embodiment of the invention, the
capsid modification is Ad5/3 chimerism, insertion of an integrin binding (RGD)
region and/or heparin sulphate binding polylysine modification into the fiber. In
a specific embodiment of the invention, the capsid modification is Ad5/3
25 chimerism.
As used herein, “Ad5/3 chimerism” of the capsid refers to a
chimerism, wherein the knob part of the fiber is from Ad serotype 3, and the
rest of the fiber is from Ad serotype 5.
The vector of the invention may also comprise other modifications,
30 such as modifications of the E1B region.
As used herein, “RGD” refers to the arginine-glycine-aspartic acid
(RGD) motif, which is exposed on the penton base and interacts with cellular
a-v-B-integrins supporting adenovirus internalization. In a preferred
embodiment of the invention, the capsid modification is a RGD-4C
35 modification. “RGD-4C modification” refers to an insertion of a heterologous
integrin binding RGD-4C motif in the HI loop of the fiber knob domain. 4C



integrin binding RG@D-4C notif in the H |oop of the fiber knob domain. 4C
20 refers to the four cysteins, which form sul phur bridges in RGD 4C
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. et al. (Journal of Virology 1998; 72: 9706-9713). 5As used herein,
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Activation «:EfssTe'ttecyt otoxic cells, downregulating regulatory T cells
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consequéﬂceCQiHSLGhLamamNba@éq§66§ﬂ| bapterlal cell, anlmal cell, human cell, mouse ceII
etc. A cell may be an in vitro, ex vivo or in vivo cell. For example, the cell may
be used for producing the adenoviral vector in vitro, ex vivo or in vivo, or the
cell may be a target, such as a tumor cell, which has been infected with the
adenoviral vector.

25 In a method of producing CTLA4 mAbs in a cell, a vehicle
comprising the vector of the invention is carried into a cell and the CTLA4 mAb
gene is expressed and the protein is translated and secreted in a paracrine
manner. “A vehicle” may be any viral vector, plasmid or other tool, such as a
particle, which is able to deliver the vector of the invention to a target cell. Any

30 conventional method known in the art can be used for delivering the vector to
the cell.

Tumor specific immune response may be increased in a subject by
the present invention. Activation of T- cytotoxic cells, downregulating regulatory
T cells (T-Regs) and inhibiting the direct immunosuppression of cytotoxic T-

35 cells and dendritic by the CTLA-4 expressing tumor cells occurs as a

consequence of CTLA4 mAb expression.



21 In order to follow or study the effects of the invention,
various paraneters of inmune response nay be determ ned. The npbst conmon
mar ker s iwol2atb3kaos are not |imted to changes in tunor POT/Fad@I@sN82US
specific cytotoxic T-cells in the blood or in tunors. The recruitnent and
activation of 5 antigen presenting cells can be studied at tunors or in

| ynphoid tissue. Further, regulatory cepy subsets (eg. Regulatory T-cells)
can be studied with regard to nunber or activity. Serum cytokine profiles
can shed light on the Th1l/Th2 environnent which is also inportant for
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(hTERT), which is the catal ytic subdomai n of human tel onmerase. These

i ncl ude ovegafedp of human tunors, which are found to upregul ate expression

of the hTERT gene and its pronoter, whereas nost 30 normal adult somatic
cells ang devoi d ofTheel revomdsrandr AdSddisvecibls efkghesinwamtipon] daveebekes of
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pat hway any cancers or
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cells in animals and humans (Sherr C.J. 1996, Science 274, 1672-1677). In a
preferred embodiment of the invention, the vector is capable of selectively

20 replicating in cells having defects in the Rb-pathway. As used herein “defects
in the Rb-pathway” refers to mutations and/or epigenetic changes in any genes
or proteins of the pathway. Due to these defects, tumor cells overexpress E2F
and thus, binding of Rb by E1A CR2, that is normally needed for releasing E2F
for effective replication, is unnecessary.

25 Some oncolytic adenoviral vectors of the invention have additionally
been constructed for replication competence in cells, which express human
telomerase reverse transcriptase (hTERT), which is the catalytic subdomain of
human telomerase. These include over 85% of human tumors, which are found
to upregulate expression of the hTERT gene and its promoter, whereas most

30 normal adult somatic cells are devoid of telomerase or transiently express very
low levels of the enzyme (Shay and Bacchetti 1997, Eur J Cancer 33:787-791).
Such Rb-p16 pathway deficient/hnTERT promoter combinations may target any
cancers or tumors, including both malignant and benign tumors as well as
primary tumors and metastasis may be targets of gene therapies. E2F

35 transcription factors regulate the expression of a diverse set of genes involved
in key cellular events related to growth control (Johnson and Schneider-
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E2F promoter leads to oncolytic adenoviruses which can replicate also in

normal cells, which might have safety consequences.

25 Unmethylated double strand DNA can stimulate TLR9, an
endosomal receptor that bridges the innate and the adaptive immune
response. The insertion of CpG-rich regions in the adenovirus backbone
increase the capability of adenovirus to stimulate TLR9 in antigen presenting
cells hence increasing T cell stimulation and maturation as well as NK

30 activation (Nayak S, Herzog RW. Gene Ther. 2010 Mar;17(3):295-304.).

In a specific embodiment of the invention the cancer is any solid
tumor. In a preferred 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,

35 bowel cancer, colon cancer, rectal cancer, colorectal cancer, brain cancer,
throat cancer, oral cancer, liver cancer, bone cancer, pancreatic cancer,
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phar rraceutl oSi 11 0on’act in srtu cancér vacci ne. As used
herein "in situ cancer vaccine" refers to a cancer vaccine, which both
kills 29 tRharmaeeyticaligerapesitiofitr eases the i mmune response agai nst tunor

Geeful for a THt. tyed e mebedich e T or g verhr fmbIRRY By ¥giee

power f ul coonrg itynd af dng Vveastars rofntheuinsention. angrtkermorar then compaption aay

recrui tmentcfinMde Rl leBst two, three or four different vectors of the invention. In
addition to the vector of the invention, a pharmaceutical composition may also

25 comprise any other vectors, such as other adenoviral vectors, such as those
described in US2010166799 A1, other therapeutically effective agents, any
other agents, such as pharmaceutically acceptable carriers, buffers, excipients,
adjuvants, antiseptics, filling, stabilizing or thickening agents, and/or any
components normally found in corresponding products.

30 The pharmaceutical composition may be in any form, such as in a
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 a preferred embodiment of the invention, the oncolytic adenoviral

35 vector or pharmaceutical composition acts as an in situ cancer vaccine. As
used herein “in situ cancer vaccine” refers to a cancer vaccine, which both kills



5 Acritical discovery in the field of tunor inmmunology is that induction
of an anti-tunor immune response is not sufficient for therapeutic

ef fi cacy.wonstxassost is critical to al so reduce tunor nediratmdi/ososane
suppression. Tunor cell lysis also helps to present tunor fragnments and
epitopes to APCs and further co-stinulation is produced by inflammuation.
Thus, an epitope 10 i ndependent (i.e., pot HLA restricted) response is
produced in the context of each tunor and therefore takes place in situ.
Tunor specific imune response is activated in the target cells allow ng
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VP and more preferably from about 8x10° VP to about 10" VP. In one specific
embodiment of the invention the human dose is in the range of about 5x10™ -
20 5x10" VP,
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, CsCl gradient purification and perfusion modes
25 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,

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

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 form of the composition, the disease, the location of tumors, the

35 patient, co-morbidities and other factors. In a preferred embodiment of the
invention, the administration is conducted through an intratumoral, intramuscu-



lar, intra-arterial, intravenous, intrapleural, intravesicular,

I ntracavitary or peritoneal injection, or an oral adm nistration.

Only one worrvessdoat i on of oncol yti ¢ adenoviral vect or s Pafi/Fitee1/03082nt i on
may have therapeutic effects. However, in a preferred enbodi nent of 5 the

I nvention, oncolytic adenoviral vectors or pharmaceutical conpositions are
adm ni stered several times during the tpgatnent period. Oncolytic
adenoviral vectors or pharmaceutical conpositions may be admnistered for
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but conbi napérmt Ry aden@Nd fer eyample maydast frermhwartg 1@tmenthsharmapiees, such
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exanpl e, Cmﬂ@hogﬁt?oqym%}t{}a% %%t\Hégrﬁj tleBtments. In a preferred embodiment of the

20 invention, the oncolytic adenoviral vector having a different fiber knob of the
capsid compared to the vector of the earlier treatment is administered to a
subject. As used herein “fiber knob of the capsid” refers to the knob part of the
fiber protein (Figure 1a). Alternatively, the entire capsid of the virus may be
switched to that of a different serotype.

25 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

30 and/or chemotherapeutic agents may enhance the level of virus replication or
affect the receptor status of the target cells. Alternatively, the combination may
modulate the immune system of the subject in a way that is beneficial for the
efficacy of the treatment. For example, chemotherapy could be used to
downregulate suppressive cells such as regulatory T-cells. Alternatively,

35 chemotherapy can be used after oncolytic virus therapy to boost the immune-
logical response by killing of tumor cells and subsequent release of epitopes



downr egul ate suppressive cells such as regulatory T-cells. Alternatively,
35 chenot herapy can be used after oncolytic virus therapy to boost the

i mune- |wgi2oelo3s@sponse by killing of tunor cells and subsFemueetsnel ease
of epitopes 26 and or viruses. Chenotherapy can al so sensitize tunor cells
to oncolytic viruses and vice versa. The agents of conbination therapy may
be adm ni stered sinultaneously or sequepgially. In a preferred enbodi nent
of this invention, patients receive sinultaneous cycl ophospham de to
enhance the 5 i mmunol ogi cal effect of the treatnent. In a
preferred edsbdrmerisest ¢hempthesapy c@n else sensitiae dumesecellsr thencobmisr i ses
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preferred enbedtiorgnpatnts receing egitnuitanedlhe oyeldpbdsptiaie talrdnhenceanpr i ses
adm ni stgat.i on ofI Qf hfr o%cc?lqet 'b_c ﬁcglen[ovi rus or vaccinia virus vectors to a
subj ect . THETAUPF'RPSE %ﬁ? P (B eqY0Y'E can be sinul t aneous or sequenti al .
As used herein "corimarmeﬁ‘érrecéf@nbodimeat tdfeth@p_jnvem/dbn,hthms*neibed a’ use
adm ni st er egRgf QhfiorRlkehgiiinisitatish 81 EBHELe F%iéth@r?ﬁﬂf‘o Lhergay oh the
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Fl uor our aci$gqueatisi.t abi ne, Hydroxyurea, |darubicin, Imatinib, 25

Mechl t ham ne, bhe s ' , t ; [ tin,
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Pacl i taxel, Penetrexed, Tenozo e, Tenl posi de ni ne, Val rubicin,
Vi nbl ast'p neadroinigiptest ogoreviaiige maimnu@nerHslyeMihntie gene therapy of fhe

preferred erbosticgrenTh@fpdritrl o antoRsurrdMeth@RIBO & Vase ffamht Matuteoner i ses
adm nistration of vera 11 _or another cal ciumchanngl blocker to a 30
Subj cct . - CABANER R a5 Bo1LBP SoRGHERS! (5" SN PRt oo, 8 ndh AaEur a
subst ances evnhbodinwére; cydioghuspbandde is admofisteedd botin ahannettavenand banusey be
gal | opani 1 S0 PR, FglBhainlcieion: B P ') Lep i Pone. and fend i1 ne.
In a préferred enmbodyeratsugablenioriopmbination thaetapyrindhede but ase nptitimited
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,
25 Mechlorethamine, Mercaptopurine, Methotrexate, Mitoxantrone, Oxaliplatin,
Paclitaxel, Pemetrexed, Temozolomide, Teniposide, Tioguanine, Valrubicin,
Vinblastine, Vincristine, Vindesine and Vinorelbine.
In a preferred embodiment of the invention, the method or use further
comprises administration of verapamil or another calcium channel blocker to a
30 subject. “Calcium channel blocker” refers to a class of drugs and natural
substances which disrupt the conduction of calcium channels, and it may be
selected from a group consisting of verapamil, dihydropyridines, gallopamil,
diltiazem, mibefradil, bepridil, fluspirilene and fendiline.
In a preferred embodiment of the invention, the method or use further
35 comprises administration of autophagy inducing agents to a subject.
Autophagy refers to a catabolic process involving the degradation of a cell's



35 conprises adm nistrati on of autophagy inducing agents to a subject.

Aut ophagy refers to a catabolic process involving the degradation of a
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i nduci ng agents" refer to agents capable of inducing autophagy and may be
selected froma group consisting of, but not limted to, mIOR inhibitors,
PI3K inhibitors, lithium tanoxifen, chpproquine, bafilonycin,

temsirolinus, sirolinmus and 5 tenpzol om de. In a specific enbodi ment of the
i nventi on, the met hod further conprises adm nistration of tenozolomde to a
subj ect. TedwRob@RPEBEnigy thieught ier lysosomsl machineano iAutoehegy| iogiaiag

Aut ophagy 'é@%iﬁsnﬂaféngﬁf“aﬁeH&Yc &@rﬂ?'lﬁ@@cu%tﬁtéﬁﬁﬂwmlﬂhﬂ ‘E)"eYSé’rQé’t@EIS I'n
one errbodl oncol denovi rus codin ]i_ %‘I {g&l; bsté nbi ned
wWith both t é‘?ﬁz%GERde r!LS(bStﬁ‘tgoOf ;’H Bﬁh%%‘ag‘?dﬁ O '”h'b'tors P WO di nent
01;] thehi nvanhnuml,, téﬂmexiﬁ% Jhathigroquise, fbaﬁlbmycmrrmmﬁmm@bﬂ rsirsnmatsl @n]gof
chenot e ntl 1 her. oac 0]
outr el B nbritizoRtihidectt 5. SRS RIathRS, of B fREESn e MedW AR o
killing Cchbrpptsses admaastrationanidemmzolmmiselte at smbjéctoffemozslcgmdapmay)bsi sti ng
of rit al

| tuxi mlyan dorﬁf BES nt?d?}e'noggztgn@B%%gQ Auﬁg}Haggdihﬁﬁcm ?Tli'é‘f Itwjl bi ting

bl ocki ng of neutra I Zi ant I es nts ca a
t he gener at¢URPIBEaith- wmnomﬂd%@nesagqﬁ&% or R | smb@@mqntf raYeoIMiEect i on

and may be s®dRRirad (fddiﬁ@ FordE B TEMAS hid RO c6inbHdd RitRMBoth NBfYZbrRIAiBeUt i CS,

I rmunonodul at ory s ce corticoids and other drugs. 20 These
subst and®s ?Hflz é}éqsé)g‘@ 8?rom a group consisting of, but not limted to,

%zlaaphgiggam de, dlyicbosp@nbodlmmtdif the iimesntioat Hiyé phem'otdobomse ﬁlrdmrsi de,
anti - oo anyBBAES AR Rlranbl, 0 enboEHABY. ol BT B  Tstdon B by
appr oach de@pprobefdes fortrioeking of maltrabzmgaamtlabd@sbeAnmrﬁﬂmetlmapw neffers

mol ecul es Ct%p rﬁs‘}{ap%%r PRI ngB‘Zbré’éénﬁ}ePEeI?é“arEoﬂ ?St\n,% @%té&ﬂ%hwsa

i ncl ude 1i pos | exes can be m xed
with thé5V|9r9§P N"ﬂ%ﬁmﬂ .qtemtyxmﬁm | o %g%‘i*rdh%ﬂ@@n%%” Heanihadiess with

an i mnOPh?@‘ﬁbécH‘e@fUm![déﬂm@' @ftndﬁlﬁrafllihng?é?ﬂib\éblre%f’ r@f@%t&a@érﬂé%bbéble'ﬂ’fe
onco I C a VITr vect or nve n r.nauces virli on
OneolYel < Rl The! s& a0 BalibBh Al o Kt BolbaBe TEalF Hdhe Sror
?el I rs] | n anfectiber aredl neay dai Belebtemj; frohe ai groaut iconsistire orﬁ?m?ier@nbrchesr&)
urther co m.ni S er
%%haspeeﬁjtlﬂg |H1rr?ﬁr{oqﬁé}&5g%ﬁ sil?ésttgﬂc? @Q‘?:B@%b% df ‘Gihd¥ dru%se ‘o

downr egul a regul ator ina su tances capa
These substances may be selected from a group consisting of, but not I|m|ted

to, cyclophosphamide, cyclosporin, azathioprine, methylprenisolone,
etoposide, CD40L, FK506 (tacrolismus), IL-12, IFN-gamma, interleukin 10,
anti-CD8, anti-CD4 antibodies, myeloablation and oral adenoviral proteins.
The approach described in this application can also be combined
25 with molecules capable of overcoming neutralizing antibodies. Such agents
include liposomes, lipoplexes and polyethylene glycol, which can be mixed
with the virus. Alternatively, neutralizing antibodies can be removed with an
immunopheresis column consisting of adenoviral capsid proteins.
The oncolytic adenoviral vector of the invention induces virion
30 mediated oncolysis of tumor cells and activates human immune response
against tumor cells. In a preferred embodiment of the invention, the method or
use further comprises administration of substances capable of further
downregulation of regulatory T-cells in a subject. “Substances capable to
downregulating regulatory T-cells” refers to agents that reduce the amount of
35 cells identified as T-suppressor or Regulatory T-cells. These cells have been
identified as featuring one or many of the following immunophenotypic



downregul ating regul atory T-cells" refers to agents that reduce the anpbunt
of 35 cells identified as T-suppressor or Regulatory T-cells. These cells
have beerwoderntisgéoed as featuring one or nmany of the folplcowizgl/050822

I mmunophenotypi ¢ 28 markers: CD4+, CD25+, FoxP3+, CD127- and G TR+. Such
agents reduci ng T-suppressor or Regulatory T-cells may be selected froma
group consisting of anti-CD25 anti bodi eggor chenot herapeutics. These
substances may be useful for reduci ng t he nunber of Regulatory T-cells
which aCTLA4 is effective chiefly 5 in suppressing their activity
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15 not k|II activated cytotoxic T cells, w |ch may be useful for the therapy, the
human IgG2 subtype was chosen. IgG2 induces minimal complement
activation and Ab-dependent cell-mediated cytotoxicity (Bruggemann M. et al.
J Exp Med 1987;166:1351-1361) and also decreases the possibility of cytokine
release syndrome in the context of human use (Ribas A et al., Oncologist
20 2007;12:873-83).
Any method or use of the invention may be either in vivo, ex vivo or
in vitro method or use.
In the present invention an oncolytic adenovirus is armed with fully
human monoclonal antibody specific for CTLA-4. In this approach, tumor cells
25 are killed due to virus replication and due to anti-CTLA4 mAb anti-tumor
immune activation and direct pro-apoptotic tumor cell killing. Additional benefit
may result from tumor antigen release due to virus replication that can improve
the efficacy of anti-CTLA-4 mAD therapy by potentially allow for a more specific
immune response against tumor targets (Hodi FS et al., N Engl J Med 2010;
30 363;8:711-23; Mokyr MB et al., Cancer Res 1998;58:5301-4; Wolchok JD and
Saenger Y., Oncologist 2008;13 Suppl 4:2-9). Also, side effects of the
treatments are nonoverlapping, which might facilitate increased efficacy
without increasing toxicity. It is shown that oncolytic adenoviruses can
effectively express functional anti-CTLA4 mAb as a transgene in cancer cell
35 lines (Fig.2). Also, it was found that it is possible to combine oncolytic
adenovirus replication with anti-CTLA4 mAb and obtain increased cell killing



may result fromtunor antigen release due to virus replication that can

I nprove the efficacy of anti-CTLA-4 mAb therapy by potentially allow for a
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J Med 2010; 30 363;8:711-23; Mkyr MB et al., Cancer Res 1998; 58:5301-4;
Wl chok JD and Saenger Y., Oncol ogi st 2008; 13 Suppl 4:2-9). Al so, side
effects of the treatnents are nonoverl apgi ng, which mght facilitate

i ncreased efficacy without increasing toxicity. It is shown that oncolytic
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conventional therapies e.g. radiochemotherapy, vaccines, e.g. GM-CSF or/and
reduction of T-Regs with e.g. cyclophosphamide.
This is the first time when it is shown that a full length mAb can be
20 produced from an oncolytic adenovirus. Also, it is the first fully human anti-
CTLA4 mAb expressed by a tumor targeted replicative competent platform.
There were no side effects seen in the mouse experiment that was performed.
The data from cancer patients PBMCs provides a rationale for the clinical
translation of Ad5/3-A24aCTLA4 as an oncolytic viral vector for treating of
25 patients with advanced cancer. Since the p16-Rb pathway is defective in many
if not all solid tumors (Sherr CJ., Science 1996;274:1672-724), Ad5/3-
A24aCTLA4 and other A24 defective adenoviruses of the invention are suitable
for the treatment of many most types of cancer refractory to available
treatments. Those embodiments of the invention which comprise, in addition to
30 A24, also hTERT or E2F promoters, enlarge the utility of the present invention
practically to all cancers. Also, adding the promoter may allow larger treatment
doses, reduced side effects and enhanced systemic utility. Importantly, adding
CpG moieties into the virus genome may enhance the anti-tumor immune
response.
35 The present invention is illustrated by the following examples, which
are not intended to be limiting in any way.
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prostate cancer cell line PC-3MM2; and Jurkat (Clone E6-1) human leukemic T

20 cell lymphoblast cells were obtained from the American Type Culture

Collection (ATCC, Manassas, VA, USA). All cell lines were maintained in the
recommended conditions.

Human samples

Peripheral blood mononuclear cells (PBMC) of healthy individuals
25 and of patients with advanced metastatic tumors refractory to conventional
therapies were obtained with informed consent.

Statistical analysis

Two tailed Student’'s t-test was used and a p-value of <0.05 was
considered as significant.

30 Example 1. Construction of adenoviruses

Chimeric adenoviruses bearing the cDNA sequence coding for an
lgG2 type anti-CTLA4 mAb were generated (Fig. 1). The coding sequence of
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internal ribosome entry site (IRES) between the chains. pAdEasy-1.5/3-A24-

aCTLA4 was generated by homologous recombination in Escherichia coli

25 BJ5183 cells (Qbiogene Inc., Irvine, CA, USA) between Fspl-linearized

pTHSN-aCTLA4 and Srfl-linearized pAdEasy-1.5/3-A24 (Kanerva A et al., Clin

Cancer Res 2002;8:275-80), a rescue plasmid containing the serotype 3 knob

and a 24 bp deletion in E1A. The genome of Ad5/3-A24aCTLA4 was released

by Pacl digestion and subsequent transfection to A549 cells. The virus was

30 propagated on A549 cells and purified on cesium chloride gradients. The viral

particle concentration was determined at 260 nm, and standard TCID50

(median tissue culture infective dose) assay on 293 cells was done to
determine infectious particle titer.

To generate Ad5/3-hTERT-A24aCTLA4, Ad5/3-hTERT-A24aCTLA4-

35 CpG, Ad5/3-E2F-A24aCTLA4 and Ad5/3-E2F-A24aCTLA4-CpG the anti-CTLA

amplification product was first subcloned into pTHSN or pTHSN-CpG and
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10 Virus 35 cell. After 48h, the supernatants of virus
i nf ect e@0cel | s wer elo construct the non-replicating E1-deleted control virus Ad5/3-

aCTLA4, both chains of the anti-CTLA4 mAb cDNA were ligated into pShuttle-
CMV. Homologous recombination was performed between pAdEasy-1.5/3
plasmid (Krasnykh VN, et al., J Virol 1996;70:6839-46), which carries the
whole adenovirus genome, and Pmel-linearized pShuttle-CMV-aCTLA4 to

25 construct pAdEasy-1.5/3-aCTLA4. The genome of Ad5/3-aCTLA4 was
released by Pacl and transfected into 293 cells. The virus was propagated on
293 cells and purified on cesium chloride gradients. The viral particle
concentration was determined at 260 nm, and standard plaque assay on 293
cells was done to determine infectious particles.

30 Example 2. Expression and functionality of the constructed adenoviruses
in vitro

Western blot analysis was used to confirm that the constructed

adenoviruses express anti-CTLA4 mAb. A549 or PC3-MM2 tumor cells were

infected with the constructed Ad5/3-A24aCTLA4 or Ad5/3-aCTLA4 at 10 Virus

35 Particles (VP) per cell. After 48h, the supernatants of virus infected cells were

filtrated with 0.02 um filters (Anotop, Whatman, England), 15 uL were run on a
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(Sigma-Aldrich Co.), 0.03 pg/ml of phorbol myristyl acetate (PMA) (Sigma-
Aldrich Co.) and 1 pg/ml of Recombinant Human B7 Fc Chimera (R&D
systems) and treated with 0.02 pm filtrated (Anotop, Whatman, England)

25 supernatants of virus infected PC3-MM2 cells. Forty eight hours after Jurkat
cells’ stimulation, interleukin-2 (IL-2) levels in the growth media were analyzed
by BD Cytometric Bead Array Human Soluble Protein Flex Set (Becton
Dickinson) according to the instructions of the manufacturer. Ten viral particles
(VP) per cell were used and 48h later the supernatants collected. Mouse anti-

30 human CTLA-4 (=CD152) mAb (BD Pharmingen™, Europe) was used has
positive control. FCAP Array v.1.0.2 (Soft Flow) software was used for
analysis. Figure 7 shows the schematic of the functionality assays.

The anti-CTLA4 mAb binds cell surface CTLA-4 blocking the
immunosuppresive interaction with recombinant B7 (rB7). This analysis

35 indicates that mAb anti-CTLA4 activity was found in the supernatants of cells
infected with Ad5/3-A24aCTLA4 and Ad5/3-aCTLA4 compared to the



34 respective isogenic controls Ad5/3-A24 or Ad5/3Lucl -infected cells
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TGATCGATCCACCCAGTGA-3'MGBNFQ, SEQ ID NO:9, SEQ ID NO:10,
SEQ ID NO: 11) (Cerullo et al., 2010; Cancer Res;70:4297-309). No significant
differences were seen between the virus groups suggesting intact replicativity.



15 d ontech Di scovery Labware i nmunocytonetry systens (BD Pharm ngenTM
Europe) and the Flowlo 7.6.1 software were used for anal ysis.

A549, SK@B-2plosseed PC3- MR tunor cell lines presented 90TH¥01D6&0820 and
96. 6% CTLA-4 expression, respectively, while UT-SCC8 | ow passage tunor
expl ants presented a 90. 3% CTLA-4 expression (Figure 2D). 20 Exanple 4.
Assessnment of oncol ytic potency of the ggnstructed adenoviruses in vitro
and in vivo The oncolytic efficacy (or cell killing) of

Ad5/ 3- A24aCTLA4 on different tunor cell lines and on HNSCC | ow passage
tunor cel |l EBxample3wedLAr4expressioanddamaencelhlinagandilaw-passage fumare or
tunor cell axd8atdC3- 25 MM, SKOV3-ipl or A549 were seeded at 1.5x104 or
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20 Example 4. Assessment of oncolytic potency of the constructed
adenoviruses in vitro and in vivo

The oncolytic efficacy (or cell killing) of Ad5/3-A24aCTLA4 on different
tumor cell lines and on HNSCC low passage tumor cell culture was evaluated.
HNSCC low passage tumor cell culture or tumor cell lines PC3-
25 MM2, SKOV3-ip1 or A549 were seeded at 1.5x10* or 1.0x10* cells/well on 96-
well plates. On the next day, the viruses were diluted in DMEM with 2% FCS at
different concentrations (1, 10, 100, 1000 VP/cell), cells were infected for 1
hour at 37°C, washed and incubated in 5% FCS in DMEM. The cell viability
was determined according to the manufacturer's protocol (Cell Titer 96
30 Agqgueous One Solution Cell Proliferation Assay Promega). The results are
shown in Figure 3.
Ad5/3-A24aCTLA4 had oncolytic potency similar to the positive
control virus Ad5/3-A24 in all cell lines. Also replication deficient Ad5/3-
aCTLA4 had anti-tumor activity because tumor cells express CTLA4.



Human prostate explant xenografts were established by injecting 5x108
PC3-M\WR cells into the flanks of 5- to 6-week-old femal e NVRI/nude 20 m ce
( Taconi c,waj2byz/038amar k). After 7 days tunors (n=8/groupCTHB1 1080822
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with 1x108 VP (days 0, 2 and 4) and control tunors were injected wth DVEM
only. The fornmula (length x wdth2 x 0.8 was used to cal cul ate tunor
volune. On day 5, tumor cryosections were stained for expreSS| on of anti-
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at -20°C. As primary antibodies a goat anti-hnuman IgG (heavy & light chains)
(AbD serotec, MorphoSys) and a rabbit monoclonal antibody against active
30 caspase-3 at dilution 1:200 for 1hour at room temperature (BD Pharmingen
Tm, AB559565) were used. Further, sections were incubated according to
manufacturer  instructions with LSAB2 System-HRP kit (K0673,
DakoCytomation, Carpinteria, CA, USA). Bound antibodies were visualized
using 3,3’-diaminobenzidine (DAB, Sigma, St Louis, MO, USA). Lastly,
35 sections were counterstained with hematoxyline and dehydrated in ethanal,
clarified in xylene and sealed with Canada balsam. Representative pictures



30 (Fig. 4B). The expression of human mAb seens to correlate with increased
apoptosis (Fig. 4B). Thus Ad5/ 3- A24aCTLA4 treated tunors express anti CTLA-4
mAb r esulwongizmse@shanced apoptosis. To further assess trhe/rmueobipsizc and
pro-apoptotic effects of Ad5/3- A24aCTLA4, a human | ung cancer xenograft
nodel was used. This nodel 35 does not take into account the

i mmunonodul atory functions of the transggne. Human | ung cancer tunors were
established by injecting 5 x 106 A549 cells 38 into the flanks of
5-6-week-old female NVRI nude mce. Tunors were treated with
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reduce the antitumor potency of the virus.

25 Given that CTLA-4—blocking Abs may induce direct killing of tumor
cells by ftriggering apoptosis, it was assessed if anti-tumor efficacy was
associated with human anti-CTLA4 mAb production and subsequently
increased apoptosis. Human mAb staining in Ad5/3-A24aCTLA4 and Ad5/3-
aCTLA4 treated tumors was observed but not with Ad5/3-A24 or Ad5/3-Luc1

30 (Fig. 4B). The expression of human mAb seems to correlate with increased
apoptosis (Fig. 4B). Thus Ad5/3-A24aCTLA4 treated tumors express anti-
CTLA-4 mAbD resulting in enhanced apoptosis.

To further assess the oncolytic and pro-apoptotic effects of Ad5/3-
A24aCTLA4, a human lung cancer xenograft model was used. This model

35 does not take into account the immunomodulatory functions of the transgene.

Human lung cancer tumors were established by injecting 5 x 10° A549 cells



35 an imortalized T-cell line, the reconbi nant mAb was nore effective,
with 39 patient sanples the viral supernatants were often nore potent.
Simlar dsoaomsesoebt ained in a | oss function assay (Fi gur&i®)i1/030842 onal e
in Figure 7E-F. Exanple 7. Effect of anti-CTLA4 mAb on PBMCs from heal t hy
I ndi vi dual s The experinents described in Exanple 6 were al so perforned
using 5 PBMCs of healthy individuals. Iggcontrast to cancer patients,
supernat ant from Ad5/ 3- A24aCTLA4 infected cells did not increase IL-2 or

i nterferon ganmma Hroduction. Significant changes were not seen in the |oss
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anti-CTLA-4 mAb was nore pronounced in cancer patients, perhaps because
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20 supernatants of PC3-MM2 cells infected Ad5/3-A24aCTLA4, Ad5/3-A24,
Ad5/3-aCTLA4 or Ad5/3-Luc.

In the loss of function assay 0.1 ug/ml of recombinant human CTLA-
4/Fc Chimera (R&D Systems) was added to ionomycine, PMA and
recombinant B7. Twenty four hours after PBMC stimulation interleukin-2 (IL-2)

25 or interferon-y (IFN-y) levels in the growth media were analyzed by BD
Cytometric Bead Array Human Soluble Protein Flex Set (Becton Dickinson)
according to the instructions of the manufacturer. Ten viral particles (VP) per
cell were used and 48h later the supernatants collected. Mouse anti-human
CTLA-4 (=CD152) mAb (BD Pharmingen™, Europe) was used has positive

30 control. FCAP Array v.1.0.2 (Soft Flow) software was used for analysis.

In all four patients’ samples, the supernatant from anti-CTLA4 mAb
expressing oncolytic adenoviruses was able to increase T-cell activity, as
measured by IL-2 and interferon gamma (Figure 5). The rationale for the
experiment is shown in Figure 7. Interestingly, while with Jurkat cells, which is

35 an immortalized T-cell line, the recombinant mAb was more effective, with



40 Exanple 9: Oncolytic adenovirus vectors with increased i nmune response
To increase i mune response further, oncol ytic adenoviruses featuring
toll-1i kewoeoepBesc9 (TLR-9) stimulating CpG nol ecul es ipaTiF®1Bodos2kbone of
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Associ ation (FI MEA) approved Advanced Therapy Access Program (ATAP).

Example 8: Utility of the replication competent platform in increasing
anti-CTLA4 mADb expression

The utility of the replication competent platform in increasing anti-

CTLA4 mAb expression in comparison to the replication deficient virus was
25 analyzed. PC3-MM2 cells were seeded at 20000 cells per well and infected at

10VP per cell with Ad5/3-A24aCTLA4 and Ad5/3-aCTLA4, respectively. 24h,

48h and 72h post-infection the supernatants were collected and analyzed by

ELISA for the amount of human IgG. A 3-fold increase was observed with the

oncolytic virus Ad5/3-A24aCTLA4 in comparison to the replicative deficient
30 Ad5/3-aCTLA4. Ad5/3-aCTLA4 (Figure 10).

One utility of the oncolytic platform is the higher level of transgene
expression obtained. After expression of early genes, the viral genome
amplifies and up to 10 000 copies of viral DNA is produced. This results in
many more copies that can produce the transgene (Figure 10).
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graded agcoxsli-titud nARRTP AN thereby counteract virotherapy. To this end, the effect
of mouse anti-CTLA4 together with an adenovirus on splenocytes of
immunocompetent mice was assessed. Immunocompetent C57BIl/6 mice (n=5)
were treated three times with PBS, Ad5/3-A24 alone, Ad5/3-A24 and mouse
aCTLA4 antibody in combination or with mouse aCTLA4 antibody only (Figure
30 12B). Two weeks later spleens were collected and splenocytes analyzed by
interferon gamma ELISPOT (ELISPOT™R® for human IFN-y, 3420-2APT-10,
MABTECH AB, Sweden) Stimulation was done by a UV-inactivated Ad5/3
chimeric virus or Ad5 peptide mix. No significant difference was observed
between the groups suggesting that mouse anti-CTLA4 antibody does not

35 affect the immunity caused by the virus.



15 Term nol ogy for Adverse Events v3.0 (CTCAE), neutralizing antibody
titers are neasured and the efficacy is evaluated according to RECI ST
criteria wonospwser tonography (CT) (Therasse P et al pPC2GOD11/d5088t |
Cancer Inst 92, 205-16) or PERCI ST criteria (Wahl et al 2009 J Nucl Med 50
Suppl 1:122S-50S) for positron em ssion tonography conputer tonography
(PET-CT). Al 20 patients have had progaessing tunors prior to treatnent
and are at different stages of disease. 43 Claims 1. An oncolytic
adenoviral vector corrprl si ng 1) an adenovirus serotype 5 (Ad5)

nucl ei ¢ aci Exaapleohe. o%ﬂf@tysang £ftiapey d ofrpancpbiia oademayirys 2yegtors
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nucleic acid sequence encodi ng a | y human nonocl onal anti body specific
for CTLA-4 (aCTLA NABgtiemist he pl ace of the del eted adenoviral genes
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adenovi r al ng? Aee8s q;hr@ahp /K;T,Q.P 1 or 2 conprising the foI | owi ng
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wherein the ElI'’ region conprises a viral packa
An oncol yt i YRRt iTNdinageet giseases mIewy tng 9ﬂ90'?z51i*re VSPSttF?@tWre&/thﬁ%teBI ai s,

wherein a ndfdreiee @ﬁis@nsmg@m@ine@eﬂdltruatm@ﬂitséwM%Oadmwﬂétet@tﬂeécdrbmgqent rol
of the vi raéoog éhmé“? I§ract|ce and the Declaration of Helsinki. Treatments are given
15 intratumorally, intravenously or intraperitoneally as appropriate

Il. Treatments with an adenoviral vector encoding aCTLA-4 MAb

Oncolytic adenoviruses are produced according to clinical grade
and the treatment of patients is initiated.

The treatment is given by intratumoral injections. The total number

20 of treatments is three every 3 weeks. The viral doses are chosen based on
previous data of the inventors with other oncolytic viruses. However, different
administration schemas may be used as appropriate. For instance, for the first
round of serial treatment, patients receive a portion of the dose, e.g., four fifths
or two fifths of the dose, intratumorally or intraperitoneally and the rest of the

25 dose intravenously.

The virus is diluted in sterile saline solution at the time of
administration under appropriate conditions. Following virus administration all
patients are monitored overnight at the hospital and subsequently for the
following 4 weeks as outpatients. Physical assessment and medical history

30 were done at each visit and clinically relevant laboratory values were followed.

Side effects of treatment are recorded and scored according to
Common Terminology for Adverse Events v3.0 (CTCAE). Since many cancer
patients have symptoms due to disease, pre-existing symptoms are not scored
if they do not become worse. However, if the symptom became more severe,

35 e.g. pre-treatment grade 1 changed to grade 2 after treatment, it is scored as
grade 2.

15 L3,



8. An oncol ytic adenoviral vector according to any one of the previous
clains, which additionally conprises a nucleic acid sequence encoding a
tunmor spewDfb2/i3s6van t el omerase reverse transcriptase (RCERT01posos2t er or
an E2F pronoter upstream of the El region. 309. An oncol ytic adenoviral
vector according to any one of the previous clains, which additionally

conprises a CpG site in the viral backbgpe. 10. An oncolytic
adenoviral vector according claim wherein the CoGsite is in the E3
regi on. 11. An oncol ytic adenoviral vector according to any
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15 Termlnology fof Adverse Events v3.0 (CTCAE), neutralizing antibody titers are
measured and the efficacy is evaluated according to RECIST criteria for
computer tomography (CT) (Therasse P et al. 2000, J Natl Cancer Inst 92,
205-16) or PERCIST criteria (Wahl et al 2009 J Nucl Med 50 Suppl 1:122S-
50S) for positron emission tomography computer tomography (PET-CT). All
20 patients have had progressing tumors prior to treatment and are at different
stages of disease.



21. An oncolytic adenoviral vector or pharmaceutical conposition according
to any one of the previous clains, which acts as an in situ cancer 25

vacci ne. w0 2012/03860622. Adenoviral vector according to amrgTam®inésosizai ns
1-18 for treating cancer in a subject. 23. A nethod of treating
cancer in a subject, wherein the nmethod conprises adm nistration of the
vector or pharnaceutical conposition acggrding 30 to any one of clains 1-18
or 20 to a subject. 24. The adenoviral vector or nethod according
to clains 21-23, wherein the cancer is selected froma group consisting of
nasopharyngeal cancer, synovi al cancer, hepatocellul ar cancer, renal
cancer, canel®m§f connective tissues, nelanoma, |ung cancer, bowel cancer,
col on cancer, rect t hroat cancer, oral
cancer, |liver cancﬁr A3rg8 gc%acdeér?cl\ﬁr% %&é{ Eéﬁlﬁ@ﬁ%mg chori ocarci noma,
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claims 21- 289I0NSATEI IR a $RAUSHERLRder & fé]erﬁm@ﬁ giregtiPrani mal .

The adenoviral Vectmr Apr ofBbl EPéj a"tfé?@ﬂlﬁblng'etr;@raﬁdcd?@lﬁgofo Oérf}‘ fHﬁebe 2tﬁe
wherei n the adm ni stratloBﬁls cond an intratuno

1
T o cul EVIGU: FBInas.c BRetain % MRS hERo (rBion o 1aGatel rstdams o toe: Edl ar

i ntracagdt aegic?h or peritoneal injection, or an or aI admi ni strati on.

27. The adenoviral yegto I o

wherei n oncol ytic aéée%‘hw rgély{@ {bgrs&%ﬁp %g{rbqnaég [l']g %oént% (rsg?ist%

admi ni st er epreyiousrGAINS; mrdor’cm@tn@glmmms @evrrabmackaglng signal. 28. The
adenoviral vector of pggt Bﬂ@ol?ﬁ&%d%rf&gurélo v@EbbrOé‘é‘cd?&Pg' 8 Mhy3dnélof the

wherei n the oncol ytic adenoviral vector havin rent “fiber knob of
the capsid W@M%'ﬁe%‘amﬁ t WBetgdt 1o puUsieiq ﬁ@'deﬁ@WQﬂcet ?@%@%ﬂtaCT%Adﬂﬁfpn'ﬁst ered

to a subjeclinder the control of the viral E3 promoter.

8. An oncolytic adenoviral vector according to any one of the
previous claims, which additionally comprises a nucleic acid sequence
encoding a tumor specific human telomerase reverse transcriptase (hTERT)
promoter or an E2F promoter upstream of the E1 region.

30 9. An oncolytic adenoviral vector according to any one of the
previous claims, which additionally comprises a CpG site in the viral backbone.

10. An oncolytic adenoviral vector according claim, wherein the CpG
site is in the E3 region.

11. An oncolytic adenoviral vector according to any one of the

35 previous claims, wherein the E4 region is of a wild type.



29. The adenoviral vector or nethod according to any one of clains 21-28,
wherein the nethod further conprises adm nistration of concurrent 35

r adi ot herwipyomwosg@acur r ent chenot herapy or ot her concur PETIFIDATIC®S22
therapies to a subject. 46 30. The adenoviral vector or nethod
according to any one of clainms 21-29, wherein the nethod further conprises
adm nistration of an auxiliary agent, sghected fromthe group consisting of
verapam | or another cal ci um channel bl ocker; an autophagy inducing agent;

t enpzol om de; a substance 5 capable to domnregulatlng regul atory T-cells;
cycl ophosphamni de an®-afp eredytitatridenoyirdr vestor racgokling dot any anes @b tbet .
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16. An oncolytic adenoviral vector according to any one of the
previous claims comprising only one expression cassette.

17. An oncolytic adenoviral vector according to any one of the
previous claims, wherein the vector is capable of selectively replicating in cells

15 in cells having defects in the Rb/p16-pathway.

18. An oncolytic adenoviral vector according to any one of the
previous claims, wherein the vector is capable of selectively replicating in cells
expressing telomerase.

19. A cell comprising the adenoviral vector according to any one of

20 claims 1-18.

20. A pharmaceutical composition comprising the adenoviral vector
according to any one of claims 1-18.

21. An oncolytic adenoviral vector or pharmaceutical composition
according to any one of the previous claims, which acts as an in situ cancer

25 vaccine.

22. Adenoviral vector according to any one of claims 1-18 for treating
cancer in a subject.

23. A method of treating cancer in a subject, wherein the method
comprises administration of the vector or pharmaceutical composition according

30 to any one of claims 1-18 or 20 to a subject.

24. The adenoviral vector or method according to claims 21-23,
wherein 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

35 cancer, colorectal cancer, throat cancer, oral cancer, liver cancer, bone
cancer, pancreatic cancer, choriocarcinoma, gastrinoma, pheochromocytoma,



CTLA-4 of said vector in the cell, and c) increasing amunt of expressed

anti-CITLA4 mAb by using the oncolytic platform d) increasing
t he tunorwoaeopassva rati o of anti-CILA4 mAb by 25usi ng Phe/Fonenbspsic
pl atform 34. A use of the oncol ytic adenoviral vector according

to any one of clains 1-18 for producing anti-CILA4 mAb in a cell.
35. Oncol ytic adenoviral vector of any gge of clainms 1-18 for producing a
fully human nonocl onal anti bodi es agai nst CTLAA4.
prolactinoma, T-cell leukemia/lymphoma, neuroma, von Hippel-Lindau
disease, Zollinger-Ellison syndrome, adrenal cancer, anal cancer, bile duct
cancer, bladder cancer, ureter cancer, oligodendroglioma, neuroblastoma,
meningioma, spinal cord tumor, osteochondroma, chondrosarcoma, Ewing's
5 sarcoma, cancer of unknown primary site, carcinoid, carcinoid of gastro-
intestinal tract, fiborosarcoma, breast cancer, Paget's disease, cervical cancer,
esophagus cancer, gall bladder cancer, head cancer, eye cancer, neck cancer,
kidney cancer, Wilms' tumor, Kaposi's sarcoma, prostate cancer, testicular
cancer, Hodgkin's disease, non-Hodgkin's lymphoma, skin cancer, meso-
10 thelioma, multiple myeloma, ovarian cancer, endocrine pancreatic cancer,
glucagonoma, pancreatic cancer, parathyroid cancer, penis cancer, pituitary
cancer, soft tissue sarcoma, retinoblastoma, small intestine cancer, stomach
cancer, thymus cancer, thyroid cancer, trophoblastic cancer, hydatidiform
mole, uterine cancer, endometrial cancer, vagina cancer, vulva cancer,
15 acoustic neuroma, 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,
tonsil cancer.
20 25. The adenoviral vector or method according to claims 21-24,
wherein the subject is a human or an animal.
26. The adenoviral vector or method according to any one of claims
21-25, wherein the administration is conducted through an intratumoral,
intramuscular, intra-arterial, intravenous, intrapleural, intravesicular, intracavitary
25 or peritoneal injection, or an oral administration.
27. The adenoviral vector or method according to any one of claims
21-26, wherein oncolytic adenoviral vectors or pharmaceutical compositions
are administered several times during the treatment period.
28. The adenoviral vector or method according to any one of claims
30 21-27, wherein the oncolytic adenoviral vector having a different fiber knob of
the capsid compared to the vector of the earlier treatment, is administered to a
subject.
29. The adenoviral vector or method according to any one of claims
21-28, wherein the method further comprises administration of concurrent
35 radiotherapy or concurrent chemotherapy or other concurrent cancer therapies
to a subject.
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30. The adenoviral vector or method according to any one of claims
21-29, wherein the method further comprises administration of an auxiliary
agent, selected from the group consisting of verapamil or another calcium
channel blocker; an autophagy inducing agent; temozolomide; a substance
capable to downregulating regulatory T-cells; cyclophosphamide and any
combination thereof in a subject to a subject.
31. The adenoviral vector or method according to any one of claims
21-29, wherein the method further comprises administration of chemotherapy
or anti-CD20 therapy or other approaches for blocking of neutralizing antibodies.
32. A method of producing a fully human monoclonal antibody
specific for CTLA-4 in a cell, wherein the method comprises:
a) carrying a vehicle comprising an oncolytic adenoviral vector
according to any one of claims 1-18 to a cell, and
b) expressing a fully human monoclonal antibody specific for
CTLA-4 of said vector in the cell.
33. A method of increasing tumor specific immune response in a
subject, wherein the method comprises:
a) carrying a vehicle comprising an oncolytic adenoviral vector
according to any one of claims 1-15 to a target cell or tissue,
b) expressing a fully human monoclonal antibody specific for
CTLA-4 of said vector in the cell, and
c) increasing amount of expressed anti-CTLA4 mADb by using the
oncolytic platform.
d) increasing the tumor to plasma ratio of anti-CTLA4 mAb by
using the oncolytic platform.
34. A use of the oncolytic adenoviral vector according to any one of
claims 1-18 for producing anti-CTLA4 mAb in a cell.
35. Oncolytic adenoviral vector of any one of claims 1-18 for
producing a fully human monoclonal antibodies against CTLA4.



