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ONCOLYTIC ADENOVIRAL VECTORS AND METHODS AND USES
RELATED THERETO

Field of the invention

[0001] The present invention relates to the fields of life sciences and
medicine. Specifically, the invention relates to cancer therapies. More specifi-
cally, the present invention reiates fo oncolytic adenoviral vectors and cells and
pharmaceutical compositions comprising said vectors. The present invention
also relates to a use of said vectors in the manufacture of a medicament for
treating cancer in a subject and a method of treating cancer in a subjact. Fur-
thermore, the present invention relates to methods of producing GM-CSF in a
cell and increasing tumor specific immune response in a subject, as well as
uses of the oncolytic adenoviral vector of the invention for producing GM-CSF
in a cell and increasing tumor specific immune response in a subject.

Background of the invention

[0002] Cancer can be treated with surgery, hormonal therapies,
chemotherapies and/or radiotherapies but in many cases, cancers, which are
often characterized by an advanced stage, cannot be cured with present
thérapeutics. Therefore, novel cancer cell targeted approaches such as gene
therapies are needed. : '

[0003] During the last twenty years gene transfer technology has
been under intensive examination. The aim of cancer gene therapies is to in-
troduce a therapeutic gene into a tumer cell. These therapeutic genes iniro-
duced to a target cell may for example correct mutated genes, suppress active
oncogenes or generate additional properties to the cell. Suitable exogenous
therapeutic genes include but are not limiled to immunotherapeutic, anti-
angiogenic, chemoprofective and “suicide” genes, and they can be introduced
to a cell by utilizing modified virus vectors or non-viral methods including elec-
troporation, gene gun and lipid or polymer coatings.

[0004] Requirements of optimal viral veciors include an efficient ca-
pability o find specific target cells and express the viral genome in the target
ceils. Furthermore, optimal vectors have {o stay active in the target tissues or
cells. All these properties of viral vectors have been deveio;ﬁed during the last
decades and for example retroviral, adenoviral and adeno-associated viral vec-
tors have been widely studied in biomedicine.

[0005] To further improve tumor penetration and local ampiification
of the anti-tumor effect, selectively oncolytic agents, e.g. conditionally replicat-
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ing adenoviruses, have been constructed. Oncolylic adenoviruses are a prom-
ising tool for treatment of cancers. Tumor cells are killed by oncolytic adenovi-
ruses due to a replication of the virus in a tumor cell, the last phase of the rep-
fication resulting in a release of thousands of virions info the surrounding tumor
tissues for effective tumer penetration and vascular re-infection. Tumor cells
allow replication of the virus while normal cells are spared due {0 engineered
changes in the virus genome, which prevent replication in non-tumor cells.

[06006} In addition to replication mediated cell killing, oncolytic ade-
noviruses can also be armed with different therapeutic transgenes. This ap-
proach combines the advantages of conventional gene delivery with the po-
tency of replication competent agents. One goat of arming viruses is induction
of an immune reaction towards the cells that allow virus replication. Virus repli-
cation alone, although immunogenic, is normally not enough fo induce effective
anti-tumor immunity. To strengthen induction of therapeutic immunity, viruses
can be armed with stimulatory proteins such as cytokines for facilitation of the
introduction of tumor antigens to anligen presenting cells such as dendritic
cells, and their stimulation andfor maturation. Introduction of immunotherapeu-
tic gensas info tumor cells and furthermore, translation of the proteins, leads to
activation of the immune response and efficient destruction of tumor cells, The
maost relevant immune cells in this regard are natural Kiler cells (NK} and cyio-
toxic CD8+ T-cells. |

[0G07] Adenoviruses are medium-sized (80-100nm), nonenveloped
icosahedral viruses, which have double siranded linear DNA of about 36 kilo
hase pairs in a protein capsid. The viral capsid has fiber structures, which
participate in attachment of the virus t¢ the target cell. First, the knob domain
of the fiber profein binds to the receplor of the targst cell (e.g. CD46 or
coxsackievirus adenovirus receptor (CARY)), secondly, the virus interacts with
arn integrin molecule and thirdly, the virus is endocytosed into the target cell.
Next, the viral genome is transported from endosomes into the nucleus and the
replication machinery of the target cell is utilized also for viral purposes (Rus-
sell W.C. 2000, J General Virol 81, 2573-2604).

[0008] The adenoviral genome has early (E1-E4), intermediate (IX
and Va2) and late genes {L1-LE), which are transcribed in sequential order.
Early gene products affect defense mechanisms, cell cycle and cellular me-
fabolism of the host cell. Intermediate and late genes encode structural viral
proteins for production of new virions {(Wu and Nemerow, 2004, Trends



Microbiol 12: 162-168; Russell W.C. 2000, J General Virol 81, 2573-2604;
Volpers C. and Kochanek S. 2004, J Gene Med 6 suppl 1, $164-71; Kootstra
N.A. and Verma |.M. 2003, Annu Rev Pharmacol Toxicol 43, 413-439).

[0008] 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
known fo 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 re-
gions were deleted enabling insertion of foreign DNA to the vectors (Danthinne
and Imperiale 2000). Furthermore, deletions of other regions as well as further
mutations have provided exira properties to viral vectors. indeed, various
modifications of adenoviruses have been suggested for achieving efficient anti-
tumor effects.

[06010] For example, patent EP1377671 B1 (Cell Genesys, Inc.} and
application US2003/0104625 A1 (Cheng C. et al.) describe an oncolytic ade-
noviral vector encoding an immunotherapeutic protein granulocyte-
macrophage colony-stimulating factor (GM-CSF). Also, publication EP1767642
A1 (Chengdu Kanghong Biotechnologies Co., Lid.} points out oncolytic adeno-
viral vectors having improved effects on human immune response.

[0011] Still, more efficient and accurate gene transfer as well as in-
creased specificity and sufficient tumor killing ability of gene therapies are war-
ranted. Safety records of therapeutic vectors must aiso be excellent. The pre-
sent invention provides a cancer therapeutic tool with these aforementioned
properties by utilizing both oncolytic and immunotherapeutic properties of ade-
noviruses in a novel and inventive way.

Summary

[0012] The object of the disclosure is to provide novel methods and
means for achieving the above-mentioned properties of adenoviruses and
thus, solving the problems of conventional cancer therapies. More specifically,
the disclosure provides novel methods and means for gene therapy.

[0013] The present application describes construction of recombi-
nant viral vectors, methods related {o the vectors, and their use in tumor cells
lines, animal models and cancer patients.

[6014] The present disclosure relates to an oncolytic adenoviral vector
comprising an adenovirus serotype 5 (Ad5) nucleic acid backbone, a 24 bp



deletion (D24) in the Rb binding constant region 2 of adenoviral £E1 and a nu-
cleic acid sequence encoding a granulocyte-macrophage colony-stimulating
factor (GM-CSF) in the place of the deleted gp19k/6.7K in the adenoviral E3
region.

[0014a] In a first aspect, there is provided an oncolytic adenoviral
vector, characterized by comprising an adenovirus
serotype 5 (Ad5) nucleic acid backbone, a 24 bp deletion (D24) in the Rb binding constant region
2 of E1 and a nucleic acid sequence encoding a human granulocyte-macrophage colony-
stimulating factor (GM-CSF) in the place of the deleted gp19k/6.7K in the E3 region.

[0015] The present disclosure further relates to a cell comprising the
adenoviral vector of the disclosure.

[0015a] In a second aspect, there is provided a cell, characterized
by comprising the adenoviral vector as defined above.

[0016] The present disclosure also relates to a pharmaceutical
composition comprising the adenoviral vector of the disclosure.

[6016a] In a third aspect, there is provided a pharmaceutical
compaosition, characterized by comprising the adenoviral vector as defined
above.

[0017] In a fourth aspect, there is provided a use of the adenoviral
vector as defined above in the manufacture of a medicament for treating can-
cer in a subject.

[0018] The present disclosure also relates to a method of treating can-
cer in a subject, wherein the method comprises administration of the vector or
pharmaceutical composition of the disclosure to a subject.

[0019] Furthermore, the present disclosure also relates to a method
of producing GM-CSF in a cell, wherein the method comprises:
a) carrying a vehicle comprising an oncolytic adenoviral vector of
the disclosure to a cell, and
b) expressing GM-CSF of said vector in the cell.

[0018a] In a fifth aspect, there is provided a method of producing
GM-CSF in a cell, characterized in that the method comprises:
a)  carrying a vehicle comprising an oncolytic adenoviral vector as defined
above to a cell, and
b}  expressing GM-CSF of said vector in the cell.
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[0020] Furthermore, the present disclosure also relates to a method
of increasing tumor specific immune response in a subject, wherein the
method comprises: _

a) carrying a vehicle comprising an oncolytic adenoviral vector of

the disclosure to a target cell or tissue,

b) expressing GM-CSF of said vector in the cell, and

c) increasing amount of cytotoxic T cells and/or natural killer cells

in said target cell or tissue.

[0021] In a sixth aspect, there is provided a use of the oncolytic ad-
enoviral vector as defined above for producing GM-CSF in a cell.

[6022] Still, the present disclosure relates to the oncolytic adenoviral
vector of the disclosure for producing GM-CSF in a cell.

[6023] Still, the present disclosure also relates to a use of the onco-
lytic adenoviral vector of the disclosure for increasing tumor specific immune
response in a subject.



[0024] Still, the present disclosure relates to the oncolytic adenoviral
vector of the disclosure for increasing tumor specific immune response in a
subiject.

[0025] The present disclosure provides a tool for treatment of cancers,
which are refractory to current approaches. Also, restrictions regarding
tumor types suitable for treatment remain few compared to many other treat-
ments. in fact all solid tumors may be freated with the present disclosure.
Larger tumors by mass and more complex fumors can be cured by the present
disclosure. The treatment can be given intratumorally, intracavitary, intrave-
nously and in a combination of these. The approach can give systemic efficacy
despite local injection. The approach can also eradicate cells proposed as tu-
mor initiating (“cancer stem ceils”).

[0026] Besides enabling the transport of the vector to the site of interest
the vector of the disclosure also assures the expression and persistence
of the transgeﬂe. Furthermore, immune response against the vector as well as
the transgene is minimized.

[0027] The present disclosure solves a problem related to therapeutic
resistance of conventional treatments. Furthermore, the present disclosure pro-
vides tools and methods for selective treatments, without toxicity or damages in
healthy tissues. Advantages of the present disclosure include also different and
reduced side effects in comparison to other therapeutics. importantly, the ap-
proach is synergistic with many other forms of therapy including
chemotherapy and radiation therapy, and can therefore be used in combina-
tion regimens.

[6028] induction of an immune reaction towards cells that allow rep-
lication of unarmed viruses is normally not strong enough {o lead o develop-
ment of therapeutic tumor immunity. In order to overcome this weakness, the
present disclosure provides armed viruses with a potent inducer of anti-tumor immunity.
The present disclosure achieves cancer therapy, wherein tumor cells
are destroyed by virion caused oncolysis. in addition, various different mecha-
nisms activating human immune response, including activation of natural killer
cells (NK) and dendritic cells (DC) are influenced.

[0028] Compared o adenoviral tools of the prior art, the present disclo-
sure provides a more simple, more effective, inexpensive, non-toxic and/or
safer tool for cancer therapy. Furthermore, heliper viruses are not needed.



[0030] The novel products of the disclosure enable further im-
provements in cancer therapy.

Brief description of the figures

[0031] Figure 1 shows a schematic of pAd5-D24-GMCSF. The virus
bears a 24 base pair deletion in the constant region 2 of E1A. gp19k and 6.7K
in E3 have been replaced with the cDNA of human GM-CSF. ADP refers to the
adenovirus death protein.

[0032] Figure 2 shows a schematic of the first step of cloning to
generate shuttle plasmid (pTHSN) bearing GM-CSF.

[0033] Figure 3 shows a schematic of the second step of cloning to
generate the plasmid containing all the adenoviral genes with the 24 base pair
deletion in E1 region {which mediates selective replication in cancer celis).

[0034] Figure 4 shows a schematic of the third step of cloning to
generate the plasmid containing all the adencviral genes except for gp19k and
6.7K which have been replaced by GM-CSF (pAd5D24.GM-CSF (SEQ ID NO
8)). Ad5-RGD-D24-GMCSF (SEQ 1D NO 9), Ad5/3-D24-GMCSF (SEQ ID NO
7} and Ad5-pK7-D24-GMCSFE (SEQ 1D NO 10) were created similarly.

[0035] Figures 5a-d show that GMCSF expression does not impair
virus replication and cell killing effect. Figure 5a represents results of MTS as-
say showing lung cancer derived (A549) cell killing efficiency of the new gen-
erated virus Adb-D24-GMCSF. Figure 5b represents resuits of MTS assay
showing killing of JIMT-1 cancer initiating celis (“cancer stem cells”) with Ad5-
D24-GMCSF. Figure 5¢ represents results of MTS assay showing breast can-
cer cells (MDA-MB-436) killing efficiency of the new generated virus Ad5-D24-
GMCSF. Figure 5d represents results of MTS assay showing MDA-MB-436
killing efficiency of the new generated viruses Ad5-D24-GMCSF, Ad5-RGD-
D24-GMCSF and Ad5/3-D24-GMCSF.

[0038] Figure Ba shows adenovirus-coupled expression of human
GMCSF. A549 cell line was infected with Ad5D24 or Ad5D24-GMCSF, media
was collected over time and analyzed for expression of GMCSF by FACSAR-
RAY.

[0037] Figure 6b shows that adenovirus-expressed GMCSF retains
its biological activity in human lymphocytes. TF1 cells, which require human
GMCSF for staying alive, were cultured in the presence of human recombinant
GMCSF (E. coli-produced, purchased from Sigma) or supernatant from Ad5-
D24-GMCSF infected cells.
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[0038] Figures 7a and 7b show in vifro analysis of transduction of a
patient tumor to test the infectivity of an Ad 5-based vitus.

[0039] Figure 7c shows a prediction of tumor transduction with Ads-
D25-GMCSF by staining its receptor CAR (coxsackie-adenovirus receptor) in
archival tumor specimens.

[0040] Figure 8a shows in vivo efficiency of AdB-D24-GMCSF in
Syrian Hamsters (permissive for human adenovirus replication) bearing pan-
creatic cancer tumors. Both Ad5D24 and Ad5-D24-GMCSF eradicate the tu-
mors within 16 days following the treatments. 1x10% VP of virus were adminis-
tered on days 0, 2 and 4.,

{0041] Figure 8b shows that intratumoral injection of Ad5-D24-
GMCSF resulted in high ievels of h\GMCSF in serum of Syrian Hamsters. Ani-
mals treated with Ad5D24E3 or Ad5-D24-GMCSE were sampled on day 4 and
the concentration of human GMCSF in serum was assessed by FACSARRAY.

[0042] Figure 8c shows that curing of HapT1 fumors with Ad5-D24-
GMCSF {but not with Ad5D24) protected Syrian hamsters from subsequent re-
challenge with HapT1. This demonstrates that Ad5-D24-GMCSF can induce a
tumor specific immune response. Animals previously treated with Ad5D24 or
AdSD24-GMCSF (Figure 8a) were re-challenged with the same tumor and tu-
mor growth was measurad over time. |

[0043] Figure 8d shows induction of a tumor specific immune re-
sponse by Ad5-D24-GMCSF, curation of HapT1 fumors with Ad5-D24-GMCSF
did not protect Syrian hamsters from Hak tumors. Animals with HapT1 tumors
previously treated with AdSD24, or Ad5D24-GMCSF (Figure 8a) were re-
challenged with a different tumor and tumor growth was measured over time.

[0044] Figure 9a shows efficacy of Ad5-D24-GMCSF in combination
with mefronomic oral cyclophosphamide. 88% {umor reduction was ohserved
by CT scan 71 days following the beginning of the freatment.

[00458] Figure 9b shows efficacy of the treatment with AdbD24-
GMCSF in an ovarian cancer patient treated with Ad5-D24-GMCSF. CT scan
showed complete disappearance of all measurable tumors as indicated by the
BTOW.

[0046] Figures 10a-d show that AdB-D24-GMCSF elicited a T cell-
response against both tumor epitopes and adenovirus {present in tumor cells).
T cells harvested from patients treated with Adb-D24-GMCSF were analyzed
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by tFN-gamma ELISPOT upon stimulation with a mix of peptide from Adenovi-
rus 5 and a mix of peptide from the tumor antigen survivin,

{00471 Figure 11 shows induction of Adenovirus Hexon-specific T
ceils. Leukocytes harvested from patients treated with Ad5-D24-GMCSF were
stained with a CD3, CD8 and hexon-specific tetramer antibodies and analyzed
by flow cytometry before and after the treatment. Treatment increased hexon
specific cytotoxic T-cells from 0.21 to 2.72%.

[0048] Figure 12 shows a reduction of circulating T regulatory cells
in patient R73. PBMCs which are positive for CD4, negative for CD127 but
high in Foxp3 are considered effective T regulatory cells.

[0043] Figures 13a-i show schematics of cloning to generate shuttle
plasmid (pTHSN) bearing GM-CSF, to generate the plasmid containing all the
adenoviral genes with the 24 base pair deletion in E1 region (which mediates
selective replication in cancer cells) and to generate the Ad5/3-D24-GMCSF
plasmid containing all the adenoviral genes except for gp19k and 8.7K which
have been replaced by GM-CSF {pAdbD24 GM-C8F).

' [0050] Figure 14 shows a nuclectide sequence of Ad5/3-D24-
GMCSF. Bolded region indicates the D24 deleted E1A region (nucleotides
563-1694). Underlined region indicates GMCSF (nuclectides 28380-28814).
Region in italics indicates the Ad3 knob region {nucleotides 31701-32272). The
sequence of the figure corresponds to sequence SEQ 1D NO 7.

{0081] Figure 15 shows survival piot for Ad5/3-D24-GMCSF treated
patients. '

Detailed description of the invention

Adenoviral vector

[0052] In Ad5, as well as in other adenoviruses, an icosahedral
capsid consists of three major proteins: hexon (il}, penton base (), and a
knobbed fiber (IV), along with minor proteins: VI, VIlL, IX, la, and Va2 (Rus-
selt W.C. 2000, J General Virol 81, 2573-2604). Proteins Vi, smail 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 processing some structural proteins,

[6053] The oncolytic adenoviral vector of the present invention is
based on an adenovirus serotype 5 (Adb) nucleic acid backbone, a 24 bp dele-
tion (D24) in the Rb binding constant region 2 {CR2) of adenoviral E1 and a
nucleic acid sequence encoding a granulocyte-macrophage colony-stimulating
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factor (GM-CSF) in the place of the deleted gp19k/6.7K in the adenoviral E3
region (Figure 1). In a preferred embodiment of the invention, the adenoviral
vector is based on a human adenovirus. _

[0054] AdS genome contains early (E1-4), intermediaie {IX and
Vaz) and late {1.1-5) genes flanked by left and right inverted terminal repeats
{LITR and RITR, respectively}, which contain the sequences required for the
DNA replication. The genome confains also packaging signal (@) and major
late promoter (MLP}.

{00551 Transcription of the early gene E1A staris the replication cy-
cle followed by expression of E1B, E2A, E2B, E3 and E4. E1 proteins modu-
late cellular metabolism tn a way that makes a cell more susceptible to virus
raplication. For example they interfere with NF-kB, pb3, and pRb-proteins. E1A
and E1B function together in inhibiting apoptosis. £2 (E2A and EZB) and E4
‘gene products mediate DNA replication and E4 products also effect virus RNA
metabolism and prevent host pretein synthesis. E3 gene .p:‘oducts are respon-
sible for defending against the host immune system, enhancing cell lysis, and
releasing of virus progeny (Russell W.C. 2000, J General Virol 81, 2573-2604).

[6056] Intermediate genes X and Va2 encode minor proteins of the
viral capsid. Expression of the late genes L1-5, which lead to production of the
virus structural components, the encapsidation and maturation of virus parti-
cles in the nucleus, is influenced by MLP (Russell W.C. 2000, J General Virol
81, 2573-2604).

[0057] Compared to a wild type adenovirus genome, the adenoviral
vector of the invention lacks 24 base pairs from CRZ2 in E1 region, specifically
irr E1A region, and gp19k and 6.7K in £3 region. In a preferred embodiment of
the invention, in addition to partial regions £1 and E3, the oncolytic adenoviral
vactor of the invention further comprises one or more regions selected from a
group consisting of E2, E4, and late regions. In a preferred embodiment of the
invention, the cncolvtic adenoviral vector comprises the following regions: a left
TR, partial E1, piX, plVa2, E2, VAT, VAZ, L1, L2, L3, L4, partial E3, L5, E4,
and a right ITR. The regions may be in any order in the vector, but in a pre-
ferred embodiment of the invention, the regions are in a sequential order in the
5" o 3’ direction. Open reading frames (ORFs) may be in the same DNA strand
or in differant DNA strands. in a preferred embodiment of the invention, the E1
region comprises a viral packaging signal.
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[06058] As used herein, expression "adenovirus serotype 5 (AdS)
nucleic acid backbone” refers to the genome or partial genome of Ad5, which
comprises one or several regions selected from a group consisting of partial
E1, plX, plvaz, B2, VA1, VAZ, L1, L2, L3, L4, partial E3, L5 and E4 of Ad5 ori-
gin. One preferred vector of the invention comprises nucleic acid backbone of
Ad5. In another preferred vecior, the adenoviral nucleic acid backbone is
mostly derived from Adb and combined with a poriion (e.g. a part of the capsid
sfructure) of Ad3.

[0059] As used herein, expression “partial” region refers to a region,
which facks any part compared to a corresponding wild type region. "Partial
E1" refers to E1 region with D24 and “partial E3” refers to E3 region lacking
gp18k/6. 7K.

[0060] As used herein, expressions “VA1" and “VA2” refer to virus
associated RNAs 1 and 2, which are transcribed by the adenovirus but are not
transiated. VA1 and VA2 have a rcle in combating cellular defence mecha-
nisms.

[0061] As used herein, expression “a viral packaging signal” refers
to a part of virus DNA, which consists of a series of AT-rich sequences and
governs the encapsidation process.

[6062] 24 base pair deletion (D24) of E1 affects CR2 domain, which
is responsible for binding the Rb tumeor suppressor/cell cycle regulator protein
and thus, allows the induction of the synthesis (8) phase i.e. DNA synihesis or
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 pre-
sent invention comprises a deletion of nucleotides corresponding to amino ac-
ids 122-120 of the vector according to Heise C. et al. (2000, Nature Med 6,
1134-1139). Viruses with the D24 are known 10 have a reduced ability tc cver-
come the G1-8 checkpoint and replicate efficiently only in cells where this in-
teraction is not necessary, .. in tumor cells defective in the Rb-p16 pathway
{Heise C. ef al. 2000, Nature Med 6, 1134-1138; Fueyo J et al. 2000, Onco-
gene 19, 2-123.

[0063] The E3 region is nonessential for viral replication in vifro, but
the E3 proteins have an important role in the regulation of host immune re-
sponse i.e, in the inhibition of both innate and specific immune responses. The
gp19k/B.7K delstion in E3 refers to a deletion of 885 base pairs from the ade-
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noviral E3A region. In a resulting adenoviral construct, both gp19k and 6.7K
genes are deleted (Kanerva A et al. 2005, Gene Therapy 12, 87-94). The
gp19k gene product is known to bind and sequester major histocompatibitity
complex | (MHC1)} molecules in the endoplasmic reticulum, and to prevent the
recognition of infected cells by cytotoxic T-lymphocytes. Since many fumors
are deficient in MHC1, deletion of gp19Kk increases tumor selectivity of viruses
{virus is cleared faster than wild type virus from normal cells but there is no dif-
ference in tumor cells). 8.7K proteins are expressed on celiular surfaces and
they take part in downregulating TNF-related apopfosis inducing ligand
{TRAIL) receptor 2.

[0064] In the present invention, the GM-CSF transgene is placed
into a gp19k/6.7k deleted E3 region, under the E3 promoter. This restricts
fransgene exprassion to tumor cells that allow replication of the virus and sub-
sequent activation of the E3 promoter. E3 promoter may be any exogenous or
endogenous premoter known in the art, preferably endogenous promoter. In a
preferred embodiment of the invention, a nucleic acid sequence encoding GM-
CSF is under the control of the viral £3 promoter.

[0065] GM-CSF participates in immune response by acting through
various mechanisms including recruitment of natural killer (NK) cell and stimu-
fation of antigen presenting cells (APC). APC can then recrult, activate and
target T-cells towards the fumor. The nucleotide sequence encoding GM-CSF
may be from any animal such as a human, ape, rat, mouse, hamster, dog or
cal, but preferably GM-CSF is encoded by a human sequence. The nucleotide
sequence encoding GM-CSF may be modified in order to improve the effects
of GM-CSF, ar unmodified i.e. of a wild type. In a preferred embodiment of the
inventicn, a nucleic acid sequence encoding GM-CSF is of 2 wild type.

{0066] The vecter of the invention may also comprise other modifi-
cations than partial deletions of CR2 and E3 and insertion of GM-CSF se-
guence as mentioned above. In a preferred embodimant of the invention, all
the other regions of the Ad5 vector are of a wild type. In another preferred em-
bodiment of the invention, the E4 region is of a wild type. In g preferred em- |
bodiment of the invention, a wild type region is located upstream of the E1 re-
gion. “Upstream” refers to immediately before the E1 region in the direction of
expression. £1B region may also be modified in the vecior of the invention.

[00867] insertion of exogenous elements may enhance effects of
vectors in targel cells. The use of exogenous tissue or fumor-specific promot-
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ers is common in recombinant adenoviral vectors and they can also be utilized
in the present invention. For example, viral replication can be restricted o tar-
get cells for exampie by promoters, which include but are not limited fo CEA,
SLP, Cox-2, Midkine, hTERT, variants of hTERT, EZF, variants of E2F,
CXCR4, SCCAZ and TTS. They are usually added to control £E1A region, but in
addition to or alternatively, other genes such as E1B or £E4 can also be regu-
lated. Exogenous insulators Le. 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 compo-
nents or modifications may optionally be used but are not obligatory in the vec-
tors of the present invention.

[0068] Most aduits have been exposed to the most widely used
adenovirus serotype AdS and therefore, the immune system can rapidly pro-
duce neutralizing antibodies (NAb) against them. In fact, the prevalence of
anii-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 smail changes in the Adb
fiber knob can allow escape from capsid-specific NAb. Modification of the knob
is therefore important for retaining or increasing gene delivery in the contact of
adenoviral use in humans.

[0069] Furthermore, AdE is known to bind to the receptor called
CAR via the knch portion of the fiber, and modifications of this knob porticn or
fiber may improve the entry to the target cell and cause enhanced cncolysis in
some cancers (Ranki T. et al. 2007, Int J Cancer 121, 165-174). Indeed, cap-
sid-modfified adenoviruses are advantageous tools for improved gene delivery
fo cancer cells.

[0070] In one embodiment of the invention, the oncolytic adenocviral
vector comprises a capsid modification. As used herein “capsid” refers to the
protein shell of the virus, which includes hexon, fiber and penton base proteins.
Any capsid modification i.e. modification of hexon, fibre and/or penton base
oroteins knowst in the art, which improves delivery of the virus to the tumor cell,
may be utilized in the present invention. Modifications may be genetic and/or
physical modifications and include but are not limited to meoedifications for in-
corporating ligands, which recognize specific cellular receptors and/or block
native receptor binding, for replacing the fiber or knob domain of an adenoviral
vector with a knob of other adenovirus {chimerism) and for adding specific
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molecules {e.g. FGF2) to adenoviruses. Therefore, capsid modifications in-
clude but are not limited to incorporation of small peptide motif(s), peptide(s),
chimerism{s) or mutation(s) into the fiber (e.g. into the knob, tail or shaft part),
hexon and/or 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 embediment of the invention, the capsid modification is Ad5/3 chi-
merism.

[0071] As used herein, "Ad5/3 chimerism” of the capsid refers to a
chimerism, whereln the knob part of the fiber is from Ad serotype 3, and the
rast of the fiber Is from Ad serotype 5.

[0072] As used herein, "RGD region” refers to the arginine-glycine-
aspartic acid (RGD) motif, which is exposed on the penion base and interacts
with cellular av integrins supporting adenovirus internalization. in a preferred
embodiment of the invention, the capsid medification is a RGD-4C modifica-
tion. “RGD-4C maodification” refers t¢ an insertion of an integrin binding RGD-
4C motif in the Hi loop of the fiber knob domain. 4C refers to the four cysteins,
which form sulphur bridges in RGD-4C. Construction of recombinant AdS fiber
gene encoding the fiber with the RGD-4C peptide is described in detail for ex-
ampie in the article of Dmitriev L et al. (1998, Joumnal of Virclogy, 72, 8706-
9713} '

[6073] As used herein, “heparan sulphate binding polylysine modifi-
cation” refers to addition of a stretch of seven lysines o the fiber knob ¢
terminus. '

0074] Expression cassettes are used for expressing transgenes in
a target, such as a cell, by utilizing vecters. As used herein, the expression
“expression cassette” refers o a DNA vector or a part thereof comprising nu-
cleotide sequences, which encode cDNAs or genes, and nucleotide se-
quences, which control and/or regulate the expression of said ¢DNAs or
genes, Similar or different expression casseties may be inserted to one vector
or to several different vectors. Adb vectors of the present invention may com-
prise gither several or cne expression casseties. However, only one expres-
sion cassstie is adequate. in a preferred embodiment of the invention, the on-
colytic adenoviral vector comprises at least one expression cassette. In a pre-
ferred embodiment of the invention, the oncolytic adenoviral vector comprises
only one expression cassette.
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[0075] A cell comorising the adenoviral vector of the invention may
be any cell such as a eukaryotic cell, bacterial cell, animal cell, human cell,
mouse cell 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 tumaor cell, which has been infected
with the adenoviral vector,

[0076] In a method of producing GM-CSF in a cell, a vehicle com-
prising the vector of the invention is carried into a cell and furthermore, GM-
CSF gene is expressed and the proiein 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 o deliver the vecter of the invention to a target
cell. Any conventional method known in the art can be used for dslivering the
vector to the cell.

[6077] Tumor specific immune response may be increased in a sub-
ject by the present invention. Cytotoxic T cells and/or natural killer cells are
stimulated, produced and targeted as a consequence of GM-CSF expression.
in a preferred embodiment of the invention, amount of natural killer and/or cy-
totoxic T cells is increased in a target cell or tissue. in order fo follow or study
the effects of the invention, various markers of immune response (e.g. inflam-
matory markers) may be determined. The most common markers include but
are not limited to increass in pro-inflammatory cytokines, tumor or adenovirus
specific cytotoxic T-cells, recruitment and activation of antigen presenting cells
or increase in size of local lymph nodes. The levels of these markers may be
sludied according to any conventional methods known in the art, including but
not limited fo those ufilizing antibodies, probes, primers elc. such as ELISPOT
assay, teframer analysis, pentamer analysis and analysis of different cell types
in blood or in tumors.

Cancer

{0078] The recombinant Ad5 vectors of the invention have been
constructed for replication compstence in cells, which have defects in the Rb-
pathway, specifically Rb-p16 pathway. These defective cells include all tumor
cells in animals and humans (Sherr C.J. 1988, Science 274, 1872-1677). In a
preferred embodiment of the invention, the vector is capable of selectively rep-
licating in cells having defects in the Rb-pathway. As used herein “defecis 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
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and thus, binding of Rb by E1A CR2, that is normally needed for effective rep-
lication, is unnecessary. '

[0079] Any cancers or tumors, including both malignant and benign
tumors as well as primary tumors and metasiasis may be targets of gene
therapies. In a specific embodiment of the inventicn the cancer is any solid tu-
mor. 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,
bowel cancer, colon cancer, rectal cancer, colorectal cancer, brain cancer,
throat cancer, oral cancer, liver cancer, bone cancer, pancreatic cancer, chori-
ocarcinoma, gastrinoma, pheochromocytoma, prolactinoma, T-cell leuke-
mialtymphoma, neuroma, ven Hippel-Lindau disease, Zollinger-Ellison syn-
drome, adrenal cancer, anal cancer, bile duct cancer, bladder cancer, ureter
cancer, brain cancer, oligodendroglioma, neuroblastoma, meningioma, spinal
cord fumor, bone cancer, osteochondroma, chondresarcoma, Ewing's sar-
cema, cancer of unknown primary site, carcinoid, carcinoid of gastrointestinal
tract, fibrosarcoma, breast cancer, Paget's disease, cervical cancer, colerectal
cancer, rectal cancer, esophagus cancer, gall bladder cancer, head cancer,
eye cancer, neck cancer, kidney cancer, Wilms' tumor, liver cancer, Kaposi's
sarcoma, prostate cancer, lung cancer, testicular cancer, Modgkin's disease,
non-Hodgkin's lymphoma, oral cancer, skin cancer, mesothelioma, multiple
myeloma, ovaran cancer, endocrine pancreatic cahcer, glucagonoma, pan-
creatic cancer, parathyroid cancer, penis cancer, pituitary cancer, soft tissue
sarcoma, refinoblastoma, small intestine cancer, stomach cancer, thymus can-
cer, thyroid cancer, trophoblastic cancer, hydatidiform mole, uterine cancer,
endometrial cancer, vagina cancer, vulva cancer, 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 can-
cer, salivary gland cancer, tongue cancer, tonsi cancer.

Pharmaceutical composition

[0080] A pharmaceutical composition of the invention comprises at
least one type of the vectors of the invention. Furthermore, the composition
may comprise at least two, three or four different vectors of the invention. In
addition to the vector of the invention, a pharmaceutical composition may also
comprise any other vecters, such as other adenoviral vectors, other therapeu-



WO 2010/072900 PCT/FI2009/051025
16

tically effective agents, any other agents such as pharmaceutically acceptable
carriers, buffers, excipients, adjuvants, antiseptics, filling, stabilising or thicken-
ing agents, and/or any components normally found in corresponding products.

[0081] The pharmaceutical compasition may be in any form, such
as solid, semisolid or liquid form, suitable for administration. A formulation can
be selected from a group consisting of, hut not limited fo, sclutions, emulsions,
suspensions, tablets, pellets and capsules.

| [0082] in a preferred embodiment of the invention, the oncolvtic
adenoviral vector or pharmaceutical composition acts as an in situ cancer vac-
cine. As used herein “in sifu cancer vaccing” refers to a cancer vaccine, which
both kilis tumor cells and also increases the immune response against tumor
cells. Virus replication is a strong danger signal to the immune system
(=needed for a TH1 type response), and thus acts as a powerful costimulatory
phenomenon to GM-CSF mediated maturation and activation of APCs, and re-
cruitment of NK celis. Tumor call lysis also helps to present tumor fragments
and epitopes to APCs and furthermore, costimulation is produced by inflamma-
ticn. Thus, an epitope independent {i.e. not HLA restricted) response is pro-
-duced in the conlext of each tumor and therefore takes place in sity. Tumor
specific immune response is activated in the target cell as well as the sur-
rounding cells, e.g. in the target tissue.

10083] The effective dose of vectors depends on at least the subject
in need of the freatment, tumor type, location of the tumor and stage of the tu-
mort. The dose may vary for example from about 10e8 viral particles {VP) to
about 10e14 VP, preferably from about 5x10e9 VP to about 10e13 VP and
more preferably from about 8x10e8 VP to about 10e12 VP. In one specific em-
bodiment of the invention the dose is in the range of about 5x10e10 - 5x10e11
VP,

100841 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
with low-shear cell retention devices.

Administration

{00851 The vector or pharmaceutical composition of the invention
may be administered {o any eukaryotic subject selected from a group consist-
ing of plants, animals and human beings. In a preferred embodiment of the in-
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vention, the subject Is a human or an animal, An animal may be selected from
a group consisting of pets, domaestic animals and production animals. '

[0086] Any conventional method may be used for administration of
the vector or compaosition fo a subject. The route of administration depends on
the formulation or form of the cemposition, the disease, location of tumors, the
patient, comorbidities and other faciors. In a preferred embodiment of the in-
vention, the administration is conducted through an infralumoral, inframuscu-
lar, intra-arterial, infravenous, intrapleural, intravesicuiar, intracavitary or peri-
toneal injection, of an orai administration.

[0087] Only one administration of encolytic adenoviral vectors of the
invention may have therapeufic effects. However, in a preferred embodiment of
the invention, oncolytic adenoviral vectors or pharmaceutical compositions are
administered several times during the freatment pericd. Oncolytic adenoviral
vactors or pharmaceutical compositions may be administered for example from
1 to 10 times in the first 2 weeks, 4 weeks, monthly or during the treatment pe-
ricd. In one embodiment of the invention, administration is done three {o seven
times in the first 2 weeks, then at 4 weeks and then monthly. [n a specific em-
bodiment of the invention, administration is done four times in the first 2 weeks,
then at 4 weeks and then monthly. The length of the freatment period may
vary, and for example may last from two to 12 months or more.

[0088] In order t6 avoid neutralizing antibodies in a subject, the vec-
tors of the invention may vary between treatments. In a preferred embodiment
of the invention, the oncolytic adenoviral vector having a different fiber knob of
the capsid compared {0 the vector of the earlier treatment is administered to a
subject. As used herein “fiber knob of the capsid” refers o the knob part of the
fiber protein (Figure 1).

[00891 The gene therapy of the invention is effective alone, but
combination of adenoviral gene therapy with any other therapies, such as fradi-
tional therapy, may be more effective than either one alone. For example, sach
agent of the combination therapy may work independently in the tumor fssus,
the adencviral vectors may sensitize cells to chemotherapy or radiotherapy
and/or chemotherapeutic agents may enhance the level of virus replication or
effect the receptor status of the target ceils. The agents of cambination therapy
may be administered simultaneously or sequentially.

[00901 In a preferred embodimeani of the invention, the method or
use further comprises administration of concurrent radiotherapy to a subject. In
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another preferred embodiment of the invention, the method or use further
comprises administration of concurrent chemotherapy to a subject. As used
herein “concurrent” refers to a therapy, which has been administered before,
after or simultaneously with the gene therapy of the invention. The period for a
concurrent therapy may vary from minutes to several weeks. Preferably the
concurrant therapy lasts for some hours.

[0091] Agents suitable for combination therapy include but are not
fimited to All-trans retinoic acid, Arzacitidine, Azathioprine, Bleomycin, Car-
boplatin, Capecliabine, Cisplatin, Chlorambucil, Cyclophosphamide, Cytara-
bine, Daunorubicin, Docetaxel, Doxifluridine, Doxorubicin, Epirubicin,
Enothilone, Etoposide, Fluorouracil, Gemcitabine, Hydroxyurea, Idarubicin,
Imatinib, Mechlorethamine, Mercaptopurine, Methotrexate, Mitoxantrone, Ox-
aliplatin, Paclitaxel, Pemetrexed, Temozolomide, Teniposide, Tioguanine, Val-
rubicin, Vinblastine, Vincristine, Vindesine and Vinorelbine. '

[0092] In 5 preferred embodiment of the invention, the method or
use further comprises administration of verapamil or another calcium channel
blocker to a subject. “Calcium channet 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, gallo-
pamil, diliazem, mibefradil, bepridil, fluspirilene and fendiline.

[6093] In a preferred embodiment of the invention, the method or
use further comprises administration of autophagy inducing agents to a sub-
ject. Autophagy refers to a calabolic process involving the degradation of a
cell's own components through the lysosomal machinery, “Autophagy inducing
agents” refer to agents capable of inducing autophagy and may be selected
from a group consisting df, hut not limited to, mTOR inhibitors, PI3K inhibitors,
lithium, tamoxifen, chioroquine, bafilomycin, temsirolimus, sirolimus and temo-
zolomide. In a specific embodiment of the invention, the method further com-
orises administration of temozolomide to a subject. Temozolomide may be ei-
ther oral or infravenous temozolomide.

[0084] In one embodiment of the invention, the method or use fur-
ther comprises administration of chemotherapy or anti-CD20 therapy or other
approaches for blocking of neutralizing antibodies. "Anti-CD20 therapy” refers
to agents capable of killing CD20 positive cells, and may be selected from a
group consisting of rituximab and other anti-CD20 monoclonal antibodies. "Ap-
proaches for biocking of neutralizing antibodies” refers fo agents capable of in-
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hibiting the generation of anti-viral antibodies that normally result from infection
and may be selecled from a group consisting of different chemotherapeutics,
immunomoduiatory substances, corticoids and other drugs. These substances
may be selected from a group consisting of, but not limited to, cyclophos-
phamide, cyclosporin, azathiopring, methyiprenisclone, eioposide, CD40L,
CTLA4ig4, FKB06 (tacrolismus), IL-12, IFN-gamma, interleukin 10, anti-CD8§,
anti-CD4 antibadies, myeloablation and oral adenoviral proteins.

[6895] The oncolytic adenoviral vector of the invention induces
virion mediated oncolysis of tumor cells and activates human immune re-
sponse against tumor cells. in a preferred embodiment of the invention, the
method or use further comprises administration of substances capable to
downregulating regulatory T-celis in a subject. “Substances capable to down-
regulating regulatory T-cells” refers to agents that reduce the amount of cells
identified as T-suppressor or Regulatory T-cells. These cells have been identi-
fied as consisting one or many of the following immunophenotypic markers:
CD4+, CD256+, FoxP3+, CD127- and GITR+. Such agenis reducing T-
suppressor or Regulatory T-cells may be selected from a group consisting of
anti-CD2b antibodies or chemotherapeautics.

[0088] In a preferred embodiment of the invention, the method or
use further comprises administration of cyclophosphamide o a subject. Cyclo-
phosphamide is a common chemotherapeutic agent, which has also been
used in some autoimmune disorders. In the present invention, cyclophos-
phamide can be used to enhance viral replication and the effects of GM-CSF
induced stimulation of NK and cytotoxic T-cells for enhanced immune re-
sponse against the tumor. It can be used as infravenous belus doses or low-
dose oral metronomic administration.

[0097] Any method or use of the invention may be either in vivo, ex
vivo or in vifro method or use.

[0098] The present invention is illustrated by the following exam-
ples, which are not intended to be limiting in any way.

Examples

Example 1. Cloning of three D24-GM-CSF type viruses

- PCR out hGM-CSF,

- create Sunl/Munl sites => 445 bp (pORF-GM-CSF as a template)

- Sunl/Muni digestion of PCR product and pTHSN
- Sticky-end ligation =>
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- Pmel lingarized pShuttle-D24 + pTG3602 => pAd5s-D24

- Ad5-D24-GM-CSF {SEQ 1D NO 8: E1A region with D24 deletion in nucleotide

positions 5683-1524 and a fiber region in nucleotide positions 30420-32236)
Homol recomb: Srft linearized pAdS5-D24 + Fspl finearized
pTHSN-GM-CSF => pAdb-D24-GM-CSF
Pacl linearization & transfection => Ad5-D24-GM-CSF

100991 All phases of the clening were confirmed with PCR and mul-
tiple restriction digestions. The shuttle plasmid pTHSN-GMCSF was se-
quenced. Absence of wild type E1 was confirmed with PCR. The k1 region,
transgene and fiber were checked in the final virus with sequencing and PCR,
which was then taken to the clean lab for production. To this end, viral DNA
was extracted by aver night (ON) incubation with appropriate buffer solution
and after PCR and sequence was performed to analyze the integrity of the fi-
ber as well as the GMCSF ¢DNA. All phases of the virus production, including
transfection, were done on A549 cells to avoid risk of wild type recombination
as described before (Kanerva A et al. 2003, Mol Ther 8, 449-58; Baeurschmitz
GJ et al. 2006, Mol Ther 14, 164-74). GM-CSF is under the £3 promoter (spe-
cifically under endogenous viral E3A gene expression control elements), which
results in replication associate transgene expression, which starts about 8h af-
ter infection. E3 is intact except for deletion of 6. 7K/gp 19K,

[0100] Adb/3-D24-GM-CSF (S8EQ ID NO 7) and Ad5-RGD-D24-GM-
CSF (SEQ 1D NO 9: £E1A region with D24 deletion in nucleotide positions 580-
1541, a fiber region in nuclectide positions 30514-32286 and RGD-
madification in nucleotide positions 32128-32183) were constructed identicaliy,
except a rescue plasmid featuring either a knob from serotype 3, or RGD-4C in
the AdS fiber Hi-loop were used. AdS-pK7-D24-GMCSF (SEQ 1D NO 10: E1A
region with D24 deletion in nucleotide positions 561-15286, a fiber region in nu-
cleofide pcsitions 30499-32255 and pK7-modification in nucleotide positions
32247-32378) was also created similarly, (Figures 2-4)

[6101] AdS/3-D24-GM-CEF was constructed as follows. A pAdEasy-
1-derived plasmid containing a chimeric 5/3 fiber, pAdEasy5/3, was created by
homologous recombination in E.coff of Ad5/3luct viral genome and BsiXl-
digestad 8.9 kb fragment of pAdkasy-1 . Next, a shuttle vector containing a 24-
bp deletion in ETA (pShuttieD24) was linearized with Pmel and recombined
withh pAdEasyb/3 resulling in pAdb/3-D24. In order {0 insert human GMCSF
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gene into E3 region, an E3-cloning vector pTHSN was created by inserting
Spel to Ndel fragment from Adb genome into the multi-cloning site of
pGEMSZ+ {Promega, Madison, Wl). pTHSN was further digested with
SunliMunl creating a 265-bp deletion in E3 region (6.7K and gp 19K deleted).
The 432bp cDNA encoding human GMCSF (Invitrogen, Carlshad CA) was
amplified with primers featuring specific restriction sites Sunl/Munl! flanking the
gene and then inserted into Sunl/Muni-digested pTHSN (pTHSN-GMCSF).
pAdb/3-D24-GMCSF was generated by homologous recombination in E.coff
between Fspl-linearized pTHSN-GMCSF and Srfi-linearized pAd5/3-D24.
Ad5/3-024-GMCSFE virus genome was released by Pacl digestion and trans-
fection to AB49 cells for amplification and rescue {Figures 13 and 14, SEQ 1D
NO 7).

Example 2. In vitro analysis of D24-GM-CSF type viruses

[0102] In vitro efficacy of D24-GM-CSF type viruses was studied in
lung cancer cells (AB48), breast cancer stem celi derived explant cells (JIMT-1)
and breast cancer cells (MDA-MB-436) by utilizing MTS celi killing assays.
MTS assay is currently the standard method to assess cell viability in cancer
gene therapy publications. Ad5Luc1 is a replication deficient virus and acts as |
a negative control. Adbwt is a wild type AdS virus (strain Ad300wt) and was
used as a positive control. Adb-d24-E3 harbors an isogenic 24bp deletion in
E1 but is intact in E3. VP indicates virus particles.

[0103] In summary, Ad5-D24-GMCSF had oncolytic activity similar
to positive confrels in vitro, and therefore transgene production did not com-
promise the oncelytic potency of the virus (Figures ba-c). Similar data was
shown for Ad5/3-D24-GM-CSF and Ad5-RGD-D24-GM-CSF (Figure 5d).

[0104] To test whether AdSD24-GMCSF was able to express the
fransgene, AS49 cell line was infected with 1000 VP/cell and media was col-
lected over time. Concenfration of GMCSF (Figure 8a) in the media was
measured by FACSARRAY {BD Biosciences, San Diego, CA USA) according
to manufacturers instructions. In addition to that, we also analyzed whether
the virus-expressed GMCSF retained its biolegical function. To this end TF1
cell line, whose growth and survival is strictly dependent on human GMCSF
were treated with media collected from AB49 cell line previcusly infected with
Ad5D24-GMCSF. TF1 viability was assessed over time by MTS assay. The re-
sult of this experiment was that the virus expressed-GMCSF was able to stimu-
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late growth of such cell line, and no difference was found with the same cell
line treated with human recombinant GMCSF {Sigma) (Figure 6b}.

Example 3. Pretreatment analysis of transduction

1. Infection of tumor cells with Ad5Luct

10105] To check that a tumor could be infected with AdB based vi-
ruses, biopsies taken from tissues were homogenized, and infected with
huciferase coding AdBluct according to standard protocol of infection. Briefly,
cells seeded in wells were washed twice with PBS, virus was thawed and re-
suspended in a minimun amount of growth media and gently poured on the
cells. The infection proceeded for 30 minutes and afterwards the cells were
washed again in PBS and appropriaie amount of complete growth media was
added. Luciferase quantification was assessed 24 hours later. Please note
that only a minute amount of tissue was obtained and therefore the number of
cells could not be calculated, nor the amount of virus normalized to amount of
tissue. Thus, no guantitaiive analyses were made, bul qualitative data showed
successful gene transfer in patients 012 and C3 (Figures 7a-b}). Background
luciferase values (circa 200 RLU) were subtracted.

{l. Immunohistochemical staining of CAR

[0106] Avaifable archival specimens of patient's tumors (patients for
AdB-D24-GM-CSF treatment) were collected and analyzed for CAR (the ade-
novirug serotype 5 recepltor) expression by immunohistochemistry, Adenovirus
receptor CAR stainings of cancer cell cytoplasms (M3), iejunum adenocarsi-
noma {(C3), pancrealic carcinoma (H7), carcinoma lobulare infiltration {(R8),
liver metastasis of ovarian cancer (C12) and lung metastasis of synovialsar-
coma (823) are shown in Figure 7¢.

l1l. Neutralizing antibody fiters against the Ad5/3 capsid

[0107] 293 celis were seeded on 96-well plates at 1 x 10° celisiwell
and cultured overnight. Next day, celis were washed with DMEM without FCS.,
To inactivate complement, human serum samples were incubated at 56 °C for
80 min. A four-fold dilution series (1;1 to 1;16 384) was prepared in serum-free
DMEM (Sarkiocja M et al. 2008, Gene Ther 15(12) 921-9).. Ad5/3luc1 was
mixed with serum dilutions and incubated at room temperature for 30 min.
Next, cells in triplicates were infected with 100 VP/cell in 50 ul of mix, and 1h
later 100 pl of growth medium with 10% FCS was added. 24h post-infection,
cells were lysed and luciferase activity was measured with Luciferase Assay
System {Promega, Madison, Wi) utilizing TopCount luminometer (PerkinElmer,
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Waltham, MA). Luciferase readings were plotted relative to gene fransfer
achieved with Ad5/3luc1 alone in order to evaluate the effect of neutralizing
anfibodies in the serum of patients treated with Ad5/3-d24-GMCSF. The neu-
tralizing antibody titer was determined as the lowest degree of dilution that
blocked gene transfer more than 80%.

Example 4. Ex vivo analysis of Ad5/3-D24-GMCSF efficacy in ascites and
pleural samples

'{0108] Fresh ascites/pleural effusion sample was stored at +4°C
over night. The sample was divided into 50ml falcon tubes and the cells were
isclated by centrifugation 800rpm, 8min, +4°C. To lyse red blood cells the
sample was incubated 5-10min in room temperature with 26ml ACK Lysis
Buffer (Invitrogen, Carlsbad, CA). The falcons were filled up with 2%DMEM
and the cells were centrifugated (900rpm, 8min, +4°C). Cell suspension of
100 0G0 cells/imi in 2%DMEM-fungizone was prepared (50ml 2%DMEM +
200ul Fungizone (BMS, Espoo, Finland}). _

10109] For luciferase-assay, {0 test the effect of capsid modification
on transductional efficacy, cells were seeded into two 24-well plates, 50 000
cellsiwell, 24h later the cells in triplicates were infected with AdSluct! or
AdB/3luct in concentrations of 500vp/cell and 5000/vp/cell in 2% DMEM.
Luciferase expression was analyzed similarly as in Example 3 [l {determining
neutralizing antibody titers),

[0110] Fresh pre-treatment samples of ascites and pleural effusion
for pafients K75 and V1386, respectively, were ar;aiyzecf and in both samples
high transduction with Ad5/3 was seen.

[0111] For MTS-assay, to test the potency of Ad5/3-d24-GMCSF on
ciinical samples, celis were seeded into two 26-well plates, 10 000 cellsiwell.
The cells were infacted after 24h incubation. Infections were carried out in
2%DMEM. Next day 10%DMEM was added. The cells were checked daily and
the culture medium was changed avery other day. Before measuring, the me-
dium was aspirated and 100yl of fresh 10% DMEM was pipetted o the wells.
20 of MTS- Assay Buffer (Promega, Madison, W) was added and the ceils
were incubated for 1.5 - 4 hours, The absorbance was measured with Multls-
can Ascent and Ascent Software v2.6 {Thermo Labsystems, Helsinki, Finland)
at 480 nm and background absorbance was subtracted from the absorbance of
the samples.
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[0112] Pre-treatment samples of pleural effusion from V136 and
M137 were assessed for oncolytic potency of Ad5/3-d24-GMCSF. Six days af-
ter infection there was 62% and 28% less viable cells {p<0.001), respectively,
than in an uninfected control sample suggesting that Ad5/3-d24-GMOSF was
able 1o kill tumer cells present in the effusion.

~ [0113] For assessing the presence of virus in samples obtained af-
ter treatment, cells were resuspended in 3ml 2%DMEM after lysing red blood
cells and freeze-thawed four times in -80°C. The 293 celis were seeded in 96-
well plates 10 000csllsfwell and incubated for 24h heurs. The sample was cen-
trifugated 15min, 4000rpm, +4°C and the supematant was collected. 293 cells
were infected with 100ul/well of the supernatant. After 10 days of incubation
the wells were assessed for the presence of cytopathic effect,

[6114] To assess replication of Ad5/3-d24GMCSEF at the tumor, we
also analyzed an ascites sample taken from patient Q82 7 days after treat-
ment. This resulted in 70% of the cells showing cytopathic effect, while unin-
facted control cells did not show similar effects.

Example 5. In vivo analysis of D24-GM-CSF type viruses in animals

[0115] In vivo efficacy of Ad5-D24-GM-CSF was fested in immune
competent Syrian hamsters, which are semipermissive for human adenovirus
replication (mice are non-permissive) (Ying B. et al. 2009, Cancer Gene Ther
doi:10,1038/cgt.2009.6.). 7%10° HapT1 pancreatic cancer cells were injected
subcutaneously and 1*10% virus particles (VP) of AdB-D24-GM-CSF or
AdBDZ4ES (which does not express GM-CSF) were injected intratumorally on
day 0, 2 and 4. The mock group was injected with the same volume of 'growth |
media at the same indicated tme points. Figure 8b shows that intratumoral in-
jections of Ad5-D24-GMCSF resulied in high levels of hGM-CSF in serum of
Syrian hamsters. Human GM-CSF is known to be active in Syrian hamsters
{Cho, Exp Toxicol Pathol 2006 vol. 87 (4) pp. 321-8). Interestingly, all animals
were tumor-free by day sixteen except for mock group (Figure 8a). Tumor
scars were slill analyzed for two additional weeks to assess whether reappear-
ance of the tumor might have cccurred. However, on day 32 there was still no
sign of tumor in these animals so that the first part of the experiment was ter-
minated and animals of the Mock group were euthanized. The remaining
freated animais were at this point challenged with the sams tumor in the right
side of the upper body by subcutaneous injection of 7510% HapT1 cells while on
the left side were challenged with a different tumor (1*10° of HaK tumor) for



WO 2010/072900 PCT/FI2009/051025
25

which the animais were naive. Tumor growth was measured over time and is
reported in Figures 8¢-d. Interestingly the animals that were previously treated
with AdBD24GMCSF compleiely rejected the HapT1 tumor challenge while
Hak tumors grew normally, white the animals that were previously treated with
AdBD24E3 grew independently HapT1 and Hak tumors {Figures 8c-d).

[0146] In summary, the data indicates that Ad53-D24-GM-CSF has
antitumor activity in immune competent tumor bearing animals, and it is able io
slicit tumor-specific immunéty to the degree of rejecting subsequent challenge
of the same tumor.

Example 6. In vivo analysis of D24-GM-CSF type viruses in human pa-
tients

{. Patients

[0117] Patlents with advanced and treatment refractory solid tumors
were enrolled in a government-approved compassionate treatment protocol,
Information of patients receiving Ad5-D24-GM-CSF is listed in Table 1,

[0118] 22 patienis with advanced solid tumors refractory to standard
therapies (Table 8) were treated with a singie round of Ad5/3-d24-GMCSF in-
travenously and infratumorally (Table 7); Intratumoral injection was performed
intraperitoneally or intrapleurally in the case of carcinomatosis or pleural me-
tastases, respectively. Inclusion criteria were solid tumaors refractory to conven-
tional therapies, WHO performarnce score 3 or less and no major organ func-
tion deficlencies. Exclusion criteria were organ transplant, HIV, severe cardic-
vascular, metabolic or pulmonary disease or other symptoms, findings or dis-
eases preventing oncolvtic virus treatment. Written informed consent was ob-
tained and treatments were adminisiered according to Good Clinical Practice
and the Declaration of Helsinki.

Il. Treatments with adenoviral vector encoding GM-CSF

2) Ad5-D24-GM-CSF, Ad5/3-D24-GM-CBF or AdB-RGD-D24-GM-
CS&F treatments

[0118] AdB-D24-GM-CSF, AdE/3-D24-GM-CSF and AdB-RGD-D24-
GM-CSF were then produced according to clinical grade and treatment of pa-
tients was initiated. This "phase {7 compassionaie use program has been dis-
cussed at the HUCH Surgical Ethics committee. The program has also been
discussed at FinOHTA (national evaluation of medical technologies) and Ethics
Negotiation Board of the Finnish Medical Association. Legal aspects have
been checked with Ministry of Social Affairs and Health, the National Agency of
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Medicines, the legal councit at the Finnish Medical Association, the National
authority for Medicolegal affairs and the Parliamentary Board of Social Affairs
and Health. The treatments have been approved by the Finnish Gene Tech-
nology Board.

[0120] Patients received a single round of treatment on day 0. Virus
administration was performed by ultrasound-guided intratumoral injection and
circa one fifth of the dose was given intravenous"iy. The starting dose of 8x10"
VP was chosen based on safety results published by others,

[0121] Virus was diluted in sterile saline solution af the time of ad-
ministration under appropriate condition. Following virus administration all pa-
tiants were monitored overnight at the hospital and subsequently for the foliow-
ing 4 weeks as outpatients. Physical assessment and medical history were
done at sach visit and clinically relevant laboratory values were foilowed. Side
affects of treatment were recorded and scored according o Common Termi-
nology for Adverse Events v3.0 (CTCAE).

[0122] Because many cancer patients have symploms due fo dis-
ease, pre-existing symptoms were not scored if they did not become worse.
However, if the symptom became more severe, e.g. pre-treaiment grade 1
changed fo grade 2 after treatment, it was scored as grade 2. Serum levels of
GMCSF and four other cytokines (IL-6, |L.-8, 1L.-10 and TNF-alpha) were ana-
lvzed by BD Cyiometric Bead Array (CBA) Human Soluble Protein Flex Set
(Becton Dickinson, Franklin Lakes, NJ, US). Tumor size was assessed by con-
trast-enhanced computer tomography (CT) scanning. Maximum tumor diame-
ters were obtained. Response Evaluation Criteria in Solid Tumors (RECIST1.1)
ctiteria were applied to overall disease, including injected and non-injected le-
siong. These criteria are; partial response PR (>30% reduction in the sum of
tumor diameters), stable disease SD (no reduction/increase}, progressive dis-
ease PD (>20% increase). Clear tumor decreases not fulfiling PR were scored
as minor responses (MR). Serum tumor markers were also evaluated when
slevated at baseling, and the same percentages were used.

[0123] Blood samples were collected before and after the treatment
for analyses. In Table 1 is summarized the viral load in the serum of patients
treated with Ad5-D24-GMCSF. Quantitative PCR (gPCR) was used for that
analysis (see section Il for description of the methods).

10124] Tables 2, 3 and 4 summarize ali the adverse events that
were recorded during and afier the Ad5-D24-GM-CSF treatment. All the ad-
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verse events have been graded according to Common Terminology for Ad-
verse Events v3.0 (CTCAE). Of note is that all the patients manifested grade 1
orfand 2 flu-like symptoms, but only two grade 3 sympioms were observed,
one case of constipation in an ovarian cancer patients who had suffered of
constipation before and one grade 3 hyponatremia.

[0125] In Table § there is reported the efficacy evaluation of Ad5-
D24-GM-CSF according to RECIST criteria {Therasse P et al. 2000, J Natl
Cancer Inst 92, 205-18). Interestingly two complete response (CR) and five
stable diseases (SD) were observed in 14 analyzable patients for a 50% ciini-
cal benefit rate. '

b) Safety of Ad5/3-d24-GMCSF in Cancer Patients

[0126] Treatments were well tolerated up to the highest used:
4x10"" VP/patient. No grade 4-5 adverse events were seen. Grade 1-2 flu-like
symptoms were comman with 19/22, 17/22 and 8/22 patients experiencing fe-
ver, fatigue or upper respiratory symptoms, respectively. Pain in the injsction
site (6 patients), abdominal pain (10 patients} and nausea (9 patients) were
also common grade 1-2 adverse events as well as (Table 8). Asymptomatic
and self-limiting grade 3 hematological side effects were seen in 4 patients:

anemia (grade 2 at baseline), neutropenia, aspartate aminotrasferase eleva-
tion and hyponatremia. The only non-hematological grade 3 side effect was
cholecystitis seen three week after treatment in pancreatic cancer patient H83,
He also had grade 3 alanine aminotrasferase and bilirubin elevations. Taken
fogether, these symptoms suggest tumor mediated biliary duct compressicn. It
is unclear if this was treatment mediated inflammatory swelling or tumor growth
caused by disease progression.

. Detection of the virus from Blood

{0127] Serum sampies were collected from patients treated with
AGH-D24-GM-CSF or AdS/3-D24-GM-CSF {see example 6, 1) and conven-
tional PCR was carried out with primers and conditions according to Takayama
et ai. 2007, J. Med. Virol. 79:278-284. Briefly, total DNA was extracted by add-
ing 3 pg of carrier DNA {polydeoxyadenylic acid; Roche, Mannheim, Germany)
to 400 yl of serum and using the QlAamp DNA mini kit. Extracted DNA was
eluted in 60 ul nuclease-free water and DNA concentration was measured by
spectrophoiometry, PCR amplification was based on primers and probe target-
ing the E1A region flanking the 24~bp deletion (forward primer 5'-
TCCGGTTTCTATGCCAAACCT-3" (SEQ ID NO 1), reverse primer 5'-
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TCCTCCGGTGATAATGACAAGA-3 (SEQ 1D NO 2) and probe onco 57AM.
TGATCGATCCACCCAGTGA-3 M (SEQ ID NO 3)). In addition, a probe
complementary to a sequence included in the 24-bp region targeted for dele-
tion was used to test the samples for the presence of wild-fype adenovirus in-
fection {probe wt 5. TACCTGCCACGAGGCT-3MENC(5EQ 1D NO 4)).

[0128] The real-time PCR conditions for each 25 pi reaction were as
follows: 2X LightCyclerd80 Probes Master Mix {Roche, Mannheim, Germany),
800 nM each forward and reverse primer, 200 nM each probe and 250 ng ex-
tracted DNA. PCR reactions were carried out in a LightCycler (Roche, Mann-
heim, Germany) under the following cycling conditions: 10 min at 85°C, 50 cy-
cles of 10 s at 95°C, 30 s at 62°C and 20 sec at 72°C and 10 min at 40°C. All
samples were tested in duplicate. TagMan exogenocus internal positive control
reagents (Applied Biosystems) were used in the same PCR runs o test each
sample for the presence of PCR inhibitors.

[0129] A regression standard curve was generated using DNA ex-
tracted from serial dilutions of Ad5/3-D24-Cox2L (1 X 10%-10 vp/mi) in normal
human serum. The limit of detection and limit of quantification for the assay
ware 500 vp/ml of serum. |

[0130] Positive samples were confirmed by real-time PCR using
LightCycieMSO SYBR Green | Master mix (Roché, Mannrtheim, Germany) and
primers specific for adenovirus and GM-CSF sequences (forward primer 5°-
AAACACCACCCTCCTTACCTG -3" (SEQ ID NO 5) and reverse primer 5'-
TCATTCATCTCAGCAGCAGTG -3" (SEQ D NO 8)).

V. Presence of Ad5/3-d24-GMCSF in Serum after Treatment

[0131] All patients were negative for Ad8/3-d24-GMCSF prior to the
treatment with Ad5/3-d24-GMCSF. On day 1 17/19 patients had measurable
levels of virus genomes in the serum, with the highest titer being 2061 VP/mi
serum. From samples taken during days 3-7 12/15 patients were positive, with
the highest titer of 3,36 x10° vp/mi serum. Positive samples were seen up to
day 58 after treatment. (Table 9)

V. GMCSF and neutralizing antibody titers in serum after freatment

[0132] There was no significant change in the systemic levels of
GMCSF after AdB/3-d24-GMCSF treatment, which correlated well with no sig-
nificant effects seen in the levels of fotal white blood cell counts. This suggests
a general restriction of GMCSF production fo the local sites of virus replication
in the tumors. In one patient, 870, a transient increase in serum GMCSF was
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seen on day 4 accompanied by a transient elevation of the leukocyte count.
This might have been related to effective virus replication as the patient simul-
taneousiy had fever and 3.36x10%p/mi of virus in serum (Table. 9). This patient
did not experience any serious adverse events during follow-up. However, a
post treatment CT scan suggested anti-tumor activity (SD) and for 4 weeks af-
ter treatment she was feeling better and her persistent chest pains were gone.
The highest GMCSF concentration measured in this patient’'s blood was
115pg/ml, which is approximately 10-fold lower than the toxic levels of GMCSF
in humans.

[0133] At baseline 4/15 patients were completely negative for neu-
tralizing antibodies against Ad5/3. Another 2 patients had barsly detectable
titers (1-4) while 8 patients had low neutralizing titer {16-64). No patients had
medium or high neutralizing titers against Ad5/3 at baseline. After treatment
the titer increasead in all patlents (p<0.005) (Table 9). No clear correlation was
seen between neutrallzing antibody titers and viral dose, antitumor activity or
toxicity. Intriguingly, with regard to virus load in serum two patients, Y62 and
079, were positive for neutralizing antibodies at baseline and had high fiters
during weeks 2-4 but still had measureabls loads of virus present in their se-
rum at least 28 and 58 days, respectively {Table 9). This indicates that even
high antibody titers cannot hinder virus replication in the tumors. Interestingly,
the antibody liter did not reach maximum in all patients. For example, 870,
X122 and HB3 had large amounts of virus circulating during week 1 and their
antibody fiter rose stowly.

Vi Killing of differentiated tumor cells

[0134] CT scans of a patient suffering from ovarian cancer and a
patient suffering from mesothelioma (see Table 1) before and after Ad5-D24-
GM-CSF treatment are shown in Figures 8a-b.

Vi, Efficacy of Ad5/3-D24-GMCSF

[0135] All patients had progressing tumors prior to freatment. 12 pa-
tients could be assessed for radiological benefit according to RECIST1.1 (Ta-
ble 9). 2 patients had a minor response, 6 patients had stable disease, and 4
patients had progressive disease (PD). Therefore, the radiclogical clinical
benefit rate was 67%. Of note, the rapidly growing pancreatic tumor in Hg6
stopped growing but a metastatic lesion appeared in the lungs and was thus
scored PD. Similarly, patient 0128 had a 6% reduction of the injected tumor
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but h'ad a new metastasis. In patient V138, who had two metastatic cancers, a

non-injected liver lesion disappeared, while the other tumors remained 8D.
[0136} With regard to tumor markers, assessed for patients who had

slevated markers at baseline, 2/6 had some lowering of marker levels and 4/6

had elevation of marker ievels (Table 9).
104371 Overall survival of patients after treatment is shown in Figure

14, _
[G138] (n addition to objective measurements of anti-turnor activity
we also saw clinical and/or subjective benefit in several cases (Table 9). These
included the patients overaill wellbeing being improved, a palpable tumor feel-
ing softer and/or smaller and symptoms caused by the tumor being relieved. Of
importance is that two patients, previously suffering from rapid accumulation of
ascites and/or pleural effusion, had a clear reduction of their accumulation after
the virus treatment, this effect lasted for several months in both cases.

[0139] Overall, gigns of antitumor efficacy were seen in 13/21 pa-
tients (62%).

VIlt. Hematological effects of the treatment

[0140] Levels of lgucocytes, erythrocytes, Hb, thrombocytes,
bitirubin, INR, ALT, AST, ALP, creatinine, K, Na, CRP, CA19-8, GT, Fibrin D-
dimers and CEA were studied after Ad5/3-D24-GM-CSF treatment (Tables 3-
A4).

IX. Immune response o virus

a) IL-8, 1L-10, TNF-a and IL-8

[0141] One potential drawback of adenovirus gene therapy is its
early loxicity due to viral components which may be immunogenic and can
lead to a sepsis-like shock and even death (Brunetti-Pierri et al. Hum Gene
Ther 15 (2004) 35-468; Raper et al. Mol Gen Metab 80 (2003) 148-158). It is,
therefore, extremely important to monitor signs for a possible cytokines storm
which may later evolve in organ failure. To this end, soon after the treatment
and at indicated time point blood was drawn from patienis and pro-
inflammatory cytokines were analyzed by FACSARRAY as described in the ar-
ticle of Cerullo V et af. (2007, Mol Ther 15, 378-85). No significant changes
were seen in the patients treated with Ad5-D24-GM-CSF indicating lack of

early innate toxicity. .
[04142] For the results of lack of early innate toxicity related to

Ad5/3-D24-GM-CSF see Table 10.

RECTIFIED SHEET (RULE 91)
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b Induction of cviocloxic T-cells against lumors and specific immu-
oty against tumor epilope

[0143] Oncolytic cell death allows the immune system to gain the
capacity for recognizing and killing tumor cells. This is potentially beneficial for
tumor eradication and may factiitate cures. Adenovirus is cleared out from the
body in a relative short time following the administration; hence it becomes of
key importance 1o stimulate the immune sysiem to be able to recognize spe-
gific tumor-antigen so that the treatment can result in a sustained beneficial ef-
fect for the patient. in addition, in the presence of antibody, the virus is nesutral-
ized so that i can lese its efficacy of infecting metasiasis. However, effector T
or NK cells induced against the fumor are free to circulate and eventually kill
metastasis far from the injected tumor. In order to demonstrate that the
GMCSF-expressing adenovirus is able o elicit adenovirus- and tumor specific
immunity, PBMCs collected from ireated patients were analyzed by INF-
gamma ELISPOT. The ELISPOT was performed in a blinded fashion way by
an external company which was not provided of information on any kind of

treatment the patients underwent through (Proimmune). In figures 10a-d are
Hlustrated the results from such analysis. it is clear that in same patients, when
the T cells were stimulated with a pool of peptide derived from either tumor an-
tigen (survivin) or adenovirus {penton) these cells were activated hence pro-
duce INF-gamma (IFN-gamma is a specific activation marker of stimulated T
cells).

{01441 Figure 11 shows induction of Adenovirus Hexon-specific T
cells, Leukocytes harvested from patients treated with Ad5-D24-GMCSF were
stained with a CD3, CD8 and hexon-specific tetramer antibodies and analyzed
by fiow cytometry before and safter the treatment. Treatment increased hexon
spacific cytotoxic T-celis from 0.21 to 2.72%.

¢i Reduction of regulatory T-cells

[0145] Previous data has demonstrated that metronomic administra-
tion of cyclophosphamide reduces regulatory T cells (T-Reg) in {aboratory ani-
mals.

[0146]1 This approach was ulilized in patients who received metro-
nomic administration of cyclophoshamide before and after the AdS-D24-GM-
CSF treatment and T reg analysis was performed on PBMCs harvested from
these patients. In the example illustrated in Figure 12 it is shown one example
from patient R73 and it shows a reduction in circulating T reg. Total PBMCs
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ware harvested from the patients and frozen in appropriate media. At the time
of analysis all the samples were thawed and stained first with CD4 and CD127
antibodies, following the cells were permeabilized and stained for the transcrip-
tion factor Foxp3. Cells that resulted positive for CD4, negative for CD127 but
high in Foxp3 are considered effective T regulatory cells {T reg) (Figure 12).

Exampie 7. Statistical analysis

[0147] Two tailed Student's t-test was used to compare luciferase
activity and pre- and post-treatment neutralizing antibody fiters, cytokine levels
and GM-CS8F concenirations. Survival data was processed with Kaplan-Meier
analysis.
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Table 1. Table showing the presence of Ad5-D24-GMCSF in the serum of
treated patients
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Table 2. Table that summarizes the side effecis reported by patients
treated with Ad5-D24-GMCSF '

No. of pan‘ents

' ' Dose
Reported symptoms Gr e;de or gde Gr gde Gf'id_@ Range
g

Fain in fnjection
site
Headache
Dyspnea

Hypotension

Vomiting

L (Low Dose) = Cohort T Dose Range 8x10%<D=3.6x1019
M (Medium Dose) = Cohort 2 Dose Range 1x10% 1 <D<2.5x10 7
H (High Dose) = Cohort 3 Dose Range 3x1011<pegxiol!
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Tahle 3. Hematological side effects foliowing administration of Ad5-D24-
GMCSF

Farly Toxichy (1-7 Days)

i . e Jage

St {rade Grade Grade Grade Grade Grade Grate G e

eHect N ) . - A
] y 3 4 & #

Mynokalemia

Thrambaryropeniz

T

I fLow Dose) = Cohort T Dose Range %i0¥ 3000
i (Mediim Dose) = Cohort 7 Dose Range 1301 Labsz sng ™

H (Migh Dose) = Coliort 3 Dose Range 3x101 Tspganot!

Table 4. Liver enzymes following administration of Ad5-D24-GMCSF

Fardy Tosiciry (1-7 Days) Lave Toxioiy (=7 Davs)
{seade {rade [

] Bty oo gy Renge

AST

No. of Patignis

L fLow Dose) = Cohort 7 Dose Range xio”
M {Medium Dose) = Cohort £ Dose Range
H {High Dose} = Cohort 3 Dose Range 300
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Table 5. Efficacy of the treatment with Ad5-D24-GMCSF in patients
treated with different doses of Ad5-D24-GMCSF. Analysis was performed
according to RECIST criteria. CR = complete response, PR = partial re-
sponse, 8D = stable disease, PD = progressive disease, NA = not avail-
able.

Viris Dose No. of RECIST Survival {Days}
{total ¥P)  patients CR PR SD PD NA 55300 300<S>200 200<8>100 S$<100

Bx109.4P
X101 VP
S0P
C1x10t yp
2.5x10M VP
L T R
3.6x10M VP _
A giih R S
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Table 6. Summary of characteristics of patients for Ad5/3-D24-GM-CSF
treatment at baseline. The numbers indicate number of patients out of 22.

Sex -of Patients .

Male i1

i Female _ i

Chelangio carcinoma 1
Pancreatic cancer " 3
Colorectal cancer ?
Progtatic cancer 2
Lung cancer 1
Ovarlan cancer 4
Melanoma {chorcidea or skin) 3
Head and neck squamous cell cahcer 1
Sarcoma (bone, synovia ar chondro) 3
Uterus cancer E 1
Bladder cancer 1

Mesothelioma i 1

Chamotherapy 22
Median chemo regimens per patiernt :

Radiotherapy [
Hormone reatments 1

_ __ Sﬁrgical irsatments
ACE/3 Netitr,

ng antibodies (baseline):

Positive . 11

Nega_ﬁive

Median 61
Mean ! 56

Range 17-78




Table 7. Characterisics of patients for Ad5/3-D24-GM-CSF {reatment at baseline and description of treatment

vinorelbineg, doxorubicin.

o 2% | Diagnosis Prior therapies wro® | Y0 Mhose (vl |Route®
Bex fosfamide
Y62 |55 |Cholangiocarcinoma and Gemcitabine 2 + 1 x 10" Vit lver
M clear cell hypemefroma. met,, neck, kidney
Metastases to Hver and neck. Yalv.
H&4 |54 Pancrealic carcinoma. Operation, gemcitabing, 0 - 8x 10" % it liver met.
F Meiastases to Hver. Va lw.
C66 163 Colon carcinsma, Operation, leugovorin, 0 + 2 x 10" 2131t liver
F Metastases fo hiver, oxaliplatin, 5-fluorcuracil met.
lungs, lymph nodes, and bevacizumab 113 L.
S67 155 Chondrosarcoma of hip. Operation, irradiation, 1 + 2 x 10" 231t hip
M gisplatin. Wb 31y
S70 124 Synovial sarcoma of thigh. Operation x2, ifosfamide, 2 - ix 10" 1/10 1.6
F Metasiases {o lungs doxorubicin, uromitexan, 6/1011 kngs
cisplatin, gemcitabine, 3101w,
sorafenib, sioposide.
P74 {55 |Prostate carcinoma, LHRH-anatogues, docetaxel, |3 + 1x 10" v,
M Metastases {o bones irradiation, crohiectomy
operation.
K78 {64 Lung adenocarcinoma. Operation, cisplating 1 + 3x 10" SHMEip
1% Metastases in pleura vinorslbine, erlotinib. ANE Ly
and peritongum _ 36 ipl
Q79 {70 Ovarian carcinoma. Operation x3, docetaxsl, 1 + 3x 10" 112 s.C.
F Carcinomatosis. carboplatin, paclitaxel, 412 11
' bevacizumab, gemcitabing, 312 ip.
topotecan, talidomide, 412 1v.

8¢

606TLO0T0T OM

STOTS0/600TIA/ LD



180 |38 | Conjunctival melanoma. Dacarbazine, interferon, 2x 10" 2031t
i~ Metastases o liver paciitaxel, carboplatin, 13 v
anginembolisation, irradiation.
082 156 | Owvarian carcinoma. Paciitaxel, carboplatin, 3x 10" 1031 v
F Carcinomatosis. gemcitabing, topotecan, 20031 L4
docetaxel, doxorubicine. 31 s.c
H83 |84 |Pancreatic carcinoma Gemcitabing - 4x 10" 2/5 iv.
M 3/5 Lt
187 164 | Melanoma Operation, irradiation, 2 x 10" 2/3 it
M Metastases to neck, parotis interferon, bevacizumab, T3 v,
gland, tiver, dacarbazine, vincristine,
iomusting, bleomycin
C95 |63 |Rectum carcinoma. Operation, bevacizumab, 3x 10" 4/5 it liver met
M Metastases to liver. cabecitabine, inotecan, RS
cetuximab, oxaliplatin
HI6 |64 |Pancreatic carcinoma, Gemoitabine, erlotinib 3x10" 2/3 it pancreas
Y T3 v,
198 |38 |Choroideat melanoma. Rutenium-piate, dacarbazine, 3x 10" 1211 liver
F Metastases to liver, vincrésii'na, lomustine, met. 1/2 v,
bleomycin, interferon,
cisplatin, chemo-embolization
N110 160 Head and neck carcincma, Operation, cisplatin, b- 2 x 10" 3IM0 v,
M flucrouracil, boron newron FEAIVER S
capture therapy. i
0113 |67 | Ovarian carcinoma. Operation, paciitaxel, 3x 10" ¥ i1 pelvic
F Carcinomarsinosis. carcincmarbopiating, cisplatin, fumor + met

doxarubicine, gemcitabine,
topotecarcinomane,
vingrelbine, docetaxel.

Yeiv.

6%

DOOTLH/010T OM

COTEO/600TTA/ LA

p



5119 117 Sarcoma of limb. Docetaxel, cisplatin, 4% 10" 23018 limb
M Metastases io lungs. gemecitabin, ifosfamide, 13 v,
doxorubicine, urormitexane,
X122 |77  {Uterus carcinoma. Operation, carboplatin, 3x 10" % it
F Peritonesl metastases. epirubicin, doxorubicin, e
brachytherapy.
0125 148 Ovarian carcinoma. Paclitaxel, docetaxesl, 3x 10" Hdiv.
F Carcinomarsinosis. carboplatin, cisplatin, 1404
gemcitabine, doxorubicin, 24 ip.
V136 |78 Biadder and prostate Cperation, irradiation, 3x 10" 12 v,
M carcinomas. Lymph node, clsplatin, gemcitabine, 12 ip
bone and lung metastases. nrocarbazine, vincristin,
jranimustin.
M137 |65 |Mesothefioma Carboplatin, pemetrexed. 3x 16" 5120 iv.
F 13/20 Lpl
2/20 11

Performance stafus at the time of freatment, scale 0-5.

"Total dose; vp=viral particles

.v.=intravenous, iL.p.=iniraperitanaai; Li=iniratumoral, Lpl.= infrapleura, met=melastases

Yeoncurrent metronomic cyclophosphamide 50 mg/d was given orally in the absence of conlraindications

0

006TLG/OT0T OM

OIS/ 6H0TIA/ LA

&
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Table 8. Adverse events. All 22 patients were evaluated for adverse

events {(AE} according fo CTCEA v.3.0 criteria for 4 weeks after Ad5/3-

D24-GMCSF treatment. Grade 1 AE reported only if present in 2 or more

patients. All grade 2-5 AE are reported. Numbers indicate the number of
5 patienis out of 22.

| Graded ade 45

ComBfittional L A e e
Chills 3 0
Fatigus 5 a
Fever 13 0
Sweatmg o 1 _ 1 o g
.Gastrointestmai e R A e LT T e e e R R T e
Anarema 1 3 1
Nausea 8 1 0
Vomiting 4 o 0
_ Hearlburn 2 0 ]
Haématological’ E DR TR
Anemia 3 it 0
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o . i G o ]
S Cholecysutls . o 0 ] 0
Lymphatics . TR e e e
i.lmb edema G . 0
Tetabolic f Laboratory " oomga i Ll i
ALT |ncreased 2 0 1 G
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Hyperbitirubinemia 2 a 1 0
Hypckalemia 3 G G D
Hyperkalemiz G 1 G O
Hyponsiremia & G 1 G
Glucose mbaﬂance B T G o
Newrology and Dctlar B T R HRALE
Dizzmess 2 g 0
Pain..coohnh SR T S L
ln;ectlon s:te 4 2z 0 0
Abdominal 4 ;] 0 0
Joints 1 Z Q 0
Lower extremity 1 1 0 1]
Back 1 1 8 0
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Head ache 1 2 0 0
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:Puimonary FUpperiespiratory L AR et
Masal dripping 3 0 0 [+
Hoarseness 0 1 0 Q
B . Couigh 1 2 ! 0
Other™ E R T R e FRIRE SR
Erythrocyiopenia 5 4 0
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Reiative  lymphooy-
fosis 2 C
Leycosytosis 3 G O i)
Thrombocytosis 3 v G 0]

ALT | alanine aminotransferase; AST, aspartate aminofransferass,
* Nor gradeabie as adverse evenis in CTCEA v3.0 criteria




Table 9. Nsutralizing antibody titers,

virus foad in serum and response after Ad5/3-D24-GMCSF freatment

Nenfradizing Antthady Titer Viroes Load in Serum Rasponss
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. 1% reduction
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Table 10. Immune response to AdS5/3-D24-GM-CSF

Days post-treatment

Patient Dose IL-6 {pa/mi) 1L-8 {pg/ml} 10 {(pgfmi} TNF-alpha {pgfimi)

code (VP} 0 1 24 612 1340 | D 1 24 642 1340 | 0 1 24 €12 1340 [ 0 1 24 842 1340
¥ez  1x10" ] 27 38 40 42 77 157 114 113 135 226 % 18 30 29 38 28 230 51 48 58
870 1x107 | 29 44 13 7 2 71 18 28 14 B 3 10 3 24 0 23
P74 1x 10"

cea  2x10" | 19 32 11 124 114 336 18 19 4 28 32 0
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ogz  3xi0"| o 7 9 W0 17 24 4 18 7 16 26 18

cos  3x1o’| 101 3 40 43 320 308 352 252 | 100 43 a2 39 108 42 20 69
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Hez 4x107 | 23 30 20 73 37 49 33 166 24 11 18 58 42 21 30 85

5119 - 4x 10"

Hed  8x10" ] 21 48 26 0 22 35 89 41 15 32 22 31 26 1 23 47 37 5B 9 34
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Claims

1. An oncolytic adenoviral vector, characterized by comprising an adenovirus
serotype 5 (AdS) nucleic acid backbone, a 24 bp deietion (D24) in the Rb binding constant region
2 of E1 and a nucleic acid sequence encoding a human granulocyte-macrophage colony-
stimulating factor (GM-CSF) in the place of the deleted gp19k/6.7K in the E3 region.

2. An oncolytic adenoviral vector according to claim 1, further characterized by
comprising one or more regions selected from a group consisting of £2, E4, and late regions.

3. An oncolytic adenoviral vector according to claim 1 or 2, characterized by
comprising the following regions: a left ITR, partial E1, pIX, plVa2, E2, VA1, VA2, L1, L2, L3, L4,
partial E3, L5, £4, and a right [TR.

4. An oncolytic adenoviral vector according to claim 3, characterized in that the
regions are in a sequential order in the 5" to 3’ direction.

5. An oncolytic adenoviral vector according to any one of claims 1 to 4, characterized
in that a wild type region is located upstream of the E1 region.

6. An oncolytic adenoviral vector according to any one of claims 1 to 5, characterized
in that the E1 region comprises a viral packaging signal.

7. An oncolytic adenoviral vector according to any one of claims 1 to 6, characterized
in that nucleic acid sequence encoding GM-CSF is under the control of the viral E3 promoter.

8. An oncolytic adenoviral vector according to any one of claims 1 o 7, characierized
in that a nucleic acid sequence encoding GM-CSF is of a wild type.

9. An oncolytic adenoviral vector according to any one of claims 1 to 8, characterized
in that the £4 region is of a wild type.

10. An oncolytic adenoviral vector according to any one of claims 1 to 9,
characterized by comprising a capsid modification.

11. An oncolytic adenoviral vector according to claim 10, characterized in that the
capsid modification is Ad5/3 chimerism, insertion of an integrin binding {(RGD) region andfor
heparin sulphate binding polylysine modification into the fiber.

12. An oncolytic adenoviral vector according to claim 10 or 11, characterized in that
the capsid modification is a RGD-4C modification.
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13. An oncolytic adenoviral vector according to any one of claims 1 to 12,
characterized by comprising at least one expression casseite.

14. An oncolytic adenoviral vector according to any one of claims fo 13,
characterized by only one expression cassette.

15. An oncolytic adenoviral vector according to any one of claims 1 to 14,
characterized in that the vector is capable of selectively replicating in cells having defects in the
Rb-pathway.

16. A cell, characterized by comprising the adenoviral vector according to any one of
claims 1-15.

17. A pharmaceutical composition, characterized by comprising the adenoviral vector
according to any cne of claims 1-15.

18. An oncolytic adenoviral vector according to any one of claims 1 fo 15,
characterized in that it acts as an in sifu cancer vaccine.

19. A pharmaceutical composition according to claim 17, characterized in that it acts
as an in situ cancer vaccine.

20. A use of the adenoviral vector according to any one of claims 1-15 in the
manufacture of a medicament for treating cancer in a subject.

21. The use according to claim20, characterized in that the the cancer is selected
from a group consisting of nasopharyngeal cancer, synovial cancer, hepatocellular cancer, renal
cancer, cancer of connective tissues, melanoma, lung cancer, bowel cancer, colon cancer, rectal
cancer, colorectal cancer, brain cancer, throat cancer, oral cancer, liver cancer, bone cancer,
pancreatic cancer, choriocarcinoma, gastrinoma, pheochromocytoma, prolactinoma, T-cell
leukemiallymphoma, neuroma, von Hippel-Lindau disease, Zollinger-Ellison syndrome, adrenal
cancer, anal cancer, bile duct cancer, bladder cancer, ureter cancer, brain cancer,
oligodendroglioma, neuroblastoma, meningioma, spinal cord tumor, bone cancer,
osteochondroma, chondrosarcoma, Ewing's sarcoma, cancer of unknown primary site, carcinoid,
carcinoid of gastreintestinal tract, fibrosarcoma, breast cancer, Paget's disease, cervical cancer,
colorectal cancer, rectal cancer, esophagus cancer, gall bladder cancer, head cancer, eye
cancer, neck cancer, kidney cancer, Wiims' tumor, liver cancer, Kaposi's sarcoma, prostate
cancer, fung cancer, testicular cancer, Hodgkin's disease, non-Hodgkin's lymphoma, oral cancer,

skin cancer, mesothelioma, multiple myeioma, ovarian cancer, endocrine pancreatic can-
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cer, 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, acoustic neuroma, mycosis fungoides, insulinoma, carcinoid syndrome,
somatostatinema, gum cancer, heart cancer, lip cancer, meninges cancer, mouth cancer, nerve
cancer, palate cancer, parotid gland cancer, peritoneum cancer, pharynx cancer, pieural cancer,
salivary gland cancer, tongue cancer, tonsil cancer. '

22. The use according to claims 18-21, characterized in that the subject is a human
or an animai.

23. The use according fo any one of claims 20-22, characierized in that the
medicament is to be administered through an intratumoral, inframuscufar, intra-arterial,
intravenous, intrapleural, intravesicular, intracavitary or peritoneal injection, or an oral
administration.

24. The use according to any one of claims 20-23, characterized in that the oncolyfic
adenoviral vector having a different fiber knob of the capsid compared to the vector of the earlier
treatment, is administered io a' subject,

25, The use according to any one of claims 20-24, characterized in that the
medicament is to be combined with adminisiration of concurrent radiotherapy and or
chemotheraphy.
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26. The use according to any one of claims 20-25, characterized in that the
medicament is to be combined with administration of verapamil or another calcium channel
blocker, and/for autophagy inducing agents, and/or temozcoiomide, and/or chemotherapy or anti-
CD20 therapy or other approaches for blocking of neutralizing antibodies, substances capabie to
downregulating regulatory T-cells in a subject, and/or cyclophosphamide to a subject.

27. A method of producing GM-CSF in a cell, characterized in that the method
comprises:

a}  carrying a vehicle comprising an oncolytic adenoviral vector according to any

one of claims 1-15 to a cell, and

b)  expressing GM-CSF of said vector in the cell.

28. A use of the oncalytic adenoviral vector according to any one of claims 1-15 for
producing GM-CSF in a celi.



