Non- Ad5 adenoviral vectors and nethods and uses related thereto Field of
the invention The present invention relates to the field of nedicine.

Speci f i cavbypidsesssnventi on rel ates to cancer therapi espCihBBiGp®asa i cally,
the present invention relates to oncolytic human adenoviral vectors and
cell s and pharnmaceuti cal conpositions conprising said vectors. The present

i nvention also relates to a use of sald1 vectors in the manufacture of a

medi canment for treating cancer in a subject and to a nethod of treating
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of produci rﬂ’?an adenoviral vector. Background of the invention Cancer can
be treat edthigret %urgery hor nonal therapi es, chenotherapi es and/ or

radi ot herapi es but in nany cases, cancers, whi ch are often characterized by
an advancefigii @Fthe ¢averstiope cured with present therapeutics. Therefore,
novel cancer cell targeted approaches such as gene therapies are needed.
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15 therapeutics. Therefore, novel cancer cell targeted approaches such as gene
therapies are needed.

During the last twenty years gene transfer technology has been
under intensive examination. The aim of cancer gene therapies is to introduce
a therapeutic gene into a tumor cell. These therapeutic genes introduced to a

20 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 limited to immunotherapeutic, anti-angiogenic,
chemoprotective and “suicide” genes, and they can be introduced to a cell by
utilizing modified virus vectors or non-viral methods including electroporation,

25 gene gun and lipid or polymer coatings.

Requirements of optimal viral vectors include an efficient capability
to find specific target cells and express the viral genome in the target cells.
Furthermore, optimal vectors have to stay active in the target tissues or cells.
All these properties of viral vectors have been developed during the last

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

To further improve tumor penetration and local amplification of the
anti-tumor effect, selectively oncolytic agents, e.g. conditionally replicating
adenoviruses, have been constructed. Oncolytic adenoviruses are a promising



adenoviruses, have been constructed. Oncol ytic adenoviruses are a
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cytokines and by facilitating the introduction of tumor antigens to dendritic
cells. Introduction of immunotherapeutic genes into tumor cells and
furthermore, translation of the proteins, leads to activation of the immune
response and efficient destruction of tumor cells.

25 Adenoviruses are medium-sized (90-100nm), nonenveloped
icosahedral viruses, which have double stranded linear DNA of about 36 kilo
base pairs in a protein capsid. The viral capsid has fiber structures, which
participate in attachment of the virus to the target cell. First, the knob domain
of the fiber protein binds to the receptor of the target cell (e.g. CD46 or

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

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



(Russell, WC. 2000, J General Virol 8 1, 2573-2604). The adenoviral genone
has early (E1-E4), internediate (I X and |IVa2) and | ate genes (L1-L5), which
are transwoi2bedssssssequenti al order. Earlygene product sPaftfiBzo/oefsnse
mechani sms, cell cycle and cellul ar netabolismof the host cell.
Internedi ate and | ate genes encode structural viral proteins for production
of new virions (Wi and Nenerow, 2004, ™ ends M crobiol 12: 162- 168;
Russell, WC. 2000, J General Virol 8 1, 2573-2604; Vol pers, C and
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transcri pt Aglglhﬁﬁﬂ?@ nnggqe?%%\é'bwsezet%%%ﬂ%?l Maﬁtear}uagﬁé %ggf‘? Iﬂset al .
2005, Virobpyyw2843: 283-298). A few years ago a wild type Ad3 virus was
spudi ed under ot TR B, 1Y BSRAG: RO Ran R Boeduld iy Ancoge. Cone
able to escape from Nab existing agalnst Ad5. These viruses are useful
20 especially in the context of pre-existing NAb against Ad5. This situation might
arise as a result of natural infection or subsequent to treatment with an Ad5
based oncolytic virus.
Currently, little has been published on serotype 3 adenoviruses in
the context of gene therapy. Wild type Ad3 is known to cause mainly
25 respiratory infections and conjuctivitis in humans. The complete DNA
sequence was reported in 2005 and it has only 62.75% identity with serotype
5. The genomic organisation is similar to other human adenoviruses having
early and delayed early transcription units, including late and major late units
(Sirena D et al. 2005, Virology 343: 283-298). A few years ago a wild type Ad3
30 virus was studied under normoxic and hypoxic conditions (Shen, B.H. et al.
2006, Gene Ther 13: 986-990). Recently, the same group published ColoAd1,
a complex Ad3/Ad11p chimeric virus (Kuhn | ef al. 2008, PLoS ONE 3: €2409).
ColoAd1 was made by pooling an array of serotypes, then passaging the pools
under conditions that invite recombination between serotypes. The authors call
35 this method "Directed Evolution". These highly diverse viral pools were then
placed under stringent directed selection to generate and identify potent



a conplex Ad3/Adl 1p chineric virus (Kuhn I et al. 2008, PLoS ONE 3:

e2409). Col oAdl was nade by pooling an array of serotypes, then passagi ng

t he pool swondevosessadi ti ons that invite reconbi nati on betagaR2a@pduypes. The
authors call this nethod "Directed Evol ution”. These highly diverse viral
pool s were then placed under stringent directed selection to generate and
identify potentagents. In their experirfents they found out that the Ad3/Adl
1p chimeric virus was 2-3 orders of magnitude nore potent and sel ective
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vectors in Virotherapies € vectaor o tionis the first
sel ectivel yre$esl yti ¢ human adenovirus based only on serotype 3. The vector
is also the first non-Ad5 based oncol yti c adenovirus controlled by a tunor

speci f 15 PERERscriptR6EaRInvieRtioht i on rel ates to a fully serotype 3
oncol yti ¢ human adenoviral vector. The present invention further relates to

a cell conprising The abjraicfithalinuantiosris ¢ proxdde meEalk methods and means
for achieving the above-mentioned properties of adenoviruses and thus, solving

the problems of current cancer therapies. More specifically, the invention
provides novel methods and means for gene therapy.

20 The present application describes construction of oncolytic human Ad3
vectors and their use in tumor cells lines and animal models, and it provides an
alternative for oncolytic serotype 5 adenoviral vectors in virotherapies. The
vector of the invention is the first selectively oncolytic human adenovirus based
only on serotype 3. The vector is also the first non-Ad5 based oncolytic

25 adenovirus controlled by a tumor specific promoter.

The present invention relates to a fully serotype 3 oncolytic human
adenoviral vector.

The present invention further relates to a cell comprising the
adenoviral vector of the invention.

30 The present invention also relates to a pharmaceutical composition
comprising the adenoviral vector of the invention.

Furthermore, the present invention relates to a use of the adenoviral
vector of the invention in the manufacture of a medicament for treating cancer
in a subject.



The present invention also relates to a pharmaceutical conposition
conprising the adenoviral vector of the invention. Furthernore, the present
i nvent i orwoebarsss3Bo a use of the adenoviral vector of wrheaBmueniodsn in the
manuf acture of a nmedi canent for treating cancer in a subject.Also, the
present invention relates to a nethod of treating cancer in a subject,
wherein the method conprises administrdion of the vector or phar maceutlcal
conposition of the invention to a subject. Still, the present invention

relates to a net hog af I
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transgenes,,andadd tichNSgihpasifor BPth%QH?éﬁ{Qﬁ{tooj stib)8ctAd3 genone and

optionally one or several pronoters and/or optlonall%/qg e% or several
L

transgenes to the SBbt B pragenyBHON RIS Bh FMms aProgyFingoan
treat mest gHeRANELVEctoVBF & iAtenticf EABpAsiigt O current appr oaches. Al so,

restrictions regar t.unor wtablefor r eat in the
present invention @é’ﬁ%‘ép@@ ?cﬁ%%‘?c AR r%ﬁﬁ%? '%'f@‘{%”BN)‘r Bﬁ@II

t unor s may optiortallg anedraievaral peomotapo and/or nptonallyraneTdresavesd trapagens be
given i ntrg];]am)ral ly, intracavitary, intra-arterially, intravenously and in

a conbi natron of these. Ad3 based viruses are able to enter cancer stem
cel | type cells beitissertingrthedsmaindes X thefddcaroree andoRfionaly epe e
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as potent as Ad5 or based control s in several ~nmurine rrgdels of human

cancer. Besides en-ﬁmlW&S?Wé'rivte@ﬁg'ﬁo‘?rf’v@ﬁstﬁeto\9 dPbreayMeRL OF; Fancets.
i nterest thpicresteorefRictériyeol divatitiapproashes| Sdsc sestrietibie reggpdiegstunmorand
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potent ind he present
i nvent i on, indfasarteriatynindEyE0avsiy @nddn Sy6a50P 'ﬂé?'or( aNINSpet r ansgene is utilized

in targeting radi ohggisesddoviriied afdeble eb lentdhicanegPsratitell type cells
better than Ad5 viruses. Efficacy of the virus of the present invention was
shown in tumor cell lines and the virus was at least as potent as Ad5 or Ad5/3
20 based controls in several murine models of human cancer.
Besides enabling the transport of the vector to the site of interest the
vector of the invention may also assure the expression and persistence of a
transgene(s). Induction of an immune reaction towards cells that allow replication
of unarmed viruses is normally not strong enough to lead to development of
25 therapeutic tumor immunity. In order to overcome this weakness, the present
invention provides armed viruses with a potent inducer of anti-tumor immunity
(e.g. GM-CSF).
In the present invention, also human sodium iodide symporter (hNIS)
transgene is utilized in targeting radioiodide to the target cell. This approach
30 allows tumor cells to be killed due to the oncolytic effect of the virus and due to
radiation induced cell death. The approach also takes advantage of synergy
between radiation and oncolytic adenovirus replication. By introducing hNIS as
a transgene, radioiodide therapy can be used to treat cancers of non-thyroid
origin. An additional useful aspect of hNIS is non-invasive imaging of transgene
35 expression, which allows monitoring viral spread and persistence.



allows tunor cells to be killed due to the oncolytic effect of the virus
and due to radiation induced cell death. The approach al so takes advant age
of syner gyoketosesssr adi ati on and oncol ytic adenovirus r epiriB20ii/e5v4sBy

i ntroducing hNIS as a transgene, radioiodide therapy can be used to treat
cancers of non-thyroid origin. An additional useful aspect of hNIS is

non-i nvasi ve i magi ng of transgene expression, which allows nonitoring viral
spread and persistence. The present invention also solves a problemrelated
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I D NO. 17) providesh BERDIESINBR, HNP'S, effactiveT Brgxrenaives noaieRic amdor safer
Ad3- hTERT- (160 Elfdel %aé? ﬁ@the%moré’%élbé‘rl vm@@é%e h@Eﬁéé&éoNo 21). Figures
2a-k show the cloning of r

viruses with the tFaﬁgwﬁéerql@%%mF 'Hé%tl’@’t ?5\? urﬁ'ﬁh?ﬁ 'B?PrrB\éer%ﬁﬁtf‘g'gl gg Sf

the cl o ngaptemhekfiss W th transgenes in the del eted Ad3 E3gpl9k |ocus is
denonstrated in Figures 2b and 2h-k. Figure 3 shows a) the structure of

(2050p) ve B TSHSERESPIO P IRIEE TATA ox in frohi of the LA Togion of
the adenovirus 3. RAgipEs 1bsEEW &chemas of Ad3-hTERT-hNIS-E1A (SEQ ID NO.
14); hNIS (SEQ ID NO. 15), Ad3-hTERT-GMCSF-E1A (SEQ ID NO. 16); GM-
CSF (SEQ ID NO. 17), Ad3-hTERT-E1A-E3-hNIS, Ad3-hTERT-E1A-E3-
20 GMCSF, and Ad3-hTERT-CD40L-E1A (SEQ ID NO. 20) partial;, CD40L (SEQ
ID NO 21).

Figures 2a-k show the cloning of viruses described in Figures 1a-e.
The cloning of viruses with the transgenes in E1A is demonstrated in Figures 2a
and 2c-g, the cloning of viruses with transgenes in the deleted Ad3 E3gp19k

25 locus is demonstrated in Figures 2b and 2h-k.

Figure 3 shows a) the structure of Ad3-hTERT-E1A (SEQ ID NO. 18);
hTERT (SEQ ID NO. 19). The hTERT promoter (295bp) was inserted to replace
the TATA-box in front of the E1A region of the adenovirus 3. Arrows indicate
the places of PCR primers used in Figure 3b. b) PCR of Ad3-hTERT-E1A. The

30 PCR confirms that the hTERT promoter is on the right place and that the
backbone is serotype 3. On the left we can see a band of 270bps and on the
right 210bps from both sides of the hTERT promoter insertion area. These
fragments have been sequenced and they gave the expected sequence. As
negative controls Ad3wt, Ad5/3-hTERT-Agp and MilliQ water were used. The

35 presence of wild type adenovirus serotype 3 and 5, and Ad5/3 capsid modified
viruses was excluded in other PCR experiments. c) Progressive infectivity



the places of PCR priners used in Figure 3b. b) PCR of Ad3-hTERT- E1A. The
PCR confirnms that the hTERT pronoter is on the right place and that the
backbone we 20mvi86888e 3. On the | eft we can see a band ofPCZABbp&oRAsE on t he
right 210bps from both sides of the hTERT pronoter insertion area. These
fragnents have been sequenced and they gave the expected sequence. As
negative controls Ad3wt, Ad5/3-hTERT- p and MI11iQ water were used. The
presence of wild type adenovirus serotype 3 and 5, and Ad5/3 capsid
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refractory prostate carcl I nj ected
i nto each enddsllegesignijicanily lgss celis then pml’@\ee controls Ad3wt, Ad300wt Ad5/3-

20 A24 at 0.1, 1 and 10 VP/cell (P<0.05). It was known that LNM-35 (lung cancer)
(C) cells lack the Ad3 receptor (Sarkioja, M. et al. 2006, Cancer 107: 1578-
1588). Ad3wt and Ad3-hTERT-E1A did not show any cytotoxicity on these
cells. Bars indicate SE.

Figure 6 shows the in vivo efficacy of Ad3-hTERT-E1A in (A) PC3-

25 MM2 (highly metastatic hormone refractory prostate carcinoma) tumors in
nude mice. 10° VP was injected into each tumor weekly for a total of three
injections and tumors were measured every 2-3 days. Tumors treated with
Ad3-hTERT-E1A grew more slowly than PBS treated tumors (P=0.0035). (B)
Similar data were seen in mice with A549 (lung cancer) tumors, although the

30 PBS group had to be terminated early due to large tumor size. On day 17 a
difference bordering on significance (P=0.051) was seen between PBS and
Ad3-hTERT-E1A. Also, on day 30 Ad3-hTERT-E1A was found significantly
(P=0.01) better than Ad5/3-hTERT-E1A suggesting the utility of Ad3-hTERT-
E1A in this model. (C) Luciferase expressing SKOV3-luc ovarian cancer cells

35 were grown intraperitoneally in SCID mice. A single intraperitoneal 10° VP
virus injection was performed and the number of tumor cells as a function of



injections and tunors were neasured every 2-3 days. Tunors treated with
Ad3- hTERT- E1A grew nore slowy than PBS treated tunors (P=0 0035). (B)
Simlar dsDaowasessseen in mce with A549 (|l ung cancer) wParaBm10/eiousough t he
PBS group had to be termnated early due to |arge tunor size. On day 17 a
di fference bordering on significance (P=0O 051) was seen between PBS and
Ad3- hTERT- E1A. Al so, on day 30 Ad3- hTERT- E1IA was found si gnificantly
(P=0.01) better than Ad5/3-hTERT-E1lA suggesting the utility of Ad3-hTERTELA
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m croscope picture |gure shows™ partial sequence of

Ad3- hTERT- gantrol b/ ddegieiic P \Riaell P +PRed i n bol d. Underlined is the

sequenqg of hTERT Figara pgibeRews ( BAs@vo MheRumar f Eiadeofs AHERTERT. A
Ad3- hTERT- E1 conpared to. 1Ad3 back one f({?é(rzé)ubrred are marked in brackets).

Bl G LETTE 'Q@nﬁﬁﬁcwc A= used are marked in cursive.

Figure 11 shows Ad5/g&f@94stW§anmtleettc&dmlmdsd@ajptcmMe ofnthprAd2-htf &Rdancer

cells. Cel EﬁA\_/\ere infected with 10 VP/cell of Ad5/3- D24-hNI'S or Ad5/ 3-
Figure 10 shows partial sequence of Ad3-hTERT-E1. The sequenced

20 DNA is marked in bold. Underlined is the sequence of hTERT from pubmed.
(Bases missing from the sequenced Ad3-hTERT-E1 compared to Ad3
backbone from pubmed are marked in brackets). BIG LETTERS IS THE
hTERT INSERTION. Primers used are marked in cursive.

Figure 11 shows Ad5/3-A24-hNIS mediated iodide uptake in prostate

25 cancer cells. Cells were infected with 10 VP/cell of Ad5/3-A24-hNIS or Ad5/3-
A24-Agp19K and exposed to %I 24 and 48 h post infection. The cells were
analysed with gamma spectrometer to determine the radioactive iodide content
of the cells. Non-infected cells were used as a negative control. Error bars
present SEM. * p<0.05; ** p<0.01 and *** p<0.001.

30 Figure 12 shows Ad5/3-A24-hNIS replication and oncolysis in prostate
cancer cells without radioiodide. The cells were infected with various viral
doses (0-100 VP/cell) and the cell viability was determined 6-9 days later by
MTS assay. A replication deficient Ad5/3luc1 and oncolytic Ad5/3-A24 were
used as controls. Error bars present SEM.

35 Figure 13 shows Ad5/3-A24-hNIS mediated iodide uptake in vivo.
Mice bearing subcutaneous prostate tumors received Ad5/3-A24-hNIS intratu-




D24- Dgp19K and exposed to 125 | 24 and 48 h post infection. The cells were
anal ysed with ganma spectroneter to determ ne the radioactive iodide

cont ent ovothw/m8e838s. Non-infected cells were used as aPoEgRiolvesoasntrol .
Error bars present SEM * p<0.05; ** p<0.0l1 and *** pg .001 . Figure 12
shows Ad5/ 3-D24-hNI S replication and oncolysis in prostate cancer cells

Wi t hout radioi odide. The cells were inf®cted with various viral doses
(0-100 VP/cell) and the cell viability was determ ned 6-9 days |later by MIS
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generated virus Ad5-D24-GMCSF. Figure 15b represents results of a MTS
20 assay showing killing of JIMT-1 cancer initiating cells (“cancer stem cells”) with
Ad5-D24-GMCSF. Figure 15¢ represents results of a MTS assay showing the
breast cancer cells (MDA-MB-436) killing efficiency with the new generated
virus Ad5-D24-GMCSF. Figure 15d represents the results of a MTS assay
showing the MDA-MB-436 killing efficiency with the new generated viruses
25 Ad5-D24-GMCSF, Ad5-RGD-D24-GMCSF and Ad5/3-D24-GMCSF.
Figure 16a shows the adenovirus-coupled expression of human
GMCSF. The A549 cell line was infected with Ad5D24 or Ad5D24-GMCSF,
media were collected over time and analyzed for the expression of GMCSF by
FACSARRAY. Figure 16b shows that the adenovirus-expressed GMCSF
30 retains its biological activity in human lymphocytes. TF1 cells, which require
human GMCSF for staying alive, were cultured in the presence of human
recombinant GMCSF (E. coli-produced, purchased from Sigma) or supernatant
from Ad5-D24-GMCSF infected cells.
Figure 17a shows the in vivo efficiency of Ad5-D24-GMCSF in
35 Syrian Hamsters (permissive for human adenovirus replication) bearing
pancreatic cancer tumors. Both Ad5D24 and Ad5-D24-GMCSF eradicate the



showi ng the MDA-MB-436 killing efficiency wwth the new generated viruses
Ad5- D24- GMCSF, Ad5- RGD- D24- GMCSF and Ad5/ 3- D24- GMCSF. Fi gure 16a shows the
adenovi r uwsocoupisesssexpr essi on of human GMCSF. The A549 eelrliBo16/@50uses
infected with Ad5D24 or Ad5D24- GUCSF, nedia were collected over tinme and
anal yzed for the expression of GMCSF b){ FACSARRAY. Figure 16b shows that

t he adenovirus-expressed GMCSF retai ns pts bi ol ogi cal activity in human

| ynphocytes. TF1l cells, which require human GMCSF for staying alive, were
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or gans andchalienged WIth a dn"ferent tumor and the tumor growth was measured over
time.
Figures 18a-c show toxicology in mice. In toxicity studies, Ad3-
20 hTERT-E1A was found less toxic than the Ad5 and Ad5/3 control viruses in an
immune competent murine model. The histology of all major organs and basic
blood values were analyzed. 72h after 8x10'® VP given intravenously,
significant differences were seen in liver histology and in liver enzymes. With
serotype 3 only minor liver inflammation close to nonportal veins was seen in
25 some mice. At the same time point and dose serotype 5 and 5/3 groups
displayed features of acute liver toxicity and elevated liver enzymes. Other
organs and blood values showed no signs of toxicity. Graph of blood samples
and liver histology pictures are attached (Fig 18c). Here is the full
histopathological report: PBS: 5/5 Normal. No mitoses. No inflammation.
30 Ad3wt: Mostly normal. Mitoses in 5/5 samples. Minor inflammation near
(nonportal)veins in the parenchyme 5/5. Ad3-hTERT-E1A: Mostly normal. No
mitoses. Borderline inflammation near (nonportal) veins in the parenchyme
were seen in 3/5 samples. Ad5wt: 5/5: Many apoptotic hepatocytes throughout
the parenchyme, endothelitis and damage in central veins (at the portal area
35 same can not be seen), no pericentral hepatocyte destruction, steatosis,
nekrosis, no lymfocytes in the portal area, acute liver damage, damage




bl ood val ues were anal yzed. 72h after 8x1 010 VP given intravenously,
significant differences were seen in liver histology and in liver enzynes.
Wth serowvgpelodsssssy minor |iver inflammation close to momgBroiahsME ns was
seen in sone mce. At the sane tinme point and dose serotype 5 and 5/3
groups di spl ayed features of acute Iinr toxicity and el evated liver
enzynes. O her organs and bl ood val ues %homed no signs of toxicity. G aph
of blood sanples and |iver histology pictures are attached (Fig 18c). Here

i's the ful threugéﬂp%@%é?gh&ﬁ)mé epeI5I3-h PERT-§fadiarels/s: NmmbhpmmaNo

inflanmatio : nor mal 'n 5/5 sa
i nf | ammat i 8AMSRPINY ABFPSISt Pf @&imdch ﬁst'fhz\d%a%r?@ﬂ‘ﬁ@pgp t'C,&(?gS’hr?E?ﬁ‘s E1A :
Most lhy nOf6ﬁ|hephlmdvtés)q&ﬁ>uld39)ndmmnmonnhlmmmanetmnhylmer infleonmpatioml (asvei ns
in the pare wer e en _In tic
hepat ocyt ey%k%(g@g?{(?ﬂpd%ﬁ% Vﬁmﬁem ﬁ@m ?‘%’\@flg"%rﬂ “ngrrgylg?%)ﬁo@nt ral
veins (& bhésge tnahecpsis, damageeahrqmger beasthenportalarpaniharataligellRasat ocyt e
destructi OBeaatﬁd’gs‘iﬁ ?att g %)réhﬁm }ﬂmgggt es in the portal area, acute
par enc

i ver damage, danma e . Ad5/ 3- hTERT- d gk 5/ 5:
Al nost normal, so lgpld.’ﬁ? AP SH&’VS)M@S d‘ﬁlﬁt'céén Aubumas F?fﬁ‘eﬂé%\m'; i‘%‘ﬂé
Sg?g;gh'yc §6i|d| $um8’rst Qefracely e RMMmY q{igrregdlljé!ﬁué/ﬁgh vaél‘@ ﬁéﬁtggl \gmh IAUGI-E;%S
Acute ful nhﬂ‘g:% Emﬁr‘hﬁg? f)ﬂ‘?é’\'m"%d%f eﬁaé%fﬁa qsﬂ{‘%gﬂfdﬂfgr é %%?onger
near the p@N/&M@rmradt@d eTtad bamﬁléSS\NelreeaMymbd bpsFIGR eV\tlthtpqtlegtéﬁdhatl on,

t i t h
Zg\r/rgn?e dozgﬁ}‘ﬁ sﬁrﬁs‘%g b cggé)r\gzjtf}%rﬁ tfﬁe 4{&%{ Cﬁrad pﬁﬁpWBmBa rh&rcidr

Ires,” which were treated
with Ad3- bEERPBNE) iften bd)laroNV@eplaQemeE @l@p@frﬁlee‘dﬂlﬁsW@ﬂPé@ g6l to theadi ent s

and the DNbRIRSs Qi AGLAE hekBRe PATRIcRariRiCrBAAbINGAT VIt BREbatlhteingat | ent
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o o broares o oofbas0ad SBEBIS BN Bttt As |
much of th&hsaftestiI@ 3VPiintrgvenously suggested that much of the serotype 3 virus
20 stays still in the blood and blood rich organs such as spleen, lung and the liver.
All major organs were analyzed by gPCR (Figure 20b). Entry to other organs
was found attenuated. In this assay blood clots B-actin was used for the serum
values. Due to the lack of B-actin in blood compartments, blood values are
best compared with absolute values as done in Fig 20a. The results suggest
25 that Ad3 virus does not associate with RBCs or serum but is abundantly
present in blood clots and plasma. Thus WBCs and platelets are possible Ad3

virus carriers in mice.

Detailed description of the invention
Adenoviral vector
30 In the present invention, it is shown that an oncolytic human
adenovirus vector based on serotype 3 can be constructed and it allows tumor
cell killing.
In Ad3, as well as in other adenoviruses, an icosahedral capsid
consists of at least three major proteins: hexon, penton base, and fiber, along



stays still in the blood and bl ood rich organs such as spleen, lung and the
liver. Al major organs were anal yzed by gPCR (Figure 20b). Entry to other
or gans wawofoudess8t enuated. I n this assay bl ood clots pcaaBimommgsused for
the serumvalues. Due to the lack of b-actin in blood conpartnents, bl ood
val ues are best conpared with absolute zalues as done in Fig 20a. The
results suggest that Ad3 virus does not associate with RBCs or serumbut is
abundantly present in blood clots and plasma. Thus WBCs and pl atel ets are
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3’ direction. Open reading frames (ORFs) may be in the same DNA strand or
in different DNA strands.

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

20 to the genome or partial genome of human Ad3, which comprises one or
several regions selected from the group consisting of E1, piX, plvVa2, E2, VA1,
VA2, late region, E3 or partial E3, and E4 of Ad3 origin.

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

25 E3” refers to the E3 region lacking gp19k.

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

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

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



to the genone or partial genone of human Ad3, which conprises one or
several regions selected fromthe group consisting of E 1, plX, plVaz, E2,
VAL , VA2WOlatodsss3gi on, E3 or partial E3, and E4 of Ad3Pomiigimo/oagsused
herein, the expression "partial"” region refers to a region, which | acks any
part conpared to a corresponding wld pe region. "Partial E3" refers to
the E3 region | acking gpl9k. As used herein, the expressions "VAl" and
"VA2" refer to virus associated RNAs 1 and 2, which are transcribed by the
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a gp19k deleted E3 region, under the E3 promoter. This restricts the transgene
expression to tumor cells that allow replication of the virus and subsequent
20 activation of the E3 promoter. The E3 promoter may be any exogenous or
endogenous promoter known in the art, preferably an endogenous promoter.
Exogenous insulators i.e. blocking elements against unspecific
enhancers, the left ITR, the native E1A promoter or chromatin proteins may
also be included in recombinant adenoviral vectors. Any additional components
25 or modifications may optionally be used but are not obligatory in the vectors of
the present invention.
The E3 region is nonessential for viral replication in vitro, but the E3
proteins have an important role in the regulation of the host immune response
i.e. in the inhibition of both innate and specific imnmune responses. The vector
30 of the invention may have deletion in the gp19k region in the E3. The gp19k
gene product is known to bind and sequester major histocompatibility complex
1 (MHC1) molecules in the endoplasmic reticulum, and to prevent the
recognition of infected cells by cytotoxic T-lymphocytes. Since many tumors
are deficient in MHC1, deletion of gp19k increases the tumor selectivity of
35 viruses (the virus is cleared faster than the wild type virus from normal cells but
there is no difference in tumor cells).



a gpl9k del eted E3 region, under the E3 pronoter. This restricts the
transgene expression to tunor cells that allow replication of the virus and
subsequernwoaotooset3s8on of the E3 pronoter. The E3 pronot @CTaAB301bes0asy
exogenous or endogenous pronoter knomn in the art, preferably an endogenous
pronoter. Exogenous insulators i.e. iklng el enment s agai nst unspecific
enhancers, the left ITR the native El pronoter or chromatin proteins nmay
al so be included in reconbi nant adenoviral vectors. Any additional
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other monoclonal antibodies.

20 GM-CSF participates in the immune response by acting through
various mechanisms including the recruitment of natural killer (NK) cell and the
stimulation of antigen presenting cells (APC). APC can then recruit, activate
and target T-cells towards the tumor. The nucleotide sequence encoding GM-
CSF may be from any animal, such as a human, ape, rat, mouse, hamster,

25 dog or cat, but preferably GM-CSF is encoded by a human sequence. The
nucleotide sequence encoding GM-CSF may be modified in order to improve
the effects of GM-CSF, or unmodified, i.e. of a wild type. In a preferred
embodiment of the invention, the nucleic acid sequence encoding GM-CSF is
of a wild type.

30 In one embodiment of the invention, an oncolytic human adenoviral
vector comprises hNIS (SEQ ID NO. 15), which targets radioiodide to the
target cell. The expression of the sodium iodide symporter (hNIS) as a
transgene is a strategy for targeting systemically applicable radioisotopes, e.g.,
radioiodide to tumors. This approach allows tumor cells to be killed due to the

35 oncolytic effect of the virus and due to radiation induced cell death, and the
approach also takes advantage of synergy between radiation and oncolytic



the group consisting of a granul ocyte-nmacrophage col ony-stinulating factor
(GW CSF), human sodi um i odi de synporter (hNI'S), interferon al pha,

i nt er f er oWolzet02)86438t er f er on gamma, tunor necrosi s fact oPCRITPHA)/0DEEOL,
trastuzumab and ot her nonocl onal anti bodies. GW CSF participates in the

| mune response by acting through variqgs mechani sms i ncl udi ng the

recrui tment of natural killer (NK) cell'™Yand the stinulation of antigen
presenting cells (APC). APC can then recruit, activate and target T-cells
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and/or penton base proteins known in the art, which improves delivery of the

20 virus to the tumor cell, may also be utilized in the present invention. As used
herein “capsid” refers to the protein shell of the virus, which includes hexon,
fiber and penton base proteins. Modifications may be genetic and/or physical
modifications and include but are not limited to modifications for incorporating
ligands, which recognize specific cellular receptors and/or block native receptor

25 binding, for replacing the fiber or knob domain of an adenoviral vector with a
knob of other adenovirus (chimerism) and for adding specific molecules (e.g.
FGF2) to adenoviruses. Therefore, capsid modifications include 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 knab, tail or shaft part), hexon and/or

30 penton base.

Expression cassettes are used for expressing transgenes in a target,
such as a cell, by utilizing vectors. As used herein, the term “expression
cassette” refers to a DNA vector or a part thereof comprising nucleotide
sequences, which encode cDNAs or genes, and nucleotide sequences, which

35 control and/or regulate the expression of said cDNAs or genes. Similar or
different expression cassettes may be inserted to one vector or to several



of the patient against tunor cells, e.g., by activating natural killer
cells, T-cells and/or nmacrophages. The vector of the invention may al so
conpri se wWOhero/ose838f i cati ons than partial del etions of E8TABRZI1)/NXeF% i on of
transgenes and/or pronoters as nentioned above. Any capsid nodification,
I.e. nodification of hexon, fibre and/qé penton base proteins known in the
art, which inproves dellvery of the virus to the tunor cell, may al so be
utilized in the present invention. As used herein "capsid" refers to the

B; 8{ gl Rsshﬁgﬂgrgﬁt \ielt@aarw AUS uet@f@wa th{é%r@d@gt/ iRgesstion map@bmdemmon@as ed
i ifications net,.c and/ or
i ncl ude buf’ z§re¥e??ilte)ﬁp|r?ﬁsﬂ%% 0?83 fHIQWEYIn L ry)gp%?hégqrsgggb (1@%%% tgquan
g_hl gh recogdeqleatepbcorhe enﬂmldiménﬂofrtheemlmﬂmnaﬂw amcdiytiscuman iadenewadpt or
I ndl ng, t
9 8&"??%@@”@% a??eéét%‘?]r &EPrEQQBn%% for%é%#eé\ﬂlﬁb&% r}f%ﬁt or

with a kno enovi rus S eC|
mol ecul &8s the dnvertien) the areAig m ai:i@@pwmiréect@amn@priﬁ%l PPWaPP@ns

i ncl ude bugxﬁfregsiagtcdsggﬁéed to | ncorporat ion of small peptide notif(s),

peptide(s), chiner to the _fiber he knob,
tail or shaft part'lj\srgﬁ'ha‘g%'ﬁp a%@%ﬁaga(égtorE{Hﬁ%g@péﬁor?gga&gfe?@tg gtrenO
usefl for exan eﬁﬁjmgstaréﬂ aﬁxscem badterigietell, sntrhabsels mehdm cbu oiousezi ng
vect ors. ere| n

vector or 8e|E§FC[ OhEXBTP ﬁ%&'ﬁ%g %r%géélﬁé @% adg lk%ﬁgo(gde

cDNAs df géne#p amid mumlcndhed:ellsreqwbacaagrgahuscuhh@Srﬂ ttﬁhoaﬁeﬂ dvhlelé@alsate t he
expr essi OanEn%bgteﬁ Y a BERSRal vidiyd ar or different expression

cassettes nmay be rnserted to one vector or to severaldifferent vectors. Ad3
vectors of the present invention may conprise either one or several
expr essi onC@AE8Et t es. However, only one expression cassette is adequate. In

one enbodiment of Iﬂ\Hﬁ chX&H%tdrOc[]motré"%n8|’&8[?4gyk5+tﬁ rﬂé‘l@ﬁnf‘%&%@niﬁtu‘ﬁ?&@orhe

corrprl ses at | east € expression nbodi
i nventi on, asweelbm@nm@mtum@marw@@baﬁta%w My be targe el gane Hrrapigndn

expr ess1'5°”acs9p%%ﬁd @mbédfﬁ‘?éﬂt &Ctﬂﬁrlh%rﬂﬂ)nt e @Qﬁé@*/lbréﬂy &Rt @im& 1n libﬂe
i nventi on may be an%%ftﬁel such g]q a eukar bacteri al ,cell
I

ani mal cel PMbogiraan RN Ee cancer '?Eé? eg ‘P'@ a gRUIPCANSISHRY Yo used
for pr OdUChagoémyﬁ@@dlmanbéh sy@otiail cancer, thepatucellulavicancerrendiecanekt, nay be

a target, %gr%]er 8t Bohis m%lvecﬁslslu’es\,mr}]glgngt%%, l?&r?é] ciaﬂfcgrc,tbeoqNéM ééhcte?,ecgigﬁnow ral

vect or.
cancer, rectal cancer, colorectal cancer, brain cancer, throat cancer, oral

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

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

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

35 thymus cancer, thyroid cancer, trophoblastic cancer, hydatidiform mole, uterine
cancer, endometrial cancer, vagina cancer, vulva cancer, acoustic neuroma,



Cancer Any cancers or tunors, including both malignant and benign tunors as
well as primary tunors and netastasis nmay be targets of gene therapies. In
a speci fiwoenyadsssent of the invention, the cancer is amgTgBaigozouseor. I n
one enbodi nent of the invention, the cancer is selected froma group

consi sting of nasopharyngeal cancer, sggovial cancer, hepatocellul ar
cancer, renal cancer, cancer of connective tissues, nelanoma, |ung cancer,
bowel cancer, colon cancer, rectal cancer, colorectal cancer, brain cancer,
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conposi tion A pharnmaceut conpositjon of the invention conprises at
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the invention. In additlpn t@tt he vecto[ of the invention, a pharnaceuti cal
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conposi t i ofURBS 1SP'LH 1R and capsules.

In one embodiment of the invention, the oncolytic adenoviral vector

20 or pharmaceutical composition acts as an in sifu cancer vaccine. As used

herein an “in situ cancer vaccine” refers to a cancer vaccine, which both kills

tumor cells and also increases the immune response against tumor cells. Virus

replication is a strong danger signal to the immune system (=needed for a TH1

type response), and thus acts as a powerful costimulatory phenomenon to the

25 GM-CSF mediated maturation and activation of APCs, and the recruitment of

NK cells. Tumor cell lysis also helps to present tumor fragments and epitopes

to APCs and furthermore, costimulation is produced by inflammation. Thus, an

epitope independent (i.e. not HLA restricted) response is produced in the

context of each tumor and therefore takes place in sifu. A tumor specific

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

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

35 (VP) to about 10" VP, preferably from about 5x10° VP to about 10" VP and
more preferably from about 8x10° VP to about 10" VP.



any other vectors, such as other adenoviral vectors, other therapeutically
effective agents, any other agents, such as pharnmaceutically acceptable
carriers,wbubfoassg3sexci pi ents, adjuvants, antiseptics, PCTBrgyoHzbilising
or thickening agents, and/or any conponents nornmally found in correspondi ng
products. The pharnaceuti cal conpositiqg may be in any form such as solid,
semsolid or liquid form suitable for '"adm nistration. A formul ation can be
sel ected froma group consisting of, but not limted to, solutions,
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TH1 typé redhdossheaandl teﬁestl@n:dewaesa power ful costi rrul atory phenonenon to
t he G\t CSF nedi at ed rrat uration and activation of APCs, and the recruitnent
of NK cel | Adnlini@tats lysis also helps to present tunor fragments and

epi t opes to APCs and urtherrmre costinmulation is produced by
i nfl anmati on. ThusThawee@rtw@arn@epah«zﬂimonon%thomof thel inveetien nmayds

response ig gmrﬂgt\é%'dj tb rbr@hSuﬁzﬂﬂf)ﬁ&(tsu%ec‘?%kb&mhnﬁ‘@g’%&? %Bﬁélgtlﬁ%‘iﬁs pl ace

in situ. unor speci f nse 1s activate et cel
as well as ptaﬁ\és ﬁﬂ‘ﬂm@léirﬁﬂdw@Uf@éﬂlb@ng,s éﬁ aipfeteredienpedimant ofithe MmNt ect i ve

dose of Oveﬂiéét?ojé'&%%dﬁurﬁan%r dneé‘ﬁi'?nél h&n Srith&ichal benaaected fidae atgreapment
t he tunor tg e, ocaé)(l)on of th rrg and .t he stage of the tunor. The
dose may v§ '55'?%'}9 eiRgtp LOMesin %’PJ‘HI?['S 78 P\/?C#l%ﬁt'oammé es (VP) to about 1014
?/P prgf erabl y frol\m/\oebaulmltéhévé)ﬁeéﬁ’ekposaéwwtthﬁ@st\XHdaidesmk@dwoe/iresabl y
rom about t] I 0 i ONS ma
be produceae f‘{songgﬁt ﬁték%%?%rgggsgﬂ%u %éﬁi reﬁlﬂ? ?'lotéj%ggrpl e %y
utilizi ng aaytr@llzmg)fanhtbmile@I(NAw) againstithem. lhe‘acbéln@nr%\mpmcvfmtbﬁdéul ture
modes, FTUDW&CP\%&’W%]BE%WA pl‘{”HaE' A Qﬁ‘owr@stl%t IIABHRbe ma:ruéu%am and

per f USI on ow shear cel retention devices. Adm ni gtl'at I on The

vector or Prsteidbatmuliple srpyergedis poteiRe af Hberadenoviral capsid. In one

embodiment of the invention, the subject has high amounts of anti-Ad5
neutralizing antibodies. In one embodiment of the invention, the subject has
previously been treated with Ad5.

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

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

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

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

35 The length of the treatment period may vary, and may, for example, last from
two to 12 months or more.



adm ni stered to any eukaryotic subject selected froma group consisting of
pl ants, ani mals and human beings. In a preferred enbodi nent of the

i nvent i orvwotzhw/sed3gect is a human or an ani mal. An ani meCTMR301es83Ed ect ed
froma group consisting of pets, donestic aninmals and production ani mal s.

Most adul ts have been exposed to the t wi dely used adenovirus serotype
Ad5 and therefore, the i mune system ggﬁ rapi dly produce neutralizing

anti bodi es (NAb) against them In fact, the preval ence of anti-Ad5 NAb may
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20 simultaneously with the gene therapy of the invention. The period for a
concurrent therapy may vary from minutes to several weeks. Preferably the

concurrent therapy lasts for some hours.

Agents suitable for combination therapy include but are not limited

to All-trans retinoic acid, Azacitidine, Azathioprine, Bleomycin, Carboplatin,
25 Capecitabine, Cisplatin, Chlorambucil, Cyclophosphamide, Cytarabine,

Daunorubicin, Docetaxel, Doxifluridine, Doxorubicin, Epirubicin, Epothilone,

Etoposide, Fluorouracil, Gemcitabine, Hydroxyurea, Idarubicin, Imatinib,

Mechlorethamine, Mercaptopurine, Methotrexate, Mitoxantrone, Oxaliplatin,

Paclitaxel, Pemetrexed, Temozolomide, Teniposide, Tioguanine, Valrubicin,
30 Vinblastine, Vincristine, Vindesine and Vinorelbine.

Methods of producing adenoviral vectors include any conventional
methods known in the art. Usually a transgene(s) is inserted into a shuttle
plasmid and then homologous recombination is performed between the shuttle
plasmid and a plasmid containing the remainder of the viral genome (‘rescue

35 plasmid”). The new genome can then be cut from the plasmid and transfected



of the invention may vary between treatnents. The gene therapy of the

I nvention is effective al one, but conbination of adenoviral gene therapy
wi t h any wohero/astessapi es, such as traditional therapy, mray/I1Bx16/oF0e52
effective than either one alone. For exanple, each agent of the conbination
t herapy may work independently in the 5bnnr tissue, the adenoviral vectors
may sensitize cells to chenotherapy or“radi ot herapy and/ or chenot herapeutic
agents may enhance the level of virus replication or effect the receptor
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ovarian adenocarcmoma cell line was obtained from Dr. Price ?M D. Anderson
Cancer Center, Houston, TX). Firefly luciferin-expressing ovarian
20 adenocarcinoma cell line SKOV3-luc was kindly provided by Dr. Negrin
(Stanford Medical School, Stanford, CA). PC-3MM2 highly metastatic hormone
refractory subline of prostate carcinoma was a kind gift of Isaiah J. Findler (MD
Anderson Cancer Center, Houston, TX). LNM35/EGFP, a highly lympho-
genous metastatic subline of a human large cell carcinoma of the lung, was
25 provided by Takashi Takahashi (The Honda Research Institute, Japan). The
human umbilical vein endothelial cells known as the HUVEC were bought from
Lonza (Basel, Switzerland). The following cell lines were obtained from ATCC
(Manassas, VA): ACHN kidney cell carcinoma, A549 lung adenocarcinoma,
FHS173WE human fibroblast cell line, HTC116 colorectal carcinoma, CAMA-1
30 breast adenocarcinoma, PANC-1 pancreatic epithelioid carcinoma. All cell
lines were cultured under recommended conditions.

‘imted

Construction of Ad3-hTERT-E1

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



I n one enbodi nent of the invention, the adenoviral vector is produced in a
cell line. Usually, eukaryotic cells are transfected with the adenoviral
vect or armlotzhavmsef3Ber virus-producing cells are sel ect es?CTaRaNORES2aNd
tested. The viral vectors of the present invention also need extensive
purification before admnistration to gnimals or human beings. The present
i nvention is illustrated by the follom?ﬂg exanpl es, which are not intended
to be limting in any way. Exanples Cell culture 293 cells were purchased
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celhl : i Be BKORY-sitecatthe dddotihg second stattdul/dipectlyNdteritine T8iTAnbox dntisbecal
School , St r.¢t, . C>%N¥? ' 3 @A ?K# pas subl i ne
of prostat g%fég‘ragiorﬁgﬁ% E\I\:@\S r, i S@h%%“{j%’pﬁgﬁéf?a?fﬁﬁ . FI nSI (e;:r@ VD A%%(r;son
Cancer Cenf&iA AGi& oh T TIX)(SEQWB @GP reerse ghimen §phb1 JeAbifs Geast ati ¢
Tabeeh: ToL SN ARCELE O FOAS 0 B N4} ulingrecoip e
nda Researc i tute, ny. unmg
unbi | i cal Qﬁggxgﬁ'dé\th’i‘lei Sndbere itk R ameieg, 2800ebe Bﬂﬁ*@ﬁ‘nteﬁcp dth Lonza
EI\B/ZSM 1 OS\NaSI/éﬂtb\HﬁléO_l'}\IypETBeintmlblr@/\Rché1h|e tespestividy eligddted fiest fwaorRGRCC
nassas, : | dne I rein 9 d (o ,
FHS173VE hBF@HCﬁ BrouiL L Zré\cr?“‘t’?’gg"’e%n‘gqﬁ%%g{él KRR RI0ERERIETR,
P_r east adenboircvenionesoltig ih pRABAdBET | inchysiing el TATA-bearaxciusied. startiofcel |
I nes were g@&ﬁ REET 2@;3@? idrlveas ﬁ?ﬁB*ZBH" i
Ad3- hTERT- Ei_éj%gr C lJr(f}i ?]18 H\S -h %&%—né%}ﬁ]érrg%adir?ferent Pwag\r/%geﬁegrforrred
on Ad3-wt pitAskpal/BheiB 7€, @srr@aped on feantapl thepdd, ragionWod éﬁ%‘szss-
298), t1‘5(()F_@fgetsh6ﬁr?f s@@rdr?ﬂjﬁr_etshgingrih@)G&d&d-’ﬁﬂTE\RH?m.fromthe Adﬁv\rc
sequence( Figures 1-3).,. rs product i u TRwth a Mul
digestion site unti %tﬂﬂ'éd %&E&pﬁ%qy s e Pﬂ@?e. ggg-%e@%erw@é@% GTG
TGT CCC TGElofed (Bie 3Nofll/BEDted pEhutile, followerds dypdigestios’ wEATH®AT, ABGIAGC GAT
subsequently cloned into Hindlll digested pGBAd3-hTERT-E1 resulting in
pSGBAd3-hTERT-E1 as shuttle vector with end and modified start of the
20 adenovirus 3 genome. Finally pSGBAd3-hTERT-E1 was digested with
Xhol/Mscl, resulting in the plasmid being opened up in between the modified
start and preserved end of the adenovirus 3 sequence, and homologous
recombined with Mlul digested and thus backbone-free pKSB2Ad3wt, to
reduce background due to same resistance gene and to achieve a plasmid
25 with Ad3-hTERT-E1 sequence (pKGB-Ad3-hTERT-E1).

The recombinant Ad3-hTERT-E1A virus was rescued by transfecting
911-1c11  cells with Miul-digested pKGB-Ad3-hTERT-E1. Subsequent
amplification of a first large Ad3-hTERT-E1A virus stock was done in 293-2v6-

11 cells, followed by 2" amplification in A549 cells. After amplification the
30 viruses were purified on double cesium chloride gradients. The stocks were
confirmed not to have serotype 5 contamination by PCR (for the standard
method, see Kanerva, A. et al. 2003, Mol Ther 8: 449-458). Then the presence
of the hTERT promoter in front of the E1A was confirmed (Fig. 3b). The
primers used to get the 270bp band were 5-GGT TAT GCC AGG GTG GAG
35 TA-3' forward (SEQ ID NO: 5) and 5-AAG GTG AAG GGG CAG GAC-3
reverse (SEQ ID NO: 6). For the 210bp band, the primers used were 5-AGC



CAG CTG ACA CCT AC-3' (SEQID NO 2); adding Kpnl site in front and EcoRV
site at the end), the second started directly after the TATA-box until the
first halwoabioises3B1A regi on (forward priner: 5 -CAT GAPCANIRIEIGIER2A GCG
AGA AGA GIT TT-3 (SEQ ID NGO 3), reverse prinmer 5 -CAT TCT AGA GCG AGC ACA
ATA GIT CIT TCA-3' (SEQ ID NG 4); addbgg EcoRV site at front and Xbal at
the end). The third PCR anplified 1600“bp of the end of adenovirus type 3
including RITR The respectively di gested first two PCR products around the

'TATA_ng)és\l’z\?m l‘tft:‘r wABXMb %Qenb POCLH &hPBi- Ggo?/)emvrcnesul tT | ng
inp nc g - box S nce e
hTERT pro r%?‘l(gég /ﬁ,&&nrsgqugd% @ S'g)s E%) t%CEpﬁ?/éi&] gg(ﬁﬁﬂt ed,
and cl onedséquéricaat ad tHehexgekted gequernne waSobRineld ¢seset 5BQ D) NECEERABEL
resul ting En ‘&ﬁg%g 3hTERT-E1 . The third PCR product with the end of the
Ad3 sequen ow cloned into Notl/blunted pShuttle, followed by
di gesti dn wi th Hi nBinally thed\dSuvBERQuientA ywas ohservedty eleation Imigrageeped
pGBAd3- hTEgs}eElil itl ng in pSGBAd3- hTERT-E1 as shuttle vector with end
and nodi fi g of the adenovirus 3 genone. Finally pSGBAd3- hTERT- E1l was
di gested with Xhol/Mscl, resulting in the plasm d being opened up in
bet ween th@thﬁﬂﬁﬂﬁéﬁV%t‘ﬁ?ﬁ and preserved end of the adenovirus 3 sequence,
and honol ogous rec KRanenf r ee
pKSBZAdBwt to redﬁé[geyg Vt%dﬁ%m ég@&é@%s?&eﬁgyé@gﬁé@%‘gene %Hd to achi eve
a plasmd with Ad3- hTERT- El sequence (pKGB- Ad3-hTERT-E1). The reconbi nant
Ad3- hTERT- Eahle/ iy Adepaxiruses ued by transfecting 9 11-1cl1 1 cells with
M ul - di geSVids plseid- AdBICKERTFibker. | BdAsequent anpl |iRatmat|/iRefexeinca first | arge
Ad3- hTERTt E1A virus sltkore wakndlone in 293-2v6- 11 (Welgfs, foll owed by 2nd
anplification in A549 sxebl s| séfa-ef anplification th)e vijruses were purified
on doubl e| cesi um chl ortype gf agieen{s. The stocks were canfirnmed not to have
serotype bagemtam natfimn by| BCR (1 wvildtthee st andar d 1eet hgdATGRe (KdB@o va, A.
et al. 2003, Ml Ther| 8: 449-458), Then the presegnce of| vtlsramTERT pyonot er
in front OAdBRehTERY-Wes conf Br ned| Cohgoliedb) . Thw [prd mer|Bauweesthinitizgel t he
270bp bandgymre 5'-GGI TAT GCC AGGhEERTGAGpioMmaler (f or war|dz.(SHQ@LI D NO 5) and
5' - AAG GTG AAG GGG CAG GAC 8' reversnediaSEQeddatiNg | 6) . Ra@ooshe 210bp| band,
the priners used were 5' - AGCCCC TCts flomdree &dtived' f or waCahceSREs168: NO  7)
and 5'-CCC GGT CTC cells) 5533-5539
(Named here
Ad5/3-hTERT-

Agp)
Adb/3-A24 5 3 24bp deletion | 22 Kanerva, A. ef
(mediates selctivity al. 2003,
to p16/Rb pathway Mol Ther 8:
mutant tumor cells) 449-458.
Ad5/3luci 5 3 Deleted (makes | 5 Kanerva, A. ef
virus replication al. 2002, Clin
deficient) Cancer Res 8:
275-280.
Ad3 wt 3 3 Wild type 9 Sirena, D. et al.
2005, Virology
343; 283-298.
Ad3-hTERT- 3 3 Controlled by | 9 This application

E1A hTERT promoter
(mediates selectivity
to telomerase active
cells)

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



ACT GGA GAT AA-3' reverse (SEQID NGO 8). The PCR bands were then sequenced
and the expected sequence was obtained (see SEQID NO 9 and Figure 10).
Finally twe 200@868BERT- ELA was observed by el ectron m cr @stapmi1(/s®esd-i gur e
9). Ot her adenoviruses Please see Table 1 for adenoviruses relevant to this
I nvention. Table 1. Adenoviruses Progressive infectivity assay The

net hodol ogy established for Ad5 based §$ruses had to be optim zed to
account for the slower replication of Ad3 wild type and Ad3- hTERT-ElA. To

estimate agbdlirianalott éhﬁl‘bientt h§ndlsﬂh@¥efé%dﬁé/ @é’\ﬁél’@@éd“& Pbfecdygepay Was
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(Adeasy mepymtm, é% FBSt Tﬁecmafélsq%r@%béerfved BQ%érosEdswe aRditee (PMEMelIEY FBS)
was changed ever sl ower, r eachi ng

| ru
the maxi nuWet$t m%'&?dt ﬁ% %c’f‘f’gma‘f"e”shf E&va ‘i?gg‘?ﬂtpé‘awpwﬁﬁﬁ’aaays In
vitro dgtotakukidy msshgs skhidarceldys aerm pT(aﬂl%,ﬁi éAdddby00Danedl| sAgkdrit on 96

Il plat Th t I | i
'nfected wiPRCHRIGE (160 £00B T SRR PYEM T 7 e5S, o RHbER el 55, 71
2% f et al btw7dayserum (FBS). The plates were regularly observed and the
growth medi a was chapggd H%V\%:Lﬁ was S%Vér |n$bécltnﬁ%ttl"i\§mé’xnﬂﬁ%$tlﬂe@taﬁﬂ ,th@s

optimal for each |Ine, ece vi ab was analyzed with MIS assay (Cell
Titer 96 A@@@Q@abﬂ@cghﬁ'%%%ﬁ‘/ r@é“lre‘l’bﬁélq%yér ation Assay, Promega). MIS
anal yzes were performed on the foll ow ng

15 In vitro cytotoxicity assays

The cells were plated at 10 000 cells/well on 96 well plates. The
next day, the cells in triplicates or quadruplicates were infected with the viruses
at 0.1 to 100 VP/well. The infection was done in 2% fetal bovine serum (FBS).
The plates were regularly observed and the growth media was changed every

20 3-5 days. Six to twenty days later, as optimal for each line, the cell viability was
analyzed with MTS assay (Cell Titer 96 AQueous One Solution Cell
Proliferation Assay, Promega). MTS analyzes were performed on the following
days: PC-3MM2 on day 8, A549 on day 17, HTC116 on day 6, SKOV3.ip1 on
day 18, HUVEC on day 11, FSH174WE on day 13, LNM-35/EGFP on day 10,

25 CAMA-1 on day 11, PANC-1 on day 20 and ACHN on day 11. The results are
shown in Figures 4A-D.

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

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

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

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



days: PC-3MM2 on day 8 , A549 on day 17, HTCl 16 on day 6 , SKOV3.ipl on
day 18, HUVEC on day 11, FSH 174WE on day 13, LNM 35/ EGFP on day 10, CANMA-1
on day 1IWORANMSds3®n day 20 and ACHN on day 11. The res®BCTABzM@0ATAMN i N

Fi gures 4A-D. Although both fully Ad3 viruses eventually killed all cancer
cells in a cytotoxicity assay, they seﬁged sl ower than Ad5 based oncol ytic
agents, including a 5/ 3 serotype chinefa. In non-cancer cells,
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oncol ysi s, thpeg{SP(g URGH- replicative Ad5/3lucl virus showed no cell killing
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age of 4 weeks ahd quarantined for 2

All animal experiments were approved by the Experimental Animal

Committee of the University of Helsinki and the Provincial Government of

Southern Finland. Mice where frequently monitored for their health status and

euthanized as soon as signs for pain or distress was noticed. For the

20 subcutaneus model female NMRI nude mice were used (Charles River,

Germany). They were ordered at the age of 3-4 weeks and quarantined for 2

weeks. For the intraperitoneal model female fox chase SCID mice (Charles

River, Germany) were used. They were ordered at the age of 6-7 weeks and
quarantined for 4 months.

25 Oncolytic potency in vivo

We tested the efficacy of Ad3-hTERT-E1A in mice bearing PC-
3MM2 prostate cancer xenografts (Fig. 6A). Ad3-hTERT-E1A was able to
reduce tumor growth significantly in comparison to PBS injections (P=0.0035).
Interestingly, even though the virus was slower than positive controls in vitro,

30 there was no difference in efficacy in vivo. Ad3-hTERT-E1A was at least as
oncolytic as Ad5 and Ad5/3 based controls in vivo. In mice with A549
xenografts (Figure 6B), the Ad3-hTERT-E1A group had the smallest tumors
from day 17 onwards, but because of rapid tumor growth in the PBS group,
and termination of that group at day 17, the experiment lost much statistical



weeks. For the intraperitoneal nodel fenmale fox chase SCID m ce (Charles
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Subcutaneous animal experiment

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

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

developed to measurable sizes and the mice were treated intratumoral by

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

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

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

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

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

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

Intraperitoneal animal experiment

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

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



109VP in PBS or only PBS. Injection volunme per tumor was 50 m . The

I njection was repeated after one and two weeks. The tunors were neasured
frequent lwyoanty/asbsssvol une was cal culated V = L x H2 x OPEZIBXheosoessur ed
vol une before the first treatnment was regarded as 100% and the tunor growth
was conpared to this. Wth the A549 group sone of the tunors treated with
PBS grew aggressively and the m ce had Bo be eut hanized after two and a
hal f weeks. Intraperitoneal aninml experinment An orthotopic nodel of
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expousure t| e ing and open filter. During imaging the
nce were |3@Ck§@ﬂ1|nﬁr"¥ﬁ @ést hesi a. The i mages were overlaid with
Living I mage 2.50 (Xenogen) Tot al flux (photons/s) was neasured by draw ng
regi ons of .IJ nterest around the peritoneal area of the m ce.

Backgr ound hdcdagy i 6‘? §: Toxicology in mce. In toxicity studies (Figures
18a- c) ,10Ad3- hTERT- Fil ity stodied (Fegses d8awc)t Add-hTHR A Aawds AdBicBlassnt r ol

or gane and She MBI e, AESREAUS Sl TGS ingf it Qo fenPlu®) 2f
i nt r avenousngdelsiThei histelagy dpf fadlr araies %@'@S ssh hasiq jkjeed niadyes cyweand in

liver enzy%éwz&ﬂtﬁzﬁsﬁ@.t grf0'8 \z‘?ﬂbweﬁ‘nﬂ%véﬂo\ﬂ%/ iyhifREFRYifRRere8SferkO
nonportal velns was seen In sone poi.nt .and.dose

serotype 5S58RB IB/lgeqniHipLIwiAss| 'Qy'é’&r@é‘évmﬁés%a‘a%@@q? Y RPN and
te|c3>e<;/git t€1($ | lmfgrr;]mgﬂdﬂg:éibgg%ﬁb?mm%u@d/ab|sz;mh wasorae ralvewedt the samges of
(g 18e) . T Boinkaps d55e, SEREE SAAayp Sipwdk dbRIsBRY Eublet @adtigity N0
m t oses. Neoxicify amiratsvated IneBwnzymigbs Otherrmgass antiblesskealiies showedimgl es
"XI dQOLT'ngT'E%QFEt bPRoRER!. GRS YF oY ELdthpled ANE IRBF GISBTy plckures are
attached (Fig 18c). Here is the full histopathological report: PBS: 5/5 Normal.
20 No mitoses. No inflammation. Ad3wt: Mostly normal. Mitoses in 5/5 samples.
Minor inflammation near (nonportal)veins in the parenchyme 5/5. Ad3-hTERT-
E1A: Mostly normal. No mitoses. Borderline inflammation near (nonportal)
veins in the parenchyme were seen in 3/5 samples. Ad5wt: 5/5: Many
apoptotic hepatocytes throughout the parenchyme, endothelitis and damage in
25 central veins (at the portal area same can not be seen), no pericentral
hepatocyte destruction, steatosis, nekrosis, no lymfocytes in the portal area,
acute liver damage, damage througout the parenchyme. AdS5/3-hTERT-
deltagp19k: 5/5: Almost normal, some point necrosis (not as much as in
Ad5wt), some apoptotic cells, mitosis of hepatocytes, (lobular) inflammation in
30 the parenchyme, inflammation (as with Ad3) around the veins. Ad5/3-A24: 3/5:
Acute fulminant liver failure, 50% of tissue in necrosis, damage stronger near
the portal area where all cells are dead, possible fatty generation, some
mitoses.
Virus kinetics in human patients.
35 So far 8 patients with advanced solid tumors, refractory to standard
therapies, have been treated with Ad3-hTERT-E1A. The safety has been good
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to go to tNEUPBMES dsiectsraliem Hhe dpd Plapr acelisedRBRee RepRlE HUsEESt Wath bot h
pati ents ngeutrhast WReadErepaRshts NatR WaB-HEERDLENA hight $e(&H6) Paleatilt s
suggest that treatnent of cancer Fﬂatlents W th g(ﬁq TERT- EJTA m htd be safe.
Patient 1 §ave WRo/ NS frRe HFRe sgmrles §H%‘F%§‘gsti5‘8€ VRS Pnaet $9R2°60 Qs s
not seclfet @tk tné.he urine. Statistical anal ysis Nonparanetric Man-Witney

test (SPSS 15.0 fo ' used to conpare two i ndependent sanpl es
sitigliednalis A u

for all the in vit the in vivo data. The anal ysis of tunor
si ze was per f or med Nespatpraetriepblanedhitney test (SPSS 15.0 for Windows) was

used to compare two independent samples for all the in vitro and some of the
in vivo data. The analysis of tumor size was performed using a repeated
20 measures model with PROC MIXED (SAS Ver. 9.1). Models were run with the
tumor size measurements in the natural metric and log transformed. The
effects of the treatment group, time in days and the interaction of the treatment
group and time were evaluated by F tests. Curvature in the models was tested
for by a quadratic term for time. The a priori planned comparisons of specific
25 differences in predicted treatment means averaged over time and at the last
timepoint were computed by t-statistics. For the A549 experiment we
compared the groups at 17 and 30 days and the PC-3MM2 at 30 days and
time-averaged. Survival was evaluated using the Kaplan-Meier survival plot
with log rank regression (SPSS 15.0 for Windows). For all analyses a two-
30 sided P value of <0.05 was deemed statistically significant.

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

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

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

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

35 adenoviral vector of the present invention, for example Ad3-hTERT-E1A, can
be used instead of the Ad5/3-A24 backbone (see also Figures 1 and 2):
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line 9 11 was obtai ned fromDr Alex J. van der Eb (University of Leiden,
The Net herk,a (iirc) cell lines were cultured in the recomended

condi ti onsY'\A gps&rb‘r‘fé?ructs To create Ad5/3- D24-hN'S, EcoRI-digested and

blunted hNI ﬁ fragmggt c(édt@mqasﬂ%@rmws,, E@@Rt—@@bs@‘d SirrN eoliutesieNIS May o
O COGREBIS (M BRI ook s e AR S e o
make t N6 cRuichebteyi MN) wa5/iBsemd -imgp BSKYI-Bie Mligdstet - atidy ddurded gmicH®Nunt ed
PTHSN Was (\anerva A. et al. Gene Ther 12: 87-94) to obtain pTHSN-hNIS. To make the
control virus Ad5/3-A24-Agp19K, BsiWI-Mfel-digested and blunted pTHSN was
self-ligated resulting in pTHSN-Agp19K. In order to obtain pAd5/3-A24-hNIS
and pAd5/3-A24Agp19K, Pmel-linearized pShuttle-A24 (Suzuki, K. et al. 2002,
20 Clin Cancer Res 8: 3348-59) and pAd5/3- E1-hNIS or pAd5/3-E1-Agp19K were
electroporated into BJ5183 cells.
Adenoviral plasmids were linearized and transfected into 911 cells
with Superfect (Qiagen, Valencia, CA) following the manufacturer’s instructions.
Adenovirus colonies were picked and viruses were propagated in A549 cells
25 and purified using standard techniques. Ad5/3-A24 and Ad5/3luct viruses
were constructed previously (Kanerva, A. et al. 2003, Mol Ther 8: 449-58;
Kanerva, A, et al. 2002, Clin Cancer Res 8: 275-80). Viral particles (VP) were
determined with spectrophotometry and plaque forming units (pfu) with TCIDS0
assay. Titers were Ad5/3-A24- hNIS: 1.1 x 10" VP/ml; 9.0 x 10"°pfu/ml, Ad5/3-
30 A24-Agp19K: 1.5 x 10" VP/ml; 2.8 x 10" pfu/ml, Ad5/3-A24: 1.7 X 1012 VP/mi
and Ad5/3luct: 6.9 x 10" VP/ml.

RT-PCR

Prostate cancer cells were infected with Ad5/3-A24-hNIS and
Ad5/3-A24-Agp19K (10 VP/cell) for 2 h at +37°C. Cells were harvested 24 and
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count er copnRfiddd W)t Radioactivity was quantified with a well counter connected with
a multi-channel analyzer Atomlab 950 (Biodex Medical System, Shirley, NY).

Cell killing assays

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

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

Tissue culture infectious dose (TCID50) assay

30 Cell line samples: 5 x 10* prostate cancer cells/well were plated in
triplicates in 1 ml of 5% GM on 24-well plates, incubated overnight and infected
with Ad5/3-A24-hNIS (5 vp/cell) for 2 h at +37°C. At 8, 24, 48 and 72 h post
infection cells and growth media were collected, frozen at -80°C and freeze-



a multi-channel analyzer Atom ab 950 (Bi odex Medical System Shirley, NY).
Cell killing assays Prostate cancer cells were infected with

Ad5/ 3- D2awbNb1B/086838/ 3- D24- Dgpl9K, Ad5/3- D24 and Ad5/ 3ipaeaB28i/ngp4se. 01 ,
0.1, 1, 10 and 100 VP/cell. G owth nediumwas replaced every other day.
Cell viability was determ ned 6 days pgst infection (p.i.) for PC3MW, 7
days p.i. for DU 145 and PC-3 and 9 da§§ p.i. for 22Rvl cells. -9 days post
infection with Cell Titer 96 AQueous One Solution cell proliferation assay
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CPE was assesse 0o'e Iter. In vivo studies Male NVRI/nude nce
were purchased from Taconic (E by, Denmark). Tunors were established in
ei ght - week ImVvivarsrlies subcut aneous injection of 5 x 106 PC-3M\R cells

e o s e SRR R A Vel e o oRicnid e,
tumor), 7 Rehosarkp usos-wewe Sstpblistaduimpeight-wgrk aldimies bantlbruianessisyp
Ad5/ 3- Q24- b Sidd Ve 10°98¢-3amd2! @ik UnideP heddeldmifiterbiafiiies 0.9% saline
(1:2:7) anesthesia. In the imaging experiment, 3 mice received intratumorally
saline (upper left tumor), 7 x 10® VP Ad5/3-A24-Agp19K (upper right tumor)
and 7 x 108 VP Ad5/3-A24-hNIS (lower right and left tumors) 11 and 12 days
after tumor cell inoculation. A day after the last viral injection mice received
20 intravenously 1.85 MBq of sodium iodide ['?1]Nal (MAP Medical Technologies
Oy, Tikkakoski, Finland) followed by imaging with gamma camera Toshiba
7200A/Ul (Toshiba, Tokyo, Japan) 0.5 h, 1 h, 1.5 h, 2h, 4h and 13h after iodide
exposure. Animal regulation did not allow analysis of later time points. The
gamma energy peak 159 keV was recorded using 20% window, and 150
25 kilocounts were collected per image. The used matrix size was 256 x 256 x 16,
this made the pixel size 1.08 mm x 1.08 mm. At 13 h, various organs (heart,
lung, liver, spleen, kidney, thyroid, stomach, muscle, blood and bone) and
tumors were collected, weighed and analysed with a well counter connected
with a multi-channel analyzer Atomlab 950 (Biodex Medical System, Shirley,
30 NY). Results are expressed as percentage from initial iodide dose per gram of
tissue (ID%/g).

For the therapeutic experiment, tumor bearing mice were randomized
into 4 groups (6 mice/group, 2 tumors/mouse): mock, 131I, Ad5/3-A24-hNIS
and Ad5/3-A24-hNIS + |, 6 and 7 days after tumor cell inoculation mice

35 received intratumorally either growth medium or 7 x 108 VP of Ad5/3-A24-hNIS
per tumor. A day after the last viral injection, mice received intraperitoneally 50
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Statistical analysis
Analysis of the iodide uptake was performed by one-way analysis of
variance (ANOVA) with Bonferroni's post-hoc test. The analysis of the tumor
volume over time between experimental groups was performed using a
25 repeated measures model with PROC MIXED (SAS Ver. 9.1, Cary, NC). The
tumor volume measurements were log transformed for normality. The a priori
planned comparisons of specific differences in predicted treatment means
averaged over time and at each time point by t-statistics and Tukey-Kramer
model was used for adjustments. For all analyses a two-sided p value of <0.05
30 was deemed statistically significant.

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

A new virus containing the Ad3 knob in the Ad5 fiber shaft, a 24 bp
35 deletion in the E71A region and hNIS inserted in the E3 was constructed. To



experinment had to be stopped on day 17 due to ani mal husbandry constraints.

Al the aninmal experinments were approved by the national conmttee for

ani mal exweromastssi on in Finland (State Provincial Ofipce/Bio1Goiotseer n

Fi nl and, Haneenlinna, Finland). Statistical analysis Analysis of the iodide

upt ake was performed by one-way anal ysih,g of variance (ANOVA) with

Bonferroni's post-hoc test. The anal ysis of the tunor volunme over tine

bet ween experinental groups was perforned using a repeated nmeasures nodel
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PC-3MW2, 22RydificatiRir Bromludt. DU- 145 were infected with Ad5/3- D24-hN'S or
Ad5/ 3- D24- Dgpl9K (a positive control without a transgene) and anal ysed with

RT- PCR 24 i&&{f’?ﬁﬁf\ze 3 caﬁ‘;\[‘?l‘ghiié)tg efﬁHen‘fqéfiﬁl Eéfa'm&oiorﬁfo%ﬁt@dc%ér lines

featured a specitic anpli t1on product, suggesting
t hat hNOS |C9“§xpressed fromthe virus genome. In contrast, Ad5/3-
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| odide upt alf(gmllneda cell lines. In comparison to the mock infection, Ad5/3-A24-hNIS
caused up to 2.5 (p<0.001) and 3 (p<0.001) times higher iodide accumulation
in PC-3MM2 and 22Rv1 cells, respectively. in PC-3 and DU-145 cells a more
modest, but still significantly enhanced accumulation was seen when
20 compared to mock treated cells (up to 1.6 (p<0.05) and 1.3 (p<0.001) times
higher levels, respectively). Ad5/3-A24-Agp19K treatment did not result in
iodide accumulation, suggesting that iodide uptake was mediated by hNIS
expressed from Ad5/3-A24-hNIS rather than from viral infection or replication

per se.

at

25 Ad5/3-A24-hNIS replicates in and causes oncolysis of prostate cancer
cells

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

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

35 oncolytic potency of Ad5/3-A24-hNIS was slightly less than Ad5/3-A24-Agp19K.
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with the seamedmfennd.5Ad51Bh Bk B 19k injédtys. Sbare mdileBaccurhaatippéntol ef t
turor Ad5/3-A24-hNIS treated tumors was seen already 0.5 h after the 23| injection.

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

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

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

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

35 correlated with large amounts of infectious virus present in tumors, while only
trace amounts were seen in the thyroid and stomach. Since tumors were
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Ad5/ 3- D24- bmelment would be ended on day 17, although some of the mice were still in
20 good condition.
Whole body emitted radioactivity was measured starting from one
day after the iodide injection. Radioactivity declined rapidly during the next 3
days as expected by clearance through kidneys.
When tumor size reached 15 mm in any diameter, mice were killed
25 and organs were collected for radioactivity measurements. Radioactivity
declined over time and most radioactivity was seen in the thyroid gland and
stomach, and briefly in the heart probably due to propagation of "'l by
circulation. In other organs the radioactivity remained low. Importantly, the
virus injection did not affect iodide biodistribution and therefore the safety
30 profile of the approach resembles that of radioiodide therapy for thyroid cancer.

Il. GM-CSF transgene

Cloning of three D24-GM-CSF type viruses

- PCR out hGM-CSF,

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



and 131 1, tunor sizes were significantly smaller than in any other group
(all p <0.001). An adjusted pairw se analysis indicated a significant
di f f er enc®oletveses3s Ad5/ 3- D24-hNI'S + 131 | versus virus &ConB201d/83452 al one
or nock already on day 2 (all p <0.05). The adjusted pairw se p-val ues
bet ween Ad5/3-D24- hNIS + 131 | versus virus alone, 131 | al one or nock on
days 4 , 6 and 8 were also all <0.001 35Due to ani mal husbandry
constraints, it vvas predefi ned that the experinment would be ended on day
17, alt hougg somne mce were still in good condition. Wole body
enitted radPdSEFo t“Qa “freasured starting fromone day after the iodide
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due to propagat|on 0 atjon. 1n_other s t he
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I odi de blodlstrlbutlon and therefore the safety profile of the approach

resenbl es that of di,oi odi t hera for thyroid,canc 1., GWCSF
transgene O oning Bf RNASES %(ZEH‘ 0&%@ e RﬁﬁfUEsg 'ﬂbg&?%tﬁ”%&\%@%, -
creat e Sunkddttictiors digestions.4%be byh ut ORI gBVEH OSFHEHN-GM G wae sequsneed. Min|

i near 1550 peRc: PE IRl T B onPbef g ROR 52 ey 8T Rgen

recomb: Sr fand|fnbaewer3@bepim5mma fmantypus withezgqugeging BSNP G, ebich-was

pAd5- D24- 8@% thd1ERahZAM f&rbréd&étﬁﬁﬁfr%ths%hﬁ.réﬂréwmﬁa%@&em !
phases of onln were confir Iple res
di gesti ons! Y?Nér Bight 8@@) BICkSaTIeN it WWP” teg.an %rk&eé%f wild

thekE 1 W@ﬁﬂ@éﬁbbhﬁﬁ Waé beﬁéﬁ?ned'h@aEaWzé&QéOrﬁlteghfwmlgerf&)eami Wwelbes wer e
A

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, G.J. ef al.

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

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

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

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

plasmid featuring either a knob from serotype 3, or RGD-4C in the Ad5 fiber

Hl-loop were used.

In vitro analysis of D24-GM-CSF type viruses

25 The in vitro efficacy of D24-GM-CSF type viruses was studied in
lung cancer cells (A549), breast cancer stem cell derived explant cells (JIMT-1)
and breast cancer cells (MDA-MB-436) utilizing MTS cell killing assays. The
MTS assay is currently the standard method to assess cell viability in cancer
gene therapy publications. Ad5Luc1 is a replication deficient virus and acts as

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

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

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



by over night (ON) incubation with an appropriate buffer solution and after
PCR and sequenci ng was perfornmed to analyze the integrity of the fiber as
wel | as twe 2eMiB838DNA. Al |l phases of the virus productiPomIBinebhisding
transfection, were done on A549 cells to avoid risk of wild type

reconbi nati on as descri bed before (Kangrva A. et al. 2003, Ml Ther 8 ,
449-58; Baeurschmtz, G. et al. 2006, Rbl Ther 14, 164-74). GMCSF is
under the E3 pronoter, which results in replication associate transgene
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Ad5- RGD- D24- G\t CSF (Figure 15d). To test whet her Ad5D24- GUCSF was able to

express t hén vienanalysis %@24@M|-C8Frtypwa@rusefséotaeﬂmnil5h 1000 VP/cell and

The. medi o was moastPEd oy RARKIRAT! A DA G HoroF oVehdesiee M5 UaRal yzed
whet her t heoripetsre>$yrass kamStdeSFvhiehaameesemiperissivedioc dunfamadéneviruso t hi s
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day 0, 2 and 4. The mock group was injected with the same volume of growth
20 media at the same indicated time points. Figure 17b shows that intratumoral
injections of Ad5-D24-GMCSF resulted in high levels of hGM-CSF in the
serum of Syrian hamsters. Human GM-CSF is known to be active in Syrian
hamsters (Cho, Exp Toxicol Pathol 2006 vol. 57 (4) pp. 321-8). Interestingly, all
animals were tumor-free by day sixteen except for mock group (Figure 17a).
25 Tumor scars were still analyzed for two additional weeks to assess whether
reappearance of the tumor might have occurred. However, on day 32 there
was still no sign of tumor in these animals so that the first part of the
experiment was terminated and animals of the Mock group were euthanized.
The remaining treated animals were at this point challenged with the same
30 tumor in the right side of the upper body by subcutaneous injection of 7x10°
HapT1 cells, while on the left side were challenged with a different tumor
(1x106 of HaK tumor) for which the animals were naive. Tumor growth was
measured over time and is reported in Figures 17c-d. Interestingly, the animals
that were previously treated with Ad5D24GMCSF completely rejected the
35 HapT1 tumor challenge, while Hak tumors grew normally, whereas in the



cell line treated with human reconbi nant GMCSF (Sigma) (Figure 16b). In
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20a-b). Murine biodistribution at 6h after 5x1 010 VP intravenously (Figure
20a) suggested that nmuch of the serotype 3 virus stays still in the blood
and bl oodwoi2etv/mssg3ans, such as spl een, |lung and the |ivecT/Boio/osjisr or gans
were anal yzed by gPCR (Figure 20b). Entry to other organs was found
attenuated. In this assay blood clots b-actin was used for the serum

val ues. Due to the lack of b- actin in3Bl ood conpartnents, blood val ues are
best conpared with absolute values as done in Fig 20a. The results suggest
that Ad3 virus does not associate with RBCs or serum but is abundantly
present inghliapd clots and plasma. Thus WBCs and pl atelets are possible Ad3
virus carriers in mce.Cains 1. Afully serotype 3 oncol ytic human
adenoviral vector. 2 . An oncolytic human adenoviral vector according to

claim11l conprising 0 reg) . sel roup consi sting
of E1, E2, E3, E ',R?lﬁlﬁésrér@{_i gtsgggﬁﬂﬁl'czﬁ%ﬁrgégﬁghéﬁF%&QitrﬁgbncoI tic human
adenovi ral vector acdur dineghtic bumiam adepovirat oYRstersiaggoiding fig| Pé\ﬂ"né

regionsg ac&ﬁ%ﬁsi‘n;é%neﬁoﬂmo% %T%Bhy%%lec?é’d frdfilthe 9fBdp dorbRtihg Wf @Y, BB or
partial E3_ E4, and a mght I TR 4. . An oncolytic human adenoviral vector
accor di ng E8. Efty Ingpranesriatg andygte (egiother ein the regions are in a sequenti al

order in the 5 to33AndbicMfticouman .adémovinglovedtorcatasrdingatdeciaivi rlabr 2ect or

di t . f., clai 1-4 isi A i
ATERT pr onbo@pregs adclfuBy fEedns ARTPHE. B0 o082, B Yo AR Eo any
one of cl aregiori-E53 oopprtiat EGgEdhandd3ighs ITRgi on under a replication
actvaugd Ad3 E3 PLORA Sheoiftic ANRRACALYId N YEBId 2HRBRANAG A HREBAE of
clains 1-6 conp re trans

according to any one of ¢ : rising one or nore genes. 8 .

An oncol yt Fleimsnts, ameerel the regionsr ame dbraliskguential] aider An hikereitd ¢ he

transgene Hgesfected fromthe group consisting of a granul ocytemacrophage
npor.t er NLS),

ot or feron'al pha, Pnibr PEFORD BREEN ARGITGRD bR ALCO (RGO abt BBP <Ol act or
CD40L, tr agkimasmed cemprisingethe PeiBoE  Anagioanindeodn ¢ ERIT pramatecol yti c human
e e o R ShCB e P AR ot B b
claims 1-5 comprising the Ad3 E3 region under a replication activated Ad3 E3
promoter.
7. An oncolytic human adenoviral vector according to any one of
claims 1-6 comprising one or more transgenes.

20 8. An oncolytic human adenoviral vector according to claim 7,
wherein the transgene is selected from the group consisting of a granulocyte-
macrophage colony-stimulating factor (GM-CSF), human sodium iodide
symporter (hNIS), interferon alpha, interferon beta, interferon gamma, tumor
necrosis factor, CD40L, trastuzumab and other monoclonal antibodies.

25 9. An oncolytic human adenoviral vector according to claim 7 or 8,
wherein the transgene is placed in E1 under the hTERT promoter and/or in E3
under the replication activated Ad3 E3 promoter.

10. An oncolytic human adenoviral vector according to any one of
claims 1-9 comprising internal ribosomal entry site (IRES) between the

30 transgene and the E1A region.

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

12. An oncolytic human adenoviral vector according to any one of
claims 7-9 comprising the transgene in the place of the deleted gp19k in the

35 E3region.



under the replication activated Ad3 E3 pronoter. 10. An oncol ytic human
adenoviral vector according to any one of clains 1-9 conprising internal
ri bosomalwermropssisBe (| RES) between the transgene and tireTHRA10/03pUEN. 11.
An oncol yti c human adenoviral vector according to any one of clains 1-10
conprising the hTERT pronoter, transgene, |IRES and E1A. 12. An oncolytic
human adenoviral vector according to aR§ one of clains 7-9 conprising the
transgene in the place of the deleted gpl9k in the E3 region.13. An

oncol ytic human adi@%’r\ é@%ol foh Rhaf Sa8haliRY vE&of‘?éc_:&?@.gock natrg%n%rcﬁ‘ﬂ:‘\é’us

clainms conprising at' 'I'e one expression casse ncol yti ¢ human
adenovi r al prestausy Claivtoe@npgsing aéfgash aee GXprassiqsy @assetie. cl ai ms conpri si ng

only one expressi OW.Q%fétﬁﬁcgﬁic HimaMNadeRSAtal VEstoR HEBSIMIaB Aty GHe ofaké OF

according to any one " previous clainms, wherein the veCtor is capable
of replicaPiaYPUsEIdMsICRBPIISNGONY PRE BXRESEONLESSGHey. 16. An oncol ytic

human agenox:\"r gl V$§.t/ﬁﬁ E)ﬁ@(ﬂ?t{dlhﬂtﬁgh @.déggxgmaectbrr] tab@orﬂrr@vtbml aHeaofrte

conpri si ng . i C ar ge radi.oi odi de to e tar.get 7. ..A cell
conpri si ngpf%O%éYﬁm?’rV&ﬁ‘e@&ﬁ}ﬁ VeHRL PP HPHIS ozﬁ?/plgﬁgﬁgfoniﬂn ﬁ%ll']sl\zv@é 18 .
A phar nacetglometaseongiiogy.t i on conpri sing the adenoviral vector according to

any one of claims 4516 (19 A ARGALYERE, YRR RIBAMNIHAD AFTHRY ofthe
rding to any One o ep |

phar maceuti cal conposition acco ' of 1 revious cl al s,
whi ch act speavieus ¢laims eempegioghNI&cwhied. tapdets radigiediste torbe srerbeelkal vect or

accordipg to any ofe Rfcefll dnBrisig #fe hlehd\iralpactbRraEEsE@Ing torampehe arent for
treating cancer ipn a subject. 2 I. A nethod of treating cancer in a

subj ect, W_ﬁ@ff’@?ﬂ”tehe met hod conprises administration of the vector or

phg_r WHCGU'[ZIZCGI[I_ conp®sA tgharmaceaicdl cgniposition comepiding ke Beedovifal @ectb8 to a
subj ect . . e use or net . aceqr.ding to claim20 or 2 1, wherein the
cancer is SBYUCIESOAYRYE #%%'H?Scﬁﬁ Isting of nasopharyngeal cancer,

synovi al cancer, hétpatArcedhedlygic danoan, ademevirat ane@or earp@rmsicedittiect i ve

ti ssueqt,s Fbﬁ%gmonlé&grcﬁﬁé‘?@%ny%%!)f FRNGEVIoUS LIRS INGER actsesd ah jsancer,

col orectal _
situ cancer vaccine.

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

21. A method of treating cancer in a subject, wherein the method

20 comprises administration of the vector or pharmaceutical composition according
to any one of claims 1-16 or 18 to a subject.

22. The use or method according to claim 20 or 21, wherein the
cancer is selected from a group consisting of nasopharyngeal cancer, synovial
cancer, hepatocellular cancer, renal cancer, cancer of connective tissues,

25 melanoma, lung cancer, bowel cancer, colon cancer, rectal cancer, colorectal
cancer, brain cancer, throat cancer, oral cancer, liver cancer, bone cancer,
pancreatic cancer, choriocarcinoma, gastrinoma, pheochromocytoma,
prolactinoma, T-cell leukemia/lymphoma, neuroma, von Hippel-Lindau
disease, Zollinger-Ellison syndrome, adrenal cancer, anal cancer, bile duct

30 cancer, bladder cancer, ureter cancer, brain cancer, oligodendroglioma,
neuroblastoma, meningioma, spinal cord tumor, bone cancer,
osteochondroma, chondrosarcoma, Ewing's sarcoma, cancer of unknown
primary site, carcinoid, carcinoid of gastrointestinal tract, fibrosarcoma, breast
cancer, Paget's disease, cervical cancer, colorectal cancer, rectal cancer,

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



cancer, brain cancer, throat cancer, oral cancer, l|iver cancer, bone
cancer, pancreatic cancer, choriocarcinoma, gastrinoma, pheochronocytons,
prol acti nreoap10086838| | eukem a/ | ynphoma, neuroma, von Hi ppElBlolcozusAdi sease,
Zol linger-Ellison syndrone, adrenal cancer, anal cancer, bile duct cancer,
bl adder cancer, ureter cancer, brain cancer, oligodendrogliona,

neur obl ast oma, neni ngi oma, spinal cord4Punor, bone cancer, osteochondrong,
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pl eural cancer, s |varqvﬁegl and cancer rH&oglsgccancer and tonsil cancer. 23.
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The use or Sﬁ%‘far%ﬁ JOPgUS FENGHEA AEC¥o- 22, wherein the subject
is a human or an apBnhe uddor fiethatsacanrdingtdiady ace @f diairgs 26-2&yvhemneinof

clains 20-23 SW?? ﬁ%s'ilﬂﬁgﬁ%%ﬂ SHital |on i s conducted through an

i ntratunor int ra arterial, intravenous, intrapleural,
i ntravesi cul ar, in2#atheLsaoymethgrbacaasding to iany eeeiosslains 283 mierein

adm ni s attﬂefrédrrﬁrrﬂ tratith lt§%oﬁ’('iu ﬁﬁhﬁl%u?ﬁcéﬁ %t%u%rﬁ”%t%éﬁul&' Fhtis 20- 24,

wher ei n “onco Runan' adenoviral vectors o F armaceuyt i cal 0si tions
are admi ni §ftéflébl Diaueneus.i b@piaahginirRxesiceia nﬁﬁfacﬁé rb;dorzyge Re2luse or

met hod accq}{gd;tm P apraPaEmpistedtidhns 20- 25, wherein the nmethod or use
fur ;hg;bfggff 'ses admini sratton of congurrent, radi-0Uhghany f Wiadh odi de
oncolytic human adenoviral vectors or pharmaceutical compositions are
20 administered several times during the treatment period.

26. The use or method according to any one of claims 20-25, wherein
the method or use further comprises administration of concurrent radiotherapy
or radioiodide to a subject.

27. The use or method according to any one of claims 20-26, wherein

25 the method or use further comprises administration of concurrent
chemotherapy to a subject.

28. The use or method according to any one of claims 20-27, wherein
the subject has high amounts of anti-Ad5 neutralizing antibodies.

29. The use or method according to any one of claims 20-28, wherein

30 the subject has previously been treated with AdS5.

30. A method of producing an adenoviral vector according to any
one of claims 1-16 comprising:

i) providing a DNA vector comprising at least partial Ad3 DNA and
optionally one or several promoters and/or optionally one or several transgenes,

35 and



27. The use or nmethod according to any one of clains 20-26, wherein the
nmet hod or use further conprises adm nistration of concurrent chenot herapy
to a subjwot2010286838he use or nethod according to any onecCofiBuliehime520- 27,
wherein the subject has high amounts of anti-Ad5 neutralizing antibodies.
29. The use or nethod according to any one of clains 20-28, wherein the
subj ect has previously been treated wi f#h Ad5. 30. A method of produci ng an
adenoviral vector according to any one of clainms 1-16 conprising: i)

providing a DNA vep! atoGRERRL SLRGifler T8 AR dditmddAahonaNl BRé opnal |y

one or several ro ers . ptlona y one or sever al thransgenes,
andi i) i nséeveragpromotesnandaeepinally Ong s seyamtYaRageR I00RSIMEF ¥ne or

several pronoters gndAQretpBlizRealdiNg &helaih FEWeiatkintd pregadesntbutthie _
vector. 3 erein a plasmd construct is

1. A, nethaod accordin | ai m 30,
used for pPﬁ%@*ffﬁ%\a?“f‘%ﬁst@%}?&@gg(sbgoﬁ?ﬁea‘g]%%vér\ﬂw $%ector. 32. A method
accordi Bg to cl ai n830Aanetholl, acdrediagnot dainad&narv8 t,alvherein dne iadepevthiced i n

a cell line, . . .
vector is produced in a cell line.



