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[MapBoBUpychI (Parvoviridae) — cemencTBO CaMbIX
menkux [JHK-copepxawmx cchepnyecKknx BUpPYCcoOB,
NIULWEHHbLIX nunonpoTreMaHon obono4yku. dmameTp
BMpPYCHbIX YyacTtuy 18-26 HM, kKancug MKocasgpuUYecKuu
T1, konnyecTBO KancomepoB B BUpuoHe — 60.



Family 00.050. Parvoviridae

Taxonomic Structure of the Family

Family 00.050. Parvoviridae

Subfamily 00.050.1. Parvoririnae

Genus 00.050.1.01. Parvovirus

Genus 00.050.1.02. Erythrovirus

Genus 00.050.1.03. Dependovirus 3
Genus 00.050.1.04. Amdovirus — &
Genus 00.050.1.05. Bocavirus

Subfamily 00.050.2. Densovirinae

Genus 00.050.2.01. Densovirus

Genus 00.050.2.02. /teravirus

Genus 00.050.2.03. Brevidensovirus

Genus 00.050.2.04. Pefudensovirus

00.050.2.00. Unassigned

NeHom: OHK, ogHoueno4yeYyHas
Tunbl Xo3AKXHa: Vertebrates, Invertebrates
Mopdronorua: be3zobono4yevyHsbIN, M30METPUYECKMIA
Pennukauumsa: ABTOHOMHaA, S-tpa3za KNeTOYHOro UMKnNa,

He aBTOHOMHaRA, C BMPYyCOM NOMOLWHWKOM



Surface topologies of the capsids of

various members of the family Parvoviridae, calculated

from the atomic structures of the viruses.

A: The insect infecting densonucleosis virus Galleria mellonella
densovirus (GmDNV).

B: The autonomous parvovirus minute virus of mice.

C: The dependovirus adenoassociated virus 2 (AAV2).



[[eHOM BUpyca

* HecerMeHTUpPOBaHHbLIN FrEHOM COAEPXUT OOHY
MOneKyny oHgoueno4ye4yHou nuHeunHou [OHK. B
3penbiX BUPUOHAX OHa MOXeT ObITb NONOXUTESbHO!
UNn oTpUulaTenbHON, ANA HEKOTOPbIX YNeHOB
CeMeUCTBa 3TO COOTHOLUeHUEe MOXeT AOCTUraTh
nponopuun B 50%.

« [nuHa reHoMma okorso 5000 HykKneoTuOoB.

« 5'-KOHUeBas nocrieqoBaTeNlbHOCTb COOEPXUT
NOBTOPbLI U hOpMUPYET WNUNBLKY, KOTOpasa MOXeT
aocturaTthb AnuHbI B 200-242 HyKneoTuaa.

* [locne Bbigenennsa reHomHasa HK moxeTt
dopmupoBaThb AByxuenoyeyHasa cpopmy OHK.



Cxema opraHniayum reHomMma napBoBuUpycosB
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Mpeanonaraemasa cxema NPOHUKHOBEHUA
NapBOBUPYCOB B KINeTKY
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Pennukaunsa napBoBUPYCOB B KNETKE,
CXeMaTU4YHO, ANs aBTOHOMHbIX
NnapBOBMPYCOB




Parvevirus H1, complete genoms
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Product Mame Star End Strand Lergﬂ] Accession Genell Locus L'WUE_IHEI COG(s) Clusters Structure
Mon-capsid prodein 264 2282 . 672 NP 040318 1 1489601 - FHV1gp1 -
coal probein 2288 2357 - 22 HE 0403191 1489602 - PHV 1gp2 -

Zoal protein Vi1 30aT 4575 + 4492 NP 5477411 1485600 - PHV 1gp3 -




HekoTopble nabopaTtopHbIe
0CODEHHOCTN NapBOBUPYCOB

Pennukauua Tonbko B KneTkax Ha S-dase
KneTo4yHoro uukna (supyc He umeet JHK
nonumepasbl)

OyeHb cTporas xo3sanckas cneumdUYHOCTb.

BoamoxHoe otcytcreue LN Ha kynbType
KIMETOK.

KocBeHHble MeToabl TUTPOBAHUS, HANpuUmep
PTIA c aputpoumntammn o6e3bsiH.

Bbicokasi CTOMKOCTb B OKpY»XaloLlen cpege.

He oTHOCUTCS K MUKpoopraHmamam 3-4 rpynn
[MBA no knaccudukauyum PocnotpebHaasopa.
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Genetic Retargeting of H-1PV to Cancer Cells
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OCHOBHbI@ MeXaHU3Mbl
OHKOJIUTUYECKOro AecTBus
napBoOBUpPYCOB

* [paAMOX NU3NUC PaKkoBbIX KNETOK
 MHAyKuMA anonTto3a pakoBbIX KMNeTOoK

* AIMmmyHOMOAaynauusa n doopMmmupoBaHue
NPOTUBOPAKOBOro MMMYHUTETA



H-1 PV infection

Tumeor samples
receplion
Mechanical and Elimination of
enzymualic digestion dead cells
D1
|
Cell adhesion

1 day
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Glemsa coloratlon
showing oncolysls
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End of experiment

DX+T

Liberation of new virions
after cell lysis

Viral replication
in malignant cell

MTT viabliity assay
to quantify the H-1 PV
Induced oncolysis




Tablel. Advantages and Drawbacks of Autonomon
Parvovirus Vectors

Advantages

Oncolytic/Oncotropic properties

S-phase dependence

Lack of integration in host genome

Weak mnflammatory and CTL respoases

Low pre-immunity for H-1 virus in the human population
Safety 1n pre-clinical and Phase I studies

Disadvantages

Limited si1ze of accommodated transgenes
High neutralizing antibody response
Relatively low titers of recombinant viruses




HekoTopuie xapaktepucTuku 6enka NS1napeoeupyca H-1, uHayumpyowero
anonTos, B CpaBHeHUM ¢ anontuHom u 6enkom E4orf4

Characteristics Apoptin Edorf4 NS1 References

p53-independent apoptosis Yes Yes Yes {Backendorf et al, 2008; Lavoie et al, 2000; Di Piazza et al, 2007)
Blocked by Bd-2 Mo Mo Mo (Backendorf et al, 2008; Landry et al, 2006; Di Piazza et al, 2007)
Acts via caspase pathways Yes Mo Yes {Danen-van Oorschot et al, 2000; Landry et al. 2006; Di Plaza ef al, 2007)
Cytochrome ¢ release Yes Mo Yes (Danen-vam Oorschot et al, 2000; Li et al, 2009; Di Piazza et al, 2007)
Interference with APC/C Yes Yes - (Hedlman et al, 2005, 2006)

Interference with Cilo - - Y (Nuesch and Rommelaere, 2007)

Nudear localization Yes Yes Yes (Backendorf et al, 208)

Phosphorylated to be active Yes Yes Y (Rohn et al, 2002; Gingras et al, 2002; Lachmann et al, 2008)
Degradation of cytoske leton - Yes Yes (Li et al., 2009; Bir et al, 2008)

Interaction with PP2A - Yes - (Shirichman et al, 1999)

Ceramide elevation Yes - - {Liu et al, 2006b)

Mitotic catastrophe = es - (Li et al., 2009)
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Malecular Pathways: Rodent Parvoviruses —Mechanisms of
Oncolysis and Prospects for Clinical Cancer Treatment
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Oincodysis and Prospects for Clinical Cancer Treatment
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Quantitative Proteomic Analysis of Tumor Reversion in Multiple
Myeloma Cells
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Journal of Drigestive Diseases 2012; 13; 366-373

Table 2. Tumor formation from implanted gastric cancer

cells

Cell line Group Mean volume (mm’)t

MKN28 Empty vector 461.04 = 18.09
pcDNA3.1-NS1 457.40 *= 20.11

SCC7901 Empty vector 446.84 + 30.98
pcDNA3, 1-N51 Not

MKN45 Empty vector 596.36 = 20.39
pcDNA3. 1-NS1 Not

thMean =+ standard deviation.
$No, no umor was observed (" < 0.05 versus empty vector group].

Figure 5. Tumor formation from xenografts of transfected

gastric cancer cells. (a, b) MKN45 cells transfected with

CONCLUSIONS: NS1 expression in poorly differen-  empty vector were implanted in the right flank of nude mice,
tiated gastric cancer cells prevents them from forming [ g o Ot W con S et it Yevee i Hnc:
. L . tions of tumor xenografts were stained with hematoxylin

tumors, perhaps by impairing the stem-like pheno-  .nd eosin and examined microscopically. Tumors derived

type. The parvoviral NS1 protein warrants further from MKN28 cells transfected with (c) empty vector or (d)
. P . . . . recombinant plasmid pcDNA3.1-NS1 and from (e)
investigation for its therapeutic potential against SCC7901 or (f) MKNAS cells transfected with empty :

cancer.



/ arca of tumor destruction
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(MRI)

complete remission
of glioma (MRI)

N5-1 expression
. in tumor anca
OukonuTHyeckoe aerctene H-1PV B oTHOWeHUn rnnomel Kpekic. Mocne

ETEPEDTEI{CH‘IEEI{UFI HHTpHI{paHHthHbIﬁ MMNNaHTaAUMUKU KNeToK NMUOoMEl U1 pOCTa
onyxonu, Kak 6bino nokazado AMP , eupyc H-1PV BBOAMNCA BHYTPHONYXONeBo
w/vnn BHyTpHMBeHHO . MNMocneayrowee nccneposadne AMP M ructonormyeckme
aHanuikl BeIABUMNW OHKONWTHYECKDE pa3pylleHWe onyXxonu B obpaboTaHHbIX
HHMBOTHEIX W JKCNPeCCH) LUATOTOKCH4YeCKOro NapeoBUpPYyCHOMD ﬁEJ’II{EI HS-"
(AaHHLIE MMMYHO(NIOOPECLEHTHOrO aHanusia) B perpeccUpyrowmx onyxonsx.
(Rommelaere et al., 2010)



A Animal # 100 (ic-treatment) B Animal # T12 (iv-treatment)
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Fig. 1. Complete remission of RG-2 ghomas after H-1PV treatment MR images of animal #100 (A1 to Ad4) and 712 (B to B3) at different
time points. For each examination, 3 coronary sections are shown. Tumor volumes defined by the area of contrast enhancement
progressively decreased after H-1PV injection. Animal #100 was infected wath H-1PV intratumorally (A1) and examined on days 3, 7,
and 150 p.i (A2, A3, and A4, respectively). Examination dates for animal 8712, which was infected intravenously (B1), were days 7 and
28 pl. (B2 and B3). Both animak have survived for more than & months and without tumor recurrence.
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Geetneky et al.: Parvovirus H-1-induced ontolysis of gliomas
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Fig. 5. H-1PV-induced suppresion of human glomas (establshed from US7 cells) in RNU rats. {Upper panel) Demonstration of tumor



Control - inactivated H-1PV
virus
Figure 1. Ghoma regression by
intramasally adminstensd H-1PV.
MR mages of 3 animals, aach
from 1 experdmental group, ane
ghvan as represeantalive ouamphes.
Rals baarng an intmoania RG-2
goma wem intmnasaly treated
with (&) PBS, (B) noninfectious H-
1PV capsids (LW -irrmdiabed ampiy
capads equivaent 1o 1 = 10"
partickes), (O} infectious H-1PV
(1 = 10" phy) 7 days after tumor
call implantation. MR was done 7
&), 12 ). 17 (g, or 22 (d) days
afier umor call mplantation.
There am no images at day 22 (d)
for the control groups Decause No
PBS- or emply virus-treated rais
survived for 5o long. MR image for
group B lemply capsids) had o be
done at day 16 due to the lack of
sundvors at laler timas. The group
C animals survived symplom free
for mone than B) days after tumor
call implantation. MB: Probably
due Lo regression of the Tumos,
MAl shape of brains changasd
slightly IC, d). d

WWW. aacrjoumals.org Clin Cancer Res; 17(16) August 15, 2011



Immunomodulation by CpG-enriched parvoviruses
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P38 therapeutic
transgene
@— vector plasmid
Right
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helper plasmid
capsid
Parvavirus backbone Tramsgene product
Markers
MVMp chioramphenicol
acetyltransferase
MVMp, MV, H-1 {enhanced) green fluorescent
ratein
H-1 uciferase
Cyto'chemokines
MYMp, MR muring BF-1 (CD30)
MVMp muring BF-2 (CD36)
MVMp, H-1 human interleukin-2
MVMp murine interleukin-4
MVMp human interferon
gamma-inducible protein 10
H-1 human monocyte chematactic
protein 1
H-1 human monocyte chemaotactic
protein 3
Toxins
MVMp H5Y-1 thymidine kinase
H-1 Apoptin
Vaccine target
MV Borrelia bungdaorferi outer

surfage protein A



Table 3.  Anti-Neoplastic Effects of Recombinant Parvoviruses’

Virus Transgens Infection’ Tumer cells Mice Antitumor Effect’ Refl
H-11L-2 in vitro caArcinOma nude ves Haag et al, 2000
H-1MCP-1 in vitre CArCInOmA nasde 0o Haag o al, 2000
H-1MCP-3 in vitro CArCInoma nude Yes Wetzel er al, 2001
MVMp/IL-2 im vitro mielanoma yes El Bakkoun ef al, 2000 b
MVMpIP-10 i vivp endothelioma ¥m Vs Giese ar o, 2002
MVMpMCP-3 in vivp melanoma syn yes Wetzel, 2000
MVMpMCP-3 in vitro melanoma syn yes Wetzel, 2000
MVMLBT.1 in vive thvmoma syn yes Palmer and Tarersall,
2000 b

‘Apnmemer effecty of recombnpant vouie: melude longer Life expectascy of meated ammals mbddtion of mmer prowth preventon of mmor sppearance asd regresicn of
extablibed momors. Yes: enhanced effect of the recombunant compared with an appropruate control verus (wild-rype, empty vector or vector harbormg a marker transgene). No- no
mmprovemsent of ihe smtinecplastic effect of recombinast over contral vinss.
&mM‘Hﬂ-lnﬂHﬂ-!.mmmlﬂ!.m!.mm:;ﬁ—lﬂ.m:-mmJU:BTI.:MM}'EMBTI :

In vitre. tamer cells mfested m culfure pricr to ther subeutanecus graftmg. fnvive. establivhed fumors nfected m armals.

“H-1 vima-derrved vecton were nied agsinit Bsnan mmons grafted in imaonsmodeficient (ande) mice. while MVM-demived vectors were used agaient monie numor celly mplanted in

fyngensc (1) ouce
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The combined effects of oncolytic reovirus plus Newcastle disease
virus and reovirus plus parvovirus on U87 and U373 cells

in vitro and in vivo

Abstract Previous results had documented oncolytic
capacity of reovirus, parvovirus and Newcastle disease
virus (NDV) on several umor cell types. To test whether
combinations of these viruses may increase this capacity,
human UR7- and U373-glioblastoma cells, in vitro or
xenografted into immuno-compromised mice, were sub-
jected to simultaneous double infections and aralyzed. Our
results show that reovirus (serotype-3) plus NDV (Hitcher-
Bl) and reovirus plus parvovirus-HI lead to a significant
increase in tumor cell killing in vitro in both cell lines
(Kruskal-Wallis wst, P < 001) and in vivo. Immunoluo-
rescence and flow cytometry analyses demonstrated the
simultaneous replication of the viruses in nearly all cells
(>95%) after combined infection. These data thus indicate
that a synergistic anti-tumor effect can be achieved by the
combined infection with oncolytic viruses.
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The combined effects of oncalytic reovirns plus Newcastle discase
virus and reovirus plus parvovirus on UST and U373 cells
In vitre and in vive
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ammals were reated with reoviius (green Nine, the plotied values
represent the mean of the measurements. o = ) of NDV (red live.
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Generation of an Adenovirus-Parvovirus Chimera with Enhanced

Oncolytic Potential
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In this study, the goal was to generate a chimeric adenovirus-
parvovirus (&d-PV) vector that combines the high-titer and
efficient gene transfer of adenovirus with the anticancer
potential of rodent parvovirus.

To this end, the entire oncolytic PV genome was inserted into
a replication-defective E1- and E3-deleted AdS vector
genome. The chimera effectively delivered the PV genome
into cancer cells, from which fully infectious replication-
competent parvovirus particles were generated. Remarkably,
the Ad-PV chimera exerted stronger cytotoxic activities
against various cancer cell lines, compared with the PV and
Ad parental viruses, while being still innocuous to a panel of
tested healthy primary human cells.

This Ad-PV chimera represents a novel versatile anticancer
agent which can be subjected to further genetic
manipulations in order to

reinforce its enhanced oncolytic capacity through arming
with transgenes or retargeting into tumor cells.
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Generation of an Adenovirus-Parvovirus Chimera with Enhanced
Oncolytic Potential
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Cancer Therapy: Preclinical

Improverment of Gemcitabine-Based Therapy of Pancreatic
Carcinoma by Means of Oncolytic Parvovirus H 1PV

Assia L Angelova, Marc Apahamion ™ Sviena P Grekova, Amaor Hojr, ™ Barbara Leuchs,' Nathalia A, Giese,”

Crwrinti ana Dirva 1. A Harrnann," Ginetts Balban,® Jaan Rommelsar snd Zahei Rakoy'
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Research Article

Improved Killing of Human High-Grade Glioma

Cells by Combining lonizing Radiation with Oncoelytic
Parvovirus H-1 Infection
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KnuHu4yeckune ucnbitaHua npenapara ParvOryx 01

Phase l/lla study of intratumoral/intracerebral or
intravenous/intracerebral administration of Parvovirus H-1
(ParvOryx) in patients with progressive primary or recurrent
glioblastoma multiforme: ParvOryx01 protocol

Aim

This trial aims to investigate the safety, biodistribution, maximum
tolerated dose and signs of anti-tumor activity of parvovirus H-1
in patients suffering from recurrent malignant gliomas. According
to preclinical data and differing from previous oncolytic virus
trials in GBM patients ParvOryx01 will not only include
intratumoral virus application but also intravenous treatment.
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KnuHuyeckmne ncnbitTanna npenapara ParvOryx 01

ParvOryx 01
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Figure 1



KnuHuyeckue ucneitauua npenapara ParvOryx 01

Table 1 Dose schedule for both study groups

GROUP |
Escalation Level Study Time Dose and route of administration Duration
Level 1 Total dose: 1 x 10° pfu  Day 1 5 x 1P pfy, intratumaoral (via catheter) 15 minutes
Day 10 5 x 10° phu, intracerebal (direct injection at multiple kocations of resection wall) 15-30 minutes
Level 2 Total dose: 5= 107 pfu  Day 1 25 % 107 py, intratumoral (via catheter) 15 minutes
Cay 10 25 % 107 pfuy, intracerebal (direct injection at multiple locatiors of resection walll 1530 minutes
Level 3 Total dose: 1 x 10° pfu  Day 1 5 % 107 pfu, intraturnoml (via catheter) 15 minubes
Dy 10 5 % 10" phu, inracerebral (direct injection at multiple locations of resaction wall) 15-30 mirutes
GROUP Il
Escalation Level Study Time Dose and Route of Administration Duration
Level 1 Total dose 1% 10° pfu Day 1 -5 1 x 107 phu, intriavenous infusion 2 hours
LDay 10 5 % 10° phy, intracerebral (direct injection at multiple locations of resaction wall) 15-30 mirutes
Level 2 Total dose 5 = 107 Day 1-5 0.5 % 107 pfy, intravenous infusion 2 howrs
Cay 10 253 107 pfuy, intracerebral (direct injection at multiple locations of resection wall]  15-30 minutes
Level 3 Total doses 1% 10° pfu Day 1-5 1 % 10° phy, intravenous infusion 2 hours
Doy 10 § x 107 pfu, inracerebral (direct injection at multiple locations of resaction wall) 15-30 minutes

Specification of virus application and dose ewcalation during the Parvornd trial; dose group 2 will be treated after completion of group 1 and after interim
analysis of safety and tolerability in growp 1.



SakmoquMe

OHKONUTUYECKWUE NapBOBUPYCbI, U NpeXxae BCcero napBoBUPYC
H-1PV, cnocobHbI cenekTMBHO MHPULUMPOBaTL U NM3UPOBaThL
KNeTKU pakoBbIX ONyXOreu.

« [MapBoBUpYyCbl BbI3LIBAKT UMMYHOCTUMYNUpYOWUNA 3dcexT,
MHOYLMPYA 3NUMHUHALMIO ONYXOneBbIX KNeToK Yyepes
dopmupoBaHue cneynduryeckoro NnPpoTMBOPaKkoBOro
MMMYHUTETA.

« OAWH U3 BO3MOXHbLIX MEXaHU3MORB NPOTUBOONYXONEeBoro
AEeUCTBUA CBA3aH C MHOYKUMen anonTto3a benkamu 11k0a u
NS1 napeoBupycos.

* BeKTopHble CUCTEMBbI HA OCHOBE FEHOMa NapBOBUPYCOB TaKXe
nepcnekTUBHbI ANA FeHHOW Tepanuu PasnuyYHbIX
OHKONOrMYeCcKUX U1 CoMmaTu4eckux saboneBaHumi Yenoseka.

* MapBoBupyCbl ObINKM BeCbMa yCMNewHo UCNOoNb30BaHbl ANs
3KCNepUMEeHTanLHOro nNeYeHus rMuoMsl, HeMpoobnacTomMel,
nHMCbDMI:I, renatTombl, KapumHOMbI nD,D,H{EH}?ﬂDHHUIFI Hene3bl N
onyxosnen MONOYHOM Xene3sbl.

+ Co3paH nepBbIn OHKonUTMYeckun npenapart «ParvOryx» Ha
ocHoBe napsoBupyca H-1PV u Ha4yaTbl KnuHU4Yeckue
ucnbiTaHma dasbl {"Ila Ha nauMeHTax ¢ MynbTUhopMHOKN
rnmobnacromomn.



Kaxxgown onyxonu — uHAUBUAYyanbHbIA
OHKONMUTUYeCKU NapBOBUpYC

Cnacnbo 3a BHumMmaHue!




