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Aim. Compare the lytic efficiency and the kinetics of accumulation of vesicular stomatitis virus serotypes Indiana
(VSV-IND) and New Jersey (VSV-NJ) on cell lines of mouse melanoma B16F10, human hepatocellular carcinoma
HepG2 and human mammary adenocarcinoma MCF7.

Materials and methods. The viability of mouse melanoma B16F10, human hepatocellular carcinoma HepG2
and human mammary adenocarcinoma MCF7 cell lines infected with VSV-IND and VSV-NJ viruses at different
multiplicity of infection (10 MQI; 1 MOI; 0.1 MOI) was assessed after 24, 48 and 72 hours, and the half maximal
inhibitory concentration (IC50) values were measured using the methyl tetrazolium test. The relationship with virus
accumulation in cell culture was determined using reverse transcription — quantitative polymerase chain reaction;
50% tissue culture infectious dose (TCID50) of VSV-IND and VSV-NJ for B16F10, HepG2, MCF7 were calculated using
the Reed-Muench method.

Results. The most susceptible cell line for both viruses was B16F10: cell viability 72 hours after infection
at 10 MOl was only 10.4% and 5.7% for VSV-IND and VSV-NJ, respectively. HepG2 cell viability at 72 hours
post-infection at 10 MOl was 10.8% and 9.8% for VSV-IND and VSV-NJ, and for MCF7 adenocarcinoma it was
46.6% and 36.2%, respectively. Moreover, only in the B16F10 culture was a positive statistically significant
correlation of medium strength established between the inhibition of cell viability and the accumulation of
viral RNA: for VSV-IND r = 0.601 (p < 0.05); for VSV-NJ r = 0.668 (p < 0.05). HepG2 and MCF7 showed no
significant correlation.

Conclusion. The research results indicate the potential of using oncolytic viruses of the VSV-IND and VSV-NJ as a
platform for the development of new recombinant viruses for virotherapy of solid tumors in combination with other
types of treatment.
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CpaBHUTeNbHbIA aHaNu3 LUTONIUTUYECKOIro NoTeHuana sMpyca
Be3uKynsipHoro cromatuta cepotunoB Indiana u New Jersey
B OTHOLLUEHUU OMYXO/EeBbIX KNeTOYHbIX IMHUA

A.C. Ucaesa, H.O. ITopo3sosa, D. Ugora, C.1. Bonoguna, A.H. Jlykames, A.C. Ma/1oronoBKuH"*
DI'AOY BO «Ilepesviti Mockosckuii 20cydapcmeeHHtblii MeOUyUHCKULL yHusepcumem
um. U.M. Ceuenosa» Munsdpasa Poccuu (Ceuenosckuii Yuusepcumem)
ya. Tpy6eukas, 0. 8, cmp. 2, 2. Mockea, 119048, Poccus
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Llenb. [1poBeCTM CPaBHUTENbHDIA aHanu3 aQMEKTUBHOCTY TM3MCA PAKOBbIX KNETOK U KMHETUKY HAKOMIEHUs ABYMS
cepoTunamu Bupyca BeaukynspHoro ctomatuta Indiana (VSV-IND) n New Jersey (VSV-NJ) Ha KNeToUHbIX NMHNSX
MenaHoMbl Mol B16F10, renaToLenntonsapHoi KapumHoMbl Yenoseka HepG2 u afieHoKapLyHOMbl MOMIOYHOM »e-
nesbl yenoseka MCF7.

Marepuanbl n metoapbl. bbina oLeHeHa XW3HECNOCOBHOCTb KNETOYHbIX NIMHUIA MenaHoMbl Mbitin B16F10, rena-
TOLENONAPHONR KapuynHoMbl Yyenoseka HepG2 1 ageHoKapuUMHOMbI MOMIOYHON xenesbl Yenoseka MCF7, uHdK-
LmpoBaHHbIX Bupycamn VSV-IND u VSV-NJ npu pasHoii MHOXecTBeHHOCTM 3apaxenus (Multiplicity of infection,
MQI) (10 MOI; 1 MOI; 0,1 MOI), uepes 24, 48 1 72 Yyaca, a Takxe BblYNCIEHbl 3HAYEHUSA NONOBUHBI MaKCUMabHOI
NHrGMpYtolei KoHueHTpauu (IC50) ¢ noMoLbo MEeTUN-TETPA30NeBOro TecTa. B3aMOCBA3b C HAaKOMEHUEM BY-
pyca B KNETOYHON KynbType Onpeaensam ¢ NOMOLLbIO NONMMEPa3HON LENHON peakUui C 06paTHOM TpaHCKpUMLMeN
B pexume peanbHoro Bpemern, 50%-Hble nHduumpytoume f03bl (TCID50) VSV-IND 1 VSV-NJ ans B16F10, HepG2,
MCF7 paccunTbiBan ¢ noMoLbto MeToaa Puaa — Menua.

Pe3ynbratbl. Hanbonee BOCNPUUMUMBOIA KNETOUYHOW NUHMER And 060Mx BMPYCOB okazanacb B16F10: xus-
HECnoCoBbHOCTb KNeTok Yyepes 72 yaca nocne 3apaxeHus 10 MOI coctauna nnwb 10,4 v 5,7% ans VSV-IND
n VSV-NJ cooTBeTcTBEHHO. XXN3HecnocobHocTb kneTok HepG2 coctasuna 10,8 1 9,8% ana VSV-IND n VSV-NJ,
a nng ageHokapunHombl MCF7 - 46,6 1 36,2% COOTBETCTBEHHO Yepes 72 Yyaca nocre 3apaxenus 10 MOI. Mpu
9TOM Wb B KyNbType B16F10 ycTaHOBNEeHa NONOXWTENbHAA CTAaTUCTUYECKN 3HAaYUMasd KOPPEenaums cpea-
Hell CuNbl MeXAY MHIMOUMPOBAHMEM XM3HECTOCOOHOCTH KNETOK 1 HakonneHnem BupycHoi PHK: ana VSV-IND
r=0,601 (p < 0,05); ans VSV-NJ r = 0,668 (p < 0,05). HepG2 n MCF7 He NpoAeMOHCTPUPOBaNN 3HAYMMOIA
Koppenauum.
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3aknioueHune. Pe3ynbTathbl UCCNEL0BAHUIA CBUAETENbCTBYIOT 0 BO3MOXHOCTU UCMONb30BaHNS cepoTunos VSV-IND
n VSV-NJ B KayecTBe NnathopMmbl AN pa3paboTKi HOBbIX PEKOMBKHAHTHbIX BUPYCOB 19 BUPOTEPANUM CONMAHbBIX
Onyxofei B KOMBUHALMM C APYrUMY BUAAMU NlEYEHUS.

KnioyeBble cnoBa: MMyHOTEPaNus; BUPYCHbIE BEKTOPbI; OHKOMUTUKM; BUPYCbI XMBOTHbBIX; UMTONATUYECKOE Ael-
CTBUE; NONIMMEPA3Has LienHas peakums

Py6puku MeSH:

KNETOYHBIE NMHMIA HOBOOEPA30BAHNIA - BUPYCOMOr A

KNETOYHBIE NMHMIA HOBOOEPA30BAHNIA - MMMYHOOM A

KNETOYHBIE IMHMIA HOBOOEPA30BAHNIA — AEVMCTBIE NEKAPCTBEHHbBIX MPEMAPATOB
[MPOTUBOOMYXONEBAA BUPYCOTEPAMNA - METObI

BE3SVKYTIAPHOIO CTOMATUTA UHAVMAHA BUPYC - UMMYHOJIO0T A

BESVKYNIAPHOTO CTOMATUTA MHANAHA BUPYC - NMATOTEHHOCTb

BE3SVKYTIAPHOTO CTOMATUTA HbIO-IXXEPCK BUPYC - UMMYHOJI0T UA

BE3SVKYTIAPHOITO CTOMATUTA Hb1O-IXXEPCW BUPYC - MATOIMEHHOCTb

JIEKAPCTBA CO3[AHME
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Despite progress in the study of the molecular
processes of oncogenesis, cancer mortality worldwide
remains significant, with approximately 9.3 million
cases reported annually. This places cancer as the second
leading cause of mortality from non-communicable
diseases, following cardiovascular diseases, which
account for 17.2 million cases per year!. According
to global statistics for 2020, the three most common
and aggressive types of cancer are: breast cancer (BC),
lung cancer, and colon/rectal cancer. The number of
new cases per year is 2.26, 2.21, and 1.93 million,
respectively?.

In the fight against cancer, there remain a number of
unsolved problems related to the effectiveness and safety
of treatment - for example, chemotherapy and radiation
therapy, despite their positive effects on cancer cells,
cause clinically significant side effects that worsen the
general condition of patients. The search for drugs with
high efficiency that cause selective death of tumor cells
but have minimal side effects on healthy cells and tissues
is an urgent one [1-4].

Oncolytic viruses have long been considered as
possible antitumor agents [5]. Among them, much
attention is paid to viruses of the family Rhabdoviridae,
which includes the vesicular stomatitis virus (VSV)
[6]. VSV is an RNA-containing virus that can
effectively penetrate different types of animal cells
while being non-pathogenic for humans [7, 8]. VSV
replication is enhanced in tumor cells with a defective
interferon signaling pathway, in which the innate
immune response does not work [9]. In addition, VSV
has a rapid life cycle, does not integrate into the host
genome [8], and is a potent inducer of apoptosis in
infected cancer cells [10, 11]. VSV has demonstrated
antitumor activity in a wide range of cancer cells,
including osteosarcoma [12], cervical cancer [13],
breast cancer [14], melanoma [15], hepatocellular
carcinoma (HCC) [16], pancreatic cancer [ 17] and
glioblastoma [4, 18].

There are two main VSV serotypes: New Jersey
(VSV-NJ]) and Indiana (VSV-IND), which differ in
terms of their genetic and antigenic properties. The
homology of the major capsid glycoprotein G of viruses
of both serotypes is less than 50% [19]. Viruses of the
VSV-NJ and VSV-IND serotypes also have different
pathogenicity for farm animals [20, 21]. Additionally,
phosphoprotein P which is an important component
of the RNA-dependent RNA polymerase exhibits the

highest variable among both viruses, with a nucleotide
sequence homology of 30% [22]. Having a common
origin and different antigenic properties, VSV-NJ and
VSV-IND may differ in terms of their effectiveness in
killing tumor cells.

The potential of virotherapy is attracting interest as it
allows viruses to target a wide range of malignant cells. In
this work, we compared the oncolytic potential of VSV-
NJ and VSV-IND using the most widespread cell lines:
mouse melanoma - B16F10, human HCC - HepG2,
human breast cancer - MCF7. In addition to differences
in the origin, structure, and nature of metastasis of
melanoma, HCC, and breast cancer, these cell lines show
different permissiveness towards oncolytic viruses. For
example, B16F10 is not permissive to human adenovirus
type 5 [23, 24], but is permissive to myxoma virus [25].
This difference is due to the absence of the CAR receptor
(coxsackievirus and adenovirus receptor) on the cell
surface which is necessary for adenovirus penetration,
while the infectious cycle of the myxoma virus does not
depend on membrane receptors [26].

Most modern studies are devoted to recombinant
strains based on VSV-IND, but none of them has been
approved in the clinic to date. To assess the prospects
for using other VSV serotypes in tumor virotherapy,
their comparative analysis is necessary, as is further
study of various genetically different variants of
natural VSV serotypes to select the most promising
platform for the development of new armored
oncolytic viruses.

Aim of the study: To study the cytolytic effect and
kinetics of accumulation of VSV-IND and VSV-NJ on
cell lines of mouse melanoma, HCC and human BC.

MATERIALS AND METHODS

Viruses

This study used vesicular stomatitis viruses VSV
(serotype New Jersey (VSV-NJ]) and Indiana (VSV-
IND) from the working collection of the Institute
of Medical Parasitology, Tropical and Vector-Borne
Infections named after E.I. Martsinovsky, Federal State
Autonomous Educational Institution of Higher Education
“First Moscow State Medical University named after
[.M. Sechenov, Ministry of Health of Russia (Sechenov
University).

VSV viruses were obtained in hamster fibroblast cell
culture BHK-21 (American Type Culture Collection
(ATCC), CCL-10).

! World Health Organization: Newsroom/Fact sheets/Detail/Noncommunicable diseases. https:/www.who.int/news-room/fact-sheets/detail/

noncommunicable-diseases (accessed: 22.09.2023).

2 World Health Organization: Newsroom/Fact sheets/Detail/Cancer. https://www.who.int/news-room/fact-sheets/detail/cancer (accessed:

22.09.2023).

5 American Type Culture Collection (ATCC): Cell Products/Animal Cells/CCL-10. https://www.atcc.org/products/ccl-10 (accessed:

29.09.2023).
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Cell lines

The cell lines chosen for the work were: mouse
melanoma - B16F10 (ATCC CRL-6475)*, human
HCC - HepG2 (ATCC HB-8065)°, Human breast
cancer - MCF7 (ATCC HTB-22)%. Cancer cell lines
were provided by the Institute of Gene Biology, Russian
Academy of Sciences (Moscow, Russia) (Fig. 1).

Cell Culture and Viability Analysis

The experimental part of this work was carried out
from August 2022 to February 2023. Cells were cultured
under standard conditions (5% CO,, 37 °C), according
to ATCC protocols for each cell line, until 70-80%
confluence was achieved in T25 and T75 flasks (Wuxi
NEST Biotechnology Co., Ltd., China), in Dulbecco’s
Modified Eagle Medium, DMEM (PanEco LLC, Russia)
with a high glucose content, with L-glutamine (PanEco
LLC, Russia), by adding 10% fetal calf serum (Diaem
LLC, Russia) and penicillin-streptomycin, 100x lyophile.
(PanEco LLC, Russia).

Cell viability was determined on a C-100 cell counter
(RWD Life Science, China) using trypan blue (PanEco
LLC, Russia). The cytotoxicity of oncolytic virus
serotypes was assessed by the decrease in the viability
of cells of the studied lines in the methyl tetrazolium test
(MTT)". For each experiment, cells were seeded into
three 96-well culture plates (SARSTEDT AG & Co.,
Germany) at a concentration of 10,000 cells per well,
cultured for 24 hours, after which cells were removed
from one well and the number of living cells were
counted to calculate the Multiplicity of infection (MOI).

Cells in plate wells were infected with VSV-IND and
VSV-NJ serotypes at doses of 10 MOI, 1 MOI and 0.1
MOI. As an uninfected control, wells with cells without
added virus were left. For each virus dose (MOI), 4 to 8
wells were used. All work was carried out under sterile
conditions.

The results of the experiment were considered
after 24, 48 and 72 hours using the MTT assay (the
final concentration of the MTT reagent in the well was
0.5 mg/ml). The optical density of the color reaction
was measured at wavelengths of 550 and 620 nm on a
Varioskan LUX plate spectrophotometer (ThermoFisher
Scientific TM., USA). Cell viability in wells with
uninfected cells was taken as 100% (control value). The
viability of infected cells was calculated as a percentage

KJIETOYHASA BUOJIOT UA, LLUTOJIOI U4, TMCTONOT A

of the optical density values of uninfected cells. Based
on the MTT assay data, the half maximal inhibitory
concentration (IC50) values were also calculated for
each cell line at different MOI (10; 1; 0.1) and incubation
durations (24, 48 and 72 hours).

Virus RNA Isolation

To conduct a polymerase chain reaction with
reverse transcription in real time (real-time reverse
transcription - quantitative polymerase chain reaction,
RT-gqPCR), 100 ul of the suspension was taken from the
wells of the plates 24, 48, and 72 hours after infection
of the cell cultures and isolated viral RNA using a set of
reagents for isolating RNA/DNA from clinical material
“RIBO-prep” (FBUN Central Research Institute of
Epidemiology of Rospotrebnadzor, Russia) according to
the manufacturer’s protocol.

RT-qPCR. For RNA detection (VSV), a primer
system was developed for the complementary sequence
of the gene region VSV-IND and VSV-N]J. Forward
(5’-GCTGCAGTGGACATGTTCTTC-3’) and reverse
primers (5’-CATGTATGAATCSGCCTTRTCAATT TC-
3”) were used to amplify the RT-qPCR product of 240 bp.
in the presence of the SybrGreen intercalating dye with
a reverse transcription polymerase chain reaction kit in
one tube (Alpha Enzyme LLC, Russia) and the addition
of 3% dimethyl sulfoxide at the following reaction
parameters: 50 °C - 10 min (1 cycle), 95 °C - 5 min
(1 cycle), 95 °C - 15 sec., 55 °C - 30 sec., 72 °C - 30 sec.
(40 cycles) on a QuantStudio 5 device (ThermoFischer
Scientific, USA).

Determination of 50% Tissue Infectious Dose of

Virus

Determination of 50% tissue infectious dose of the
virus (Tissue Culture Infectious Dose, TCID50) at 1 ml
of sample was carried out using the titration method in
BHK-21 cell culture (ATCC CCL-10) in a 96-well plate
format (Fig. 1). 10,000 cells were added to the plate wells
in complete Dulbecco’s modified Eagle growth medium,
cultured for 24 hours in an atmosphere of 5% CO, at
37 °C, then infected with VS-IND and VSV-NJ at doses
of 10 MOI, 1 MOI and 0.1 MOI (8 wells per dilution) in
a volume of 50 ul per well and incubated for 60 minutes
(5% CO,, 37 °C) for virus sorption on cells. Next, 150 ul
of complete growth medium was added and incubated

4 American Type Culture Collection (ATCC): Cell Products/Animal Cells/CRL-6475. https://www.atcc.org/products/crl-6475 (date of access:

29.09.2023).

5 American Type Culture Collection (ATCC): Cell Products/Human Cells/HB-8065. https://www.atcc.org/products/hb-8065 (accessed:

29.09.2023).

¢ American Type Culture Collection (ATCC): Cell Products/Human Cells/HTB-22. https://www.atcc.org/products/htb-22 (accessed:

29.09.2023).

7 Methods for studying cytotoxicity in drug screening. Educational and methodological manual / A.G. Iksanova, O.V. Bondar, K.V. Balakin.
Kazan: Kazan University, 2016. 40 p. https://kpfu.ru/staff files/F1213114794/Metody_skrininga_LS.pdf (accessed: 29.09.2023).
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FIG. 1. Experimental design: study of oncolytic potential of vesicular stomatitis virus serotypes Indiana and New Jersey.

PUC. 1. Cxema srcriepumeHTa: M3ydeHne OHKOJIMTUYECKOTO MOTEHIMaIa BUPyca Be3UKYIISIPHOTO cToMatuTa cepotutioB Indiana
u New Jersey.

Note: VSV-IND - Vesicular stomatitis virus Indiana; VSV-NJ - Vesicular stomatitis virus New Jersey; TCID50 - 50% Tissue Culture Infectious
Dose; B16F10 — Mouse melanoma cell line; HepG2 - Human hepatocellular carcinoma cell line; MCF7 - Human breast cancer cell line; MOl -
Multiplicity of infection; RNA - Ribonucleic acid; RT-gPCR - real-time reverse transcription — quantitative polymerase chain reaction; MTT -
methyl tetrazolium test.

Mpumeyanne: VSV-IND - Vesicular stomatitis virus Indiana, Bupyc BeaukynspHoro ctomatuta cepotun Indiana; VSV-NJ - Vesicular stomatitis
virus New Jersey, Bupyc BeaukynsipHoro ctomatuta cepotun New Jersey; TCID50 — 50% Tissue Culture Infectious Dose, 50%-Hast nHduum-
pytowas fo3a Bupyca; B16F10 — knetoyHas nMHMA MenaHoMbl Mblin; HepG2 — KNeToyHas NnHUS renaToLenitonspHon KapunHoMbl Yeno-
Beka; MCF7 — kneToyHas nuHus paka MofaoYyHoN xenesbl Yenoseka; MOl — Multiplicity of infection, MHOXeCTBEHHOCTb 3apaxeHus; PHK —
puboHyknenHosas kucnota; OT-MLP-PB —nonumMepasHas LenHas peakuus ¢ 06paTHOM TPaHCKpUMUMEN B pexyme peanbHOro BpeMeHH;

MTT - MeTun-TeTpa3onneBbIii TeCT.

for 72 hours under the same conditions. The results were
considered under an inverted microscope (Micromed I,
Russia), noting wells with characteristic changes in cell
morphology (rounded and compressed cells, partial cell
detachment). Virus titer was calculated using the Reed-
Muench method?.

Statistical Analysis

Data normality was assessed using the Shapiro-
Wilk test. MTT assay and RT-qPCR data are presented
as average values with sample standard deviation. The
statistical significance of differences in cell viability
was determined using Student’s t-test with Bonferroni
correction for multiple comparisons.

To identify the relationship between cell viability and
virus accumulation in cell culture, correlation analysis

was used to calculate the Pearson correlation coefficient
(r). The interpretation of the correlation strength was
carried out by assessing the range of values (r): from 0
to 0.299 - as a weak relationship; from 0.3 to 0.699 -
as moderate; from 0.7 to 1.0 - as strong. To refute the
null hypothesis, the level of statistical significance was
adopted p < 0.05. Statistical data analysis and plotting
were carried out using RStudio v.2023.03.1+446° using
the rstatix and ggplot2 libraries.

RESULTS

Mouse melanoma cell line BI6F10

Then transducing the B16F10 cell line in experiments
with MTT, a significant decrease in cell viability was
observed when infected with both serotypes of the
virus - VSV-IND (Fig. 2A) and VSV-N]J (Fig. 2B).

8 https://web.archive.org/web/20131119121647/http://aje.oxfordjournals.org/content/27/3/493.extract
° https://dailies.rstudio.com/rstudio/cherry-blossom/electron/windows-xcopy/2023-03-1-446/
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When analyzing the relationship between
cytotoxicity and the amount of viral RNA, a positive
statistically significant correlation of medium strength
was established for both serotypes: r = 0.601 for VSV-
IND, p < 0.05 and r = 0.668 for VSV-N]J, p < 0.05.

TCIDS50 of viruses accumulated on this culture over
24 hours at an infection dose of 10 MOI was 1.0x10*
and 1.47x10° TCID50 for VSV-IND and VSV-NJ,
respectively (Fig. 2C, 2D). We also determined the IC50
dose (MOI) for viruses of both serotypes (Table).

In the B16F10 culture, after 24 hours of exposure
to inhibit the viability of 50% of the cells, 5.31 MOI of
VSV-IND and 1.08 MOI of VSV-NJ were determined,
that is, the IC50 of VSV-IND was almost five times
higher than the IC50 of VSV-NJ. On the contrary, when
the exposure time was increased to 48 and 72 hours, it
was no longer possible to determine the IC50 for VSV-
IND due to the death of many cells (more than 80%) in
the entire range of virus concentrations used.

At the same time, for VSV-NJ after 48 and 72 hours,
the IC50 was determined within the range of 0.02-0.1
MOI (table), and the TCID50 indicator for VSV-IND
turned out to be more than 3 times higher than for
VSV-NJ (9.28x10% and 2.94x10° TCID50 for 10 MOI
respectively).

Human hepatocellular carcinoma cell line HepG2
The viability of HepG2 cells after 24 hours of
incubation with the virus of both serotypes is comparable
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to that of B16F10 (Fig. 3A, 3B). After 48 hours, over the
entire range of virus concentrations, more viable HepG2
cells remain than in the B16F10 culture under the same
conditions, except for VSV-NJ 0.1 MOI, for which the
values for both cell lines are the same (Fig. 2B, 3B).
The dynamics of the decrease in cell viability makes it
possible to determine the IC50 after 48 hours of exposure
to the virus of both serotypes (table). However, after 72
hours, the permissiveness of HepG2 to VSV-N]J exceeds
that of the B16F10 line. Even at a minimal infectious
dose of 0.1 MOI, more than 80% of cells are killed after
72 hours: IC50 is undetectable in this infectious dose
range for both serotypes (Fig. 3B).

As aresult of titration of VSV-NJ and VSV-IND using
the TCID50 method, after infection of HepG2 cells, the
values ranged from 2.15 x 10* up to 4.64x10° TCID50
for VSV-IND and from 1.0x10° to 3.16x10° TCID50
for VSV-NJ (Fig. 3C, 3D), which is several orders of
magnitude higher than that for B16F10. No significant
correlations were found between the decrease in viability
and the change in the amount of viral RNA (RT-qPCR)
for HepG2.

Human breast adenocarcinoma cell line — MCF7

In a series of our experiments, the MCF7 cell line was
the least permissive to VSV (Fig. 4A, 4B), demonstrating
resistance to VSV-NJ of more than 50% over the entire
range of virus concentrations and incubation times,
except for the maximum concentrations (10 MOI, 72

Table. 1C50 values for VSV-NJ and VSV-IND in cancer cell lines
Tabmmya. Onpepenenne IC50 ans ceporunoB Bupyca VSV-NJ u VSV-IND Ha pakoBbIX K/IETOUHBIX KynbTypax

Cell line / KneTouHas nuHus Time, h / Bpems, 4 159
VSV-IND (MOI) VSV-NJ (MOI)
24 5.31 1.08
B16F10 48 n/a 0.02
72 n/a 0.1
24 12.07 4.80
HepG2 48 0.25 0.01
72 n/a n/a
24 17.25 33.12
MCF7 48 n/a 0.01
72 0.66 6.02

Note: IC50 - Half maximal inhibitory concentration; VSV-IND - Vesicular stomatitis virus Indiana; VSV-NJ - Vesicular stomatitis virus New

Jersey; MOl - Multiplicity of infection; n/a - not analyzed.

Mpumeyarye: IC50 - Half maximal inhibitory concentration, nonoBuHa MakcUManbHo MHTMGMPYtoLLER KoHUeHTpauuy; VSV-IND - Vesicular
stomatitis virus Indiana, Bupyc BeavkynsipHoro ctomatuta cepotun Indiana; VSV-NJ - Vesicular stomatitis virus New Jersey, Bupyc Be3unky-
nspHoro ctomatuta cepotun New Jersey; MOl — Multiplicity of infection, MHOXecTBeHHOCTb 3apaeHws; n/a — not analyzed, He onpegenseTcs.
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FIG. 2. B16F10 cells viability after VSV-IND and VSV-N]J infection.

PUC. 2. Orenka sxknsnecrnocobHocty kietok B16F10, mudunmpoanusix Bupycamu VSV-IND u VSV-NJ.

Note: the oncolytic effect is expressed as a proportion of living cells (%) after infection with VSV-IND (A) and VSV-NJ (B).

Quantitative analysis of RNA is expressed as titer (TCID50) VSV-IND (C) and VSV-NJ (D). As a reference standard for the quantitative
determination of TCIDS50, VSV with a predetermined titer was used: 3.0x107 TCID50 and 6.23x10° TCID50 for VSV-IND and VSV-NJ, respectively.
VSV-IND - Vesicular stomatitis virus Indiana; VSV-NJ - Vesicular stomatitis virus New Jersey; MOI — Multiplicity of infection; TCID50 - 50%
Tissue Culture Infectious Dose.

MpumeyaHe: OHKONUTUYECKNA b deKT NpecTaBneH B % XMBbIx KNeTok nocne nHduumposanus VSV-IND (A) u VSV-NJ (B).
KonuuecTBeHHblit aHanus PHK BbipaxaeTcs 8 Tutpe (TCID50) VSV-IND (C) n VSV-NJ (D). B kauyecTBe pedepeHc-cTaHapTa Ans Konude-
cTBeHHoro onpegenenus TCIDS0 ucnonb3oeanu VSV ¢ nssecTHbiM TuTpoM: 3,0x107 TCIDSO 1 6,23x108 TCIDSO ans VSV-IND 1 VSV-NJ coot-
BETCTBEHHO.

VSV-IND - Vesicular stomatitis virus Indiana, B1pyc BeaukynsipHoro ctomatuta cepotun Indiana; VSV-NJ - Vesicular stomatitis virus New
Jersey, BUpyC BesnkynspHoro ctomatuta cepotun New Jersey; MOl - Multiplicity of infection, MHoxecTBeHHOCTb 3apaxeHus; TCIDS0 - 50%
Tissue Culture Infectious Dose, 50%-Has MHGUUMpPYtOLWAs 103a BMpYCa.

24 CEYEHOBCKUI BECTHUK T. 14, Ne 4, 2023 / SECHENOV MEDICAL JOURNAL VOL. 14, No. 4, 2023



T KNETOYHAS BUOMOr WS, LIUTONON WS, FUCTONOr S

A B s
VSV-IND VSV-NJ
Mot el 011 10
(<] (<]
£ 011 10 £ :
g g
5 5 100
5 5
% 2
) )
I3 =
193 193
9] 9]
5 =
© ©
<] <]
|93 9
<) <)
=] =
|*3 |*3
[} [}
3 3
2 =
R R
g g
2 g
> >
Gl ol
&) &)
0
24 48 72 24 48 72
Hours post infection / Yacs! mociie 3apaskeHnst Hours post infection / Yacs! mociie 3apaskeHust
C 1o D g
100 100
LT je
2 2
a8 10 g 100
O O
=] £
10? 10?
VSV-IND VSV-NJ
MOI ~o-0.1 e~ 1 -o- 10 MOI 01 o 1-e10
100 100
24 48 72 24 48 72
Hours post infection / Yacer mociie 3apaskeHust Hours post infection / Yacsl mocie 3apaskeHvst

FIG. 3. HepG2 cells viability after VSV-IND and VSV-NJ infection.
PUC. 3. Orenka sknsnecrnoco6Hoct kietok HepG2, nnduimposaunbix Bupycamu VSV-IND n VSV-NJ.

Note: the oncolytic effect is expressed as a proportion of living cells (%) after infection with VSV-IND (A) and VSV-NJ (B).

Quantitative analysis of RNA is expressed as titer (TCID50) VSV-IND (C) and VSV-NJ (D). As a reference standard for the quantitative
determination of TCID50, VSV with a predetermined titer was used: 3.0x107 TCID50 and 6.23x10° TCID50 for VSV-IND and VSV-NJ, respectively.
VSV-IND - Vesicular stomatitis virus Indiana; VSV-NJ - Vesicular stomatitis virus New Jersey; MOI — Multiplicity of infection; TCID50 - 50%
Tissue Culture Infectious Dose.

MpuMedaHme: OHKONUTUYECKNI 3DDEKT NpecTaBeH B % XMBbIX KNETOK nocne nHduumposanus VSV-IND (A) u VSV-NJ (B).
KonuuecTseHHblii aHanus PHK BbipaxaeTcs B TuTpe (TCID50) VSV-IND (C) n VSV-NJ (D). B kayecTBe pedepeHc-cTaHaapTa ang Konude-
cTBeHHoro onpefenenus TCIDS0 ucnonbaosanu VSV ¢ usBectHbIM TUTPOM: 3,0x107 TCIDS0 11 6,23x106 TCID50 anst VSV-IND 1 VSV-NJ coot-
BETCTBEHHO.

VSV-IND - Vesicular stomatitis virus Indiana, Bupyc BeankynapHoro ctomartuta cepotun Indiana; VSV-NJ - Vesicular stomatitis virus New
Jersey, BUpyC BeankynspHoro ctomatuta cepotun New Jersey; MOl - Multiplicity of infection, MHoxecTBeHHOCTb 3apaxeHus; TCID50 - 50%
Tissue Culture Infectious Dose, 50%-Has uHGMUMPYOLLAs 103a BUpYyCa.
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FIG. 4. MCF7 cells viability after VSV-IND and VSV-N]J infection.

PUC. 4. Onenxa sxxusnecrnoco6Hoctu kinetok MCF7, uaduiyposanubix supycamu VSV-IND u VSV-NJ.

Note: the oncolytic effect is expressed as a proportion of living cells (%) after infection with VSV-IND (A) and VSV-NJ (B).

Quantitative analysis of RNA is expressed as titer (TCID50) VSV-IND (C) and VSV-NJ (D). As a reference standard for the quantitative
determination of TCID50, VSV with a predetermined titer was used: 3.0x107 TCID50 and 6.23x10° TCID50 for VSV-IND and VSV-NJ, respectively.
VSV-IND - Vesicular stomatitis virus Indiana; VSV-NJ - Vesicular stomatitis virus New Jersey; MOI - Multiplicity of infection; TCID50 - 50%
Tissue Culture Infectious Dose.

MpuMeyaHue: OHKONUTUYECKM SDHEKT BbipaxaeTcs B % XMBbIX KNETOK nocse uHguumposanus VSV-IND (A) u VSV-NJ (B).
KonudecTseHHblit aHanus PHK Bbipaxaetcs B Tutpe (TCID50) VSV-IND (C) u VSV-NJ (D). B kauyecTBe pedepeHc-CTaHaapTa Ans Konude-
cTBeHHoro onpegenenus TCIDS0 ucnonb3oeanu VSV ¢ nssecTHbiM TuTpoM: 3,0x107 TCIDSO v 6,23x108 TCIDSO ans VSV-IND 1 VSV-NJ coot-
BETCTBEHHO.

VSV-IND - Vesicular stomatitis virus Indiana, B1pyc BeaukynsipHoro ctomatuta cepotun Indiana; VSV-NJ - Vesicular stomatitis virus New
Jersey, Bupyc BesukynspHoro ctomatuta cepotun New Jersey; MOI - Multiplicity of infection, MHOxecTBeHHOCTb 3apaxeHus;; TCID50 - 50%
Tissue Culture Infectious Dose, 50%-Has MHGULMPYtOLLAA [03a BUPYCa.
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hours). When exposed VSV-IND within 72 hours,
the content of viable cells remained at least 40%.
Accordingly, high IC50 values were observed (Table).
The content of viral RNA in the MCF7 culture either
remained virtually unchanged, as in VSV-IND (1 MOI),
or decreased, and the decrease reached three orders of
magnitude, as in VSV-NJ (10 MOI) (Figure 4C,D).
There was no confirmed relationship between indicators
of decreased cell viability and changes in the amount of
viral RNA during infection with both serotypes.

DISCUSSION

VSV is an important subject of research that
contributes to a comprehensive understanding of the
interaction between viruses and cancer cells [10]. Due
to the non-pathogenicity of VSV for humans and the
ability to replicate in different cancer cells, the natural
serotypes VSV-IND and VSV-N]J can serve as a source
of new effective immunotherapy agents. VSV selectively
induces cytolysis of numerous transformed human cell
lines in vitro with all morphological characteristics of
apoptotic cell death [27]. In addition, the VSV genome
can accommodate the insertion of one or more functional
genes [28-30] which means that the oncolytic potential
can be significantly enhanced. In this work, we focused
on comparing VSV-IND and VSV-N]J in terms of how
efficient they were at destroying cells.

Based on the results of the MTT test, we assume that
the mouse melanoma cell lines B16F10 and human HCC
HepG2 are permissive to both serotypes of the VSV virus.
Moreover, on the B16F10 cell line, the cytotoxicity of
VSV-IND (72 hours after infection) reached more than
80%, regardless of the initial dose, and in the culture of
HepG2 cells the same picture was observed for VSV-NJ.
However, it was not possible to record 100% cell death
in any cell line. According to the literature, the mouse
melanoma cell line B16F10 may be partially resistant to
VSV infection [15, 28]. The high cytotoxicity of VSV in
HepG2 culture was reported in the work of BM Nagalo
et al., 2020 [16], where the VSV glycoprotein G was
modified with measles virus hemagglutinin.

In our hypothesis we assumed that: the presence
of a direct statistically significant strong or moderate
correlation between inhibition of cell viability (VSV
cytotoxicity) and viral RNA accumulation may reflect
death due to viral replication, while (2) high rates of cell
death in the absence of RNA accumulation (and therefore
virus replication) may indicate the cytotoxic effect of
viral proteins. The first situation was observed in the
B16F10 cell culture for both serotypes. On the contrary,
in the HepG2 cell culture, no significant relationships
were found between the decrease in cell viability and
the accumulation of viral RNA. It can be assumed that
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the susceptibility of HepG2 cells to VSV-IND and VSV-
NJ is largely due to the cytotoxic effect of their proteins
rather than replication, which is consistent with the data
from the literature [20].

Also, it should be noted that the human breast cancer
line MCF7 demonstrated a survival rate of more than
50% in almost the entire range of VSV-IND and VSV-
NJ concentrations and exposure times, except for the
maximum ones (10 MOI and 72 hours). Previously, in
the work of C. Rogers et al., 2017 [11], when studying
the influence of matrix protein M of VSV to the highly
oncogenic line MCF7, similar results were obtained.
The authors were unable to achieve complete tumor
regression in vivo, and they concluded that the cytolytic
effect of VSV in breast cancer must be combined with
more aggressive treatment [11]. In 2021, an attempt
to use VSV in conjunction with immunotherapy with
natural killer T-cells (NKT) turned out to be more
successful [31]. At the same time, VSV monotherapy did
not lead to complete regression of the tumor (as in our
experiments), although it demonstrated the induction of
cell death. The study was conducted on the 4T1 human
adenocarcinoma line which does not allow us to compare
the results with our experiment. However, it gives hope
for success in the case of combination therapy for breast
adenocarcinoma.

The content of viral RNA after 72 hours in the MCF7
cell culture in our study decreased for both VSV-IND
and VSV-NJ. A statistically significant relationship
between a decrease in cell viability and the accumulation
of viral RN A was not detected during infection with both
serotypes.

Limitations of the study

This study does not include genetically modified
VSVs and is limited to naturally occurring (wild) virus
serotypes. A greater variety of cancer cell lines can be
used to test the oncolytic potential of viruses.

Directions for further research

Future studies may include assessing the effects of
VSV-IND and VSV-N] on a wider range of cancerous
as well as non-cancerous cell lines, such as MCF10,
fibroblasts, etc. It is also planned to determine the type
of cell death resulting from exposure to VSV (necrosis,
apoptosis, autophagy). Based on the results of a larger
study;, it is possible to determine the most universal and
promising serotype as a platform for further genetic
modifications of VSV in order to enhance the antitumor
effect.

CONCLUSION
In our work, we showed that the susceptible cell
line for the VSV-IND and VSV-N]J viruses turned out
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to be B16F10 and HepG2, while the inhibition of the
viability of MCF7 cells was only 63.8 and 53.4% for
VSV-IND and VSV-NJ, respectively. The MCF7 line
is moderately resistant to infection by VSV of both
serotypes in terms of cell survival and viral RNA
accumulation. The B16F10 and HepG2 lines turned out

AUTHOR CONTRIBUTIONS

Anastasia S. Isaeva and Natalya O. Porozova made equal significant
contributions to research and data processing, statistical analysis,
and preparation of the manuscript. Esther Idota: preparation and
maintenance of cancer cell lines. Sofya I. Volodina: development
of protocols for VSV serotypes titration and depositing viruses
in the working collection. Alexander N. Lukashev study design,
discussion and manuscript editing. Alexander S. Malogolovkin:
study concept and methodology of the experiment, as well as
writing the text of the article. All the authors approved the final
version of the article.

ACKNOWLEDGEMENTS

The authors express their gratitude Deputy Director, Martsinovsky
Institute of Medical Parasitology, Tropical and Vector-borne
Diseases, Sechenov First Moscow State Medical University,
Cand. of Sci. (Medicine), Ludmila V. Akhmadishina for her help
in organizing and conducting the research; Head of Biophysics
Laboratory, FSC VIEV, Cand. of Sci. (Veterinary medicine),
Grigory A. Nadtochey for comments and discussion of the results;
as well as the Head of the Laboratory of Molecular Oncobiology
of the Institute of Gene Biology of the Russian Academy of
Sciences, Cand. of Sci. (Biology), Victor V. Tatarsky for providing
the cell lines.

REFERENCES / JINTEPATYPA

1. Zainutdinov S.S., Kochneva G.V., Netesov S.V., et al. Directed
evolution as a tool for the selection of oncolytic RNA viruses with
desired phenotypes. Oncolytic Virother. 2019 Jul 12; 8: 9-26.
https://doi.org/10.2147/0OV.S176523. PMID: 31372363

2. Babaeva FE., Lipatova A.V., Kochetkov D.V, et al. The study
of oncolytic viruses reproduction in organ cultures of human
Iymphoid tumors. Onkogematologiya = Oncohematology 2019;
14(4): 84-89 (In Russian). https://doi.org/10.17650/1818-8346-
2019-14-4-84-89

3. Shalhout S.Z., Miller D.M., Emerick K.S., Kaufman H.L. Therapy
with oncolytic viruses: progress and challenges. Nat Rev Clin
Oncol. 2023 Mar; 20(3): 160-177. https://doi.org/10.1038/
$41571-022-00719-w.Epub 2023 Jan 11. PMID: 36631681

4. Jiang B., Huang D., He W,, et al. Inhibition of glioma using a novel
non-neurotoxic vesicular stomatitis virus. Neurosurg Focus. 2021
Feb; 50(2): E9. https://doi.org/10.3171/2020.11.FOCUS20839.
PMID: 33524950

5. Kelly E., Russell S.]. History of oncolytic viruses: genesis to ge-
netic engineering. Mol Ther. 2007 Apr; 15(4): 651-659. https://doi.
org/10.1038/sj.mt.6300108. Epub 2007 Feb 13. PMID: 17299401

6. Hastie E., Grdzelishvili V.Z. Vesicular stomatitis virus as a flex-
ible platform for oncolytic virotherapy against cancer. | Gen
Virol. 2012 Dec; 93(Pt 12): 2529-2545. https://doi.org/10.1099/
vir.0.046672-0.Epub 2012 Oct 10. PMID: 23052398

to be permissive when infected with VSV-IND and VSV-
NJ at doses of 10, 1 and 0.1 MOI, despite the absence
of total cell death. They reveal different dynamics of
death and accumulation of viral RNA which can be
used for the selection of agents for combination therapy
of melanoma and liver cancer

BKJIAL1 ABTOPOB

A.C. HcaeBa u H.O. [Topo3oBa BHeC/1M paBHbIN 3HAUUTENIbHbBIN
BKJIaI, B [TPOBEJIeHNME MCCIeJOBaHMI ¥ 06pabOTKY TaHHBIX, CTATH-
CTUUYECKYIO 06pabOTKy pe3yJsIbTaTOB MCCIENOBAHMUS ¥ MOATOTOB-
Ky pykomucu. 3. Mmora BHec/ia OCHOBHOM BKJAJ B TOATOTOBKY
M TIOAJEepKaHyue pakoBbIX KiaerouHblx uHwmit. C.M. Bonommua
y4acTBOBaJia B pa3pabOTKe TMPOTOKOJIOB TUTPOBAHMS CEPOTH-
moB VSV u nenoHupoBaHMst BUPYCOB B PaboOUyIO0 KOJUIEKIIMIO.
A.H. JlykamieB BHeC OCHOBHOV BKJIaJ, B JU3aliH MCCJI€IOBAHMIA,
obcyknenne u pemaktupoBanue cratbu. A.C. MasorojaoBKuH
BHEC OCHOBHOM BKJIaf B pa3pabOTKy KOHLEIMLNUMA UAEU U METO-
IIOJIOTMY TIPOBEMIEHMSI SKCTIEPUMEHTA, a TAKKe HaICaHe TeKCTa
cratby. Bce aBTOphI YTBEPAM/IM OKOHUYATEbHYIO BEPCHIO CTAThM.

BJIATOAAPHOCTU

ABTOpBI BBIPa)KAIOT 6JIarOJapHOCTh 3aMECTUTENIO AMPEKTOpa
WHcTuTyTa MEOUIIMHCKO MTapasuTOIOT U, TPOIIMYECKMX U TPAHC-
MUCCUBHBIX 3ab6oneBaumit M. E.M. MapunnoBckoro OTAOY
BO «Ilepsbiit MI'MY um. U.M. CeuenoBa» Munsapasa Poccun
(CeueHOBCKMIT YHMBEPCUTET) KAHOWAATY MEOUIMHCKMX HayK
AxmvanuimHoi Jlromvuiae BacuibeBHe 3a MOMOIIb B OpraHu3a-
LIMM U TIPOBEIEHUY VICCIIENOBaHNI; 3aBeIyIOleMY JlabopaTopuei
6uodmsnku ®I'BHY «®HI BUDB PAH» kanaumaty BeTepuHap-
HbIX HayK HagToueto I'puropuio AHnpeeBnuy 3a KOMMEHTapUu U
JIMCKYCCHUIO TIO pe3ysIbTaTaM paboThl; a TAaKKe 3aBeAyIOIIeMy Jia-
6Gopartopuelt MOJIEKY/ISIPHOV OHKOOMOJTorMM VIHCTUTYTa 6GMOIOTHA
redHa PAH kannmupgaty 6uosornyecknx Hayk Tarapckomy BukTopy
BsiueciaBoBuuy 3a npenocTaBieHHbIE KJIETOYHbIE JIMHUM.

7. Pelzel-McCluskey A.M. Vesicular Stomatitis Virus. Vet Clin
North Am Equine Pract. 2023 Apr; 39(1): 147-155. https://
doi.org/10.1016/j.cveq.2022.11.004. Epub 2023 Feb 1. PMID:
36737291

8. Bishnoi S., Tiwari R., Gupta S., et al. Oncotargeting by Vesicular
Stomatitis Virus (VSV): advances in cancer therapy. Viruses.
2018 Feb 23; 10(2): 90. https://doi.org/10.3390/v10020090.
PMID: 29473868

9. Bressy C., Droby G.N., Maldonado B.D., et al. Cell Cycle Arrest
in G2/M phase enhances replication of interferon-sensitive cyto-
plasmic RNA viruses via inhibition of antiviral gene expression.
] Virol. 2019 Feb 5; 93(4): e01885-18. https://doi.org/10.1128/
JVI1.01885-18. PMID: 30487274

10. Koyama A.H. Induction of apoptotic DNA fragmentation by
the infection of vesicular stomatitis virus. Virus Res. 1995 Aug;
37(3): 285-290. https://doi.org/10.1016/0168-1702(95)00026-m.
PMID: 8533463

11. Rogers C., Fernandes-Alnemri T, Mayes L., et al. Cleavage of
DFNAS5 by caspase-3 during apoptosis mediates progression to
secondary necrotic/pyroptotic cell death. Nat Commun. 2017
Jan 3; 8: 14128. https://doi.org/10.1038/ncomms14128. PMID:
28045099

12. Makielski K.M., Sarver A.L., Henson M.S, et al. Neoadjuvant
systemic oncolytic vesicular stomatitis virus is safe and may

28 CEYEHOBCKUI BECTHUK T. 14, Ne 4, 2023 / SECHENOV MEDICAL JOURNAL VOL. 14, No. 4, 2023


https://doi.org/https:/doi.org/10.2147/OV.S176523
http://www.ncbi.nlm.nih.gov/pubmed/31372363
https://doi.org/https:/doi.org/10.17650/1818-8346-2019-14-4-84-89
https://doi.org/https:/doi.org/10.17650/1818-8346-2019-14-4-84-89
https://doi.org/https:/doi.org/10.1038/s41571-022-00719-w
https://doi.org/https:/doi.org/10.1038/s41571-022-00719-w
http://www.ncbi.nlm.nih.gov/pubmed/36631681
https://doi.org/https:/doi.org/10.3171/2020.11.FOCUS20839
http://www.ncbi.nlm.nih.gov/pubmed/33524950
https://doi.org/https:/doi.org/10.1038/sj.mt.6300108
https://doi.org/https:/doi.org/10.1038/sj.mt.6300108
http://www.ncbi.nlm.nih.gov/pubmed/17299401
https://doi.org/https:/doi.org/10.1099/vir.0.046672-0
https://doi.org/https:/doi.org/10.1099/vir.0.046672-0
http://www.ncbi.nlm.nih.gov/pubmed/23052398
https://doi.org/https:/doi.org/10.1016/j.cveq.2022.11.004
https://doi.org/https:/doi.org/10.1016/j.cveq.2022.11.004
http://www.ncbi.nlm.nih.gov/pubmed/36737291
https://doi.org/https:/doi.org/10.3390/v10020090
http://www.ncbi.nlm.nih.gov/pubmed/29473868
https://doi.org/https:/doi.org/10.1128/JVI.01885-18
https://doi.org/https:/doi.org/10.1128/JVI.01885-18
http://www.ncbi.nlm.nih.gov/pubmed/30487274
https://doi.org/https:/doi.org/10.1016/0168-1702(95)00026-m
http://www.ncbi.nlm.nih.gov/pubmed/8533463
https://doi.org/https:/doi.org/10.1038/ncomms14128
http://www.ncbi.nlm.nih.gov/pubmed/28045099

enhance long-term survivorship in dogs with naturally occurring
osteosarcoma. Molecular Therapy: Oncolytics 2023 December;
31: 1-12. https://doi.org/10.1016/j.omt0.2023.100736. Epub
2023 October 13.

13. Riepler L., Frommelt L.S., Wilmschen-Tober S., et al. Therapeutic
efficacy of a VSV-GP-based human papilloma virus vaccine in a
murine cancer model. ] Mol Biol. 2023 Jul 1; 435(13): 168096.
https://doi.org/10.1016/j.jmb.2023.168096. Epub 2023 Apr 20.
PMID: 37086948

14. Askari ES., Mohebbi A., Moradi A., Javid N. The role of vesicular
stomatitis virus matrix protein in autophagy in the breast cancer.
Asian Pac ] Cancer Prev. 2021 Jan 1; 22(1): 249-255. https://doi.
org/10.31557/APJCP.2021.22.1.249. PMID: 33507706

15. Kimpel ]., Urbiola C., Koske L, et al. The oncolytic virus VSV-GP
is effective against malignant melanoma. Viruses. 2018 Mar 2;
10(3): 108. https://doi.org/10.3390/v10030108. PMID: 29498639

16. Nagalo B.M., Breton C.A., Zhou Y., et al. Oncolytic virus with at-
tributes of vesicular stomatitis virus and Measles virus in hepato-
biliary and pancreatic cancers. Mol Ther Oncolytics. 2020 Sep 25;
18: 546-555. https://doi.org/10.1016/j.0mt0.2020.08.007. Epub
2020 Aug 19. PMID: 32839735

17. Tang S., Shi L., Luker B.T, et al. Modulation of the tumor mi-
croenvironment by armed vesicular stomatitis virus in a synge-
neic pancreatic cancer model. Virol J. 2022 Feb 23; 19(1): 32.
https://doi.org/10.1186/s12985-022-01757-7. PMID: 35197076

18. Kim T.E., Puckett S., Zhang K., et al. Diversity in responses to
oncolytic Lassa-vesicular stomatitis virus in patient-derived glio-
blastoma cells. Mol Ther Oncolytics. 2021 Jun 12; 22: 232-244.
https://doi.org/10.1016/j.0omt0.2021.06.003. PMID: 34514102

19. Martinez 1., Wertz G.W. Biological differences between vesicular
stomatitis virus Indiana and New Jersey serotype glycoproteins:
identification of amino acid residues modulating pH-dependent
infectivity. J Virol. 2005 Mar; 79(6): 3578-3585. https://doi.
org/10.1128/JV1.79.6.3578-3585.2005. PMID: 15731252

20. Velazquez-Salinas L., Medina G.N., Valdez F., et al. Exploring
the molecular basis of vesicular stomatitis virus pathogenesis in
swine: insights from expression profiling of primary macrophages
infected with M51R mutant virus. Pathogens. 2023; 12(7): 896.
https://doi.org/10.3390/pathogens12070896. PMID: 37513744

21. Velazquez-Salinas L., Canter ].A., Zhu ].]., Rodriguez L.L.
Molecular pathogenesis and immune evasion of vesicular
stomatitis New Jersey virus inferred from genes expression
changes in infected porcine macrophages. Pathogens. 2021 Sep

KJIETOYHASA BUOJIOT UA, LLUTOJIOI U4, TMCTONOT A

3; 10(9): 1134. https://doi.org/10.3390/pathogens10091134.
PMID: 34578166

22. Das S.C., Pattnaik A.K. Phosphorylation of vesicular stoma-
titis virus phosphoprotein P is indispensable for virus growth.
] Virol. 2004 Jun; 78(12): 6420-6430. https://doi.org/10.1128/
JVI1.78.12.6420-6430.2004. PMID: 15163735

23. Blair G.E., Dixon S.C., Griffiths S.A., Zajdel M.E. Restricted rep-
lication of human adenovirus type 5 in mouse cell lines. Virus
Res. 1989 Dec; 14(4): 339-346. https://doi.org/10.1016/0168-
1702(89)90026-9.PMID: 2560294

24. Zhang L., Hedjran F.,, Larson C., et al. A novel immunocompetent
murine model for replicating oncolytic adenoviral therapy. Cancer
Gene Ther. 2015 Jan; 22(1): 17-22. https://doi.org/10.1038/
cgt.2014.64. Epub 2014 Dec 19. PMID: 25525035

25. Stanford M.M., Shaban M., Barrett J.W.,, et al. Myxoma virus
oncolysis of primary and metastatic BI6F10 mouse tumors in
vivo. Mol Ther. 2008 Jan; 16(1): 52-59. https://doi.org/10.1038/
$j.mt.6300348.Epub 2007 Nov 13. PMID: 17998900

26. Rahman M.M., McFadden G. Oncolytic virotherapy with Myxoma
virus. ] Clin Med. 2020 Jan 8; 9(1): 171. https://doi.org/10.3390/
jem9010171. PMID: 31936317

27. Balachandran S., Barber G.N. Vesicular stomatitis virus (VSV)
therapy of tumors. IUBMB Life. 2000 Aug; 50(2): 135-138.
https://doi.org/10.1080/713803696. PMID: 11185959

28. Munis A.M., Bentley E.M., Takeuchi Y. A tool with many applica-
tions: vesicular stomatitis virus in research and medicine. Expert
Opin Biol Ther. 2020 Oct; 20(10): 1187-1201. https://doi.org/10.1
080/14712598.2020.1787981. Epub 2020 Jul 9. PMID: 32602788

29. Zhang Y., Nagalo B.M. Immunovirotherapy based on recombinant
vesicular stomatitis virus: Where are we? Front Immunol. 2022
Jun 28; 13: 898631. https://doi.org/10.3389/fimmu.2022.898631.
PMID: 35837384

30. Leveille S., Goulet M.L., Lichty B.D., Hiscott ]. Vesicular stoma-
titis virus oncolytic treatment interferes with tumor-associated
dendritic cell functions and abrogates tumor antigen presentation.
J Virol. 2011 Dec; 85(23): 12160-12169. https://doi.org/10.1128/
JVIL.05703-11. PMID: 21917977

31. Gebremeskel S., Nelson A., Walker B., et al. Natural killer T cell im-
munotherapy combined with oncolytic vesicular stomatitis virus
or reovirus treatments differentially increases survival in mouse
models of ovarian and breast cancer metastasis. ] Immunother
Cancer. 2021 Mar; 9(3): e002096. https://doi.org/10.1136/jitc-
2020-002096. PMID: 33722907

INFORMATION ABOUT THE AUTHORS / UHOOPMALIUA Ob ABTOPAX

Anastasia S. Isaeva, Junior Researcher, postgraduate
student, Martsinovsky Institute of Medical Parasitology,
Tropical and Vector-borne Diseases, Sechenov First Moscow
State Medical University.

ORCID: https://orcid.org/0000-0002-9459-6372

Natalya O. Porozova, Cand. of Sci. (Biology), Senior
Researcher, Martsinovsky Institute of Medical Parasitology,
Tropical and Vector-borne Diseases, Sechenov First Moscow
State Medical University.

ORCID: https://orcid.org/0000-0003-0253-5968

HcaeBa Amnacracusa CepreeBHa, MIafiifii Hay4HbI CO-
TPYOHMK, AaclupaHTKa VHCTUTYTa MeOUIMHCKON Tapasu-
TOJIOTUM, TPONMUYECKUX ¥ TPAHCMMUCCUBHBIX 3a60JI€BaHUIT
M. E.M. Mapuunosckoro ®I'AOY BO «IlepBbit MI'MVY
M. .M. CeuenoBa» MunsnpaBa Poccum (CeueHOBCKUI
YHuBepcurer).

ORCID: https://orcid.org/0000-0002-9459-6372

ITopo3zoBa Haranbsi OsieroBHa, KaHz. OMOJN. HayK, CTap-
1M HAYYHbIA COTPYAHMK VIHCTUTYTa MEIMIMHCKON Tapa-
3UTOJIOTMU, TPONMUUECKUX Y TPAHCMUCCUBHBIX 3a00JI€BaHMIA
M. E.M. MapumHosckoro @I'AOY BO «Ilepsbit MI'MVY
um. .M. CeuenoBa» MunsgpaBa Poccunu (CeyeHOBCKMiA
YHuBepcurer).

ORCID: https://orcid.org/0000-0003-0253-5968

CEYEHOBCKW BECTHUK T. 14, Ne 4, 2023 / SECHENOV MEDICAL JOURNAL VOL. 14, No. 4, 2023 29


https://doi.org/https:/doi.org/10.1016/j.omto.2023.100736
https://doi.org/https:/doi.org/10.1016/j.jmb.2023.168096
http://www.ncbi.nlm.nih.gov/pubmed/37086948
https://doi.org/https:/doi.org/10.31557/APJCP.2021.22.1.249
https://doi.org/https:/doi.org/10.31557/APJCP.2021.22.1.249
http://www.ncbi.nlm.nih.gov/pubmed/33507706
https://doi.org/https:/doi.org/10.3390/v10030108
http://www.ncbi.nlm.nih.gov/pubmed/29498639
https://doi.org/https:/doi.org/10.1016/j.omto.2020.08.007
http://www.ncbi.nlm.nih.gov/pubmed/32839735
https://doi.org/https:/doi.org/10.1186/s12985-022-01757-7
http://www.ncbi.nlm.nih.gov/pubmed/35197076
https://doi.org/https:/doi.org/10.1016/j.omto.2021.06.003
http://www.ncbi.nlm.nih.gov/pubmed/34514102
https://doi.org/https:/doi.org/10.1128/JVI.79.6.3578-3585.2005
https://doi.org/https:/doi.org/10.1128/JVI.79.6.3578-3585.2005
http://www.ncbi.nlm.nih.gov/pubmed/15731252
https://doi.org/https:/doi.org/10.3390/pathogens12070896
http://www.ncbi.nlm.nih.gov/pubmed/37513744
https://doi.org/https:/doi.org/10.3390/pathogens10091134
http://www.ncbi.nlm.nih.gov/pubmed/34578166
https://doi.org/https:/doi.org/10.1128/JVI.78.12.6420-6430.2004
https://doi.org/https:/doi.org/10.1128/JVI.78.12.6420-6430.2004
http://www.ncbi.nlm.nih.gov/pubmed/15163735
https://doi.org/https:/doi.org/10.1016/0168-1702(89)90026-9
https://doi.org/https:/doi.org/10.1016/0168-1702(89)90026-9
http://www.ncbi.nlm.nih.gov/pubmed/2560294
https://doi.org/https:/doi.org/10.1038/cgt.2014.64
https://doi.org/https:/doi.org/10.1038/cgt.2014.64
http://www.ncbi.nlm.nih.gov/pubmed/25525035
https://doi.org/https:/doi.org/10.1038/sj.mt.6300348
https://doi.org/https:/doi.org/10.1038/sj.mt.6300348
http://www.ncbi.nlm.nih.gov/pubmed/17998900
https://doi.org/https:/doi.org/10.3390/jcm9010171
https://doi.org/https:/doi.org/10.3390/jcm9010171
http://www.ncbi.nlm.nih.gov/pubmed/31936317
https://doi.org/https:/doi.org/10.1080/713803696
http://www.ncbi.nlm.nih.gov/pubmed/11185959
https://doi.org/https:/doi.org/10.1080/14712598.2020.1787981
https://doi.org/https:/doi.org/10.1080/14712598.2020.1787981
http://www.ncbi.nlm.nih.gov/pubmed/32602788
https://doi.org/https:/doi.org/10.3389/fimmu.2022.898631
http://www.ncbi.nlm.nih.gov/pubmed/35837384
https://doi.org/https:/doi.org/10.1128/JVI.05703-11
https://doi.org/https:/doi.org/10.1128/JVI.05703-11
http://www.ncbi.nlm.nih.gov/pubmed/21917977
https://doi.org/https:/doi.org/10.1136/jitc-2020-002096
https://doi.org/https:/doi.org/10.1136/jitc-2020-002096
http://www.ncbi.nlm.nih.gov/pubmed/33722907

CELL BIOLOGY, CITOLOGY, HISTOLOGY

Esther Idota, postgraduate student, Martsinovsky Institute
of Medical Parasitology, Tropical and Vector-borne Diseases,
Sechenov First Moscow State Medical University.

ORCID: https://orcid.org/0009-0005-1888-2827

Sofya I. Volodina, Junior Researcher, Martsinovsky
Institute of Medical Parasitology, Tropical and Vector-borne
Diseases, Sechenov First Moscow State Medical University.
ORCID: https://orcid.org/0000-0003-1702-1572

Alexander N. Lukashev, Dr. of Sci. (Medicine), Professor,
Corresponding member of RAS, Director of the Martsinovsky
Institute of Medical Parasitology, Tropical and Vector-borne
Diseases, Sechenov First Moscow State Medical University.
ORCID: https://orcid.org/0000-0001-7365-0352

Alexander S. Malogolovkin™, Cand. of Sci. (Biology),
Head of the Laboratory of Molecular Virology, Martsinovsky
Institute of Medical Parasitology, Tropical and Vector-borne
Diseases, Sechenov First Moscow State Medical University.
ORCID: https://orcid.org/0000-0003-1352-1780

“0 Corresponding author / ABTOp, OTBETCTBEHHBII 3a NEPENNCKY

HUpora Dcrep, actupaHTka VMHCTUTYTa MEOUIIMHCKON IMapa-
3UTOJIOTMY, TPOMMYECKUX ¥ TPAHCMUCCUBHBIX 3a00JI€BaHUI
um. E.M. Mapuunosckoro @TAOY BO «Ilepsbiii MI'MVY
um. V.M. CeuenoBa» MunsgpaBa Poccunu (CeuyeHOBCKMiA
YHUBEpCUTET).

ORCID: https://orcid.org/0009-0005-1888-2827

Bomoguna Codbsi UropeBHa, Miamiimii HayuyHbIi CO-
TPYOHUK, acmupaHTka VIHCTUTyTa MeOUIIMHCKONM Mapasu-
TOJIOTMY, TPOMMUYECKUX ¥ TPAHCMMUCCUBHBIX 3a060I€BaHUIL
um. E.M. Mapuunosckoro @TAOY BO «Ilepsbiii MI'MVY
M. .M. CeuenoBa» MunsnpaBa Poccuyu (CeueHOBCKUI
YHuBepcurer).

ORCID: https://orcid.org/0000-0003-1702-1572

JlykameB Anekcauap HukomaeBuu, n-p men. Hayk, mpo-
tdeccop, wren-koppecrougent PAH, mupekrop WuctutyTa
MEAMIIMHCKOV TapasuUTOIOT UM, TPOIMUYECKUX U TPAHCMUC-
cuBHBIX 3a6omeBannii um. E.M. Mapuunosckoro ®T'AOY BO
«ITeppi MI'MVY um. .M. CeuenoBa» Munsnpasa Poccrum
(CeueHOBCKUIT YHMBEPCHUTET).

ORCID: https://orcid.org/0000-0001-7365-0352

MaustoroioBkun Anexcauap CepreeBuy’™, Kauz. 6101, HayK,
3aB. JlabopaTtopueli MOJIEKYISIPHON Bupycosoruu MHCTUTyTa
MEIMIMHCKOV TapasUTOJIOTUM, TPOIIMUYECKUX U TPAHCMUC-
cuBHBIX 3a6oseBannit um. E.V. Mapuntosckoro ®T'AOY BO
«ITepepiit MI'MY um. .M. CeuenoBa» Munsmpasa Poccun
(CeueHOBCKUI YHUBEPCUTET).

ORCID: https://orcid.org/0000-0003-1352-1780

30 CEYEHOBCKUI BECTHUK T. 14, Ne 4, 2023 / SECHENOV MEDICAL JOURNAL VOL. 14, No. 4, 2023



