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INTERFERON TYPE I-EXPRESSING RECOMBINANT VACCINIA VIRUS AS A PLATFORM FOR SELECTIVE
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Immunotherapy with oncolytic viruses (OVs) becomes a full-fledged neoadjuvant therapy method in the paradigm of evidence-based medicine for the growing number
of cancers. The use of OVs for immunologically “cold” tumors causing minimal immune response and having the clearly immunosuppressive tumor microenvironment
is especially relevant. Recombinant OVs carrying the sequences of proteins activating the immune system can be used to stimulate antitumor response. The study
aimed to assess oncoselectivity and antitumor activity of the recombinant OV designed based on the LIVP vaccinia virus strain showing expression of human and
murine interpheron alpha sequences (hIFNa and mIFNa, respectively). The in vitro experiments showed that the recombinant OVs designed showed oncoselectivity
in relation to tumor cell lines of appropriate species. The ability to effectively infect human adenocarcinoma and glioblastoma cell lines was reported for LIVP-hIFNa.
LIVP-mIFNa showed selectivity in relation to glioma GI261 and melanoma B16 in vitro. The in vivo experiment involving the C57BI/6 mice with subcutaneous melanoma
B16 showed the ability of the intravenously administered LIVP-mIFNa to reduce the size of the subcutaneous tumor allograft and increase tumor infiltration with the
CD8* and NK cells. The recombinant virus designed can be a potential platform for the development of oncolytic virotherapy of human melanoma and glioblastoma.
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PEKOMBUHAHTHbIV BUPYC OCMOBAKLMHbI, 9KCMPECCUPYIOLLUNA UHTEP®EPOH TUMNA 1,
KAK MNIAT®OOPMA AN151 CENIEKTUBHOW MUMMYHOTEPAMUU MUOB/IACTOMbI U MENTAHOMBI
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2 deneparibHbIN HayYHO-KIMHUHECKII LIEHTP CrieLvarin3upoBaHHbIX BIALOB MEAVILIMHCKON MOMOLLW 1 MEAVLIMHCKYIX TexHonorin defepasbHOro Meaviko-61onornieckoro areHTeTea, Mockea, Poccyist
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VIMMyHOTEpanmna oHkonmTyieckumm Brpycami (OB) CTaHOBUTCSA MOIHOLIEHHBIM METOAOM HEO3AbIOBAHTHOM Tepanum B NapagnrMe fokasatelsHOM MeAMLMHbI
N5t Bce 60MbLLEro Yncna OHKONorniecknx 3abonesanunin. OCobeHHO akTyanbHO npuMeHeHre OB ans UMMYHONOMMYECKN «XONOAHbIX» OMyXOSel, BbI3bIBAIOLLIX
MVHUMaBHBIA IMMYHHBIA OTBET 1 06MafatoLLIMX BbIPaXKEHHBIM MMMYHOCYMPECCUBHBIM OMyXONeBbIM MUKPOOKPYXKeHVEM. [N CTUMYNALIMM MPOTUBOOMNYXONEBOro
OTBETa MPUMEHNMbI PEKOMOBVHaHTHbIe OB, HeCyLLe MOCNEA0BATENBHOCTY MMMYHOAKTUBMPYIOLLIX 6enkoB. Lienbto paboTbl Oblno NcCnenoBaTb OHKOCENEKTUBHOCT
1 MPOTUBOOMYXONEBYIO aKTUBHOCTL pekombuHaHTHoro OB, cosgaHHoro Ha 6ase Wwramma LIVP Brupyca ocnoBaKLyHbI, 9KCNPECCUpYOLLLEro NOceaoBaTelbHOCTM
nHTEepdepoHa-anbta venoseka 1 Mol (hIFNa 1 mIFNa cooTBeTcTBEHHO). B 9KCneprMeHTax ¢ noMoLLbto MeToda Praa v MeHya 6bino nokasaHo, YTo co3faaHHble
pekoMOnHaHTHble OB MposiBASIOT OHKOCENEKTUBHOCTL B OTHOLLIEHWM OMyXONEeBbIX JMHWIA cooTBeTCTBYoLLEero Buaa. [Ana LIVP-hIFNa nokasaHa cnocobHocTb
athheKTMBHO 3apaxkaTb NMHUM afaeHOKapLIMHOMBI 1 rnobnacTtomsl Yenoseka. Ans LIVP-mIFNa in vitro npoaeMoHCTpupoBaHa CenekTMBHOCTb B OTHOLLIEHMN
rnnombl GI261 1 menaHombl B16. B akcnepumMeHTe in vivo Ha Mbllwax nnHnn C57BI/6 ¢ noakoxkHo menaHomol B16 nokasaHa cnocobHocTb LIVP-mIFNa nocne
BHYTPVBEHHOIO BBEAEHWNS YMEHbLUATb 06 beM NMOAKOXKHOrO anfnorpadrta onyxom 1 yBenmymsate MHbunstpaumio onyxonm CD8*- n NK-knetkamu. CosgaHHbIn
PEKOMOUHAHTHbI BUPYC MOXET ObITb MOTEHLMANBHON NNaTopMolt Ans pa3paboTKy OHKONMTUHECKON BUPOTEPanv MENaHoMbI 1 IMMobnacToMbl YenoBeka.

KntoueBble cnoBa: OHKOMUTUHECKIME BUPYChI, MHTEPMEPOH, BUPYCHbIN OHKOMNG, PEKOMOUHAHTHBIE LUTaMMbI BUPYCa OCMOBaKLHbI

®durHaHCUpoOBaHWe: CO3haHNe PEKOMOVHAHTHbIX LUTAMMOB BMPYCa OCMOBaKLMHbI ObIIO BbINOMHEHO MPY NOAAEMKKE rpaHTa PoCCUINCKOro Hay4HOro thoHaa
Ne 23-14-00370, ndy4eHre 1x CBOWCTB Ha MOAENSX in Vitro v in vivo MPOBOAMIOCH NMPW MOAEPKe rpaHTa Poccuinckoro Hay4Horo oHaa Ne 22-64-00057,
FMCTONOMNHECKNE 1 UMMYHOMMCTOXVIMUHYECKIME UCCIEA0BaHMS OMyXOeBon TKaHy Nposoavan npu nogaepxke PMBA Poccum.
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Though many therapeutic approaches are now available
including modern surgery with intraoperative navigation,
radiotherapy, neoadjuvant therapy with targeted drugs,
immune checkpoint inhibitors, the survival rates for patients
with some cancers such as glioblastoma, metastatic melanoma
and a number of carcinomas with primary metastasis remain
extremely low. Development of new therapeutic approaches
aimed at elimination or prevention of distant metastases is
therefore of high significance.

An important requirement for developing new antitumor
agents is a highly selective oncolytic action, the ability to
detect and destroy malignant/metastatic tumor cells only.
Non-pathogenic or attenuated viruses are ideal candidates for
the development of tumor-selective agents. Tumor selective
therapeutic strains are capable of destroying tumor cells by
replicating efficiently in the cells without damaging normal
tissues [1].

Currently, using Poxviridae viruses as prototypes of
oncolytic viruses for the treatment of metastatic carcinomas
and melanoma is of particular attention. A promising oncolytic
virus belonging to the poxvirus family is vaccinia virus (VV) [2],
in particular, the Russian variant of the Lister VV strain (LIVP W). The
strain was widely used in the Smallpox Eradication Campaign
(SEQC); it is highly tumor selective [3, 4], in particular, the
thymidine kinase (TK) knockout leads to selective replication of
the virus in tumor cells where TK is usually overexpressed [5].

To improve the antitumor properties of attenuated VV
strains, recombinant VV strains expressing different transgenes
are costructed [6]. To date, many transgenes are known to be
effectively expressed in VV including genes encoding cytokines
and their receptors [7], immunostimulators [8-10], oncotoxic
proteins [11], and angiogenesis inhibitors [12].

In this study, we constructed highly tumor selective poxvirus
strains expressing human or mouse IFNa and tagRFP in a
bicistronic cassette. The expression of IFNa by a recombinant
oncolytic strain can enhance indirect immune-mediated
oncolytic action through inducing the expression of the major
histocompatibility complex class | molecules, increased
activity of cytotoxic T lymphocytes, activation of T helper cells,
macrophages, and NK cells [13].

In normal cells, interferon secretion stops protein translation
and cell cycle processes and slows down cell metabolism
[14]; protecting cells from viruses interferon mechanisms are
therefore interfere with tumor cell proliferation. Microevolution
results in accumulating errors in the signaling pathways of
interferon induction and interferon response in tumor cells and
as a conseqguence, cells may lose their antiviral defense abilities
[15, 16]. The loss of protective interferon response mechanisms
is one of the factors responsible for the uncontrolled proliferation
of tumor cells [17].

Another thing making the oncolytic virotherapy so promising
is the ability of OVs to induce a long-lasting cancer-specific
immune activation [18]. Viruses kill tumor cells releasing various
molecules such as tumor-associated antigens, pathogen-
associated molecular patterns, damage-associated molecular
patterns and cytokines [19]. The molecules promote activation
of immune antigen-presenting cells and T cells developing an
effective adaptive immune response against the tumor [20, 21].

Type | interferons inhibit virus replication in normal cells
however, in tumor cells the inhibition is less effective [8, 17].
Type | interferons therefore have antitumor effect and are able
to induce tumor specific cytotoxic T-lymphocytes and activate
antiangiogenic factors [22]. Furthermore, vaccinia virus inhibits
the interferon response system through the expression of
certain genes [22]. The aim of the study was to evaluate the
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significance of interferon expression by vaccinia virus for the
oncolytic activity of the virus.

METHODS
Vaccinia virus strains

LIVP-hIFNa, vaccinia virus expressing human IFNa and
tagRFP; LIVP-mIFNa, vaccinia virus expressing mouse IFNa
and tagRFP; LIVP-RFP, vaccinia virus expressing tagRFP.

Cell cultures

BHK-21 — baby hamster kidney cell line; HEK293T —
transformed human embryonic kidney cell line containing
SV40-antigen; U-87 MG, DBTRG-05MG, U251-MG, PrGlioma
3821, PrGlioma 6067, PrGlioma 6138 — human glioblastoma
cell lines; HeLa — human cervical carcinoma cell line; HEF —
human embryonic fibroblast cell line; Embr.astro — human
embryonic astrocyte cell line; B16 — murine melanoma cell line;
4T1 — murine breast cancer cell line.

Cell lines were cultured on DMEM medium (PanEco, Russia)
with addition of 10% fetal bovine serum (FBS) (HyClone, USA),
penicillin-streptomycin (PanEco, Russia) and 2 mM L-glutamine.
The cells were cultured at 37 °C and 5% CO,, and the medium
changed every 3-5 days.

Construction of recombinant vaccinia virus strains
expressing mouse and human IFNa

Preparation of plasmid constructs for recombination

To obtain mouse IFNa cDNA fragment, Balb/c female was
infected with Sendai virus (Moscow strain), 1x10° infectious
particles. After 24 h, the mouse was euthanized. mRNA was
extracted from spleen (Total RNA Isolation Kit, Evrogen, Russia)
according to manufacturer's recommendations. cDNA was
prepared by reverse transcription using Superscript Il cDNA
synthesis kit according to the manufacturer's instructions.
Fragments were amplified by PCR using specific primers:

Forward: 5'-ATGGGGCTAGGCTCTGTGTG-3'

Reverse: 5'-TTTCTCTCTTCTCTCTCTCAGTCTTCCCA-3!

Human IFNa cDNA was obtained by reverse transcription of
total RNA from peripheral blood mononuclear cells of a healthy
donor. Primer sequences used for amplification:

Direct 5'-ATGGCCCCTCGCCCTTTGC-3!

Reverse: 5'-TTCCTTCCTCCTCCTCCTTAATCTTTCTTTCT
TGCAAG-3'

After obtaining the amplicon, one more PCR was performed
with primers containing restriction sites. The fragments were
cloned using sticky ends into a shuttle vector developed
previously in the Cell Proliferation Laboratory. The constructs
were sequenced using Sanger method.

The constructs were transfected into the HEK293T cells
using PEI [23] followed by infection with LIVP variant of the Lister
strain of vaccinia virus. Using the plague method, recombinant
strains were selected on the BHK-21 line [7] and amplified as
described previously [24].

Assessment of sensitivity of tumor cell lines
to vaccinia virus strains

The sensitivity of tumor cell lines to vaccinia virus strains was
assessed using resazurin staining. For this purpose, cells
were spread on 96-well plates and infected with 10-fold serial
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Fig. 1. Schematic illustration of the plasmid design

dilutions of the virus. Virus-free medium was used as a control.
The cells were incubated at 37 °C, 5% CO,. Cytotoxicity was
assessed 72 h after infection. The test is based on the ability of
viable cells to convert resazurin to resorufin by redox reactions.
Cells were incubated with the dye for 4 h. The fluorescence
level was measured at 590 nm using an excitation wavelength
of 560 nm on a CLARIOstar microplate reader (BMG Labtech,
Germany). Based on obtained data, the number of live cells
was counted as a percentage relative to control, with TCID,,
values calculated.

Assessment of viral kinetics by flow cytometry

RFP expression in infected cells correlated with virus replication.
Cell lines were seeded into 24-well plates (1x 10°% /well).
Cells were infected with LIVP-hIFNa (MOI of 1, 0.1). Cells
were collected 24, 48, 72, 96 h after infection for analysis by
flow cytometry. Samples were analyzed by red fluorescence
detection in PE channel using a BD LSR Fortessa cytofluorimeter
(Beckman Dickinson, Franklin Lakes, NJ, USA) with 10,000
events per sample.

C and F — combined image). 200x magnification; scale bar = 100 pm

-

Fig. 2. Photographs of BHK-21 cells 24 h after infection with LIVP-mIFNa (A-C) and LIVP-hIFNa (D-F)

Evaluation of the functional activity of interferon
expressed by viruses

Vesicular stomatitis virus (Indiana strain) is a strain sensitive
to the antiviral state of cells having no cytopathic effect (CPE)
on cells with a functional interferon response system after
treatment with interferon. IFNa-containing supernatant was
obtained from virus-containing medium taken from BHK-21
cells infected with LIVP-hIFNa strain or HEK293T line in case of
the LIVP-mIFNa strain. Virus-containing medium was collected
after 48 h, centrifugated at 4 °C 4000 rpm for 20 min, filtered
through 0.22 pm filter, and a supernatant containing IFNa was
obtained. Only trace amounts of vaccinia virus remained in the
filtered supernatant. The tumor cell line was treated in three
repeats with recombinant human IFNa2 (Pharmaclone, Russia)
or mouse recombinant interferon alpha (752802, Biolegend,
USA) at different concentrations, and the supernatant with IFNa
interferons at different concentrations. Supernatant from cells
infected with LIVP-RFP and cells without interferon treatment
were used as control. One day after interferon treatment, the
absence of viral infection was checked using fluorescence

(A and D — light field; B and E — red fluorescent channel;
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Fig. 3. Evaluation of virus replication kinetics 24, 48, 72 and 96 h after infection with recombinant VV strain on different cell lines

microscope. 24h after supernatant/interferon treatment, cells
were infected with VSV in different multiplicities (100, 10,
1, 0.1, 0.01, 0.001). After 24 h, the cytopathic effect was
assessed relative to the uninfected VSV control. And TCID,,
was calculated using the Reed-Muench method.

Modeling of subcutaneous melanoma in C57BI/6
mice, virus administration

Female (n = 12) and male (n = 12) C57BI/6 mice at 6-8 weeks
of age were injected subcutaneously, above the posterior thigh,
with 1x106 B16 cells to model the melanoma. Each day, tumor
growth and development were assessed by visual inspection
and measurement of tumor nodule size using a caliper. On the
seventh day, mice with confirmed growth of subcutaneous
tumor allografts were randomly assigned into three groups,
LIVP-mIFNa (n = 8), LIVP-RFP (n = 8), and control (n = 8),
with 4 females and 4 males in each group. LIVP-mIFNa and
LIVP-RFP virus-containing solutions of 5 x 10 BOU/mL were
dissolved in 100 yL PBS and injected intravenously into mice
of the respective groups on day 7 and day 10 after tumor
implantation. Animals in the control group were injected with
saline at the same time points. The animals were observed
during 24 days, and tumor size was measured to assess the
dynamics of tumor growth or regression before treatment and
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every 2 days thereafter. Tumor volume was calculated using
the formula:

_axp

\Y 5

©)

where ais the smaller of the two orthogonal tumor measurements,
b is the second orthogonal measurement. The average tumor
volume (Vcp) was calculated in each group.

Histologic and immunohistochemical analysis

Histologic analysis was performed using three additional
groups of C57BI/6 mice that were injected with LIVP-mIFNa
(n = 3), LIVP-RFP (n = 3), and saline (n = 3) in the same manner.
On the 24th day after tumor implantation (14" day after the
last virus injection), the animals were deeply anesthetized by
intraperitoneal injection of a prohibitive dose of propofol; after
apnea occurred, the mice were euthanized by dislocation of
the cervical vertebrae; subcutaneous tumor allografts were
carefully isolated together with the surrounding tissue to avoid
damage to cystic cavities and placed in a tenfold volume of
10% neutral buffered formalin for 72 hours. Fixed tissues were
dehydrated in ethanol solutions of ascending concentration
(70%, 80%, 96%), then in isopropanol and O-xylene, and then
embedded in paraffin. Paraffin sections 3-5 pm thick were
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Fig. 4. Sensitivity of tumor and normal cell lines to vaccinia virus expressing tagRFP and a) human IFNa and b) mouse IFNa. X-axis: tumor cell lines, Y-axis: IgTCID, /ml

prepared using a rotary microtome and mounted on slides.
The sections were deparaffinized in O-xylene, isopropanol
and ethanol before staining. For histologic examination, slices
were stained with hematoxylin for 10 min, washed with distilled
water, then with running tap water and stained with eosin for
30 s. Slices were rehydrated in 96% ethanol, isopropanol, and
O-xylene and mounted using Vitrogel medium and 0.15 mm
coverslips. Immunoperoxidase staining of paraffin sections for
immune cell markers was performed using Benchmark Ultra
Immunostainer (Ventana, USA) with primary antibodies to CD4,
CD8, CD56 (Roche, USA) and OptiView DAB IHC Detection Kit
(Roche, USA) according to the manufacturer's protocols. The
stained and coverslipped preparations were scanned using
Leica Aperio GT450 DX scanner (Leica Biosystems, USA) and
processed at 20x magnification using Aperio ImageScope
software.

RESULTS
Construction of recombinant strains

The IFNa gene is one of the promising transgenes that can
enhance virus tumor selectivity due to its immunostimulatory
properties and inhibition of viral replication in normal tissues.
In our work, we constructed recombinant strains of the LIVP
biovariety expressing under the control of the p7.5k VW IFNa
promoter (human or mouse) as part of a bicistronic cassette
with the red fluorescent protein RFP (Fig. 1). The use of this
early promoter allowed to achieve a high level of interferon
expression in tumor cells.

For further cultivation of the recombinant vaccinia virus
strain, BHK-21 cell culture was used due to its high sensitivity to
vaccinia virus. The recombinant variants expressed fluorescent
protein (Fig. 2). The correctness of transgene expression
was confirmed by Sanger sequencing of the amplicons of
transcripts flanked by regions of the thymidine kinase gene of
the vaccinia virus.

The efficiency of virus replication in different tumor lines was
determined by flow cytometry 24, 48, 72, and 96 h after infection.
Human Hela adenocarcinoma and U251-MG glioblastoma,
mouse B16 melanoma and 4T1 adenocarcinoma tumor cell
lines were tested. BHK-21 cell line was used as a reference
cell line. HeLa and U251-MG cell cultures were infected
at MOI 1 and 0.1 with LIVP-hIFNa, LIVP-RFP strains. B16
and 4T1 cell cultures were infected in the same multiplicities
with LIVP-mIFNa, LIVP-RFP strains. At 24, 48, 72, and 96 h
after infection, the percentage of RFP-positive cells was
determined.

The recombinant LIVP-mIFNa strain was found to replicate
poorly in 4T1 adenocarcinoma however, more than 20%
replication was observed in B16 melanoma at MOI 1 (Figure 3).
LIVP-hIFNa showed efficient replication in human tumor
cell cultures. After 24 h, the Hela line infected with different
multiplicities showed the maximum infectivity among the lines
tested: 34.44 + 1.38% for MOI 1 and 7.82 + 0.96% for MOI
0.1. In human glioblastoma culture LIVP-hIFNa virus replication
in case of MOI 1 was almost 100% 96 h after infection. To
confirm the hypothesis of tumor selectivity of LIVP-hIFNa
against glioblastoma, we tested its cytopathic effect on
expanded panel of the tumor lines.
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Fig. 5. Evaluation of functional activity of interferons expressed by LIVP-hIFNa strains on U87-MG cell line (A) and LIVP-mIFNa on the B16 cell line (B)

Evaluation of the cytopathogenic action of recombinant
strains on a panel of tumor and normal cell lines

The oncolytic activity of vaccinia viruses expressing interferon
alpha was examined in comparison with the tagRFP expressing
strain on a panel of human and mouse tumor and normal cells.
By titrating LIVP-hIFNa virus using Reed-Muench method and
determining TCID,, value, the sensitivity of glioblastoma cell
lines U-87 MG, DBTRG-05MG, U251-MG, PrGlioma 3821,
PrGlioma 6067, PrGlioma 6138 was evaluated (Fig. 4A) as well
as of the two normal cell lines: human embryonic fibroblast
line HEF, human embryonic astrocyte line Embr.astro. A strain
expressing mouse interferon was tested on murine glioma cell
lines CT2A and GL261 as well as on adenocarcinoma 4T1 and
melanoma B16 (Fig. 4B).

Human glioblastoma lines were shown to be highly sensitivite
to LIVP-hIFNa comparable to sensitivity of glioblastoma cells to
the control virus expressing tagRFP (Fig. 4). Normal fibroblasts
and astrocytes were found to have a lower sensitivity to vaccinia
virus expressing hiFNa than to virus expressing tagRFP. The
data suggest that the recombinant strain is more tumor selective
compared to the control strain LIVP-RFP. Similar sensitivity levels
of the cell lines to IFNa-expressing and tagRFP-expressing
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viruses are in turn an evidence of the persisting direct cytopathic
activity of the interferon-expressing virus against tumor cells.

Assessment of the functional activity
of interferons expressed by vaccinia virus

The functional activity of interferons expressed by vaccinia
virus was tested in the commmon way using vesicular stomatitis
virus (VSV). Vesicular stomatitis virus is sensitive to the antiviral
state of cells having no cytopathic effect (CPE) on cells with
a functional interferon response system after treatment with
interferon. Tumor cell lines U87-MG and B16 were shown to
have a functional interferon response system [25]. Cell cultures
were treated with filtered supernatant taken from cells infected
with LIVP-hIFNa or LIVP-mIFNa as well as manufactured
recombinant IFNas (Fig. 5). Cells without interferon treatment
and cells treated with filtered supernatant isolated from LIVP-
RFP-infected cells were used as controls.

For the human interferon experiment, we used supernatant
isolated from the BHK-21 cell line infected with LIVP-hIFNa. For
the experiment with LIVP-mIFNa strain, we used supernatant
from the HEK293T cell line, since mouse and hamster
interferons are cross-reactive.
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Fig. 6. Dynamics of tumor growth after LIVP-mIFNa injection

One day after interferon treatment, an absence of viral infection
was checked using fluorescence microscope. 24 hafter interferon
treatment, cells were infected with VSV in different multiplicities of
infection.

Cytopathic effect (CPE) of vesicular stomatitis virus was
not observed in cells treated with 320 units/ml recombinant
interferon and for cells treated with 2% dilution of conditioned
medium in the case of human interferon. For mouse interferon,
CPE was not observed in cells treated with 6.6 ng/ml recombinant
interferon or 0.25% dilution of conditioned medium.

Antitumor activity of LIVP-mIFN« in vivo

The oncolytic activity of LIVP-mIFNa vaccinia virus was
investigated in C57BIl/6 mice with murine melanoma B16 (Fig. 6).
Intravenous injections of virus were performed on day 7 and
day 10 after tumor implantation. The control group of mice was
injected with saline solution.

Tumor volumes were measured once every 2 days. Smaller
tumor volumes were observed during treatment with vaccinia

H&E

Control

RFP

INFa

CD4

virus compared to the control group, especially when treated
with virus expressing murine interferon alpha. The mean tumor
volume was 1800 mm? in the control group, 1450 mm? in the
group receiving LIVP-RFP, and 650 mm? in the group receiving
virus with murine interferon alfa (p-value < 0.01). Tumor volume
reduction was 64% as compared to the control group (Fig. 6).
Summarizing the results, we can conclude that the
developed tumor-selective strain of vaccinia virus expressing
functionally active murine interferon alpha has significant
antitumor activity in the murine melanoma B16 model.

DISCUSSION

DNA-containing vaccinia virus is a promising platform for
construction of selective recombinant oncolytic strains as up
to 25 kb fragments can be inserted into the virus genome
[6]. To date, recombinant VV strains containing sequences
of cytokines, chemokines, oncotoxic proteins [11], bacterial
immune attractants (e.g., the ligand of the innate immune
system receptor TLR5 flagellin [10]), and other proteins

CD8

Fig. 7. Histological and immunohistochemical examination of tumor preparations 24 days after inoculation. A. Hematoxylin and eosin staining (general view of the
tumor on the left side images and fragments at x200 magnification on the right side images). B. Immunohistochemical staining for differentiation clusters: CD4, CD8,
CD56. Representative preparations of animals from the control group, the group with LIVP-RFP, and the LIVP-mIFNa group, respectively, are shown from top to bottom.
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activating antitumor immune response and recruiting cytotoxic
immune cells to tumor have been created and successfully
tested in preclinical and clinical studies [7, 26, 27].

A recombinant JX-594 virus strain with a deletion in
the thymidine kinase (TK) gene containing the granulocyte-
macrophage colony-stimulating factor (GM-CSF) sequence
and lac-Z transgenes showed very encouraging results in phase
Il clinical trials of oncolytic therapy of colorectal cancer and
melanoma liver metastases. JX-594 virus injected intravenously
was detected in tumor tissue which was accompanied by IFNa
secretion, induction of chemokines and activation of antitumor
immune response [26].

In our study, in order to enhance tumor selectivity, we used
a LIVP strain with a defective gene encoding thymidine kinase
(TK), an enzyme essential for virus DNA synthesis which is hardly
expressed during the normal cell cycle but is highly expressed
in low-differentiated tumor cells [28]. We hypothesized that
insertion of IFNa sequence into recombinant vaccinia virus
could enhance the selectivity of virus replication in tumor cells
where interferon signaling is often defective, and would also
promote the activation of NK cells, macrophages, and cytotoxic
T cells in response to tumor-specific virus replication and thus
contribute to effective tumor eradication.

TCID,, experiments with tumor and normal cell lines
confirmed the enhanced tumor selectivity of LIVP-hIFNa and
showed that normal cells have less sensitivity to vaccinia
virus expressing IFNa than to virus expressing tagRFP.
Decreased CPE of vesicular stomatitis virus after treatment of
human glioblastoma and mouse adenocarcinoma cells with
supernatants from LIVP-hIFNa and LIVP-mIFNa-infected cells,
respectively, confirmed that IFNa expressed by infected cells
is functionally active. Hela cell line was shown to be the most
sensitive to LIVP-hIFNa assuming the potential applicability of
the recombinant virus for the therapy of adenocarcinomas. The
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