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Abstract—Cancer is a leading causes of death. Despite significant success in the treatment of lymphatic sys-
tem tumors, the problems of relapse, drug resistance and effectiveness of therapy remain relevant. Oncolytic
viruses are able to replicate in tumor cells and destroy them without affecting normal, healthy tissues. By acti-
vating antitumor immunity, viruses are effective against malignant neoplasms of various nature. In lymphop-
roliferative diseases with a drug-resistant phenotype, many cases of remissions have been described after viral
therapy. The current level of understanding of viral biology and the discovery of host cell interaction mecha-
nisms made it possible to create unique strains with high oncoselectivity widely used in clinical practice in
recent years.
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INTRODUCTION
D.I. Ivanovsky’s discovery in 1892 of “filterable

agents” that cause diseases [1], was the reason for a
detailed study of the nature and properties of such
infectious agents. In particular, it was found that some
viruses are able to multiply effectively in the cells of
malignant tumors, leading to the death of the latter.

At the beginning of the 20th century, a number of
cases of spontaneous remission were described in
patients with both hematological and solid tumors
after vaccination or a viral infection. In 1904, a case of
remission of lymphoma after suffering the f lu was
reported [2], and in 1912—after an emergency vacci-
nation with a live anti-rabies vaccine—a remission of
cervical cancer was observed [3]. Descriptions of such
clinical cases served as prerequisites for the further
study of viruses as antitumor agents.

The first documented descriptions of various
viruses as oncolytic agents are given in Table 1.

Research on oncolytic viruses in Russia is associ-
ated with Professor Marina Konstantinovna Voroshi-
lova. Under her leadership, the first strains of non-
pathogenic enteroviruses (live enterovirus vaccines)
were obtained, and in the 1970s, their unique onco-
lytic properties were revealed at the Institute of Polio-
myelitis and Viral Encephalitis of the USSR Academy
of Medical Sciences [11, 12]. Under the leadership of
A.Ya. Muceniece, the antitumor properties of viruses

have been analyzed in hundreds of patients with end-
stage tumors of various histogenesis. One of the stud-
ied viral strains, ECHO-7, which underwent subse-
quent adaptation on tumor cells by bioselection, was
approved for the treatment of melanoma under the
name RIGVIR® and is widely used in clinical practice
in a number of countries. [13].

In studies conducted in the second half of the 20th
century, various methods of virus delivery were used,
depending on the location of the tumor and the extent
of the tumor process. Combinations of radical surgical
treatment followed by the introduction of a viral prepara-
tion were also considered as promising strategies. How-
ever, insufficient understanding of the mechanisms of
the oncolytic action of viruses and the presence of
cases with severe side effects limited the possibility of
developing new therapeutic regimens [14].

Modern methods of genetic engineering make it
possible to increase the tumor specificity of viruses by
enhancing their replication activity in tumor cells, as
well as to modulate their immunogenic properties. At
present, the development and study of new strains of
oncolytic viruses is experiencing rapid growth [15].
Some have already been approved for use in clinical
practice and are in use as anticancer drugs [13, 16‒19].
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Table 1. First clinical trials of oncolytic viruses

Date, year Disease,
number of participants

Introduced virus/
route of administration Research results

1949 Hodgkin’s lymphoma,
22 patients

Hepatitis A virus/parenteral adminis-
tration

14 patients developed an infection, 
4 patients had a decrease in tumor 
volume, 2 patients had a short remis-
sion [4]

1951 Meningeal
melanomatosis,
30 patients

Live rabies vaccine/subcutaneous 
injection

In 8 patients—positive dynamics [5]

1952 Resistant tumors
of various origins,
34 patients

West Nile virus Egypt 101/IV, IM 4 patients—regression [6, 7]

1956 Cervical cancer,
40 patients

Adenovirus collected from HeLa cell 
culture/intravenous, intraarterial, 
intratumoral administration

In 26 patients—necrosis of tumor tis-
sues without visible damage to 
healthy tissues; adenovirus replica-
tion was detected in the biopsy mate-
rial, the level of antiviral serum 
antibodies increased significantly [8, 9]

1976 Tumors of various origins 
at the terminal stage,
90 patients

Mumps virus (non-attenuated)/ 
external, intravenous, intratumoral, 
inhalation administration

42 patients had complete or more 
than 50% regression;
in 79 – reduction of tumor volume; 
11 did not respond to therapy [10]
MECHANISMS OF VIRAL ONCOLYSIS
Oncolytic viruses are able to selectively destroy tumor

cells through two main mechanisms: 1) by direct oncol-
ysis (lysis of infected tumor cells) and 2) by inducing
immune-mediated death of tumor cells through
increased immune responses, which form, among
other things, antitumor immunity. In addition, onco-
lytic viruses can induce the death of cells resistant to
apoptosis, as well as resistant to existing anticancer
drugs [15]. The result of direct oncolysis is the lysis of
tumor cells at the stage of the next iteration of the virus
life cycle, when the cell’s resources are completely
depleted and it can no longer serve as a “factory” of
viral particles. Factors that determine the selectivity of
virus infection of tumor cells include the absence of a
clear architecture of the tumor tissue, the presence of
blood vessels with increased permeability [20], distur-
bances in the cellular antiviral response system,
increased expression of molecules that serve as recep-
tors for the penetration of the virus into the cell [21],
and others. Due to the natural features of tumor cells,
they become the preferred hosts for viruses in the
body, in comparison with normal cells, as they effec-
tively carry out the infectious cycle and spread of viri-
ons in the intercellular matrix. Penetration of virus
into the cell can be mediated by various mechanisms
of endocytosis [22, 23]. Receptor-mediated endocyto-
sis is considered to be one of the key factors determin-
ing the efficiency of infection and tissue tropism of
viral particles in general. To date, a wealth of informa-
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tion has been accumulated on the receptors and acces-
sory molecules necessary for the successful spread of a
viral infection[24‒27]. In some cases, there is a cor-
relation between the representation of the viral recep-
tor on the cell surface and the efficiency of viral repli-
cation [28, 29]. Genetic engineering techniques,
including genome editing systems such as TALEN and
CRISPR/Cas9, allow the identification of previously
unknown viral receptors and other key molecules
required to initiate the infectious cycle.

One of the key mechanisms of antiviral protection
at the cellular level is the induction of the interferon
system [30], as a result of the activation of which the
cell acquires a state of antiviral protection: the pro-
cesses of transcription and translation are inhibited in
order to prevent the production of viral components,
interferon-β is secreted into the intercellular space,
which serves as a “warning signal” for neighboring
cells. Interferon secreted by an infected cell interacts
with its receptors on the surface of uninfected cells,
thereby activating the antiviral defense system in them
[31]. In such a state, when the synthetic apparatus of
the cell is almost non-functional, the cell loses its abil-
ity to divide. Tumor cells whose strategy involves
uncontrolled division during malignant transforma-
tion, as a rule, lose the mechanisms that can
stop/prevent the proliferation process. Thus, the
accumulation of mutations in the genome of tumor
cells leads to the loss of antiviral defense mecha-
nisms. Cells that have lost sensitivity to interferon
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become an easy target for viruses and a favorable
environment for further spread. [32].

Factors that increase the sensitivity of cells to
viruses and facilitate virus-mediated oncolysis include
mutations in the Ras/ERK, (PI3K)/Akt, and
MAPK/ERK signaling pathway proteins. [33, 34], as
well as increased expression of HIF-1α [35]. TP53 and
PTEN gene mutations are also among the most com-
mon disorders [36‒40]. Changes in various signaling
pathways that create favorable conditions for virus
replication exclusively in tumor cells can occur at the
epigenetic level [41].

STUDYING VIRAL ONCOLYSIS ON MODELS
IN VITRO AND IN VIVO

At the beginning of 20th century, the antitumor
properties of viruses were studied exclusively on mod-
els in vivo—on spontaneously arising tumors of
rodents. In 1922, Levaditi and Nicolau [42] first
described the oncolytic properties of the vaccinia virus
in various rat and mouse tumor models. Since the sec-
ond half of the 20th century, the method of culturing
mammalian cells has been actively used to study bio-
logical mechanisms in vitro. Cultures of the cell lines
L929 and HeLa, obtained in 1948 and 1951, respec-
tively, became the first models of viral oncolysis
in vitro [43, 44].

In 1954, it was discovered that preliminary passag-
ing of the encephalitis virus in vitro with subsequent
intratumoral inoculation leads to a decrease in the
proportion of mice with encephalitis, and also signifi-
cantly reduces the ability of the virus to replicate in
normal tissues [45]. Subsequently, this approach
formed the basis of the method of bioselection of
viruses with tropism for tumor cells. In the 1950s and
1960s, a number of studies were carried out in which
the following was found: 1) The oncolytic effect of the
Newcastle disease virus and influenza virus on the
model of Ehrlich’s ascitic carcinoma [46‒48], 2) the
oncolytic effect of various enteroviruses (poliovirus, cox-
sackieviruses of groups A and B) on models of immuno-
deficient mice with xenografts of tumor cells [49].

In animal models of lymphocytic leukemia
(L4946) and Shaye’s leukemia, a positive effect on
overall survival on the introduction of bovine entero-
virus was revealed [50], and on the introduction of
UV-inactivated and/or live vaccinia virus [51].

Thanks to the development of cell technologies, it
became possible to maintain the viability of primary
cultures of lymphoid tumors in vitro. Model lines of
lymphoid tumors were first obtained in 1963 from
Nigerian patients with Burkitt’s lymphoma: RAJI,
JIJOYE, OGUN, and KUDI [52]. By the end of the
20th century, a number of different cultures of T- and
B-cell LPD were obtained: cultures of Burkitt’s lym-
phoma EB-1, -2, -3 (from which Epstein–Barr virus
was subsequently isolated) [53], cultures of T-cell
acute lymphoblastic leukemia MOLT-1 and MOLT-5
[54], myelocytic cell line KG-1 [55] and dozens of
others [56‒61]. The best characterized model lines,
including Namalwa, Raji, U-937, and Jurkat, are depos-
ited in the American Culture Collection (ATCC). A
number of oncolytic strains have been successfully
tested on these cultures. [62‒65].

Despite the possibility of obtaining stable cell lines,
primary cultures of tumor cells, as a rule, serve as more
reliable models for research [66, 67]. F. Babaeva et al.
[68] studied the oncolytic activity of non-pathogenic
enteroviruses on primary cell cultures of various B-cell
LPDs.

Primary cultures of lymphomas are three-dimen-
sional formations, to maintain the viability of which
the method of cell cultivation in spheroids is used [69,
70]. This model close to physiological conditions—
after all the tumor is, in fact, always a three-dimen-
sional object. The interaction of the virus with a con-
glomerate of cells occurs differently than with cells in
two-dimensional cultures that are in a monolayer, as
in the 3D format, as well as in a tumor in situ not all
cells of the conglomerate are available for infection at
the initial stage of infection. But there are a number of
additional factors that facilitate the spread of a viral
infection and affect the efficiency of virus reproduc-
tion. Spheroids of tumor cells produce a large amount
of cathepsins (like some tumors), which facilitates the
penetration of viral particles into uninfected cells in a
way that does not depend on canonical receptors. For
example, cells of the U118-MG line with a “turned
off” JAM-A receptor remain sensitive to reovirus
infection while in spheroids, while in a monolayer this
culture is resistant to reovirus infection [26].

ONCOLYTIC VIRUSES IN THE THERAPY 
OF LYMPHOPROLIFERATIVE DISEASES

Cases of spontaneous remissions of malignant dis-
eases that occur after vaccination or transmission of a
viral infection created fertile ground for research
aimed at studying the oncolytic properties of various
members of viral families.

In 1971, two cases of spontaneous regression of
lymphoid tumors were described in Ugandans after
measles infection. [71]:

— Burkitt’s lymphoma with lesions of the facial
skeleton completely regressed within a week (a large
tumor on the face rapidly decreased in size until it
completely disappeared);

— complete disappearance of clinical symptoms in
a patient with Hodgkin’s lymphoma (there was a
decrease in lymph nodes, regression of B-symptoms).

A temporary but significant improvement in the
clinical picture was observed after introduction of
Langat viruses and Kyasanur forest disease in the fight
against leukemia and other malignant neoplasms [72].
MOLECULAR BIOLOGY  Vol. 56  No. 5  2022
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Measles Virus
In the 1970s, a number of cases of spontaneous

remission of Hodgkin’s lymphoma in children after
measles infection were described [71, 73‒76]. A sig-
nificant improvement in the condition was observed in
the case of acute lymphoblastic leukemia with a
relapse aggravated by chemoresistance [77].

The measles virus is an RNA virus belonging to the
Paramyxoviridae family, the genome of which
includes one RNA molecule of negative polarity.
When a virus enters a cell, CD150 [78], CD46 [79, 80]
and nectin-4 [81, 82] molecules serve as receptors,.
Overexpression of CD46 and nectin-4 molecules on
tumor cells is a factor in the additional selectivity of
the measles virus against malignant cells [83, 84]. With
the help of genetic engineering, it is possible to modify
the hemagglutinin of the measles virus in order to
expand the tropism of the virus to tumor cells [85‒87]
or to protect the virus from elimination by neutralizing
antibodies [88].

Due to their high safety and genetic stability, vac-
cine strains of the measles virus are investigated as
oncolytic agents [89]. Promising results have been
obtained in an open Swiss study in patients with stage
IIb cutaneous T-cell lymphoma who were resistant to
conventional therapy [90]. Despite local therapy—
intratumoral injections of a vaccine strain of the mea-
sles virus (Edmonton-Zagreb),—in some cases,
regression of distant foci was observed. Side effects
were minimal, indicating the safety of the use of this
strain.

To date, the measles virus is considered a promis-
ing oncolytic agent, the therapeutic efficacy of which
has been demonstrated both in animal models and in
clinical trials involving cancer patients [91‒95],
including those with multiple myeloma [96, 97].

Reovirus
Reoviruses are non-enveloped, spherically shaped

viruses belonging to the Reoviridae family of viruses,
the genome of which is represented by a segmented
double-stranded RNA molecule.

REOLYSIN® (Oncolytic Biotech, Canada), also
known under the trade name Pelareorep, was regis-
tered in 2013. It is an unmodified type 3 reovirus with
a broad tropism for tumor cells, like other human ort-
horeoviruses [98]. The drug is widely used in the treat-
ment of various cancers. Phase III clinical trials of
combined treatment of head and neck tumors accord-
ing to the scheme paclitaxel + carboplatin + reolysin
have been successfully completed [99].

With the systemic administration of reovirus, the
phenomenon of an antibody-dependent increase in
infection is observed, which consists of the formation
of the “reovirus-antibody” complex, its internaliza-
tion by the cells of the immune system, and subse-
quent replication of the virus. Due to this mechanism,
MOLECULAR BIOLOGY  Vol. 56  No. 5  2022
the cytotoxic effect of reovirus when administered
intravenously not only does not decrease, but, on the
contrary, increases. [100].

The study of the oncolytic activity of reovirus
against multiple myeloma cells showed that its replica-
tion is more efficient in samples with resistance to bor-
tezomib, a drug widely used in myeloma chemother-
apy. Model cell lines and primary cultures obtained
from patients with a refractory course of the disease
were highly sensitive to reovirus with increased expres-
sion of the adhesion molecule JAM-A, which is typi-
cal for tumor cells that are not susceptible to bortezo-
mib [101]. When studying the mechanisms of the
oncolytic action of reovirus, a relationship was
revealed between the activation of the Ras signaling
pathway, the expression of cathepsins B, and the effec-
tiveness of viral oncolysis [102, 103].

Vesicular Stomatitis Virus
The vesicular stomatitis virus (VSV) is part of the

Rhabdoviridae family, its genome is a single-stranded
RNA molecule of negative polarity. LDL-R (Low
Density Lipoprotein Receptor) is the cellular receptor
for VSV [104]. The reasons for considering VSV as a
promising oncolytic agent are as follows: (1) low
pathogenicity; (2) a wide tropism of the virus to cells
of various origins, which is due to the wide receptor
specificity of glycoprotein G; (3) high sensitivity of the
virus to interferon (VSV predominantly replicates in
cells with an impaired system of interferon induction
and interferon response, which is typical for some
tumor cells [105]); (4) the short 4-hour replication
cycle contributes to the rapid death of tumor cells by
the mechanism of direct oncolysis [106]. T-lympho-
cytes can be used as a cell carrier for delivery of VSV to
the focus of tumor growth [107]. In addition, VSV can
be used as a vector expressing immunomodulatory
proteins [108].

A promising area of virotherapy is the treatment of
acute myeloid leukemia (AML). For patients with
recurrent AML, the range of therapeutic options is
limited. In a mouse model in vivo a combined
approach using viro- and immunotherapy had the best
effect [109].

To predict the effectiveness of virotherapy, an anal-
ysis of molecular genetic determinants of the sensitiv-
ity of tumor cells is used [110].

Vaccinia Virus
The vaccinia virus developed to fight smallpox

[111], has the longest and most extensive history of
study compared to other viruses. The oncolytic prop-
erties of the vaccinia virus have also been studied.

The original smallpox virus belongs to the largest
DNA virus family, the Poxviridae. More than 3 billion
people have been vaccinated as part of the global
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smallpox eradication program, and clinical cases of
spontaneous remissions of hematological malignan-
cies have subsequently been described. Thus, a
78-year-old man with chronic lymphocytic leukemia
(CLL) remained in complete remission for 3 years
after vaccination and relief of a severe local reaction
and generalized rash with the introduction of human
vaccinia globulin. In the clinical picture, all signs of
CLL were absent and the number of leukocytes was
within the normal range [112].

In recent years, various strains of the vaccinia virus
have been studied as an oncolytic agent in various
LPZs, in particular in in vivo and in vitro multiple
myeloma models [113‒116].

The vaccinia virus has a pronounced tropism for
tumor cells, and the large size of the viral particle
makes it an attractive vector for delivering auxiliary
therapeutic agents directly to the tumor. Thanks to
genetic engineering, more and more oncolytic strains
based on the vaccinia virus are being created, with the
help of which it is possible to deliver various antitumor
and/or immunostimulatory proteins, such as granulo-
cyte-macrophage colony-stimulating factor (GM-CSF)
[117], apoptin [118], lactoferrin, and interleukin-15
[119], as well as antitumor miRNAs [120] and other
molecules [116].

The oncolytic drug RGV004 is currently in clinical
trials for the treatment of refractory/recurrent B-cell
lymphoma (NCT04887025). This strain based on the
vaccinia virus contains as a therapeutic agent a chime-
ric antibody of dual specificity to the CD19 and CD3
molecules [121]. The CD19 and CD3 antigens are
components of multiprotein complexes on the surface
of T- and B-lymphocytes, respectively. Thus, the pre-
dominant replication of the oncolytic strain in the
tumor is achieved, and the therapeutic component,
the anti-CD19/CD3 antibody, induces an additional
immunostimulatory effect [122].

Newcastle Disease Virus

The Newcastle disease virus (NDV) is an RNA-
containing avian virus from the Paramyxoviridae fam-
ily. NDV causes a lethal infection in some species of
birds, especially the order Galliformes, and is abso-
lutely safe for humans [123]. Due to its high sensitivity
to interferon, NDV replication efficiently occurs only
in tumor cells [124], since the interferon induction
system and the interferon response are disturbed.

The oncolytic activity of some NDV strains has
been shown against various tumors in vitro, including
cells of neuroblastoma, fibrosarcoma, colorectal and
hepatocellular cancer, stomach and lung cancer,
tumors of the mammary and prostate glands, and,
importantly, glioblastoma [125]. Research in vitro and
in vivo was also carried out in relation to LPD
[126‒131], and in the middle of the 20th century NDV
was used to treat acute leukemia [132].
With systemic administration of NDV in clinical
trials involving patients with metastatic solid tumors
(colorectal cancer, carcinomas of the pancreas, kid-
ney, breast and non-small cell lung cancer), the fol-
lowing results were obtained: in phase I trials,
improvement (complete, partial response or stabiliza-
tion) was observed in 11.4% of cases [133]; in phase II,
an increase in overall survival was registered [134]. In
phase III clinical trials, which involved 567 patients,
an increase in overall survival of patients with colon
cancer was found [135].

Oncolytic Enteroviruses
Enteroviruses are non-enveloped viruses belonging

to the Picornaviridae family, the genome of which is
represented by a single-stranded RNA molecule of
positive polarity.

In the 1950s, data appeared on the ability of some
strains of enteroviruses to replicate in tumor cells,
causing their death [50, 136]. The results of enteroviral
cytolytic activity studies on models in vitro, in vivo, as
well as for the treatment of malignant tumors in
patients have been presented for echoviruses (ECHO)
serotypes 1, 7 and 12 [11, 137‒139], poliovirus type 1
[140‒143] and Coxsackie A21 virus [144‒146]. Cox-
sackievirus A21 is registered under the trade name
CAVATAK® and is used to treat melanoma, a non-
invasive bladder cancer [16] and other malignant
nosologies.

Several nonpathogenic strains from the ECHO and
Coxsackie virus groups during the polio vaccination
period were isolated from healthy children who did
not develop full immunity against polio after vaccina-
tion. Asymptomatic enterovirus infection appears to
prevent vaccine-strain poliovirus from colonizing the
gut due to an interference effect. It was this effect that
served as a stepping stone in the development of pro-
phylactic live enterovirus vaccines (LEV), which were
obtained at the Institute of Poliomyelitis and Viral
Encephalitis of the USSR Academy of Medical Sci-
ences in the 1960s and 1970s [147]. Two such vaccines
based on the non-pathogenic ECHO-12 and ECHO-1
strains (ZEV-7 and ZhEV-4, respectively) have been
tested in a large cohort of people during outbreaks of
seasonal viral diseases and have been shown to be safe
and effective [147, 148]. During the period of mass
vaccination, a number of additional useful properties
of LEVs were discovered, among which we note the
following: clinical improvement in the condition of
patients with herpes infections, multiple sclerosis, and
oncological diseases. Over several years, a number of
studies have been conducted, as a result of which the
positive effect of LEV and vaccine strains of poliovirus
on the course of oncological diseases with a resistant
phenotype has been confirmed [149]. It has been estab-
lished that enterovirus replication occurs in tumor cells,
interferon induction is triggered, and T-cell antitumor
immunity is stimulated. It has been shown that
MOLECULAR BIOLOGY  Vol. 56  No. 5  2022
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virotherapy can be combined with other treatments
[150].

T-VEC—a Drug Based on Recombinant Herpes Virus

The purpose of the immune system is to recognize
and remove foreign molecules from the body, which is
also true for oncolytic viruses. That is why their action
is limited to the period of formation of an adaptive
immune response. Still, the immune system can act
both as a barrier and as an ally in the fight against
tumor cells.

Modulating immune system responses to minimize
the antiviral response while promoting immune-
mediated tumor cell lysis remains one of the key goals
of virotherapy. Talimogene laherparepvec (T-VEC,
ImlygicTM)—a viral drug approved by the US Food
and Drug Administration (FDA) for the treatment of
metastatic melanoma in 2013—is a recombinant strain
of herpes simplex virus type 1 (HSV-1) [17, 18]. This is
the first drug of “double” oncolytic action. It causes
the death of tumor cells by the mechanism of direct
oncolysis, as well as by suppressing immunosuppres-
sion and stimulating the immune system due to the
production of GM-CSF by infected cells. The T-VEC
preparation contains the GM-CSF nucleotide
sequence in the expression cassette, and HSV-1
“serves” as a vector delivery system to tumor cells.
This design provides expression of GM-CSF in
tumors of patients within 48 hours [151]. In phase III
clinical trials of the drug, it was found that local intra-
tumoral injections of T-VEC in patients with advanced
melanoma not only suppress tumor growth, but also,
due to systemic action, prolong overall survival [18].

Other Viruses with Oncolytic Activity

The mumps virus is considered as a promising
oncolytic agent in the treatment of gynecological
malignancies [152].

Adenoviruses are among the best studied models
for use both as vectors for vaccine development and as
a model for viral oncolysis [153]. In 1996, a mutant
strain ONYX-015 was constructed, in which the E1B-
55K viral protein responsible for binding to the host
cell p53 transcription factor and its inactivation was
deleted [154]. It was assumed that the absence of this
protein in the mutant adenovirus excludes the possi-
bility of its replication in normal cells containing wild-
type p53, but retains the ability to proliferate in tumor
cells with mutant p53. Adenovirus H101, similar in its
mechanism of action, was approved in November
2005 by the China Food and Drug Administration
(SFDA, now CFDA) for cancer treatment, renamed
Oncorine® (“Shanghai Sunway Biotech Co., Ltd,
China) and is currently sold in the Chinese market [19].

During the COVID-19 pandemic caused by severe
acute respiratory syndrome coronavirus-2 (SARS-
MOLECULAR BIOLOGY  Vol. 56  No. 5  2022
CoV-2), cases of spontaneous remission and regres-
sion of various LPDs have been reported: NK/T-cell
lymphoma [155], primary cutaneous anaplastic large
cell lymphoma [88], diffuse large B-cell lymphoma
[156], acute myeloid leukemia and T-cell acute lym-
phoblastic leukemia [157],—as well as mycosis fungoi-
des [158]. It is possible that the phenomenon of anti-
body-dependent increase in infection, which is also
described for coronaviruses, also contributes to the
regression of tumors of the lymphatic system against
the background of SARS-CoV-2 infection [159]. As
part of this process, massive death of immune cells
carrying the FcRIIγ receptor (CD32), including
monocytes and other cells of the immune system, can
occur. At the moment, the literature does not provide
information on the regression of tumors during the
COVID-19 pandemic.

CONCLUSIONS

The natural oncolytic properties of viruses were
discovered more than a century ago, and progress in
understanding the molecular mechanisms of malig-
nant cell transformation and the biology of viruses has
led to the development of new effective and highly
selective oncolytic strains.

Clinical trials have already demonstrated the safety
and good tolerability of a number of oncolytic viruses,
as well as their effectiveness both as drugs for mono-
therapy and in combination with traditional regimens
of surgical treatment, radiation, chemotherapy and
immunotherapy [99, 160‒162]. In addition, virother-
apy can be considered as a promising approach in the
fight against recurrent chemoresistant tumors [90,
101, 163]. A more detailed study of the mechanisms of
viral oncolysis will make it possible to find and create
new strains and therapeutic regimens for the treatment
of resistant and recurrent lymphoproliferative dis-
eases.
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