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ONCOLYTIC ACTIVITY OF HUMAN
RESPIRATORY SYNCYTIAL VIRUS

Oncolytic viruses (OVs) are emerging as novel tools in cancer therapy. Oncolytic virotherapy offers an attractive thera-
peutic combination of tumor-specific killing and immune co-stimulation, therefore amplifying the host immune re-
sponse against tumors. Moreover, OVs can be engineered for the expression of different immunostimulatory molecules
to optimize and enhance the efficacy of oncolytic virotherapy. The effectiveness of OVs has been demonstrated in many
preclinical studies for different types of cancers to achieve the aim of personalized cancer therapy. Human respira-
tory syncytial virus (RSV), an RNA virus of the Pneumoviridae family causes severe lower respiratory tract infections
in infants and immunocompromised individuals. Interestingly, the oncolytic activity of RSV demonstrated in human
prostate, hepatocellular, and dermal cancer cells is mostly mediated via apoptotic cell death associated with the impaired
NF-«B activation or with the defect of the IFNa/B-induced STAT-1 activation. At the same time, the studies on cervical
cancer revealed that RSV infection resulted in autophagy activation and apoptosis through the ROS-BAX and TNF-
a-mediated pathways. The rational combinations of OVs, including RSV, with other approaches may benefit patients
whose response to conventional therapies is limited. Here, we discuss the oncolytic activity of RSV and its potential use
against different types of cancer.
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Cancer is a leading cause of death worldwide.
The current cancer treatment usually involves ra-
diotherapy, chemotherapy, and immunotherapy;,
but effective and precise therapy is still lacking. Be-
sides, some tumors are difficult to operate and are
resistant to radio- and chemotherapy, so the deve-
lopment of novel therapeutic strategies with the
least adverse outcomes is required. In the recent
past, cancer immunotherapy has made immense
progress with the development of innovative drugs
and therapies. Noteworthy, the oncolytic viruses

(OVs) have emerged as a decisive tool for immu-
notherapy approaches against cancer. Nonetheless,
concerns about viral pathogenicity and toxicity
have limited the feasibility of oncolytic virotherapy.
However, recent advances in bioengineering have
improved upon a new generation of OVs with en-
hanced safety and efficacy [1].

OVs are replication-competent viruses that se-
lectively replicate in tumor cells without damaging
healthy cells. OVs not only eliminate tumor cells
but also stimulate anti-tumor immune responses.
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The lysis of tumor cells results in the release of pat-
hogen-associated molecular patterns (PAMPs), tu-
mor-associated antigens (TAAs), etc., which in turn
activate antigen-presenting cells (APCs) thereby
stimulating adaptive immune responses [2]. The
numerous OVs have been tested as wild or geneti-
cally modified for use in cancer virotherapy, in-
cluding adenoviruses, herpes simplex virus, vac-
cinia virus, measles virus, Newcastle disease virus,
vesicular stomatitis virus, myxoma virus, parvovi-
ruses, etc. [3]. However, oncolytic virotherapy has
limitations due to the host antiviral immune res-
ponse, which targets virus-infected cells thereby
limiting the effectiveness of oncolytic virotherapy.
Various strategies have been employed to overcome
this problem. Notably, host immune cells are load-
ed with OVs, which protects from immune neutrali-
zation and effectively targets the virus at the tumor
site. Another strategy involves the inclusion of im-
munomodulatory molecules like cytokines to in-
crease tumor selectivity and antitumor effects [4].

A large number of preclinical and clinical trials
exploring oncolytic virotherapy are undergoing
in combination with other conventional cancer
therapies such as radiotherapy and chemotherapy.
Specifically, the combination of OVs with CAR-T
or NK-cell therapy may further improve the pros-
pects of this mode of therapy by overcoming intra-
tumoral barriers [2—4].

Mechanisms of action. OV's demonstrate a natu-
ral ability to target cancer cells selectively while
sparing normal cells. OVs utilize the hallmarks
of cancer cells such as immortality, defect in anti-
proliferation signals, evasion of apoptosis, in-
creased angiogenesis, and metastasis, unlike nor-
mal healthy cells. Moreover, tumor cells overex-
press certain surface receptors to which OVs
selectively bind with the following cell infection.
Additionally, OVs exploit aberrant signaling path-
ways that maintain sustained cancer growth to rep-
licate within cancer cells. OVs can also replicate
in tumor tissues in a hypoxic environment [5].

OV therapy relies on a dual strategy of selective-
ly infecting tumor cells and then stimulating anti-
tumor activity through the release of tumor anti-
gens and immunostimulatory molecules. Upon in-
fection by OVs, the lysis of tumor cells leads to the
release of viral and cellular antigens and cytokines,
which ensues a secondary anti-tumor immune res-
ponse. The activation of the APCs recruits CD4*
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and CD8" cells to destroy the cells expressing viral
antigens in tumors.

OVs can also be engineered to deliver immuno-
stimulatory cytokines or suicide genes to enhance
tumor cell lysis. Much of the emerging research on
OVs now focuses on the strategies to amplify their
immunogenicity and tumor destruction through
the insertion of genes for IL-2, IL-12, GM-CSF, etc.
This can improve tumor cell destruction by en-
hancing entry and direct killing of cancer cells
along with the recruitment of the host's immune
cells to the tumor site [2, 6].

The cell’s ability to tolerate viral infection may
vary depending on the selectivity of RSV permis-
siveness. In the case of non-tumorigenic cells, upon
viral infection, the host functional immune system
reacts by triggering the transcription factor STAT-1,
which is activated by type-I interferon (IFNa/p).
This transcription factor is necessary for the ex-
pression of the antiviral genes and, as a result, limi-
ting the spread of infection. According to Echch-
gadda [7], RSV-induced oncolysis is effective
in both LNCaP prostate cancer cells and RM1 mu-
rine prostate cancer cells. While LNCaP cells were
capable of producing IFN in response to RSV infec-
tion, they cannot activate the type-I interferon
(IFNa/B)-induced transcription factor STAT-1,
which is necessary for the antiviral gene expression.
The prostate cancer cells have a higher rate of RSV
replication compared to cell lines originating from
the normal prostate [7].

It is still unclear whether RSV plays any role
in the signaling pathways that lead to apoptosis,
and more research is needed to determine whether
RSV exerts an oncolytic effect on various cancer
types. Comparably, Salimi [8] has found that RSV
was implicated in the activation of apoptosis and
the suppression of skin cancer cell proliferation,
which correlated with an increased viral load and
oncolytic cell death. Notably, while the majority
of studies involving other viruses exploit genetical-
ly modified or engineered viruses, RSV studies use
the original strains of the virus.

Human RSV as an oncolytic virus. Human RSV
(HRSV) is an enveloped, non-segmented negative-
sense single-stranded RNA virus classified in the
genus Orthopneumovirus of the newly created
Pneumoviridae family within the order Mononega-
virales [9]. HRSV is a major cause of severe lower
respiratory tract infections in infants, children, el-
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Oncolytic activity of RSV. RSV inhibits cell growth and induces apoptosis in a few hepatocellular carcinoma and hu-
man skin cancer cells. RSV possesses oncolytic activity against prostate cancer cells because of their defective NF-kB
pathway and causes caspase-3-mediated apoptotic death. RSV induces TNF-a production in RSV-infected cells resulting
in apoptosis of tumor cells. RSV induces apoptosis in infected prostate cancer cells by utilizing their deficiency in the an-
tiviral signaling mediated by either the IFN-mediated JAK/STAT activation or NF-«kB activation.

derly, and immunocompromised individuals and
is associated with significant morbidity and mor-
tality [10]. The increasing evidence has delineated
the oncolytic features of RSV for apoptosis in-
duction in various cell lines (Figure). In particular,
its effects in human lung carcinoma cells of the
A549 line are mediated via endoplasmic-reticu-
lum-specific stress-activated caspase (caspase-12)
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[11, 12]. RSV has been shown to induce apoptosis
in human prostate cancer cells including PC-3
through the down-regulation of NF-«B and stimu-
lation of the intrinsic apoptosis pathway or the de-
fect of the antiviral cytokine IFNa/B-induced
STAT-1 activation [7, 13]. The studies on cervical
cancer cells demonstrated that the oncolytic acti-
vity of RSV potentially resulted in apoptosis and
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autophagy via TNF-a induction and ROS-BAX-
mediated mechanisms [14]. An RSV-induced cyto-
toxic effect and apoptosis were also reported to oc-
cur in human skin cancer cells of the A431 line [8].
It has been elucidated that RSV fusion (F) protein,
an integral membrane protein of the viral envelope,
was responsible for the oncolytic effect of RSV
in A549 cells. RSV F protein activates the caspase
cascade pathway and causes p53 phosphorylation
resulting in the activation of apoptosis [15].

The potential of RSV as an OV can be justified
taking into account that it causes only asympto-
matic infection in adults and is mildly pathogenic
in infants and children. Moreover, RSV does not
evoke a strong immune response in infected hosts,
therefore, causing minimal damage to the host.
Also, since the RSV genome is relatively small,
it can be easily manipulated for desirable effects
in the host using safe replication vectors [15, 16].

Oncolytic activity of RSV in prostate cancer cells.
RSV has been shown to exert oncolytic activity
in androgen-independent prostate tumor cells
because of their defective NF-«xB pathway [7, 13].
Since NF-kB is a critical factor in antiviral response
against RSV, the defective NF-kB activation sup-
ports the oncolytic activity of RSV. Echchgadda [7]
demonstrated that the enhanced infectivity of RSV
in PC-3 cells results in caspase-3-mediated apop-
totic death of prostate cancer cells in vitro and
in vivo in immune-deficient nude mice. Besides,
RSV induces tumor necrosis factor-a (TNF) pro-
duced in RSV-infected cells, which results in tumor
cell apoptosis. Furthermore, it has been shown that
RSV can induce apoptosis in androgen-indepen-
dent human prostate cancer PC-3 cells by down-
regulation of NF-«kB and stimulation of the in-
trinsic apoptotic pathway. Besides, RSV induces
apoptosis in androgen-sensitive and androgen-re-
fractory prostate cancer cells by utilizing the defi-
ciency in the antiviral signaling mediated by either
the IFN-mediated JAK/STAT activation or NF-kB
activation in virus-infected cells.

It was also shown that in androgen-dependent
LNCaP prostate cancer cells, RSV infectivity and
virus-induced apoptotic death were much higher
as compared to the RWPE-1 cell line originating
from the normal prostate. The increased apop-
tosis of LNCaP cells was traced to the blockade
of STAT-1 activation causing inhibition of IFN-de-
pendent antiviral gene expression and enhanced
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RSV replication leading to apoptosis. This is in con-
trast to the RSV-mediated apoptosis induction
in androgen-independent PC-3 cells due to inhibi-
tion of NF-kB-dependent antiviral genes. Alto-
gether, these results suggest that the oncolytic ac-
tivity of RSV can be harnessed for developing viro-
therapy of prostate cancer.

Oncolytic effect of RSV in the human skin cancer
cell line. The role of RSV in the modulation of cell
growth and apoptosis was also investigated in A431
cells. The results indicated that A431 cell growth
was inhibited following infection by RSV (MOI
of 3) 48 h post-infection accompanied by the in-
duction of apoptosis [8]. This study highlights
the relevance of RSV on the cell death pathways
in skin malignancies. However, the intracellular
targets for RSV-induced apoptosis in skin cancer
cells have not been analyzed yet.

Oncolytic activity of RSV on hepatocellular carci-
noma cell lines. Among the assayed hepatocellular
carcinoma (HCC) cell lines, apoptosis was induced
by RSV infection in Huh-7 cells only. However,
no apoptosis after RSV infection in other HCC
cell lines (BNL-HCC, Hep3B, and SNU-739) was
observed [17]. Therefore, it can be postulated that
the effect of RSV infection on cancer cell growth
seems to vary depending on the type of infected
cells.

Oncolytic activity of RSV on cervical cancer cell
lines. RSV oncolytic activity on the TC-1 murine
cell line producing HPV-16 E6/E7 resulted in apop-
tosis and autophagy induction, caspase-3 activa-
tion, ROS generation, and cell cycle inhibition [13].
The cytopathic effect of RSV decreased the TC-1
cancer cell viability significantly at MOI of 10
and 15. Annexin V/PI analysis for determining
the rate of cellular apoptosis induced by RSV
showed that such apoptosis induction was MOI-
dependent. The effect of oncolytic RSV on the in-
tracellular reactive oxygen species (ROS) produc-
tion demonstrated that RSV-infected TC-1 cells
produced more ROS compared to the control cells
in an MOI-dependent manner.

RSV-mediated apoptosis of lung cancer cells. Se-
veral studies reported that primary RSV induces
apoptosis in A549 cells [11, 12, 16, 18]. It has been
demonstrated that RSV F protein is responsible
for the oncolytic effect of RSV in these cells and
is a strong initiator of apoptosis. It triggers caspase
cascade, causes p53 phosphorylation with activa-
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tion of its transcriptional activity, and conforma-
tional activation of pro-apoptotic BAX [15]. The re-
sults demonstrated that RSV induces apoptosis
through tumor necrosis factor-related apoptosis-
inducing ligand (TRAIL) pathway. Moreover, RSV
infection also induced several pro-apoptotic factors
of the BCL-2 family and caspases-3, -6, -7, -8, -9,
and -10, constituting the death receptor- and mito-
chondrion-dependent apoptotic pathways. RSV
also strongly induced anti-apoptotic factors of the
BCL-2 family, especially Mcl-1. This might account
for the delayed induction of apoptosis in RSV-in-
fected cells in the absence of exogenous induction
of the TRAIL pathway [16].

Conclusions and perspectives. The limitations
of conventional cancer therapies have pushed
the field of oncology toward exploring other no-
vel immunotherapeutic strategies to inhibit cancer
growth. Oncolytic virotherapy is one such pro-
mising strategy with the potential to improve can-
cer therapeutics with a multitude of the OVs
is at various stages of clinical development. One
of the major advantages of the OVs is the pos-
sibility to genetically engineer them for favorable
host’s outcomes. Despite the progress in OV thera-
py, there are limitations and further challenges,
such as delivering the OVs to the targeted tumor
sites, especially solid tumors, and the presence
of neutralizing antibodies which limit its efficacy.
However, the efficacy of OV therapy can be further
improved via combination with other immuno-
therapy regimens or arming OV with the func-
tional transgenes, a novel combination of OVs can
be developed according to the type and stage
of cancer. Therefore, combination approaches
promise an increase in therapeutic efficacy offering
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OHKOJIITMYHA AKTVBHICTD PECIIIPATOPHO-
CMHUVTIAJIBHOTI'O BIPYCY JTIIOAVIHU

OHKOMTNYHI Bipycu — Ile HOBIi ITepCIIeKTUBHI 3acO0M TIKYBaHHS paKy. 3aBAsKM OHKOMITUYHIN BipoTeparil MOXXHa
mocArty crrenydivHOI 3arnberti NyXIMHHNX KIITHH Ta IMyHHOI KOCTUMYIIALIL, 110 IPUMHOXYE IPOTUIYX/IMHHY IMYH-
HY BifiIOBifb opraHismy. 3aBAKM MeTOJAM TeHHOI iHXKeHepii MOXK/IMBA TAaKOX eKCIIpecisl OHKOMITUYHUMU Bipycamu
Pi3HMX IMYHOCTUMMY/IATOPHUX MOJIEKYI /IS ONTMMi3alil Ta IifiCMIeHHA OHKOIiTM4YHOI BipoTepamii. EdexrusHicTb
OHKOJIITUYHOI BipoTeparlii IIoKkasaHa B 0araTbox HOKIIHIYHUX JOCII/PKEHHAX Ha Pi3HUX MyX/IMHAX, O HO3BOJIAE I0-
CATHYTH IIepCOHAi30BaHOI Tepallii OHKO/IOTiYHNX 3aXBOPIOBaHb. PecripaTopHo-cuHnmTianbHmit ipyc, PHK-smicHMI
Bipyc popunu Pneumoviridae, cripyannioe iHgeKIil HYOKHIX Bifi/IiB AMXa/TbHNX HMUIAXIB Y HEMOBJIAT Ta IMyHOCKOMII-
poMeToBaHUX Jopocnux. OHKOMITMYHA aKTUBHICTh IIbOTO Bipycy, IO IOKa3aHa B KIiTMHAX PaKy IepeaMiXypoBoi
3aJ1031, IIEYiHKOBO-K/IITMHHOTO PaKy Ta paKy HIKipH, OIIOCEPEJKOBYEThCA IIEPEBAXKHO Yepe3 aKTUBALLiI0 allONTOTUIHOI
KJIITMHHOI CMepTi, 110 acOLil0eThCs 3 mopyieHHAM akTuBanii NF-kB a6o medexrtHictio aktmanii STAT-1, ingyko-
BaHOI iHTepdepoHOM o/P. JJocmimKeHHsA, TpoBeieH] 3 KIITHHAMM paKy IIVIKM MaTKM, ITOKasamy, mo iHdiKyBaHHA
pecripaTopHO-CHHIUTIaIbHYM BipycOM IIPUBOJUTD KO aKTUBALl aBTO(aril Ta anonTo3y, 1o OI0CepefKOBYETbCA CUT-
HajnpHMMY nrsaxamu ROS-BAX ta TNF-a. PanjioHabHe CIIO/Ty4eHHA OHKOMITUYHOI BipoTepalil 3 iHmmMu 3acobamm
Tepamii Moxxe 6yTU KOPUCHMM B TVX BUIIAJKaX, KO/IM BifIOBIAb Ha 3araJbHOIPUITHATI 3acoOu Teparlii € 06MeXXeHOIO.
CratTs IpucBsiueHa 0OrOBOPEHHIO MIJIXOMIB O OHKOMITUYHOI BipoTeparil i3 3aCTOCYBaHHAM PeCIipaTOpPHO-CHHIN-
Tia/JIbHOTO BipycCy.

KnrouoBi cnoBa: oHKOMiTHYHA BipoTeparis, OHKOITUYHI BipycH, iMyHOTepanis, peclipaTopHO-CUHIUTiaTbHAI Bipyc.
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