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Abstract

Measles virus, the causative agent of measles, possesses a latently oncotropic character. This character enables the virus to
infect, syntialize and lyse the cancer cells. The live attenuated strains, specially the Edmonston strain, recognize CD46 as their
receptor. CD46 is overexpressed in adenocarcinoma cells. There is a basal level of expression of CD46 in all nucleated cells.
The Edmonton vaccine strain has high affinity towards CD46 receptor but the wild stain has strong affinity towards CD150/
SLAM expressed on the lymphoid cells and epithelial nectin-4. This natural property of the live attenuated vaccine strains of
Measles virus is exploited for oncolytic virotherapy. In recent years, virus-mediated oncolytic virotherapy has emerged as
most reassuring therapy against carcinoma. Without causing any damage to the neighbouring tissues, the oncolytic Measles
virus destroys the cancer cells through self-replication. Genetically modified viruses have been generated to broaden the
field of oncolytic virotherapy. Previously non-engineered strains of MeV were used for conducting oncolytic virotherapy-
highlighting the need for enhancing efficacy and safety. But with the emergence of reverse genetics system, the viral genome
can be manipulated to develop genetically modified strains and this has brought an improvement in the therapeutic index. In
this review we will discuss how the genetically engineered MeV strains are generated for oncolytic virotherapy as well as the
possible outcomes of this modern therapeutic approach. We will also discuss about MeV mediated oncolytic immunotherapy

in this review.
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Abberviations: MeV: Measles Virus; SLAM: Signalling
Lymphocyte Activation Molecule; CEA: Carcinoembryonic
Antigen; EGFR: Epidermal Growth Factor Receptor;
HCG: Human Chorionic Gonadotropin; MMP: Matrix
Metalloproteinases; PNP: Purine Nucleoside Phosphorylase;
NAP: Neutrophil Activating Protein; GM-CSF: Granulocyte
Macrophage Colony Stimulating Factor; EGFR: Anti-
Epidermal Growth Factor Receptor; HSP: Heat Shock Protein;
JAK: Janus-Associated Kinase; PDAC: Pancreatic Ductal
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Adenocarcinoma; CD-UPRT: Cytosine Deaminase-Uracil
Phosphoribosyl Transferase; SCFV: Single-Chain Variable
Fragments; SCD: Super Cytosine Deaminase; NSCLC: Non-
Small Cell Lung Cancer; MCP: Monocyte Chemoattractant
Protein; TNF: Tumour Necrosis Factor; SCID Severe Combined
Immunodeficient; CAR: Chimeric Antigen Receptor; ICB:
Immune Checkpoint Blockade; NK: Natural Killer; ORR:
Objective Response Rate; SCCHN: Squamous Cell Carcinoma
of Head and Neck; FDA: Food and Drug Administration;

Virol Immunol ]


https://medwinpublishers.com/VIJ
https://portal.issn.org/resource/ISSN/2577-4379#
https://medwinpublishers.com/
https://doi.org/10.23880/vij-16000307

UPA: Urokinase Plasminogen Activator; MSC: Mesenchymal
Stem Cells: NDV: Newcastle Disease Virus; VSV: Vesicular
Stomatitis Virus.

Introduction

Measles virus (MeV) is an enveloped virus with single-
stranded, non-segmented, negative-sense RNA as genetic
material. It belongs to the Paramyxoviridae family of the
order Mononegavirales and grouped into the Morbillivirus
genus- the viral neuraminidase is absent in Measles virus.
Its RNA genome has a length of 15894 nucleotides. Six
structural and two non-structural proteins are encoded
by the genome. The structural proteins are Nucleocapsid
protein (N), Phosphoprotein (P), Matrix protein (M), Fusion
Protein (F), Hemagglutinin Protein (H) an Large Protein
which is the RNA-dependent RNA polymerase (RdRp, L). The
two non-structural proteins are V and C protein, encoded
from the ORF of P protein gene.

F and H are glycoproteins that are involved in fusion with
the plasma membrane and binding to the viral receptors
respectively. CD150/SLAM expressed on the lymphoid cells
and epithelial nectin-4 serve as receptors for the wild type
MeV, while MeV vaccine strains enter the cell mainly via
CD46 [1]. This high affinity of H protein of MeV vaccine strain
towards CD46 is because of mutations in the gene encoding
this protein [2,3]. MeV infection causes formation of syncytia-
a distinctive cytopathic effect. The release of tumour-
associated antigens after cell lysis is reported; thereby a
tumour microenvironment having immunostimulatory effect
is induced [4].

Various case reports have revealed that measles
infection is associated with tumour remission. This idea has
been exploited for treating cancer affected patients with
MeV [5]. The example that was highly cited related to an
unnamed boy, who was suffering from Burkitt's lymphoma
[6]. By observing these natural phenomena the idea of
utilizing MeV for the treatment of cancer was bloomed,
though measles is highly contagious [7]. The wild strain MeV
is highly pathogenic and the question of using it in oncolytic
virotherapy hardly arises. In 1960 the license to use the
live attenuated strains of MeV for cancer treatment was
passed and it was proved to be safe [8]. The testing of the
derivatives of Edmonston B strain of MeV was commenced
after several years. The haematological malignancies were
selected as targeted bodies during early studies [9,10]. The
natural lymphotropic property of MeV supported this idea
[11]. Wild-type MeV enters various immune cells viz., B and
T cells, dendritic cells and macrophages using CD150/SLAM
as receptor, thereby suppressing the host immune system
[12]. Glioblastoma was reported to be sensitive to oncolysis
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mediated by MeV, sparing the normal cells [13].

When the replication-competent viruses are considered
as therapeutic factors for cancer treatment, a critical
importance should be given to tumour specificity for
ensuring therapeutic efficacy as well as patient safety.
Oncolytic viruses that are greatly effective against a specific
carcinoma may be devoid of tumour specificity that results
into significant off-target replication leading to toxicity have
little or no applicability for clinical purposes. Oncolytic
viruses that possess the capability of binding to different
cell types or that are sequestered in the liver may not appear
in sufficient numbers in tumour cells, thereby limiting
their efficiency, especially after systemic administration.
Two main approaches were introduced for addressing
the matter of tumour specificity- the viruses possessing
natural oncotropism were selected and tumour specificity
was ensured by genetic modification, thereby generating
engineered strains. The cell carriers having tumour-homing
potentialities are being utilized for this very purpose as
another option [14-17].

Oncolytic MeV is effective against a wide range of cancers
[18]. Various other measles vaccine strains are utilized for
therapeutic purposes besides Edmonston B derivatives. They
are Edmonston-Zagreb and AIK-C [19], Moraten-Schwarz
[20], Leningrad-16 [21] as well as rMV-Hu191 [22] strains.
The oncolytic effects of these above mentioned strains have
been established in preclinical studies.

Thus, MeV mediated oncolytic virotherapy is proved to be
one of the promising oncolytic platforms developed currently
for the therapy of cancer. The advantage of using engineered
MeV vaccine strains includes an outstanding safety profile
lacking genotoxicity and ensuring immunogenicity. The
reverse genetics system of MeV offers ensuring engineering
possibilities.

Mutations in H Protein

Signalling lymphocyte activation molecule (SLAM)
was reported to be a cellular receptor for wild-type MeV.
In the recombinant wild-type MeV asparagine at the 481
position of the Hemagglutinin protein was substituted with
tyrosine. The N481Y substitution enabled the recombinant
wild-type virus to use CD46 as the second receptor. It was
reported that its ability to utilize CD46 was comparatively
low in CD46+ SLAM- cell lines compared to the recombinant
virus having the Hemagglutinin Protein coding gene of the
Edmonston laboratory strain. The N481Y substitution is
not enough alone for making SLAM-tropic MeVs to utilize
CD46 efficiently. This suggests that further substitutions are
needed in the Hemagglutinin for their efficient infection and
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replication in CD46+ cells [3].

It was further reported that three substitutions (E492G
and N3901 plus T446S or N416D) besides N481Y substitution
in the H protein of Ichinose-B (IC-B) strain (pathogenic
MeV isolated from a patient suffering from acute measles
in 1984) are necessary to utilize CD46 receptor efficiently
[23]. The presence of N416D, N390I and T446S substitutions
is reported in all strains belonging to Edmonston lineage
but E492G substitution is present only in the H protein
of cDNAs generated for Edmonston tag strain [2,23]. In
some Edmonston-lineage strain T484N substitution has
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been reported. Regarding the utilization of CD46 T484N
substitution has a similar effect as that created by the E492G
substitution [2,23,24].

Thus, the mutations in the multiple residues of the H
protein have significant roles in the utilization of CD46 as
receptor. These mutations enable the vaccine strains to enter
into adenocarcinoma cells, keeping the immune cells almost
safe- the vaccine strains are antigenic, never immunogenic.
The specificities of wild-type and vaccine strain of MeV are
depicted in Figure 1.

arrows show receptor specificity of respective strains.

Figure 1: Receptor specificity of wild-type and vaccine strains of MeV. a) Wild-type MeV. b) Vaccine stain of MeV having
mutation in H (H*). c) Lymphocytic cells expressing SLAM/ CD150. d) An adenocarcinoma cell over-expressing CD46. The red

Genetically Engineered Measles Strains

Cancers, characterized by uncontrolled and abnormal
cell division, are classified according to the tissue of origin.
Cancer originating from epithelial tissue is termed as
carcinoma. Cancer originating from connective tissue is
termed as sarcoma. Cancer originating from hematopoietic
cells is termed as leukaemia and lymphoma. Cancer
originating from pluripotent cells is termed as germ cell
tumour. Lastly, cancer originating from embryonic tissue or
precursor cells is termed as blastoma [25,26].

Measles virus was isolated from Edmonston, a patient by
Peeblesand Endersin 1954 [27]. Today Schwarz and Moraten
strains are used- these are developed from further passages
[28]. The unmodified Edmonston Vaccine Strain is utilized
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for the treatment of several cancers viz. blood cancers like
leukaemia and myeloma and gynaecological cancers like
breast and ovarian cancers. Genetically engineered strains
are used for cancer therapy. Table 1 represents the genetically
engineered measles virus used to treat cancer [28,29].

Desired modifications of vaccine strains of MeV for
enhancing virotherapy was performed by developing a
reverse genetics system after rescuing the modified strains
from cloned cDNA [31]. We will discuss this topic vividly in
a separate section. In this system transgenes are inserted by
added transcription units that are equipped with regulatory
sequences of viral polymerase [32]. H protein of MeV is
solely responsible for receptor attachment. To target entry,
the H protein of MeV vaccine strain is mutated for ablating its
natural tropism and targeting moieties such as single-chain
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variable fragments of antibody are fused to H for redirecting
it to proper destination. The insertion is introduced at the
C-terminal of H protein. The ligand that is introduced is a
single chain antibody of the receptors that are expressed
by cancer cells e.g. CD133, CD38, CD20, carcinoembryonic
antigen (CEA) and epidermal growth factor receptor (EGFR)
[33-35].

Cancer Type Genetically Modified Viral Strains
rMV-EGFP-SLAMblind, MV-CEA
MV-NIS

MV-PNP, MV-CD20, MV-LacZ

Lung Cancer

Thyroid Cancer

Blood Cancer

Myeloma MV-lambda, MV-NIS, MV-CD38
Burkitt’s MV-GMCSF
Lymphoma

Breast Cancer MV-CEA , MV-NAP

MV-NIS, MV-CEA, MV-CD38, MV-her/
neu

NV-NIS, MV-CEA, MV-CD133, MV-
MMP

MV-NIS, MV-PNP
MV-CEA, MV-NIS
MV-PNP, MV-NIS, MV-CD133
MV-alphaPDL1
MV-CD20, MV-MMP
MV-GMCSF, MV-NIS
MV-CD133, MV-CD38

Table 1: Genetically engineered viral strains utilized for
oncolytic virotherapy [30].

Ovarian Cancer

Liver Cancer

Pancreatic Cancer

Prostate Cancer

Colorectal Cancer

Skin Cancer

Fibrosarcoma

Mesothelioma

Brain Cancer

In the serum of MV-CEA vaccine treated patients, the
level of the soluble peptide, CEA, that is released into the
patient’s blood stream following infection of cancer cells
with MV-CEA, can be detected. CEA is a reporter gene that
is inserted to track MeV replication. Another reporter
gene B-human chorionic gonadotropin (HCG) was selected
in this context [36]. Thyroidal sodium iodide symporter
(NIS), a membrane ion channel, mediates uptake of iodine
by thyroid glands. Genetically engineered MeV expressing
NIS possesses the capability of inducing symport of iodine,
thereby increasing iodine concentration inside cancer cells
of thyroid gland. Encoding of NIS to yield MV-NIS enabled
to conduct y-camera imaging of iodine-123 (1231I) [37-40].
For ensuring invasion to spread all over the body, matrix
metalloproteinases (MMP) are secreted by cancer cells
for degrading extracellular matrix. Genetically engineered
MeV harbouring MMP-cleavable sequences replacing furin-
cleavable site of F protein ensures selective fusion of the
engineered virus with MMP-expressing cancer cells [41].
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Here F protein is engineered instead of H protein. In E.
coli, Purine Nucleoside Phosphorylase (PNP) was reported
to be present. It is a prodrug convertase assisting in
converting chemotherapeutic prodrugs i.e., fludarabine into
2-fluoroadenine (reported to be a highly toxic metabolite),
that intercalates into DNA, thereby promoting apoptosis.
Genetically engineered MeV expressing prodrug convertase
was prepared [42]. Genetically modified measles virus that
expresses the immunomodulatory neutrophil activating
protein (NAP) of H. pylori, induces proinflammatory
cytokine release for boosting up immune response against
cancer thereby ensuring prolonged survival [43]. Genetically
modified MeV harbouring LacZ reporter gene is used
for transduction in the tumour cells to quantify tumour
development and spread of cancer. The beta-galactosidase
enzymatic activity is recorded to be higher in metastatic
cancer cells [44,45]. Recombinant Measles virus armed
with Granulocyte macrophage colony stimulating factor
(GM-CSF) was reported to up-regulate anti-tumour activity
of neutrophil by increasing its infiltration [46]. There is an
overexpression of CD274 (programmed death ligand 1)
in cancer cells to enable them to escape immune response
against tumour. When cancer therapy is conducted in
combination with the modulators of immune checkpoint,
direct cell lysis reduces the tumour burden and there is a
stimulation of anti-tumour immunity. Recombinant measles
virus harbouring PDL1 antibody gene is proved to be an
efficient lytic agent against melanoma [47]. MV-lambda is a
genetically modified MeV strain expressing human lambda
lightimmunoglobulin chain. This modified viral strain is used
to treat multiple myeloma effectively. In myeloma cells there
is an over-expression of human kappa light immunoglobulin
chain. The secretion of a chimeric immunoglobulin (one
kappa and one lambda chain) by the infected cells was
reported. This modified marker can be easily quantified by
using immunological techniques [48]. The consequences of
the clinical trials are promising. The formation of syncytia
that is mediated by F protein destroys the cancer cells [49].

The artificial riboswitches and microRNA target sites are
under investigation for the case to target post-entry of MeV.
The global loss in expression of microRNA levels in malignant
versus healthy cells is regarded as a hallmark of cancer
that is coming to light. This concept has been exploited to
increase tumour specificity by engineering oncolytic viruses.
The underlying concept is to insert the targeting sequences
of the microRNAs that are absent in tumour cells but are
exhibited in healthy tissues into the oncoviral genome
[50-54]. It was shown that the above mentioned approach
represses engineered MeV in healthy tissues expressing
microRNAs, keeping the kinetics of replication as well as
ensuing destruction of the cancer cells unchanged [55-57].
A simple overview of the engineered MeV and its mode of
action are described in Figure 2.
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N.B. Presence of viral F protein on syncytium.

Figure 2: An Engineered MeV Kkilling a cancer cell by syncytia formation. a) Engineered MeV displaying specific ligand of
the respective receptor on a cancer cell. H* indicates insertion of the gene of that specific ligand. b) A cancer cell expressing
specific receptor (R*) to be recognized by the engineered virus. c¢) Engineered MeV killing cancer cell by syncytia formation.

Combined Therapeutic Approaches

However, for curing advanced stage malignancies, using
of oncolytic MeV alone for therapeutic purpose was proved
to be insufficient. The combined therapeutic approaches
are developed by modern medical oncologists to ensure
an effective treatment for advanced stage malignancies. So,
other established therapeutic approaches against cancer
like chemotherapy and radiation therapy are combined with
MeV mediated virotherapy [58].

Synergistic effects of radiotherapy with engineered MeV
against Glioblastoma were observed in a Xenograft model as
well as in vitro culture [59]. It has been demonstrated in vitro
that the combinations of chemotherapies viz., gemcitabine,
camptothecin and paclitaxel with engineered MeV were
successful [60-62]. The antitumor efficacy was reported to
be increased in laryngeal cancer models when a combination
of engineered MeV with nimotuzumab, an anti-epidermal
growth factor receptor (EGFR) monoclonal antibody was
administered successfully [63]. The compounds that are
reported to modulate cellular metabolism are also tested for
conducting combined approaches. Using dichloroacetate to
block aerobic glycolysis was reported to stimulate cell death
when administered with engineered MeV [64]. For promoting
MeV oncolysis, induction of autophagy was proposed as a
combined approach [65]. The host cell factors are reported
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to be modulated by several small molecules for enhancing
engineered MeV mediated oncolysis. The heat shock protein
(Hsp) 70 is upregulated upon MeV infection. Combination
treatment of oncolytic MeV with an Hsp 90 inhibitor resulted
into an increase in Hsp70 expression ensuring an enhanced
apoptosis [66-68]. MeV replication and syncytia formation
are associated with actin cytoskeleton remodelling. If Rho-
associated coiled-coil forming kinase (ROCK) is inhibited
during the treatment of breast, prostate and Glioblastoma
cancer cells with engineered MeV, an increased yield in viral
replication spread and Kkilling of tumour cells have been
observed [69]. In vitro replication of MeV is enhanced when
ruxolitinib, ajanus-associated kinase (JAK) inhibitoris used to
counteract the IFN response [70]. The efficacy of engineered
MeV was reported to be increased upon inhibition of histone
deacetylase (HDAC) mediated epigenetic modulation. Here
in the case of hepatocellular carcinoma the induction of
Interferon and their Stimulated Genes (ISGs) are prevented
[71] and the underlying mechanism remained unsolved so
far in the case of pancreatic adenocarcinoma [72].

In pancreatic ductal adenocarcinoma (PDAC) the
expression of miR-148a is reported to be downregulated,
though in numerous healthy tissues present in the
gastrointestinal tract it is expressed. The target sequences
of the said microRNA are inserted together with cytosine
deaminase-uracil phosphoribosyl transferase (CD-UPRT),
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an E.coli-derived prodrug-converting enzyme, into oncolytic
MeV genome. The microRNA target sites are reported to
restrict replication and spread of the engineered virus in
the cells expressing miR-148a, while it allows unchanged
oncolytic efficiency in PDAC cell lines. Non-toxic 5-FC
(5-fluorocytosin) is converted into chemotherapeutic drug
5-FU (5-fluorouracil) by CD-UPRT (prodrug convertase),
thereby ensuring a localized chemovirotherapy. The superior
anti-tumour efficiency of the said engineered virus when
combined to 5-FC was demonstrated by the Leber group both
in vitro as well as in vivo. The feasibility for generating dually
modified oncolytic MeV for enhanced efficacy and safety has
been demonstrated by this approach [73].

Bispecific T cell engagers, BiTEs contain two antibody
single-chain variable fragments (scFv) that bind to CD3 as
well as a tumour surface antigen on T cells to mediate tumour-
directed cytotoxicity of T cells. The clinical efficacy of BiTEs
has been demonstrated against haematological malignancies.
However, problems with delivery as well as toxicities have
restricted wide application, also to treat solid tumours, so far.
It was reported by the Heidelberg team that the engineered
MeV that is encoded with BiTEs has proved to be functional
and promotes in vivo recruitment of endogenous T cells.
MeV-BiTE has ensured prolonged survival in comparison to
parental MeV, BiTE only and engineered MeV that encodes
a non-binding BiTE. In Xenograft models derived from
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patients, the combination of adoptive immune cell transfer
with MeV-BiTE has prolonged survival significantly when
compared to monotherapies [74].

Lauer group has probed a combinatorial application
by employing activated human NK cells (or PBMCs) along
with oncolytic MeV-GFP in human sarcoma cell lines. It was
demonstrated by the same group in an earlier preclinical
study that MeV possesses a potent oncolytic property in
paediatric sarcomas [75]. As there were also the presence
of sarcoma cell lines showing primary resistance to viral
oncolysis, ideas were generated towards the application
of combination therapies. It was reported that the above
mentioned combination resulted in enhancement of oncolysis
of human sarcoma cell lines in comparison to the respective
monotherapies. In addition to this, the activation of NK cells
when co-cultured with A673 sarcoma cells infected with
MeV was reported [76].

The Lauer group also investigated whether the senescent
tumour cells induced by gemcitabine can be lysed with much
effectively at the time of combinational chemo virotherapy.
It was reported that a combination of engineered MeV and
gemcitabine more effectively lysed different pancreatic
cancer cell lines treated as compared to either of the above
two treatments. Furthermore, tumour cell senescence
induced by gemcitabine was not impeded by MeV [60].

agents consisting of drug or a vial of injection.

Figure 3: A combined therapeutic approach. a) A patient undergoing radiotherapy. b) Recombinant MeV. c) Chemotherapeutic

Super cytosine deaminase (SCD) mediates conversion
of 5-fluorocystosine (5-FC), a prodrug into 5-fluorouracil (5-
FU), and then to 5-fluorouridine monophosphate (5-FUMP).
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This process was reported to occur solely in cancer cells as
the expression of SCD is tumour-restricted. In cancer cells the
cellular enzymes further process 5-FUMP to produce toxic
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metabolites that are reported to interfere with DNA, RNA
and protein synthesis as well as DNA repair mechanism- this
leads to an enhancement in the tumoricidal bystander effects
[77]. The Lauer team in Tiibingen evaluated the potential
efficacy as well as safety of MeV-SCD plus prodrug 5-FC in

Oncolytic Immunotherapy

The early efforts to engineer oncolytic MeV were
primarily focussed on augmenting direct killing of tumour
cells. In the recent past there has been a shift in strategy from
mainly tumour killing to mainly immunotherapeutic therapy.
This shift has been encouraged by the progress in cancer
immunotherapy that revolutionized the field of medical
oncology.

Oncolysis mediated by MeV per se shows pleiotropic
effects (a phenomenon of a single gene influencing multiple
traits) on the immune response against tumour and every
phase of the ‘Cancer Immunity Cycle’ is supported by
these effects [79]. The cell death induced by MeV oncolysis
is reported to be immunogenic [80], thereby inducing
a distinctive immunopeptidome [81] to promote cross-
priming of T cell responses against tumour by plasmacytoid
and conventional dendritic cells [82]. It was reported
that MeV mediated oncolysis enhances tumour necrosis
factor-related apoptosis-inducing ligand (TRAIL) induced
cytotoxicity by plasmacytoid and myeloid DCs [83] as well
as regulating macrophages towards an anticancer phenotype
[84]. The activation of neutrophil also occurs that leads to
the secretion of tumour necrosis factor (TNF)-a, IFN-q, IL-8,
and monocyte chemoattractant protein (MCP)-1; expression
of TRAIL and degranulation [85] - depending on the tumour
may or may not be useful [86].

These immunotherapeutic effects are ensured by
inserting into the MeV genome immunomodulatory
transgenes. Engineered MeV is able to serve as a vector for
delivering immunomodulators at the site of tumour that is
proved to be highly toxic if administered systemically. The
granulocyte macrophage colony stimulating factor, GM-CSF
was reported to be the firstimmunomodulatory transgene in
context to MeV and other oncolytic viruses. In MeV genome
the cytokine granulocyte-macrophage colony-stimulating
factor (GM-CSF) was coded for enhancing the function of
neutrophil. The severe combined immunodeficient (SCID)
mouse is used as a model system to study autoimmune
diseases. In the said model system of human lymphoma, the
engineered MeV that encodes murine GM-CSF was reported
to be more efficiency which correlated with the infiltration of
neutrophil in the tumour [87].

The SCID mice are devoid of T- and B- cells; hence
the adaptive immune response after virotherapy was not
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combination with pembrolizumab in patients affected with
stage III/IV non-small cell lung cancer (NSCLC). A novel
combination therapy is able to enhance the anti-tumoral
activity of pembrolizumab further [78]. A cartoon diagram of
combined therapy was depicted in Figure 3.

scrutinized. By using an immunocompetent murine colon
adenocarcinoma model this were re-examined using
MC38cea cells that are reported to be permissive towards
redirected MeV-antiCEA. In this study, it was demonstrated
that MeV-antiCEA, which is armed with GM-CSF is associated
with the complete and durable reemission as well as
enhancement of overall survival in one-third population of
mice. Mice undergoing treatment with MeV-GM-CSF-antiCEA
were reported to reject tumours when re-challenged. This
exhibited an adaptive memory immune response having
long-lived protection [87,88].

MC38cea is the first mouse model that is fully
immunocompetent- this model was introduced as a
prerequisite to investigate immunomodulatory MeV vectors
for demonstrating the induction of adaptive immune
responses that are tumour-specific [89]. This model contains
murine colorectal adenocarcinoma MC38 that is syngeneic
to C57BL/6 mice and stably expresses the carcinoembryonic
antigen that is reported to be susceptible to CEA-targeted
recombinant MeV [87]. In the above mentioned model, the
treatment conducted with MV-GM-CSF ensures an extended
survival in comparison to the control MeV. The tumour
was completely reemitted in forty per cent of treated mice
and they were protected subsequently from tumour re-
engraftment- this indicates the effect of tumour vaccination.
MV-GM-CSF treatment further enhanced an intratumoral
infiltration of T cells and their tumour-specific responses.
[90].

In Xenograft model of lymphoma, MV-GM-CSF promotes
an increased neutrophil infiltration that is associated with
tumour regression. It was shown that the immunomodulators
further enhances innate immune activation during MeV
oncolysis. A MeV vector that encodes IFN-B has got the
ability in induction of immune infiltration as well as in the
tumour microenvironment remodelling in mesothelioma
Xenografts [91]. MeV that encodes the immunomodulatory
factor of H. pylori, neutrophil-activating protein (NAP),
ensures prolonged survival as well as helps in inducing a
useful cytokine response in lung colonization models and
breast cancer Xenograft [92].

Another immunocompetent model was developed in
C57BL/6 mice. The transduction of B16 melanoma cells
was performed to express CD20 surface antigen stably to
conduct treatment with engineered MeV targeted against
CD20. In this model, the antibodies of immune checkpoint
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are encoded against programmed cell death-ligand 1 (PD-
L1) as well as cytotoxic T lymphocyte-associated-4 (CTLA-
4) by MeV vectors extended survival in comparison to MeV
that encodes only the constant region of antibody [93]. The
therapeutic standard of this application was demonstrated
by systemic administration of the antibodies against PD-L1,
PD-1 and CTLA-4 in combination [94].

MeV that encodes IL-12 is associated with complete
remission of tumour (90% of treated mice) that was reported
to be mediated by CD8+ effector T cell response [95]. MeV
encoding IL-12 increases the affluence of CD8+ TILs. This
T-cell subtype is essential for its efficiency. Engineered MeV
that encodes IL-12 has a superior efficacy against tumour
in B16-hCD46 and MC38cea tumour models in comparison
to an IL-15-coding MeV variant. Oncolytic MeV vectors that
encode an IL-15 super agonist were reported to mediate
the activation of NK and T cells, but were not so effective
compared to IL-12 encoded MeV [95, 96]. While we compare
several immunomodulatory transgenes that included IL-10,
IL-12, GM-CSF, a soluble form of CD80 and PD-L1/CTLA-4
antibodies; the engineered viruses armed with IL-12 or PD-
L1 antibody were proved to be superior in their respective
experiments [96].

This approach was adopted in immunotherapy against
cancer. Here tumour-associated antigens are encoded in
the MeV vector. MeV vectors that encode ovalbumin (OVA),
regarded as model antigen or claudin-6, the tumour antigen
in native state or associated with lentivirus-like particles
were reported to associate with the induction of antigen-
specific cellular and humoral immune responses in CD46-
transgenic mice that are IFN-a receptor (IFNAR)-deficient
as well as extending survival in B16-derived cancer models
[97]. Employing tyrosinase-related protein-2 (TRP-2), a
melanoma antigen and OVA, MeV vectors that encodes the full
ORFs of antigens or specific immunodominant CD8+ epitope
of antigens or epitope variants were produced. The epitope
variants were targeted to the proteasome after secretion.
Utilizing these MeV vectors, cognate T cell priming mediated
by dendritic cell upon their activation was illustrated ex vivo
[98].

It was noted that in cutaneous T cell lymphoma lesions
there is a shift towards the T cell population that is Th1-
biased after viral treatment [99]. In ovarian cancer patients
undergone treatment with MV-NIS, IL-4 and IFN-y responded
against IGF binding protein 2 (IGFBP2) and FRa, the tumour
antigens- ELISPOT assay was used to detect this response
[100]. A rise in IFN-y counts detected by ELISPOT assay
against testis antigens of cancer was also noted in most of
the tested multiple myeloma patients undergoing treatment
with MV-NIS [101]. Clinical data suggesting that there is a
boost in antitumor immunity by engineered MeV mediated
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virotherapy. The immune effector cells having anticancer
property viz., CD8+ NKG2D+ cells or NK cells show the
property of adoptive transfer- this property in combination
with the oncolytic property of MeV were proved to be
effective in conducting immunotherapy [102,103].

To induce antigen specific T cell responses, MeV is being
administered as a highly immunogenic and heterologous
vaccine vector [104]. This approach has been utilized for
the development of vaccines against diverse pathogens that
included emerging SARS CoV-2 [105]. The clinical trials that
are published so far tested only the oncolytic MeV, which
does not encode any extra immunotherapeutic payloads. An
overall therapeutic efficiency can be augmented with novel
immunomodulatory vectors.

Figure 4: CD8+ cytotoxic T cell cross priming. Recombinant
MeV mediated lysis of the cancer cell promotes the
activation of dendritic cells, which leads to specific antigen
presentation on its surface. This is followed by the cross
priming of CD8+ cytotoxic T cells in the lymph nodes. This
causes T cell infiltration to the tumour site, followed by an

effector response.

Genetically engineered oncolytic viruses are reported
to be multifaceted killers of tumour cells. They lyse tumour
cells directly and spare normal cells. They are reported to
enhance antitumor immunity indirectly by antigen release,
thereby activate responses related to inflammation in the
tumour microenvironment. There are some limitations too,
such as, limited penetration into tumours, brief persistence,
and the antiviral immune response by host. These are slowing
down the universal translation of oncolytic virotherapy into
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the health centres. If these challenges are met, combined
therapies, such as oncolytic viruses plus chimeric antigen
receptor (CAR) T cells, immune checkpoint blockade (ICB),
or CAR natural killer (NK) cells, may help provide potential
therapeutic platforms in the health centres [106].

(Figure 4) depicts Immunovirotherapy in a nutshell.

Viral Rescue for Recombinant Measles

In reverse genetics approach, a gene of interest is
selected, a null mutant of the selected gene is generated
and the alternation in phenotype is studied. This approach
is totally opposite to forward genetics- there screening of a
collection of mutants for a known phenotype is conducted
and the genes responsible for that phenotype are identified.
By the refinement and development of the reverse genetics
approach that allows rescue of MeV from cloned cDNA, the
generation of genetically engineered variants of oncolytic
MeV was made possible [107,108].

Raedeke, et al. (1995) plasmids from which phage T7
RNA polymerase transcribes antigenomic RNAs of MeV with
the correct termini were constructed. The 293-3-46 helper
cells, expressing Measles N and P proteins as well as T7 RNA
polymerase constitutively were derived from 293 cell lines.
With constructs consisting of cDNA of viral polymerase as
well as virus anti-genome that were kept under T7 promoter,
these helper cells were co-transfected. Within these helper
cells MeV replication and propagation occurred and this led
to syncytia formation. To improve effectiveness in viral rescue
amodified technique for rescuing the virus was adopted. The
transfection media was changed; 14-16 hours after 293-3-46
helper cells were co-transfected with expression plasmids
for viral protein. After that for 3 hours a heat shock at 44°C
was given to those helper cells. The diluted suspensions from
these cells were then transferred to a Vero cell monolayer,
in a 10 cm dish from each individual well of a six-well
dish. The plaques were counted after 3-4 days of transfer.
Following that the engineered virus was rescued [109]. The
engineered viruses were specifically designed so that the
progeny viruses would consist of a hexa-histidine tag at the
C-terminal of H protein. This tag was identified by Vero-a -
His cells. The Vero cells exhibited a single chain membrane
bound antibody- the latter could identify the viral tag. This
was named as a ‘pseudoreceptor system’ having use in viral
rescue and multiplication [110].

Engineered viruses rescued by employment of the
reverse genetics approach can be prepared for (a) infecting
directly the cancer cells and lysing them, (b) delivering toxins
to ensure the destruction of cancer cells and (c) delivering
therapeutic agents at tumour site to target key cancer-
specific molecules.
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Clinical Trials Of Oncolytic Viruses With Special
Focus To Measles Virus

Oncolytic virotherapy is not only confined to MeV but
also many other viruses are used for this purpose. In a nut
shell the most effective engineered oncolytic viruses used in
clinical trials are described below.

The oncolytic virus, Rigvir was the foremost one to get
an approval. In 2004 this was based on ECHO-7 virus for
treating melanoma in Latvia [111]. H101 (Oncorine) was the
second one approved for the treatment of nasopharyngeal
carcinoma in China in 2005. This virus is an oncolytic Ad5
having a deletion of E1B-55kD [112]. In a multi-centre,
where a controlled and randomized phase III trial was
conducted with the combination of chemotherapy with
H101 engineered strain, the objective response rate (ORR)
was reported to be 78.8% in squamous cell carcinoma of
head and neck (SCCHN) in comparison to 39.6% of the
control group. This demonstrated an immense anti-tumour
efficacy of the above mentioned combination therapy [113].
After it was launched in the market, the potential indications
explored on lung cancer, pancreatic cancer, liver cancer and
malignant pleural effusion in clinical trials showed certain
effectiveness [114]. However, there was a slight impact of
H101 on the market that might be the result of the favourable
effectiveness of radiotherapy towards nasopharyngeal
carcinoma. In recent past, talimogene laherparepvec (T-VEC)
was reported to show a notably better ORR in stage IIIB-
IV of melanoma that is unresectable. In 2015 the Food and
Drug Administration (FDA) fast tracked this [115]. The live
attenuated T-VEC is generated by an insertion of a human
granulocyte-macrophage colony-stimulating factor (GM-
CSF) cassette and deletions of the ICP34.5 and ICP47, in HSV
1[116].

Early reports registering an oncolytic effect during
natural MeV infections in Hodgkin's disease, leukemia and
Burkitt's lymphoma appeared between the years 1971 and
1981 [117-121]. It was reported that the University Hospital
of Zurich in Switzerland conducted the first clinical trial- the
unmodified but attenuated MeV- Edmonston Zagreb (MV-EZ)
strain was utilized in studying open-label, single institution,
and dose escalation of phase I. Altogether 5 patients (1
female and 4 male) were injected with up to 16 intratumoral
injections. The doses were fixed at 100, 500 and 1000 TCID,,
(Median Tissue Culture Infectious Dose), following pre-
treatment with interferon-a. The therapy was reported to
be well tolerated without any dose-limiting toxicity. Five of
6 lesions injected with the above mentioned strain indicated
a response to the treatment. One lesion displayed a perfect
response; two of 5 distant lesions that were non-injected
showed response [122].
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From Mayo Clinic conducted clinical trials by utilizing
the recombinant MeV strains in multiple myeloma and
ovarian cancer [123-125]. A dose escalating study of phase
I was conducted initially in 21 platinum refractory, heavily
pre-treated women having recurrent ovarian cancer.
They were administered intraperitoneally with MV-CEA
having normal pre-treatment CEA levels. No dose-limiting
toxicities were reported up to 10° TCID,, with 6 cycles at
4-weekly intervals. Fatigue, fever and abdominal pain were
reported- this was grade 2 toxicity or less predominantly
[125].

With MV-NIS a phase I/1I clinical study was subsequently
conducted on 16 women injected intraperitoneally with
platinum and taxane refractory recurrent or invasive ovarian
carcinoma was monitored. Like the above mentioned study,
no dose-limiting toxicities were being reported. Unlike the
previous study with MV-CEA that commenced with doses
of 10° TCID,, here 10° or 10° TCID,, was received by the
women. The most common harmful effects were fatigue,
fever, abdominal and neutropenia [124]. In an initial report
of a continuing phase I trial by using MV-NIS with or without
cyclophosphamide in patients having refractory multiple
myeloma (NCT00450814), 2 patients pre-treated heavily,
revealed evidences of response to the treatment after they
had received a single dose of 10" TCID,, administered
intravenously [123].

A Heidelberg Team chaired by Guy Ungerechts has
generated an engineered oncolytic MeV encoding multiple
transgene to increase therapeutic effectiveness. One of
the top candidates in this context is the oncolytic MeV
that encodes the secreted form of IL-12 (MeV-IL12). This
engineered strain is currently used in clinical testing.
In 2022 a phase I/II trial is reported to be launched in
Heidelberg. The spin-off company of Heidelberg University
Hospital, Canvirex AG has sponsored this trial to evaluate
the immunovirotherapeutic effectiveness of MeV-IL12 on
solid tumours [126,127].

Another similar trial was organized by University
Hospital Tiibingen. The Lauer team has scheduled this trial
in Tiibingen. Here the potential efficacy as well as the safety
of MV-SCD together with prodrug 5-FC in combination with
pembrolizumab is assessed in patients affected with stage
[11/1V of non-small cell lung cancer (NSCLC) [128].

At the Mayo Clinic, the phase I/II trials in malignant
peripheral nerve sheath tumour (NCT02700230), ovarian
cancer by using mesenchymal stem cells of adipose
tissue for virus delivery (NCT02068794), mesothelioma
(NCT01503177), squamous cell cancer of the head and neck
and breast cancer (NCT01846091) are on-going.
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Delivery Route and Biosafety Measures

The possible cause of failure in treatment is suboptimal
delivery. For oncolytic virotherapy numerous routes for
delivering the oncolytic virus were examined. The therapeutic
efficacy is critically dependent up on the selection of the
therapeutic route. The scientists proposed different routes in
accordance with their research goals as well as the accessible
and vital experimental data.

The principle delivery routes of the engineered virus for
oncolytic virotherapy are described below. (a) Intravenous
delivery: Here the recombinant viruses are administered into
the peripheral vein. The injected viruses reach tumour site
in non-specific systems and organs via the vascular system.
The engineered measles viruses expressing amino-terminal
fragment of the urokinase plasminogen activator (uPA) (of
human or mice) to target them against uPAR (MV-uPA) for
treating breast cancer were administered intravenously
[128-131]. (b) Intratumoral delivery: Here the recombinant
viruses are administered into tumours. The injected viruses
are reported to exhibit a direct therapeutic outcome on the
tumour lesion. Measles virus echistatin vector (MeV-ERV)
was reported to be administered directly into the tumour
cells to treat multiple myeloma [132-134]. (c) Intraperitoneal
delivery: Here the recombinant viruses are administered into
the peritoneal cavity. The injected viruses are reported to get
absorbed into the peritoneal veins. This is followed by either
arrival of the viruses in the tumour site of some systems or
organs via the vascular system or getting diffused directly
at tumour site in the peritoneal cavity. MV-aFV expressing
a single-chain antibody (scFv) specific for a-folate receptor
was targeted against ovarian cancer and was administered
intraperitoneally [135,136].

The common and severe adverse effects of MeV-mediated
oncolysis are described below. MeV-NIS is used in the
treatment of non-small cell lung cancer, multiple myeloma,
malignant pleural mesothelioma and urothelial carcinoma.
The common adverse effects are Grade I-1I flulike symptoms,
diarrhoea, leukopenia and neutropenia. The severe adverse
effects are anaemia, neutropenia and leukopenia. MeV-CEA is
used in the treatment of primary peritoneal cancer, ovarian
epithelial cancer and fallopian tube cancer. The common
adverse effects after virotherapy are flulike symptoms, lack
or loss of appetite and abdominal pain. The severe adverse
effect is pain in joint [137].

MV-NIS and MV-CEA: For maximizing infection of the
engineered viruses in the tumour cells, MV-NIS and MV-
CEA were injected intraperitoneally to the patients having
recurrent ovarian carcinoma [138, 139]. In IFNARKO CD46
Ge mice that are measles naive, pre-clinical studies were
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performed. No evidence of the propagation of virus to the
outer surface of peritoneal cavity (heart, brain and skeletal
muscle) wasrecorded [140]. Ofthe 21 women vaccinated with
MeV-CEA the following response patterns were observed. In
4 asymptomatic patients low levels of viral genome were
detected in peripheral blood mononuclear cells (PBMCs) by
RT-qPCR [138]. In the 16 women administered with MeV-
NIS, the viral genome was not detected in the peripheral
blood [139]. The viral RNA was absent in saliva and urine
[138,140]. In another phase I clinical study, MV-NIS was
administered intravenously with or without prior treatment
with cyclophosphamide, a chemotherapeutic agent having
an immunosuppressive activity in addition. Therefore, it
ensures a potential enhancement and prolonging of viral
replication and propagation in the tumour cells [141]. The
presence of viral genome in buccal swabs of monkeys was
reported post-administration. A comparatively higher level
of virus genome was found to be present in the buccal swabs
of monkeys treated with cyclophosphamide and viral genome
was detectable for a longer time span, thereby indicating
that the said drug is associated with the enhancement of
the propagation of vectors in monkeys [142]. Intracerebral
administration of engineered MeV expressing a single chain
antibody recognizing EGFR against Glioblastoma multiforme
was also reported [143].

Research on bacteriophage has been revitalized with
the increase in antimicrobial resistance rates. These phages,
discovered over some hundred years back, predate bacteria
naturally. For using phages therapeutically, they should
effectively Kkill the bacterial host, carry on lysis preferably
and characterized fully for excluding side effects. To
develop therapeutic phages a combined attempt of various
stakeholders is needed. Here both naturally occurring as
well as synthetic phages are used. A prophage was recently
discovered- it was proved to be active against Helicobacter
pylori. It can hopefully offer a therapy to be used for targeting
the etiologic role of pylori in gastric ulcer as well as cancer.

Biosafety Issues: The term “biosafety” denotes the utilization
of definite practices, safety apparatus, and buildings designed
especially for ensuring that the environment, the community
and the workers should be safeguarded from unintended
exposure or accidental release of toxins, infectious agents
and biological hazards. Various biosafety issues are required
to be taken into consideration with utter care while clinical
trials are performed with engineered attenuated MeV
vectors. After carrying out a risk assessment extensively
of the engineered MeV vectors utilized in the clinical trials
presently as oncolytic vector or prophylactic vaccine, it can
be concluded that for humans these engineered MeV vectors
belong to risk 1 class. In order to boost up risk alleviation
and avoid diffusion into the surroundings, manipulation of
these engineered MeV vectors should be performed under
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CL-1 (Contaminant Level).

The record of safe utilization of MeV Schwarz strain
and the attenuation in MeV-CHIK (Chikungunya fever virus,
CHIKV) and MeV1-F4 (F4: a fusion protein consisting of the
viral RT, p24, Nef, Ag p17) vaccine candidates permit handling
these engineered viruses in the clinical setting under CL-1.
The insertion of the transgenes hardly alters its safety profile.
For handling MV-NIS and MV-CEA engineered oncolytic
vectors, a CL-1 was approved. Engineered MV-NIS mediated
transduction of Mesenchymal Stem Cells (MSC) should be
conducted in CL-2. The MSC cells are primary cell cultures
that are directly derived either from tissues or from organs.
While manipulating those cells the presence of unintended
contaminating factors accounts for the primary hazard. As
finite life span is the characteristic of those cells, the time
allotted for identifying and characterizing the contaminating
factors remains restricted. So, the transduction of primary
cell cultures obtained from human should be performed
in a CL-2 and operated in a class Il biosafety cabinet to
guarantee the sterility of products. The personnel should
wear protective equipment, masks, goggles and gloves.
The operations that produce aerosols viz., the rupture of
a vial must be avoided or contained strictly at the time of
preparation and vaccination of the engineered MV vector. An
appropriate disinfectant, 1% sodium hypochlorite must be
used to inactivate the spills. Personal protective equipment
and contaminated waste must be autoclaved before disposal.

For improving the biosafety of virus-mediated oncolytic
therapy, the following three features may be taken into
consideration. The first strategy involves the selection of
non-infectious viruses that do not harm our normal tissues.
The second strategy involves the attenuation of pathogenicity
towards normal cells of the said viruses by introducing
suitable genetic modifications. The third strategy involves
recombining different varieties of oncolytic viruses for cancer
treatment. As for example the recombination of Newcastle
disease virus (NDV) with vesicular stomatitis virus (VSV)
greatly helped in reduction of cytotoxicity in normal and
healthy neurons and hepatocytes and was reported to be
non-infectious to the embryonated eggs.

Limitations of Measles Mediated Virotherapy

However, one should remember that a lifelong vaccine
against wild type measles is yet to be developed. The virus
possessing a property to suppress the spread of cancer is still
listed as one of the major reasons of death among children.

It was reported that the N protein has pro-apoptotic
property. It was shown to interact with protein tyrosine
kinase 2 for suppressing the GTPases expression viz., cdc42
and RhoA for checking the progression of cancer. But the P
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protein was reported to have an antagonistic property. It was
shown to interact with phosphoinositide 3-kinase, thereby
the expression of anti-apoptotic markers viz. Bcl-xL and Bcl-
2 was increased. So it will be a cause of concern at the time
of virotherapy. Therefore the limitations subsist in oncolytic
virotherapy. They are immune responses by the host, both
innate and adaptive, the range of hosts as well as the safety
risks in using the engineered viruses.

Conclusion

Engineered MeV that was probed extensively in oncolytic
virotherapy in the clinical trials was proved to be promising.
Some clinical trials are still on-going and the recombinant
viruses are showing high efficacy. The vaccine strains having
an engineered genome for targeting the recombinant virus
effectively to the malignant cells have an excellent safety
record. Its progress can also be monitored, thereby making
it an exciting as well as powerful candidate. Due to the
lymphotropic property, MeV has been used as an attractive
option for treating lymphoid malignancies particularly.

Once the vaccinologists were engaged in preparing a
productive vaccine against measles but now the engineered
vaccine strains of MeV are being used successfully as a
potent therapeutic agent for the treatment of cancer. The
clinical trials are going on in full-fledge and the feedback is
positive. Besides radiotherapy and chemotherapy, oncolytic
virotherapy has proved to be an effective tool for cancer
therapy. The genetically modified virus possessing the
capability of boosting the immune system associated with
cancer suppression was developed. When the hepatocellular
carcinoma cells are infected with Edmonston vaccine strain
of MeV, the anti-cancer activity of CD8+ NKG2D+ cells is
augmented and the said cells trigger the extrinsic pathway of
apoptosis. Other viruses belonging to the Paramyxoviridae
family also bear the same character and their tumour lysing
property was examined vividly.

On-going efforts for addressing the subject of pre-existing
antibodies against MeV in vaccinated patients have exhibited
hopeful results in the pre-clinical studies, whereas the results
from clinical studies are still awaited. A combination therapy,
where engineered MeV is utilized in combination with added
immune therapies, is proven to be interesting undoubtedly
and the advancement to understand the cooperation between
recombinant oncolytic MeV and the microenvironment of
tumour is sure to improve its therapeutic efficacy further.
Finally, although lots of mechanisms were proposed for MeV-
mediated lysis of the tumour cells, the exact mechanism is
yet to be discovered. Developments in this field will prove to
be essential for upcoming directions in the utilization of MeV
as a lytic agent against carcinoma.
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When virotherapy is applied in combination with
radiotherapy and chemotherapy, there is a synergistic effect.
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