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Oncolytic viral therapy is a new promising strategy against cancer. Oncolytic viruses 
(OVs) can replicate in cancer cells but not in normal cells, leading to lysis of the tumor 
mass. Beside this primary effect, OVs can also stimulate the immune system. Tumors are 
an immuno-suppressive environment in which the immune system is silenced in order 
to avoid the immune response against cancer cells. The delivery of OVs into the tumor 
wakes up the immune system so that it can facilitate a strong and durable response 
against the tumor itself. Both innate and adaptive immune responses contribute to this 
process, producing an immune response against tumor antigens and facilitating immu-
nological memory. However, viruses are recognized by the immune system as pathogens 
and the consequent anti-viral response could represent a big hurdle for OVs. Finding a 
balance between anti-tumor and anti-viral immunity is, under this new light, a priority 
for researchers. In this review, we provide an overview of the various ways in which 
different components of the immune system can be allied with OVs. We have analyzed 
the different immune responses in order to highlight the new and promising perspectives 
leading to increased anti-tumor response and decreased immune reaction to the OVs.

Keywords: oncolytic virus, immunotherapy, host immune response, tumor immunity, cancer-related inflammation, 
virotherapy, adenovirus, vaccinia virus

iNTRODUCTiON

A feature of almost all cancers is their ability to escape from the immune system. This process is 
called immuno-editing and is composed of three different steps: elimination, equilibrium, and 
escape. During the elimination phase, the immune system recognizes the antigens expressed by 
tumor cells and eliminates them. If any cells are able to escape from the process of eradication they 
pass into the second phase in which they modify their antigens to render them unrecognizable by the 
immune system. In this stage, tumor cells start growing until the mass reaches a considerable volume.  
This is the third phase of escape, in which the immune system loses control of the tumor which can 
then spread and become detectable and thus clinically relevant (1). In this landscape, conventional 
cancer therapies show some limitations. The inability of chemotherapy and radiotherapy to selectively 
target cancer cells leads to a very high toxicity. Also, the development of chemo-resistance leaves  
then surgery as the last chance, if available. Another important aspect not to be underestimated, is 
the lack of conventional therapies able to create long-lasting immunity preventing metastasis and the  
relapse of cancer.

Cancer immuno-therapy is a promising new strategy to fight cancer and it consists of the activa-
tion and arming of the immune system against tumors. There are many different approaches among 
which, oncolytic virus therapy (OVT) is one of the most encouraging.

https://www.frontiersin.org/Immunology/
https://crossmark.crossref.org/dialog/?doi=10.3389/fimmu.2018.00866&domain=pdf&date_stamp=2018-04-26
https://www.frontiersin.org/Immunology/archive
https://www.frontiersin.org/Immunology/editorialboard
https://www.frontiersin.org/Immunology/editorialboard
https://doi.org/10.3389/fimmu.2018.00866
https://www.frontiersin.org/Immunology/
https://www.frontiersin.org
https://creativecommons.org/licenses/by/4.0/
mailto:yaohe.wang@qmul.ac.uk
https://doi.org/10.3389/fimmu.2018.00866
https://www.frontiersin.org/Journal/10.3389/fimmu.2018.00866/full
https://www.frontiersin.org/Journal/10.3389/fimmu.2018.00866/full
https://www.frontiersin.org/Journal/10.3389/fimmu.2018.00866/full
https://loop.frontiersin.org/people/447114
https://loop.frontiersin.org/people/427459


2

Marelli et al. OV and Host Immune Response

Frontiers in Immunology | www.frontiersin.org April 2018 | Volume 9 | Article 866

As stated in the name, OVT takes advantage of the oncolytic 
nature of some viruses [oncolytic viruses (OVs)] in order to kill 
tumor cells. The advantage of these viruses is their ability to infect 
and replicate in tumor cells without harming normal tissues.

Tumor cells are indeed a good target for OVs. They show a 
reduction in many of the specific mechanisms used by host cells to 
respond to viral infection (such as the type I IFN pathway) allow-
ing viruses to replicate successfully in these cells (2). Moreover, 
advances in genetic engineering have led to the production of 
viruses lacking the thymidine kinase gene forcing the virus to 
replicate only in those cells that have an up-regulation of the RAS 
pathway like cancer cells (3).

Oncolytic therapy is not just a dream. Several viruses have 
already reached the clinical stages. The best example is given by 
Talimogene Laherparepvec, known as T-Vec. This is a modified 
herpex simplex virus (HSV) that has two viral gene deletions and 
is armed with the human GM-CSF gene. T-Vec has been shown—
in a phase II study—to increase the number of tumor-specific 
CD8+ T cells and to reduce the number of regulatory and sup-
pressor T cells (4). Moreover, T-Vec has been tested in a phase III  
trial in patients with melanoma (5, 6) resulting, in 2015, in the 
FDA approval for the treatment of melanoma patients with inject-
able but non-resectable lesions in the skin and lymph nodes (6). 
Pushed from the good results obtained with T-Vec, over the last 
few years a variety of OVs have been tested in clinical trials. Safety 
profiles have reached an excellent standard through modification 
of OVs to increase specificity and reduce side effects. Despite these 
promising results, anti-tumor efficacy is still limited (especially 
when the viruses are used alone) and as a result, new strategies 
are needed for further improvement of OVT.

In this review, we would like to highlight the promising thera-
peutic effect of OVT mostly focusing on the ability of OVT to 
activate the immune system, and how to further improve the anti-
tumor efficacy of current OVT by modulating the host immune 
responses to the viruses and tumor cells.

ANTi-TUMOR eFFeCTS BY OvT

The inhibition of the IFN pathway, the major anti-viral response 
of the cells, is frequently disfunctioned in cancer cells. As a 
result, OVs can easily infect the transformed cells and fulfill their 
function. However, the purpose of oncolytic viral therapy is not 
only to kill cancer cells but also to activate the immune system, 
silenced by the tumor microenvironment. In order to achieve this, 
OVT can act in different ways. OVs are able to create long-lasting 
memory. As discussed above, transformed cells have the ability 
to escape from the immune system by mutating their antigens 
and becoming invisible to leukocytes in a process called immuno-
editing. When OVs infect tumor cells, an inflammatory reaction 
is triggered. This is due to the fact that viruses are able to induce 
immunogenic cell death (ICD). This process is a particular form 
of apoptosis in which the death of cancer cells is able to induce an 
effective anti-tumor response via the recruitment and activation 
of dendritic cells (DCs) and the consequent stimulation of specific 
T lymphocytes. In ICD, the process of apoptosis is not “sterile” 
but it triggers the endoplasmic reticulum with the consequent 
release of some dangerous metabolites called damage-associated 

molecular patterns (DAMPs). ICD is characterized by the release 
of three particular molecules that can be classed as DAMPs: 
calreticulin, ATP, and HMGB1 (7). APCs in the tumor microen-
vironment recognize these key metabolites and they are able to 
generate an immune response. Moreover, when OVs infect and 
destroy cancer cells, tumor associated or/and specific antigens  
are released into the microenvironment allowing the immune 
system to recognize them and to generate a response, breaking 
down the immuno-editing process. As reported by Breitbach 
et al., this local stimulation of the immune system is able to create 
a systemic and long-lasting anti-cancer response from immune 
cells, which also occurs in advanced stage patients (8). In many 
tumors, the tumor microenvironment is “a cold place” in which the 
process of immuno-editing has created an immuno-suppressive 
environment. As reported by Bell’s group, tumor cell infection 
with OV creates an inflammatory site with the consequent release 
of cytokines that activate the immune system, making the “cold” 
tumor “warm” (8). In this way, the primary immune response 
which can be seen as a negative response triggered against OVs 
(the activation of the immune system against the virus itself) can 
create anti-tumor immunological memory with very long-term 
benefits to protect the host against relapse (Figure 1).

The anti-tumor responses that OVTs can generate are very 
promising and give hope for new anti-cancer therapies. However, 
the true potential of OVs cannot be realized until some natural 
barriers (intrinsic of many tumors) are overcome. Among these, 
the hardest problems to solve is the large size of the tumor that 
can deny OVs access to the tumor core along with other physical 
barriers such as the elevated interstitial pressure and, in case of 
intravenous delivery, the poor tumor vasculature.

ANTi-viRAL eFFeCTS BY OvT

The battle between anti-tumor and anti-viral immunity exists 
because triggering the immune system will clear virus and along 
with it the lytic effect of viral infection, however, anti-tumor 
immunity will then also be diminished. We need to discover 
whether or not to focus on engineering a virus that very efficiently 
kills tumor cells or a virus that stimulates the most robust anti-
tumor response.

However, OV infection is the reason why anti-tumor immu-
nity is generated. Upon targeted infection of tumor cells, the 
immune system detects viral infection and as well as innate 
immunity, adaptive responses are also triggered. These involve 
T cells which are primed to lyse cells containing foreign antigens 
(which usually derive from virus but can also be derived from 
the cancerous cell itself). This ultimately leads to targeted lysis of 
not only infected cells but also, the tumor cells themselves. It is 
therefore important to design OVs that can replicate and spread 
within tumors quickly to induce the maximal anti-tumor effect 
before viral clearance (9).

In light of the fact that anti-viral responses may dampen the 
effect of OVs by clearing virus prematurely, manipulating the 
anti-viral immune response by blocking antibody responses to 
the virus means that the virus has extra time to take effect and 
kill tumor cells through anti-tumoral T-cell responses generated 
by the presentation of tumor antigens by infected cells (10). 
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FigURe 1 | Anti-tumor immunity by oncolytic virus (OV) therapy: OVs can be modified in order to let them to replicate only in transformed cells. This process 
stimulates the immune system which is recruited into the tumor, skewing the neoplastic mass from an immuno-suppressive environment to an inflammatory site. 
Macrophages and T lymphocytes are key players in this process, producing cytokines that can recruit other immune cells and actively destroy cancer cells. This action 
generates an immunological memory that avoids cancer recurrence and synergizes with the oncolytic action of the viruses, potentially leading to tumor remission.
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Recently, we demonstrated an innovative way to bypass anti-viral 
immunity, showing that repeated local administration of adeno-
virus can improve the efficacy of anti-cancer therapy in a Syrian 
hamster model (9). Li et al. demonstrate that if the virus is injected 
intratumorally, humoral immunity has no effect on the clearance 
of the virus which suggests innate immunity and cytotoxic T cells 
plays a central role. Moreover, they demonstrate that pre-existing 
immunity against the virus does not affect therapeutic efficacy. 
As a consequence of this, repeated administration of the virus to 
the tumor site can trigger a robust immune response against the 
virus. In this way, a great number of tumor cells are destroyed 
due to viral infection and the release of several antigens into 
the tumor microenvironment triggers a huge immune response 
against the tumor (9).

Anti-viral immunity occurs as the immune system responds  
to the presence of virus in tumor cells within the body. This attracts 
various types of immune cell to the site of infection including innate 
cells (e.g., NK cells) and adaptive cells (e.g., CTL). These immune 
cells will lead to the destruction of infected cells (i.e., tumor cells)  
which augments the direct lysis of tumor cells by viral infec tion 
itself. This effect can be improved by arming viruses with immune 
modulatory proteins like cytokines which aid in the attraction of 
immune components to the tumor site (11).

HOw iNNATe iMMUNe CeLLS AFFeCT 
ANTi-viRAL THeRAPY

Intravenous injection with OVs can have many positive effects, 
such as the ability to reach metastatic lesions, but it also exposes 

the virus to the action of the immune system. Innate immunity 
is very active in this way. Macrophages are the first line of 
defense in the host and they naturally work as scavenger cells. 
They are part of the innate immune system and can recognize 
pathogens quickly and in a non-specific way in order to initi-
ate an adequate inflammatory response. However, in oncolytic 
therapy this presents a significant hurdle. Systemic delivery 
of virus can be affected by macrophage phagocytosis (12) and 
various studies have also found that after OVT, large amounts of 
virus are often found in the spleen and liver following capture by 
mononuclear phagocytes (13, 14). Researchers have developed 
some strategies in order to overcome this problem. Chemical 
modification of viral coat proteins is a strategy used to mask the 
virus and allow it to reach the tumor tissue. To address this topic, 
some groups have taken advantage of polyethylene glycol (PEG), 
a hydrophilic, non-immunogenic, and uncharged compound 
that is able to interact with the biological material to avoid—or 
at least limit—protein–protein interactions (15). Eto et al. used 
PEG to coat the adenovirus surface, avoiding its identification 
by macrophages and prompting the use of this strategy for all 
applications that require systemic administration (16). Moreover, 
macrophages recognize antigens via scavenger receptors which 
can be saturated and therefore pre-conditioning macrophages 
before viral administration is a valid method of temporarily 
inhibiting macrophage function. Another way to overcome the 
challenge is to deplete macrophages before administration of the 
virus (16–18). The best way to achieve this is to use clodronate 
liposomes. The mechanism of action is very simple: macrophages 
phagocytose the liposomes and as a result of phospholipase-
mediated disruption of the liposomal structure and consequent 
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release of the clodronate, cell death is triggered. This approach 
can work in order to deliver the virus to its correct site, but can 
also reduce the anti-tumor efficacy of the therapy. Indeed, as 
mentioned above, it is important for the anti-tumor therapy that 
the neoplastic mass is transformed from “cold to warm” in order 
to re-activate the immune system, kept silent by the tumor itself.

Tumor-associated macrophages (TAMs) are a key component 
of this process. Macrophages can polarize into pro-inflammatory 
cells (M1 classical activation) that sustain the Th1 response, or 
into anti-inflammatory, tissue repairing cells (M2 alternative 
activation) that sustain the Th2 response and create an immuno-
suppressive environment (19). TAMs are mostly M2-like and 
produce cytokines, such as TGF-β and IL-10, in order to make 
the microenvironment non-reactive against tumor antigens. 
Despite this, they can twist their phenotype according to the 
microenvironment (20). OVT is able to skew the M2-paradigm, 
activating the immune response against tumor cells. Therefore, it 
is important not to destroy macrophages but to re-educate them 
to become powerful weapons. Tan et al. show in their work that 
TAMs can help the oncolysis of attenuated measles and mumps 
virus in vitro (21). Despite the limitations of in vitro work, it opens 
the field to a new concept. They sustain that viral administration 
can change the tumor microenvironment making it “warmer,” so 
making it a site of inflammation. In this context, TAMs (as plas-
tic cells) can change their phenotype from M2-like to M1-like, 
upregulating their anti-tumor properties. In vivo, when the 
therapeutic virus reaches the neoplastic border and undertakes 
its lytic effect, it allows the release of many tumor antigens into 
the tumor environment. In this context, macrophages and DCs 
recognize the antigens, migrate to the lymph node where they 
activate T  cells that are recruited into the tumor site and can 
exploit their anti-tumoral functions. In this way, manipulating 
macrophages to carry vehicle viruses into the tumor and using 
them as APC, appears to be a very promising strategy to improve 
the efficacy of OVT.

For these reasons, macrophages are the true double-edged 
sword of the immune system. It is very important to keep them 
under control, in order to avoid the clearance of the virus, but at 
the same time, they represent a potentially useful weapon against 
cancer due to their ability to “wake up” the immune response.

HOw ADAPTive iMMUNe CeLLS  
ARe iNvOLveD iN OvT

Macrophages, DCs and other APCs have the crucial role of acti-
vating the adaptive immune response. Lymphocyte activation is 
slower than the innate immune response but it is more powerful 
and specific. Lymphocytes recognize specific antigens and start a 
reaction against them in a pre-determined way. The final aim of 
immune stimulation during OVT is to activate T  lymphocytes 
against tumor antigens. T  cells can recognize tumor peptides 
and provide long-term immunity. This means that not only will 
the primary tumor be affected but metastatic sites will as well. 
Moreover, due to the ability of T cells to generate memory, the 
patient will be protected even in the case of relapse. For this rea-
son, tumor cells often attempt to become invisible to the immune 

system in order to avoid activation of lymphocytes. OVT is able 
to generate a cytokine storm that results in the recruitment of 
lymphocytes, breaking down the immuno-suppressive environ-
ment. Unfortunately, T  lymphocytes do not only react against 
tumor cells but they are also able to initiate a strong and rapid 
anti-viral response. Managing the balance between anti-viral and 
anti-tumor activity is a big issue currently under investigation.

Over the last few years, checkpoint pathways have generated 
a lot of interest. T  lymphocytes, as soon as they are activated, 
start to express checkpoint molecules, such as PD-1 and CTLA/4. 
During “physiological inflammation” these proteins have the key 
role of switching off T cells in order to block the aberrant inflam-
matory response and to avoid the rise of autoimmune disease. 
Unfortunately, tumors express PD-L1, the ligand of PD-1, in an 
attempt to switch off the powerful arm of immunity against can-
cer through the mechanism of immune evasion. For that reason, 
a lot of effort has been put into developing a way to block these 
pathways and allow T effector cells to perform their role against 
the tumor. Ilett et  al. demonstrate that the sequential admin-
istration of different viruses in combination with an immune 
checkpoint inhibitor can generate a fully systemic anti-tumor 
immunity in a model of melanoma (22). They set up a model in 
which pre-conditioning with GM-CSF prior to administration of 
Reovirus, allows the OV to initiate tumor killing by potentiating 
innate immune activation. The result of this treatment is a low 
and indirect induction of a Th1 response against tumor antigens. 
The second part of the treatment consists of the administration 
of VSV-ASMEL, a VSV-c-DNA library of human melanoma 
cell lines, encoding for a huge number of tumor antigens. This 
results in the spread of tumor antigens into the tumor. Previous 
delivery of the GM-CSF/Reovirus had generated a weak T-cell 
response. CD4+ cells recruited into the microenvironment can 
now come in contact with a huge quantity of tumor antigens 
and, despite the weak primary response they can now expand 
and give rise to a strong cytotoxic response. Finally, the admin-
istration of anti-PD-1 antibody facilitates a strong and sustained 
response (22). Obviously, this approach has some limitations 
such as the fact that, as highlighted by the authors themselves, 
it is impossible to reach the clinical level with the huge library 
of tumor antigens that were used. Despite this, they proposed a 
new model to improve tumor killing by avoiding the initiation of 
the anti-viral response. But the most significant result has been 
reached by Ribas et al. The authors performed a phase Ib clinical 
trials using T-Vec in combination with the anti-PD-1 antibody 
pembrolizumab. The treatment with anti-PD-1 is able to prolong 
the effect of cytotoxic T lymphocytes and the main cause of its 
failure is due to the lack of CD8+ cells inside the tumor lesion. 
Ribas et al. demonstrated that the intratumor injection of T-Vec 
is able to recruit CD8+ lymphocytes into the tumor making 
them responsive to pembrolizumab. Moreover, the combined 
treatment is able to increase the circulation of both CD4+ and 
CD8+ T cells, proving a systemic and durable response (23). This 
approach seems to be very effective. Indeed, many new different 
works are trying to demonstrate the efficacy of the combination  
of OVs and anti-checkpoint inhibitors. Bourgeois-Daigneault et al. 
have shown the positive effect of the combined therapy of Maraba 
rhabdovirus and immune checkpoint blockade in triple-negative 
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breast cancer (24). Analogous to this Samson et al., demonstrated 
that this approach is worth also in brain cancer. They showed that 
the intravenous injection of orthoreovirus in high-grade glioma 
and in brain metastases is able to increase the T-cell infiltration, 
improving mice survival after later anti-PD-1 treatment (25). 
Similar results were recently obtained in our group using a diff erent 
approach. Chard et al. demonstrated the efficacy of VV armed 
with IL-10. IL-10 is an immuno-suppressive cytokine and they 
proved that administration simultaneously with the virus inhibits 
early immune response to infection resulting in a dampening of 
anti-viral but not anti-tumor immunity (26).

STRATegieS TO iMPROve THe 
iNDUCTiON OF TUMOR-SPeCiFiC 
iMMUNiTY BY OvT

Oncolytic viral therapy has beneficial effects on the immune 
system. As described before, it is able to create long-lasting 
immunological memory thereby avoiding relapse and metastatic 
spread. It has been identified in certain cases that the anti-tumor 
immune response is much more important for clearing tumor 
than is the direct oncolytic effect of the virus.

Recently, mainly thanks to the advances made in genetic 
engineering, new OVs have been made by the insertion of genes 
encoding for proteins able to stimulate the immune system. 
The most well-known virus made in this way is T-Vec—already 
approved by FDA—an HSV-1 virus modified to carry the human 
GM-CSF gene that has been demonstrated to increase the num-
ber of monocyte-derived DCs and, as a consequence, to increase 
the activity of cytotoxic CD8+ lymphocytes by promoting antigen 
presentation. Considering these promising therapeutic effects, 
other viruses such as Vaccinia virus, have been modified to carry 
this gene.

Based on these encouraging results, other strategies have been 
developed to include interleukins in order to potentiate the adap-
tive immune response. Among these, IL-2 has been used to acti-
vate T lymphocytes and IL-12, IL-15, and IL-18 have been used 
to activate both T and NK cells (27–31). Also, other interleukins 
such as IL-4 have been tested (in adenovirus) but with unsatis-
factory results from a safety point of view (32). In addition to 
cytokines, chemokines have also been used to engineer OVs. The 
most promising results have been obtained from the insertion of 
CCL5 and CCL3 in adenovirus. CCL5 can attract T lymphocytes 
to the tumor, while CCL3 is able to recruit neutrophils into the 
tumor (33, 34). As discussed, the immune system is activated 
by OVTs and new strategies are now rising in order to improve 
the immune response. Insertion of a particular cytokine into the 
virus can attract a specific immune population into the tumor 
site, favoring the killing of cancer cells and the breakdown of the 
immuno-suppressive microenvironment.

One of the promising avenues of OV enhancement is to com-
bine them with the use of T-cell engager molecules in order to 
stimulate existing T cells to lyse tumor cells by creating a bridge 
between the two, thus allowing the activation of the cytolytic 
properties of the T cells present in the tumor. It has been shown 
that the use of bi-specific T-cell engager molecules can induce 

T-cell activation even when MHC-I is absent from the surface 
of the target cell. This feature of T-cell engagers would help to 
overcome one of the major problems of cancer cells which is 
immune evasion through downregulation of MHC-I molecules 
displayed on the surface (35). It has also been shown that the 
use of bi-specific antibodies that target both cancer cell markers 
and T cells can lead to long-term anti-tumor immunity which is 
an important aspect of cancer therapy (36). Using this therapy 
in combination with OVs has been seen to improve the T-cell 
killing of tumor cells in various studies (37, 38). This is because 
in addition to the direct oncolytic effect of the parental virus, the 
T-cell engager expressing virus can also recruit the existing T cells 
to fight cancer cells thereby increasing the number of methods in 
use to eliminate tumor cells.

However, a potential limitation of this therapy is that high 
levels of Tregs in individual patients can result in lower efficacy 
as Tregs reduce the level of T-cell killing activity (39). This can 
be overcome, however, by the removal of Tregs before treatment 
to eliminate the dampening of the T-cell response by these cells.

Another positive effect of arming OVs with T-cell engagers is 
the bystander effect demonstrated in specific cases. It has been 
shown that tumor cells negative for the target molecule of the 
engager (in this case EGFR) were lysed when in proximity to 
tumor cells that display the target antigen through T-cell induced 
bystander cell lysis (40). A phase II clinical trial has been reported 
for T-cell engager molecules which showed promising initial 
results but leaves room for improvement in terms of delivery 
regime in order to reduce the number of patients who need to 
drop out of the treatment early due to side effects. It would also 
be worth initiating a study to analyze the effect of T-cell engager 
delivery by OVs to target tumor cells and potentially reduce side 
effects.

In parallel to this, our group studied a new elegant strategy 
to boost the immune response against tumor cells. When a virus 
is injected, the immune system reacts against it generating an 
anti-viral response. In some cases, this reaction is too strong 
and it results in the complete clearance of the virus. In order to 
overcome this problem, we set up a therapeutic regime in a Syrian 
Hamster model whereby they were challenged with two different 
OVs: adenovirus first followed by Vaccinia virus administration 
(41). In this way, we demonstrated that the immune system reacts 
against adenovirus leaving the VV able to exploit its anti-tumor 
function. It was also found that the addition of the second virus 
can boost the anti-tumor immune response. This occurs as the 
immune system is focused on developing a specific response 
against the first virus and is not able to simultaneously inhibit the 
therapeutic functions of the second. Nevertheless, further studies 
are needed in order to demonstrate the possible role of innate 
immunity in this process.

In addition, neutralizing antibodies (NAb) represent another 
relevant face of immunity that is worth considering. Normally, 
they recognize the virus, coat it and lead it to be phagocyted by 
competent cells. However, Adair et al. show that Reovirus admin-
istered i.v. can be rapidly cleared in the plasma but not in the 
cellular fraction of the blood because it is able to form complexes 
with blood cells. Further work allowed them to discover that 
the access of Reovirus to tumors can be paradoxically enhanced 
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by the presence of anti-viral NAb which form complexes with 
Reovirus for uptake, carriage, and delivery to tumors by mono-
cytes in the blood (42, 43). However, normally NAb block the 
systemic delivery of almost all OVs therefore a deeper analysis 
and characterization of this process is necessary.

Finally, another therapy used to boost the immune system is 
named “trojan horse” therapy. In this approach, immune cells 
are directly infected with the virus ex vivo. Studies have revealed 
increased efficacy with this methodology by which the immune 
cells are able to directly load the virus into the tumor site (44, 45) 
retaining the positive effect that OVT has on the immune system. 
Despite the promising results, there are some limitations to this 
technique considering that some tissues are not suitable for this 
therapy. For example, it is not possible to infiltrate the brain with 
high numbers of molecules and cells.

Intratumoral delivery of the virus can affect the local tumor 
microenvironment. However, it is not always feasible because 
of the inaccessibility of the tumor itself. Pancreatic tumors, for 
example, are very difficult to directly reach. Moreover, local injec-
tion of the virus does not take into account potential metastatic 
lesions. To overcome all of these issues, an alternative to in situ 
delivery is represented by intravenous injection. Intravenous 
delivery has the potential to reach metastatic lesions as well as 
the primary tumor even if they are not clinically detectable. 
Russell et al. (46) demonstrated in a phase I study that a complete 
and durable response was generated in myeloma patients treated 
intravenously with an oncolytic Measles virus. Of note, this treat-
ment worked only in those patients without NAb. NAb are one 
of the major obstacles to intravenous delivery of OVs. However, 
it has been shown that some viruses, such as Reolysin, are not 
affected by the presence of nAbs (42). Even if relatively few results 
have been achieved so far in this direction, a new prospective in 
the field is now open.

POTeNTiAL RiSK FOR MODULATiNg 
OvT-MeDiATeD HOST iMMUNe 
ReSPONSe

Whilst oncolytic therapy can be modified to produce the desired 
effect in a multitude of ways, the outcome of treatment is not always 
positive. One of the major obstacles to successful oncolytic therapy 
is the host immune response to viral infection, especially when 
the virus is administered IV. Indeed, after IV injection, monocytes 
and macrophages phagocyte the virus, preventing it to reach the 
tumor site. This response is highly tuned and extremely effective in 
most cases and therefore, overcoming this hurdle requires careful 
design of optimal viral gene deletion and insertion combinations. 
A good study in this direction in represented by Enadenotucirev, 
a tumor-selective chimeric adenovirus that has been recently 
used in a phase I clinical trials. Garcia-Carbonero et al. made a 
study—in collaboration with PsiOxus Therapeutics—injecting 
the virus both IV and IT in patients with different epithelial 
tumors. They found no toxicity caused by IV injection. They 
showed increased levels of some inflammatory cytokines after the 
infection which rapidly return to the pre-injection levels in 48 h. 
The authors claim that this is due to a low-dose infection. Their 

treatment seems able to decrease the cytokines toxicity, allowing 
the IV treatment (47).

The main side effect of the host immune system is efficient 
clearance of virus and therefore diminished effect of treatment. 
In this case, the host immune response to viral infection is such 
that the virus is cleared from the body before it can have an 
impact on its target tissue (mostly affects viral treatments which 
are delivered systemically). In order to combat this, viruses can 
be delivered within host cells which are extracted, infected, and 
subsequently replaced. This provides a route into the body which 
is sheltered from the host immune response.

Another problem posed by the host immune response is 
hyper activation in response to viral treatment. This problem 
can be combated by attenuation of the virus in order to allow 
delivery of a higher dose with fewer side effects than a more 
virulent strain. Subversion of certain pathways involved in the 
host immune response can also be used in order to dampen the 
immuno-pathology whilst still allowing generation of anti-tumor  
immunity.

We also need to consider the feasibility of delivering oncolytic 
therapy to vulnerable patients such as the elderly and immuno-
compromised. In these cases, it is imperative to ensure that the 
virus does not infect and cause chronic infection due to lowered 
immune responses as this could lead to negative side effects and 
resistance to that particular viral treatment option. On this note, 
it is also important to consider the suitability of each patient 
for oncolytic therapy. It has been reported that levels of chronic 
innate immune stimulation detected in patients correlates with 
the outcome of oncolytic viral therapy. It was seen in this study 
that higher levels of chronic immune stimulation in patients 
before treatment with oncolytic adenovirus correlate with poor 
prognosis, suggesting that patients with low levels of chronic 
immune stimulation are more likely to respond positively to 
oncolytic viral therapy (48).

It is also important to keep in mind that manipulation of 
viruses by adding cytokines also manipulates the microenviron-
ment. Cytokine treatment requires careful monitoring of concen-
tration. It is important to find a balance between the desired effect 
and the unwanted side effects that the treatment can create. For 
example, using PD-1/PD-L1 inhibitor poses the risk of a persis-
tent activation of the immune system and a consequent initiation 
of autoimmune disease.

Finally, to make sure that research efforts are well spent, we 
should take in consideration the animal model used. Mice are 
widely used in research laboratories but sometimes they are not 
the best model, especially for assessment of OVs. Many OVs are 
species-specific and cannot efficiently replicate in murine cells 
without any effects on human cells. This is a particular issue for 
human-specific adenoviruses that have been reported to have a 
very poor replication in a great variety of murine tumor cell lines. 
To avoid this issue, sometimes xenograft models are used in which 
human tumor cells are implanted into an immuno-compromised 
recipient. However, this approach does not take in consideration 
of the complexity of the tumor microenvironment and it is a 
simplistic solution that cannot be validated for all studies. Tysome 
et al. propose a different approach, using Syrian hamster as an 
immuno-competent model. They showed that this model is able 
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to support Human-Adenovirus and Vaccinia virus replication, 
providing a valid alternative to murine models (41).

FUTURe ReMARKS

Oncolytic virus therapy is a very promising new treatment for 
many different types of cancers. Theoretically, every kind of 
cancer could be treated by viruses. The main problem of this 
approach is that the pre-clinical animal models could unfor-
tunately have a very different anti-viral response with respect 
to humans. Considering this, animal studies should be care-
fully designed and performed. Another limitation in OVT is 
represented by the immune system itself in that, as mentioned 
above, it can start a reaction against the virus. It is important 
to find a balance between the immune anti-viral response and 
the immune anti-tumor response in order to find the perfect 
equilibrium, windows to give OVs and consequently the best 
way to fight cancer. To achieve this goal, new investigations are 
ongoing in order to design viruses that could stimulate specific 
immune populations thereby exploiting the true potential of the 
innate weapon. The final aim of all these studies is to stimulate 
the immune system to give rise to the correct response, avoiding 
aberrant inflammation that could result in a risk for patients. 

Moreover, recent studies have demonstrated that the true 
potential of OVT is in combination with classical treatments and 
other new therapies. Next generation studies should be focused 
on achieving these two aspects: making the viruses safer and 
more powerful and allowing them to work in synergy with other 
compounds.

AUTHOR CONTRiBUTiONS

YW provided the conception of the article; GM, AH, and YW 
designed the article; GM and AH drafted the article while YW 
made critical revisions related to important intellectual content 
of the manuscript and approved the final version of the article to 
be published with Nick Lemoine.

ACKNOwLeDgMeNTS

This research was supported by The MRC (MR/M015696/1 
and MR/N027655/1), Pancreatic Cancer Research Fund, and 
Breast Cancer Now, Pancreatic Cancer UK, Ministry of Science 
and Technology, 13th five year plans for Strategic International 
Collaboration Programme Grant (2016YFE0200800), and 
Natural Science Foundation of China (81771776).

ReFeReNCeS

1. Schreiber RD, Old LJ, Smyth MJ. Cancer immunoediting: integrating immu-
nity’s roles in cancer suppression and promotion. Science (2011) 331:1565–70. 
doi:10.1126/science.1203486 

2. Platanias LC. Mechanisms of type-I- and type-II-interferon-mediated signal-
ling. Nat Rev Immunol (2005) 5:375–86. doi:10.1038/nri1604 

3. Parato KA, Breitbach CJ, Le Boeuf F, Wang J, Storbeck C, Ilkow C, et al. The 
oncolytic poxvirus JX-594 selectively replicates in and destroys cancer cells 
driven by genetic pathways commonly activated in cancers. Mol Ther (2012) 
20:749–58. doi:10.1038/mt.2011.276 

4. Barve M, Bender J, Senzer N, Cunningham C, Greco FA, Mccune D, et al. 
Induction of immune responses and clinical efficacy in a phase II trial of 
IDM-2101, a 10-epitope cytotoxic T-lymphocyte vaccine, in metastatic 
non-small-cell lung cancer. J Clin Oncol (2008) 26:4418–25. doi:10.1200/
JCO.2008.16.6462 

5. Andtbacka RH, Kaufman HL, Collichio F, Amatruda T, Senzer N, Chesney J,  
et  al. Talimogene laherparepvec improves durable response rate in patients 
with advanced melanoma. J Clin Oncol (2015) 33:2780–8. doi:10.1200/
JCO.2014.58.3377 

6. Pol J, Kroemer G, Galluzzi L. First oncolytic virus approved for melanoma 
immunotherapy. Oncoimmunology (2015) 5(1):e1115641. doi:10.1080/21624
02X.2015.1115641 

7. Guo ZS, Liu Z, Kowalsky S, Feist M, Kalinski P, Lu B, et al. Oncolytic immu-
notherapy: conceptual evolution, current strategies, and future perspectives. 
Front Immunol (2017) 8:555. doi:10.3389/fimmu.2017.00555 

8. Breitbach CJ, Lichty BD, Bell JC. Oncolytic viruses: therapeutics with an 
identity crisis. EBioMedicine (2016) 9:31–6. doi:10.1016/j.ebiom.2016. 
06.046 

9. Li X, Wang P, Li H, Du X, Liu M, Huang Q, et al. The efficacy of oncolytic 
adenovirus is mediated by T-cell responses against virus and tumor in Syrian 
hamster model. Clin Cancer Res (2017) 23:239–49. doi:10.1158/1078-0432.
CCR-16-0477 

10. Rojas JJ, Sampath P, Bonilla B, Ashley A, Hou W, Byrd D, et  al. Manipu-  
lating TLR signaling increases the anti-tumor T  cell response induced by 
viral cancer therapies. Cell Rep (2016) 15:264–73. doi:10.1016/j.celrep.2016. 
03.017 

11. Tosic V, Thomas DL, Kranz DM, Liu J, Mcfadden G, Shisler JL, et  al. 
Myxoma virus expressing a fusion protein of interleukin-15 (IL15) and IL15 

receptor alpha has enhanced antitumor activity. PLoS One (2014) 9:e109801. 
doi:10.1371/journal.pone.0109801 

12. Ferguson MS, Lemoine NR, Wang Y. Systemic delivery of oncolytic viruses: 
hopes and hurdles. Adv Virol (2012) 2012:805629. doi:10.1155/2012/805629 

13. Underhill DM, Ozinsky A. Phagocytosis of microbes: complexity in action. Annu 
Rev Immunol (2002) 20:825–52. doi:10.1146/annurev.immunol.20.103001. 
114744 

14. Bessis N, Garciacozar FJ, Boissier MC. Immune responses to gene therapy 
vectors: influence on vector function and effector mechanisms. Gene Ther 
(2004) 11(Suppl 1):S10–7. doi:10.1038/sj.gt.3302364 

15. Montaguti P, Melloni E, Cavalletti E. Acute intravenous toxicity of dimethyl 
sulfoxide, polyethylene glycol 400, dimethylformamide, absolute ethanol, 
and benzyl alcohol in inbred mouse strains. Arzneimittelforschung (1994) 
44:566–70. 

16. Eto Y, Yoshioka Y, Mukai Y, Okada N, Nakagawa S. Development of PEGylated 
adenovirus vector with targeting ligand. Int J Pharm (2008) 354:3–8. 
doi:10.1016/j.ijpharm.2007.08.025 

17. Shashkova EV, Doronin K, Senac JS, Barry MA. Macrophage depletion 
combined with anticoagulant therapy increases therapeutic window of sys-
temic treatment with oncolytic adenovirus. Cancer Res (2008) 68:5896–904. 
doi:10.1158/0008-5472.CAN-08-0488 

18. Haisma HJ, Bellu AR. Pharmacological interventions for improving adenovi-
rus usage in gene therapy. Mol Pharm (2011) 8:50–5. doi:10.1021/mp100310h 

19. Marelli G, Sica A, Vannucci L, Allavena P. Inflammation as target in cancer 
therapy. Curr Opin Pharmacol (2017) 35:57–65. doi:10.1016/j.coph.2017. 
05.007 

20. Sica A, Mantovani A. Macrophage plasticity and polarization: in vivo veritas. 
J Clin Invest (2012) 122:787–95. doi:10.1172/JCI59643 

21. Tan DQ, Zhang L, Ohba K, Ye M, Ichiyama K, Yamamoto N. Macrophage 
response to oncolytic paramyxoviruses potentiates virus-mediated tumor cell 
killing. Eur J Immunol (2016) 46:919–28. doi:10.1002/eji.201545915 

22. Ilett E, Kottke T, Thompson J, Rajani K, Zaidi S, Evgin L, et al. Prime-boost 
using separate oncolytic viruses in combination with checkpoint blockade 
improves anti-tumour therapy. Gene Ther (2017) 24:21–30. doi:10.1038/
gt.2016.70 

23. Ribas A, Dummer R, Puzanov I, Vanderwalde A, Andtbacka RHI, Michielin O,  
et  al. Oncolytic virotherapy promotes intratumoral T  cell infiltration and 
improves anti-PD-1 immunotherapy. Cell (2017) 170:1109–19.e1110. 
doi:10.1016/j.cell.2017.08.027 

https://www.frontiersin.org/Immunology/
https://www.frontiersin.org
https://www.frontiersin.org/Immunology/archive
https://doi.org/10.1126/science.1203486
https://doi.org/10.1038/nri1604
https://doi.org/10.1038/mt.2011.276
https://doi.org/10.1200/JCO.2008.16.6462
https://doi.org/10.1200/JCO.2008.16.6462
https://doi.org/10.1200/JCO.2014.58.3377
https://doi.org/10.1200/JCO.2014.58.3377
https://doi.org/10.1080/2162402X.2015.1115641
https://doi.org/10.1080/2162402X.2015.1115641
https://doi.org/10.3389/fimmu.2017.00555
https://doi.org/10.1016/j.ebiom.2016.
06.046
https://doi.org/10.1016/j.ebiom.2016.
06.046
https://doi.org/10.1158/1078-0432.CCR-16-0477
https://doi.org/10.1158/1078-0432.CCR-16-0477
https://doi.org/10.1016/j.celrep.2016.
03.017
https://doi.org/10.1016/j.celrep.2016.
03.017
https://doi.org/10.1371/journal.pone.0109801
https://doi.org/10.1155/2012/805629
https://doi.org/10.1146/annurev.immunol.20.103001.
114744
https://doi.org/10.1146/annurev.immunol.20.103001.
114744
https://doi.org/10.1038/sj.gt.3302364
https://doi.org/10.1016/j.ijpharm.2007.08.025
https://doi.org/10.1158/0008-5472.CAN-08-0488
https://doi.org/10.1021/mp100310h
https://doi.org/10.1016/j.coph.2017.
05.007
https://doi.org/10.1016/j.coph.2017.
05.007
https://doi.org/10.1172/JCI59643
https://doi.org/10.1002/eji.201545915
https://doi.org/10.1038/gt.2016.70
https://doi.org/10.1038/gt.2016.70
https://doi.org/10.1016/j.cell.2017.08.027


8

Marelli et al. OV and Host Immune Response

Frontiers in Immunology | www.frontiersin.org April 2018 | Volume 9 | Article 866

24. Bourgeois-Daigneault MC, Roy DG, Aitken AS, El Sayes N, Martin NT, 
Varette O, et al. Neoadjuvant oncolytic virotherapy before surgery sensitizes 
triple-negative breast cancer to immune checkpoint therapy. Sci Transl Med 
(2018) 10:eaao1641. doi:10.1126/scitranslmed.aao1641 

25. Samson A, Scott KJ, Taggart D, West EJ, Wilson E, Nuovo GJ, et al. Intravenous 
delivery of oncolytic reovirus to brain tumor patients immunologically primes 
for subsequent checkpoint blockade. Sci Transl Med (2018) 10:eaam7577. 
doi:10.1126/scitranslmed.aam7577 

26. Chard LS, Maniati E, Wang P, Zhang Z, Gao D, Wang J, et  al. A vaccinia 
virus armed with interleukin-10 is a promising therapeutic agent for 
treatment of murine pancreatic cancer. Clin Cancer Res (2015) 21:405–16. 
doi:10.1158/1078-0432.CCR-14-0464 

27. Carew JF, Kooby DA, Halterman MW, Kim SH, Federoff HJ, Fong Y.  
A novel approach to cancer therapy using an oncolytic herpes virus to package 
amplicons containing cytokine genes. Mol Ther (2001) 4:250–6. doi:10.1006/
mthe.2001.0448 

28. Todo T, Martuza RL, Dallman MJ, Rabkin SD. In situ expression of soluble 
B7-1 in the context of oncolytic herpes simplex virus induces potent antitumor 
immunity. Cancer Res (2001) 61:153–61. 

29. Varghese S, Rabkin SD, Liu R, Nielsen PG, Ipe T, Martuza RL. Enhanced 
therapeutic efficacy of IL-12, but not GM-CSF, expressing oncolytic herpes 
simplex virus for transgenic mouse derived prostate cancers. Cancer Gene Ther 
(2006) 13:253–65. doi:10.1038/sj.cgt.7700900 

30. Stephenson KB, Barra NG, Davies E, Ashkar AA, Lichty BD. Expressing 
human interleukin-15 from oncolytic vesicular stomatitis virus improves 
survival in a murine metastatic colon adenocarcinoma model through the 
enhancement of anti-tumor immunity. Cancer Gene Ther (2012) 19:238–46. 
doi:10.1038/cgt.2011.81 

31. Wang P, Li X, Wang J, Gao D, Li Y, Li H, et al. Re-designing interleukin-12 to 
enhance its safety and potential as an anti-tumor immunotherapeutic agent. 
Nat Commun (2017) 8:1395. doi:10.1038/s41467-017-01385-8 

32. Post DE, Sandberg EM, Kyle MM, Devi NS, Brat DJ, Xu Z, et  al. Targeted 
cancer gene therapy using a hypoxia inducible factor dependent oncolytic ade-
novirus armed with interleukin-4. Cancer Res (2007) 67:6872–81. doi:10.1158/ 
0008-5472.CAN-06-3244 

33. Edukulla R, Woller N, Mundt B, Knocke S, Gurlevik E, Saborowski M, et al. 
Antitumoral immune response by recruitment and expansion of dendritic 
cells in tumors infected with telomerase-dependent oncolytic viruses. Cancer 
Res (2009) 69:1448–58. doi:10.1158/0008-5472.CAN-08-1160 

34. Lapteva N, Aldrich M, Weksberg D, Rollins L, Goltsova T, Chen SY, et  al. 
Targeting the intratumoral dendritic cells by the oncolytic adenoviral vaccine 
expressing RANTES elicits potent antitumor immunity. J Immunother (2009) 
32:145–56. doi:10.1097/CJI.0b013e318193d31e 

35. Offner S, Hofmeister R, Romaniuk A, Kufer P, Baeuerle PA. Induction of 
regular cytolytic T  cell synapses by bispecific single-chain antibody con-
structs on MHC class I-negative tumor cells. Mol Immunol (2006) 43:763–71. 
doi:10.1016/j.molimm.2005.03.007 

36. Wu MR, Zhang T, Gacerez AT, Coupet TA, Demars LR, Sentman CL. 
B7H6-specific bispecific T cell engagers lead to tumor elimination and host 
antitumor immunity. J Immunol (2015) 194:5305–11. doi:10.4049/jimmunol. 
1402517 

37. Fajardo CA, Guedan S, Rojas LA, Moreno R, Arias-Badia M, De Sostoa J, et al. 
Oncolytic adenoviral delivery of an EGFR-targeting T-cell engager improves 

antitumor efficacy. Cancer Res (2017) 77:2052–63. doi:10.1158/0008-5472.
CAN-16-1708 

38. Freedman JD, Hagel J, Scott EM, Psallidas I, Gupta A, Spiers L, et al. Oncolytic 
adenovirus expressing bispecific antibody targets T-cell cytotoxicity in cancer 
biopsies. EMBO Mol Med (2017) 9:1067–87. doi:10.15252/emmm.201707567 

39. Duell J, Dittrich M, Bedke T, Mueller T, Eisele F, Rosenwald A, et al. Frequency 
of regulatory T cells determines the outcome of the T-cell-engaging antibody 
blinatumomab in patients with B-precursor ALL. Leukemia (2017) 31:2181–90.  
doi:10.1038/leu.2017.41 

40. Ross SL, Sherman M, Mcelroy PL, Lofgren JA, Moody G, Baeuerle PA, et al. 
Bispecific T cell engager (BiTE(R)) antibody constructs can mediate bystander 
tumor cell killing. PLoS One (2017) 12:e0183390. doi:10.1371/journal.pone. 
0183390 

41. Tysome JR, Li X, Wang S, Wang P, Gao D, Du P, et al. A novel therapeutic 
regimen to eradicate established solid tumors with an effective induction of 
tumor-specific immunity. Clin Cancer Res (2012) 18:6679–89. doi:10.1158/ 
1078-0432.CCR-12-0979 

42. Adair RA, Roulstone V, Scott KJ, Morgan R, Nuovo GJ, Fuller M, et al. Cell 
carriage, delivery, and selective replication of an oncolytic virus in tumor in 
patients. Sci Transl Med (2012) 4:138ra177. doi:10.1126/scitranslmed.3003578 

43. Ilett E, Kottke T, Donnelly O, Thompson J, Willmon C, Diaz R, et al. Cytokine 
conditioning enhances systemic delivery and therapy of an oncolytic virus. 
Mol Ther (2014) 22:1851–63. doi:10.1038/mt.2014.118 

44. Iankov ID, Blechacz B, Liu C, Schmeckpeper JD, Tarara JE, Federspiel MJ, et al. 
Infected cell carriers: a new strategy for systemic delivery of oncolytic measles 
viruses in cancer virotherapy. Mol Ther (2007) 15:114–22. doi:10.1038/sj.mt. 
6300020 

45. Ilett EJ, Barcena M, Errington-Mais F, Griffin S, Harrington KJ, Pandha HS, 
et  al. Internalization of oncolytic reovirus by human dendritic cell carriers 
protects the virus from neutralization. Clin Cancer Res (2011) 17:2767–76. 
doi:10.1158/1078-0432.CCR-10-3266 

46. Russell SJ, Federspiel MJ, Peng KW, Tong C, Dingli D, Morice WG, et  al. 
Remission of disseminated cancer after systemic oncolytic virotherapy. Mayo 
Clin Proc (2014) 89:926–33. doi:10.1016/j.mayocp.2014.04.003 

47. Garcia-Carbonero R, Salazar R, Duran I, Osman-Garcia I, Paz-Ares L, 
Bozada JM, et al. Phase 1 study of intravenous administration of the chimeric 
adenovirus enadenotucirev in patients undergoing primary tumor resection. 
J Immunother Cancer (2017) 5(1):71. doi:10.1186/s40425-017-0277-7 

48. Taipale K, Liikanen I, Juhila J, Turkki R, Tahtinen S, Kankainen M, et  al. 
Chronic activation of innate immunity correlates with poor prognosis in 
cancer patients treated with oncolytic adenovirus. Mol Ther (2016) 24:175–83. 
doi:10.1038/mt.2015.143 

Conflict of Interest Statement: The authors declare that the research was con-
ducted in the absence of any commercial or financial relationships that could be 
construed as a potential conflict of interest.

Copyright © 2018 Marelli, Howells, Lemoine and Wang. This is an open-access 
article distributed under the terms of the Creative Commons Attribution License  
(CC BY). The use, distribution or reproduction in other forums is permitted, provided 
the original author(s) and the copyright owner are credited and that the original 
publication in this journal is cited, in accordance with accepted academic practice. No 
use, distribution or reproduction is permitted which does not comply with these terms.

https://www.frontiersin.org/Immunology/
https://www.frontiersin.org
https://www.frontiersin.org/Immunology/archive
https://doi.org/10.1126/scitranslmed.aao1641
https://doi.org/10.1126/scitranslmed.aam7577
https://doi.org/10.1158/1078-0432.CCR-14-0464
https://doi.org/10.1006/mthe.2001.0448
https://doi.org/10.1006/mthe.2001.0448
https://doi.org/10.1038/sj.cgt.7700900
https://doi.org/10.1038/cgt.2011.81
https://doi.org/10.1038/s41467-017-01385-8
https://doi.org/10.1158/0008-5472.CAN-06-3244
https://doi.org/10.1158/0008-5472.CAN-06-3244
https://doi.org/10.1158/0008-5472.CAN-08-1160
https://doi.org/10.1097/CJI.0b013e318193d31e
https://doi.org/10.1016/j.molimm.2005.03.007
https://doi.org/10.4049/jimmunol.
1402517
https://doi.org/10.4049/jimmunol.
1402517
https://doi.org/10.1158/0008-5472.CAN-16-1708
https://doi.org/10.1158/0008-5472.CAN-16-1708
https://doi.org/10.15252/emmm.201707567
https://doi.org/10.1038/leu.2017.41
https://doi.org/10.1371/journal.pone.0183390
https://doi.org/10.1371/journal.pone.0183390
https://doi.org/10.1158/1078-0432.CCR-12-0979
https://doi.org/10.1158/1078-0432.CCR-12-0979
https://doi.org/10.1126/scitranslmed.
3003578
https://doi.org/10.1038/mt.2014.118
https://doi.org/10.1038/sj.mt.6300020
https://doi.org/10.1038/sj.mt.6300020
https://doi.org/10.1158/1078-0432.CCR-10-3266
https://doi.org/10.1016/j.mayocp.2014.04.003
https://doi.org/10.1186/s40425-017-0277-7
https://doi.org/10.1038/mt.2015.143
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

	Oncolytic Viral Therapy and the Immune System: A Double-Edged Sword Against Cancer
	Introduction
	Anti-Tumor Effects by OVT
	Anti-Viral Effects by OVT
	How Innate Immune Cells Affect Anti-Viral Therapy
	How Adaptive Immune Cells are Involved in OVT
	Strategies to Improve the Induction of Tumor-Specific Immunity by OVT
	Potential Risk for Modulating OVT-Mediated Host Immune Response
	Future Remarks
	Author Contributions
	Acknowledgments
	References


