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Abstract: Oncolytic viruses (OVs) are capable of exerting anti-cancer effects by a variety of
mechanisms, including immune-mediated tumor cell death, highlighting their potential use in
immunotherapy. Several adaptation mechanisms such as autophagy contribute to OV-mediated
anti-tumor properties. Autophagy regulates immunogenic signaling during cancer therapy which can
be utilized to design therapeutic combinations using approaches that either induce or block autophagy
to potentiate the therapeutic efficacy of OVs. In this article, we review the complicated interplay
between autophagy, cancer, immunity, and OV, summarize recent progress in the contribution of
OV-perturbed autophagy to oncolytic immunity, and discuss the challenges in targeting autophagy
to enhance oncolytic immunotherapy.
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1. Introduction

Oncolytic viruses (OVs) are naturally occurring or engineered viruses that selectively infect and
replicate in cancer cells and cancer-associated endothelial cells, triggering direct oncolysis. Recent
studies reveal that OVs induce immunogenic cancer cell death (ICD), which includes immunogenic
apoptosis, necrosis/necroptosis, pyroptosis, and autophagic cell death, upregulating the presentation
or release of tumor-associated antigens (TAAs), damage-associated molecular patterns (DAMPs),
and pathogen-associated molecular patterns (PAMPs) to the tumor microenvironment. These in turn
activate antigen-presenting cells (APCs) and T cells to stimulate the adaptive immune response [1-9].
As such, OVs are now recognized as novel immunotherapeutic agents and, as such, OV-mediated
cancer therapy has more recently been termed “oncolytic immunotherapy” [10,11].

Macroautophagy (hereafter referred to as autophagy), a cellular waste disposal process,
is important for maintaining homeostasis. Autophagic dysfunction has been associated with various
human diseases, such as cancer, neurodegenerative, and autoimmune disorders. Accumulating
evidence demonstrates that autophagy, as a conserved defense mechanism, contributes to both innate
and adaptive immune responses against microbial infections [12-14]. OVs have been shown to
interfere with the cellular autophagic machinery either in cancer cells or in the tumor microenviroment
for their replication and survival [15,16]. In addition to their involvement in anti-viral immunity;,
autophagy plays a dual role in cancer. Autophagy can act as a tumor suppressor mechanism or promote
tumorigenesis in different cancer models. Although the complex interplay between autophagy and
cancer has been extensively reviewed and discussed [17], it is worth noting that cellular autophagy
that is induced by viral infection may enhance cross-presentation and processing of tumor antigens by
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dendritic cells (DCs) to activate T cells [18,19], thereby inducing anti-tumor immunity [20]. Currently,
several clinical trials are ongoing to assess the effect of manipulating the autophagic process in the
treatment of human cancers [21].

As an emerging new modality for the treatment of cancer, preclinical and clinical progress in
the field of oncolytic immunotherapy has been extensively reviewed elsewhere [7,8,11,22-28]. In this
review, we will focus on OV-regulated autophagy and other current strategies to target autophagy as
novel approaches to enhancing oncolytic immunotherapy.

2. Autophagy, Immunity, and Cancer

2.1. Autophagy Machinery

The main features and markers of autophagy comprise of autophagosomes (double membrane
cytoplasmic vacuoles) that can fuse with endosomes to form the amphisome. These vesicles then
fuse with lysosomes to degrade the autophagic cargo [29]. The execution of autophagy involves more
than 30 essential autophagy-related (Atg) genes, most of which are highly conserved from yeast to
mammal [30]. These Atg gene products participate in four distinct stages of autophagosome biogenesis:
initiation with Atgl (in yeast) or its equivalent Ulk1 (in mammals) complex, vesicle nucleation with the
Atgb (Beclin-1 in mammals)-Class III phosphatidylinositol 3-kinase (PI3K) (hVps34) complex, vesicle
elongation with the microtubule-associated protein light chain 3(LC3) lipidation, and vesicle fusion
with the SQSTM1 complex. The major control complex for autophagy is mMTOR (mammalian target
of rapamycin), an evolutionarily conserved serine/threonine kinase, which inhibits initiation of
the autophagy pathway when activated. Pivotal activators of mTOR include the Class I PI3K/ Akt
pathway, high Adenosine monophosphate/Adenosine Triphosphate (AMP/ATP) ratios, and several
anti-apoptotic proteins such as Bcl-2 and Bcl-XI1 [31-33]. In contrast to Class I PI3K, the Class III PI3K,
with its subunit hVps34 forming a multi-protein complex that contains Beclin-1, positively regulates
autophagic induction. Detailed information on autophagic induction and its regulation has been
well-documented [34].

2.2. Autophagy and Cancer

Accumulating evidence indicates a context-dependent role of autophagy in cancer. Autophagy
may function as a tumor-suppressive mechanism during early tumorigenesis, but its role in advanced
cancer remains unclear. Direct evidence showing the tumor suppressor function of autophagy
comes from the fact that certain ATG-proteins, such as Beclin-1, exhibit an anti-oncogenic function.
Inactivation of autophagy-related genes, such as Beclin-1, leads to increased tumorigenesis in mice
while overexpression of these genes (Beclin-1, Atgb) inhibit the formation of human breast tumors in
mouse models [35]. The tumor suppressor function of Beclin-1 is supported by the genetic evidence
that Beclin-1 is monoallelically deleted in breast, ovarian, and prostate tumors [36,37].

Distinct to the role of autophagy in tumorigenesis, it is widely accepted that autophagy is
required for the survival of established cancers [38,39]. In this regard, autophagy inhibitors could
be useful as cancer therapeutics [40]. However, regression of tumor xenografts derived from a large
number of human cancer cell lines is not detected upon inhibition of autophagy [41]. Although the
autophagy inhibitor chloroquine (CQ) suppressed growth of cancer cell lines, whether its effect is
autophagy-dependent remains elusive. Taken together, whether autophagy should be inhibited or
activated remains controversial.

2.3. Autophagy, Immunity, and Cancer Immunotherapy

The interplay between autophagy and immunity has been widely recognized. On the one
hand, autophagy can act as an important regulator of the cell immune response, where, for example,
autophagy promotes the maturation of T cells and the survival of activated cytotoxic T-lymphocytes
(CTL) [14,23,42,43]. However, the mechanism by which autophagy modulates such immune responses
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remains largely unknown. On the other hand, immune-inflammatory signals can also regulate
autophagy [44], although the major common physiological activator of autophagy is starvation and
growth factor deprivation [45]. The interaction between autophagy and cellular immunity has been
extensively reported in the literature [46—48].

Of note, autophagy has been recently linked to cancer immunotherapy [43,49]. Autophagy
potentiates the processing and presentation of tumor antigens and is crucial for mounting
antigen-specific T cell responses [50], thereby stimulating anti-tumor immunity. Interestingly, cancer
cells can escape immune surveillance by inhibiting autophagy. In this regard, autophagy enhancers
may increase the efficacy of cancer immunotherapy. Overall, targeting autophagy-dependent
anti-tumor immune responses may be a promising therapeutic approach for cancer treatment although
the mechanisms underlying immunogenic potential of autophagy have not been well defined.
It should, however, be noted that, although it has been appreciated that pharmacological modulation
of autophagy alters the anti-tumor immune response, the associated clinical data are not presently
available and await results from ongoing clinical trials combining autophagy modulators with
chemotherapeutic agents (https://clinicaltrials.gov/ct2/show /NCT01438177?term=Chloroquine+
and+cancer&rank=13https://clinicaltrials.gov /ct2 /show /NCT00411788?term=rapamycin+and-+cancer
&rank=33https:/ /clinicaltrials.gov/ct2 /show /NCT00935961?term=rapamycin+and+cancer&rank=10).

3. Oncolytic Viruses (OV)-Modulated Autophagy in Oncolytic Inmunotherapy

There is accumulating evidence to suggest that OVs perturb the cellular autophagy system in
order to exert their anti-tumor activity. Ito et al. first showed that autophagy acts as a cell death
mechanism upon OV treatment in glioma cells infected with conditionally replicating adenovirus [51].
Not surprisingly, subsequent studies indicated that many OVs either subvert or hijack the host
autophagic machinery to enhance their own replication and anti-tumor activity. The interplay between
OVs and autophagy has been discussed widely [16,52]. Recently, OVs have been reported to induce
autophagy-dependent release of DAMP, including ATP, HMGBI, uric acid, and other immune-related
molecules as well as tumor antigens by cancer cells [43], indicating that autophagy may contribute
to OV-mediated immunotherapy. Indeed, several OVs have been shown to modulate autophagy
to induce both innate and adaptive immune responses by contributing to antigen presentation and
cytokine secretion during the oncolytic processes. A summary of the recent advances in OV-mediated
autophagy in oncolytic immunotherapy is shown (Table 1).

Table 1. Summary of Oncolytic Virus (OV)-modulated autophagy in oncolytic immunotherapy.

Oncolytic Virus
(ov)

Impact of Autophagy on

Impact of OV on Autophagy Oncolytic Inmunotherapy

Key References

Decreased tumor cell secretion of the type 2
immunosuppressive and pro-cancerous

cytokines, IL-10, and IL-18 and concomitant
increased secretion of the pro-inflammatory

Modulates the tumor cytokines TNF-o, GM-CSE, IL-6, and IL-1p.

Herpes simplex . .
P P microenvironment through

[53]

virus HSV-2 (APK) ) Upregulates the NKG2D ligand, MICA,
autophagy-dependent pathways. expressed by cytotoxic NK and T cells, and
downregulates the negative immune
checkpoint regulator cytotoxic
T-lymphocyte antigen-4 (CTLA-4)
Induces autophagy by Upregulates the secretion of inflammatory
. upregulating inflammatory cytokines TNF-«, granulocyte macrophage
. cytokines throu colony-stimulating factor and IL- 5
VE‘;’;}:QS :1;“(12;’1‘0 ytokines through lony-stimulating dIL-1p [54]
YP autophagy-dependent activation ~ through autophagy-mediated activation of
of TLR-2 signaling. Toll-like receptor 2 pathways
Autophagy inducers may enhance the
Ad(A24FvIII) Induces autophagy through processing and presentation of [55]

JNK activation. s .
cancer-specific antigens
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Table 1. Cont.

Oncolytic Virus Impact of Autophagy on
©V) Impact of OV on Autophagy Oncolytic Immunotherapy Key References
Ad Increases tumor cell autopha Releases HMGBI into serum in patients [56]
(5/3-D24-GMCSF) phagy- and elicits anti-tumor immune responses.
Produces the endogenous danger signaling
g Induces autophagy-associated molecule, uric acid which stimulates DCs to
Ad (OBP-301) cell death. produce interferon-y (IFN-y) and [57]
interleukin 12 (IL-12).
Newcastle disease . . . . . .
virus (NDV) Induces autophagy in ICD. Primes adaptive anti-tumor immunity. [58]
Pharmacological modulation of
NDV/EMW autophagy; enhances the oncolytic  Releases HMGBI. [59]
effects of NDV/FEMW.
Measles virus Triggers SQSTM1/ Mitigates DDX58/RIG-I-like receptor [60]
(MV-Edm) p62-mediated mitophagy. signaling and the innate immune response.

Based on the reported contributions of OV-modulated autophagy to anti-tumor immune
responses shown in Table 1, several conclusions can be drawn from these: (1) Most of the OVs
promote the anti-tumor immune response by enhancing autophagy while few inhibit autophagy [61].
(2) The underlying mechanisms by which autophagy plays a role in oncolytic immunotherapy are
largely unknown. (3) Most of the studies examining the effects of OV-modulated autophagy on
the cellular immune response are performed in vitro using established tumor cell lines or in vivo
mice models, but few studies have been carried out in clinical trials. (4) Data based on in vivo
modulation of autophagy using combination strategies and their effects on the immune system have
not been convincing.

4. Combination Strategies Using Oncolytic Virus and Chemical Agents for Stimulating and
Inhibiting Autophagy

OVs have been used in combination with conventional agents that specifically target cancer
cell signaling pathways [62—-68]. Recently, combining OVs with existing immunotherapies such as
immuno-oncology agents targeting different checkpoint pathways have been investigated in both
preclinical studies and clinical trials [7,8,25,26,69]. Given that OV infections can interplay with the
cellular autophagy machinery, the use of OVs in combination with autophagy modulators may
augment anti-tumor immune responses, thereby delivering enhanced efficacy and providing greater
clinical benefit to cancer patients. Pharmacological autophagy modulators may be used to enhance
oncolytic immunotherapy by (1) inducing innate and adaptive immune responses by contributing
to antigen presentation and cytokine secretion and (2) breaking immune tolerance in the tumor
microenvironment and facilitating increased immune cell infiltration into the tumor [70]. A number of
reviews have reported the potential anti-tumor effects of a variety of autophagy-modulating drugs in
preclinical and clinical trials [38,39]. Among these drugs, RAD001 and hydroxychloroquine (HCQ),
two well-known autophagy regulators, were shown to be thoroughly investigated in Phase I and Phase
II trials in various types of cancer [38,39].

RADO01 is derived from rapamycin (sirolimus), a naturally occurring allosteric mTOR
inhibitor [71]. RADOO1 selectively targets mTOR to stimulate autophagy. In several preclinical trials,
rapamycin or RAD001 has been used to increase the potency of various OVs, such as Ad OBP-405
in glioblastoma cells [72], Ad A-24-RGD and Ad ICOVIR-5 in glioma xenografts [73], HSV in human
breast, cervical, and esophageal cancer cell lines [74], and vaccinia virus strains vvDD-EGFP and JX-594
in rats bearing malignant glioma (MG) [75]. However, combinations with RAD001 or other analogs
of rapamycin and OVs have not yet been investigated in clinical trials. Of note, like most autophagy
enhancers, rapamycin and its analogs do not selectively target autophagy and may ultimately result in
off-target effects.
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HCQ (hydroxychloroquine) is a derivative of CQ (Chloroquine) that interferes with lysosomal
acidification, thereby blocking the late stages of the autophagic process. HCQ is currently being
investigated in Phase I and Phase II trials in patients with various tumors [76]. Unfortunately,
the concentrations of HCQ required to fully inhibit autophagy are not consistently achievable in
the clinical setting, thus hindering the utilization of HCQ as an autophagy inhibitor to enhance
OV-mediated anti-tumor effects. However, CQ has been used in combination with various OVs to
enhance OV-mediated cytotoxicity in preclinical studies. Examples for this combination strategy
include Ad d1922-947 in ovarian cancer IGROV1 cells [77] and in glioma U87MG cell-derived tumor
xenografts [78] as well as NDV in cisplatin-resistant lung cancer cells [59], where combinations with
CQ enhance OV-mediated oncolytic effects. It should be noted that whether CQ enhances OV-mediated
oncolysis via inhibition of autophagy warrants further investigation as this has not, as yet, been full
elucidated in preclinical and clinical trials, given that autophagy is not the only target of CQ or HCQ.

Given that both rapamycin and CQ play an important role in immunogenic signaling in cancer
therapy; it is anticipated that such agents may offer potential in augmenting anti-tumor immune
responses in OV-based clinical trials. To date, although few reports show that autophagy modulators
can enhance OV-mediated anti-tumor immune responses, recent studies by Klein et al. indicate that,
during the adenoviruses-mediated oncolytic process, viral antigens are processed by JNK-mediated
autophagy and that autophagy was required for their presentation [55]. Based on a subsequent
immuno-oncology study, the authors suggest that a combination of adenoviruses with autophagy
inducers may enhance the processing and presentation of cancer-specific antigens incorporated into
capsid proteins [55].

In addition to the use of pharmacological modulators of autophagy, targeting autophagy to
enhance oncolytic immunotherapy can be achieved by engineering OVs to express autophagy-inducing
genes, such as Beclin-1 [78] and regulators of the mTOR pathway [51,79]. This approach, in particular,
may be useful for treating cancers that are resistant to apoptosis. Another obvious benefit from using
this approach is that it may avoid potential side effects induced by autophagy-modulating drugs.

Of interest, a combination of two different kinds of OV that interact with autophagy machinery
may also achieve unexpected enhanced anti-tumor immune responses given that different OVs
utilize diverse strategies/mechanisms targeting autophagy and the immune system. In fact, it has
been reported that using combined infections with OVs reovirus plus Newcastle disease virus,
and reovirus plus parvovirus, exerts synergistic anti-tumor effects in U87MG cells in vitro and
invivo [80]. Whether autophagy is involved in this observed anti-tumor effect is not known.
Nonetheless, this approach holds promise and warrants further investigation.

5. Future Perspectives

Advances in our understanding of the complex interplay between OVs, autophagy, and cancer,
in addition to that of the immune system, have provided a foundation for the development of a
potential combinatorial therapeutic approach using OVs and autophagy modulators. However,
several hurdles need to overcome and addressed in more detail prior to the use of such combinations:
(1) The mechanisms by which autophagy modulators regulate OV-induced anti-tumor immune
responses are largely unknown. In particular, one must consider the potential negative impact
of targeting tumor cell autophagy on immune cells. (2) The effect of targeting autophagy in the context
of the tumor microenvironment must also be considered, as most studies have focused on the impact of
autophagy modulation on tumor cells only. (3) The methods by which OVs and autophagy modulators
are delivered in vivo and the timing and sequence of administration can significantly impact their
efficacy. Thus, much work remains to be carried out to further refine this strategy and integrate these
into routine clinical practice.



Biomedicines 2017, 5, 5 60f9

Acknowledgments: We apologize to all authors whose primary work could not be cited owing to space constraints
or whose work was inadvertently overlooked. We thank Zhong Sheng Guo (University of Pittsburgh Cancer
Institute, Pittsburgh, PA, USA) for discussions and Martin P. Barr (James’s Hospital & Trinity College, Dublin,
Ireland) for editing. This work was supported, in part, by grants from the National Science Foundation of China
(81372471 to Songshu Meng).

Author Contributions: Lulu Hu, Ke Jiang, Chan Ding and Songshu Meng all were involved in the preparation of
the manuscript.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.  Tesniere, A.; Apetoh, L.; Ghiringhelli, F,; Joza, N.; Panaretakis, T.; Kepp, O.; Schlemmer, F.; Zitvogel, L.;
Kroemer, G. Immunogenic cancer cell death: A key-lock paradigm. Curr. Opin. Immunol. 2008, 20, 504-511.
[CrossRef] [PubMed]

2. Melcher, A.; Todryk, S.; Hardwick, N.; Ford, M.; Jacobson, M.; Vile, R.G. Tumor immunogenicity is
determined by the mechanism of cell death via induction of heat shock protein expression. Nat. Med.
1998, 4, 581-587. [CrossRef] [PubMed]

3.  Rock, J.R.;; Hogan, B.L. Epithelial progenitor cells in lung development, maintenance, repair, and disease.
Annu. Rev. Cell. Dev. Biol. 2011, 27, 493-512. [CrossRef] [PubMed]

4. Tang, D.; Kang, R.; Coyne, C.B.; Zeh, H.].; Lotze, M.T. PAMPs and DAMPs: Signal Os that spur autophagy
and immunity. Immunol. Rev. 2012, 249, 158-175. [CrossRef] [PubMed]

5. Takeuchi, O.; Akira, S. Pattern recognition receptors and inflammation. Cell 2010, 140, 805-820. [CrossRef]
[PubMed]

6. Joffre, O.; Nolte, M.A_; Sporri, R.; Reis e Sousa, C. Inflammatory signals in dendritic cell activation and the
induction of adaptive immunity. Immunol. Rev. 2009, 227, 234-247. [CrossRef] [PubMed]

7. Aurelian, L. Oncolytic viruses as immunotherapy: Progress and remaining challenges. Onco Targets Ther.
2016, 9, 2627-2637. [CrossRef] [PubMed]

8.  Guo, ZS,; Liu, Z.; Bartlett, D.L. Oncolytic immunotherapy: Dying the right way is a key to eliciting potent
antitumor immunity. Front. Oncol. 2014, 4, 74. [CrossRef] [PubMed]

9. Hoek, K.L.; Samir, P.; Howard, L.M.; Niu, X.; Prasad, N.; Galassie, A.; Liu, Q.; Allos, TM.; Floyd, K.A;
Guo, Y;; et al. A cell-based systems biology assessment of human blood to monitor immune responses after
influenza vaccination. PLoS ONE 2015, 10, €0118528. [CrossRef] [PubMed]

10. Tsun, A.; Miao, X.N.; Wang, C.M.; Yu, D.C. Oncolytic immunotherapy for treatment of cancer. Adv. Exp.
Med. Biol. 2016, 909, 241-283.

11. Allan, KJ.; Stojdl, D.E; Swift, S.L. High-throughput screening to enhance oncolytic virus immunotherapy.
Oncolytic Virother. 2016, 5, 15-25.

12. Schmid, D.; Dengjel, J.; Schoor, O.; Stevanovic, S.; Munz, C. Autophagy in innate and adaptive immunity
against intracellular pathogens. J. Mol. Med. 2006, 84, 194-202. [CrossRef] [PubMed]

13.  Sumpter, R, Jr.; Levine, B. Selective autophagy and viruses. Autophagy 2011, 7, 260-265. [CrossRef] [PubMed]

14. Galluzzi, L.; Buque, A.; Kepp, O.; Zitvogel, L.; Kroemer, G. Immunogenic cell death in cancer and infectious
disease. Nat. Rev. Immunol. 2016. [CrossRef] [PubMed]

15. Dong, X.; Levine, B. Autophagy and viruses: Adversaries or allies? . Innate Immun. 2013, 5, 480-493.
[CrossRef] [PubMed]

16. Beljanski, V.; Chiang, C.; Hiscott, J. The intersection between viral oncolysis, drug resistance, and autophagy.
Biol. Chem. 2015, 396, 1269-1280. [CrossRef] [PubMed]

17.  Van Niekerk, G.; Hattingh, S.M.; Engelbrecht, A.M. Enhanced therapeutic efficacy in cancer patients by
short-term fasting: The autophagy connection. Front. Oncol. 2016, 6, 242. [CrossRef] [PubMed]

18. Dengjel, J.; Schoor, O.; Fischer, R.; Reich, M.; Kraus, M.; Muller, M.; Kreymborg, K.; Altenberend, E.;
Brandenburg, J.; Kalbacher, H.; et al. Autophagy promotes mhc class ii presentation of peptides from
intracellular source proteins. Proc. Natl. Acad. Sci. USA 2005, 102, 7922-7927. [CrossRef] [PubMed]

19. Gauvrit, A,; Brandler, S.; Sapede-Peroz, C.; Boisgerault, N.; Tangy, F.; Gregoire, M. Measles virus induces
oncolysis of mesothelioma cells and allows dendritic cells to cross-prime tumor-specific CD8 response.
Cancer Res. 2008, 68, 4882-4892. [CrossRef] [PubMed]


http://dx.doi.org/10.1016/j.coi.2008.05.007
http://www.ncbi.nlm.nih.gov/pubmed/18573340
http://dx.doi.org/10.1038/nm0598-581
http://www.ncbi.nlm.nih.gov/pubmed/9585232
http://dx.doi.org/10.1146/annurev-cellbio-100109-104040
http://www.ncbi.nlm.nih.gov/pubmed/21639799
http://dx.doi.org/10.1111/j.1600-065X.2012.01146.x
http://www.ncbi.nlm.nih.gov/pubmed/22889221
http://dx.doi.org/10.1016/j.cell.2010.01.022
http://www.ncbi.nlm.nih.gov/pubmed/20303872
http://dx.doi.org/10.1111/j.1600-065X.2008.00718.x
http://www.ncbi.nlm.nih.gov/pubmed/19120488
http://dx.doi.org/10.2147/OTT.S63049
http://www.ncbi.nlm.nih.gov/pubmed/27226725
http://dx.doi.org/10.3389/fonc.2014.00074
http://www.ncbi.nlm.nih.gov/pubmed/24782985
http://dx.doi.org/10.1371/journal.pone.0118528
http://www.ncbi.nlm.nih.gov/pubmed/25706537
http://dx.doi.org/10.1007/s00109-005-0014-4
http://www.ncbi.nlm.nih.gov/pubmed/16501849
http://dx.doi.org/10.4161/auto.7.3.14281
http://www.ncbi.nlm.nih.gov/pubmed/21150267
http://dx.doi.org/10.1038/nri.2016.107
http://www.ncbi.nlm.nih.gov/pubmed/27748397
http://dx.doi.org/10.1159/000346388
http://www.ncbi.nlm.nih.gov/pubmed/23391695
http://dx.doi.org/10.1515/hsz-2015-0147
http://www.ncbi.nlm.nih.gov/pubmed/26068902
http://dx.doi.org/10.3389/fonc.2016.00242
http://www.ncbi.nlm.nih.gov/pubmed/27896219
http://dx.doi.org/10.1073/pnas.0501190102
http://www.ncbi.nlm.nih.gov/pubmed/15894616
http://dx.doi.org/10.1158/0008-5472.CAN-07-6265
http://www.ncbi.nlm.nih.gov/pubmed/18559536

Biomedicines 2017, 5, 5 7 of 9

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.
41.

42.
43.

44.

Alvarez-Breckenridge, C.A.; Choi, B.D.; Suryadevara, C.M.; Chiocca, E.A. Potentiating oncolytic viral therapy
through an understanding of the initial immune responses to oncolytic viral infection. Curr. Opin. Virol.
2015, 13, 25-32. [CrossRef] [PubMed]

Hu, H.; Sun, W.; Gu, L.B; Tu, Y.; Liu, H. molecular mechanism of emodin on inhibiting autophagy induced
by HBSS in renal tubular cells. Zhongguo Zhong Yao Za Zhi 2015, 40, 1965-1970. (In Chinese) [PubMed]
Coffin, R.S. From virotherapy to oncolytic immunotherapy: Where are we now? Curr. Opin. Virol. 2015, 13,
93-100. [CrossRef] [PubMed]

Kaufman, H.L.; Kohlhapp, EJ.; Zloza, A. Oncolytic viruses: A new class of immunotherapy drugs. Nat. Rev.
Drug Discov. 2015, 14, 642-662. [CrossRef] [PubMed]

Fonteneau, J.F.,; Achard, C.; Zaupa, C.; Foloppe, ].; Erbs, P. Oncolytic immunotherapy: The new clinical
outbreak. Oncoimmunology 2016, 5, e1066961. [CrossRef] [PubMed]

Workenhe, S.T.; Verschoor, M.L.; Mossman, K.L. The role of oncolytic virus immunotherapies to subvert
cancer immune evasion. Future Oncol. 2015, 11, 675-689. [CrossRef] [PubMed]

Lawler, S.E.; Chiocca, E.A. Oncolytic virus-mediated immunotherapy: A combinatorial approach for cancer
treatment. . Clin. Oncol. 2015, 33, 2812-2814. [CrossRef] [PubMed]

De Gruijl, T.D,; Janssen, A.B.; van Beusechem, V.W. Arming oncolytic viruses to leverage antitumor immunity.
Expert Opin. Biol. Ther. 2015, 15, 959-971. [CrossRef] [PubMed]

Hemminki, O.; Hemminki, A. A century of oncolysis evolves into oncolytic immunotherapy. Oncoimmunology
2016, 5, €1074377. [CrossRef] [PubMed]

Klionsky, D.J.; Abdelmohsen, K.; Abe, A.; Abedin, M.].; Abeliovich, H.; Acevedo Arozena, A.; Adachi, H.;
Adams, CM.; Adams, PD.; Adeli, K;; et al. Guidelines for the use and interpretation of assays for monitoring
autophagy (3rd edition). Autophagy 2016, 12, 1-222. [CrossRef] [PubMed]

Mizushima, N.; Klionsky, D.J. Protein turnover via autophagy: Implications for metabolism. Annu. Rev. Nutr.
2007, 27, 19-40. [CrossRef] [PubMed]

Chen, Y.; Klionsky, D.J. The regulation of autophagy—Unanswered questions. J. Cell Sci. 2011, 124, 161-170.
[CrossRef] [PubMed]

Kraft, C.; Martens, S. Mechanisms and regulation of autophagosome formation. Curr. Opin. Cell Biol. 2012,
24,496-501. [CrossRef] [PubMed]

Glick, D.; Barth, S.; Macleod, K.F. Autophagy: Cellular and molecular mechanisms. J. Pathol. 2010, 221, 3-12.
[CrossRef] [PubMed]

Antonioli, M.; di Rienzo, M.; Piacentini, M.; Fimia, G.M. Emerging mechanisms in initiating and terminating
autophagy. Trends Biochem. Sci. 2016, 42, 28—41. [CrossRef] [PubMed]

Gong, C.; Bauvy, C.; Tonelli, G.; Yue, W.; Delomenie, C.; Nicolas, V.; Zhu, Y.; Domergue, V.; Marin-Esteban, V.;
Tharinger, H.; et al. Beclin 1 and autophagy are required for the tumorigenicity of breast cancer
stem-like/progenitor cells. Oncogene 2013, 32, 2261-2272. [CrossRef] [PubMed]

Liang, X.H.; Jackson, S.; Seaman, M.; Brown, K.; Kempkes, B.; Hibshoosh, H.; Levine, B. Induction of
autophagy and inhibition of tumorigenesis by beclin 1. Nature 1999, 402, 672-676. [PubMed]

Saito, H.; Inazawa, J.; Saito, S.; Kasumi, F.; Koi, S.; Sagae, S.; Kudo, R.; Saito, J.; Noda, K.; Nakamura, Y.
Detailed deletion mapping of chromosome 17q in ovarian and breast cancers: 2-cm region on 17q21.3 often
and commonly deleted in tumors. Cancer Res. 1993, 53, 3382-3385. [PubMed]

Amaravadi, R.K.; Lippincott-Schwartz, J.; Yin, X.M.; Weiss, W.A.; Takebe, N.; Timmer, W.; DiPaola, R.S.;
Lotze, M.T.; White, E. Principles and current strategies for targeting autophagy for cancer treatment.
Clin. Cancer Res. 2011, 17, 654-666. [CrossRef] [PubMed]

Gewirtz, D.A. The challenge of developing autophagy inhibition as a therapeutic strategy. Cancer Res. 2016,
76,5610-5614. [CrossRef] [PubMed]

White, E. The role for autophagy in cancer. J. Clin. Investig. 2015, 125, 42—46. [CrossRef] [PubMed]

Nyfeler, B.; Eng, C.H. Revisiting autophagy addiction of tumor cells. Autophagy 2016, 12, 1206-1207.
[CrossRef] [PubMed]

Crotzer, V.L.; Blum, J.S. Autophagy and adaptive immunity. Immunology 2010, 131, 9-17. [CrossRef] [PubMed]
Zhong, Z.; Sanchez-Lopez, E.; Karin, M. Autophagy, inflammation, and immunity: A troika governing
cancer and its treatment. Cell 2016, 166, 288-298. [CrossRef] [PubMed]

Deretic, V. Autophagy as an innate immunity paradigm: Expanding the scope and repertoire of pattern
recognition receptors. Curr. Opin. Immunol. 2012, 24, 21-31. [CrossRef] [PubMed]


http://dx.doi.org/10.1016/j.coviro.2015.03.015
http://www.ncbi.nlm.nih.gov/pubmed/25846988
http://www.ncbi.nlm.nih.gov/pubmed/26390657
http://dx.doi.org/10.1016/j.coviro.2015.06.005
http://www.ncbi.nlm.nih.gov/pubmed/26121656
http://dx.doi.org/10.1038/nrd4663
http://www.ncbi.nlm.nih.gov/pubmed/26323545
http://dx.doi.org/10.1080/2162402X.2015.1066961
http://www.ncbi.nlm.nih.gov/pubmed/26942085
http://dx.doi.org/10.2217/fon.14.254
http://www.ncbi.nlm.nih.gov/pubmed/25686121
http://dx.doi.org/10.1200/JCO.2015.62.5244
http://www.ncbi.nlm.nih.gov/pubmed/26215964
http://dx.doi.org/10.1517/14712598.2015.1044433
http://www.ncbi.nlm.nih.gov/pubmed/25959450
http://dx.doi.org/10.1080/2162402X.2015.1074377
http://www.ncbi.nlm.nih.gov/pubmed/27057442
http://dx.doi.org/10.1080/15548627.2015.1100356
http://www.ncbi.nlm.nih.gov/pubmed/26799652
http://dx.doi.org/10.1146/annurev.nutr.27.061406.093749
http://www.ncbi.nlm.nih.gov/pubmed/17311494
http://dx.doi.org/10.1242/jcs.064576
http://www.ncbi.nlm.nih.gov/pubmed/21187343
http://dx.doi.org/10.1016/j.ceb.2012.05.001
http://www.ncbi.nlm.nih.gov/pubmed/22664348
http://dx.doi.org/10.1002/path.2697
http://www.ncbi.nlm.nih.gov/pubmed/20225336
http://dx.doi.org/10.1016/j.tibs.2016.09.008
http://www.ncbi.nlm.nih.gov/pubmed/27765496
http://dx.doi.org/10.1038/onc.2012.252
http://www.ncbi.nlm.nih.gov/pubmed/22733132
http://www.ncbi.nlm.nih.gov/pubmed/10604474
http://www.ncbi.nlm.nih.gov/pubmed/8100738
http://dx.doi.org/10.1158/1078-0432.CCR-10-2634
http://www.ncbi.nlm.nih.gov/pubmed/21325294
http://dx.doi.org/10.1158/0008-5472.CAN-16-0722
http://www.ncbi.nlm.nih.gov/pubmed/27634767
http://dx.doi.org/10.1172/JCI73941
http://www.ncbi.nlm.nih.gov/pubmed/25654549
http://dx.doi.org/10.1080/15548627.2016.1170265
http://www.ncbi.nlm.nih.gov/pubmed/27097231
http://dx.doi.org/10.1111/j.1365-2567.2010.03321.x
http://www.ncbi.nlm.nih.gov/pubmed/20586810
http://dx.doi.org/10.1016/j.cell.2016.05.051
http://www.ncbi.nlm.nih.gov/pubmed/27419869
http://dx.doi.org/10.1016/j.coi.2011.10.006
http://www.ncbi.nlm.nih.gov/pubmed/22118953

Biomedicines 2017, 5, 5 80f9

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

Yang, Z.; Klionsky, D.]. Eaten alive: A history of macroautophagy. Nat. Cell Biol. 2010, 12, 814-822. [CrossRef]
[PubMed]

Pan, H.; Chen, L.; Xu, Y.,; Han, W,; Lou, E; Fei, W,; Liu, S.; Jing, Z.; Sui, X. Autophagy-associated immune
responses and cancer immunotherapy. Oncotarget 2016, 7, 21235-21246. [PubMed]

Zhong, Z.; Sanchez-Lopez, E.; Karin, M. Autophagy, NLRP3 inflammasome and auto-inflammatory /immune
diseases. Clin. Exp. Rheumatol. 2016, 34, 12-16. [PubMed]

Rey-Jurado, E.; Riedel, C.A.; Gonzalez, P.A.; Bueno, S.M.; Kalergis, A.M. Contribution of autophagy to
antiviral immunity. FEBS Lett. 2015, 589, 3461-3470. [CrossRef] [PubMed]

Liu, H.; He, Z.; Simon, H.U. Targeting autophagy as a potential therapeutic approach for melanoma therapy.
Semin. Cancer Biol. 2013, 23, 352-360. [CrossRef] [PubMed]

Bezu, L.; Gomes-de-Silva, L.C.; Dewitte, H.; Breckpot, K.; Fucikova, J.; Spisek, R.; Galluzzi, L.; Kepp, O.;
Kroemer, G. Combinatorial strategies for the induction of immunogenic cell death. Front. Immunol. 2015, 6,
187. [CrossRef] [PubMed]

Ito, H.; Aoki, H.; Kuhnel, F; Kondo, Y.; Kubicka, S.; Wirth, T.; Iwado, E.; Iwamaru, A.; Fujiwara, K,;
Hess, K.R,; et al. Autophagic cell death of malignant glioma cells induced by a conditionally replicating
adenovirus. J. Natl. Cancer Inst. 2006, 98, 625-636. [CrossRef]

Meng, S.; Xu, J.; Wu, Y.; Ding, C. Targeting autophagy to enhance oncolytic virus-based cancer therapy:.
Expert Opin. Biol. Ther. 2013, 13, 863-873. [CrossRef] [PubMed]

Aurelian, L.; Bollino, D.; Colunga, A. The oncolytic virus APK has multimodal anti-tumor activity. Pathog. Dis.
2016, 74. [CrossRef] [PubMed]

Bollino, D.; Colunga, A.; Li, B.; Aurelian, L. Deltapk oncolytic activity includes modulation of the tumour
cell milieu. J. Gen. Virol. 2016, 97, 496-508. [CrossRef] [PubMed]

Klein, S.R.; Jiang, H.; Hossain, M.B.; Fan, X.; Gumin, J.; Dong, A.; Alonso, M.M.; Gomez-Manzano, C.;
Fueyo, J. Critical role of autophagy in the processing of adenovirus capsid-incorporated cancer-specific
antigens. PLoS ONE 2016, 11, e0153814. [CrossRef] [PubMed]

Liikanen, I.; Ahtiainen, L.; Hirvinen, M.L.; Bramante, S.; Cerullo, V.; Nokisalmi, P.; Hemminki, O.; Diaconu, I.;
Pesonen, S.; Koski, A.; et al. Oncolytic adenovirus with temozolomide induces autophagy and antitumor
immune responses in cancer patients. Mol. Ther. 2013, 21, 1212-1223. [CrossRef] [PubMed]

Endo, Y.; Sakai, R.; Ouchi, M.; Onimatsu, H.; Hioki, M.; Kagawa, S.; Uno, F.; Watanabe, Y.; Urata, Y,;
Tanaka, N.; et al. Virus-mediated oncolysis induces danger signal and stimulates cytotoxic T-lymphocyte
activity via proteasome activator upregulation. Oncogene 2008, 27, 2375-2381. [CrossRef] [PubMed]

Koks, C.A.; Garg, A.D.; Ehrhardt, M.; Riva, M.; Vandenberk, L.; Boon, L.; De Vleeschouwer, S.; Agostinis, P;
Graf, N.; van Gool, S.W. Newcastle disease virotherapy induces long-term survival and tumor-specific
immune memory in orthotopic glioma through the induction of immunogenic cell death. Int. |. Cancer 2015,
136, E313-E325. [CrossRef] [PubMed]

Jiang, K.; Li, Y.;; Zhu, Q.; Xu, J.; Wang, Y.; Deng, W.; Liu, Q.; Zhang, G.; Meng, S. Pharmacological modulation
of autophagy enhances newcastle disease virus-mediated oncolysis in drug-resistant lung cancer cells.
BMC Cancer 2014, 14, 551. [CrossRef] [PubMed]

Xia, M.; Gonzalez, P; Li, C.; Meng, G.; Jiang, A.; Wang, H.; Gao, Q.; Debatin, K.M.; Beltinger, C.; Wei, J.
Mitophagy enhances oncolytic measles virus replication by mitigating DDX58 / RIG-I-like receptor signaling.
J. Virol. 2014, 88, 5152-5164. [CrossRef] [PubMed]

Leib, D.A.; Alexander, D.E.; Cox, D.; Yin, J.; Ferguson, T.A. Interaction of icp34.5 with beclin 1 modulates
herpes simplex virus type 1 pathogenesis through control of CD4+ T-cell responses. ]. Virol. 2009, 83,
12164-12171. [CrossRef] [PubMed]

Beug, S.T.; Tang, V.A.; LaCasse, E.C.; Cheung, H.H.; Beauregard, C.E.; Brun, J.; Nuyens, J.P.; Earl, N,;
St-Jean, M.; Holbrook, J.; et al. Smac mimetics and innate immune stimuli synergize to promote tumor death.
Nat. Biotechnol. 2014, 32, 182-190. [PubMed]

Kanai, R.; Wakimoto, H.; Martuza, R.L.; Rabkin, S.D. A novel oncolytic herpes simplex virus that synergizes
with phosphoinositide 3-kinase/ Akt pathway inhibitors to target glioblastoma stem cells. Clin. Cancer Res.
2011, 17, 3686-3696. [CrossRef] [PubMed]

Weng, H.; Liu, H.; Deng, Y.; Xie, Y.; Shen, G. Effects of high mobility group protein box 1 and toll like receptor
4 pathway on warts caused by human papillomavirus. Mol. Med. Rep. 2014, 10, 1765-1771. [CrossRef]
[PubMed]


http://dx.doi.org/10.1038/ncb0910-814
http://www.ncbi.nlm.nih.gov/pubmed/20811353
http://www.ncbi.nlm.nih.gov/pubmed/26788909
http://www.ncbi.nlm.nih.gov/pubmed/27586797
http://dx.doi.org/10.1016/j.febslet.2015.07.047
http://www.ncbi.nlm.nih.gov/pubmed/26297829
http://dx.doi.org/10.1016/j.semcancer.2013.06.008
http://www.ncbi.nlm.nih.gov/pubmed/23831275
http://dx.doi.org/10.3389/fimmu.2015.00187
http://www.ncbi.nlm.nih.gov/pubmed/25964783
http://dx.doi.org/10.1093/jnci/djj161
http://dx.doi.org/10.1517/14712598.2013.774365
http://www.ncbi.nlm.nih.gov/pubmed/23488666
http://dx.doi.org/10.1093/femspd/ftw050
http://www.ncbi.nlm.nih.gov/pubmed/27242376
http://dx.doi.org/10.1099/jgv.0.000353
http://www.ncbi.nlm.nih.gov/pubmed/26602205
http://dx.doi.org/10.1371/journal.pone.0153814
http://www.ncbi.nlm.nih.gov/pubmed/27093696
http://dx.doi.org/10.1038/mt.2013.51
http://www.ncbi.nlm.nih.gov/pubmed/23546299
http://dx.doi.org/10.1038/sj.onc.1210884
http://www.ncbi.nlm.nih.gov/pubmed/17982491
http://dx.doi.org/10.1002/ijc.29202
http://www.ncbi.nlm.nih.gov/pubmed/25208916
http://dx.doi.org/10.1186/1471-2407-14-551
http://www.ncbi.nlm.nih.gov/pubmed/25078870
http://dx.doi.org/10.1128/JVI.03851-13
http://www.ncbi.nlm.nih.gov/pubmed/24574393
http://dx.doi.org/10.1128/JVI.01676-09
http://www.ncbi.nlm.nih.gov/pubmed/19759141
http://www.ncbi.nlm.nih.gov/pubmed/24463573
http://dx.doi.org/10.1158/1078-0432.CCR-10-3142
http://www.ncbi.nlm.nih.gov/pubmed/21505062
http://dx.doi.org/10.3892/mmr.2014.2477
http://www.ncbi.nlm.nih.gov/pubmed/25118798

Biomedicines 2017, 5, 5 90f9

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

Ellerhoff, T.P; Berchtold, S.; Venturelli, S.; Burkard, M.; Smirnow, I.; Wulff, T.; Lauer, UM. Novel
EPI-virotherapeutic treatment of pancreatic cancer combining the oral histone deacetylase inhibitor
resminostat with oncolytic measles vaccine virus. Int. J. Oncol. 2016, 49, 1931-1944. [CrossRef]

Shulak, L.; Beljanski, V.; Chiang, C.; Dutta, S.M.; van Grevenynghe, ]J.; Belgnaoui, S.M.; Nguyen, T.L.;
di Lenardo, T.; Semmes, O.].; Lin, R.; et al. Histone deacetylase inhibitors potentiate vesicular stomatitis virus
oncolysis in prostate cancer cells by modulating NF-«B-dependent autophagy. J. Virol. 2014, 88, 2927-2940.
[CrossRef] [PubMed]

Jia, X.; Chen, Y.; Zhao, X.; Lv, C.; Yan, J. Oncolytic vaccinia virus inhibits human hepatocellular carcinoma
MHCC97-H cell proliferation via endoplasmic reticulum stress, autophagy and wnt pathways. J. Gene Med.
2016, 18, 211-219. [CrossRef] [PubMed]

Yuan, S.; Fang, X.; Xu, Y.; Ni, A,; Liu, X.Y.; Chu, L. An oncolytic adenovirus that expresses the HAB18 and
interleukin 24 genes exhibits enhanced antitumor activity in hepatocellular carcinoma cells. Oncotarget 2016,
7,60491-60502. [CrossRef] [PubMed]

Kohlhapp, FJ.; Kaufman, H.L. Molecular pathways: Mechanism of action for talimogene laherparepvec, a
new oncolytic virus immunotherapy. Clin. Cancer Res. 2016, 22, 1048-1054. [CrossRef]

Workenhe, S.T.; Mossman, K.L. Oncolytic virotherapy and immunogenic cancer cell death: Sharpening the
sword for improved cancer treatment strategies. Mol. Ther. 2014, 22, 251-256. [CrossRef]

Yang, Z.].; Chee, C.E.; Huang, S.; Sinicrope, F.A. The role of autophagy in cancer: Therapeutic implications.
Mol. Cancer Ther. 2011, 10, 1533-1541. [CrossRef] [PubMed]

Yokoyama, T.; Iwado, E.; Kondo, Y.; Aoki, H.; Hayashi, Y.; Georgescu, M.M.; Sawaya, R.; Hess, K.R.;
Mills, G.B.; Kawamura, H.; et al. Autophagy-inducing agents augment the antitumor effect of telerase-selve
oncolytic adenovirus OBP-405 on glioblastoma cells. Gene Ther. 2008, 15, 1233-1239. [CrossRef] [PubMed]
Alonso, M.M.; Jiang, H.; Yokoyama, T.; Xu, J.; Bekele, N.B.; Lang, EF; Kondo, S.; Gomez-Manzano, C.;
Fueyo, J. A-24-RGD in combination with rad001 induces enhanced anti-glioma effect via autophagic cell
death. Mol. Ther. 2008, 16, 487-493. [CrossRef] [PubMed]

Fu, X.; Tao, L.; Rivera, A.; Zhang, X. Rapamycin enhances the activity of oncolytic herpes simplex virus
against tumor cells that are resistant to virus replication. Int. J. Cancer 2011, 129, 1503-1510. [CrossRef]
[PubMed]

Lun, X.Q.; Jang, J.H.; Tang, N.; Deng, H.; Head, R.; Bell, J.C.; Stojdl, D.F; Nutt, C.L.; Senger, D.L.;
Forsyth, P.A.; et al. Efficacy of systemically administered oncolytic vaccinia virotherapy for malignant
gliomas is enhanced by combination therapy with rapamycin or cyclophosphamide. Clin. Cancer Res. 2009,
15,2777-2788. [CrossRef] [PubMed]

Sahu, T.; Lambert, L.; Herrod, J.; Conteh, S.; Orr-Gonzalez, S.; Carter, D.; Duffy, PE. Chloroquine neither
eliminates liver stage parasites nor delays their development in a murine chemoprophylaxis vaccination
model. Front. Microbiol. 2015, 6, 283. [CrossRef] [PubMed]

Baird, S.K.; Aerts, ].L.; Eddaoudi, A.; Lockley, M.; Lemoine, N.R.; McNeish, I.A. Oncolytic adenoviral
mutants induce a novel mode of programmed cell death in ovarian cancer. Oncogene 2008, 27, 3081-3090.
[CrossRef] [PubMed]

Colunga, A.G.; Laing, ].M.; Aurelian, L. The HSV-2 mutant ApK induces melanoma oncolysis through
nonredundant death programs and associated with autophagy and pyroptosis proteins. Gene Ther. 2010, 17,
315-327. [CrossRef] [PubMed]

Botta, G.; Passaro, C.; Libertini, S.; Abagnale, A.; Barbato, S.; Maione, A.S.; Hallden, G.; Beguinot, E;
Formisano, P; Portella, G. Inhibition of autophagy enhances the effects of E1A-defective oncolytic adenovirus
d1922-947 against glioma cells in vitro and in vivo. Hum. Gene Ther. 2012, 23, 623-634. [CrossRef] [PubMed]
Alkassar, M.; Gartner, B.; Roemer, K.; Graesser, F.; Rommelaere, J.; Kaestner, L.; Haeckel, 1.; Graf, N.
The combined effects of oncolytic reovirus plus newcastle disease virus and reovirus plus parvovirus on U87
and U373 cells in vitro and in vivo. J. Neurooncol. 2011, 104, 715-727. [CrossRef] [PubMed]

@ © 2017 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC-BY) license (http:/ /creativecommons.org/licenses/by/4.0/).


http://dx.doi.org/10.3892/ijo.2016.3675
http://dx.doi.org/10.1128/JVI.03406-13
http://www.ncbi.nlm.nih.gov/pubmed/24371063
http://dx.doi.org/10.1002/jgm.2893
http://www.ncbi.nlm.nih.gov/pubmed/27441866
http://dx.doi.org/10.18632/oncotarget.11134
http://www.ncbi.nlm.nih.gov/pubmed/27528029
http://dx.doi.org/10.1158/1078-0432.CCR-15-2667
http://dx.doi.org/10.1038/mt.2013.220
http://dx.doi.org/10.1158/1535-7163.MCT-11-0047
http://www.ncbi.nlm.nih.gov/pubmed/21878654
http://dx.doi.org/10.1038/gt.2008.98
http://www.ncbi.nlm.nih.gov/pubmed/18580968
http://dx.doi.org/10.1038/sj.mt.6300400
http://www.ncbi.nlm.nih.gov/pubmed/18253154
http://dx.doi.org/10.1002/ijc.25808
http://www.ncbi.nlm.nih.gov/pubmed/21128236
http://dx.doi.org/10.1158/1078-0432.CCR-08-2342
http://www.ncbi.nlm.nih.gov/pubmed/19351762
http://dx.doi.org/10.3389/fmicb.2015.00283
http://www.ncbi.nlm.nih.gov/pubmed/25914686
http://dx.doi.org/10.1038/sj.onc.1210977
http://www.ncbi.nlm.nih.gov/pubmed/18071311
http://dx.doi.org/10.1038/gt.2009.126
http://www.ncbi.nlm.nih.gov/pubmed/19798049
http://dx.doi.org/10.1089/hum.2011.120
http://www.ncbi.nlm.nih.gov/pubmed/22475378
http://dx.doi.org/10.1007/s11060-011-0606-5
http://www.ncbi.nlm.nih.gov/pubmed/21607667
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Autophagy, Immunity, and Cancer 
	Autophagy Machinery 
	Autophagy and Cancer 
	Autophagy, Immunity, and Cancer Immunotherapy 

	Oncolytic Viruses (OV)-Modulated Autophagy in Oncolytic Immunotherapy 
	Combination Strategies Using Oncolytic Virus and Chemical Agents for Stimulating and Inhibiting Autophagy 
	Future Perspectives 

