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Description

Every year, approximately 3 to 5 of 100.000 people are newly
diagnosed with a glioblastoma (GBM). The current standard of care
is the surgical resection, radiotherapy and chemotherapy. However,
despite this aggressive treatment, the median survival time is only 12 to
15 months after initial diagnosis [1,2]. Patients with recurrent disease
normally have a life expectancy of only a few weeks. The ineffective
treatment of GBM is based on its characteristics: GBM grow highly
invasively making completely surgical resection impossible, show
massive neoangiogenesis, generate a immunosuppressive tumor
micro-milieu, and a subpopulation of extremely resistant glioma cells,
named brain tumor initiating cells (BTICs) or glioma stem like cells
(GSCs) remain stem cell characteristics. Beside this, physical barriers
hamper the effective distribution of anticancer drugs. In this regard
there is no defined treatment standard in case of disease progression
during or after standard radiochemotherapy. Thus, the development
of new concepts in the treatment of GBM is of particular importance.
A variety of preclinical as well as clinical trials have shown that viruses
can be used as potent agents in the treatment of cancer, also for the
treatment of glioma. These either wildtype or genetically engineered
viruses of different origin such as adeno-, parvo-, herpes-, reo-,
measles, semliki-forest, coxsackie or vaccinia virus can replicate in and
subsequently kill tumor cells, but not non-neoplastic cells. Due to these
skills, those viruses are named oncolytic viruses (OVs). Additionally,
OVs can contain therapeutic genes triggering either the patient’s anti-
tumor immune response or modulating the GBM microenvironment,
or coding for prodrug suicide genes [3-6]. In many clinical trials
it has also been demonstrated that the use of OVs is safe related to
toxicity and adverse side effects [7-9]. However, the clinical efficacy of
GBM oncovirotherapy has not yet achieved the promising preclinical
laboratory results. To address this mismatch, one should mentioned
the complex interaction between cancer cells, OV infection and
replication, the adjacent tumor microenvironment, chemotherapy as
well the patient’s immune system, indicating that not only OVs play a
role in the efficient (onco)lysis of GBM cells.

Recent reports have presented strong evidence for a significant
role of oncolytic virotherapy in the activation of anti-tumor immune
responses [10,11]. Virus-mediated induction of immune responses can
tilt the suppressive effects of immune evasion mechanisms induced by
GBM cells by several mechanisms. Viruses can influence the (immune
suppressive) micro-milieu of the tumor. Oncolysis can lead to the
secretion of danger molecules from the lysed tumor cells such as high
mobility group B1 (HMGB1), heat shock proteins (HSP) or Y-box protein
I (YB-1). HMGBI, as a consequence of immunogenic cell death, is
released, binds to and activates toll like receptors on dendritic cells (DC),
thus controlling the initiation of immune responses through processing
and presentation of tumor-derived antigens [12,13] as well as inducing
GBM regression [14]. Extracellular HSP70 acts as a danger signal and
regulates immune function, including antigen cross presentation, DC
maturation and natural killer (NK) cell activities [15,16]. YB-1 is a
potent tumor antigen that could induce host immune responses against
the tumor [17,18] and is involved in inflammatory responses through
up-regulation of the chemokines CCL-2 and CCL-5 [19], both showing

chemotactic properties for T cells and activation of NK cells. Beside the
induction of danger protein secretion, therapeutic administration of
OVs can enhance the expression of major histocompatibility complexes
(MHC) on the surface of tumor and immune cells, facilitate the
presentation of otherwise inaccessible tumor-specific immunogenic
peptides on antigen presenting cells (APC) and push, via inflammatory
processes, the production of inflammatory cytokines. It has been
shown recently that OVs also attack and lyse GSCs/BTICs [20], cells
that are mainly responsible for the propagation of GBM [21,22] and
an important source for the presentation of tumor antigens [23]. In
this regard, OVs might potentiate the immune attack also against these
highly resistant cells. Overall, OVs might drive anti-GBM immune
responses and can initiate anti-GBM immunity.

Regarding to the immunosuppressive character of GBM,
oncovirotherapy of this tumor entity might have not yet achieved its
full potential. Programmed cell death protein 1 (PD-1), expressed on
lymphocytes, is an immune checkpoint surface receptor and mediator
of immune suppression whereas its ligand PD-L1 is expressed on
antigen presenting, and also on tumor cells [24]. Engagement of
PD-1 inhibits T cell function and promotes apoptosis [25,26]. In
GBM, the common loss of tumor suppressor phosphatase and tensin
homolog (PTEN) function increases PD-L1 expression on the surface
of GBM cells and subsequently induces immunoresistance. Blocking
this interaction has been shown to enhance anti-GBM immune cell
activity and to prolongate the survival of GBM bearing mice [27,28].
Another important immunosuppressive checkpoint molecule is the
cytotoxic T-lymphocyte-associated protein (CTLA)-4, that is expressed
on the surface of T helper cells and transmits an inhibitory signal.
The combination of cancer vaccination with a CTLA-4 blockade
has been a preclinical strategy for now several years. In this context,
it has been demonstrated that glioma cell vaccination and CTLA-
4 blockade is an effective strategy to treat intracranial gliomas in
immunocompetent mice [29]. The ability of OVs to locally stimulate
inflammation and direct tumor lysis positions them well as therapeutic
partners in combination (immune)therapies. In this regard Zamarin et
al. showed that blocking immune-repressive proteins in combination
with virotherapy markedly increases the infiltration of activated
immune effector cells into the tumor mass and leads to rejection of
pre-established distant tumors and protection from tumor rechallenge
in poorly immunogenic tumor models [30,31]. In other studies
using melanoma mouse models, Quetglas et al. have demonstrated
synergism of oncolytic virotherapy using IL-12 expressing Semliki
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forest viruses and blockade of PD-L1 [32]. Additionally, Engeland et al.
have demonstrated that the blockade of PD-L1 and CTLA-4 enhances
the therapeutic effect of oncolytic measles viruses [33]. Started end of
2014, a first clinical trial is testing the therapeutic effects of Ipilimumab,
a humanized IgG monoclonal antibody that blocks CTLA-4, in
combination with CAVATAK™ (Coxsackievirus A21), in the treatment
of advanced melanoma (https://clinicaltrials.gov; NCT02307149) and
it remains exciting to see the benefit of this combined treatment in
the outcome of melanoma patients. To further enhance the immune-
stimulatory effect of an oncovirotherapy approach anlongside with the
blockade of immune-repressive molecules such as PD-L1 or CTLA-4,
one could think about using tumor vaccination strategies such as the
use of bispecific antibodies targeting death receptors and GBM specific
antigens [34] or of the hybridoma/stem cell fusion technique [23,35].
In addition to OV-based tumor cell lysis and immune stimulation
and to the reversal of the immunosuppressive GBM micro-milieu by
blocking PD-L1 or CTLA-4, vaccination techniques allow the patient’s
immune system to further recognize and destroy tumor cells.

In conclusion it is clear that immune responses induced by
oncovirotherapy dedicate the benefit of this treatment. In future
studies, combination of OVs with approaches to further overcome
the immunosuppressive effect of GBM such as the use of checkpoint
inhibitors as well as regulating the balance between anti-tumor and
anti-virus immune responses and the use of tumor vaccination provide
a strong rationale for the clinical exploration of these oncoviro-
immunotherapy strategies and will hopefully assure maximum benefits
for GBM patients.

References

1. Stupp R, Hegi ME, Gilbert MR, Chakravarti A (2007) Chemoradiotherapy in
malignant glioma: standard of care and future directions. J Clin Oncol 25: 4127-
4136.

2. Stupp R, Mason WP, van den Bent MJ, Weller M, Fisher B, et al. (2005)
Radiotherapy plus concomitant and adjuvant temozolomide for glioblastoma.
N Engl J Med 352: 987-996.

3. Cutter JL, Kurozumi K, Chiocca EA, Kaur B (2006) Gene therapeutics: the
future of brain tumor therapy? Expert Rev Anticancer Ther 6: 1053-1064.

4. Dey M, Ulasov IV, Lesniak MS (2010) Virotherapy against malignant glioma
stem cells. Cancer Lett 289: 1-10.

5. Dey M, Ulasov IV, Tyler MA, Sonabend AM, Lesniak MS (2011) Cancer stem
cells: the final frontier for glioma virotherapy. Stem Cell Rev 7: 119-129.

6. Jiang H, McCormick F, Lang FF, Gomez-Manzano C, Fueyo J (2006) Oncolytic
adenoviruses as antiglioma agents. Expert Rev Anticancer Ther 6: 697-708.

7. Aghi MK, Chiocca EA (2009) Phase ib trial of oncolytic herpes virus G207
shows safety of multiple injections and documents viral replication. Mol Ther
17: 8-9.

8. Chiocca EA, Abbed KM, Tatter S, Louis DN, Hochberg FH, et al. (2004) A phase
| open-label, dose-escalation, multi-institutional trial of injection with an E1B-
Attenuated adenovirus, ONYX-015, into the peritumoral region of recurrent
malignant gliomas, in the adjuvant setting. Mol Ther 10: 958-966.

9. Mohyeldin A, Chiocca EA (2012) Gene and viral therapy for glioblastoma: a
review of clinical trials and future directions. Cancer J 18: 82-88.

10. Naik JD, Twelves CJ, Selby PJ, Vile RG, Chester JD (2011) Immune recruitment
and therapeutic synergy: keys to optimizing oncolytic viral therapy? Clin Cancer
Res 17: 4214-4224.

11. Gujar SA, Lee PW (2014) Oncolytic virus-mediated reversal of impaired tumor
antigen presentation. Front Oncol 4: 77.

12. Apetoh L, Ghiringhelli F, Tesniere A, Criollo A, Ortiz C, et al. (2007) The
interaction between HMGB1 and TLR4 dictates the outcome of anticancer
chemotherapy and radiotherapy. Immunol Rev 220: 47-59.

13. Candolfi M, Yagiz K, Foulad D, Alzadeh GE, Tesarfreund M, et al. (2009)

20

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Release of HMGB1 in response to proapoptotic glioma killing strategies:
efficacy and neurotoxicity. Clin Cancer Res 15: 4401-4414.

. Curtin JF, Liu N, Candolfi M, Xiong W, Assi H, et al. (2009) HMGB1 mediates

endogenous TLR2 activation and brain tumor regression. PLoS Med 6: e10.

. Schildkopf P, Frey B, Ott OJ, Rubner Y, Multhoff G, et al. (2011) Radiation

combined with hyperthermia induces HSP70-dependent maturation of
dendritic cells and release of pro-inflammatory cytokines by dendritic cells and
macrophages. Radiother Oncol 101: 109-115.

. Figueiredo C, Wittmann M, Wang D, Dressel R, Seltsam A, et al. (2009) Heat

shock protein 70 (HSP70) induces cytotoxicity of T-helper cells. Blood 113:
3008-3016.

.Zheng J, Liu P, Yang X (2012) YB-1 immunization combined with regulatory

T-cell depletion induces specific T-cell responses that protect against
neuroblastoma in the early stage. Acta Biochim Biophys Sin (Shanghai) 44:
1006-1014.

. Zheng J, Jing W, Orentas RJ (2009) Discovery of YB-1 as a new immunological

target in neuroblastoma by vaccination in the context of regulatory T cell
blockade. Acta Biochim Biophys Sin (Shanghai) 41: 980-990.

.Hanssen L, Alidousty C, Djudjaj S, Frye BC, Rauen T, et al. (2013) YB-1 is

an early and central mediator of bacterial and sterile inflammation in vivo. J
Immunol 191: 2604-2613.

. Mantwill K, Naumann U, Seznec J, Girbinger V, Lage H, et al. (2013) YB-1

dependent oncolytic adenovirus efficiently inhibits tumor growth of glioma
cancer stem like cells. J Transl Med 11: 216.

Singh SK, Clarke ID, Terasaki M, Bonn VE, Hawkins C, et al. (2003) Identification
of a cancer stem cell in human brain tumors. Cancer Res 63: 5821-5828.

Singh SK, Hawkins C, Clarke ID, Squire JA, Bayani J, et al. (2004) Identification
of human brain tumour initiating cells. Nature 432: 396-401.

Ghebeh H, Bakr MM, Dermime S (2008) Cancer stem cell immunotherapy: the
right bullet for the right target. Hematol Oncol Stem Cell Ther 1: 1-2.

Greenwald RJ, Freeman GJ, Sharpe AH (2005) The B7 family revisited. Annu
Rev Immunol 23: 515-548.

Afreen S, Dermime S (2014) The immunoinhibitory B7-H1 molecule as a
potential target in cancer: killing many birds with one stone. Hematol Oncol
Stem Cell Ther 7: 1-17.

Freeman GJ, Long AJ, Iwai Y, Bourque K, Chernova T, et al. (2000) Engagement
of the PD-1 immunoinhibitory receptor by a novel B7 family member leads to
negative regulation of lymphocyte activation. J Exp Med 192: 1027-1034.

Parsa AT, Waldron JS, PannerA, Crane CA, Parney IF, et al (2007) Loss of tumor
suppressor PTEN function increases B7-H1 expression and immunoresistance
in glioma. Nat Med 13: 84-88.

Zeng J, See AP, Phallen J, Jackson CM, Belcaid Z, et al. (2013) Anti-PD-1
blockade and stereotactic radiation produce long-term survival in mice with
intracranial gliomas. Int J Radiat Oncol Biol Phys 86: 343-349.

Agarwalla P, Barnard Z, Fecci P, Dranoff G, Curry WT Jr. (2012) Sequential
immunotherapy by vaccination with GM-CSF-expressing glioma cells and
CTLA-4 blockade effectively treats established murine intracranial tumors. J
Immunother 35: 385-389.

Zamarin D, Holmgaard RB, Subudhi SK, Park JS, Mansour M, et al. (2014)
Localized oncolytic virotherapy overcomes systemic tumor resistance to
immune checkpoint blockade immunotherapy. Sci Transl Med 6: 226ra32.

Zamarin D, Postow MA (2015) Immune checkpoint modulation: rational design
of combination strategies. Pharmacol Ther 150: 23-32.

Quetglas JI, Labiano S, Aznar MA, Bolafios E, Azpilikueta A, et al. (2015)
Virotherapy with a Semliki Forest Virus-Based Vector Encoding IL12 Synergizes
with PD-1/PD-L1 Blockade. Cancer Immunol Res 3: 449-454.

Engeland CE, Grossardt C, Veinalde R, Bossow S, Lutz D, et al. (2014) CTLA-4
and PD-L1 checkpoint blockade enhances oncolytic measles virus therapy. Mol
Ther 22: 1949-1959.

Herrmann T, Grosse-Hovest L, Otz T, Krammer PH, Rammensee HG, et al.
(2008) Construction of optimized bispecific antibodies for selective activation of
the death receptor CD95. Cancer Res 68: 1221-1227.

Moviglia GA (1996) Development of tumor B-cell lymphocyte hybridoma (TBH)
autovaccination. Results of a phase |-l clinical trial. Transfus Sci 17: 643-649.

Brain Disord Ther

Brain Disorders & Therapy

ISSN: 2168-975X BDT, an open access journal


http://dx.doi.org/10.4172/2168-975X.S2-001
http://www.ncbi.nlm.nih.gov/pubmed/17827463
http://www.ncbi.nlm.nih.gov/pubmed/17827463
http://www.ncbi.nlm.nih.gov/pubmed/17827463
http://www.ncbi.nlm.nih.gov/pubmed/15758009
http://www.ncbi.nlm.nih.gov/pubmed/15758009
http://www.ncbi.nlm.nih.gov/pubmed/15758009
http://www.ncbi.nlm.nih.gov/pubmed/16831077
http://www.ncbi.nlm.nih.gov/pubmed/16831077
http://www.ncbi.nlm.nih.gov/pubmed/19643532
http://www.ncbi.nlm.nih.gov/pubmed/19643532
http://www.ncbi.nlm.nih.gov/pubmed/20237963
http://www.ncbi.nlm.nih.gov/pubmed/20237963
http://www.ncbi.nlm.nih.gov/pubmed/16759161
http://www.ncbi.nlm.nih.gov/pubmed/16759161
http://www.ncbi.nlm.nih.gov/pubmed/15509513
http://www.ncbi.nlm.nih.gov/pubmed/15509513
http://www.ncbi.nlm.nih.gov/pubmed/15509513
http://www.ncbi.nlm.nih.gov/pubmed/15509513
http://www.ncbi.nlm.nih.gov/pubmed/22290261
http://www.ncbi.nlm.nih.gov/pubmed/22290261
http://www.ncbi.nlm.nih.gov/pubmed/21576084
http://www.ncbi.nlm.nih.gov/pubmed/21576084
http://www.ncbi.nlm.nih.gov/pubmed/21576084
http://www.ncbi.nlm.nih.gov/pubmed/24782988
http://www.ncbi.nlm.nih.gov/pubmed/24782988
http://www.ncbi.nlm.nih.gov/pubmed/17979839
http://www.ncbi.nlm.nih.gov/pubmed/17979839
http://www.ncbi.nlm.nih.gov/pubmed/17979839
http://www.ncbi.nlm.nih.gov/pubmed/19570774
http://www.ncbi.nlm.nih.gov/pubmed/19570774
http://www.ncbi.nlm.nih.gov/pubmed/19570774
http://www.ncbi.nlm.nih.gov/pubmed/19143470
http://www.ncbi.nlm.nih.gov/pubmed/19143470
http://www.ncbi.nlm.nih.gov/pubmed/21704416
http://www.ncbi.nlm.nih.gov/pubmed/21704416
http://www.ncbi.nlm.nih.gov/pubmed/21704416
http://www.ncbi.nlm.nih.gov/pubmed/21704416
http://www.ncbi.nlm.nih.gov/pubmed/19018093
http://www.ncbi.nlm.nih.gov/pubmed/19018093
http://www.ncbi.nlm.nih.gov/pubmed/19018093
http://www.ncbi.nlm.nih.gov/pubmed/23169344
http://www.ncbi.nlm.nih.gov/pubmed/23169344
http://www.ncbi.nlm.nih.gov/pubmed/23169344
http://www.ncbi.nlm.nih.gov/pubmed/23169344
http://www.ncbi.nlm.nih.gov/pubmed/20011972
http://www.ncbi.nlm.nih.gov/pubmed/20011972
http://www.ncbi.nlm.nih.gov/pubmed/20011972
http://www.ncbi.nlm.nih.gov/pubmed/23872051
http://www.ncbi.nlm.nih.gov/pubmed/23872051
http://www.ncbi.nlm.nih.gov/pubmed/23872051
http://www.ncbi.nlm.nih.gov/pubmed/24044901
http://www.ncbi.nlm.nih.gov/pubmed/24044901
http://www.ncbi.nlm.nih.gov/pubmed/24044901
http://cancerres.aacrjournals.org/content/63/18/5821.abstract
http://cancerres.aacrjournals.org/content/63/18/5821.abstract
http://www.ncbi.nlm.nih.gov/pubmed/15549107
http://www.ncbi.nlm.nih.gov/pubmed/15549107
http://www.ncbi.nlm.nih.gov/pubmed/20063521
http://www.ncbi.nlm.nih.gov/pubmed/20063521
http://www.ncbi.nlm.nih.gov/pubmed/15771580
http://www.ncbi.nlm.nih.gov/pubmed/15771580
http://www.ncbi.nlm.nih.gov/pubmed/24398144
http://www.ncbi.nlm.nih.gov/pubmed/24398144
http://www.ncbi.nlm.nih.gov/pubmed/24398144
http://www.ncbi.nlm.nih.gov/pubmed/11015443
http://www.ncbi.nlm.nih.gov/pubmed/11015443
http://www.ncbi.nlm.nih.gov/pubmed/11015443
http://www.ncbi.nlm.nih.gov/pubmed/17159987
http://www.ncbi.nlm.nih.gov/pubmed/17159987
http://www.ncbi.nlm.nih.gov/pubmed/17159987
http://www.ncbi.nlm.nih.gov/pubmed/23462419
http://www.ncbi.nlm.nih.gov/pubmed/23462419
http://www.ncbi.nlm.nih.gov/pubmed/23462419
http://www.ncbi.nlm.nih.gov/pubmed/22576343
http://www.ncbi.nlm.nih.gov/pubmed/22576343
http://www.ncbi.nlm.nih.gov/pubmed/22576343
http://www.ncbi.nlm.nih.gov/pubmed/22576343
http://www.ncbi.nlm.nih.gov/pubmed/24598590
http://www.ncbi.nlm.nih.gov/pubmed/24598590
http://www.ncbi.nlm.nih.gov/pubmed/24598590
http://www.ncbi.nlm.nih.gov/pubmed/25583297
http://www.ncbi.nlm.nih.gov/pubmed/25583297
http://www.ncbi.nlm.nih.gov/pubmed/25691326
http://www.ncbi.nlm.nih.gov/pubmed/25691326
http://www.ncbi.nlm.nih.gov/pubmed/25691326
http://www.ncbi.nlm.nih.gov/pubmed/25156126
http://www.ncbi.nlm.nih.gov/pubmed/25156126
http://www.ncbi.nlm.nih.gov/pubmed/25156126
http://www.ncbi.nlm.nih.gov/pubmed/18281499
http://www.ncbi.nlm.nih.gov/pubmed/18281499
http://www.ncbi.nlm.nih.gov/pubmed/18281499
http://www.ncbi.nlm.nih.gov/pubmed/10168565
http://www.ncbi.nlm.nih.gov/pubmed/10168565

	Title
	Corresponding author
	Description
	References

