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Immunological Aspects of Malignant
Gliomas

Or Cohen-Inbar, Menashe Zaaroor

ABSTRACT: Glioblastoma Multiforme (GBM) is the most common malignant primary brain neoplasm having a mean survival time of
<24 months. This figure remains constant, despite significant progress in medical research and treatment. The lack of an efficient
anti-tumor immune response and the micro-invasive nature of the glioma malignant cells have been explained by a multitude of immune-
suppressive mechanisms, proven in different models. These immune-resistant capabilities of the tumor result in a complex interplay this
tumor shares with the immune system. We present a short review on the immunology of GBM, discussing the different unique pathological
and molecular features of GBM, current treatment modalities, the principles of cancer immunotherapy and the link between GBM and
melanoma. Current knowledge on immunological features of GBM, as well as immunotherapy past and current clinical trials, is discussed
in an attempt to broadly present the complex and formidable challenges posed by GBM.

RESUME: Aspects immunologiques des gliomes malins. Le glioblastome multiforme (GBM) est le plus fréquent des néoplasmes cérébraux primaires
malins. La survie moyenne est de moins de 24 mois et demeure inchangée malgré les progres importants réalisés par la recherche médicale et les essais
thérapeutiques. L’absence de réponse immunitaire anti-tumeur efficace et la nature micro-invasive des cellules malignes du gliome ont été€ expliquées par
une multitude de mécanismes immunosuppresseurs, démontrés dans différents modeles expérimentaux. L’ immunorésistance de la tumeur donne lieu a une
interaction complexe entre la tumeur et le systtme immunitaire. Nous présentons une courte revue de I’immunologie du GBM et nous discutons de ses
caractéristiques anatomopathologiques et moléculaires uniques, des modalités actuelles de traitement, des principes de I’immunothérapie du cancer et du
lien entre le GBM et le mélanome. Nous exposons les connaissances actuelles sur les caractéristiques immunologiques du GBM ainsi que les essais
thérapeutiques antérieurs et actuels d’immunothérapie, afin d’esquisser quels sont les défis considérables et complexes que pose le GBM.
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PATHOLOGICAL AND MOLECULAR FEATURES
or GBM

Astrocytoma (a subtype of gliomas — glial cell originated
tumors) is graded on a scale ranging from the indolent benign
grade-I astrocytoma to low grade (II) and to malignant
astrocytoma grade III-IV. Grade-IV Astrocytoma or Glioblastoma
Multiforme (GBM) is the most malignant astrocytoma in adults.
Glioblastoma Multiforme is highly age specific; the incidence for
the population younger than 14 years of age is 0.2.' This
formidable entity is both the most common and the most
malignant glioma in adults, suspected to arise from astrocytes. It
usually presents as a unilateral, solitary tumor of the cerebral
hemispheres. Its necrotic center may be partially delineated at
gross examination, but infiltrating glioma cells can be easily
identified microscopically well beyond the apparent gross
tumor boundaries. Glioblastoma Multiforme is characterized
histologically, like other high grade malignancies, by cellular
atypia, mitoses, microvascular proliferation and necrosis. Primary
GBM typically develops in patients in their sixth decade and
beyond, while secondary GBM tends to arise in younger people
(<45 years) through malignant progression from a diffuse
astrocytoma World Health Organization (WHO) grade II-III.
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The classical histological characterization of GBM resulted in
somewhat of a wastebasket category. We now recognize multiple
molecular subsets of GBM (Table 1). Current 2007 WHO
classification recognizes three major GBM variants, of which the
classical form is further distinguished by DNA-chip expression
patterns (based on genetic differences) and immunohistochemical
(IHC) features (Table 1). Emerging GBM variants having very
different prognostic horizons is further proof to the heterogeneity
of the GBM definition and obsolete past classification tools. To
further add to the confusion, different genetic, and IHC prognostic
markers such as the bRAF status, epidermal growth factor
receptor (EGF-R) expression pattern, methylation pattern etc.,
impose further classification onto existing systems. Table 1,
presenting the WHO classical forms and emerging variants, does
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Table 1: Characteristics of Established GBM Tumor Variants

GBM variant

Morphological features

Mean OS

‘WHO defined
GBM variants

Classic GBM

Primary vs. Infiltrating, pleomorphic, hyperchromatic cells with glassy, astrocytic
ond cytoplasm. Frequent presence of pseudopalisading necrosis, neo

Proneural epithelialization, mitotic figures, and hypercellularity.

Mesenchymal

Classic

Neural

12.7-21.7 months

Gliosarcoma

GBM features with heterogeneous sarcomatous / mesenchymal, differentiation staining for reticulin,
laminin, collagen type IV, procollagen type III, fibronectin, vimentin, o1-antitrypsin, and
chymotrypsin-A.

4-11.6 months

Giant cell GBM GBM features with prominent multinucleated giant cells and lymphocytic infiltration. 13 months
Emerging GBM Fibrillary / epithelial GBM features with fibrillary/ epithelial differentiation showing the formation of squamous nests and 7 Months
variants GBM glands staining for EMA, cytokeratin CAM 5.2, E-cadherin, cytokeratin AE1/AE3, cytokeratin 7,
pCEA, cytokeratin 5/6 and cytokeratin 20.
Small cell astrocytoma Features of GBM along with monomorphic proliferation of cells with small nuclei, limited 6-14.3 Months

cytoplasm, limited interlaced stroma, mild hyperchromasia,and scant mitotic index.

Oligodendroglial Features of GBM along with oligodendroglial features. 19-26 Months
GBM with PNET GBM features with PNET-like areas showing hypercellularity, minimal fibrillary background, small 44 Months
undifferentiated cells with scant cytoplasm, oval-round hyperchromatic nuclei, and Homer-
Wright neuroblastic rosettes staining for S-100, synaptophysin, NeuN, and NFP.
Gemistocytic GBM features with gemistocytes characterized by glassy, non-fibrillary cytoplasm and peripherally 64 months
astrocytoma displaced nuclei.
Granular cell Features of GBMs along with abundant granular cells with large distinct cell borders, round to oval 7.6 months

astrocytoma

shapes, and abundant eosinophil granular cytoplasm staining for GFAP, CD68, EMA, and S100.

Pediatric HGG diffuse
pontine.

Resembles GBM except for presence in pediatric patients.

2 years is 10-30%

WHO - World Health Organization, OS — overall survival, PNET — primitive neuroectodermal tumor, GFAP — glial fibrillary acidic protein,
EMA - Epithelial Membrane Antigen, CAM — cell adhesion molecule, pCEA — polyclonal antibody against carcinoembryonic antigen, NFP — neurofilament

protein, HGG — high-grade glioma.z'3

not take into account these markers, which are very important
in determining prognosis, and thus is incomplete. The dissection
into this obscure general term, identifying clinical entities
with very different clinical behavior and prognosis will undoubtly
result in redefining and reclassifying this disease in the
near future.”>

CURRENT TREATMENT AND PROGNOSIS OF GBM

The most prevalent brain tumor, GBM is associated with a
dismal median overall survival of one to two years and a five-year
survival rate of less than 10%.*® In the 1930s, Walter Dandy
reported recurrence of contralateral gliomas even after
a hemispherectomy, thus illustrating how infiltrative these tumors
are. Current day, first-line treatment for GBM patients includes a
combination of debulking surgery, chemotherapy and radio-
therapy.” A multimodality regimen of radiotherapy, Temozolo-
mide and Gliadel (carmustine-loaded biodegradable polymers)
shows the highest mean overall survival of 20 months’® and
established current day clinical treatment of GBM. Yet, even this
combination has only modestly improved overall survival.’

06-Methylguanine—DNA methyltransferase (MGMT) is an
important repair enzyme that contributes to the resistance of
tumors against alkylating agents such as carmustine or Temodar.
OG-Methylguanine-DNA methyltransferase promoter methylation
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silences the gene, thus decreasing DNA repair activity and
increasing the susceptibility of the tumor cells to carmustine or
Temodar. Temodar (temozolomide) puts methyl groups to
guanine, a process halted in part by the repair enzyme product of
the MGMT gene. Temodar is currently used for the treatment of
GBM regardless of its MGMT promoter methylation status.
Consequently, glioblastoma ultimately relapses in almost all
patients, and none of the current treatments can effectively
prolong survival after relapse.'® This dismal prognosis, resulted in
considerable interest directed towards the development of new
therapeutic approaches for this disease.''

Immunotherapy has come to the fore of anti-cancer therapy
with the Food and Drug Administraton (FDA) approval of
cytokine based therapy with interleukin-2 in 1998 for malignant
melanoma, the introduction of sipuleucel-T in 2010 as the first
antigen-specific vaccine for treatment resistant prostate cancer,
the approval of Ipilimumab, the first checkpoint inhibitor for
advanced melanoma in 2011."*'® While some cancer types have
been amenable to immunotherapeutic approaches, GBM has
not received similar clinical successes, likely due to its poor
immunogenicity, few characterized cancer antigens, and for
its location in the immunologically distinct central nervous
system (CNS)."* we present a short review at the obstacles and
ongoing attempts in developing a potent immunotherapeutic
approach and tool to battle GBM.
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Figure 1: Normal T cell proliferation and mechanisms of glioma cell immunoresistance. Top Right: Normal T cell proliferation. T cell
proliferation, differentiation, and cytokine release require two separate signal mechanisms. The first signal involves T cell receptor-mediated
recognition of tumor antigen presented by MHC I, which is located on the tumor cell. A second costimulatory signal involves B7 ligand, located on
the tumor cell, binding to CD28, a receptor on the T cell. Both of these signals stimulate a variety of intracellular signaling pathways, which lead to
upregulated activity of regulator proteins such as nuclear factor-xB, BCI-2, and PI3K. These signals promote T cell activation. However, other
ligand-receptor binding pairs can inhibit these cascades and restrict T cell activation. These inhibitory checkpoints include B7 binding to CTLA-4
and B7-HI (PD-LI) binding to PD-1. Anti-CTLA-4 antibodies (ipilimumab) and anti-PD-1 antibodies facilitate T cell activation by obstructing
inhibitory checkpoint processes. Bottom Left: Mechanisms of immunosuppression. glioma cells secrete factors leading to an immunosuppressive
tumor microenvironment. Transforming growth factor B (TGFB) and prostaglandin E-2 downregulate the expression of MHC, restricting antigen
presentation and T cell proliferation. Interleukin-6. interleukin-10 and vascular endothelial growth factor are potent STAT-3 activators, leading to
the proliferation of immature dendritic cells (DCs) that are not able to function as APCs. These immature DCs also secrete TGFB which aid in the
proliferation of immunosuppressive T-reg cells and STAT-3 positive THI17 cells. Glioma cells downregulate MHC on their surface leading to the
decreased antigen presentation and decreased T cell proliferation. Downregulation of B7 works via a similar mechanism in that the Costimulatory
signal is lost preventing T cell proliferation. Increased expression of B7-H1 and FasL act as proapoptotic signals for T cells.?*"

Immunology Background - The Role of Signal-1 and Signal-2
and the Immune Synapse

T cells that have graduated the thymic selection processes and
successfully mounted a T-cell receptor (TCR) are defined as naive
T cells. To elicit their effector functions, they must undergo
a multi-step priming process. The initial interaction during
activation of a naive T cell is the binding of the TCR with the
MHC-peptide complex [MHC class I for cytotoxic T-lymphocytes
(CTLs) or class II for T-helper cells].15 This initial crucial step is
than stabilized by the binding of CD4 or CDS8 co-receptors
molecules (in T helper cells or CTLs, respectively) to the MHC
molecule (termed as Signal-1). Signal-1 events are accompanied
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by the interaction of several other receptors (termed as
co-stimulatory and co-inhibitory signals) molecules (a process
termed as signal-2). Signal-2 establishes the TCR signaling
cascade and inducing differentiation and activation of the T-cell
(Figure 1). A signal-1 interaction that lacks signal 2 will fail to elicit
T-cell activation and differentiation. Different co-stimulatory (e.g.
CD28) and co-inhibitory (e.g. CTLA-4) signal-2 molecules drive
differentiation to different avenues, ranging from a potent Thl
based anti-tumor response (in case of CD28 activation), to anergy
and even apoptosis (in case of CTLA-4 or Fas activation).'®

The contact area between the T cell surface receptors and the
antigen-presenting cells or target cell’s surface receptors has been
termed as the immunological synapse (Figure 1). Several studies
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have estimated that T cell activation requires as little as a single
MHC-peptide complex.'”'® Recent evidence supports the
concept that a single MHC-peptide complex can activate CD4 +
T cells, whereas binding 10 MHC-peptide complexes are needed
for synapse formation. The binding of more than 60 to 70
MHC-peptide complexes can activate the T cells without
co-stimulatory receptors interaction (over-ruling the need for
signal 2). Such sensitivity was also demonstrated for CTLs."”

The Principles of Cancer Inmunotherapy

The categorization of the CNS as an immune privileged site
has perhaps retarded the development of immunotherapies for
brain tumours, with the temptation to anticipate ineffective
immune function in the brain.?’ Different features of the CNS
were identified that were proposed to explain this apparent
lack of immune reactivity. These included the presence of the
blood-brain barrier (BBB), low MHC expression in the brain
parenchyma, the absence of organized lymphatic drainage
and a lack of dendritic cells in the normal brain parenchyma.
Nevertheless, it is now apparent that immune reactions can and do
occur in the CNS: autoimmune diseases of the CNS,?! immune
responses to bacteria, neurotropic viruses’” and parasites® and
anti-tumor responses, as discussed.

The first requirement for an effector T cell is that it must reach
its target (i.e. the tumor). This problem of adequate tumor
infiltration is relevant to all solid cancers, more-over in the case
of tumors located in the brain parenchyma, in which case the T-cell
must also penetrate through the blood brain barrier formed by the
tight junctions between the endothelial cells, basement membrane
and astrocytic podocytes.”* Yet, for spontaneous malignant
astrocytoma in humans, the integrity of the BBB was shown to be
locally compromised and tumor-induced angiogenesis does not
incorporate BBB characteristics.”® In conclusion, the particular
requirements for mounting an immune responses against tumors in
the CNS include several steps: (1) Effector T cells must penetrate
the brain parenchyma before reaching the tumor bed. (2) Target
antigens must permit adequate discrimination of normal versus
malignant tissue. (3) Tumor cells must express sufficient MHC
molecule for direct specific CTL’s effector response. (4) Brain
inflammation must be regulated. (5) T-cells must retain their
anti-tumor effector function during migration through the
parenchyma and its resident cells. (6) Effector cell functionality
must be retained during the encounter with the tumor cell.

In general terms, immunotherapy can be either active or passive.
Active immunotherapy can be specific or non-specific. Passive
immunity can be antibody based or cellular effector based. Active
non-specific approaches have yielded potent immunological
anti-tumor responses. One important example is the Bacillus
Calmette —Guérin (BCG) vaccine. Examples of active specific
approaches include immunization with specific tumor antigens or
with peptide pulsed dendritic cells. These approaches are known to
achieve meaningful clinical responses in a variety of tumors. Tumor
antigens have been detected using T lymphocytes isolated from
patients or by using SEREX (screening for auto-antibodies).
Vaccines can be based on whole or lysed tumor cells, defined protein
or peptide antigens, nucleic acids, heat shock proteins (Table 2).

The use of monoclonal antibodies (mAbs) and recombinant
antibody fragments for passive specific or non-specific immu-
notherapy are in widespread use. Several mAbs were approved by
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the FDA for clinical use either as a monotherapy or in combination
with other chemotherapy agents. Targeted therapies using mAbs
include both unconjugated and conjugated monoclonal antibodies.
Unconjugated antibodies can induce recruitment and activation of
effector cells by different mechanisms [antibody dependent cellular
cytotoxicity (ADCC), cell dependent cytotoxicity (CDC)], blocking
the interaction between receptor-ligand or by inducing apoptosis.
Conjugated antibodies are used for the delivery of radioisotopes,
enzymes, toxins or drugs to the tumor.>>2¢

Passive cellular effector based immunotherapy include techni-
ques such as adoptive cell transfer, which includes isolation of tumor
infiltrating lymphocytes (TIL’s), their ex-vivo expansion and
administration back to the patient. This simple approach is showing
promising results in melanoma treatment. These cells can be given
together with systemic cytokines, such as interleukin-2, or
transfected with cytokine genes, such as tumour necrotic factor.
Another variation to this approach involves activation of peripheral
blood mononuclear cells ex vivo [lymphokine-activated killer
(LAK)] cells prior to reinjection. Evolving tetramer technology has
made it possible to select CD8+ T cells from the peripheral blood
having high affinity for some particular peptide epitopes.27

The Link between Glioblastoma and Melanoma

Glial cells and melanocytes are both originated from the
neuro-ectoderm and, as such, share embryonic antigens. Although
melanoma associated antigens (MAA) are well characterized, glial
derived antigens are less studied. Melanogenesis related proteins are
characteristic of melanoma yet are found also in neuroectodermal
originated organs such as the cochlea, the eye, and glial cells. This
antigen resemblance was also proven between melanomas
and GBM.*** In addition, melanoma associated differentiation
antigens (DA) such as MART-1, Gp-100, Tyrosinase, Gage, and
MAGE have been proven to be present in glioblastoma and other
neuro ectodermal originated cell lines and tumors.*® Glioblastoma
multiforme specific antigens are poorly characterized. Most studies
characterizing GBM associated antigens have used detection meth-
ods such as detecting messenger RNA levels, intracellular protein
levels and T-cell activity assays,3 0-32 proving only the mere presence
of intracellular antigens, or T-cell activity against a certain examined
peptide, derived from intracellular antigens. The presence of an
intracellular protein was shown not to correlate with its HLA
antigenic presentation, which is dependent, among other, on stabi-
lity and intracellular processing.”’>* These features, inter alia,
explain both the rational and the relative success in implementing
anti-melanoma immunotherapeutic approaches (such as utilizing
the immune-stimulating effect of anti-CTLA4 and anti-PD1
antibodies Ipilimumab and pembrolizumab) in the treatment of
high grade gliomas. It also sets the rational for employing targeted
therapy (monoclonal antibodies, MHC-tetramers etc.) against
melanoma associated differentiation antigens (DA) for GBM
patients.

The Immunology of GBM

As with systemic neoplasia, the cause of death from GBM is
not always clear. Although some patients succumb to the mass
effect and subsequent cerebral herniation, others die without a
clear evidence of significant mass effect.>® Because these tumors
rarely metastasize outside the CNS, the typical progressive
neurological deterioration and eventual demise is most likely
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Table 2: Selected Immunotherapeutic Trials for Malignant Gliomas

Reference No. of Immunological response Clinical response
Patients
Dendritic Cells 70 | N=7 CTLs and memory T-cells were found in recurrent tumor MS 455 days
mass.
71 | N=12 Cytotoxicity against autologous tumor cells. CTLs were Median TTP 19.9 months (p=0.028), MS 35.8 months
found in recurrent tumor mass. (p=0.006)
72 | N=18 EGFRVIII positive GBM included. 825 of recurrent tumors MS 26 months (p=0.001)
lost their EGFRVIII expression.
Autologous Tumor 73 | N=11 Local skin reaction. MS 46 weeks.
Cells 74 | N=23 Delayed type hypersensitivity, increased memory T-cells Median PFS 40 weeks, MS 100 weeks
and CD + T-cells in recurrent tumors.
75 | N=12 —_— CR-1, PR-1, MR-2, MS 10.7months
Cytokine Modulation 76 | N=145 TGF-f — MS 39.1 months(10 uM dose), 35.2months (80 uM dose)
77 | N=9 IL-2 — Tumor enhancement on MRI unchanged
78 N=9 IL-2 — PR-1
79 N=12 IL-2 Increased inflammatory infiltrate in tumors. PR-2, MR-4, OS 58% (6 months)
80 N=31 IFN-y — PR-3, no difference in MS
81 | N=40 IFN-y — No difference in MS or OS
82 [ N=29 IFN-p — PR-2
83 | N=20 IFN-B IFN-f treatment showed no growth —
suppression.
84 | N=7 IFN-B — No response
85 | N=35 IFN-a — MS 13.3 months
86 | N=275 IFN-a — No difference in survival
87 | N=9 IFN-a — CR-2
88 | N=12 IL-4 Positive Elipsot assay. No difference in PFS.
89 | N=9 IL-4 — Survival >18 months (n=1)
90 | N=15 IL-12 —_ PR-1, mixed response-1
HSP 53 | N=12 — MS 10.5 months
LAKSs 78 | N=9 — PR-1
91 N=9 Cultured LAK cells lysed cultured glioma cells (N =6). Slight clinical (not radiological) improvement
92 [ N=20 — MS - 63 weeks
93 | N=19 — CR-1, PR-1, MS- 15 weeks
94 | N=40 — MS 17.5 months
CTLs 95 | N=4 — PR-3
9 | N=12 — PR-4

LAKSs — Lymphokine activated killer cells, CTLs — Cytotoxic T-lymphocytes, HSP — heat shock proteins, EGFR — epidermal growth factor receptor,
TGF — transforming growth factor, IL — interleukin, IFN — interferon, MS — median survival, PFS — progression free survival, TTP — time to progression,
CR - complete response, PR — partial response, MR — minimal response, OS — overall survival.

caused by injury to the brain mediated by unknown mechanisms.
Although these tumors remain rapidly fatal, some long-term
survivors have been reported (Table 1).

Patients with GBM exhibit impaired antitumor immunity and
impaired systemic immunity leading to bacterial infections. The
former relies on local cellular immunity mediated by the Th;
subset of helper T cells, while the latter relies on systemic humoral
immunity mediated by the Th, subset of helper T cells.**> Past
empiric observations reported that patients with GBM who
experienced a postoperative cranial wound infection exhibited
longer survival. This observation was initially attributed to
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bacterial lipopolysaccharide (LPS) eliciting a nonspecific
immune response which also targets the tumor. Since these
observations a plethora of studies focused on characterizing the
immunological roles GBM have been conducted.

Patients harboring GBM were shown to exhibit low number of
circulating T-cells, rendering them prone to viral infections,
abnormal delayed type hypersensitivity and impaired cytotoxic
T-cell reaction.*® Fecci et al®’ reported a greater than 2.5-fold
increase in the proportion of circulating regulatory T cells
(CD4 +FoxP+ T cells) in patients with newly-diagnosed or
recurrent GBM. This effect was noted not be related to the
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co-administration of ~glucocorticoids.>” The frequency of
T regulatory cells (T-regs) was shown to correlate directly with
in vitro suppression of T cell activation.’®*° In contrast to the
evidence documenting the expansion of T-regs within the peri-
pheral T cell compartment, it remains a matter of some debate as
to whether T-regs are found at increased frequency within TIL
from patients with GBM.?"°

The immunosuppressive effect the tumor imparts can be
demonstrated both locally and systemically. A multitude of
immunosuppressive mechanisms were suggested and proven in
different models, trying to capture and define the complex inter-
play this tumor shares with the immune system. Multiple genetic
pathways are known to be altered in GBM, including p16/pRb/
CDK4, p53/ MDM2/ p14ARF, EGF-R [with unique variants like
the EGFRVIII emerging in some tumors, responsive to Erlotinib
(EGF-receptor tyrosine kinase inhibitor)], platelet-derived growth
factor receptor (PDGF), and PI3-kinase/PTEN.***> The most
common genetic alteration in GBM tumors is the loss of
heterozygosity of chromosome #10, occurring in 80~95%
of these tumors.**3>4%%2 Interestingly, disruption of two
of these tumor suppressor genes found on chromosome
10q may mediate a decrease in tumor cell immunogenicity
(i.e. DBMTI1, PTEN). DBMT1 is a candidate tumor suppressor
for brain, gastrointestinal, and lung cancer. Phosphatase
and tensin (PTEN) homologue deleted in chromosome 10q23.3)
is an inhibitor of the PI3 kinase-signalling pathway, whose dis-
ruption may increase expression of immunosuppressive
protein B7-H1 and also increases Th, type cytokines release,****
supporting the evolution of anergy and tolerance to the
tumor (Figure 1).

Another mechanism suggested is the tumor’s ability to
down-regulate or express low levels of class-I MHC,* hiding its
existence from the cellular arm of the immune system, as well as
the aberrant expression of non-classical MHC class I molecule
(class Ib) termed HLA-G, structurally related to classical MHC
class Ia (HLA-A, -B, -C), that has been attributed functions as an
antigen-presenting molecule but also immune regulatory
functions. HLA-G expression, render cells highly resistant to
direct alloreactive lysis, inhibits the alloproliferative response, and
prevents efficient priming of cytotoxic T cells. The inhibitory
effects of HLA-G are directed against CDS8 expressing and CD4
expressing T cells but appear to be NK (natural killer) cell
independent.***°

Another mechanism involves the upregulation of anti-apoptotic
proteins (IAP’s — inhibitors of apoptosis), such as the survivin
protein*® by the GBM tumor cells, rending these cells immortal.
Finally, parallel and in consort with all mechanisms mentioned, the
tumor microenvironment is characterized by its immunosuppres-
sive nature.*’ The cytokines secreted, be it directly or indirectly
by the GBM tumor cells, mediate immune-anergy and tumor
proliferation (Interferon-y, IL-10, TGF[f»)36’48 The interplay
between the different mechanisms stated is complex and largely
unknown. A schematic representation of key mechanisms is pre-
sented in Figure 1.

GBM Immunotherapy — Past trials

Many immunotherapeutic approaches have been tested in
order to facilitate cure or a meaningful clinical response.
Clinically speaking, such approaches are incorporated into current
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treatment algorithms. The need for tissue diagnosis and for
surgical debulking will likely always be a component of treatment,
as will be some form of focused radiation (radiosurgery, intensity-
modulated radiation therapy, external beam radiation therapy,
etc.). Table 2 depicts some examples of clinical trials, based on
immunological mediators and mechanisms, highlighting the
preliminary response. One should note that, although different
strategies have been employed through the years (Table 2), early
studies did not employ combined treatments. Current surgical,
radiotherapeutic and medical alkylating agents were not available
early on and their failure may not necessarily imply conceptual
failure. As described previously and presented in Figure 1, most
immunological avenues have been harnessed in an attempt to
circumvent the GBM induced anti-tumor immunosuppression.
Dendritic cell Vaccination,49 autologous formalin-fixed tumor
vaccines,”® cytokine gene therapy,”' adoptive cell transfer based
therapies,”> cytokine modulation, lymphokine activated killer
(LAK) cells based approaches and CTL based approaches
previously discussed, are noted. Heat shock proteins based vaccines
concept is based on evidence that these proteins are implicated in
the activation of both innate and adaptive immune systems. Vac-
cines formulated from heat shock protein-peptide complexes,
derived from autologous tumor, have been applied to the field of
immunotherapy for glioblastoma.53’54 In general, although some
encouraging clinical trials have been conducted, these are limited.

In the past five years, immunotherapy with immune check-
point inhibitors has shown promise and clinical results in fighting
tumors resistant to conventional therapies, such as melanoma
and lung adenocarcinoma (non-small cell lung carcinoma,
(NSCLC)).%>"*° These compounds facilitate effective antineoplastic
immune response by antibody mediated suppression of
co-inhibitory receptors and pathways (co-inhibitory signal-2). This
inhibition tilts the scales in favor of a potent CTL’s activation, and
not anergy as discussed. A key point in these modalities is the
finding that immune checkpoint inhibitors can induce a deep and
durable remission with an acceptable safety and side-effect
profile.>>>® The FDA recently approved the two checkpoint
inhibitors that target programmed cell death protein 1 (PD1) in late
2014 (pembrolizumab and nivolumab for metastatic melanoma),
and nivolumab for non small-cell lung carcinoma (NSCLC) in early
2015.°%%" The first large phase-III trial of nivolumab in GBM
patients (NCT02017717) was initiated in 2014 and initial results
seem promising."'

FUTURE DIRECTIONS

Immunotherapy for GBM, be it passive or active and specific
or non-specific, is being actively studied in preclinical models and
translated to clinical trials. Combining immunotherapy modalities
or treatment regimens involving both standard therapies and
immunotherapies show promise as powerful anti-cancer therapies
in GBM. A phase I clinical trial studying the effects of anti-PD-1
and anti-CTLA-4 combination therapy is currently recruiting for
recurrent GBM and a number of studies of dendritic cell vaccines
in recurrent and newly diagnosed GBM are also underway.
A phase-2 study of concurrent radiation therapy, temozolomide
and the histone deacetylase inhibitor (HDAC) valproic acid
showed improved outcomes and merits further investigation.®*
The combined use of multiple checkpoint inhibitors with other
intracellular enzymes whose expression correlate to malignancy
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