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Glioblastoma (GBM) is the most malignant form of astrocytoma with short survival and a
high recurrence rate and remains a global problem. Currently, surgery, chemotherapy,
radiotherapy, and other comprehensive treatments are the main treatment modalities, but
patients still have a poor prognosis mainly due to the infiltrative growth of GBM and the
protective effect of the blood—brain barrier on tumor cells. Therefore, immunotherapy is
expected to be a good option for GBM. In the immune system, different cells play varying
roles in the treatment of GBM, so understanding the roles played by various immune cells
in treating GBM and considering how to combine these effects to maximize the efficacy of
these cells is important for the selection of comprehensive and optimal treatment plans
and improving GBM prognosis. Therefore, this study reviews the latest research progress
on the role of various types of immune cells in the treatment of GBM.
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INTRODUCTION

Glioblastoma

Glioblastoma (GBM) is a rare tumor that is one of the most fatal and difficult-to-treat malignancies.
Currently, the primary treatment for GBM is still based on surgery, and patients usually have a poor
prognosis and poor quality of life (1). The tumor is subcortical, and most grow throughout the
supratentorial cerebral hemispheres. It exhibits infiltrative growth, often invades several lobes and
deep structures, and has been shown to affect the contralateral cerebral hemisphere through the
corpus callosum with the frontal lobe being the most common site of occurrence (2). GBM grows
rapidly with 70% to 80% of patients dying of GBM within 3 to 6 months after diagnosis and a 1-year
survival rate of only 10%.

Immune Cell Therapy

There is a large body of literature demonstrating that immunotherapy is important for the treatment
of GBM. Chimeric antigen receptor (CAR) T cell therapy can directly and accurately identify,
localize to, and kill cancer cells. Natural killer (NK) cells control GBM expansion and inhibit tumor
progression; dendritic cells (DCs) play a role in GBM immune recognition, and other immune cells
play an adjuvant role in radiotherapy and chemotherapy treatments for GBM.

Frontiers in Immunology | www.frontiersin.org 1

October 2020 | Volume 11 | Article 544563


https://www.frontiersin.org/articles/10.3389/fimmu.2020.544563/full
https://www.frontiersin.org/articles/10.3389/fimmu.2020.544563/full
https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles
http://creativecommons.org/licenses/by/4.0/
mailto:gengwujun@126.com
mailto:tanghongliok@126.com
https://doi.org/10.3389/fimmu.2020.544563
https://www.frontiersin.org/journals/immunology#editorial-board
https://www.frontiersin.org/journals/immunology#editorial-board
https://doi.org/10.3389/fimmu.2020.544563
https://www.frontiersin.org/journals/immunology
http://crossmark.crossref.org/dialog/?doi=10.3389/fimmu.2020.544563&domain=pdf&date_stamp=2020-10-21

Kang et al.

Glioblastoma Immune Cell Therapy

The main feature of GBM metastasis is extensive local
invasion, which is different from the rarer event of systemic
metastasis. Therefore, cancer immunotherapy at this stage
focuses more on the use of immune cells to inhibit the
metastasis of GBM.

Advantages of Immune Cell Therapy

Some immune cells with recognition functions can distinguish
themselves from nonself cells (which present nonself antigens),
providing a great opportunity for the use of immune cells to
specifically recognize and kill cancer cells.

Although the metastatic spread of GBM is extremely rare,
GBMs can grow in areas of the brain that are hard to access
surgically. Compared with the gross removal of tissue via surgical
resection, the specific recognition and killing ability of immune
cells is more likely to remove only the cancer cells, which has
great advantages over less specific treatment modalities.

Disadvantages of Immunotherapy

GBM is highly susceptible to recurrence, and most recurrent tumors
have been subjected to genotoxic stress from radiotherapy and/or
chemotherapy and are, thus, more immunogenic than untreated
tumors (3). However, because recurrent gliomas often engage in
antigen escape after immunotherapy, it is difficult to perform
immunotherapy on these tumors.

CHANGES IN ASSOCIATED IMMUNE
SYSTEM AFTER GBM DEVELOPMENT

Because GBM occurs in the brain, the immunosuppression of
GBM involves both the tumor itself and the unique immune
characteristics of the brain. The interactions of glioma stem cells
(GSCs) and the tumor microenvironment play vital roles in

T (M2)

promoting the malignant growth of GBMs. A schematic
illustrating the immunosuppressive microenvironment in GBM
is shown in Figure 1.

Brain Autoimmune Properties

The blood-brain barrier (BBB) is an important line of defense for
brain immunity. The BBB is an astrocyte-supported network of
tight junctions on the endothelium that prevents the diffusion of
hydrophilic macromolecules into the CNS while allowing the
entry of small hydrophobic molecules and the active transport of
glucose and nutrients (4).

The Immune Microenvironment of GBM
Glioma Vasculature

The vasculature within gliomas shows upregulated protein
expression of the macromolecules periostin and tenascin C
(TNC), which can prevent T cells from moving into glioma-
associated vessels and prevent their migration into the brain
parenchyma (5).

Upregulation of Immunosuppressive Molecules
(Immune Checkpoints)

Immune checkpoints are small molecules present on the cell
surface of T lymphocytes that maintain immune homeostasis.
Some immune checkpoint genes, such as CTLA-4, PD-1, LAG3,
TIM, and BTLA, mediate inhibitory signals, thereby inhibiting T
cell activity (6). The expression of CTLA-4 and PD-1 in GBM
often rises immensely, which suppresses immunity (3).

Soluble Factors (e.g., Cytokines and Growth Factors)
The soluble factors TGFp, IL-10, and prostaglandin 50 were the
earliest immunosuppressive mediators identified in GBM
patients. TGF-8TME and IL-10 cause microglia to lose their
MHC expression (5).
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FIGURE 1 | Immunosuppressive microenvironment of GBM. GBM-associated macrophages and microglia secrete inhibitory cytokines, which decrease NK cell
activity and T cell-mediated apoptosis and inhibit the binding and killing effects of T cells on antigen-presenting cells and GBM cells. This allows the tumor to escape

the immune-killing effects of NK cells and T cells.
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Tumor-Associated Immunosuppressive Cells

GBM is characterized by the infiltration of microglia and
peripherally recruited macrophages, whereas lymphocytic
infiltration is usually low (7). Tumor-associated macrophages
(TAMs) secrete inhibitory cytokines, such as interleukin-6 (IL-6),
IL-10, transforming growth factor 3 (TGF-B), and prostaglandin-
E, which inhibit NK cell activity and the activation and
proliferation of T cells and induce T cell apoptosis, thereby
downregulating the expression of MHC and changing TAMs to
the M2 phenotype, resulting in immunosuppression (3).

IMMUNE CELL THERAPY FOR GBM
Role of NK Cells in the Treatment of GBM

NK cells are the first natural line of defense against infection and
antitumor immunity, and their surface inhibitory receptors
recognize MHC class I molecules on the surface of normal
somatic cells. When somatic cells are mutated (e.g., GBM),
MHC class I expression on their surface is lost, and NK cells
initiate a killing effect.

NK cells are persistent in targeting tumor cells and are
difficult to escape, and current studies focus on mimicking NK
cell activity to replicate their attacking and immune-Kkilling
effects (8).

The applications of NK cell therapy for GBM can be
summarized as follows: 1. direct use of NK cells to kill GBM
cells, 2. combined immune cell therapy regimens comprising NK

cells and immune checkpoint inhibitors or drugs targeting
immune-related genes or specific antibodies targeting proteins
that protect against immunosuppression of NK cells, and 3.
chimeric antigen-modified NK (CAR-NK) cell therapy (9).
Images of NK cell-based immunotherapies are shown in
Figure 2.

NK cells prevent systemic metastasis of GBM. If NK cells are
transplanted into a GBM model, GBM death can be directly
induced (11), but the difficulty of this method lies in the
uncertainty of the transplantation process of the NK cells. It
has been suggested that GBM occurs due to cytomegalovirus
infection interfering with the immune response of NK cells (12).

Yvon et al. (13) propose an immunotherapy approach for
GBM using NK cells derived from cord blood, but this method is
similarly limited by immunosuppressive cytokines in the tumor
microenvironment. In addition, there have been some studies
proposing combination immunotherapies related to NK cells.
For example, by using the addition of the immune checkpoint
inhibitor PD-1 combined antibody, one group found that
decreased PD-1 activity could promote the massive infiltration
of NK cells and T cells as well as inhibit tumor progression (14).
However, none of these combination immunotherapies have
been studied with regard to the specific mechanism of action
of other cells beyond NK cells to help kill GBM.

Systemic metastasis of GBM is rare thanks to the innate
immunity of NK cells, and studying the combination of
radiotherapy, immune cells, and immune checkpoint inhibitors
is beneficial to improve the treatment of GBM. Based on the
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FIGURE 2 | NK cell immunotherapy. NK cell-based immunotherapy for GBM. Thi
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s figure demonstrates that a variety of NK cell therapies for GBM. (A) KIR2DS2

immunotype NK cells could target and destroy GBM cells (10); (B) exosomes secreted by NK cells could specifically localize to GBM cells, upon which the cytokines
within the exosomes could induce apoptotic signaling in tumor cells to promote cell death; (C) CAR-NK immunotherapy comprising NK cells expressing a GBM-
specific CAR can target the tumor; (D) specific proteins (such as CD16) can bind NK cells and EGFR on the surface of GBM cells to facilitate NK cell activity.

(E) using specific proteins (such as CD16) to bind NK cells and then specifically bind to EGFR on the surface of glioblastoma cells to exert a cytotoxic effect.
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above studies, although a large amount of experimental data
show that the above methods can increase immune cell
infiltration, there are still many problems in the clinical
application of this regimen. Therefore, the use of NK cells in
the brain to kill GBM still has a series of problems, the most
important and challenging of which is to prevent the inhibition
of the cytotoxic effects of NK cells. NK cells are functionally
inhibited in the GBM tumor microenvironment. Kozlowska et al.
(15) show that GBM stem cells are highly susceptible to NK-
mediated killing, but after differentiation of these stem cells,
anergic NK cells fail to control GBM tumor growth because of
the release of IL-6 and IL-8.

CAR-NK therapy is one of the latest developments in treating
GBM. One group of investigators found that ErbB2 protein
expression was elevated in a large proportion of GBM samples
and used ErbB2/HER2-specific NK cells to target GBM (16),
proposing sustainably expanded “CAR-NK” cells—human NK
cells that express ErbB2-specific chimeric antigen receptors. The
in vitro and in vivo effects of these CAR-NK cells on GBM cell
culture and orthotopic GBM xenograft models as well as the
therapeutic effects of NK-92/5.28 cells on endogenous antitumor
immunity were also confirmed. Murakami et al. (17) also
propose a method comprising a novel NK cell line carrying a
chimeric immune antigen receptor (CAR-KHYG-1) to target
epidermal growth factor receptor variant III (EGFRVIII) and
induce antitumor effects in GBM cells. Han et al. (18) reveal that
CAR-redirected NK cells effectively target wt EGFR and
EGFRVIII to treat GBM and demonstrate that intracranial
application of NK-92-EGFR-CAR cells can effectively inhibit
tumor growth, which is a prospective clinical strategy for the
treatment of GBM.

In conclusion, owing to the large number of studies on
targeted NK cell therapy for GBM in progress, it seems that
this treatment modality has a good chance of becoming a full-
fledged immunotherapy regimen. However, most of these studies
have not made any profound breakthroughs, and the safety and
efficacy of adoptive immunotherapy with CAR-NK cells need to
be further assessed in clinical trials. Thus, treating GBM with NK
cells still has a long way to go.

Dendritic Cells

DC vaccines have been administered clinically for the treatment of
GBM, but the results remain unsatisfactory. Pellegatta et al. (19)
propose that DC immunotherapy for GBM might be associated
with NK cells, that DC vaccines induced significant and sustained
NK cell activation, and that the increase in their response had a
significant correlation with prolonged patient survival. Dusoswa
et al. (20) selected Siglec-9 ligands highly expressed on GBM
extracellular vesicles and modified these vesicles with a receptor to
promote Siglec binding on the vesicle surface, thereby achieving
efficient targeting of adjuvant DCs to GBM and enhancing their
potential as anticancer vaccines.

Vaccines are based on DCs containing peptides that represent
one or more specific tumor antigens or whole lysates as a source of
multiple antigens. However, factors such as the immunosuppressive
microenvironment, lack of appropriate specific epitopes, and cancer
immunoediting may limit their efficacy (21).

The activation of DCs can be driven by GBM stem cells and a
mixture of monocytes, such as CD34-, CD45-, and CD56-
positive cells from allogeneic umbilical cord blood (UCB) (22).
Eiraku et al. (23) study the interaction of DCs with CD8+ T cells
as well as with Vy9yd T cells and Vo24NKT cells. Immunocyte
therapy based on DCs interacting with GBM lysate (24) is also a
promising treatment for GBM.

A large body of literature has indicated that, because DC
vaccines themselves are less toxic and do not have many adverse
effects, they may become a new hope for the treatment of GBM.

Tumor-Associated Macrophages

Only a few studies have shown that macrophages directly play an
immune-related role in the treatment of GBM, and Sun et al. (25)
find that inhibiting Romol in combination with anti-PD-1
immunotherapy significantly improved the prognosis of GBM
patients and particularly enhanced the function of macrophages.

Hallmark indicators of genetic alterations in GBM are
amplification of EGFR and EGFRVIII, and investigators have
proposed a pathway in which EGFR in combination with
EGFRVIII induces macrophage infiltration by upregulating the
expression of the chemokine CCL2 (26).

Most existing studies on TAMs have focused on the secretion
of cytokines in the GBM microenvironment, promoting GBM
progression. Herting et al. (27) find in their study that
coculturing TAMs derived from bone marrow with primary
GBM cells promoted the upregulation of the cytokine IL-1,
which is detrimental to the tumor-killing effect of NK cells and
T cells.

TAMs promote the growth of GBM by secreting pleiotropic
phosphorus and promoting PTPRZ1 signaling in GBM stem cells
(28). In addition, a similar study indicated that Wnt-induced
signaling protein 1 (WISP1) secreted from GBM stem cells
promotes the survival of both GBM stem cells and TAMs
(phagocytes) to establish a tumorigenic microenvironment (29).

In addition, research on macrophages has not been
consistent. Here, we simply provide examples of the following
recent studies. Macrophage-associated cytokines are used as
prognostic indicators of GBM, and increased IL-6 levels
predict poor prognosis (30); Wei et al. (31) find that
osteopontin (OPN) is an important chemokine for recruiting
macrophages into GBM. Cui et al. (32) reported the importance
of macrophage-associated immunosuppression in GBM
angiogenesis. Although these discoveries have not been fully
elaborated upon, they provide new ideas for the treatment of
GBM with macrophages, indicating that macrophages play
multiple roles and are expected to be applied in other aspects.

In fact, there are both advantages and disadvantages of the use
of macrophages in immunotherapy. We found that many studies
have proven that macrophages have an adverse effect on the
prognosis of GBM. Therefore, we believe that how to apply
macrophages in the future to maintain their advantages and
avoiding their disadvantages will become a new research focus.

Mast Cells

Polajeva et al. (33) propose that the accumulation of mast cells
(MCs) in GBM tumors might be related to the levels of stem cell
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factor and the chemokine CXCL12; Attarha et al. (34)
demonstrate that MCs respond to multiple signals in a glioma
grade-dependent manner to infiltrate mouse and human gliomas
and induce the differentiation of glioma cells. Roy et al. (35) use
the degree of recruitment of MCs as a potential biomarker for
grading GBM.

APPLICATION OF IMMUNE CELL
THERAPY FOR GBM

The GBM immunotherapy category includes adoptive T cell
immunotherapy, CAR-T immunotherapy, DC tumor vaccines,
immune checkpoint blockade, monoclonal antibodies, and
cytokine therapy.

Adoptive T Cell Immunotherapy

Adoptive lymphocyte transfer (ALT) is an antigen-specific
treatment during which either tumor-infiltrating lymphocytes
(TILs) are obtained from tumor specimens or T cells are isolated
from peripheral blood mononuclear cells (PBMCs), expanded in
vitro against tumor antigens, and systemically applied or directly
injected into the tumor site (36). Schuessler et al. (37) report the
successful expansion of cytomegalovirus-specific T cells from 13
of 19 patients with recurrent GBM; moreover, 4 of the 10 patients
who completed the treatment remained tumor-free during the
study period.

Currently, multiple clinical trials have used ALT therapy in
GBM patients (NCT01082926, NCT00331526, NCT01588769,
NCT00003185, and NCT00730613), and these studies have
confirmed the safety and feasibility of ALT therapy (38).

More recently, there has been progress in a clinical trial
involving adoptive cellular immunotherapies (ACT), which has
shown that CMV-specific ACT can effectively delay or even
prevent the recurrence of GBM, which indicates that a favorable
T cell gene signature is associated with the improvement in
therapeutic efficacy and prolonged survival (39).

CAR-T Immunotherapy

CAR-T immunotherapy is a precisely targeted therapy for the
treatment of tumors, which transduces a CAR into T cells to
create CAR-T cells (40), after which they are expanded to large
numbers in vitro and then reinjected into the patient, prompting
B cells to produce antibodies and specifically recognize antigens,
which, in turn, kill the tumors (41).

CAR-T immunotherapy has the capacity to cross the BBB and
can safely and effectively reach tumor cells that cannot be
accessed surgically (42). Brown et al. (38) treated a patient
with recurrent GBM by using CAR-T cells and found that
IL13R-2 was a useful immunotherapeutic target in GBM.
Although this therapy has been recognized by many patients,
and 4 categories have been clinically approved in China, it is still
not considered a conventional treatment.

After reviewing many studies on the subject, we deduced that
CAR-T therapy has not made a breakthrough in the treatment of
solid tumors in recent years, and there are many unsolved issues,

especially in terms of CAR-T cells entering the microenvironment
of solid tumors, such as GBM, maintaining their viability and
ability to rapidly and accurately identify tumor cells, and
overcoming immunosuppression. Therefore, if the issue of
tumor microenvironment inhibition of the CAR-T cell
therapeutic effects can be solved at this stage, it will have a great
impact on the immunotherapy of solid tumors.

Dendritic Cell Vaccines

The production of DC vaccines includes isolating DCs from
patients, loading the cells with tumor antigens, culturing the DCs
with cytokines to induce maturation, and reinjecting the cells
back into the body (43). At present, vaccines are broadly divided
into three categories according to different antigens: tumor-
associated antigens (TAAs), tumor-specific antigens (TSAs),
and tumor lysates (44).

1. TAAs are ubiquitous but are expressed at higher levels in
tumor cells than in healthy cells, so TAA vaccines are easy to
develop and have good targeting. At present, the clinical
application of TAA-based DC vaccines is limited, mainly
due to the following reasons: 1. There are few known TAAs,
2. the consistency of TAA expression marks its own
limitations, and 3. TAA vaccines may not induce the best
immune response due to immune tolerance (44). Wen et al.
(45) discovered that ICT-107 vaccination in patients with
newly diagnosed GBM developed good tolerance and
significantly improved survival by 2.2 months.

2. TSAs are unique to tumor cells and, unlike TAAs in tumor
cells and normal cells, are usually proteins encoded by mutated
genes in tumors. They are relatively fixed in different types of
cancer and patients and can be used as targets for
immunotherapy (43). TSA-based DC vaccines may
generate an intense targeted inflammatory response against
tumor cells while avoiding potential autoimmune responses
in other tissues (44). Rindopepimut (46) (Celldex
Therapeutics, Hampton, New Jersey, USA), a TSA vaccine,
has shown clinical benefits and significant efficacy in phase II
clinical trials. However, the phase III clinical trial was
terminated early because it was thought that the patients in
the study might not reach their primary endpoint.

3. Vaccination in combination with tumor lysates is usually
delivered by autologous lysate-pulsed DCs, which are usually
collected from the patient a few days before surgical resection,
incubated with the resected tumor lysate, and then
reintroduced back into patients via postoperative multiple
vaccinations in combination with standardized radiotherapy
administration to target residual tumor cells (44). The phase
III trial by Liau et al. (47) demonstrated that the addition of
DCVax-L to the standard of care for GBM patients is
feasible and safe and prolongs survival. The combination
of tumor antigens and a-GalCer in anticancer vaccines can
efficiently induce long-lasting immunity by activating iNK T
cells (48).

Therefore, the latest research direction of DC vaccines at this
stage focuses on combining tumor lysates with DCs, and the
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mechanism of tumor lysate vaccines on GBM is very likely to be
the combined action of multiple immune cells.

PROSPECT OF IMMUNOTHERAPY
FOR GBM

Different Combination Regimens
Immunotherapy for GBM has not been used in a wide range of
direct treatments due to its immaturity and our incomplete
understanding of the mechanisms, so the main treatment
modalities after diagnosis confirmation are surgical resection,
radiotherapy, chemotherapy, and various comprehensive
treatments. Conventional treatment is maximal gross resection
of the tumor followed by radiotherapy and chemotherapy, and
maintenance therapy with temozolomide (TMZ) is started 4 weeks
after completion of the chemoradiotherapy cycle. This treatment
regimen is known the standard of care (SOC). The common
chemotherapeutic agent axitinib has been shown by Stephanie Du
Four et al. to have a favorable effect on immune function (49).

There are currently several main GBM vaccines available:
1. autologous monocyte vaccine, 2. peptide-based tumor vaccine,
3. nucleotide-based tumor vaccine, and 4. cell line-based tumor
vaccine. Each of them requires coculture of the corresponding
cells with surgically resected tumor cells under different
conditions to achieve immunization against tumor cells.
Therefore, it is also necessary to obtain a sufficient number of
tumor cells at the time of surgery.

CRS-T is a genetically modified chimera-switched receptor T
cell therapy targeting PD-1. After intravenous infusion of CSR-T
cells, the levels of IFN-y and IL-6 in peripheral blood increase with
the number of reinfused cells, and local intracranial injection of
CSR-T cells is often more effective than intravenous injection (50).

Immunotherapy with DC vaccines has been associated with
adverse effects of immunotherapy in newly diagnosed patients,
and increases in tumor-specific immune responses after
vaccination, including immune cell proliferation and cytokine
production, can be detected (51). For patients with recurrent
GBM, elevated levels of chemoresistance-associated peptides
(CAPs) and/or cytoplasmic accumulation can be observed in
fusion cells generated after cervical implantation of autologous
glioma cells and DCs, and a specific immune response to CAPs
can also be observed, which promotes an antitumor response in
patients (52).

Cytokine-induced killer (CIK) cells are nonhistocompatibility
(MHC)-restricted lymphotoxic cells that can be produced from
PBMCs under the induction of interferon (IFN)-y, IL-2, and
CD3 monoclonal antibodies (CD3 mAb) and have a high
proliferation rate and antitumor activity. Chemoradiation with
CIK cells plus the standard radiotherapy-TMZ regimen shows
no significant difference in survival but improves progression-
free survival compared with that of TMZ alone; unfortunately,
no evidence of improved overall survival was found (53).

Rindopepimut (also known as CDX-110) is a peptide-based
vaccine against EGFRVIIL, an EGFR variate with a deletion
mutation, and the addition of rindopepimut to a standardized

course did not increase survival in patients with newly diagnosed
GBM in clinical trials. Further exploration of the effect of
immunotherapy in future treatment combinations containing
rindopepimut may be required (54).

Different vaccines are injected in different ways, and some
cellular vaccines can be injected directly into the surgical cavity.
After surgical resection of GBM, patients undergoing the SOC
followed by local injection of an immune-stimulating
oligonucleotide containing an unmethylated cytosine-guanosine
motif (CpG-ODN) immediately around the surgical cavity were
more likely to develop fever and postoperative hematoma after
surgery than patients who received the SOC alone with similar
incidences of other adverse events. Overall, this vaccine did not
improve survival in patients with newly diagnosed GBM (55).

In addition, vaccines made from oncolytic viruses are also
under investigation. The oncolytic virus aglatimagene
besadenovec (AdV-tk) combined with valacyclovir constitutes
gene-mediated cytotoxic immunotherapy (GMCI). When
combined with the SOC, GMCI may stimulate immune
responses in participants with GTR and subtotal resection.
However, if the residual tumor burden is too large, the tumor-
mediated immunosuppressive effect may mask the effect of
GMCI (56).

At present, most immunotherapies can only be performed
after patients undergo surgical resection, which is a limitation of
immunotherapy. However, as a brain tumor, GBM is very likely
to grow in sites that are not suitable for surgical resection and are
more likely to recur, and treatment with immune cells or
vaccines can achieve the destruction of tumors at sites that are
not easily accessible via surgery; therefore, if the field of
immunotherapy can mature, this treatment modality may
replace surgical resection.

Role of Exosomes in Tumor Immunology
Exosomal vesicles naturally released by tumor cells transmit
some molecules to target cells and act as an intercellular
signaling pathway between the donor cytoplasm and the lumen
of target cells. For example, NK cells release exosomes that
express typical NK markers (CD56, etc.), killer proteins, and
stimulate antitumor activity (57, 58). Exosomes carrying
different RNAs and proteins can be measured in patients as
biomarkers to assess disease onset and progression (59).

Barile et al. (60) demonstrate that GBM stem cells could
secrete exosomes carrying active vascular endothelial growth
factor A (VEGF-A), which could protect VEGF-A from
cytokines, proteases, etc., in the tumor microenvironment and
maintain the vascular niche. Non-GBM-stem-cell-derived
VEGE-A changes with tumor size and treatment, whereas
GBM-stem-cell-derived exosomes may be continuously
produced and released and cross the BBB.

Skog et al. (61) and Brennan et al. (62) report that EGFRVIII
could be detected in the serum exosomes of GBM patients with
high diagnostic sensitivity, but EGFRVII] was present in only
approximately 25% of GBM patients. Kai et al. (63) demonstrate
that PTRF was also present on the exosomal membrane and that
PTRF overexpression increased exosome secretion, resulting in
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increased rates of tumor formation and receptor proliferation in
vitro and in vivo.

A study by Liu et al. (48) shows that, in a DC vaccine, the
codelivery of tumor-derived exosomes with o-galactosylceramide
(0-GalCer) could effectively improve the tumor microenvironment
by balancing the release of immunosuppressive factors and
immunostimulatory factors. Zhu et al. (64) find that exosomes
secreted by NK cells could specifically localize to GBM tumors and
that NK-Exos contain FasL, perforin, granzyme B, and TNF-o,
thereby inducing proapoptotic signals and triggering cell death in
tumors. Chen et al. (65) propose that exosomes could interact with
target cells with barrier cells. It is a new promising therapeutic agent
for the treatment of refractory GBM.

Exosomal transfer of miRNAs or miRNA inhibitors to tumor
cells has emerged as a new approach to deliver miRNAs that can
target cancer. MiRNA-21 is overexpressed in GBM, which can
improve the proliferation and malignant metastatic behavior of
tumor cells (66, 67). Sponge constructs are designed to bind to their
complementary miRNAs (one or more) or their seed sequences,
thereby preventing miRNA binding to their biological targets.

GBM cells use exosomes to communicate with the tumor
microenvironment and promote their proliferation, invasion, and
metastasis (68). One of the major challenges of exosome-based
therapeutic approaches is the low productivity of exosomes.
Therefore, effective methods that can produce exosomes on a
large scale are needed. Watson et al. (69) propose that the use of
hollow fiber bioreactors could increase the yield of exosomes by 5-
to 10-fold.

Although exosomes have been a research hot spot in recent
years, the still-limited data on the use of exosomes as a targeted
therapy for GBM is far from mature. There is no denying the fact
that using GBM-derived and -targeted exosomes is a very good
idea, but more research and clinical trials are needed to truly
determine their effect in patients, which can take years. Thus, it is
difficult to judge whether this approach is worth pursuing, but at
this stage, we are optimistic that ongoing clinical trials will
provide a preliminary basis for the use of exosomes in
immune therapy.

Research Focuses and Prospects of Other
Immune Cell Therapies

One popular direction is the implementation of combined antigen
immunotherapies with the latest focus on CAR-T's and “bispecific T
cell engagers” (BiTEs) (70, 71), that is, using antibodies such as
BiTEs to bind both T cells and tumor cells and create a molecular
bridge that induces T cells to kill GBM cells.
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