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The tumor immune microenvironment and immunotherapy have become current
important tumor research concerns. The unique immune microenvironment plays a
crucial role in the malignant progression of isocitrate dehydrogenase (IDH) mutant
gliomas. IDH mutations in glioma can inhibit tumor-associated immune system evasion
of NK cell immune surveillance. Meanwhile, mutant IDH can inhibit classical and alternative
complement pathways and directly inhibit T-cell responses by metabolizing isocitrate to
D-2-Hydroxyglutaric acid (2-HG). IDH has shown clinically relevant efficacy as a potential
target for immunotherapy. This article intends to summarize the research progress in the
immunosuppressive microenvironment and immunotherapy of IDH-mutant glioma in
recent years in an attempt to provide new ideas for the study of occurrence,
progression, and treatment of IDH-mutant glioma.
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INTRODUCTION

According to the 2016 WHO revised categorization of central nervous system malignancies and
recognized histological characteristics associated with the natural course of the disease, diffuse
oligodendrocytes and astrogliomas in adults are rated from grade II to grade IV (1). The presence or
absence of isocitrate dehydrogenase (IDH) mutation and chromosomal co-deletion of 1p/19q are
used to further classify these malignancies (1, 2). Adult gliomas are classified into three groups:
IDH-mutated tumors, 1p/19q co-deletion tumors, and primary oligodendrogliomas. IDH-mutated
tumors are associated with a favorable prognosis; non-1p/19q co-deletion tumors and primarily
astrocytic gliomas are associated with a moderate prognosis; and IDH wild-type tumors and
primarily WHO grade III or IV glioblastomas are associated with a poor prognosis (3). Although
most glioblastomas belong to the IDH wild type, IDH mutant glioblastomas have now been
identified as a separate disease entity linked to IDH mutant WHO II and III gliomas.

IDH-mutant astrocytomas and oligodendrogliomas (IDH-As and IDH-Os) share the same
developmental hierarchy and lineage of glial differentiation, and the volume differences between
them can be largely explained by discrete TME and landmark genetic events, as tumor grade
increased, malignant cell proliferation was enhanced, undifferentiated glioma cells increased, and
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macrophage expression programs overtook microglia in the
TME (4). IDH-A is characterized by a loss of function in
ATRX that is essentially universal (inactivated in 86 percent of
IDH-A). However, in IDH-O, ATRX mutations are uncommon.
Comparing IDH-A and IDH-O cells of the same type, there are
considerable changes in transcription factor expression and
targeting (5). More than 70% of the WHO grade II and III
astrocytomas, oligodendrogliomas, and glioblastomas
originating from these low-grade lesions have mutations
affecting amino acid 132 of IDH1, and alterations affecting
IDH2-like amino acids R172 are common in tumors without
IDH1 mutations (6). IDH mutations linked to cancer are most
commonly found in the arginine residue, which is required for
isocitrate recognition (R132 for IDH1, R140, or R172 for IDH2).
Isocitrate is effectively converted to D-2-hydroxyglutarate (2-
HG) by mutant IDH, resulting in exceptionally high
concentrations in TME (7, 8). Tumor-derived 2-HG may
operate as an intercellular mediator in TME, affecting non-
tumor cells.

Immune surveillance relies heavily on the immune system. The
immune system can continuously monitor abnormal cells in the
body, identify, and destroy them. Immune cells in brain tumors
typically include NK cells, T lymphocytes, dendritic cells (DCs),
and microglia (9). Tumor-infiltrating immune cells are part of the
complex tumor microenvironment (TME) and may play a
significant role in either preventing or promoting tumor growth.
Tumorigenesis is characterized by immune evasion, which is a
significant obstacle to effective treatment for cancer (10). Although
significant progress has been made in tumor immunotherapy
approaches and clinical efficacy over the previous years, the
association between IDH mutations and a better prognosis in
glioma remains largely unknown. IDH may be an ideal target for
targeted therapy and is expected to become the preferred target of
immunotherapy, thus providing a new perspective for the clinical
treatment of glioma. Much of the discussion below is primarily
related to the immune microenvironment and immunotherapy in
IDH-mutant gliomas.
THE IMMUNE MICROENVIRONMENT
OF ISOCITRATE DEHYDROGENASE
MUTANT GLIOMAS

IDH Mutations Suppress the Tumor-
Associated Immune System
In the process of tumorigenesis and malignant progression,
tumor-infi l trat ing immune inflammatory cel ls play
an important role . Once recruited into the tumor
microenvironment, these cells can promote the malignant
progression of the cancer cell phenotype. In addition, they also
establish a complex network of cell-to-cell interactions, which
help to improve and maintain the immunosuppressive
microenvironment, promote immune escape, and ultimately
promote the development of tumors. Immune infiltration is
lower in Mutant IDH1/2 gliomas than in wild-type IDH1/2
gliomas (11–13). IDH-As are more heavily infiltrated by
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monocytic-lineage cells derived from circulation, they
upregulate myeloid-cell chemotaxis genes (CSF1, FLT3LG) and
upstream transcription factors (NFKB1), compared to IDH-Os
(5). Moreover, immune cell (including M0, M1, and M2
macrophages) infiltration in WHO II IDH-As was generally
higher than in WHO II IDH-Os, whereas T cells (CD3+,
CD4+, and CD8+), cytotoxic cells, and T helper cells infiltrated
in IDH-Os were significantly higher than those in IDH-As (14,
15). Reduced tumor purity (i.e., increased invasion of glioma by
non-tumor cells such as immune and stromal cells) was linked to
higher malignancy and shorter survival (16). A significant
increase in T cells (CD3+), cytotoxic cells, and T helper cells
infiltration were observed in recurrent IDH-mutant gliomas
compared with primary IDH-mutant tumors, while the
opposite was observed for regulatory T cells, this change was
associated with prior or not radiotherapy (14). CCL-2 is thought
to attract white blood cells (monocytes, memory T cells, and
DCs) to inflammatory areas caused by tissue damage or
infection, CXCL-2 has chemotactic effects on neutrophils,
monocytes, and macrophages (17, 18). C5a is a mediator of
chemotaxis and cellular release reactions, playing an essential
role in innate immunity and adaptive immunity as well (19, 20).
Cytokine arrays revealed that the three genes mentioned above
were down-regulated at the mRNA and protein levels in IDH1-
mutated tumors, suggesting that immune infiltration and
chemotaxis are regulated by IDH1 mutations and that a
reduced aggressive part of the tumor-associated immune
system could provide IDH-mutant glioma patients with a
longer survival duration (12).

IDH Mutations Evade NK Cell
Immune Surveillance
The accumulation of natural killer cells and regulatory T cells
leads to leukopenia and immune impairment (21). Natural killer
(NK) cells serve as the main effector cells of cancer in innate
immunity and are the first line of defense against diseases
including malignancies. To evade NK cell-mediated immunity,
malignant tumors employ a variety of tissue and mutation-
specific strategies. NK cell activity is regulated by the
combination of signals that activate and inhibit NK cell surface
receptors (22). The activation of NK cells leads to the release of
cytotoxic granules containing perforin, various granzymes, and
cytokine production, most prominently IFN-g (23, 24) Killer cell
Lectin-like receptor K1 (also known as NKG2D, KLR) is an
activated NK cell and CD8+ T cell receptor that mediates
cytotoxicity by attaching stress-induced ligands to target cells.
MHC class I associated chains A and B (MICA, MICB) and the
UL16-binding protein family (ULBP1-6) are among the NKG2D
ligands (NKG2DLs) (25). The expression of NKG2DLs in tumor
cells is induced by oncogenic stress caused by genetic instability
or metabolic derangement, and the expression of these ligands
may be essential for antitumor immunity during the elimination
phase of innate immune tumor surveillance (26, 27). Following
activation of NKG2DLs, NKG2D-activated receptors enhance
cytokine production and perforin-mediated cytotoxicity (28),
when the expression of NKG2DL in tumors is proportionate to
NK-mediated cytotoxicity (29).
June 2022 | Volume 13 | Article 914618
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ULBP1 and ULBP3 are MHC class I proteins bound through
the glycosylphosphatidylinositol anchor membrane (30). Both
ligands are members of the UL16 bound NKG2DLs with 6
members (ULBP1-6) (31). NKG2D receptors on NK cells
identify membrane-bound ULBP1 and ULBP3, and these
ligands activate NK cells and cause target cell lysis through
NKG2D binding (26). IDH wild-type tumors had significantly
high levels of NKG2DLs, ULBP1, and ULBP3, while IDHmutant
tumors did not. the promoter methylation levels of ULBP1 and
ULBP3 were higher in IDH-mutant tumors than in IDH wild-
type tumors, ULBP1 and ULBP3 were transcriptionally silenced
when their promoters were hypermethylated, thus decreasing the
NKG2DL expression, which in turn affected NK cell activation
and enhanced resistance to NK-mediated cytotoxicity (32),
thereby evading immune survei l lance by NK cells .
Interestingly, in IDH1-mutant gliomas, 2-HG can activate NF-
kB, regulate CX3CL1 expression, and then CX3CL1 recruits NK
cells to the tumor location (5, 33). Moreover, decreased MHC-I
expression in IDH-mutant gliomas is associated with higher
DNA methylation levels of MHC-I HLA genes (34). Reduced
expression of HLA class I molecules leads to upregulation of
activated NK receptor recognized ligands, facilitating NK cells
mediated lysis (35) (Figure 1).

2-Hydroxyglutarate Inhibits Classical and
Alternative Complement Pathways
Complement is an important aspect of immune surveillance
mechanisms in host tumor cells but may play an opposite role in
Frontiers in Immunology | www.frontiersin.org 3
carcinogenesis, as activating complement causes inflammation,
which promotes tumor development. Complement on tumor
cells could indeed be directly activated by tumor cells themselves
(36, 37), or by tumor-reactive antibodies that attach to
neoantigens on the surface of tumor cells, allowing membrane
attack complex (MAC) mediated lysis and boosting tumor
phagocytosis (38).

C3b (iC3b) was deposited on target cells after complement
activation, facilitating phagocytosis (39). C3(C3b) was deposited
on the surface of IDH wild-type and mutated glioma cells.
Compared with IDH wild-type gliomas, IDH mutants tend to
have lower complement depositing on the surface of tiny blood
vessels and capillaries. IDHmutant glioblastoma had lower levels
of C3 (C3b) deposition in the necrotic area as compared with
IDH wild-type glioblastoma. 2-HG significantly reduced C3
deposition on cells through a dose-dependent approach,
inhibited C3b (iC3b) complement-mediated phagocytosis and
opsonization, and inhibited the assembling of C5 but not C3
convertases in the classical complement activation pathway.
Complement-mediated cellular damage is inhibited at
numerous phases of the complement activation process (40),
rather than inhibiting complement activity through simple
calcium linkages (41). The alternate complement route is a
separate main complement activation mechanism that
amplifies complement activation triggered by other pathways.
C3b is required with both C3 but also C5 convertases in the
alternate pathway. The assembling of C3/C5 conversion enzymes
in the complement activation alternative route was inhibited by
FIGURE 1 | An IDH1 mutation lowers the expression of CCL-2, CXCL-2, and C5a, which reduces immune cell recruitment and chemotaxis, thus inhibiting the
tumor-associated immune system. IDH mutations cause hypermethylation of the ULBP1 and ULBP3 promoters, as well as a decrease in NKG2DL, which affects
NKG2DL-NKG2D interaction, inhibits NK cell activation, and ultimately escapes immune surveillance by NK cells. 2-HG can activate NF-kB, regulate CX3CL1
expression, and then CX3CL1 recruit NK cells to the tumor location.
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2-HG, while the activity of prebuilt C3/C5 conversion enzymes
in the complement activation alternative route was not
significantly affected. During pre-assembly and assembly, there
was a biochemical and functionality transition that occurs.
Complement activation was inhibited by 2-HG, which reduces
MAC-mediated brain cancer cell damage (40).

2-Hydroxyglutaric Acid Directly Inhibits
T Cell Responses
Tumor-reactive T cells, which are triggered by tumor antigen-
presenting cells like DCs, multiply and release cytotoxin-like
granzymes and create inflammatory cytokines like IFN-g, playing
a crucial role in tumor immune surveillance (42, 43). T cells also
stimulate humoral responses, inducing the production of tumor-
specific antibodies to activate complement on tumor cells,
resulting in the assembly of MAC pores, lysis, identification,
and phagocytosis by giant cells. T-cell factors are a core
component of acquired immunity, and DCs plays a key role in
T-cell activation. In primary IDH1-R132H grade II/III gliomas,
less infiltration of CD8+ T cells in the TME is associated with
long-term survival (11, 44). Extensive infiltration of Treg cells
into tumor tissue is often associated with poor prognosis in
cancer patients, and Treg cell depletion enhances antitumor
immune responses, but may also trigger autoimmunity (45).
Studies demonstrated that 2-HG in IDHmutant grade III and IV
gliomas neither decreased the differentiation of DCs nor the
functionality of differentiated DCs nor interfered with the
processing or presentation of DC antigens. 2-HG did not
inhibit T cell function indirectly through DC differentiation,
rather it directly suppressed CD4+ and CD8+ T cells, activated
Th1 and Th17, and regulated T cell (Treg) proliferation and
Frontiers in Immunology | www.frontiersin.org 4
cytokine generation in malignancies. IFN-g production by
activated T cells was inhibited in a dose-dependent manner,
which inhibited the migration of T cells (40). In addition, 2-HG
reduces antigen-presenting characteristics in macrophages,
suppresses macrophage phenotype, and affects T-cell
proliferation and effector cytokine production (46). 2-HG
generated from tumors with IDH mutations can be taken up
by T cells, the accumulation of intracellular 2-HG leads to
increased apoptosis, decreased proliferation, and decreased
Treg (47). Furthermore, high levels of 2-HG were found in T
cells of IDH mutated AML patients, D-2HG caused HIF-1a
protein instability, which led to a metabolic shift toward
oxidative phosphorylation, an increase in regulatory T cell
(Treg) frequency, and a decrease in Th17 polarization (48). It
was also reported that NFAT transcription and polyamine
synthesis were disturbed after 2-HG uptake, thus decreasing
the ATP/ADP ratio and thereby inhibiting T cell activity and
proliferation (49).

Cytotoxic CD8+ T cells can recognize tumor-associated
antigens in the presence of major histocompatibility complex
(MHC) class I expressing tumors (50–52). Tumor-specific type 1
CD8+ T cells (mainly secreting IFN-g) can effectively enter brain
tumor sites through the type 1 chemokine CXCL10 and
effectively kill tumor cells (53–56). Gary et al. (32) detected a
lower level of type 1-related effector molecules, chemokines, and
CD8+ T cells in IDH mutant gliomas after analyzing the clinical
specimens and TCGA RNA-seq data. Their orthotopic syngeneic
glioma model demonstrated that IDH1 R132H mutation
suppressed the STAT1 protein expression via 2-HG, thus
decreasing the type 1-associated chemokines such as CXCL10
and affecting CD8+ T cell aggregation (13) (Figure 2).
FIGURE 2 | Isocitrate is metabolized to 2-hydroxyglutarate by mutant IDH, and 2-HG reduces C3 deposition on cells in a dose-dependent manner. In addition, it
inhibits C3b (iC3b) opsonization and complement-mediated phagocytosis, and complement activation assembly of C5 convertases in the classical pathway, thereby
inhibiting MAC-mediated tumor cell damage. 2-Hg inhibited the protein expression level of STAT1, thus decreasing chemokines related to type 1 (such as CXCL10),
and affecting the aggregation of CD8+ T cells. in addition, it also directly inhibited the proliferation and cytokine production of CD4+ and CD8+ T cells, activated Th1,
Th17, and Treg in tumors, and inhibited IFN-g production by activating T cells in a dose-dependent manner, thereby inhibiting T cell migration.
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Tumor-Derived Tiny Extracellular Vesicles
and Immune Microenvironment
Tumor-derived tiny extracellular vesicles (TEX) contain a series
of proteins, nucleic acids, and lipids that are similar in origin to
tumors (57). TEX could transmit information from the tumor to
cells near or far away from the tumor (including the bone
marrow and lymphatic system), enabling cell-to-cell
communication (58). To drive tumor growth, TEX can mediate
juxtacrine, paracrine, and endocrine-like signals (59–62). TEX is
an appealing candidate for regulating systemic tumor immune
responses due to its physiologic origins and biodistribution
features. The immunosuppressive effects of TEX are mediated
by their immunosuppressive freight, and the intercellular
distribution of these cargo components triggers pro-
tumorigenic reprogramming of immune cells, which eventually
promotes tumor growth (63–65).

Recent studies have shown that IDH mutant glioma cells
produced more TEX than IDH wild-type glioma cells and were
able to cross the blood-brain barrier to target anatomical sites
(bone marrow, spleen) with abundant immune cells for
phenotypic/functional regulation of circulating immune cells.
Meanwhile, the expression of immune cell-related genes
(ULBP1, ULBP3, RBP1, and CCL2) was decreased in IDH
mutant glioma TEX, which were important regulators of
immunosuppression and shape the immune cell composition
of the systemic and local immune landscape (66).
IMMUNOTHERAPY OF ISOCITRATE
DEHYDROGENASE MUTANT GLIOMA

Neurosurgical resection and adjuvant chemoradiation can
prolong the survival of glioma patients, but recurrence occurs
in most diffuse glioma cases, which largely limits the expected
lifespan of the patients. Most currently available novel biological
therapies have failed to significantly reduce the mortality and
recurrence rate, which urges researchers to develop new
therapeutic methods for glioma patients. Immunotherapies
that target particular immunoregulatory molecules, known as
ICIs and vaccine-mediated immunity, have demonstrated
clinically meaningful effectiveness in a variety of tumor types,
and have emerged as a distinct therapeutic strategy in
cancer biology.

Immune checkpoints are a variety of immunosuppressive
pathways in the immune system which are important for
keeping self-tolerance and controlling the timing and
amplitude of physiological immune responses in peripheral
tissues to reduce collateral tissue injury (67). Tumor cells
stimulate myeloid-derived suppressor cells to upregulate PD-
L1 on the cell surface involvement in T cell immune checkpoints
(68–71). Under normal circumstances, PD-L1 can bind to PD-1
on T cells and inhibit the activation of T cells, thereby avoiding
the occurrence of autoimmune diseases. In tumors, after the
combination of PD-L1 on the tumor cell membrane and PD-1,
killer CD8+ T cells no longer recognize and kill tumor cells,
Frontiers in Immunology | www.frontiersin.org 5
which provides tumor cells with an opportunity to survive and
develop. In gliomas, IDH mutant has been linked to reduced
immunological checkpoint(PD-1, CTLA-4, LAG3, and IDO1)
expression and immunosuppressive cell infiltration (72, 73).
Compared with IDH-Os, IDH-As appear to be more
responsive to checkpoint immunotherapy, one reason for the
relatively poor anti-checkpoint immunotherapy of IDH-Os is its
reduced expression of PD-L1 and other checkpoint molecules,
another reason is higher levels of T cell rejection, promoting T
cell dysfunction and immunotherapy resistance (15, 74, 75).
Berghoff et al. observed that the IDH mutation status was the
main factor affecting PD-L1 expression in diffuse gliomas, 2-
hydroxyglutarate enhanced DNA methylation and suppresses
PD-L1 expression (76–78). Because IDH mutant patients have
lower PD-L1 expression, inhibitors of the PD1/PD-L1
immunological checkpoint are not recommended and other
options should be explored (79). Some scholars have also
proposed that targeted immunotherapy of IDH-mutant
gliomas with decitabine can recover NKG2DLs expression and
NK cell activation in experimental gliomas (32). In lung cancer
and colorectal cancer, decitabine triggers tumor PD-L1
expression by inducing DNA hypomethylation, triggering an
anticancer immune response, and remodeling the tumor
microenvironment to improve the effect of PD-L1
immunotherapy (80, 81). We speculate that decitabine can also
trigger PD-L1 expression in IDH-mutant glioma cells.

IDH is a promising target for immunization from an
immunological standpoint since it is a tumor-specific latent
neoantigen with significant homogeneity and penetration in all
cancerous cells (82, 83). In glioma patients, R132H-mutated
IDH1 is spontaneously processed, and an immunodominant
epitope in the p123-142 region of MHC class II molecules is
presented to CD4+ T cells, inducing spontaneous mutation-
specific TH1 polarization and generation of mutation-specific
antibodies. Schumacher et al. (43) discovered that IDH1R132H
contained immunogenic epitopes suitable for mutation-specific
vaccination, and inoculation of peptide vaccine IDH1 (R132H)
P123-142 in homologous MHC humanized mice induced
specific therapeutic T-helper cell responses and mutation-
specific antibodies (84).

This notion is further supported by the study of Serena et al.
(44), who constructed a mouse intracranial glioma model with
IDH1R132H mutation and treated mIDH1-GL261 with mIDH1
peptide glioma mice. They found that the immune system could
effectively target the R132H mutation and modify TME, increase
the number of peripheral CD8+ T cells, IFN-g production, and
anti-IDH1 mutant antibodies, up-regulated intratumoral IFN-g,
granzyme-b, and perforin-1, and downregulated TGF-b2 and IL-
10, thereby significantly prolonging survival of the mice. NOA-
16 is the first IDH1R132H peptide vaccine in a multicenter stage
I clinical study in humans. According to the latest report from
this trial, more than 90% of patients developed vaccine-induced
IDH1R132H-specific T cell reactions and peripheral T cell
responses (85).

R132H-IDH1 inhibitor (AGI-5198) blocked, in a dose-
dependent manner, the ability of the mutant enzyme (mIDH1)
June 2022 | Volume 13 | Article 914618
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to produce R-2-hydroxyglutarate (R-2HG), delayed growth and
promoted differentiation of glioma cells (86). IDH-C35, a unique
IDH1 inhibitor, can reverse the immunosuppressive effect of
mutant IDH1. In immortalized NHAs and a homogeneous
mouse glioma model, Gary et al. demonstrated that restoration
of STAT1 with IDH-C35 reversed the reduction in CXCL10 and
T cell accumulation, when combined with the vaccine, it could
enhance anti-tumor immune function and the performance of
peptide vaccines and improve asymptomatic survival of IDH-
mutant glioma patients (13, 78). In addition, IDH-C35 can also
reduce the level of PD-L1 DNA methylation, increase the
expression of PD-L1 on mIDH1 glioma cells in vivo, reshape
the tumor microenvironment, and improve the effect of PD-L1
immunotherapy (87). Therefore, IDH inhibitors should be used
in conjunction with immunotherapy. Moreover, granulocyte
colony-stimulating factor (G-CSF) released by mutIDH1
glioma stem-like cells promoted myeloid cell reprogramming,
which improved the efficiency of immune-stimulatory gene
therapy (88) (Figure 3).
CONCLUSION

IDH1 is a reliable diagnostic and prognostic marker for
identifying low-grade gliomas and distinguishing between
secondary and primary GBM (89). IDH-mutant gliomas evade
immune cell surveillance by reducing the immune-related
Frontiers in Immunology | www.frontiersin.org 6
cellular content and function of effector immune cells,
downregulating NKG2D ligand expression, and overproducing
2-HG to inhibit complement pathways and T cell responses to
interfere with immune surveillance and affect TME. The immune
evasion ability of tumors provides an opportunity to harness
immunotherapies against cancer cells.

Immunotherapies, particularly immune checkpoint inhibitors,
have seen dramatic responses in various tumor types.
Nevertheless, existing immunotherapies do not work on all
malignancies, and even when they do, the results aren’t
necessarily long-lasting. IDH-mutant gliomas have a unique
immune microenvironment, 2-hydroxyglutarate is an oncogenic
metabolite produced by mutant IDH with neurotoxic effects.
Controlling 2-HG production and its effects may hold great
promise for glioma therapy. Currently, the therapeutic efficacy
of mutation-specific IDH inhibitors may partly depend on
restoring the immune response in solid tumors by removing 2-
HG. The combination of checkpoint blockade, decitabine, and
IDH1R132H-specific vaccine may be more effective. Growing
evidence certainly suggests that IDH mutations may play a
broad role in glioma-associated immunosuppression. However,
our understanding of the molecular mechanisms responsible for
this unique immune microenvironment remains limited. For
example, Why IDH-Os and IDH-As have different immune cell
infiltration and PD-L1 expression? Does the localization of IDH1
in different places (cytoplasmic and peroxisome) affect immune
cell infiltration and WHO grade? The research on IDH-mutant
FIGURE 3 | Administration of peptide vaccine IDH1 (R132H) induced specific therapeutic T-helper cell responses and mutation-specific antibodies. After mIDH1
peptide injection, the immune system can effectively target R132H mutation and modify the tumor microenvironment by increasing the number of peripheral CD8+ T
cells, IFN-g production and anti-IDH1 mutant antibodies, up-regulating intratumoral IFN- g, granzyme-b, and perforin-1, and downregulating TGF-b2 and IL-10,
thereby significantly prolonging survival of the mice. IDH-C35 reduces ULBP1, ULBP3, and PD-L1 DNA methylation levels and restores STAT1 to reverse CXCL10
and T cell accumulation.
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gliomas and the immunosuppressive mechanisms in the glioma
microenvironment will help develop immunotherapy drugs and
design new immunotherapies to target potential glioma
therapeutic targets and kill tumor cells more efficiently.
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