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High-grade gliomas are malignant brain tumors, and patient outcomes remain dismal despite the emergence of

immunotherapies aimed at promoting tumor elimination by the immune system. A robust antitumor immune

response requires the presentation of tumor antigens by dendritic cells (DC) to prime cytolytic T cells. 
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1. Introduction

High-grade gliomas (HGG) refer to a set of highly aggressive and lethal brain tumors that arise from glial cells.

HGG are the most frequent primary CNS malignancy and include astrocytoma, oligodendroglioma, and

glioblastoma (GBM), as classified by the updated World Health Organization guidelines . The current standard of

care leaves patients with a median survival time of only fifteen months and a five-year survival rate of merely 6.8%,

indicative of an urgent clinical need for improved treatment regimens . The standard treatment regimen

consists of temozolomide chemotherapy, radiotherapy, and tumor resection . Although this combination can

acutely limit tumor progression, HGG are diffuse throughout the brain and inevitably recur as a result of malignant

cells that remain in small numbers . Standard treatment for HGG has not changed in nearly two decades,

despite advances in researchers' understanding of cancers, neuroimmunology, and therapeutic options.

Immunotherapies are one of the promising options available, given that they can leverage the patient’s immune

system to recognize and eliminate HGG cells. Although the diffuse sections of HGG are challenging to isolate for

treatment with radiotherapy or resection, immune cells have the potential to target them more specifically. Effective

immunotherapies can also induce long-term immune memory, which may prevent or slow the recurrence that

currently plagues HGG patients. Despite success in treating other types of cancer, clinical trials using inhibitor

checkpoint blockade (ICB), vaccination strategies, and CAR T cells have yet to show substantial benefit in HGG

patients. However, relatively little is known about the immunological landscape of HGG, which constrains

researchers' ability to make advances with immunotherapy for these diseases compared to other more commonly

and deeply studied extracranial tumors.

Fortunately, the field of neuroimmunology is quickly growing, and advancements in basic research will be critical for

the identification and optimization of impactful immunotherapeutic regimens. This is especially important

considering patients whose tumors fail to respond to immunotherapies and the potentially toxic side effects that

accompany their delivery. Antigen presentating cells (APC), specifically dendritic cells (DC), are of particular
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interest due to their role in initiating and sustaining the T cell responses that are required for substantive and

durable tumor control. 

2. Dendritic Cells Function in Antitumor Responses

The innate and adaptive arms of immunity must function cohesively to coordinate a robust immune response. For

this reason, DC are critical mediators of immunity. In the fifty years since DC were first described by Ralph

Steinman, many DC subsets have been observed to infiltrate a wide variety of tumors, albeit in relatively low

proportions . Although the definitions of these DC subsets vary with time and the method used for identification,

apart from plasmacytoid DC (pDC) they generally share the ability to induce adaptive immune responses from

naïve T cell precursor populations. Conventional DC (cDC) accomplish this by providing essential context beyond

TCR engagement, largely through a combination of costimulatory molecule expression and cytokine secretion. 

DC are classic professional antigen presenting cells (pAPC) that are either poised in the tissue to phagocytose

antigens and migrate to draining lymph nodes or are resident in the lymph nodes where they capture cell-free

antigens from lymphatic drainage. DC process acquired antigens for presentation on MHC class I molecules for

presentation to CD8  T cells, and MHC class II molecules for presentation to CD4  T cells. In addition to this

fundamental role in stimulating MHC-peptide specific T cells, when appropriately activated, DC provide critical

costimulatory signals that are necessary to promote T cell cycling and expansion, rather than the induction of

anergic unresponsiveness.

A heterogeneous population, DC are further defined into four subsets, each with unique characteristics. cDC1

(defined by XCR1 and DNGR-1 expression) are essential for many antitumor immune responses due to their ability

to cross-present tumor antigen to cytotoxic CD8  T cells and to secrete significant amounts of IL-12. Cross-

presentation serves as a critical link for priming CD8  T cells, as most cells that express the MHC class I-ligand

that is recognized by CD8  T cells do not express the critical costimulatory molecules necessary for robust CD8  T

cell activation and expansion. This makes the role of cDC1 especially relevant to antitumor responses since they

can uniquely redirect exogenous, phagocytosis-acquired antigens to this pathway for presentation to CD8  T cells

. cDC1 also contribute to the antitumor response through antigen presentation to CD4  T cells, resulting in the

induction of CD40L on T cells, which leads to cDC1 licensing and a subsequently enhanced CD8  T cell response

. Moreover, cDC1 are the primary producers of IL-12, a cytokine secreted during antigen presentation that

induces Tbet, a transcription factor that empowers effector differentiation in CD8  T cells and polarizes CD4  T

cells toward a Th1 phenotype with enhanced IFN-γ production and proliferative capacity .

A second subset, cDC2 (commonly, though not perfectly, defined by CD11b and SIRPα expression), also

contribute to the antitumor response, primarily through antigen presentation to CD4  T cells via MHCII . Unlike

cDC1, the precise role of cDC2 in anti-tumor T cell responses has been more challenging to define, since deletion

of single genes involved in cDC2 differentiation does not thoroughly ablate cDC2 in mouse models .

Differentiated from infiltrating monocytes under inflammatory conditions, monocyte-derived DC (moDC) appear to

overlap with cDC in function yet do not have the same cross-presentation capacity as cDC1 . pDC represent a
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fourth subset of DC that uniquely differentiate from lymphoid rather than myeloid precursors . Generally

dispensable for antigen presentation and T cell priming, pDC are better known for secreting large quantities of

Type-1 IFN upon TLR stimulation, which can support cDC-mediated initiation of primary T cell responses. However,

tumor infiltrating pDC do not exhibit this function, likely a result of the immunosuppressive factors in the TME .

Instead, tumor-infiltrating pDC can recruit Tregs, a highly immunosuppressive subset of CD4  T cells . Overall,

DC represent a heterogeneous population of cells with both immunogenic and tolerizing potential within the TME

and make logical immunotherapeutic targets due to their ability to promote antitumor immunity, as described in

more detail below.

In addition to the subtypes of DC, the character of their interaction with T cells can determine the type of immune

response that ensues. DC can be immunogenic or tolerogenic depending on the milieu of their environment and

maturation status. Upon priming in the presence of IL-12, which is largely expressed by DC, activated naive T cells

differentiate into Th1 cells that produce IFN-γ, a cytokine critical for imposing an inflammatory cytokine signaling

loop . In the absence of stimulation via PRRs or cytokines such as Type 1 IFN, DC may still phagocytose and

present antigens to T cells; however, these DC do not upregulate expression of MHC or costimulatory molecules.

This can lead to T cell anergy and tolerization to the antigen presented . Immature DC are also more likely to

be tolerogenic, likely due to underdeveloped antigen processing pathways or low level of MHC and costimulatory

molecules after antigen uptake; however, mature DC can also be tolerogenic depending on the stimulus .

Within the context of tumors, it is established that DC tend to have reduced antigen presentation capacity and an

immature phenotype . The HGG TME is characteristically immunosuppressive, with high levels of TGF-B,

VEGF, prostaglandins, and IL-10—all factors that can inhibit DC activity as illustrated in Figure 1 
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Figure 1. Diagram of the HGG-associated factors that can lead to tumor elimination or progression through DC

polarization. Pictured in the top left corner is a diagram of HGG antigen drainage through meningeal lymphatic

vessels to draining cervical lymph nodes mediated by DC. Suboptimal tumor antigen drainage prevents T cell

priming and clonal expansion in the cervical lymph nodes. The highly immunosuppressive HGG TME pictured at

the bottom left prevents DC from expressing the costimulatory molecules necessary for immunogenic T cell

priming. Cytokines and immunosuppressive cells within the TME result in DC with a tolerogenic character that

ultimately prime anergic T cells and Tregs, contributing to tumor progression. Figure created with Biorender.
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