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Abstract

Introduction: Glioblastoma (GBM) is an extremely aggressive brain tumor that poses significant challenges to clinical
oncology. Previous research has discovered that intercellular adhesion molecule-1 (ICAM-1) is expressed in immune cells
and is one of the most common molecules in the tumor microenvironment. However, the entire scope of ICAM-1 functions
on immune cells in glioblastoma is still under investigation. This literature review aims to synthesize existing knowledge
about the role of ICAM-1 on immune cells in GBM progression.

Methods: This review summarizes research from 1980-2024 using PubMed, OVID Medline, Web of Science, and Google
Scholar. The following keywords were used to identify the articles focusing on the role of ICAM-1 on immune cells in
glioblastoma: “glioblastoma”, “ICAM-1", “CD54”, “macrophages”, “lymphocytes”, “dendritic cells”, and “natural killer
cells”. Studies that primarily focus on ICAM-1 expression and function within the tumor microenvironment were selected.
Results: Immune cell expression of ICAM-1 in the GBM microenvironment may exhibit both pro- and anti-tumor effects. In
tumor-associated macrophages, ICAM-1 upregulation regulates polarization and immunosuppression. In dendritic cells,
decreased ICAM-1 expression may hinder anti-tumor responses by limiting T cell activation. The role of ICAM-1 in tumor-
infiltrating lymphocytes remains unclear. In neutrophils, ICAM-1 upregulation may promote immune suppression by
reducing T-cell activity. The decreased ICAM-1 levels on NK cells in GBM may lead to NK cell exhaustion.

Discussion: The radio-chemotherapy has differential effects on ICAM-1 functions and, to some extent, affects the
interpretation of findings. In turn, the alteration of ICAM-1 expression also influences the effectiveness of GBM radio-
chemotherapy and the composition of the tumor microenvironment. The corticosteroid administration and tumor types are
also factors affecting immune cell activity and composition.

Conclusion: This review inspires innovative therapeutic strategies to improve treatment outcomes and patient prognosis for
glioblastoma, as well as provides potential directions for future research on ICAM-1 for glioblastoma.

Keywords: glioblastoma, ICAM-1, immune cells, macrophages, microglia, tumor-infiltrating lymphocytes, dendritic cells,
neutrophils, natural killer cells

Introduction microenvironment (TME) plays a significant role in immune

Glioblastoma (GBM) is a highly aggressive malignant
brain tumor, accounting for approximately 16% of primary
malignant brain tumors [1-3]. The median progression-free
survival of patients is only 7 months, and the median
overall survival is 14 months, with a five-year survival rate
of less than 5% [3-5]. The current standard care for GBM
is the surgical removal of tumor sites as safely and
extensively as possible, followed by radiotherapy and
chemotherapy [3]. Nevertheless, it fails to prevent the
postoperative recurrence of GBM [6]. Therefore, it is
essential to comprehensively understand the factors
influencing treatment and their mechanisms to develop
targeted therapeutic approaches for GBM.

There are various challenges in GBM treatment.
Increasing research evidence suggests that the tumor
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evasion, and tumor progression [7]. TME refers to the
dynamic ecosystem surrounding the tumor that constantly
interacts with tumor cells, including immune cells, non-
immune cells, extracellular matrix, signaling molecules, etc.
[8]. The GBM TME is highly immunosuppressive, with
immune cells being a crucial contributor to immune
suppression. The immune cells of TME are composed of
tumor-associated microglia/macrophages (TAMS), tumor-
infiltrating lymphocytes (TILs), natural killer (NK) cells,
neutrophils, and dendritic cells (DCs) [8]. TAMs constitute
the majority of immune cell components in GBM TME,
accounting for approximately 30% [9]. TILs are less abundant
in GBM, and the proportion of anti-tumor CD8+ T cells is
lower and exhibits an exhausted phenotype [10]. NK cells
recognize and kill tumors by cytotoxicity, but their activity is
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largely suppressed in GBM [8]. Neutrophils are associated
with tumor progression and treatment resistance [11,12].
Finally, the role of DCs in GBM remains unclear, but they are
thought to mediate T cell activation through antigen
presentation, possibly in the brain or draining cervical lymph
nodes [13].

One of the most common molecules participating in cell
adhesion expressed in the TME is intercellular adhesion
molecule-1 (ICAM-1, also called CD54) [14]. ICAM-1 is a
transmembrane  glycoprotein  that belongs to the
immunoglobulin superfamily [14]. ICAM-1 is typically
expressed at low concentrations in epithelial cells,
endothelial cells, and immune cells at baseline, with
upregulation by pro-inflammatory cytokines [14]. The
binding of endothelial ICAM-1 and its ligands lymphocyte
function-associated antigen-1 (LFA-1) and macrophage-1
antigen (Mac-1) on leukocytes triggers transendothelial
migration, promoting the recruitment of immune cells [14].
In addition, ICAM-1 regulates the effector functions of
immune cells by involving the formation of immunological
synapses to assist T cell activation and acting as a signaling
molecule to regulate macrophage phagocytosis and NK cell
cytotoxicity [15-17]. In the GBM microenvironment, ICAM-
1 has a dual role. For instance, GBM cells express ICAM-1
to recruit tumor-associated macrophages to produce
cytokines that enrich the tumor microenvironment and
accelerate tumor invasion [18]. ICAM-1 expressed by
vascular endothelial cells in TME increases the infiltration of
effector lymphocytes, yet angiogenesis factors downregulate
its expression in GBM [19]. However, as it stands today,
there is very limited research that explores how ICAM-1 in

immune cells participates in the progression of GBM despite
its expression and functionality in immune cells. Therefore,
this review will focus on the potential role of ICAM-1
expressed in immune cells in glioblastoma and how it might
influence tumor progression.

Methods

PubMed, OVID Medline, Web of Science, and Google
Scholar were the four databases used to conduct this literature
review. PubMed and OVID Medline cover peer-reviewed
journals in biomedicine and life sciences. Web of Science and
Google Scholar serve as interdisciplinary databases to ensure
the inclusion of literature that was not retrieved by the first
two. The search strategy for the literature review included
combinations of keywords and synonyms with Boolean
operators such as “glioblastoma,” “ICAM-1,” “CD54,”
“macrophages,” “lymphocytes,” “dendritic cells,” and
“natural killer cells.” The inclusion criteria were peer-
reviewed publications written in English and dated between
1980 and 2024 to secure quality and coverage. 64 results were
found. The exclusion criteria were publication in conference
abstracts, research protocol, comment articles, etc., which did
not provide experimental data. In addition, by carefully
reading the abstracts and main text, publications that did not
primarily focus on the expression of ICAM-1 on immune
cells in the context of GBM were also excluded to ensure
relevance. Additional relevant sources were identified by
reviewing the bibliography. The literature review ultimately
included six articles. Table 1. shows a summary of search
results.

Table 1. Summary of the articles focusing on ICAM-1expression on immune cells in glioblastoma

Study Immune cell type Type of study Role of ICAM-1
Bunonfiglioli et Microglial cells In vivo and in ® |et-7 helps to activate anti-tumor lymphocytes by
al. [20] vitro increasing antigen-presenting molecules, including
ICAM-1.
® In GBM, let-7 was downregulated, as was the
expression of ICAM-1 and the antigen-presenting
ability of microglia.
Ogden et al. [21] Monocytes and In vitro ® ICAM-1 participated in antigen presentation and
monocyte-derived assisted T cell activation.
dendritic cells ® Circulating monocytes in GBM patients expressed
decreased ICAM-1 levels and were less able to
differentiate into mature DCs.
Cheng et al. [22] Dendritic cells In vitro and in ® ICAM-1 participates in antigen presentation and
Vivo assists T cell activation.
® Decreased ICAM-1 levels would lead to immune-
tolerant DCs to inhibit T cell activation.
Wang et al. [23] Dendritic cells In vitro and in Increased expression of ICAM-1 on DC nanovaccines
Vivo enhances the migration of DCs to draining lymph nodes.
Kuppner et al. Tumor-infiltrating In vitro No ICAM-1 expression was found on TILs.
[25] lymphocytes
Roussel et al. [26] | Tumor-infiltrating In vitro ICAM-1 expression might relate to Th2 differentiation.
lymphocytes
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Results
Tumor-Associated Macrophages/Microglia

TAMSs comprise monocyte-derived macrophages and
central nervous system-resident microglia originating from
the yolk sac [9]. The literature search reveals limited studies
on TAM ICAM-1 in the context of GBM, among which
there is only one study related to microglia expressing
ICAM-1. In this study, Bunofilioli et al. cultured microglial
cells from wildtype and Toll-like receptor 7 knockout mice
with lethal-7 (let-7) microRNAs (miRNAs), which was
abundant in normal brains but downregulated in GBM [20].
Subsequently, they used fluorescence-activated cell sorting
to analyze the expression of major histocompatibility
complex (MHC) I, MHCII, and ICAM-1 [20]. The
expression of ICAM-1 was upregulated by let-7 miRNAs
with reduced tumor size [20]. ICAM-1 was considered to aid
in antigen presentation to lymphocytes in the facial nerve
transection model [26]. Therefore, ICAM-1 may activate T
and NK cells to promote anti-tumor responses.

For macrophages in GBM TME, no literature was
found on the role of macrophage ICAM-1 expression in
GBM. However, in other cancer and disease models, the
expression of ICAM-1 has been shown to regulate the
polarization of macrophages. There are two macrophage
polarization states, including classical M1 phenotype and
alternative M2 phenotype [9]. The former promotes host
defense and tumor rejection, whereas the latter displays an
anti-inflammatory phenotype favoring immune suppression
and tumor progression [9]. Gu et al. discovered that SIRNA
transfection downregulated the expression of ICAM-1 in
mouse macrophage line RAW264.7, which indicated a shift
towards M1 polarization [15]. The pathways related to such
an alteration included the regulation of miR-124 by ICAM-
1 and the direct regulation of MCP-1 by miR-124 [15].
They also found that miR-124 was most abundant in the
brain tissues of ICAM-1 wildtype mice [15]. Some
evidence suggests that the downregulation of miR-124 in
GBM promotes tumor invasion, whereas miR-124
upregulation inhibits tumor cell proliferation [27,28]. In this
case, the expression of ICAM-1 on macrophages is
involved in regulating miR-124, which affects macrophage
polarization and GBM invasion. On the contrary, in the
study by Yang et al., the absence of ICAM-1 in mice with
colorectal cancer led to increased efferocytosis in
macrophages, which induced M2 polarization and increased
macrophage infiltration, as well as the secretion of
cytokines such as interleukin 13 (IL-13), IL-10, and
transforming growth factor-beta (TGF-B), promoting
metastasis [29]. Therefore, ICAM-1 appears to regulate
macrophage polarization through distinct mechanisms.

Dendritic Cells

DCs are antigen-presenting cells crucial for activating
T cells and anti-tumor responses within the GBM
microenvironment. DCs in TME capture exposed tumor
antigens, migrate to draining lymph nodes, and present
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processed antigenic peptides via the MHCI and Il
molecules [30]. With the assistance of co-stimulatory and
accessory molecules, naive T cells recognizing the peptide-
MHC complexes are activated and differentiated into
cytotoxic T lymphocytes (CTLs) and helper T (Th) cells,
which elicits anti-tumor responses and trigger tumor cell
lysis [30].

In other disease models, ICAM-1 promotes T cell
priming, migration, survival, and effector memory by
binding to LFA-1 on T cells and is critical for the formation
of the immunological synapse [31-33]. The search results
uncovered three articles related to DC ICAM-1 expression
and its contribution to the effector function of DCs as well
as the efficacy of DC vaccines in GBM background. Ogden
et al. measured the proportion of circulating immune cells
in GBM, brain metastasis, and healthy controls, then
characterized the expression of surface molecules on
peripheral monocytes and monocyte-derived dendritic cells
using antibodies [21]. The researchers found a significantly
increased percentage of circulating monocytes in GBM
patients, characterized by decreased expression of antigen-
presenting molecules, including ICAM-1, and DC
differentiation molecules [21]. These separated peripheral
monocytes displayed a lower ability to differentiate into
mature DCs [21]. There was a reduction of antigen-
presenting molecules, including ICAM-1, on immature
DCs, which might lead to decreased functional DCs and
dampened T cell activation and proliferation [21].
Therefore, in GBM, the reduction in ICAM-1 expression
may be associated with weakened DC effector functions. In
the study of Cheng et al., they co-cultured DCs isolated
from the bone marrow of transgenic EGFP-BALB/c nude
mice with RFP-expressing human glioma stem cell (GSC)
line in vitro using dual fluorescence tracking [22]. After co-
culturing with GSCs, DCs exhibited a malignant phenotype
that promoted tumor growth, indicating the reprogramming
of DCs by GSCs [22]. These DCs expressed lower levels of
ICAM-1 and other co-stimulatory molecules [22], which
decreased the functions of DCs and led to an immune-
tolerant phenotype [22]. Immune-tolerant DCs may lead to
the induction of anergy T cells and differentiation of Tregs,
promoting immunosuppression [34]. The immune-tolerant
DCs may indicate that in GBM, ICAM-1 on DCs would
facilitate antigen presentation and T cell activation, while
reduced ICAM-1 on DCs is likely to be a mechanism of
GSC reprogramming to enhance immunosuppressive TME
and inhibit T cell-mediated anti-tumor responses.

Additionally, in a recent study, Wang et al. developed a
novel DC-based nanovaccine [23]. They used Cu2-xSe
nanoparticles to trigger apoptosis of tumor cells and the
exposure of tumor-associated antigens (TAAs) [23]. The
TAA-loaded nanoparticles induced the expression of ICAM-
1 and other surface molecules on mature DCs [23]. The
prepared nanovaccine combined TAA-loaded nanoparticles
with the mature DC membranes [23]. The Dil-traced
nanovaccines improved homing ability and accumulated in
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the lymph nodes of mice bearing the GL261 glioma cell
line, which promoted tumor rejection and delayed the
progression of GBM [23]. The above evidence shows that
elevating ICAM-1 molecules on the DC surface promotes
DC abilities in antigen presentation and homing to lymph
nodes, which better activates anti-tumor T cells and
effectively improves the efficacy of DC vaccines. Therefore,
increasing DC ICAM-1 expression during the generation of
DC vaccines is likely to be helpful for GBM treatment.

Tumor-Infiltrating Lymphocytes

TILs are an immune cell population less abundant in
GBM than other immune cell types [35]. The activation and
differentiation of CD4+ T and CD8+ T cells mediate anti-
tumor responses and are associated with improved
prognosis [19]. In other cancers, enhanced expression of
ICAM-1 promoted the cytotoxicity of T cells and tumor
lysis. In thyroid cancer, CD4+ lymphocytes after OK-
432/fibrinogen treatment showed high expression of
ICAM-1 and high cytotoxicity, while anti-ICAM-1
antibodies suppressed interferon gamma (IFN-y) secretion
and inhibited tumor cell lysis mediated by T cells [36].
Besides, in mice bearing with tumor cells from colorectal
carcinoma or melanoma, ICAM-1 on CD8+ T cells
facilitated CD8+ T cells activation, proliferation, and
effector functions, which boosted systematic anti-tumor
reactions during radiotherapy [37]. These pieces of
evidence demonstrated that the expression of ICAM-10on T
lymphocytes could induce cytotoxicity and tumor lysis.
However, whether ICAM-1 plays the same role in GBM
remains unknown, and the search results showed
inconsistent results. Kuppner et al. collected brain tissue
samples from patients with GBM, healthy individuals, and
patients with brain metastasis [24]. The monoclonal
antibodies followed by immunoperoxidase staining were
used to characterize the expression of surface molecules on
TILs. The results did not find significant changes in ICAM-
1 expression on TILs [24]. In another research by Roussel
et al., TILs extracted from the tumor tissues of GBM
patients without receiving chemo- or radiotherapy were
analyzed by monoclonal antibodies and flow cytometry
[25]. The results suggested elevated levels of ICAM-1 on
TILs in GBM tumor tissue were associated with increased
IL-4 and granulocyte-macrophage colony-stimulating factor
(GM-CSF) production and may skew the differentiation of
the TIL population to anti-tumor phenotype [25].

Neutrophils
As a part of innate immunity, neutrophils capture

and kill invading pathogens via phagocytosis, degranulation,
and secretion of neutrophil extracellular traps consisting of
DNA and serine proteases [11]. Although only a small
proportion of neutrophils infiltrated into the tumor tissue of
GBM, it indeed plays an important role [11]. However, the
search results reveal that the role of neutrophils expressing
ICAM-1 in the context of GBM is a blank area. Other disease
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models suggest that the expression of ICAM-1 on neutrophils
may be related to suppressed T cell activity. In human gastric
cancer, the upregulation of ICAM-1 in tumor-associated
neutrophils was associated with activation of GM-CSF-
mediated Janus kinase (JAK)-signal transducer and activator
of transcription protein 3 (STAT3) signaling pathway
transduction [38]. In GBM, GM-CSF synthesized in the brain
decreased lymphocyte proportion but increased neutrophil
proportion [39]. Therefore, neutrophil ICAM-1 may inhibit
the infiltration of T lymphocytes via GM-CSF mediated
JAK-STAT3 pathway activation. Additionally, in a mouse
endotoxemia model, upregulation of ICAM-1 on neutrophils
enhanced phagocytosis through increased interaction with
ICAM-1-fibrinogen and activation of the tyrosine-protein
kinase signaling pathway [40], which might help clear
apoptotic tumor cells and promote tumor development [41].
Furthermore, the upregulation of ICAM-1 increases reactive
oxygen species (ROS) production [40]. ROS is believed to
decrease T cell NF-kB activation, downregulate surface T
cell receptor/CD3(, and inhibit T cell proliferation, leading to
T cell exhaustion in GBM, thus contributing to an immune-
suppressive tumor environment [42]. Therefore, in GBM,
ICAM-1 expression on neutrophils may reduce tumor
antigen exposure and facilitate tumor progression by
promoting the clearance of apoptotic tumors; it may also
increase ROS production, thereby reducing the activity of
anti-tumor T cells and favoring immunosuppressive
microenvironment.

Natural Killer cells

NK cells are important cytotoxic lymphocytes in the
innate immune system. They kill virus-infected cells and
tumor cells by releasing perforin and inducing cell apoptosis
through death receptor signaling. They also promote
inflammation and anti-tumor responses by releasing the pro-
inflammatory cytokine IFN-y [8]. The interaction between
ICAM-1 and its receptors LFA-1 and Mac-1 is considered as
co-stimulatory signals driving NK cell cytotoxicity to tumor
cells in other disease models [17]; thus, NK cell ICAM-1
may mediate the cytotoxicity of NK cells in GBM. Research
done by Schierlon et al. demonstrated that under
inflammatory conditions, IL-2 stimulation led to upregulation
of ICAM-1 expression on NK cell surfaces, and NK cells
with high ICAM-1 expression were the primary producers of
IFN-y [43]. Additionally, ICAM-1 expression on NK cells
serves as a co-stimulatory molecule mediating T cell
activation and expression of Thl gene profiles [43]. In the
immunosuppressive microenvironment of GBM, NK cells
produce lower levels of IFN-y and display exhausted
functions, which may be related to the downregulation of NK
cell ICAM-1 [44].

Discussion

The role of ICAM-1 on immune cells in GBM remains
unexplained. The present review suggests that ICAM-1 on
immune cells may be a double-edged sword. The
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dysregulation of ICAM-1 expression would be a potential
mechanism underlying the immunosuppression and
allowance of progression in GBM. On the one hand, the
dysregulation of ICAM-1 on TAMs is associated with
TAM polarization and efferocytosis. M2 polarized TAMs
are the primary immunosuppressive immune cells in GBM,;
they secrete anti-inflammatory cytokines, such as IL-10 and
TGF-B from M2 TAMs, exhaust CTL functions, and favor
differentiation of Tregs to enhance the immunosuppressive
nature of the GBM microenvironment, thus allowing for
immune evasion [45]. Other M2 TAM secretory molecules
can maintain GSC proliferation, support angiogenesis,
increase invasiveness, and facilitate the epithelial-
mesenchymal transition of tumor cells, all contributing to
GBM progression [45]. Moreover, the ICAM-1 expression
on neutrophils might promote immune evasion by reducing
antigen-presenting ability and inducing the production of
ROS to inhibit T cell-mediated antitumor responses. On the
other hand, microglial ICAM-1 may activate T
lymphocytes and NK cells to promote antitumor responses,
and GBM perhaps hampers antigen presentation by
decreasing ICAM-1 on microglial cells. The reduction of
ICAM-1 on DC by GBM reprogramming might decrease
the antigen presentation, affect migration to lymph nodes,
and induce immune-tolerant DCs to inhibit CTL activation
and skew to Treg differentiation, thereby promoting
immune evasion of GBM and allowing tumor growth.
Furthermore, the downregulation of ICAM-1 on NK cells
may be associated with depleted cytotoxicity, which is
likely also a mechanism of immune evasion in GBM.

In the two studies on the ICAM-1 expression on TILs,
there was inconsistency in the results. One showed no
presence of ICAM-1 on TILs [24], while the other
demonstrated a subset of TILs expressing ICAM-1 [25]. A
possible explanation is the methodology difference.
Kuppner et al. used immunohistochemistry to visualize the
expression of surface molecules [24], but Roussel et al.
applied flow cytometry for immunophenotyping [25].
Compared to the former approach, flow cytometry has
higher sensitivity in detecting low-expressing surface
molecules, thus it would be advantageous to detect the
presence of ICAM-1 on immune cell membranes [46].
Additionally, compared to other cancer models, the results
from Roussel et al. suggest that TILs in GBM exhibit a
phenotype with lower antitumor efficiency [25]. One
possible explanation is the difference in whether radio- and
chemotherapy are administered. Furthermore, Lecoultre et
al. demonstrated that radiotherapy-temozolomide treatment
increased macrophage phagocytic activity and efferocytosis
in GBM, which might promote pro-tumor reactions [47].
The effects of radio- and chemotherapy on immune cells
seem consistent with ICAM-1, and the study by
Kesanakurti et al. highlights the effects of ICAM-1
expression induction by radiotherapy [48]. These pieces of
evidence suggest that ICAM-1 on immune cells might
influence the effectiveness of radio-chemotherapy, and
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selectively targeting the expression of ICAM-1 could
synergize the standard treatment of GBM.

In Ogden et al.‘s study on monocyte-derived dendritic
cells, corticosteroids influenced immune cells [22]. During
perioperation and treatment, corticosteroids are a kind of
drug commonly used to relieve cerebral edema and
unpleasant symptoms induced by radio-chemotherapy, such
as nausea and headache [49]. However, much literature
suggests that chronic administration of corticosteroids is
associated with shortened survival and poorer prognosis in
patients with GBM [49-51]. This reveals that we should
carefully monitor corticosteroid administration during
GBM treatment. In addition, corticosteroids induce
downregulation of endothelial ICAM-1 while enhancing the
endothelial barrier, and this may be the mechanism of
decreasing lymphocyte infiltration and dampening
inflammation [52]. However, in GBM, the decreased
lymphocyte infiltration, especially CD8+ T lymphocytes, is
not helpful for tumor rejection. ICAM-1 on immune cells is
essential for shifting between immunosuppression and
immune activation, involving antigen-presenting, T cell
activation, TAM polarization, etc. Although the existing
evidence is not sufficient to prove that downregulation of
ICAM-1 by corticosteroids aggravates immunosuppression
in GBM, the potential adverse effects of steroids suggest
that the dose of steroids applied should be carefully
considered and the immune status should be closely
monitored in the treatment of GBM patients. At the same
time, specifically targeting immune cell ICAM-1 to
enhance the anti-tumor function and inhibit pro-tumor
response may be more effective in assisting GBM therapy
and improving prognosis, but this needs to be further tested
through experiments.

In addition, the impact of ICAM-1 in the regulation of
macrophage polarization may vary across different
microenvironments, which could activate different pathways
and have varying effects on the functions of immune cells,
leading to differences in outcomes in various disease models
[15,24]. For example, lipopolysaccharides and pro-
inflammatory cytokines such as IL-1p, tumor necrosis factor-
alpha, and IFN-y induce ICAM-1 expression, potentially
promoting M1 polarization in endotoxemia [9,14].
Conversely, secretion of growth factors like vascular
endothelial growth factor upregulates ICAM-1 expression
but may contribute to M2 polarization [53,54]. GBM models
with ICAM-1 deficiency, specifically in TAMs, neutrophils,
and NK cells, are still lacking. The existing evidence is based
on other cancer models involving colorectal cancer
(macrophages), thyroid cancer (CD4+ T lymphocytes),
melanoma (CD8+ T lymphocytes), and gastric cancer
(neutrophils). Although the types of infiltrating immune cells
in other cancers are similar, their proportions are entirely
different. For example, Tregs and TAMs are the most
abundant infiltrating immune cells in digestive tract tumors
[55]. Melanoma and its brain metastasis exhibit abundant
infiltration of T cells and neutrophils and relatively less
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macrophage infiltration, making melanoma have a better
response to immunotherapy than other cancers. In contrast, in
GBM, macrophages and microglia account for the highest
proportion of immune cells in GBM TME, and they are
responsible for poor immunotherapy efficacy and strong drug
resistance to immune checkpoint inhibitors and CAR-T
therapy [56]. The differences also suggest that inhibiting M2-
polarized TAM functions, increasing CTL and NK cell
infiltration, and reducing neutrophil infiltration may be a
more  appropriate  strategy  conducive to GBM
immunotherapy. Additionally, compared with peripheral
tumors, the blood-brain barrier (BBB) is a major obstacle in
the treatment and drug delivery of brain diseases. Although
the BBB is partially destroyed in GBM, it maintains integrity
in most areas [57]. Therefore, the BBB is a factor that needs
to be considered when designing drugs for GBM therapy.

Furthermore, the present literature review has some
limitations. Firstly, in the six retrieved articles, the types of
immune cells investigated skew to dendritic cells and
lymphocytes, while there is a lack of exploration of other
immune cell types. In addition, some studies need more
functional experiments and more direct and robust evidence
to demonstrate the significant role of immune cell ICAM-1
in GBM, which, to some extent, limits the interpretation of
the results. Furthermore, the administration of radio-
chemotherapy and heterogeneity of the microenvironment
may also partially restrict the generalization of findings
from other disease models to GBM. Therefore, it is
necessary to experimentally validate the role of immune
cell ICAM-1 in the context of GBM.

Nevertheless, the current literature review integrates the
existing relevant studies to discuss the effects of ICAM-1
expressed on various immune cells in the context of GBM,
contributing to a deeper and more comprehensive
understanding of the GBM immune microenvironment.
ICAM-1 may be a biomarker of GBM immune status. The
differences between GBM and other cancers suggest that
developing more targeted treatment strategies for GBM may
help amplify treatment effects and extend patient survival.
The dual role of ICAM-1 on immune cells also reveals that
assistance of immunotherapy specifically targeting immune
cell ICAM-1 may be more effective when applying standard
management to treat GBM. For instance, enhancing ICAM-
1 on lymphocytes, DCs, or NK cells to strengthen their
effector functions and to boost the impacts of immune cell
therapy in GBM; it is also possible to regulate the
expression of ICAM-1 on TAMs to alleviate the
immunosuppression in GBM TME. Furthermore, the
potential negative effects of corticosteroids in treating GBM
suggest the need to monitor immune status and develop
safer drugs to prevent excessive immune suppression.

Conclusions

This literature review elucidates the complex role of
ICAM-1 on immune cells in GBM, which could facilitate
tumor remission by enhancing antigen presentation, T cell
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activation, and NK cell cytotoxicity and contributes to
immune evasion by regulating TAM M2 polarization and
neutrophil functions. For future directions, we should
further validate the dual role of ICAM-1 by using CRISPR-
Cas-9 or Cre-Lox technology to generate ICAM-1 knockout
in specific immune cell types and examine the effects on
GBM progression in vivo, which could help further define
the appropriate therapeutic strategies. Moreover, it is
necessary to explore the impact of selective targeting of
immune cell ICAM-1 on GBM development and whether it
would enhance radio-chemotherapy. In addition, when
studying models of brain tumors including GBM,
considering the administration of corticosteroids and the
effects of targeting ICAM-1 may more reasonably mimic
the context of TME in patients with GBM. Moreover, the
upregulation of ICAM-1 helps to enhance the tumor
rejection by DC vaccine, and whether increasing ICAM-1
expression would assist immune cell therapies, such as
CART-T therapy and NK vaccine in GBM, is also worth
verifying in animal models. The development of additional
options for GBM treatment potentially helps improve
patient management and prognosis, provide alternatives for
patients resistant to current therapy, and develop
personalized treatment.

List of Abbreviations Used

GBM: glioblastoma

TME: tumor microenvironment

TAM: tumor-associated microglia/macrophages
TIL: tumor-infiltrating lymphocytes

NK: natural Killer

DC: dendritic cell

ICAM-1: intercellular adhesion molecule-1
LFA-1: lymphocyte function-associated antigen-1
Mac-1: macrophage-1 antigen

let-7: lethal-7

mMiRNA: microRNA

MHC: major histocompatibility complex
miR-124: microRNA-124

IL: interleukin

TGF-B: transforming growth factor-beta

CTL: cytotoxic T lymphocyte

Th: helper T

GSC: glioma stem cell

TAA: tumor-associated antigen

IFN-y: interferon-gamma

GM-CSF: granulocyte-macrophage colony-stimulating
factor

JAK: Janus kinase

STAT3: signal transducer and activator of transcription
protein 3

ROS: reactive oxygen species

Conflicts of Interest
The author declares that there is no conflicts of interest.

Page 6 of 10


https://www.urncst.com/
https://doi.org/10.26685/urncst.626

UNDERGRADUATE RESEARCH IN NATURAL AND CLINICAL SCIENCE AND TECHNOLOGY (URNCST) JOURNAL
Read more URNCST Journal articles and submit your own today at: https://www.urncst.com

Ethics Approval and/or Participant Consent
Since this article is a literature review, it does not require
ethics approval and participant consent.

Authors’ Contributions

XC: made substantial contributions to the design of study,
drafted the manuscript, and gave a final approval of the
version to be published.

Acknowledgements
I would like to acknowledge and express my sincere
gratitude to my mentor, Kaviya Devaraja, who provided
valuable guidance, support and encouragement throughout
the writing process.

Funding
This study was not funded.

References

[1]

[2]

[3]

[4]

[5]

[6]

[7]

Ostrom QT, Gittleman H, Fulop J, Liu M, Blanda R,
Kromer C, et al. CBTRUS Statistical Report: Primary
Brain and Central Nervous System Tumors Diagnosed in
the United States in 2008-2012. Neuro Oncol. 2015
Oct;17(suppl 4):iv1-62. https://doi.org/10.1093/neu
onc/nov189

Louis DN, Perry A, Reifenberger G, VVon Deimling A,
Figarella-Branger D, Cavenee WK, et al. The 2016
World Health Organization Classification of Tumors of
the Central Nervous System: a summary. Acta
Neuropathol. 2016 Jun;131(6):803-20. https://doi.org/
10.1007/s00401-016-1545-1

Louis DN, Perry A, Wesseling P, Brat DJ, Cree IA,
Figarella-Branger D, et al. The 2021 WHO Classification
of Tumors of the Central Nervous System: a summary.
Neuro-Oncology. 2021 Aug 2;23(8):1231-51. https://doi.
0rg/10.1093/neuonc/noab106

Schaff LR, Mellinghoff IK. Glioblastoma and Other
Primary Brain Malignancies in Adults: A Review.
JAMA. 2023 Feb 21;329(7):574. http://dx.doi.org/10.
1001/jama.2023.0023

Delgado-Lo6pez PD, Corrales-Garcia EM. Survival in
glioblastoma: a review on the impact of treatment
modalities. Clin Transl Oncol. 2016 Nov;18(11):1062—
71. https://doi.org/10.1007/s12094-016-1497-x

Rocha Pinheiro SL, Lemos FFB, Marques HS, Silva Luz
M, De Oliveira Silva LG, Faria Souza Mendes Dos
Santos C, et al. Immunotherapy in glioblastoma
treatment: Current state and future prospects. World J
Clin Oncol. 2023 Apr 24;14(4):138-59. https://doi.org/
10.5306/wjco.v14.i4.138

Razavi SM, Lee KE, Jin BE, Aujla PS, Gholamin S, Li
G. Immune Evasion Strategies of Glioblastoma. Front
Surgery. 2016 Mar 2;3. https://doi.org/10.3389/fsurg.
2016.00011

Cui | URNCST Journal (2024): Volume 8, Issue 7
DOI Link: https://doi.org/10.26685/urncst.626

[8] Tomaszewski W, Sanchez-Perez L, Gajewski TF,
Sampson JH. Brain Tumor Microenvironment and Host
State: Implications for Immunotherapy. Clinical Cancer
Research. 2019 Jul 15;25(14):4202-10. https://doi.org/
10.1158/1078-0432.CCR-18-1627

[9] Zhu X, FangY, ChenY, ChenY, Hong W, Wei W, et al.
Interaction of tumor-associated microglia/macrophages
and cancer stem cells in glioma. Life Science. 2023;320.
https://doi.org/10.1016/j.1fs.2023.121558

[10] Ye X zong, Xu S lin, Xin Y hong, Yu S cang, Ping Y
fang, Chen L, et al. Tumor-Associated
Microglia/Macrophages Enhance the Invasion of Glioma
Stem-like Cells via TGF-B1 Signaling Pathway. The
Journal of Immunology. 2012 Jul 1;189(1):444-53.
https://doi.org/10.4049/jimmunol.1103248

[11] Khan S, Mittal S, McGee K, Alfaro-Munoz KD, Majd N,
Balasubramaniyan V, et al. Role of Neutrophils and
Myeloid-Derived Suppressor Cells in Glioma
Progression and Treatment Resistance. 1JMS. 2020 Mar
13;21(6):1954. https://doi.org/10.3390/ijms21061954

[12] Lin YJ, Wei KC, Chen PY, Lim M, Hwang TL. Roles of
neutrophils in glioma and brain metastases. Front
Immunol. 2021;12. https://doi.org/10.3389/fimmu.2021.
701383

[13] Srivastava S, Jackson C, Kim T, Choi J, Lim M. A
Characterization of Dendritic Cells and Their Role in
Immunotherapy in Glioblastoma: From Preclinical
Studies to Clinical Trials. Cancers. 2019 Apr 15;11(4):
537. https://doi.org/10.3390/cancers11040537

[14] Bui TM, Wiesolek HL, Sumagin R. ICAM-1: A master
regulator of cellular responses in inflammation, injury
resolution, and tumorigenesis. Journal of Leukocyte
Biology. 2020 Sep 1;108(3):787-99. https://doi.org/10.
1002/JLB.2MR0220-549R

[15] GuW, Yao L, Li L, Zhang J, Place AT, Minshall RD, et
al. ICAM-1 regulates macrophage polarization by
suppressing MCP-1 expression via miR-124
upregulation. Oncotarget. 2017 Dec 19;8(67):111882—
901. https://doi.org/10.18632/oncotarget.22948

[16] Xiang J, Huang H, Liu Y. A New Dynamic Model of
CD8+ T Effector Cell Responses via CD4+ T Helper-
Antigen-Presenting Cells. The Journal of Immunology.
2005 Jun 15;174(12):7497-505. https://doi.org/10.40
49/jimmunol.174.12.7497

[17] Chong ASF, Boussy 1A, Jiang XL, Lamas M, Graf LH.
CD54/ICAM-1 Is a Costimulator of NK Cell-Mediated
Cytotoxicity. Cellular Immunology. 1994
Aug;157(1):92-105. https://doi.org/10.1006/cimm.
1994.1208

[18] Lin JC, Tsai JT, Chao TY, Ma HlI, Liu WH. Musashi-1
Enhances Glioblastoma Migration by Promoting ICAM1
Translation. Neoplasia. 2019 May;21(5):459-68. https://
doi.org/10.1016/j.ne0.2019.02.006

Page 7 of 10


https://www.urncst.com/
https://doi.org/10.26685/urncst.626
https://doi.org/10.1093/neuonc/nov189
https://doi.org/10.1093/neuonc/nov189
https://doi.org/10.1007/s00401-016-1545-1
https://doi.org/10.1007/s00401-016-1545-1
https://doi.org/10.1093/neuonc/noab106
https://doi.org/10.1093/neuonc/noab106
http://dx.doi.org/10.1001/jama.2023.0023
http://dx.doi.org/10.1001/jama.2023.0023
https://doi.org/10.1007/s12094-016-1497-x
https://doi.org/10.5306/wjco.v14.i4.138
https://doi.org/10.5306/wjco.v14.i4.138
https://doi.org/10.3389/fsurg.2016.00011
https://doi.org/10.3389/fsurg.2016.00011
https://doi.org/10.1158/1078-0432.CCR-18-1627
https://doi.org/10.1158/1078-0432.CCR-18-1627
https://doi.org/10.1016/j.lfs.2023.121558
https://doi.org/10.4049/jimmunol.1103248
https://doi.org/10.3390/ijms21061954
https://doi.org/10.3389/fimmu.2021.701383
https://doi.org/10.3389/fimmu.2021.701383
https://doi.org/10.3390/cancers11040537
https://doi.org/10.1002/JLB.2MR0220-549R
https://doi.org/10.1002/JLB.2MR0220-549R
https://doi.org/10.18632/oncotarget.22948
https://doi.org/10.4049/jimmunol.174.12.7497
https://doi.org/10.4049/jimmunol.174.12.7497
https://doi.org/10.1006/cimm.1994.1208
https://doi.org/10.1006/cimm.1994.1208
https://doi.org/10.1016/j.neo.2019.02.006
https://doi.org/10.1016/j.neo.2019.02.006

UNDERGRADUATE RESEARCH IN NATURAL AND CLINICAL SCIENCE AND TECHNOLOGY (URNCST) JOURNAL
Read more URNCST Journal articles and submit your own today at: https://www.urncst.com

[19] Lohr J, Ratliff T, Huppertz A, Ge Y, Dictus C, Ahmadi
R, et al. Effector T-Cell Infiltration Positively Impacts
Survival of Glioblastoma Patients and Is Impaired by
Tumor-Derived TGF-B. Clinical Cancer Research. 2011
Jul 1;17(13):4296-308. https://doi.org/10.1158/1078-
0432.CCR-10-2557

[20] Buonfiglioli A, Efe IE, Guneykaya D, Ivanov A, Huang
Y, Orlowski E, et al. let-7 MicroRNAs Regulate
Microglial Function and Suppress Glioma Growth
through Toll-Like Receptor 7. Cell Reports. 2019
Dec;29(11):3460-3471.e7. https://doi.org/10.1016/j.
celrep.2019.11.029

[21] Ogden AT, Horgan D, Waziri A, Anderson D, Louca J,
McKhann GM, et al. Defective Receptor Expression and
Dendritic Cell Differentiation of Monocytes in
Glioblastomas. Neurosurgery. 2006 Oct;59(4):902-10.
http://dx.doi.org/10.1227/01.NEU.0000233907.03070.7B

[22] Cheng S, Liu L, Wang D, Li Y, Li S, Yuan J, etal.
Upregulation of the ZNF148/PT X3 axis promotes
malignant transformation of dendritic cells in glioma
stem-like cells microenvironment. CNS Neurosci Ther.
2023 Sep;29(9):2690-704. https://doi.org/10.1111/
cns.14213

[23] Wang T, Han M, Han Y, Jiang Z, Zheng Q, Zhang H, et
al. Antigen Self-Presented Personalized Nanovaccines
Boost the Immunotherapy of Highly Invasive and
Metastatic Tumors. ACS Nano. 2024 Feb 27;18(8):
6333-47. https://doi.org/10.1021/acsnano.3c11189

[24] Kuppner M, Hamou M, Detribolet N. Activation and
adhesion molecule expression on lymphoid infiltrates in
human glioblastomas. Journal of Neuroimmunology.
1990 Sep;29(1-3):229-38. https://doi.org/10.1016/0165-
5728(90)90166-K

[25] Roussel E, Gingras MC, Grimm EA, Bruner JM, Moser
RP. Predominance of a type 2 intratumoural immune
response in fresh tumour-infiltrating lymphocytes from
human gliomas. Clinical and Experimental Immunology.
2003 Oct 29;105(2):344-52. https://doi.org/10.1046/j.
1365-2249.1996.d01-753.x

[26] Werner A, Kloss CUA, Walter J, Kreutzberg GW,
Raivich G. Intercellular adhesion molecule-1 (ICAM-1)
in the mouse facial motor nucleus after axonal injury and
during regeneration. Journal of Neurocytology. 1998;27
(4):219-32. https://doi.org/10.1023/A:1006928830251

[27] Zhao WH, Wu SQ, Zhang YD. Downregulation of miR-
124 promotes the growth and invasiveness of
glioblastoma cells involving upregulation of PPP1R13L.
International Journal of Molecular Medicine. 2013
Jul;32(1):101-7. https://doi.org/10.3892/ijmm.2013.1365

[28] Hong S, You JY, Paek K, Park J, Kang SJ, Han EH, et al.
Inhibition of tumor progression and M2 microglial
polarization by extracellular vesicle-mediated
microRNA-124 in a 3D microfluidic glioblastoma
microenvironment. Theranostics. 2021;11(19):9687—704.
https://doi.org/10.7150/thno.60851

Cui | URNCST Journal (2024): Volume 8, Issue 7
DOI Link: https://doi.org/10.26685/urncst.626

[29] Yang M, Liu J, Piao C, Shao J, Du J. ICAM-1 suppresses
tumor metastasis by inhibiting macrophage M2
polarization through blockade of efferocytosis. Cell
Death Dis. 2015 Jun 11;6(6):e1780-e1780. https://doi.
0rg/10.1038/cddis.2015.144

[30] Gardner A, De Mingo Pulido A, Ruffell B. Dendritic
Cells and Their Role in Immunotherapy. Front Immunol.
2020 May 21;11:924. https://doi.org/10.3389/fimmu.
2020.00924

[31] Comrie WA, Li S, Boyle S, Burkhardt JK. The dendritic
cell cytoskeleton promotes T cell adhesion and activation
by constraining ICAM-1 mobility. Journal of Cell
Biology. 2015 Feb 16;208(4):457-73. https://doi.org/10.1
083/jch.201406120

[32] Katakai T, Habiro K, Kinashi T. Dendritic Cells Regulate
High-Speed Interstitial T Cell Migration in the Lymph
Node via LFA-1/ICAM-1. The Journal of Immunology.
2013 Aug 1;191(3):1188-99. https://doi.org/10.4049/ji
mmunol.1300739

[33] Scholer A, Hugues S, Boissonnas A, Fetler L,
Amigorena S. Intercellular Adhesion Molecule-1-
Dependent Stable Interactions between T Cells and
Dendritic Cells Determine CD8+ T Cell Memory.
Immunity. 2008 Feb;28(2):258-70. https://doi.org/10.
1016/j.immuni.2007.12.016

[34] Cifuentes-Rius A, Desai A, Yuen D, Johnston APR,
Voelcker NH. Inducing immune tolerance with dendritic
cell-targeting nanomedicines. Nat Nanotechnol. 2021
Jan;16(1):37-46. https://doi.org/10.1038/s41565-020-
00810-2

[35] Gonzélez-Tablas Pimenta M, Otero A, Arandia Guzman
DA, Pascual-Argente D, Ruiz Martin L, Sousa-
Casasnovas P, et al. Tumor cell and immune cell profiles
in primary human glioblastoma: Impact on patient
outcome. Brain Pathology. 2021 Mar;31(2):365-80.
https://doi.org/10.1111/bpa.12927

[36] Katsumoto Y, Monden T, Takeda T, Haba A, Ito Y,
Wakasugi E, et al. Analysis of cytotoxic activity of the
CD4+ T lymphocytes generated by local
immunotherapy. Br J Cancer. 1996 Jan;73(1):110-6.
https://doi.org/10.1038/bjc.1996.20

[37] Zhang T, Zhang Y, Zhao Y, Song R, Wang Y, Li K, et
al. Annotation of CD8+ T-cell function via ICAM-1
imaging identifies FAK inhibition as an adjuvant to
augment the antitumor immunity of radiotherapy.
Theranostics. 2024;14(2):699-713. http://dx.doi.org/
10.7150/thno.90709

[38] Li ZY, Wang JT, Chen G, Shan ZG, Wang TT, Shen Y,
et al. Expression, regulation and clinical significance of
B7-H3 on neutrophils in human gastric cancer. Clinical
Immunology. 2021 Jun;227:108753. https://doi.org/10.
1016/j.clim.2021.108753

Page 8 of 10


https://www.urncst.com/
https://doi.org/10.26685/urncst.626
https://doi.org/10.1158/1078-0432.CCR-10-2557
https://doi.org/10.1158/1078-0432.CCR-10-2557
https://doi.org/10.1016/j.celrep.2019.11.029
https://doi.org/10.1016/j.celrep.2019.11.029
http://dx.doi.org/10.1227/01.NEU.0000233907.03070.7B
https://doi.org/10.1111/cns.14213
https://doi.org/10.1111/cns.14213
https://doi.org/10.1021/acsnano.3c11189
https://doi.org/10.1016/0165-5728(90)90166-K
https://doi.org/10.1016/0165-5728(90)90166-K
https://doi.org/10.1046/j.1365-2249.1996.d01-753.x
https://doi.org/10.1046/j.1365-2249.1996.d01-753.x
https://doi.org/10.1023/A:1006928830251
https://doi.org/10.3892/ijmm.2013.1365
https://doi.org/10.7150/thno.60851
https://doi.org/10.1038/cddis.2015.144
https://doi.org/10.1038/cddis.2015.144
https://doi.org/10.3389/fimmu.2020.00924
https://doi.org/10.3389/fimmu.2020.00924
https://doi.org/10.1083/jcb.201406120
https://doi.org/10.1083/jcb.201406120
https://doi.org/10.4049/jimmunol.1300739
https://doi.org/10.4049/jimmunol.1300739
https://doi.org/10.1016/j.immuni.2007.12.016
https://doi.org/10.1016/j.immuni.2007.12.016
https://doi.org/10.1038/s41565-020-00810-2
https://doi.org/10.1038/s41565-020-00810-2
https://doi.org/10.1111/bpa.12927
https://doi.org/10.1038/bjc.1996.20
http://dx.doi.org/10.7150/thno.90709
http://dx.doi.org/10.7150/thno.90709
https://doi.org/10.1016/j.clim.2021.108753
https://doi.org/10.1016/j.clim.2021.108753

UNDERGRADUATE RESEARCH IN NATURAL AND CLINICAL SCIENCE AND TECHNOLOGY (URNCST) JOURNAL
Read more URNCST Journal articles and submit your own today at: https://www.urncst.com

[39] Kast RE, Hill QA, Wion D, Mellstedt H, Focosi D,
Karpel-Massler G, et al. Glioblastoma-synthesized G-
CSF and GM-CSF contribute to growth and
immunosuppression: Potential therapeutic benefit from
dapsone, fenofibrate, and ribavirin. Tumour Biol. 2017
May;39(5):101042831769979. https://doi.org/10.1177/
1010428317699797

[40] Woodfin A, Beyrau M, Voisin MB, Ma B, Whiteford JR,
Hordijk PL, et al. ICAM-1-expressing neutrophils
exhibit enhanced effector functions in murine models of
endotoxemia. Blood. 2016 Feb 18;127(7):898-907.
https://doi.org/10.1182/blood-2015-08-664995

[41] Ramos C, Oehler R. Clearance of apoptotic cells by
neutrophils in inflammation and cancer. Cell Death
Discov. 2024 Jan 13;10(1):26. https://doi.org/10.1038/
$41420-024-01809-7

[42] Friedmann-Morvinski D, Hambardzumyan D.
Monocyte-neutrophil entanglement in glioblastoma.
Journal of Clinical Investigation. 2023 Jan
3;133(1):e163451. https://doi.org/10.1172/JC1163451

[43] Schierloh P, Yokobori N, Geffner L, Balboa L, Romero
MM, Musella RM, et al. NK cells from tuberculous
pleurisy express high ICAM-1 levels and exert
stimulatory effect on local T cells. Eur J Immunol. 2009
Sep;39(9):2450-8. https://doi.org/10.1002/eji.200939515

[44] Fares J, Davis ZB, Rechberger JS, Toll SA, Schwartz JD,
Daniels DJ, et al. Advances in NK cell therapy for brain
tumors. npj Precis Onc. 2023 Feb 15;7(1):17. https://doi.
0rg/10.1038/s41698-023-00356-1

[45] RenJ, Xu B, Ren J, Liu Z, Cai L, Zhang X, et al. The
Importance of M1-and M2-Polarized Macrophages in
Glioma and as Potential Treatment Targets. Brain
Sciences. 2023 Aug 31;13(9):12609. https://doi.org/10.
3390/brainsci13091269

[46] Diederichsen ACP, Hansen TP, Nielsen O, Fenger C,
Jensenius JC, Christensen PB, et al. A comparison of
flow cytometry and immunohistochemistry in human
colorectal cancers. APMIS. 1998 Jan;106(1-6):562—70.
http://dx.doi.org/10.1111/].1699-0463.1998.tb01385.x

[47] Lecoultre M, Chliate S, Espinoza FI, Tankov S, Dutoit V,
Walker PR. Radio-chemotherapy of glioblastoma cells
promotes phagocytosis by macrophages in vitro.
Radiotherapy and Oncology. 2024 Jan;190:110049.
https://doi.org/10.1016/j.radonc.2023.110049

[48] Kesanakurti D, Chetty C, Rajasekhar Maddirela D,
Gujrati M, Rao JS. Essential role of cooperative NF-xB
and Stat3 recruitment to ICAM-1 intronic consensus
elements in the regulation of radiation-induced invasion
and migration in glioma. Oncogene. 2013 Oct 24;32(43):
5144-55. https://doi.org/10.1038/0nc.2012.546

Cui | URNCST Journal (2024): Volume 8, Issue 7
DOI Link: https://doi.org/10.26685/urncst.626

[49] Petrelli F, De Stefani A, Ghidini A, Bruschieri L, Riboldi
V, Dottorini L, et al. Steroids use and survival in patients
with glioblastoma multiforme: a pooled analysis. J
Neurol. 2021 Feb;268(2):440-7. https://doi.org/10.1007/
s00415-020-09731-5

[50] Pitter KL, Tamagno I, Alikhanyan K, Hosni-Ahmed A,
Pattwell SS, Donnola S, et al. Corticosteroids
compromise survival in glioblastoma. Brain. 2016 May;
139(5):1458-71. https://doi.org/10.1093/brain/aww046

[51] Goldman M, Lucke-Wold B, Martinez-Sosa M, Katz J,
Mehkri Y, Valisno J, et al. Steroid utility,
immunotherapy, and brain tumor management: an update
on conflicting therapies. Exploration of Targeted Anti-
tumor Therapy. 2022 Oct 31;659-75. https://doi.org/10.
37349/etat.2022.00106

[52] Yang JT, Lee TH, Lee IN, Chung CY, Kuo CH, Weng
HH. Dexamethasone inhibits ICAM-1 and MMP-9
expression and reduces brain edema in intracerebral
hemorrhagic rats. Acta Neurochir. 2011 Nov;153(11):
2197-203. https://doi.org/10.1007/s00701-011-1122-2

[53] Wheeler KC, Jena MK, Pradhan BS, Nayak N, Das S,
Hsu CD, et al. VEGF may contribute to macrophage
recruitment and M2 polarization in the decidua. Ye X,
editor. PLoS ONE. 2018 Jan 11;13(1):0191040.
https://doi.org/10.1371/journal.pone.0191040

[54] Radisavljevic Z, Avraham H, Avraham S. Vascular
Endothelial Growth Factor Up-regulates ICAM-1
Expression via the Phosphatidylinositol 3 OH-
kinase/AKT/Nitric Oxide Pathway and Modulates
Migration of Brain Microvascular Endothelial Cells.
Journal of Biological Chemistry. 2000 Jul;275(27)
:20770-4. https://doi.org/10.1074/jbc.M002448200

[55] Pelka K, Hofree M, Chen JH, Sarkizova S, Pirl JD, Jorgji
V, et al. Spatially organized multicellular immune hubs
in human colorectal cancer. Cell. 2021 Sep;184(18):47
34-4752.e20. https://doi.org/10.1016/j.cell.2021.08.003

[56] Klemm F, Maas RR, Bowman RL, Kornete M, Soukup
K, Nassiri S, et al. Interrogation of the
Microenvironmental Landscape in Brain Tumors Reveals
Disease-Specific Alterations of Immune Cells. Cell. 2020
Jun;181(7):1643-1660.e17. https://doi.org/10.1016/j.cell.
2020.05.007

[57] Sarkaria JN, Hu LS, Parney IF, Pafundi DH, Brinkmann
DH, Laack NN, et al. Is the blood-brain barrier really
disrupted in all glioblastomas? A critical assessment of
existing clinical data. Neuro-Oncology. 2018 Jan 22;
20(2):184-91. https://doi.org/10.1093/neuonc/nox175

Page 9 of 10


https://www.urncst.com/
https://doi.org/10.26685/urncst.626
https://doi.org/10.1177/1010428317699797
https://doi.org/10.1177/1010428317699797
https://doi.org/10.1182/blood-2015-08-664995
https://doi.org/10.1038/s41420-024-01809-7
https://doi.org/10.1038/s41420-024-01809-7
https://doi.org/10.1172/JCI163451
https://doi.org/10.1002/eji.200939515
https://doi.org/10.1038/s41698-023-00356-1
https://doi.org/10.1038/s41698-023-00356-1
https://doi.org/10.3390/brainsci13091269
https://doi.org/10.3390/brainsci13091269
http://dx.doi.org/10.1111/j.1699-0463.1998.tb01385.x
https://doi.org/10.1016/j.radonc.2023.110049
https://doi.org/10.1038/onc.2012.546
https://doi.org/10.1007/s00415-020-09731-5
https://doi.org/10.1007/s00415-020-09731-5
https://doi.org/10.1093/brain/aww046
https://doi.org/10.37349/etat.2022.00106
https://doi.org/10.37349/etat.2022.00106
https://doi.org/10.1007/s00701-011-1122-2
https://doi.org/10.1371/journal.pone.0191040
https://doi.org/10.1074/jbc.M002448200
https://doi.org/10.1016/j.cell.2021.08.003
https://doi.org/10.1016/j.cell.2020.05.007
https://doi.org/10.1016/j.cell.2020.05.007
https://doi.org/10.1093/neuonc/nox175

UNDERGRADUATE RESEARCH IN NATURAL AND CLINICAL SCIENCE AND TECHNOLOGY (URNCST) JOURNAL
Read more URNCST Journal articles and submit your own today at: https://www.urncst.com

Avrticle Information

Managing Editor: Jeremy Y. Ng

Peer Reviewers: Kaviya Devaraja, Amel Sassi

Avrticle Dates: Received Apr 14 24; Accepted Jun 06 24; Published Jul 05 24

Citation

Please cite this article as follows:

Cui X. The role of ICAM-1 on immune cells in glioblastoma: A literature review. URNCST Journal. 2024 Jul 05: 8(7).
https://urncst.com/index.php/urncst/article/view/626

DOI Link: https://doi.org/10.26685/urncst.626

Copyright
© Xiaoxue Cui. (2024). Published first in the Undergraduate Research in Natural and Clinical Science and Technology
(URNCST) Journal. This is an open access article distributed under the terms of the Creative Commons Attribution License
(https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work, first published in the Undergraduate Research in Natural and Clinical Science and Technology
(URNCST) Journal, is properly cited. The complete bibliographic information, a link to the original publication on
http://www.urncst.com, as well as this copyright and license information must be included.

URNCST Journal  Funded by the T

Batamcii et Government Canada

Do you research in earnest? Submit your next undergraduate research article to the URNCST Journal!
| Open Access | Peer-Reviewed | Rapid Turnaround Time | International |
| Broad and Multidisciplinary | Indexed | Innovative | Social Media Promoted |
Pre-submission inquiries? Send us an email at info@urncst.com | Facebook, Twitter and LinkedIn: @URNCST
Submit YOUR manuscript today at https://www.urncst.com!

Cui | URNCST Journal (2024): Volume 8, Issue 7 Page 10 of 10
DOI Link: https://doi.org/10.26685/urncst.626



https://www.urncst.com/
https://doi.org/10.26685/urncst.626
https://urncst.com/index.php/urncst/article/view/626
https://doi.org/10.26685/urncst.626
https://creativecommons.org/licenses/by/4.0/
http://www.urncst.com/
mailto:info@urncst.com
https://www.facebook.com/urncst
https://twitter.com/urncst
https://www.linkedin.com/company/urncst
https://www.urncst.com/

	Abstract
	Keywords: glioblastoma, ICAM-1, immune cells, macrophages, microglia, tumor-infiltrating lymphocytes, dendritic cells, neutrophils, natural killer cells
	Introduction
	Methods
	Results
	Discussion
	Conclusions
	List of Abbreviations Used
	Conflicts of Interest
	Authors' Contributions
	Acknowledgements
	Funding
	Article Information
	Citation
	Copyright

