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Abstract

Introduction: Low-grade glioma (LGG), defined herein as WHO grade Il and IlI
diffuse gliomas including astrocytomas and oligodendrogliomas, is a clinically and
molecularly heterogeneous group of primary brain tumors with variable outcomes,
highlighting the need for reliable prognostic biomarkers and immune-related
therapeutic targets.

Objective: The purpose of this research was to determine the prognostic significance
of HTR6 in LGG and its connection to immune cell infiltration.

Methods: Multiple bioinformatics analyses were performed to characterize HTR6
expression in normal and tumor tissues and to examine its associations with
clinicopathological characteristics, prognosis, and immune infiltration status.
Results: In LGG, HTR6 expression was inversely correlated with SPI7, a candidate
upstream transcription factor predicted to regulate HTR6. Low HTR6 expression was
closely linked to shorter overall survival and progression-free survival. Kaplan—-Meier
survival analysis, along with univariate and multivariate Cox regression analyses,
suggested that HTR6 expression is associated with prognosis in LGG. Functional
enrichment and immune infiltration analyses demonstrated that HTR6 was involved
inimmune-related pathways and correlated with tumor immune infiltration patterns,
which was further confirmed by immune checkpoint gene correlation analysis.
Conclusion: Lower HTR6 expression was associated with poorer survival outcomes
and distinct immune-infiltration patterns in LGG. However, this study is limited by
its retrospective bioinformatics-only design without experimental validation, and by
the use of a traditional glioma classification system that does not fully incorporate
the WHO 2021 molecular criteria (e.g., isocitrate dehydrogenase status and 1p/19q
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codeletion). Therefore, the conclusions should be considered preliminary and

warrant further verification.
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1. Introduction

Gliomas are common primary central nervous system
(CNS) tumors and account for the majority of intracranial
neoplasms."? Clinically, diffuse gliomas have been broadly
categorized into two main subtypes: low-grade glioma
(LGG) and high-grade glioma (HGG).> LGG is defined
as WHO grade II and III diffuse gliomas, including
astrocytomas and oligodendrogliomas. LGG exhibits
substantial biological heterogeneity. Although multiple
treatment options are available for LGG, treatment
outcomes remain unsatisfactory in some patients.*
Certain patients with LGG have a poor prognosis and
are at risk of progression to the deadly glioblastoma
multiforme (GBM). For example, WHO grade II isocitrate
dehydrogenase (IDH)-mutant astrocytomas may undergo
malignant progression to astrocytoma, IDH-mutant, CNS
WHO grade 4. Therefore, identifying novel prognostic
biomarkers and therapeutic targets for LGG is important.

HTR6 encodes the 5-hydroxytryptamine receptor
6, a serotonin receptor expressed predominantly in
the CNS, gastrointestinal tract, and platelets.”” HTR6
regulates neuronal migration and differentiation during
the development of the nervous system.® Previous studies
suggest that HTRG6 is essential for regulating dopaminergic
function.” Recent research has demonstrated a link
between HTR6 and a number of disorders of the
nervous system, including major depressive disorder,”
sporadic Alzheimer’s disease,'’ vestibular migraine,'? and
haloperidol-induced Parkinsonism.”* The significance of
HTR6 in carcinogenesis has also been demonstrated.*'*
SPI1 regulates downstream genes such as HTR6. SPII
expression has recently been reported to be elevated in
gliomas.'® Therefore, the potential roles of HTR6 and SPI1
in LGG warrant further investigation.

In the present study, we first assessed HTR6 mRNA
expression across selected normal human tissues and
tumors and then examined the associations between
HTR6 mRNA expression and clinical characteristics. The
prognostic significance of HTR6 in LGG was evaluated by
examining the association between lower HTR6 expression
and adverse patient outcomes. Functional enrichment
analysis of HTR6-correlated genes, together with analyses
of the associations of HTR6 with immune-related genes

and immune cell infiltration, suggested that HTR6 may
be associated with the immune microenvironment.
The association was further explored by analyzing the
correlations of HTR6 expression with immune checkpoint
genes, immunostimulators, major histocompatibility
complex (MHC) molecules, chemokine receptors, and
chemokines. Finally, by assessing the expression of
transcription factors (TFs) predicted to regulate HTRG,
we investigated potential transcriptional mechanisms
associated with HTR6 downregulation and found that
HTRG6 expression was inversely correlated with that of its
upstream TF, SPII.

2. Materials and methods
2.1. Gene Expression Profiling Interactive Analysis

The Cancer Genome Atlas (TCGA) data and the
Genotype-Tissue Expression (GTEx) normal-tissue data
were analyzed using Gene Expression Profiling Interactive
Analysis (GEPIA2; http://gepia2.cancer-pku.cn/, accessed
September 10, 2021), a web-based platform for gene
expression profiling and interactive analysis. The sample
classification was mainly based on an earlier classification
system. Some caseslacked complete molecular classification
information, such as IDH status and 1p/19q codeletion,
and therefore could not be reclassified according to the
2021 WHO classification criteria in the original analysis. In
this study, we examined SPI1 and HTR6 mRNA expression
across normal human tissues and tumors and further
quantified HTR6 expression in LGG (n = 518) versus
normal tissues (n = 207) using RNA sequencing data.

2.2, UALCAN

UALCAN (https://ualcan.path.uab.edu/, version 1.0) is a
comprehensive online platform for cancer data analysis
and mining that provides access to TCGA data. Using
UALCAN, we assessed HTR6 expression in LGG and its
associations with various clinicopathological features,
including race, sex, age, tumor grade, histological subtype,
and TP53 mutation status.

2.3. Kaplan-Meier Plotter

We utilized the Kaplan-Meier Plotter (http://kmplot.
com/analysis/, accessed September 10, 2021) to assess the
prognostic significance of HTR6 in LGG. Patients with
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LGG were divided into high- and low-expression groups
based on HTR6 expression levels, and the hazard ratios for
overall survival (OS) and progression-free survival (PFS)
were estimated with 95% confidence intervals and log-
rank p-values.

2.4. Tumor immune infiltration analysis

ACLBI (https://www.aclbi.com/static/index.html#/,
accessed September 10, 2021) is a web-based platform
for analyzing TCGA data. The association between HTR6
expression and immune infiltration levels was analyzed
using ACLBI with six quantification algorithms: TIMER,
EPIC, CIBERSORT, QUANTISEQ, MCPCOUNTER, and
XCell. EPIC, CIBERSORT, and QUANTISEQ primarily
infer the absolute abundance of different cell subsets
through deconvolution algorithms, whereas TIMER,
MCPCOUNTER, and XCell mainly compare the relative
abundance of various cell types using marker gene-based
approaches.

2.5. LinkedOmics

LinkedOmics (https://www.inkedomics.org/#/, accessed
September 10, 2021), a publicly accessible online resource
that integrates multi-omics data from TCGA and the
Clinical Proteomic Tumor Analysis Consortium,"” was
used to identify genes coexpressed with HTRG6.

2.6. Human Transcription Factor Targets

Human Transcription Factor Targets (hTFtarget; https://
guolab.wchscu.cn/hTFtarget/#!/, accessed September 10,
2021) is an extensive repository that integrates data on
human TFs and their target genes. hTFtarget was used to
analyze potential upstream TFs regulating HTR6 in brain
tissue.

2.7. Statistical analysis

The Wilcoxon test was used to assess the significance of
differential expression. Survival analysis was performed
using the log-rank test. Univariate and multivariate
Cox regression analyses were used to assess the effects
of individual and multiple factors on the outcome,
respectively. Correlation of HTR6 expression with SPII
and NRFI expression was assessed using Spearman rank
correlation analysis. Statistical significance was defined as
p <0.05.

3. Results
3.1. Decreased HTR6 expression in low-grade glioma

Using GTEx data accessed through GEPIA, HTR6 mRNA
expression was examined across normal human tissues.

Elevated HTRG6 expression was observed in several organs,
including the brain, pituitary gland, and testis, with
particularly high expression in the brain (Figure 1A).
TCGA analysis showed that HTR6 mRNA expression was
significantlylower in GBM, LGG, and kidney chromophobe
(KICH), but significantly higher in kidney renal clear
cell carcinoma (KIRC), kidney renal papillary cell
carcinoma (KIRP), uterine corpus endometrial carcinoma
(UCEC), breast invasive carcinoma (BRCA), and colon
adenocarcinoma (COAD) (Figure 1B). Decreased HTR6
expression in LGG was further confirmed by comparing its
expression between LGG and normal tissues using GEPIA
(Figure 1C).

3.2. Association of HTR6 mRNA expression with
clinical features

HTRG6 expression was assessed according to several clinical
parameters, including patient race, sex, age, tumor grade,
histological subtype, and TP53 mutation status, using the
UALCAN online analysis tool. HTR6 expression differed
between Caucasian and Asian patients (Figure 2A). As
shown in Figure 2B, HTR6 expression was higher in
female than in male patients (p = 0.0174). Regarding age
or tumor grade, no statistically significant differences
in HTR6 expression were observed among the groups
(Figure 2C and 2D). HTR6 expression differed among
patients with different histological subtypes: patients with
oligodendroglioma showed the highest expression, those
with oligoastrocytoma showed intermediate expression,
and those with astrocytoma showed the lowest expression
(Figure 2E). Patients with TP53-mutant LGG showed
lower HTR6 expression than those with TP53 wild-type
LGG (Figure 2F).

3.3. Association of low HTR6 expression with poor
prognosis in low-grade glioma

We examined the prognostic role of HTR6 in LGG using
the Kaplan—Meier Plotter. As shown in Figure 3A and 3B,
low HTR6 expression in patients with LGG was associated
with worse OS and PFS. Univariate Cox regression analysis
indicated significant associations of LGG prognosis with
HTRG6 expression, age, tumor grade, and radiation therapy
(Figure 3C). Multivariate Cox regression analysis identified
age, tumor grade, and HTR6 expression as significantly
associated with LGG prognosis (Figure 3D). The
nomogram assigned greater prognostic risk to lower HTR6
expression and higher tumor grade (Figure 3E); calibration
of the model is shown in Figure 3E These findings suggest
that HTR6 expression, together with clinicopathological
factors, may be useful for prognostic assessment in LGG.
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Figure 1. Reduced HTR6 expression in low-grade glioma. HTR6 expression in normal tissues was analyzed using data from (A) GTEx. (B) Pan-cancer
HTRG6 expression in TCGA tumor and corresponding normal samples analyzed using GEPIA; (C) HTR6 expression in LGG versus normal brain tissue
using GEPIA.

Abbreviations: N: Normal tissues; T: Tumor tissues.

Figure 2. UALCAN box plots showing HTR6 expression stratified by clinical parameters. (A) Race, (B) sex, (C) age, (D) tumor grade, (E) histological
subtype, and (F) TP53 mutation status.
Notes: *p < 0.05, **p < 0.01, **p < 0.001.

Volume X Issue X (2026) 4 doi: 10.36922/EJM0O026130140


https://doi.org/10.36922/EJMO026130140

Eurasian Journal of
Medicine and Oncology

HTR6 in low-grade glioma

Figure 3. Associations of HTR6 expression with prognosis in LGG. Kaplan-Meier survival curves for (A) OS and (B) PES. (C) Univariate Cox regression
analysis of prognostic factors in LGG. (D) Multivariate Cox regression analysis of prognostic factors in LGG. (E) Nomogram incorporating HTR6

expression and tumor grade. (F) Calibration plot for 1-, 3-, and 5-year survival.

Abbreviations: CI: Confidence interval; LGG: low-grade glioma; OS: Overall survival; PFS: Progression-free survival.

3.4. Association of HTR6 with cAMP, NF-kB, and
other immune-related pathways in low-grade
glioma

Our findings indicated an association between decreased
HTR6 expression and LGG prognosis, prompting
further investigation of HTR6-correlated genes and
pathways using the LinkedOmics database. Figure 4A
and 4B show the top 50 genes negatively and positively
correlated with HTR6 expression in LGG, respectively.

Gene Ontology (GO) and Kyoto Encyclopedia of Genes
and Genomes (KEGG) analyses were subsequently
conducted using these related genes. Figure 4C shows
significant enrichment of coexpressed genes in biological
processes: neuroactive ligand-receptor interaction, cyclic
adenosine monophosphate (cAMP) signaling pathway,
synaptic vesicle circulation, calcium signaling pathway,
leukocyte transendothelial migration, nuclear factor kappa
B (NF-xB) signaling pathway, and antigen processing
and presentation. In the cellular component analysis,
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Figure 4. Association of HTR6 with cAMP, NF-kB, and immune-related pathways in LGG. Top 50 genes correlated with HTR6 expression in LGG: (A)
negatively correlated genes and (B) positively correlated genes. Functional enrichment analysis of HTR6-coexpressed genes: (C) biological processes, (D)
cellular components, (E) molecular functions, and (F) KEGG.

Abbreviations: cAMP: Cyclic adenosine monophosphate; FDR: False discovery rate; KEGG: Kyoto Encyclopedia of Genes and Genomes; LGG: Low-grade
glioma; NF-kB: nuclear factor kappa B.
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the coexpressed genes were significantly enriched in the
GABAergic synapse, immunological synapse, and MHC
protein complex (Figure 4D). In terms of molecular
function, the coexpressed genes were associated with
neurotransmitter receptor activity, G protein-coupled
amine receptor activityy, MHC protein binding, and
immunoglobulin binding (Figure 4E). KEGG analysis
further revealed that coexpressed genes were primarily
associated with neurotransmitter transport, recognition,
calcium ion regulation of exocytosis, cytokine metabolism,
regulation of innate immune response, and response to
type I interferon (Figure 4F). These findings indicated that
HTRG6-correlated genes were associated with both nervous
system functions and immune-related processes and
pathways, suggesting a potential association of HTR6 with
neurological and immune functions.

3.5. Association of HTR6 mRNA expression with
immune infiltration

The involvement of HTR6-related genes in immune-
related pathways prompted us to further examine the
association between HTR6 expression and tumor immune
infiltration. CIBERSORT and Xcell revealed positive
correlations between HTR6 expression and plasma cell
abundance (Figure 5A and 5F). Positive correlations
between HTR6 expression and natural killer (NK) cell
abundance were observed using MCPCOUNTER (Figure
5D) and QUANTISEQ (Figure 5E). Myeloid dendritic
cell abundance (Figure 5C and 5D) and activated myeloid
dendritic cell abundance (Figure 5A and 5F) were
negatively correlated with HTR6 expression. According to
most algorithms, macrophage abundance also exhibited a
negative correlation with HTR6 expression (Figure 5B, 5C,
5D and 5F). These results suggested that HTR6 expression
was associated with immune infiltration patterns in LGG.
A positive association between HTR6 expression and
CD8" T-cell abundance was observed using EPIC (Figure
5B), whereas negative associations were observed using
MCPCOUNTER (Figure 5D) and QUANTISEQ (Figure
5E). The apparently contradictory patterns observed
for certain immune cell types (e.g., CD8* T cells) could
be attributed to differences in the assumptions and
technical frameworks underlying immune infiltration
estimation algorithms. For instance, QUANTISEQ' and
MCPCOUNTER" may assign different weights to gene
expression data when inferring CD8* T-cell abundance,
whereas EPIC* and TIMER? may be more influenced
by reference expression matrices. Thus, the opposing
trends observed for CD8" T cells may reflect differences
in model assumptions and reference gene sets rather than
biological inconsistency. Furthermore, such discrepancies
may be partly attributable to differences in the sensitivity

of each algorithm to low gene-expression levels. To further
validate these computational findings, future studies
should incorporate experimental approaches such as
immunohistochemistry or flow cytometry to directly
assess the relationship between HTR6 expression and
CD8* T-cell infiltration.

3.6. Associations of HTR6 expression with immune-
related genes in low-grade glioma

To determine whether HTR6 expression was associated
with immune-related genes, we examined its correlations
with immune checkpoint genes, immunostimulators,
MHC molecules, chemokine receptors, and chemokines.
HTR6 expression was negatively correlated with the
immune checkpoint genes CD274, CTLA4, HAVCR2,
LAG3, PDCDI, and PDCDILG2 (Figure 6A). Figure 6B
shows that HTR6 expression was positively correlated with
NT5E, PVR, TNFRSF18, HHLA2, KLRC1, and KLRK1 and
negatively correlated with several immune-related genes
(e.g., CD27, CXCR4, ICOS, IL6, and several TNFRSF family
members). HTR6 expression showed negative correlations
with multiple MHC molecules (Figure 6C). With respect
to chemokine receptors, HTR6 expression was positively
correlated with CCR9 and negatively correlated with a
broad range of other chemokine receptors (Figure 6D).
Regarding chemokines, HTR6 expression was positively
correlated with CCLI, CCL28, CX3CLI1, and several
members of the CXCL family, whereas negative correlations
were observed with other CXCL family members, a subset
of CCL chemokines, and the XCL family members XCL1
and XCL2 (Figure 6E). These findings further supported
an association between HTR6 expression and immune-
related gene expression in LGG.

3.7. Negative correlation between SPIT and HTR6
expression in low-grade glioma

To explore potential mechanisms underlying decreased
HTR6 expression in LGG, the hTFtarget database was
used to identify TFs predicted to regulate HTR6 in brain
tissue (Table S1), yielding six candidate TFs. Using the
LinkedOmics platform, 5,529 genes coexpressed with
HTR6 were identified (p < 0.05, |correlation coefficient|
> 0.3) (Table S2). Intersection analysis of the candidate
HTR6-regulating TFs and HTR6-coexpressed genes
identified two TFs (Figure 7A). Correlations between the
expression of these two TFs and HTR6 expression were
subsequently examined using TCGA data, revealing that
only SPII expression was negatively correlated with HTR6
expression (p = 1.4 x 107, r = -0.53) (Figure 7B and 7C).
Higher SPII expression in LGG than in normal tissues was
further confirmed using GEPIA (Figure 7D). These results
indicated a negative correlation between SPI1 and HTR6
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Figure 5. Association of HTR6 expression with immune infiltration in low-grade glioma. (A) CIBERSORT, (B) EPIC, (C) TIMER, (D) MCPCOUNTER,

(E) QUANTISEQ, (F) Xcell.

expression in LGG.

4, Discussion

Gliomas are highly malignant primary tumors of the
CNS. Despite major therapeutic advances in oncology,
therapeutic options remain limited for a subset of patients
with LGG, and some patients continue to have poor
outcomes.”>* Thus, it is crucial to identify new therapeutic

targets and prognostic molecular markers.

Using GTEx and TCGA databases, we analyzed HTR6
mRNA expression across normal tissues and tumors and
found high expression in the brain and pituitary gland
but significantly reduced expression in GBM and LGG
compared with normal tissues. Subsequently, associations
between HTR6 expression and various clinicopathological
features, including race, sex, age, tumor grade, histological
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Figure 6. Correlations between HTR6 expression and immune-related gene categories. (A) Immune checkpoints, (B) immunostimulators, (C) major
histocompatibility complex molecules, (D) chemokine receptors, and (E) chemokines.

Figure 7. Negative correlation between SPI1 and HTR6 expression in low-grade glioma. (A) Overlap between candidate transcription factors predicted to
regulate HTRG in brain tissue and HTR6-coexpressed genes. Correlation of HTR6 expression with (B) SPI1 and (C) NRFI expression. (D) SPI1 expression
in low-grade glioma versus normal brain tissue using GEPIA.

subtype, and TP53 mutation status, were examined. Low Univariate and multivariate Cox regression analyses
HTRG6 expression was associated with unfavorable OS and further identified HTR6 expression as an independent
PFS in LGG patients, as shown by Kaplan—Meier analyses. prognostic factor that may improve prognostic assessment
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when considered together with other clinicopathological
factors. HTR6 expression was also closely associated with
immune infiltration patterns in LGG, as shown by immune
infiltration and immune-related gene analyses. Upstream
TF analysis further suggested an inverse relationship
between SPI1 and HTR6 expression. Collectively, these
findings suggest an association of HTR6 with LGG
prognosis and the immune microenvironment, although
the underlying molecular mechanisms require additional
experimental investigation.

Tumor progression is modulated by crosstalk among
tumor cells, stromal cells, and immune cells within
the tumor microenvironment.**? HTR6 expression
was positively correlated with plasma cell and NK cell
abundance but negatively correlated with myeloid
dendritic cell, activated dendritic cell, and macrophage
abundance. Higher macrophage infiltration has been
associated with poorer survival in patients with glioma,
and M2-polarized macrophages have been implicated
in glioma progression. Macrophages are important
regulators of tumor immunity and immunotherapy, and
anti-inflammatory M2 macrophages can promote tumor
growth and invasion.*** Notch-activated macrophages
suppress T-cell proliferation and cytotoxic function,
thereby facilitating tumor progression through immune
evasion.”> Macrophage and CD8" T-cell infiltration have
also been associated with prognosis in LGG.* Because of
differences in gene-expression signatures, normalization
strategies, and analytical resolution among algorithms,*
the inferred abundance of certain immune cells (such as B
cells, regulatory T cells, and CD8* T cells) was not entirely
consistent. Thesediscrepancies maybeattributabletoseveral
factors:* (i) differential weighting of cell type-specific gene
signatures among algorithms; (ii) different strategies for
handling background noise in expression data; and (iii) the
inherent complexity of immune interactions in the tumor
microenvironment, which may be difficult to fully capture
using a single algorithm. Nonetheless, multi-algorithm
analysis remains a valuable approach for examining the
complex immune microenvironment because it provides
complementary perspectives.** Notably, some associations
between HTR6 expression and immune cell abundance
were observed across multiple algorithms, supporting a
potential association between HTR6 expression and the
tumor immune microenvironment. Future studies should
employ experimental methods such as flow cytometry
or single-cell RNA sequencing to determine whether
HTRE6 is functionally involved in tumor immune escape
or immunosuppression through specific immune cell
populations.

Immunotherapy has emerged as an effective cancer

treatment strategy by modulating antitumor immune
responses.”*”’” Immune checkpoint inhibitors are among
the most extensively studied immunotherapies. Immune
checkpoints maintain appropriate immune responses and
protect normal tissues from immune-mediated damage.’**
Interestingly, our analysis revealed significant associations
between HTR6 expression and several categories of
immune-related genes, such as immune checkpoint
genes, immunostimulators, MHC molecules, chemokine
receptors, and chemokines.

An effective anticancer immune response depends on
antigen recognition by T cells together with appropriate
co-stimulatory signaling provided by antigen-presenting
cells.®*!  Cytotoxic T-lymphocyte-associated protein 4
(CTLA-4), a key coinhibitory receptor, delivers inhibitory
signals to T cells, thereby limiting their activation,* and
contributes to peripheral tolerance by limiting T-cell
activation and proliferation.** The interaction between
CD86 and CTLA-4 plays a critical role in immune
responses against malignancies.® Studies have shown
that CD86 expression correlates strongly with immune
infiltration by macrophages, neutrophils, and dendritic
cells,*”*® is associated with poor prognosis in several
tumors, including LGG,**' and increases with higher
LGG grade.* Therefore, we postulate that decreased HTR6
expression may be associated with an immunosuppressive
microenvironment in LGG, as reflected by its correlations
with immune-related molecules such as CD86. However,
these observations were derived from computational
analyses and should be interpreted cautiously.

HTR6 expression was negatively correlated with
macrophage abundance (Figure 5), and macrophages have
been implicated in tumor progression.”* NK cells are an
important component of tumor immune surveillance. Upon
activation, NK cells secrete cytotoxic granules containing
perforin and granzymes, which directly lyse tumor cells.”
NK cells enhance immune surveillance against tumors and
viruses by exerting cytotoxic effects on susceptible cells and
secreting proinflammatory cytokines.**** Human leukocyte
antigen G (HLA-G), a non-classical human leukocyte
antigen class I molecule, has immunosuppressive functions
mediated through receptor signaling® and is present in the
tumor microenvironment but absent in adjacent normal
tissues. Previous studies have indicated that elevated
HLA-G expression is associated with advanced tumor
stages and poorer prognosis.”’” Modulation of chemokine
signaling by HLA-G has also been associated with changes
in NK cell recruitment to the tumor microenvironment.
M2 macrophages may reduce NK cell cytotoxicity by
enhancing HLA-G expression.”® In the present study,
HTRG6 expression was negatively correlated with HLA-G
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expression (Figure 6C). The inverse correlation may
also explain that in LGG patients, HLA-G expression
increases as HTR6 expression decreases, resulting in a
poor prognosis through interference with corresponding
chemokine signaling. Given the observed associations
between HTR6 expression and multiple immune-related
signatures, HTR6 may represent a potential biomarker of
the LGG immune microenvironment. These findings offer
a theoretical foundation for future studies examining the
relationship between HTR6-associated pathways, glioma
immune status, and therapeutic response.

The results of the present study showed that HTR6 was
coexpressed with genes enriched in multiple immune-
related signaling pathways, including the NF-xB and
cAMP pathways. Both pathways are well-established
regulators of tumor immunity and gliomagenesis. NF-«xB
is a key TF involved in inflammatory responses and
immune cell activation.”® Aberrant NF-kB activation is
frequently observed in gliomas and has been associated
with tumor progression and therapeutic resistance.®
The observed association between HTR6 and NF-xB
pathway-related genes may suggest that reduced HTR6
expression contributes to dysregulated immune responses
in LGG. Specifically, diminished HTR6 levels may impair
normal NF-«kB-mediated inflammatory signaling, thereby
promoting an immunosuppressive microenvironment
conducive to tumor growth. The cAMP signaling pathway
plays integral roles in cellular communication, immune
regulation, and neurotransmitter signaling.® In gliomas,
this pathway is involved in tumor cell proliferation,
invasion, and immune evasion.”* The 5-HT6 receptor,
encoded by HTRS, is a G protein—coupled receptor and
may influence cAMP signaling through the modulation
of second-messenger systems. Our findings suggest that
dysregulation of HTR6 could disrupt cAMP-mediated
immune pathways, thereby affecting tumor-immune
interactions. For instance, impaired cAMP signaling
may reduce the recruitment and activation of regulatory
T cells, which are known to suppress antitumor immune
responses in gliomas. Nevertheless, whether HTR6 directly
modulates NF-kB and cAMP pathways in gliomas remains
to be experimentally tested.

In recent years, immunotherapy has emerged as one of
the promising treatments for a variety of cancers, including
gliomas. The primary strategies focus on restoring or
enhancingtheantitumorimmuneresponsesuppressedinthe
tumor microenvironment. Immune checkpoint inhibitors
targeting programmed cell death protein 1, programmed
death-ligand 1, and CTLA-4 have revolutionized cancer
therapy in several malignancies, such as melanoma and
lung cancer. However, their clinical efficacy in gliomas

has been less pronounced due to the immunosuppressive
nature of the glioma microenvironment and the unique
challenges posed by the CNS, such as limited T cell
infiltration and the blood-brain barrier.® Our study reveals
strong correlations between HTR6 and molecules involved
in immune evasion. Future studies could explore whether
HTR6 modulation enhances the responsiveness to immune
checkpoint inhibitors in LGG. Numerous glioma-specific
antigens, such as epidermal growth factor receptor variant
III (EGFRVIII), have been targeted in glioma vaccine
development.®* These vaccines aim to elicit a robust and
tumor-specific immune response. Given the potential of
HTR6 in modulating immune-related pathways, it is worth
investigating whether combinatorial approaches involving
tumor vaccines and HTR6 modulation could improve
vaccine efficacy. Adoptive cell therapy (ACT), particularly
chimeric antigen receptor (CAR) T-cell therapy, is being
actively investigated for glioma.®® CAR T cells targeting
glioma-specific markers such as interleukin-13 receptor
alpha 2, human epidermal growth factor receptor 2,
and EGFRVIII have shown promise in pre-clinical and
early-phase clinical trials. However, immunosuppressive
signals in the glioma microenvironment often dampen
the effectiveness of CAR T cells.® Our findings on the
relationship between HTR6 and critical immune pathways
could lead to insights into engineering CAR T cells or
other ACT approaches that overcome these barriers.
Cytokines, such as interferon-alpha and interleukin-2,
have been investigated as potential glioma treatments due
to their capacity to stimulate immune cell activity.*® The
enrichment of type I interferon-response processes among
HTRG6-associated genes, as observed in our study, suggests
that HTR6 might negatively regulate the immune response.
Targeting HTR6 and cytokine pathways simultaneously
could open new avenues for glioma immunotherapy.

5. Limitations

This study has several limitations. The first limitation of this
study is the use of an outdated glioma classification system,
which distinguishes tumors only as LGG or HGG without
incorporating the 2021 WHO classification criteria. The
updated framework emphasizestheintegration of molecular
markers, including IDH mutation status and 1p/19q
codeletion, which are critical for delineating biologically
distinct tumor subtypes associated with divergent
prognoses and therapeutic responses.”’ The absence of
this molecular classification introduces heterogeneity
into our patient cohorts and may have confounded the
observed results. For instance, IDH-mutant LGG is
generally associated with a more favorable prognosis than
IDH-wild-type LGG, and the lack of such stratification
in our analysis limits the biological interpretability of the
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prognostic role of HTR6. Future studies should stratify
glioma cases based on these molecular markers to enable a
more nuanced understanding of the biological significance
of HTR6 in specific glioma subtypes. Another limitation
of this study is its exclusive reliance on retrospective
bioinformatic analyses, conducted without experimental
validation or the inclusion of independent external
cohorts. Although such bioinformatic approaches offer
preliminary insights, they lack the methodological rigor
provided by functional assays or cohort-based validation,
both of which are essential for establishing the biological
relevance of the findings. To substantiate the observed
associations among HTR6 expression, immune infiltration,
and prognosis in LGG, future studies should incorporate in
vitro experiments, animal models, or independent clinical
datasets. In the absence of such validation, the conclusions
drawn herein should be considered preliminary and
hypothesis-generating, rather than definitive.

6. Conclusion

Our findings demonstrate the clinical relevance of HTR6
as a prognostic factor in LGG, its role in modulating
the immune microenvironment, and the upstream TF
that regulates its expression. This study indicates that
HTRG serves as a molecular marker for LGG progression
and prognosis, offering a potential strategy for its
immunotherapy.
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