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Integrated bioinformatics analysis i

and experimental validation reveal 1SG20
as a novel prognostic indicator expressed on M2
macrophage in glioma
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Abstract

Background Glioma is the most common malignant primary brain tumor and is characterized by a poor prognosis
and limited therapeutic options. ISG20 expression is induced by interferons or double-stranded RNA and is associ-
ated with poor prognosis in several malignant tumors. Nevertheless, the expression of ISG20 in gliomas, its impact on
patient prognosis, and its role in the tumor immune microenvironment have not been fully elucidated.

Methods Using bioinformatics, we comprehensively illustrated the potential function of 1SG20, its predictive value in
stratifying clinical prognosis, and its association with immunological characteristics in gliomas. We also confirmed the
expression pattern of 1ISG20 in glioma patient samples by immunohistochemistry and immunofluorescence staining.

Results /5G20 mRNA expression was higher in glioma tissues than in normal tissues. Data-driven results showed
that a high level of ISG20 expression predicted an unfavorable clinical outcome in glioma patients, and revealed that
ISG20 was possibly expressed on tumor-associated macrophages and was significantly associated with immune
regulatory processes, as evidenced by its positive correlation with the infiltration of regulatory immune cells (e.g,,
M2 macrophages and regulatory T cells), expression of immune checkpoint molecules, and effectiveness of immune
checkpoint blockade therapy. Furthermore, immunohistochemistry staining confirmed the enhanced expression of
ISG20 in glioma tissues with a higher WHO grade, and immunofluorescence assay verified its cellular localization on
M2 macrophages.

Conclusions [SG20 is expressed on M2 macrophages, and can serve as a novel indicator for predicting the malignant
phenotype and clinical prognosis in glioma patients.
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Introduction

Primary brain tumors are a heterogeneous group of
tumors that arise from cells within the central nervous
system (CNS) [1]. Gliomas represent 75% of the malig-
nant primary brain tumors in adults [2]. The clinical
management of glioma remains a significant challenge, as
surgery and standard of care cytotoxic therapies (includ-
ing radiation and chemotherapy) often offer minimal
survival benefit [3]. Tumor heterogeneity, a hallmark
of glioma, affects the genetic and epigenetic expres-
sion of specific cancer-related genes, modulation of
metabolic pathways, and immune system evasion [4].
Notably, cell-to-cell crosstalk within the tumor microen-
vironment (TME) is recognized as a key player contrib-
uting to tumor heterogeneity; thus, facilitating malignant
growth and immune evasion of glioma [5]. The glioma
TME hosts a unique collection of cells, soluble factors,
and extracellular matrix (ECM) components that regu-
late the evolution of glioma [6]. Macrophages and other
myeloid cells are abundant in the brain TME and strongly
correlate with aggressive phenotypes, distinct genetic
signatures, cancer-induced immunosuppression, and
responses to immunotherapies [6]. Therefore, the iden-
tification of immune-relevant biomarkers that reflect the
functional status of macrophages in glioma is of great
significance.

ISG20 was first discovered as a novel interferon (IFN)-
regulated protein in Daudi cells in the year of 1997 [7].
It was revealed in the later studies that IFN regulatory
factor 1 (IRF1) could govern the transcription of ISG20
in a type I (a/P) or a type II (y) IFN dependent manner
wherein a unique interferon-stimulated response ele-
ment (ISRE) situated in the promoter region of 1SG20
was stimulated [8—10]. The basal expression of 1SG20
in various type of cells could also be regulated by dif-
ferent transcription factors, such as specificity protein 1
(SP-1) or upstream stimulatory factor 1 (USF-1); there-
fore, ISG20 could participate in the regulation of cellular
functions in a IFN independent manner [8]. ISG20 was
identified by Gongora et al. in breast cancer cell lines as
a human estrogen-regulated transcript (HEM45); hence,
it was also named ISG20/HEM45 [11]. ISG20 can cleave
single-stranded RNA or DNA and is significantly associ-
ated with host antiviral innate immune defense [12, 13].
Several reports also suggest a link between ISG20 and
the tumorigenic process of multiple neoplasms, includ-
ing glioma [14], oral tumor [15], clear cell renal cell car-
cinoma [16], hepatocellular carcinoma [17], breast cancer
[18], and acute myeloid leukemia [19], although the exact
ISG20 pathomechanism remains unclear.

In the current study, we comprehensively illustrated
the potential function of ISG20, its predictive value in
stratifying clinical prognosis, and its association with
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immunological characteristics in glioma by adopt-
ing a bioinformatics methodology. We also confirmed
the expression pattern of ISG20 in glioma patient sam-
ples by immunohistochemistry and immunofluores-
cence staining. Our study revealed that upregulation of
ISG20 is positively correlated with unfavorable overall
survival (OS) among patients with glioma. Enrichment
analysis indicated that neuroactivity, ECM remodeling,
immune response, and tumor immunity are associated
with upregulated ISG20. Additionally, data-driven results
suggested that ISG20 was possibly expressed on tumor-
associated macrophages and was significantly associated
with immune regulatory processes, as evidenced by its
positive correlation with the infiltration of regulatory
immune cells (e.g., M2 macrophages and regulatory T
cells [Tregs]), expression of immune checkpoint mol-
ecules, and effectiveness of immune checkpoint block-
ade therapy. Finally, immunohistochemical staining
showed upregulation of ISG20 in glioma tissues with a
higher WHO grade, and the immunofluorescence assay
verified that ISG20 was expressed in M2 macrophages.
These data shed light on the cellular and molecular basis
of the glioma immune microenvironment, thereby guid-
ing the development of immunomodulatory strategies in
gliomas.

Methods

TCGA glioma data acquisition

Normalized level 3 gene expression data and correspond-
ing clinical information of TCGA glioma samples were
downloaded from the UCSC Xena database (http://xena.
ucsc.edu/). A total of 702 samples were acquired, includ-
ing 5 normal brain tissues and 697 glioma tissues (530
cases of LGG and 167 cases of GBM). The clinical infor-
mation of the glioma samples is summarized in Table S1.
The expression levels of ISG20 in normal human tissues
from GTEx and pan-cancer expression of ISG20 across
TCGA tumors were extracted from the UCSC Xena data-
base. The abbreviations for TCGA tumors are listed in
Table S2.

ISG20 gene expression analysis

The Gene Expression database of Normal and Tumor tis-
sues 2 (GENT?2) database (http://gent2.appex.kr/gent2/)
is a user-friendly search platform for gene expression pat-
terns across different normal and tumor tissues compiled
from public gene expression datasets deposited in the
Gene Expression Omnibus database [20]. The expression
of ISG20 in human tumors and normal tissues across dif-
ferent cancers was assessed using GENT2. For glioma,
the expression of ISG20 was extracted from the TCGA
glioma dataset and analyzed in diverse clinical statuses,
including age, sex, IDH mutation, 1p19q codeletion,
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MGMT methylation, grade, histology, and primary ther-
apy outcome. The single-cell expression profile of ISG20
in human brain tissue was retrieved from the Human
Protein Atlas (HPA) online database (http://www.prote
inatlas.org).

Survival analysis

The GENT?2 database also provides reliable prognostic
power estimated by meta-survival analysis across many
independent reports, allowing integrated statistical
analysis from different studies, increasing the number of
samples, and improving statistical power [20]. The asso-
ciation between ISG20 expression and the OS of patients
with brain tumors was analyzed by meta-survival analy-
sis using the GENT2 database. The prognostic value of
ISG20 in glioma was further explored in TCGA glioma
patients using the Kaplan—Meier method and log-rank
test. Time-dependent ROC analysis was also used to esti-
mate the prognostic value of ISG20 for survival predic-
tion in patients with TCGA glioma.

Association between ISG20 expression and immunological
characteristics

The ESTIMATE score provides researchers with scores
for tumor purity, the level of stromal cells that are pre-
sent, and the infiltration level of immune cells in tumor
tissues based on expression data. The stromal, immune,
and ESTIMATE scores for TCGA glioma samples were
retrieved from the ESTIMATE website maintained by
the MD Anderson Cancer Center (https://bioinforma
tics.mdanderson.org/estimate/) and compared between
the glioma patient subgroups classified by the median
expression level of ISG20.

The putative immune cell infiltration of TCGA gli-
oma patients was retrieved from the TIMER2.0 website
(http://timer.comp-genomics.org/), a comprehensive
resource that contains 10,897 samples across 32 cancer
types from TCGA and is a powerful tool for systematic
analysis of immune infiltrates across diverse cancer types
[21]. The abundance of immune cells was compared
between the glioma patient subgroups classified accord-
ing to the median expression level of ISG20. Moreover,
the correlation between ISG20 expression levels and the
abundance of immune cells was calculated using Spear-
man’s correlation analysis.

Association between ISG20 expression and response

of immunotherapy

The immunophenoscore (IPS) of TCGA GBM patients
was downloaded from the Cancer Immunology Atlas
(TCIA, https://tcia.at/patients) [22]. The patient’s IPS
was obtained without prejudice by considering four
types of immunogenic determinants: effector cells,
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immunosuppressive cells, MHC molecules, and immu-
nomodulators. This step was performed by evaluating
gene expression in the four cell types. The IPS is calcu-
lated based on the z-score representing gene expression
in the cell type in the range of 0-10. A higher IPS score
was positively correlated with increased immunogenic-
ity. The Wilcoxon rank-sum test was used to compare the
differences in the IPS scores between the high and low
ISG20 expression subgroups.

Glioma sample collection, immunohistochemistry

and immunofluorescence

This study was conducted in accordance with the Dec-
laration of Helsinki and was approved by the Institu-
tional Research Ethics Committee of the PLA General
Hospital. Signed informed consent was obtained from
all the participants. A total of 28 paraffin-embedded gli-
oma samples were used for immunohistochemistry and
immunofluorescence staining. The clinical information of
the glioma samples is shown in Table S3.

Immunohistochemistry was performed to examine
ISG20 and CD163 expression in serial sections from
glioma patients. Formalin-fixed and paraffin-embedded
tissue specimens were deparaffinized and subjected to
heat-induced epitope retrieval in citrate buffer solution.
The slices were then blocked with 5% bovine serum albu-
min for 30 min and incubated with rabbit anti-ISG20
antibody (1:1000, Proteintech, Wuhan, China) or mouse
anti-CD163 monoclonal antibodies (1:500, Gene Tech,
Shanghai, China) at 4 °C overnight, followed by incu-
bation with a secondary antibody for 90 min at 37 °C.
Detection was achieved with 3,3’-diaminobenzidine
(ZSGB-BIO, Beijing, China), counterstained with hema-
toxylin, dehydrated, cleared, and mounted as in rou-
tine processing. Protein expression level was quantified
by the immunoreactivity score (IRS) calculated as IRS
(0-12)=RP (0-4)xSI (0-3), where RP represents the
percentage of staining-positive cells and SI is the staining
intensity.

To estimate the density of ISG20 expression in M2-type
tumor-associated macrophages, an immunofluores-
cence assay was performed. Formalin-fixed and paraf-
fin-embedded tissue specimens were deparaffinized and
subjected to heat-induced epitope retrieval in citrate
buffer solution. Subsequently, the sections were blocked
with goat serum containing 0.3% Triton at room tem-
perature for 30 min. Rabbit anti-ISG20 polyclonal anti-
body (1:1000, Proteintech, Wuhan, China) and mouse
anti-CD163 monoclonal antibodies (1:500, Gene Tech,
Shanghai, China) were used, followed by Alexa Fluor
488-conjugated (1:400, Abcam, Boston, MA, USA) anti-
rabbit antibody and Alexa Fluor 568-conjugated anti-
mouse antibody (1:400, Abcam, Boston, MA, USA).
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Images were captured using a confocal laser-scanning
microscope (Olympus FV1000). The acquired images
were further processed and analyzed using Image] soft-
ware (version 1.8.0).

Pathway enrichment analysis

Differentially expressed genes (DEGs) between the
ISG20 low and high subgroups (classified by the median
expression of ISG20) were identified using R software
(version 4.1.2) with limma package, and the screening
criteria were set as log, |fold change|>1 and adjusted
P-value<0.05. These DEGs were subjected to Gene
Ontology (GO) and Kyoto Encyclopedia of Genes and
Genomes (KEGG) [23] analyses using Metascape [24], a
free online tool for gene annotation (http://metascape.
org). Functional annotation of GO was categorized into
three major categories: Biological Process (BP), Cellular
Component (CC), and Molecular Function (MF). GO or
KEGG terms with P-value <0.01 were considered signifi-
cantly enriched. Gene set enrichment analysis (GSEA)
[25] was used to determine whether members of a given
gene set were generally associated with ISG20. The
expression level of ISG20 (high or low) was designated
as the phenotype, and analysis was conducted using the
matched gene expression profile. Random sample per-
mutations and the significance threshold were set at
1000 times and false discovery rate <0.05. GSEA was per-
formed using the JAVA program (http://software.broad
institute.org/gsea/index.jsp) using h.all.v7.4. symbols.
gmt gene set collection downloaded from the Molecular
Signatures Database (http://www.gsea-msigdb.org/gsea/
downloads.jsp) was used as an annotation reference. The
enriched pathways were ranked by enrichment score.
If a gene set had a positive enrichment score, the high
expression level of the majority of its members was posi-
tively related to the /SG20 high phenotype.

Statistical analysis

For bioinformatics analysis, the Wilcoxon rank-sum test
was used to compare the differences between two groups,
and the comparison of multiple groups was performed
using the Kruskal-Wallis test and Dunn’s t-test. The cor-
relation between ISG20 expression and other relevant
genes or the abundance of putative infiltrating immune
cells was evaluated using Spearman’s correlation analysis.
When analyzing the results of immunohistochemistry,
Student’s ¢-test was used to compare the differences in
IRSs. Statistical analyses were performed using R soft-
ware (version 3.6.3) or GraphPad Prism (version 9.0.0),
and P values<0.05 were considered statistically signifi-
cant. All statistical tests were two sided.
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Results

Elevated /SG20 expression in glioma

We explored the transcriptional expression of ISG20
in human cancer and normal samples using microarray
data from the GENT2 database. In general, the expres-
sion of ISG20 was higher in cancer samples than in nor-
mal samples (P<0.001; Fig. 1A). ISG20 expression was
lower in normal tissues than in neoplastic sites across the
majority of cancer types, including adrenal gland, brain,
breast, cervix, esophagus, kidney, liver, lung, oral, ovary,
pancreas, skin, testis, tongue, uterus, and vulvar tumors.
In contrast, decreased expression of ISG20 was observed
in the blood, bone, colon, endometrium, prostate, stom-
ach, and thyroid tumors (Fig. 1A). We further validated
the expression levels of ISG20 in human cancer and nor-
mal samples using RNA-seq data derived from the TCGA
and GTEx databases. The results showed that ISG20 was
uniformly overexpressed in brain, uterus, breast, cervix,
esophagus, kidney, liver, pancreas, skin, and testis tumors
across the GENT2 and TCGA databases (Fig. 1B). In
particular, glioma tissues (LGG and GBM) uniformly
expressed higher levels of 1SG20 than normal brain tis-
sues did, and the difference was most significant in GBM,
the most aggressive subtype of glioma (Fig. 1B).

Increased ISG20 expression is correlated to malignant
phenotypes of glioma

To further explore the expression pattern of ISG20 in gli-
oma, we analyzed the expression of ISG20 in patient sub-
groups with disparate clinical characteristics, including
age, gender, IDH mutation, 1p19q co-deletion, MGMT
methylation, WHO grade, histology, and primary ther-
apy outcome. Our data revealed an increase in ISG20
expression in patients older than 55 years (P<0.001;
Fig. 2A), whereas 1SG20 was not differentially expressed
between males and females (P>0.05; Fig. 2B). Regarding
IDH mutation status, ISG20 expression was markedly
enhanced in glioma tissues with wild-type IDH (P <0.001;
Fig. 2C). In terms of 1p19q codeletion status, upregula-
tion of ISG20 was noted in glioma tissues with 1p19q
non-codeletion (P<0.001; Fig. 2D). Regarding MGMT
methylation status, /SG20 was overexpressed in glioma
tissues with unmethylated MGMT (P<0.001; Fig. 2E).
Stratifying by WHO grade, ISG20 expression was highest
in G4 gliomas, followed by G3 and G2 gliomas (P <0.001;
Fig. 2F). Additionally, ISG20 expression was signifi-
cantly higher in glioblastoma, followed by astrocytoma,
anaplastic oligodendrocytoma, and oligodendroglioma
(P<0.001; Fig. 2G). We also observed that the expres-
sion of ISG20 was enhanced in patients who were unre-
sponsive to routine therapy (P<0.01; Fig. 2H). These
results suggest that high ISG20 expression is positively
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correlated with the malignant phenotype of gliomas and
marginal therapeutic efficacy.

ISG20 overexpression is associated with unfavorable
prognosis of patients with glioma

Using GENT2 which provides reliable prognostic power
estimated by the synergetic effect across many independ-
ent reports, we first performed a meta-survival analysis
of ISG20 in brain tumors with differing histopathologi-
cal types. A total of 7 individual brain tumor reports
(GSE30074: medulloblastoma, GSE16581: meningioma,
GSE28026: atypical teratoid/rhabdoid tumors, GSE4271:
high-grade astrocytomas, GSE4412: gliomas, GSE13041
and GSE7696: GBM) were collected, and the forest plot of
the hazard ratio of ISG20 with OS in brain tumor patients
is shown in Fig. 3. The fixed effect model of meta-survival
analysis showed that ISG20 overexpression was associ-
ated with unfavorable prognosis of patients with brain
tumor (P<0.001, HR=1.17, 95% CI: 1.08-1.27; Fig. 3).

To be more specific, we further explored the prog-
nostic value of ISG20 in patients with glioma by ana-
lyzing the TCGA glioma dataset. Kaplan—Meier
survival analysis showed that glioma patients with

elevated ISG20 expression presented with unfavorable
OS (P<0.001, HR=4.73, 95% CI: 3.67-6.11; Fig. 4A).
Moreover, the time-dependent ROC analysis revealed
that the /SG20 expression had a relatively good per-
formance in predicting 1-year (AUC=0.84, 95% CI:
0.80-0.88), 2-year (AUC=0.88, 95% CI: 0.84-0.91),
and 3-year OS (AUC=0.85, 95% CI: 0.80-0.89) in
glioma patients (Fig. 4B). Furthermore, the stratifica-
tion analysis showed that high ISG20 expression may
predict unfavorable OS in glioma patient subgroups
with different age, sex, IDH mutation, 1p19q codele-
tion, and MGMT methylation (all P<0.05; Fig. 4C-G).
As for WHO grade, the ISG20 expression could iden-
tify patients with different prognoses in G2 and G3
subgroup (P<0.001; Fig. 4H, upper panel), while the
P value was not significant in G4 subgroup (P=0.07;
Fig. 4H, lower panel). This might be attributed to the
small sample size of ISG20 low glioma patients (n=06)
in the G4 subgroup to draw any reliable conclusions.
Taken together, the above analyses suggest that a higher
ISG20 expression level is correlated with a worse prog-
nosis in glioma patients.
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Exploring the signaling pathways related to ISG20

in glioma

To investigate the underlying mechanisms of ISG20
in glioma, functional enrichment analyses were per-
formed based on DEGs between patients with high or
low expression levels of ISG20. There were 2,624 DEGs
between the glioma patient subgroups classified accord-
ing to the median expression level of ISG20, of which
1,392 were upregulated and 1,232 were downregulated in
the subgroup expressing higher levels of ISG20 (Figure S1
and Table S4). These DEGs were subjected to Metascape
database to identify functional GO and KEGG terms. As
for BP, the DEGs were mainly enriched in items such as
regulation of ion transport, synaptic signaling, cell acti-
vation, cell adhesion, and inflammatory response (Top
20; Fig. 5A). In terms of CC, these genes were mainly
involved in the ECM, synaptic/postsynaptic membrane,
and neuronal cell body (Top 20; Fig. 5B). Regarding
ME, these genes mainly participated in multiple chan-
nel activities, ECM structural activity, neurotransmit-
ter receptor activity, and immune receptor activity (Top
20; Fig. 5C). In addition, KEGG analysis revealed that
these DEGs were mainly associated with neuroactive
ligand-receptor interactions, cell adhesion molecules,
ECM-receptor interactions, cytokine-cytokine receptor
interactions, and complement and coagulation cascades
(Top 20; Fig. 5D). The complete lists of the enriched GO
and KEGG terms are shown in Table S5, S6, S7, S8. Addi-
tionally, GSEA was performed to identify ISG20 related
biological functions in gliomas. Accordingly, ISG20
upregulation was associated with coagulation, epithelial-
mesenchymal transition, angiogenesis, complement, and
cancer/immune-related signaling, such as KRAS, PI3K-
AKT-mTOR, and IL6-JAK-STAT3 (Fig. 5E). Collectively,
these results highlight the functions of /SG20 in neuro-
activity, ECM remodeling, immune response, and tumor
immunity, allowing us to revisit its immunological role in
subsequent analyses.

Association between ISG20 expression and immune cell
infiltration of glioma

These data showed that ISG20 was correlated with
prognosis and tumor immunity in glioma; therefore,
we explored the role of ISG20 in TME remodeling
and immune cell regulation. Analysis of tumor purity,
the level of stromal cells that are present, and the infil-
tration level of immune cells resolved by ESTIMATE
revealed that glioma samples with enhanced ISG20
expression manifested increased immune, stromal, and
ESTIMATE scores (all P<0.001; Fig. 6A). Specifically,
putative immune cell infiltration was estimated using
the CIBERSORT algorithm and compared between
the glioma patient subgroups classified by the median
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expression level of ISG20. The results indicated that M2
macrophages, M1 macrophages, Tregs, MO macrophages,
CD4* memory resting T cells, CD8" T cells, neutro-
phils, resting NK cells, memory B cells, activated CD4*
memory T cells, activated myeloid dendritic cells, and
gamma delta T cells were enriched (all P<0.05; Fig. 6B),
whereas the abundance of plasma cells, CD4" naive T
cells, monocytes, naive B cells, activated NK cells, and
follicular helper T cells was reduced in the ISG20 high
subgroups (all P<0.05; Fig. 6B). We also performed cor-
relation analysis to infer the relationship between ISG20
expression and immune cell infiltration. As shown in
Fig. 6C, these results further support the above find-
ings, as shown by the strong correlations between ISG20
expression and M2 macrophages (r=0.36, P<0.001),
M1 macrophages (r=0.34, P<0.001), Tregs (r=0.30,
P<0.001), plasma cells (r=-0.52, P<0.001), and CD4*
naive T cells (r=-0.47, P<0.001). Taken together, these
results suggest that /SG20 expression might predict the
immunosuppressive status of the TME and immune cell
infiltration in gliomas, especially macrophage and T cell
immune responses.

In correlation analysis, we observed the most positive
correlation between M2 macrophage infiltration and
ISG20 expression, prompting us to gain insight into the
cellular distribution of ISG20 on macrophages and its
role in macrophage polarization in gliomas. Single-cell
transcriptome-based analysis using the HPA database
revealed that microglial cells had the highest expression
level of ISG20 in human brain tissues (Fig. 7A). Microglia
are highly versatile resident macrophages in the CNS that
can be polarized into M1 and M2 phenotypes in response
to diverse environmental stimuli [26]. We further
explored the relationship between ISG20 and the expres-
sion of marker genes of tumor-associated macrophages
(TAMs) and M1 and M2 macrophages in TCGA glioma.
The results showed that ISG20 strongly correlated with
the marker genes of TAMs and M2 macrophages (all
r>0.40, all P<0.001; Fig. 7B). These findings suggest a
possible participation of ISG20 in the regulation of mac-
rophage polarization in gliomas.

Correlation between ISG20 and immune checkpoint genes
in glioma

To better understand the immune-modulating func-
tions of ISG20 in glioma, we estimated the correlation
between ISG20 and a panel of immune checkpoint
molecules, including PD1, PDLI1, PDL2, CTLA4, TIM3,
IDOI1, and LAG3. ISG20 was significantly associ-
ated with these immune checkpoint genes (all r>0.30,
P<0.001; Fig. 8A), suggesting an immunoregulatory
role of ISG20 in the glioma immune microenviron-
ment. We further investigated the variation between
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Fig. 6 /SG20 mRNA expression level was associated with unique immune microenvironment in glioma. A Comparison of Immune score, Stromal
score, and ESTIMATE score between /SG20 low and high groups. B Box plots depicting the abundance of 22 immune cells of the /SG20 high group
compared to ISG20 low group. C Correlation between I1SG20 expression and abundance of 22 immune cells. ns: no significance, *P <0.05, **P<0.01,

***P<0.001

ISG20 expression and immunotherapy in TCGA GBM
patients using the TICA database. The results showed
that PD1 blockage and PDI plus CTLA4 dual blockage
had better treatment effectiveness in the /ISG20 high
subgroup (both P<0.001; Fig. 8B), whereas no signifi-
cant difference in treatment effectiveness was observed
regarding CTLA4 blockage (P=0.19; Fig. 8B). Taken

together, these data showed that /SG20 expression may
be an indicator of PDI blockade treatment in GBM.

Confirming the expression pattern of ISG20 in glioma
tissues

Finally, we verified the protein expression pattern of
ISG20 in clinical glioma specimens. ISG20 protein
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Fig. 8 Estimation of association between /SG20 mRNA expression with immunotherapy response. A Correlation of ISG20 expression with immune
checkpoints in TCGA glioma. B Effectiveness of CTLA4, PD1 and CTLA4 plus PD1 immunotherapy in /SG20 low and high TCGA GBM patients

in situ expression was analyzed using immunohisto-
chemical staining. ISG20 protein expression was higher
in high-grade glioma (G4) than in low-grade glioma
(G2 and G3), consistent with the results of the tran-
scriptional analyses (P<0.05; Fig. 9A and B). CD163
has been recognized as a well-known marker of M2
macrophages. We performed immunohistochemical
staining of CD163 in the sister slices of those stained

with ISG20. The results revealed that compared with
low-grade gliomas, the intensity of CD163 protein in
high-grade gliomas was also enhanced (P<0.05), and
there was a good match between ISG20 and CD163
expression in the serial sections (Fig. 9A and B).
Immunofluorescence assay was performed to further
explore the cellular localization of ISG20 and CD163
in glioma samples. The results revealed that ISG20 was
substantially colocalized with CD163 (Fig. 10A and B).
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Fig. 9 Immunohistochemistry staining of ISG20 and CD163 protein
expression in serial sections from glioma specimens with different
grades. A Representative immunofluorescence image of 1SG20 and
CD163 expression in WHO G2, G3, and G4 glioma. B Quantitative
analysis of 1ISG20 and CD163 expression in low-grade (G2 and G3)
and high-grade (G4) glioma specimens. IRS: immunoreactivity score.
*P<0.05,***P<0.001

Discussion

Glioma is the most common aggressive and lethal tumor
in the CNS, and is the predominant brain primary malig-
nancy [27]. Despite tremendous progress in the diagno-
sis and management of glioma, the clinical prognosis of
patients with glioma is dismal, with a 5-year OS of no
greater than 35% [28]. Therefore, it is crucial to identify
feasible cell type-specific biomarkers and to uncover the
underlying mechanisms that contribute to the malignant
phenotype of glioma. In the current study, we found that
ISG20 mRNA expression was significantly higher in glio-
mas than in normal tissues. Elevated 1SG20 expression
is associated with the malignant phenotype of glioma
and marginal therapeutic efficacy. We also showed that
a high level of ISG20 expression was significantly associ-
ated with poor OS in glioma patients, as strengthened by
stratification analyses in patient subgroups with differing
age, sex, IDH mutation status, 1p19q codeletion status,
MGMT methylation, and WHO grade, though the sur-
vival difference in G4 subgroup was not statistically sig-
nificant. This might be attributed to the great discrepancy
in the two comparing groups (166 cases of G4 glioma
presented high expression of ISG20, while only 6 cases
of G4 glioma expressed low level of ISG20). According to
the fifth edition of the World Health Organization clas-
sification of tumors of the central nervous system (WHO
CNS5), the primary genetic markers for gliomas are IDH
mutation status, 1p19q codeletion, H3F3A alterations,
ATRX gene mutations, MGMT promoter methylation
status, loss of CDKN2A, and EGFR amplification, a com-
bined gain of chromosome 7 and loss of chromosome 10,
and TERT promoter pathogenic variants [29, 30]. The
WHO CNS5 has substantially changing the classifica-
tion of gliomas due to the increasing focus on molecular
characteristics. Above results would inspire the further
exploration of issues regarding the association of ISG20
and other glioma molecular biomarkers.

To further clarify the functional role of ISG20 in glio-
mas, we performed an enrichment analysis based on
DEGs between the high and low ISG20 expression
groups. We identified many terms associated with neuro-
plasticity, including synaptic signaling, neuron-to-neuron
synapse, neurotransmitter receptor activity, and neu-
roactive ligand-receptor interaction. We found that the
DEGs were enriched in inflammatory response, immune
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Fig. 10 Immunofluorescence staining showing colocalization of ISG20 and CD163. Expression of ISG20 (green) and CD163 (red) in glioma
specimens with low (A) or high (B) ISG20 expression. DAPI (blue) was used for nuclear staining

receptor activity, cytokine-cytokine receptor interaction,
and leukocyte activation. Furthermore, enrichment anal-
ysis also indicated that ISG20 was associated with ECM,
ECM receptor interaction, and regulation of cell adhesion
and activation. These results imply that ISG20 is associ-
ated with normal physiological processes in the CNS and
pathophysiological processes in glioma, especially the
immuno-inflammatory response and ECM function.

In recent years, our understanding of the epigenetic
mechanisms involved in tumor pathology has improved
greatly. DNA and histone modifications, such as methyla-
tion, demethylation, acetylation, and deacetylation, can
lead to the up-regulation of oncogenic genes, as well as
the suppression of tumor suppressor genes [31]. Cheng
et al [32]. reported that hypermethylation of ISG20 in
kidney renal clear cell carcinoma and pancreatic adeno-
carcinoma tumor tissues is correlated with higher expres-
sion of 1SG20, suggesting that methylation of ISG20 may
not underlie its overexpression. Gene expression can also
be modified on a post-transcriptional level by micro-
RNAs that contribute to carcinogenesis [33]. Alsheikh
et al [18]. found that disruption of STAT5A and NMI
signaling axis keeps a check on ISG20 expression via
miR-17-92 cluster, contributing to the ISG20-driven

metastasis of mammary tumors. Protein post-transla-
tional modifications are enzymatic or nonenzymatic
chemical reactions featuring the addition of chemical
moieties, peptides or sugars to specific amino acid side
chains, which makes a gene correspond to more than
one protein and gives more complexity to the life process
[34]. Protein phosphorylation is the most abundant and
common protein post-translational in the human body,
and is usually the first wave of protein modifications in
response to intracellular and extracellular signaling [35].
Further analysis to unveil the mechanism underlying the
abnormal expression of ISG20 and phosphorylation of
the downstream immune proteins activated by ISG20 is
of great interest in the future study.

Various immune cells, including T cells, B cells, NK
cells, macrophages, and dendritic cells, mediate immu-
nological response [36]. These immune components
infiltrate the TME and either directly destroy tumor
cells or facilitate their evasion of immunological sur-
veillance [36]. Dysregulation of immune related genes
and abnormal infiltration of immune cells in TME can
serve as novel predicting biomarkers of human cancers.
For example, CD276 and the gene signature composed
of GATA3 and LGALS3 enable prognosis prediction of
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GBM [37]. Besides, correlation between lower balance
of Th2 helper T-cells and expression of PD-L1/PD-1
axis genes enables prognostic prediction in patients with
GBM [38]. Considering the correlation between high
1SG20 expression and poor prognosis, we hypothesized
that ISG20 enhances tumor immune evasion. To deter-
mine the precise immune function of ISG20, we ana-
lyzed the correlation coefficient between /1SG20 and the
22 types of immune cells infiltrating the glioma TME. As
anticipated, ISG20 was positively correlated with inhibi-
tory immune cells, such as M2 macrophages and Tregs.
M2 macrophages are derived from myeloid cells and
play a more important role in tumor support than pro-
inflammatory M1 macrophages [39, 40]. We confirmed
the above bioinformatics findings by visualizing the cel-
lular co-localization of ISG20 and the M2 macrophage
marker CD163 in glioma specimens using immunofluo-
rescence analysis. Moreover, we investigated the correla-
tion between ISG20 and a series of immune checkpoints
as well as the effectiveness of immune checkpoint block-
age therapy. We showed that ISG20 was positively cor-
related with inhibitory immune checkpoints and the
treatment efficacy of PD1 blockage. Combination therapy
is the mainstream treatment for gliomas in the future [41,
42]. Neurosurgery, radiotherapy, chemotherapy, targeted
therapy, and immunotherapy will be integrated into com-
prehensive glioma treatment. These results demonstrate
that ISG20 plays a pivotal role in establishing an immu-
nosuppressive TME through M2 macrophages in glioma
and might be a promising biomarker for the treatment
efficacy of immunotherapy.

Conclusions

ISG20 is expressed in M2 macrophages and can serve as
a novel indicator for predicting malignant phenotypes
and clinical prognosis in glioma patients. Our study
provides insights into the cellular and molecular basis
of the glioma immune microenvironment and identifies
novel therapeutic targets for immunotherapy. Prospec-
tive clinical investigations and in vitro and in vivo studies
of ISG20 function and relevant pathways are required to
confirm and extend the findings presented here.
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