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Purpose: As a crucial part of anti-tumor immunotherapy, interferon-o/p (IFN-a/p) treatment
has been broadly applied to clinical trials of glioma. However, less is known about imple-
ment of interferon-y (IFN-y) in glioma. Further investigating the valuable hub molecular of
IFN-y family might provide us a novel guidance for glioma therapy.

Methods: This study carried out an analysis on glioma patients from the Chinese Glioma
Genome Atlas (CGGA) and The Cancer Genome Atlas (TCGA) cohorts. The analyses were
performed by GraphPad Prism 8 and R language. All the validated experiments were
performed three times independently.

Results: We identified IFI30 as the most stable independent prognostic gene among 20
classical IFN-y stimulated genes (ISGs) in glioma patients. Furthermore, we found that IFI30
highly expressed in malignant subtypes of glioma and associated with chemotherapy
response. We also found IFI30 could activate IL6-STAT6 signal pathway to decline the
glioma cells’ chemotherapy sensitivity by performing experiments. Gene ontology (GO)
analysis showed IFI30 associated with enhanced leucocyte mediated immune and inflamma-
tory response. Microenvironment analysis referred that high IFI30 expression accompanied
with more infiltration of M2 type macrophages.

Conclusion: IFI30 is involved in the malignant progression and chemotherapy response of
glioblastoma, which can be a potential target for treatment in glioblastoma patients.
Keywords: glioblastoma, IFI30, prognosis, microenvironment, temozolomide

Introduction

Glioblastoma (GBM) is the most common malignant tumor of the central nervous
system (CNS) with the characteristics of high incidence rates and poor prognosis.'
Although the clinical approaches to the diagnosis and treatment of GBM improving
constantly, there still occupies an unsatisfying median survival of 15 months® under
the standard treatment including surgery, temozolomide (TMZ) chemotherapy and
radiation.” However, in the wake of the discovery of the lymphatic system in the
CNS, a novel treatment strategy, immunotherapy, brought hope for glioma patients.
Increasingly, immunological studies of glioma have been carried on in order to
explore effective therapies.

GBM possesses a complex tumor microenvironment consisting of endothelial
cells, pericytes, fibroblasts and some immune cells. In glioma microenvironment,
immune cells in particular serve as a significant regulator in tumor malignancies.”
Interferons (IFNs) are universally recognized as one of the foremost families in
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regulating immune response. To date, type I interferon,
interferon-o/pf (IFN-0/B) has been extensively used either
alone or accompany with other agents in malignant glioma
treatment and was reported to re-sensitize resistant glioma
cells to TMZ.>® While another study indicated that the
type II interferon, interferon-y (IFN-y) score was posi-
tively correlated with PDL1 expression resulting in an
immune checkpoint blockage in GBM.’ The upregulation
of PDLI might further exert an influence on glioma che-
motherapy sensitivity.'’ Taking these into consideration,
we assumed that IFN-y might play a distinctive role in
GBM progression compared to IFN-o/p. Hence, it is vital
to investigate the clinical part of IFN-y in GBM, hoping to
improve the efficacy of GBM therapy.

In this study, we summarized 20 classical IFN-y stimu-
lated genes (ISGs) and identified IFI30 as a significantly
prognostic gene in glioma among ISGs. Further studies
defined IFI30’s relationship with tumor malignancy and
enhanced immune response and the effects and molecular
mechanism of knocking down of IFI30 on re-sensitize to
TMZ were finally explored, which offered novel insights
for GBM’s chemotherapy.

Materials and Methods

Ethics

This study was approved by the Ethics Committee of the
First Hospital of China Medical University. 12 clinical
the First
Hospital of China Medical University. Informed consent

samples information was collected from
was obtained from each patient and was written informed
consent, which was conducted in accordance with the

declaration of Helsinki.

Data Collection

We collected 425 GBM patients and 875 lower grade glioma
(LGG) patients for further study. Clinical traits information
along with transcriptome sequencing data of CGGA micro-
array and RNA-seq cohorts were obtained from the Chinese
Glioma Genome Atlas (CGGA) dataset (http:/www.cgga.
org.cn). 669 glioma patients’ clinical information and tran-
scriptome sequencing data of The Cancer Genome Atlas
(TCGA) were downloaded from https://portal.gdc.cancer.

gov/. A series of mentioned clinical traits were illustrated in
Supplementary Table S4. The GBM mutation data (MAF
file) were downloaded from https://portal.gdc.cancer.gov/

and somatic copy number variation (SCNA) information
was got from Firehose (http://gdac.broadinstitute.org/).

Overall survival (OS) was estimated from diagnosis date to
final follow-up or death. Methods for sequencing, MGMT
promoter methylation and isocitrate dehydrogenase (IDH)
mutation state were mentioned earlier.'"'? The normalization
was conducted by log2 transformed after adding a 0.5 pseu-
docount based on the pre-processed data.

Bioinformatics Analysis

Heatmap and principal component analysis (PCA) were made
by R language to distinguish different group information.
Maftools R packages were performed to illustrate significant
mutation information. Limma R package was used to calcu-
late the differential CNV genes between high and low IFI30
groups which were demonstrated by Rcircos packages. The
gene ontology (GO) enrichment analysis was carried out by
ClueGo to find the IFI30 functional implications. Gene set
enrichment analysis (GSEA) was conducted to explore dif-
ferential signal pathway, immune response and regulation of
leukocyte mediated immunity between patients with low and
high IFI30. ESTIMATE R package was performed to calcu-
late stromal and immune scores and GBM purity was calcu-
lated according to the formula from Yoshihara et al.'* The
relative immune cells proportions were calculated based on
the CIBERSORT algorithm.'* Corrplot R package was used
to analyze IFI30 relationship with immune checkpoint and
anti-inflammatory genes. The information of IFI30’s correla-
tion with M2 marker CD163 in different tumors was down-
loaded from Timer (https://cistrome.shinyapps.io/timer/).

Cell Cultures and Materials

Human brain cancer cell lines US7MG, 229MG, 251MG,
T98MG and Normal Human Astrocytes (NHA) were pur-
chased from the Shanghai Cell Bank of the Chinese
Academy of Sciences (Shanghai, China). Cells were cultured
in Dulbecco’s modified Eagle’s medium (DMEM) combined
with 10% fetal bovine serum (FBS) and 1% penicillin/strep-
tomycin. [FI30 knockdown small-interfering RNA (siRNA)
and the negative control RNA (siNC) were obtained from
Sangon Biotech (Shanghai, China). Lipofectamine 3000
(Life Technologies, USA) was used for siRNAs transfection
according to the manufacturer’s instructions. IFN-y was
bought from Proteintech.

Migration and Invasion Assays

The transwell chambers coated with and without 80 uL diluted
Matrigel matrix were used to detect cell invasion or migration
capacity. A volume of 200 uL 0.2% FBS consisting of 10° or
5x10* cells/mL after transfection was added to the upper
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chamber, while 600 L media with 20% FBS was put in the
bottom chamber in triplicate per group. After incubation for 22
h, 4% formaldehyde was used to fix the cells followed with
0.1% crystal violet staining for 20 mins. Then upright
Microscope was used for cells observation and photography.

Real-Time Quantitative PCR (qPCR)

Total RNA from US87 cells was extracted by TaKaRa
MiniBEST Universal RNA Extraction Kit. NanoDrop 2000
was used to qualify the RNA concentration. Extracted RNA
was then reverse transcribed to cDNA in a 20-uL reaction
system. The real-time quantitative PCR reactions were per-
formed as follows: denaturation at 95°C for 3 min and 50
cycles of 95°C for 5 s and 60°C for 30s. Each sample was
devided in triplicate. PCR primer sequences showed as
follows:

IFI30 (forward primer: 5-GACCGAGAAACTGAGC
TCCCC-3', reverse primer: 5-TGGCATCGAACATCTGC
TGG-3); glyceraldehyde 3-phosphate  dehydrogenase
(GAPDH; forward primer: 5-TGACTTCAACAGCGACAC
CCA-3', reverse primer: 5-CACCCTGTTGCTGTAGCC
AAA-3"). GAPDH was identified as an internal control to
calculate the relative expression of other mRNA via the
2 2T method.

Western Blot

Transfected U87 cells were lysed by a mixture of RIPA
buffer and PMSF at the concentration of 10:1. Equal
amounts (20 pg) of different proteins were put in 10%
gel for electrophoresis and then transferred to polyvinyli-
dene fluoride membranes. After being blocked with 5%
milk/Tris-buffered saline plus Tween 20, membrane was
incubated with primary antibodies against IFI30 (1:1000;
n0.ab232915, Abcam), STAT6 (1:1000; no.ab32520,
Abcam), P-STAT6 (1:1000; no. 9361T, Cell Signaling
Technology), IL-6 (1:1000; no. #6708, R&D) and
GAPDH (1:1000; no.10494-1-AP, Proteintech) at 4°C
overnight. The second day, TBST was added to wash
primary antibodies followed with HRP goat anti-mouse
IgG and HRP goat anti-rabbit IgG (Proteintech; 1:5000)
as secondary antibody incubation 1h. Immunoreactive
bands were visualized by Tanon 5200. GAPDH antibody
was defined as internal control.

Immunohistochemical (IHC)

The expression of IFI30 tissue proteins was detected by
immunohistochemistry (IHC). We collected 12 paraffin-
embedded tissues from our patients. After a graded series

of alcohol dewaxing and rehydration, antigen retrieval was
carried out in citrate buffer at PH=6 for 2min. Endogenous
peroxidase was blocked by incubation with 3% H,0O, for
12min at room temperature. Primary antibodies against
IFI30 (1:100; Abcam, ab232915) was added at 4°C followed
by overnight incubation and then incubated with secondary
antibody. The results were independently analyzed by two
investigators based on the German Immunohistochemical
Score (GIS)."

Immunofluorescence

The expression of IFI30 and CD163 (1:100, Proteintech,
16646-1-AP) was detected by immunofluorescence assay.
Frozen human tissue sections were washed three times in
PBS. Then, 0.1% Triton X-100 was used to permeabilize the
sections for 10 min and goat serum were performed to block
at 37°C for 1 h. Blocked tissues were incubated in IFI30 and
CD163 antibodies at 4°C overnight. On the second day, 0.1%
PBS-Tween 20 (PBS-T) was used to wash and then stained
with suitable TRITC red-conjugated or FITC green-
conjugated secondary antibodies. Finally, the sections were
incubated for 10 mins in 4'6-diamidino-2-phenylindole
(DAPI, 10ug/mL, Sigma-Aldrich) to stain the cell nuclei and
photo imaged by fluorescence microscope. The images were
merged digitally to monitor the co-localization condition.

Statistical Analysis
R 3.5.2 (https://www.r-project.org/) and GraphPad Prism 8
were mainly used for statistical analysis. Kaplan-Meier

survival analysis was used to evaluate the prognostic
value. Univariate and multivariate Cox regression analyses
were used to verify independent prognostic factors. The
receiver operating characteristic (ROC) curve was made
using Medcalc software. Student’s ¢ test was performed to
analyse the differential expression. Survival curve and
forest plot were exported by GraphPad Prism 7. Two-
tailed p value<0.05 was termed as significant.

Results

Expression of ISGs Was Dysregulated in
Glioma

As the critical role of IFN-y in immune regulation and
tumor development, we summarized 20 classical TFN-y
stimulated genes and explored their prognostic value in
glioma (Supplementary Table S1). The glioma patients of

CGGA RNA-seq database were stratified into two groups
according to their survival days. We ranked these patients
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by survival days and depicted these 20 ISGs expression
pattern by heatmap (Figure 1A). We compared their
expression between long and short survival groups, the
results showed seven ISGs were up-regulated significantly
in short survival group, included IFITMI1, IFI44,
ISG20L2, ITITM2, IFITM3, ISG20 and IFI30. Then, we
conducted a similar analysis in the TCGA RNA-seq data-
base and found nine genes with a distinct expression
between long and short survival groups (Figure 1B).
There were five intersecting genes between these two
cohorts (ISG20, IFI30, IFI44, IFITM2, IFITM3), which
indicated that they may be associated with the poor prog-
nosis of glioma.

IFI30 Was ldentified as the Most
Significant ISG Gene with Prognostic
Value in GBM

To dig out an ISG with the most stable prognostic value, we
performed log-rank survival analysis in LGG and GBM of
CGGA RNA-seq and TCGA RNA-seq databases, respec-
tively. The results showed only IFI30 with a stable prognostic
value in both LGG and GBM of these two cohorts (Figure 1C
and D). To further assess IFI30 prognostic value, patients
were stratified into two groups based on IFI30 median
expression value. Patients with higher IFI30 generally had
shorter OS than those with lower IFI30 levels in three cohorts
(Supplementary Figure S1A—C). Furthermore, for both LGG
and GBM, the high IFI30 group suffered a reduced survival
time compared to the low IFI30 group significantly

(Supplementary Figure S1D-I).

To estimate whether IFI30 could serve as an indepen-
dent prognostic factor for GBM. Univariate and multivari-
ate regression cox analysis were conducted. The results
showed that IFI30 independently indicated unfavorable
prognosis in glioma when adjusted for age, KPS, MGMT
promoter status, radiotherapy and chemotherapy (Table 1).
Meanwhile, IFI30 expression value remained independent
prognosis in the other two cohorts (Supplementary Table
S2 and S3). Collectively, these findings indicated IFI30
was a robust independent factor for predicting GBM

survival.

IFI30 Was Exhibited with an Expression

Preference of Malignant Subtypes of GBM
To verify the association between IFI30 expression with
other clinical parameters, firstly we compared IFI30
expression between Grade II, III and GBM patients. We

found expression of IFI30 was positively associated with
the WHO grade. (Figure 2A—C). Moreover, we found that
IFI30 expression value elevated in GBM patients with
IDH1 wild-type, MGMT promoter unmethylated as well
as mesenchymal sub-type, recognized as more aggressive
subtypes of glioma (Figure 2D-F). Further analysis of
ROC curves demonstrated that IFI30 was a good predictor
of mesenchymal sub-type in three cohorts (Figure 2G-1I).

Then, we further explored the IFI30 expression value
in glioma specimens from 12 patients using IHC, the
results showed that IFI30 significantly elevated in the
higher grade of gliomas (Figure 2J). These results sug-
gested that IFI30 was expressed with a preference in
aggressive subtypes of glioma, which might be involved
with the malignancy of glioma.

The Prognostic Value of IFI30 Stratified
by IDHI and MGMT Promoter Status in
GBM

IDH1 mutation and MGMT promoter methylation status are
two main factors driving the malignancy of GBM. To explore
the association between IFI30’s prognostic value and IDH1
as well as MGMT promoter status, we conducted survival
analysis stratified by these two characters. Interestingly, we
found there was a robust survival difference between low and
high IFI30 expression groups in IDH1 wild-type patients, but
not in those patients with IDH1 mutation (Figure 3A and B).
Further, we investigated the relevance between IFI30 and
MGMT promoter methylation. High IFI30 expression
patients exhibited a significant worse survival compared
with low ones just in GBM with MGMT promoter methyla-
tion, but not in those patients with MGMT promoter
unmethylated (Figure 3C and D). Similar results were
obtained in TCGA RNA-seq cohort and CGGA microarray
cohort (Figure 3E-L).

High IFI130 Expression-Specific Somatic

Mutations and Copy Number Alterations
To investigate the difference between high and low IFI30
groups at the genomic level, we analyzed somatic muta-
tion and copy number variation (CNV) from the TCGA
dataset. The common somatic mutation information of
GBM stratified by IFI30 expression level was illustrated
in Figure 4A. By focusing the FDR < 0.05, we identified
five significant somatic mutation genes. In the high IFI30
expression group, somatic mutation profiles revealed
a high mutation frequency in RB1, while IDH1, ATRX,
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A CGGA RNA sequencing database
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Figure | Differential ISGs expression and identified IFI30 as the significantly prognostic gene in glioma. (A, B) A heat map described the expression levels of ISGs in glioma
according to CGGA and TCGA RNA sequencing data. (C, D) Forest plots from CGGA and TCGA RNA-seq database showed only IFI30 exhibiting prognostic significance
in LGG and GBM (¥*** P<0.0001).

Abbreviations: ISGs, IFN-y stimulated genes; CGGA, Chinese Glioma Genome Atlas; TCGA, The Cancer Genome Atlas; LGG, lower grade glioma; GBM, glioblastoma;
HR, hazard ratio.
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Table | Cox Regression Analysis of CGGA RNA Sequencing
Database, GBM

Variable Univariate Multivariate

Regression Regression

HR P value | HR P value
Age 0.5484 [ 0.036 0.8388 | 0.70718
(young=<é60 vs old>60)
Gender 1.2262 | 0.357
(Male vs Female)
KPS 3.6149 | 1.89e-06 | 4.0288 | I.5le-
(Low=70 vs Low>70) 05
IDHI status 1.5696 | 0.088
(Wild vs Mutant)
MGMT promoter status 1.779 | 0.00971 1.1069 | 0.7356
(Unmethylated vs
Methylated)
Radiotherapy 0.4119 | 0.000169 | 0.3865 | 0.00288
(Treated vs Untreated)
Chemotherapy 0.3359 | 2.07e-06 | 0.5788 | 0.07783
(Treated vs Untreated)
IFI30 2.0872 | 0.00875 | 2.0627 | 0.01752
(High vs Low)

Abbreviations: CGGA, Chinese Glioma Genome Atlas; GBM, glioblastoma; HR,
hazard ratio.

PDGFRA and MROH2B mutated more frequently in the
low IFI30 group (Figure 4B). To characterize IFI30-
specific SCNAs, we identified differential copy number
variation genes between low and high IFI30 groups
(Figure 4C). High IFI30 groups existed Chromosome 5,
22 and X partial fragments amplification and Chromosome
8 partial fragments deletion (Figure 4D). Although there
were no significant differences in the copy number of
some important chromosome fragments like 1p and 19q
between two groups, some amplified genes in high IFI30
level like NRIP1 and SSBP2 might participate in the

promotion of GBM malignant progression.'®!’

High IFI30 Expression Conferred
Chemotherapy Resistance in GBM

To investigate the relationship between IFI30 expression and
treatment response, different treatment conditions of survival
analysis were performed. In GBM patients with chemother-
apy, the low IFI130 group had a survival advantage compared
with the high IFI30 group (Figure 5A). However, there was
no significant difference between high and low IFI30 groups

in GBM patients without chemotherapy (Figure 5B).
Moreover, in the low IFI30 group, patients under chemother-
apy treatment lived longer than those patients without che-
50). this
therapeutic benefit was impaired in the high IFI30 group

motherapy significantly (Figure However,
(Figure 5D). MGMT promoter methylation is well estab-
lished for implying better prognosis and chemotherapy sen-
sitivity in GBM patients.'"® We further added MGMT
promoter status to survival analysis. For all GBM patients
or who received chemotherapy, only MGMT promoter-
methylated patients with lower IFI30 had a survival advan-
tage over the unmethylated ones. Nevertheless, the survival
time of MGMT promoter-methylated patients with high
IFI30 was just similar to that of unmethylated patients
(Figure SE and F). Further, we found that even in GBM
patients with MGMT promoter methylated, only patients
with low IFI30 could benefit from additional chemotherapy
(Figure 5G and H). Similar results were obtained in CGGA
microarray cohort and TCGA RNA-seq cohort for validation
(Supplementary Figure S2A-J). These results indicated that

high IFI30 patients might decrease chemotherapy response
even with MGMT promoter methylation.

IFI30 Contributed to a Malignant

Phenotype and Chemoresistance of GBM

Cells

To further explore IFI30 functions involved in GBM malig-
nant progression, IFI30 mRNA level was detected in glioma
cell lines. We identified high levels of IFI30 mRNA in U87
cells (Figure 6A), which was termed as a GBM cell line with
the characteristics of mesenchymal sub-type.'” We next con-
firmed IFN-y truly induced IFI30 overexpression in U87
cells significantly (Figure 6B). Subsequently, siRNA was
constructed and verified by qPCR (Figure 6C). To examine
the malignant role of IFI30, transwell was carried out to
investigate the migration and invasion of U87 cells trans-
fected with silF130. Compared to the siNC group, the num-
bers of migration and invasive cells in the silFI30 groups
were significantly decreased (Figure 6D). In order to identify
the role of IFI30 in chemotherapy, we performed various
conditions U87 cells treated with different concentration of
TMZ. After 72h incubation, silFI130 U87 cells demonstrated
obviously decreased viability on the TMZ concentration
above 50uM compared to the siNC group (Figure 6E). To
further explore the molecular mechanism mediated by IFI30,
we conducted GSEA and identified that interleukin 6 (IL6)
and signal transducer and activator of transcription (STAT)
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signal pathway enriched distinctly in high IFI30 group
(Figure 6F). Finally, we performed Western blotting and
confirmed that IFI30 knockdown deregulated the expression
of IL6 and STAT6 level, which might further regulate GBM
chemotherapy sensitivity®> 2 (Figure 6G).

IFI30 Was Associated with Enhanced

Leucocyte-Mediated Immune Response

To identify the most relevant functional biological process
attributing to IFI30 high expression, we summarized one
IFI30 correlated (R>0.7) genes group. The results of GO
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analysis demonstrated that these genes enriched in macro-
phage differentiation and regulation of mononuclear cell
migration (Figure 7A). GSEA further verified the biological
functions of IFI30, and the results suggested that the high
IFI30 group possessed enhanced immune response and

regulation of leukocyte mediated immunity in the CGGA
RNA-seq cohort (Figure 7B) and other two cohorts
(Supplementary Figure S3A and B). Furthermore, PCA was
conducted exhibiting the general distributions in different
directions between low and high IFI30 groups according to
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“Immune Response” and “Immune Process” go terms
(Supplementary Figure S3C and D), suggesting a different
immune status in these two groups.

An inflammatory response is usually accompanied by
immune response leading to a malignant progression of
GBM. Based on the relationship between IFI30 and acti-
vated immune response, we further examined the IFI30
with
signatures.”> IFI30 was positively correlated with six of
these clusters except IgG in the CGGA RNA-seq cohort
(Figure 7C) and other two cohorts (Supplementary Figure

association various  inflammatory  activity

S3E and F), implying an involvement in macrophage
activation, T cell-related signaling transduction and anti-
gen-presenting cells. These findings indicated that high
IFI30 condition was accompanied with enhanced immune

response and leukocyte related process.

The Association Between |IFI30 Expression

and Immune Microenvironment

To reveal the influence of IFI30 on the tumor microenviron-
ment, we calculated the tumor purity of each GBM patient
using Estimate and obtained immune microenvironment
information from CIBERSORT. We found IFI30 exhibited
a negative correlation with glioma purity (Supplementary
Figure S3G and H). To verify the comprehensive alteration
of immune microenvironment attributing to IFI30 expres-
sion, we compared the relative ratio of 22 kinds of immune
cells grouped by IFI30 expression, the results showed that
MO macrophage was enriched in high IFI30 group in CGGA
cohort (Figure 7D and Supplementary Figure S31), although
there was no obvious difference of MO macrophage in TCGA

sequence cohort, high IFI30 still conferred a high M2 macro-
phage composition (Figure 7E), which was termed as a kind
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Abbreviations: GBM, glioblastoma; CGGA, Chinese Glioma Genome Atlas; TMZ, temozolomide; GSEA, gene set enrichment analysis.

of pro-tumor macrophage. Furthermore, we found that M2
macrophage marker CD163 was positively correlated with
IFI30 level in pan-cancer (Supplementary Figure S4A-L).
The co-location and co-expression relationships of IFI30 and
CD163 were verified in GBM samples by conducting immu-

nofluorescence (Figure 7F).

Due to the significant functions of immune checkpoint
molecules in the immune process regulation, we finally
assessed the relationship between IFI30 and several well-
known immune checkpoint genes in GBM samples. IF130
was highly correlated with Hepatitis A virus cellular
receptor 2 (HAVCR2), also known as mucin domain-3

(TIM-3) based on the three cohorts (Figure 7G and
Supplementary Figure S3J and K). To further clarify the
immunosuppressive effects of IFI30 in glioma, we used

correlation analysis between IFI30 and seven inhibitory
molecules (TGFB1, IL10, VEGFB, IL6, FCGR2B,
MMP9, CCL18) and identified TGFBl and CCLI18
strongly correlated with IFI30, which might further parti-
cipate in M2 macrophage promoted malignant behavior
(Supplementary Figure S5). Taken together, these results
indicated that IFI30 acted a critical role in regulating the
immune microenvironment leading to the malignant pro-

gression of glioma.
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Discussion

TMZ is usually used as a frontline chemotherapy agent to treat
glioma. However, considering the fact of chemoresistance of
glioma cells to TMZ, the treatment is still unsatisfactory even
in those patients with MGMT promoter methylated.** Despite
the accumulative researches on the relationship between

genetic factors and chemoresistance,”>°

the potential mole-
cular mechanism of chemotherapy resistance in GBM is still
largely unknown. Hence, investigation on the strategies to
overcome TMZ resistance and finding new targets in addition
to MGMT promoter methylation is urgently needed.

Evidence has demonstrated that interferons play
a significant role in immune regulation.?” Although the
treatment of interferons has made great headway, espe-
cially combined with some antitumor drugs, there still
existed some side effects and poor efficacy reports.”®
Moreover, most interferons treatment focuses on the
IFN-a/p treatment, less is known about the effect of IFN-
vy applied in tumor therapy, especially in the chemotherapy.
Therefore, clearly distinguishing the two types of interfer-
ons in tumor treatment and exploring the critical role of
IFN-y in chemotherapy is necessary.

Increasing researches have indicated that interferon
related genes could serve as biomarkers to predict patients’
prognosis.”’ " In this study, we identified IFI30 as the most
stable prognostic gene among ISGs in glioma. Importantly,
we explored IFI30 crucial roles in clinical, molecular, and
biological situations of GBM. IDH1 mutation is a crucial
molecular event in glioma and predicts a better prognosis in
GBM. While in IDHI1 wild-type GBM patients, more
immune cells infiltrate than the IDHI-mutant group. We
found IFI30 highly expressed in IDH1 wild-type and more
IDH1 mutation enrichment in the low IFI30 group. These
findings indicate that IFI30 might mediate an active immune
and inflammation condition in glioma.

The tumor microenvironment, especially immune cell
components, exerts a crucial effect on cancer progression.
Our team previously reported that glioma purity was an
independent factor determining overall survival.”> We
found IFI30 was strongly associated with GBM purity.
Furthermore, patients with high IF130 levels accompanied
enrichment of macrophages especially M2 cell, which is
the most important immune cell in antitumor immunity.
These findings imply that expression levels of IFI30 reflect
the formation of the glioma microenvironment, which
exerts a crucial role in influencing the immune response

state of macrophages in glioma.

Despite the fact that IFI30 is high-expressed in some
APCs like dendritic cells, B cells and macrophages,
termed as an immune activator by promoting the antigen
presentation process,” ~° few studies estimated the role of
IFI30 in tumor cells. We found IFI30 could also be up-
regulated in U87 glioblastoma cells under IFN-y stimula-
tion. Although the role of IFI30 in glioma malignant
progression has been reported,’” its effect on gliomas of
chemotherapy sensitivity is less known. We conducted
somatic mutation profiles in GBM patients stratified by
IFI30 expression, the results exhibited that IDH1 and
ATRX mutated more frequently in low IFI30 group,
increasing evidences indicated that IDH1 and ATRX wild
type conferred a higher incidence of TMZ resistance,*®’
which may indicate that IFI30 also has the ability in TMZ
sensitivity regulation. By performing analyses in CGGA
and TCGA cohorts, we found that high IFI30 expression
indeed conferred chemotherapy resistance in GBM.
Further, we found that IFI30 could down-regulate TMZ
chemotherapy sensitivity in glioblastoma cells. Moreover,
IL6-STAT6 pathway could be regulated by IFI30, which
were termed as classical targets affecting tumor cells’

2022

chemotherapy resistance, the above findings might

offer novel insights into GBM’s chemotherapy.

Conclusions

In summary, we identified IFI30 as the most stable prog-
nostic gene of ISGs in glioma. Further analysis indicated
IF130 could affect malignant biological behaviors of GBM
and was validated by experiments. Moreover, the IL6-
STAT6 signal pathway could be regulated by IFI30,
which might be the mechanism of IFI30 mediating che-
motherapy sensitivity decline. Furthermore, we found
there existed a close relationship between IFI30 expres-
sion and IDH1 mutant status, IFI30’s overexpression often
occurs in IDH1 wild-type subgroup, and commonly
accompanied with a more inhibitory immune microenvir-
onment, which was characterized with more infiltration of
M2 macrophage and highly expression of inhibitory check
points as well as inflammatory genes. However, this study
is limited due to the lack of comprehensive experimental
data. Meanwhile, the specific molecular mechanism of
IFI30-mediated GBM’s chemotherapy response should
be fully estimated for its application and translation.
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