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Abstract: Glioblastoma (GBM) stem cells (GSCs) possess multilineage differentiation potential, which is responsible
for cancer progression. Glycoprotein M6B (GPMEB) is a pivotal enzyme in regulating intracranial cell differentia-
tion and neuronal myelination, and is widely studied in several cancers. However, research on GPM6B in glioma is
limited. In this study, we analyzed the clinical and molecular characteristics of GPM6B using RNA sequencing data
of glioma samples from the Chinese Glioma Genome Atlas (CGGA) and The Cancer Genome Atlas (TCGA) datas-
ets. Quantitative real-time PCR (qRT-PCR), western blot (WB), and immunohistochemistry (IHC) were performed for
further validation. Moreover, a neurosphere formation assay, extreme limiting dilution assay, and bioluminescent
imaging were employed to validate the therapeutic effects targeted on GPM6B in vitro and in vivo. We found lower
expression of GPM6B in aggressive glioma. Receiver operating characteristic (ROC) analysis suggested that GPM6B
is an indicator of mesenchymal subtype. Kaplan-Meier analysis also revealed that patients with glioma with high
GPMG6B expression levels had a tendency toward prolonged survival. The GPM6B expression level could predict
favorable prognosis of patients independent of age, grade, IDH status, and 1p/19q status. Additionally, targeting
GPM6B impaired the self-renewal and tumorgenicity of mesenchymal GSCs by inhibiting the activation of the Wnt
pathway in vitro and in vivo. Our results demonstrated that GPM6B is a crucial predictor in glioma prognosis and
represents an underlying therapeutic target in GSC therapy.
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Introduction

As the most common primary malignant brain
tumor in adults, according to the 2016 World
Health Organization (WHO) classification, glio-
ma can be diagnosed based on histopathology
and molecular features [1, 2]. Despite the
development of surgical, radio-, and chemo-
therapies, the current situation of glioma treat-
ment remains unsatisfactory [3, 4]. Therefore,
there is an urgent need to explore valid prog-
nostic factors and therapeutic targets, to bet-
ter understand the mechanism of glioma
progression.

The important features of tumor development
include angiogenesis and the decay of cell dif-
ferentiation. A four-transmembrane protein,
glycoprotein M6B (GPM6B), which belongs to

the proteolipid protein (PLP) family, is widely
expressed in neurons, oligodendrocytes, and
astrocytes [5-7]. Previous studies have demon-
strated that GPMGB plays a role in cell differen-
tiation and neuronal myelination [8, 9]; thus, its
role in tumors has been widely studied [10-12].
In intracranial tumors, the expression of GPM-
6B has been shown to distinguish glioblastoma
multiforme and meningothelial meningioma in
biopsies [13]. Given that glioma is the most
common intracranial tumor, we attempted to
investigate its functional role in this context.

Glioblastoma (GBM) is the most malignant glio-
ma given its high invasion capability [14].
Glioblastoma stem cells (GSCs) are character-
ized by self-renewal and differentiation capaci-
ties, and have been implicated in tumor angijo-
genesis, invasion, and immune suppression, as
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Table 1. Baseline characteristics of patients from

the CGGA and TCGA cohorts

Variable CGGA  TCGA
dataset dataset
Age <45 191 267
> 45 134 321
Sex Male 203 343
Female 122 245
Grade Il 103 212
Ml 79 223
\% 139 153
NA 4 0
IDH1/2 status Mutation 175 364
Wild type 149 217
NA 1 7
1p/19q status Codeleted 67 146
Non-Codeleted 250 437
NA 8 5
Histological subtype Classical 37 146
Mesenchymal 81 30
Neural 58 34
Proneural 149 378

well as tumor initiation and progression [15,
16]. GBM and GBM-derived GSCs can be
broadly classified into four major subtypes,
namely classical, MES, neural, and proneural
(PN). The clinical significance of MES GSCs is
supported by their relative resistance to con-
ventional chemotherapy and radiation com-
pared to other subclasses [17]. Hence, under-
standing the regulation of MES GSCs is needed
to improve the clinical outcome for patients
with glioblastoma.

In this study, the clinical and molecular charac-
teristics of GPM6B in glioma were emphasized
and a favorable prognostic biomarker of glioma
was found. External validation using a nomo-
gram was performed with the Chinese Glioma
Genome Atlas (CGGA) RNA sequencing data as
the basic cohort, followed by verification in a
dataset from The Cancer Genome Atlas (TCGA).
Subsequently, Gene Ontology (GO) and Kyoto
Encyclopedia of Genes and Genomes (KEGQG)
analyses were conducted to probe possible
pathways. Overexpression of GPM6B sup-
pressed the self-renewal and tumorgenicity of
MES GSCs by inactivation of the Wnt pathway.
Our study demonstrates the clinical and func-
tional roles of GPM6B and suggests that target-
ing GPM6B may be effective in glioma.
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Methods
Acquisition of data

All RNA sequencing data and clinical features
of patients with glioma were downloaded from
the CGGA dataset (n = 325) (http://www.cgga.
org. cn) and TCGA dataset (n = 588) (http://can-
cergenome. nih.gov/). The patients’ clinical and
molecular information are described in Table 1.

Patients and samples

Glioma specimens were obtained from surger-
ies at the First Affiliated Hospital of Nanjing
Medical University (Table 2). All of the enrolled
patients signed the informed consent accord-
ing to the institutional protocols (Ethics num-
ber: 2019-SR-479) by the Ethics Committee of
the First Affiliated Hospital of Nanjing Medical
University.

Survival analysis of GPM6B expression in
glioma

Survival analysis was conducted to evaluate
the prognostic value of GPM6B expression on
overall survival (OS) in glioma. Statistical sig-
nificance according to Kaplan-Meier survival
curves was calculated using the log-rank test.

Development and validation of a nomogram

Univariate and multivariate Cox regressions,
and a nomogram were employed and devel-
oped to determine other independent prognos-
tic factors according to the methods outlined
by our previous study [18]. The validation of
nomogram-based prediction was conducted in
both the CGGA and TCGA datasets.

Functional enrichment analysis

GO analysis was performed using the cluster
profiler package, and the top 30 pathways and
top 10 GO terms were visualized with R (Ver-
sion 4.0.2). The KEGG (https://www.kegg.jp/
kegg/) was used to reveal the important path-
way associated with GPM6B, and the pathways
with P < 0.05 were selected.

Quantitative RT-PCR

The total RNA was extracted from glioma cells
using TRIzol reagent (Thermo Fisher Scientific,
USA) following the manufacturer’s instructions.
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Table 2. Patient baseline characteristics from clinical

Immunohistochemistry (IHC)

Human glioma biopsy specimens were

samples

Sample ID Sex Age Grade Subtype

1 Male 65 WHO Il Non-Mesenchymal
2 Male 40 WHO Il Non-Mesenchymal
3 Female 54  WHOIl Non-Mesenchymal
4 Male 38 WHO Il Non-Mesenchymal
5 Female 54 WHO Il Non-Mesenchymal
6 Male 66 WHO Il  Non-Mesenchymal
7 Female 55 WHOIV Non-Mesenchymal
8 Male 56 WHOIV Non-Mesenchymal
9 Female 57 WHOIV Non-Mesenchymal
10 Male 58 WHO IV Mesenchymal
11 Female 59 WHO IV Mesenchymal
12 Male 60 WHOIV Mesenchymal
13 Female 41  WHOIV Non-Mesenchymal
14 Male 62 WHOIV Non-Mesenchymal
15 Female 53 WHOIV Non-Mesenchymal
16 Male 63 WHOIlI Non-Mesenchymal
17 Female 44  WHOIl Non-Mesenchymal
18 Male 52  WHO Il  Non-Mesenchymal
19 Female 51  WHO Il Non-Mesenchymal
20 Male 45  WHO IV Mesenchymal

fixed with 4% paraformaldehyde, pro-
cessed into 6-uym-thick sections and
immune-stained with specific antibodies
for GPM6B. The slides were imaged under
a light microscope (Leica, Germany), and
the percentage of positive cells was calcu-
lated by counting under high magnification
(x 100).

Cell lines and reagents

GSC lines (MES: GSC28, GSC505) were
established in a manner that has been
widely applied in previous studies [19, 20].
GSCs were cultured in DMEM/F12 medi-
um (10565018; Gibco, USA) supplement-
ed with B27 (Invitrogen), basic Fibroblast
Growth Factor (bFGF), and 20 ng/ml
Epidermal Growth Factor (EGF) (236-EG;
R&D Systems, USA), and incubated at
37°C with 5% CO,,. All cells were routinely
proven to be free of mycoplasma.

The Primer sequences were as follows: GPM6B
forward: 5’-TCCTATCACCTGTTCATTGTGG-3’ and
reverse: 5-GCAGCAATCTTCCCGACTC-3'. GAP-
DH forward: 5-CCTTCTCCCCATTCCGTCTT-3’
and reverse: 5-AAATCAGGAGTGGGAGCACA-3'.

Western blot

After extraction, proteins in the cell lysates
were first resolved by sodium dodecyl sul-
fate polyacrylamide gel electrophoresis (SDS-
PAGE) and then transferred to nitrocellulose
membrane. The membrane was subsequently
blocked with 6% nonfat dry milk in TBST for
2 h before incubating with the following pri-
mary antibodies from Abcam: GPM6B (ab92-
988, 1:250), CD44 (ab254530, 1:500), p-
STAT3 (ab267373, 1:1000), STAT3 (ab68153,
1:1000), Wnt7b (ab94915, 1:500), B-catenin
(ab16051, 1:3000), c-Myc (ab32072, 1:1000),
and GAPDH (ab8245, 1:2000). After incub-
ation with peroxidase-conjugated secondary
antibodies, the signals were probed using the
SuperSignal® Maximum Sensitivity Substrate
(Thermo Fisher Scientific). The relative band
intensity was analyzed using Image Lab soft-
ware (Bio-Rad).
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Neurosphere formation assay

Dispersed single cells were plated at a density
of 1 cell/ul and the spheres that formed after
1 to 2 weeks were examined. A microscope
(Leica, Germany) was used to acquire images
and quantification analysis was performed to
measure the sphere diameters.

Extreme limiting dilution assay

Transfected GSCs were dissociated to single
cells and then plated in 96-well plates at densi-
ties of 5, 10, 15, 20, 25, 30, 35, 40, 45, and
50 cells per well. Seven days after incubation,
each well was examined for the formation of
tumor spheres. The data were analyzed using
Extreme Limiting Dilution Analysis (ELDA)
software.

Vectors and lentiviral transfection

The overexpression plasmid vector of GSCs tar-
geting GPM6B was purchased from Gene-
pharma and validated by DNA sequencing.

Xenograft mouse model

The 6-week-old male nude mice used in this
study were purchased from Nanjing Medical
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University Animal Center. For intracranial xeno-
graft experiments, GSCs lentivirally transduced
with firefly luciferase (Fluc) were implanted into
the frontal subdural region. The IVIS Imaging
System (Caliper Life Sciences) was used to
measure the intracranial tumor growth every 7
days. Each mouse was intraperitoneally inject-
ed with 150 ug/g D-luciferin (YEASEN, Shang-
hai, China) before imaging. The Living Images
software package (Caliper Life Sciences) was
applied to analyze the integrated flux of pho-
tons in each region. The procedures were
approved by the Animal Management Rule of
the Chinese Ministry of Health (documentation
55, 2001) and the Nanjing Medical University
Animal Experimental Ethics Committee (Ethics
number: IACUC-1907006).

Statistical analysis

Statistical analyses were performed using
GraphPad Prism 8.0.2 software (GraphPad
Software, USA) and R language for Windows,
version 3.6.1 (http://www.r-project.org). Quan-
titative data were compared using a Student’s
t-test between two samples or one-way analy-
sis of variance (ANOVA) for multiple samples.
Statistical significance in Kaplan-Meier survival
curves were calculated using the log-rank test.
The subcutaneous tumor diameters in each
group were analyzed using a two-way ANOVA.
Cox regression analysis was performed using
the survival package in R. All results are pre-
sented as the mean + S.D. and repeated in at
least three independent experiments. A p value
< 0.05 was considered to indicate a significant
difference.

Results

GPMG6B expression was correlated with glioma
grade, IDH mutation status, and glioma sub-
type

The flowchart of the study is presented in
Supplementary Figure 1. The expression of
GPMB6B in gliomas was analyzed based on the
WHO grade system, histopathology, and IDH
mutation status. In the CGGA cohort, the ex-
pression of GPM6B was obviously decreased
with the increase in grade (P < 0.0001) (Figure
1A). Similar results were obtained in TCGA
cohort (P < 0.0001) (Figure 1F). According to
the IDH status, patients with glioma were divid-
ed into two groups, namely the IDH mutation
group and the IDH wild-type group, and the
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expression level of GPM6B was compared
between them. In the CGGA cohort, the GPM-
6B expression in the IDH wild-type group was
relatively lower than that in the IDH mutation
group regardless of tumor grade (Figure 1B;
Supplementary Figure 2A), which was also
verified in the TCGA cohort (Figure 1F;
Supplementary Figure 2B). These results sug-
gested that GPM6B is negatively correlated
with the malignancy of glioma. Next, to deter-
mine the relationship between GPM6B and gli-
oma molecular subtypes, we investigated the
expression of GPM6B between four TCGA sub-
types. It was found that the mesenchymal sub-
type showed markedly decreased GPM6B
expression compared to the other three sub-
types in both the CGGA and TCGA cohorts
(Figure 1C, 1G). Subsequently, we calculated
the receiver operating characteristic (ROC)
curves of GPM6B expression and the mesen-
chymal subtype (Figure 1D, 1H). In the CGGA
cohort, the area under the curve (AUC) was
0.827 with an optimal cutoff value of 8.302
(the sensitivity and specificity were 0.736
and 0.795). In the TCGA cohort, the AUC was
0.806 with an optimal cutoff value of 14.225
(the sensitivity and specificity were 0.679 and
0.781). Thus, GPM6B may represent a bio-
marker to distinguish mesenchymal subtype
and non-mesenchymal subtype in glioma.

Increased GPM6B expression predicted a bet-
ter outcome

To further evaluate the prognostic value of
GPME6B, patients with glioma were divided into
GPM6B" and GPM6B" groups based on a cut-
off value (median GPMG6B expression level).
As shown in Figure 2A and 2D, the GPM6B""
group displayed a reduced overall survival time
compared to their GPM6B" counterparts in
both the CGGA and TCGA datasets. Similar
results were observed in patients with low-
grade glioma (LGG) and GBM in Kaplan-Meier
curves (Figure 2B, 2C, 2E and 2F). Therefore, it
was concluded that GPM6B could act as a
favorable prognostic biomarker.

Construction and validation of a nomogram

Next, uni- and multivariate Cox regression anal-
ysis was performed to investigate the indepen-
dent prognostic significance of GPM6B in the
CGGA and TCGA datasets. Of note, although
after adjusting for age, grade, IDH status and
1p/19q status, statistically meaningful prog-
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Figure 1. Correlation between GPM6B expression and histologic/molecular subtypes. A-C, E-G. Comparison of the
GPM6B expression level in the CGGA and TCGA cohorts according to WHO grade, IDH status, and TCGA molecular
subtype. D, H. ROC curves for predicting mesenchymal subtype. *P < 0.05, **P < 0.01, ***P < 0.001.
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Figure 2. Survival differences in patients with glioma with high and low GPM6B expression status. A-F. Kaplan-Meier
survival analysis of all grades glioma, LGG, and GBM in the CGGA and TCGA cohorts. *P < 0.05, **P < 0.01, ***P

< 0.001.

nostic value was observed in the univariate
analysis in the two datasets, GPM6B expres-
sion remained an independent prognostic fac-
tor for gliomas by multivariate Cox regression
analysis (Figure 3A, 3B). Furthermore, calibra-
tion illustrated sufficient prediction accuracy of
the nomogram at 1-, 3-, and 5-year timepoints
in the CGGA and TCGA (Figure 3C-E). A nomo-
gram containing these independent factors
was developed to forecast the survival proba-
bility of individuals (Figure 3F).

Potential functional analysis

To investigate the biologic behaviors of GPM-
6B, we calculated the genes that were signifi-
cantly correlated with GPM6B (correlation R >
0.5 or R < -0.5) and differentiated into GPM-
6B and GPM6B" groups (log FC > 1) in the
two datasets. Individually, 230 positively cor-
related genes and 42 negatively correlated
genes in the TCGA cohort and 403 positively
correlated genes and 473 negatively correlat-
ed genes in the CGGA cohort were identified
(Supplementary Table 1). As shown, the nega-
tively correlated genes of GPM6B were mainly
focused on vascular development, cell adhe-
sion, regulation of growth, multicellular organ-
ism development, and extracellular structure
organization. However, the positively correlated
genes mainly played vital functions in neuron/
cell differentiation and morphogenesis, ner-
vous system development, binding and metab-
olism of various hormones, cell junction, and
integral to the membrane part. These findings
suggest that the functional inquiry of GPM6B
should be focused on cell differentiation.

Subsequently, GO analysis was performed with
the R package, including biological process
(BP), cellular composition (CC), and molecular
function (MF) (Figure 4A-D; Supplementary
Figure 2C, 2D). Among the BP section, axono-
genesis, glial cell differentiation, and negative
regulation of cell development are the most
meaningful functions, which suggested that
GPME6B plays a vital role in the biological gene-
sis and development of gliomas. The results of
the MF analysis displayed that actin binding
was the major function of GPM6B in the treat-
ment of glioma. Finally, in terms of KEGG an-
alysis, the Wnt pathway, one of the main path-
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ways associated with GSC identity [21], was
highly related to the function of GPMG6B (Figure
4E, 4F).

GPMG6B expression and phenotype were veri-
fied in vitro and in vivo

Consistent with the above results, the in vitro
experiments with glioma samples using qRT-
PCR (Figure 5A), WB (Figure 5B), and IHC
(Figure 5C, 5D) indicated that GPM6B expres-
sion was correlated with glioma grade and
subtype.

Given the above results, the impact of GPM6B
on mesenchymal identity in GSCs was in-
vestigated. Expectedly, the overexpression of
GPM6B markedly attenuated cell growth and
decreased tumorsphere formation ability (Fi-
gure 6A, 6B), as revealed by the in vitro limit-
ing dilution assay (Figure 6C). Furthermore,
reduced expression of major MES-specific
markers, including CD44 and phosphorylated
STAT3 (p-STAT3), was observed in Lv-GPM6B
MES GSCs compared to the vector (Figure 6D).
Simultaneously, western blotting was per-
formed to assess the expression of related
genes within the Wnt signaling pathway in the
GSC28 and GCS505 cell lines. It was found
that GPM6B lessened the expression of Wnt7b,
as well as B-catenin and c-Myc, which are
downstream target genes (Figure 6D). These
results suggested that GPMG6B suppressed
the identity of GSCs, at least in part, through
inhibiting activation of the Wnt/B-catenin sig-
naling pathway. Most importantly, in mouse
orthotopic models, bioluminescent imaging
revealed that the overexpression of GPM6B
effectively inhibited the growth of GBM xeno-
grafts (Figure 6E).

Taken together, these results indicate that the
overexpression of GPMEB inhibited the ability
of self-renewal and tumorigenicity of MES GSCs
through down-regulating the Wnt pathway,
which may have a negative role in the mainte-
nance of the MES subtype.

Discussion

Among the most aggressive and intractable
tumors, primary brain tumors are the leading

Am J Transl Res 2022;14(5):3052-3065
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Figure 3. Development and validation of a nomogram. A, B. Forest plot of multi-variate Cox regression analysis on
GPMG6B and other factors. C-E. Calibration plot at 1, 3, and 5 years using the CGGA and TCGA datasets. F. Nomogram

with independent prognostic factors.

cause of cancer in children younger than 15
years of age, and the second cause in adoles-
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cents older than 15 years of age [22, 23]. As
the most aggressive and infiltrative of primary
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Figure 4. Pathway enrichment analysis. A-D. GO analysis for biological processes of GPM6B. E, F. KEGG pathways

analysis of GPMGB.
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Figure 5. Validation of GPM6B expression in vitro. A. GPM6B mRNA expression in different grades of glioma and dif-
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in different grades of glioma and different subtypes of GSCs was evaluated by western blot and IHC. GAPDH was
used as control in western blot assays. Scale bar: 100 ym. *P < 0.05, **P < 0.01, ***P < 0.001. (n = 3 experi-

ments).

brain tumors, gliomas have the highest mortal-
ity and a poor outcome [24]. Therefore, new
diagnostic biomarkers and therapeutic app-
roaches are urgently needed.

The PLP family plays a vital role in myelination
and neuroprotection, especially in the central
system, and is essential for cell differentiation
and survival [25-28]. GPM6B is a member of
the PLP family, which is found in a highly con-
served gene sequence located at Xp22.2 [5,
6]. Thomson et al. reported that GPM6B mRNA
was abundant in the perinatal central nervous
system [6]. In functional experiments, GPM6B
was firstly described as a brain-specific protein
expressed mainly in neurons and oligodendro-
cytes; indeed, GPMG6B is abundant in the brain
and can discriminate glioma from meningioma
[6, 7, 13]. Although the expression of GPM6B
declines during development, it does remain
into adulthood, suggesting that its function
may be regulated intracellularly during CNS
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development. Researchers have suggested
that GPMG6B is localized at the cellular mem-
brane of astrocytes and is involved in the regu-
lation of neuroblast migration by participating
in the modulation of transmembrane receptors
related to downstream actin remodeling [29,
30]. In previous studies, Zhu et al. found that
miR-1908-3p might promote proliferation and
metastasis of breast cancer cells by suppress-
ing GPM6B [10]. Moreover, Cyndia suggested
GPMG6B as an underlying new human lymphoid
leukemia-associated oncogene [11]. He et al.
demonstrated that GPM6B was a diagnostic
marker of prostatic cancer (PCa) and contrib-
uted to the development of new treatment tar-
gets for PCa [12]. Nevertheless, the specific
role and mechanism of GPM6B in gliomas has
remained elusive.

In this study, the specific role and distribution
of GPM6B in whole grade glioma were explored
for the first time. CGGA and TCGA datasets

Am J Transl Res 2022;14(5):3052-3065
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were used to collect 913 samples for the an-
alysis. The GPM6B expression level was found
to be significantly down-regulated with the
increase in grade. Furthermore, GPM6B ex-
pression was significantly decreased in glioma
of the IDH wild-type group and may represent
an underlying predicting marker for the mesen-
chymal subtype. These findings suggest that
the GPMGB expression level is closely correlat-
ed with the malignant process in glioma. The
risk of patients showing a lower GPM6B expres-
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sion level in glioma development and progres-
sion was superior to those with higher GPM6B
expression.

Additionally, the results of Kaplan-Meier sur-
vival curve analysis proved that higher GPM6B
expression was correlated with a clear impro-
vement in the overall survival of whole grade
gliomas, LGG, and GBM. Besides, GPM6B was
found to be an independent predictor of clinical
prognosis by uni- and multivariate Cox regres-
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sion analyses. These results further suggest
that GPMG6B is a pivotal composition for facili-
tating the benign development of glioma cells.

To further investigate the biologic function of
GPM6B in glioma, R packages were used for
GO analysis. The findings demonstrated that
GPMG6B was correlated with neuron/cell differ-
entiation and morphogenesis, nervous system
development, vascular development, cell adhe-
sion, and the binding and metabolism of vari-
ous hormones. These findings were consistent
with GPM6B functions identified in other stud-
ies, such as the impact on neuron develop-
ment, myelination, cell extension, and neuro-
blast migration as a result of GPM6B up-re-
gulation [8, 9, 29, 31, 32]. Differentiation is
essential for cell development, while dediffer-
entiation is central to cancer progression,
including glioma [33, 34]. Therefore, restoring
the differentiation function of tumor cells would
be very useful for tumor therapy. GPM6B plays
an important role in normal axonal extension
and guidance in vivo, indicating that it is es-
sential for neuron differentiation [31, 32].
Abnormal vascular development is another
characteristic of tumor development [35],
which was also revealed by the GO analysis
for GPRM6B. Moreover, KEGG analysis showed
that Wnt/B-catenin signaling was highly rele-
vant to GPM6B. A recent study illustrated that
all of the included GSC subpopulations de-
monstrated increased Wnt/B-catenin signaling
compared to the non-GSC components of the
tumor, which suggested that the activation of
this pathway is a common feature of GSCs [21].
Therefore, exploring the mechanism of GPM6B
expression in glioma, especially in glioma cell
differentiation and vascular development, may
improve the survival of this fatal disease.

According to the diversity of the transcriptional,
genotypic, and epigenetic states, GSCs are
mainly classified into four subtypes [36]. Given
that the mesenchymal (MES) subtype is gener-
ally associated with higher radio-resistance
and is more prevalent in recurrent GBMs, tar-
geting MES GSCs has become an indispens-
able consideration and an efficient therapeutic
strategy for GBM. Prior studies have demon-
strated that MES GSCs are associated with
cancer development and progression by main-
taining high activity, thus leading to poor prog-
nosis compared to other GSCs [19, 37]. Here, it
was identified that GPM6B could lead to the
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suppression of MES properties, including self-
renewal, and tumorigenic capability of GSCs.
Consistent with the pathway analysis, the rele-
vant genes in the Wnt pathway were verified
and down-regulated along with the increase in
GPMBG6B. As a result, GPM6B may be developed
as a novel target candidate for therapeutic
intervention.

The clinical research of GPM6B in tumorigene-
sis is increasing recently. Since clinical data for
utilizing GPM6B in human glioma are limited,
more studies are urgently needed to reveal the
function of GPM6B.

Conclusion

This study demonstrated that GPM6B is a
favorable biomarker in glioma and an effective
therapeutic target of MES GSCs. This study
enhances the understanding of the mechanis-
tic role of MES GSCs, suggesting that incre-
ased attention should be paid to the role of
GPMBG6B in glioma treatment.
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Supplementary Figure 2. A, B. Comparison of GPM6B expression level in the CGGA and TCGA cohorts with different IDH status. C, D. GO analysis for biologic pro-
cesses of GPM6B.



