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Abstract 

Background  IL-13Rα2 is one of the most widely studied tumor-associated antigens in glioma research. Fused in 
sarcoma (FUS) is a DNA/RNA binding protein that is dysfunctional in various malignant tumors. However, the expres-
sion of IL-13Rα2 and FUS, their relationship with clinicopathological parameters and their prognostic value in glioma 
remain unclear.

Methods  In the present study, the expression of IL-13Rα2 and FUS was measured in a glioma tissue array by immu-
nohistochemistry. Pearson’s X2 test was used to determine the correlation between immunohistochemical expres-
sions and clinicopathological parameters. Pearson’s or Spearman’s correlation test was used to determine the associa-
tion between these two proteins expression. The Kaplan–Meier analysis was used to investigate the effect of these 
proteins on prognosis.

Results  The expressions of IL-13Rα2 were significantly higher in high-grade gliomas (HGG) than that in low-grade 
gliomas (LGG) and was associated with IDH mutation status, whereas FUS location demonstrated no significant corre-
lation with clinicopathological parameters. Moreover, a positive relationship was found between nuclear and cyto-
plasmic co-localization FUS and IL-13Rα2 expression. Kaplan–Meier analysis revealed that patients with IDH wide type 
or IL-13Rα2 had worst overall survival (OS) compared to other biomarkers. In HGG, IL-13Rα2 combined with nuclear 
and cytoplasmic co-localization of FUS was associated with worse OS. Multivariate analysis showed that tumor grade, 
Ki-67, P53 and IL-13Rα2 could be the independent prognostic factors for OS.

Conclusion  IL-13Rα2 expression was significantly associated with cytoplasmic distribution of FUS in human glioma 
samples and could be the independent prognostic factors for OS, while the prognostic value of its co-expression with 
cytoplasmic FUS in glioma need to be addressed in the future studies.
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Background
Gliomas are the most common malignancy in the brain 
and represent approximately 80% of malignant brain 
and other central nervous system (CNS) tumors [1]. 
Based on the World Health Organization (WHO) clas-
sification, gliomas are graded on a scale of I to IV [2]. 
In 2016, for the first time, the WHO CNS classification 
used molecular markers to classify gliomas, and in 2021, 
the fifth edition of the WHO Classification of Tumors 
of the Central Nervous System (WHO CNS5) became 
the current international standard for glioma nomen-
clature and diagnosis [3, 4]. In this classification system, 
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the primary genetic markers for gliomas are IDH muta-
tion status, codeletion of chromosomal arms 1p and 19q 
(1p/19q codeletion), nuclear alpha-thalassemia/mental 
retardation X-linked syndrome (ATRX) gene mutations, 
O6-methylguanine-DNA methyltransferase (MGMT) 
promoter methylation status, loss of cyclin-dependent 
kinase inhibitor 2A (CDKN2A), epidermal growth fac-
tor receptor (EGFR) amplification and telomerase reverse 
transcriptase (TERT) promoter mutations. However, 
gliomas are histologically and molecularly diverse, exhib-
iting heterogeneity both between patients and within 
individual tumors. The understanding of the significance 
biomarkers in glioma tumors is far from enough.

Specifically, gliomas are separated into two classes 
according to the mutation status of isocitrate dehydroge-
nase (IDH), which encodes the cytosolic isoform of IDH 
that participates in cellular respiration [5]. In glioma, 
the mutations occur at the arginine residue at codon 
132 in IDH1 (IDH1R132H) and at codon 140 in IDH2, 
and since the IDH1R132H alteration accounts for 90% 
of IDH mutations, immunohistochemistry (IHC) evalu-
ation with an IDH1R132H antibody can cover 90% cases 
of IDH1/2 mutation [6]. Besides, ATRX is often detected 
in the IDH-mutant group [7–9]. P53 is a tumor suppres-
sor and has been determined to be a possible predictive 
and prognostic factor in gliomas [10]. In addition, IDH-
mutant astrocytoma often has P53 and ATRX mutations 
and is often the ALT phenotype, while IDH-mutant and 
1p/19q-codeleted oligodendrogliomas often have wild-
type P53 and TERT promoter mutations, which are indic-
ative of telomerase activation [11]. MGMT promoter 
methylation is also a molecular biomarker of glioma sub-
types that has clinical applications due to its prognostic 
and predictive value[12–16]. These genetic layers driven 
a newfound appreciation for intra-tumoral heterogene-
ity found in gliomas. However, these biomarkers are still 
not sufficient to explain why suitably genotype-targeted 
therapies have not been successful for glioma.

IL-13Rα2 is one of the most widely studied tumor-
associated antigens in glioma research, which is also 
overexpressed in a variety of solid cancers, including 
gliomas, melanoma and pancreatic, ovarian, breast, 
colon and prostate cancers [17, 18]. It is well known that 
IL-13Rα2 is overexpressed by high-grade gliomas (HGG), 
but not expressed at significant levels by low-grade glio-
mas (LGG) or normal brain tissue[19]. Over 30 varia-
tions of treatments focused on IL-13Rα2 have been used 
to target and kill glioma cells in vitro, and in preclinical 
clinical settings [20, 21]. One of the challenges of success-
ful IL-13Rα2 target therapy, is the loss of a targeted anti-
gen with treatment and intra-glioma heterogeneity [22]. 
Therefore, the expression pattern of IL-13Rα2 in glioma 
remains to be elucidated.

Fused in sarcoma (FUS) is a DNA/RNA binding protein 
involved in RNA metabolism and DNA repair [23, 24]. 
Numerous reports have demonstrated by pathological 
and genetic analysis that FUS is associated with a vari-
ety of malignant tumors and neurodegenerative diseases 
[25–27]. Recent studies have shown that FUS plays a cru-
cial role in promoting the malignant progression of gli-
oma cells [28]. In most cell types, FUS is present in both 
the nucleus and cytoplasm; however, in neurons, pro-
portionally more FUS is expressed in the nucleus, while 
its expression in glia is exclusively nuclear [29]. Further 
studies have shown that normal FUS proteins are mainly 
located in the nucleus, whereas mutant proteins are pri-
marily found in the cytoplasm [30, 31]. During stress, 
excess FUS in the cytoplasm is involved in the formation 
of stress granules (SGs), which are composed of mRNAs, 
ribosome translation initiation factors, and other RNA-
binding proteins [32, 33]. According to the database for 
RNA binding proteins (RBP) (https://​starb​ase.​sysu.​edu.​
cn/), IL-13Rα2 is the mRNA target of FUS. Nevertheless, 
whether the association between IL-13Rα2 and FUS has 
clinical significance in human gliomas remains unclear.

In this study, we evaluated that  the expression of 
IL-13Rα2 and FUS in 48 clinical glioma specimens, pre-
liminarily analyzed their relationship with clinicopatho-
logical parameters and performed a survival analysis to 
further infer their value as biomarkers that have prog-
nostic, predictive, and clinical applications in glioma 
subtypes.

Materials and methods
Reagents and tissue specimens
Anti-human IL-13Rα2 (PA5-46,976; 5  μg/mL) and FUS 
(PA5-96,477; 1:100) antibodies were both purchased 
from Thermo Fisher Scientifc (Waltham, MA, USA). Tis-
sue microarrays (TMAs) were constructed by Servicebio 
technology (G6042-1, Wuhan, China) using formalin-
fixed paraffin-embedded blocks of surgically resected 
glioma specimens. Patients were selected with sur-
vival > 30 days, indicating that the patient survived from 
the initial surgery and radiation treatments. Additionally, 
data for clinicopathological biomarkers were also pro-
vided by Servicebio technology, such as Ki-67 tested by 
immunohistochemistry (IHC) and threshold of 30% was 
chosen to stratify Ki67 [34]; mutation of P53, IDH and 
ATRX tested by fluorescence in situ hybridization (FISH); 
MGMT methylation tested by Methylation-Specific PCR 
(MS-PCR). The characteristics of all glioma cases were 
also provided by Servicebio technology (Table 1). In this 
study, we comprehensively characterize the phenotype 
of 48 glial tumors resected from patients between 8 and 
75 years of age. All histologically classified tumors were 
defined according to the WHO 2016 classification of 
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tumors of the central nervous system. Grade 2 and 3 glio-
mas were referred to as LGG, whereas the grade 4 glio-
mas as HGG. Among the 48 gliomas cases, there were 22 
LGG and 26 HGG.

Scoring of immunostaining
IHC results were scored via semiquantitative analysis as 
described by Guichet [35]. In particular, for IL-13Rα2 
and FUS, the percentage of immunopositive cells was 
estimated by counting the number of immunopositive 
cells in ten high-power (40x) fields, which were system-
atically randomized throughout the section. For each 
field, the ratio of positive cells/total number of cells was 
calculated (%). The mean value of the ten fields obtained 
from a section was considered the estimated percentage 
of immunopositivity assigned to the tumor sample. Each 
case was evaluated by one person and was subsequently 
reviewed by a second observer and any disagreement was 
resolved with a third pathologist in order to achieve an 
ultimate decision. The percentage of positive cells was 
scored using a four-tiered scale: 0 (staining absent), 1 
(≤ 10%), 2 (≤ 50%) and 3 (> 50%). The intensity of staining 
was assessed as follows: 0 (no staining), 1 (weak inten-
sity), 2 (moderate intensity) and 3 (strong intensity). The 
two scores were multiplied to obtain the staining scores 
(between 0 and 9) after which the sections were finally 
divided into the low (score 0–4) and high (score 5–9) 
groups.

Statistical analysis
Significance was established with GraphPad Prism 9 soft-
ware. Pearson’s X2 test was used to determine the corre-
lation between immunohistochemical expression and the 
clinicopathologic features of patients. Pearson’s or Spear-
man’s correlation test was used to determine the asso-
ciation between the immunohistochemical expression 

of FUS and IL-13Rα2. Overall survival (OS) was defined 
as the time (months) from surgical resection to death (or 
the latest follow-up). Univariate and multivariate analy-
ses were used in the survival analysis by the Kaplan–
Meier method and Cox hazard regression analysis. The 
Kaplan–Meier method  was used to analyze the clinico-
pathological parameters associated with the prognosis of 
glioma patients. The Cox hazard regression analysis was 
a further analysis of independent factors associated with 
the prognosis of glioma patients on the basis of Kaplan–
Meier method. All p values were two-sided; p values less 
than 0.05 were considered statistically significant and 
those less than 0.01 were considered highly significant.

Results
Clinicopathological characteristics of patients
The characteristics of the 48 patients are summarized 
in Table  2. Our cohort consisted of patients with LGG 
(45.8%; 22/48) and HGG (54.2%; 26/48). 31 males and 17 
females with an average age of 46 years (range from 8 to 
75 years) comprised the cohort. Ki-67 positivity was used 
to determine the 2 classes with the following percentage 
of positive cells: < 30% and ≥ 30%. Thus, among the 48 
patients, 10 were considered class 1 (< 30%) and 38 were 
considered class 2 (≥ 30%). P53 positivity was also used 
to differentiate 2 classes: < 5% (21, 43.8%) and ≥ 5% (27, 
56.2%). Cases were classified into wild-type and mutated 
groups based on IDH and ATRX status, and MGMT was 
determined to be methylated or not methylated. The 
characteristics of the cases were as follows: IDH muta-
tion (18, 37.5%), ATRX mutation (27, 56.2%) and MGMT 
methylation (14, 29.2%). The median OS was 20.4 months 
(range from 1 to 47 months) and 38 patients (79.2%) died. 
Compared with patients with the LGG and HGG sub-
types, age (p = 0.011), Ki-67 positivity (p = 0.002), p53 
positivity (p = 0.011), and IDH mutation status (p = 0.001) 
reached statistical significance.

The expression levels of IL‑13Rα2 and FUS 
and the association between these two protein markers
To assess the protein expression and status of IL-13Rα2 
and FUS in clinical glioma samples, we performed immu-
nostaining with anti-IL-13Rα2 and anti-FUS. The immu-
nohistochemical staining showed that IL-13Rα2 was 
located in the cytoplasm and/or membrane in a variable 
number of tumor cells (Fig. 1A, left column). In Fig. 1B, 
we detected positive expression of IL-13Rα2 in 4 of 22 
LGG cases (18.2%) and in 14 of 26 HGG cases (53.8%). In 
HGG, 12 positive cases showed high IL-13Rα2 staining, 
while in LGG, both positive cases exhibited low IL-13Rα2 
staining. Statistical analysis showed that high IL-13Rα2 
staining was significantly increased in HGG compared 

Table 1  Characteristics of enrolled subjects

Characteristics Number 
of 
patients

Age

   < 50 30

   ≥ 50 18

Gender

  Male 31

  Female 17

WHO grade

  2 13

  3 9

  4 26
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with LGG (p = 0.0167) and was also accompanied by 
strong cytoplasmic and/or membranous staining.

Our study showed that FUS was ubiquitously 
expressed in either the nucleus alone or in both the 
nucleus and the cytoplasm (Fig.  1A, right column). 
In Fig.  1C, of the 22 LGG cases and 26 HGG cases, 
10 (45.5%) and 6 (23.1%), respectively, exhibited FUS 
nuclear localization, while 12 LGG cases (54.5%) and 
20 HGG cases (76.9%) exhibited both FUS nuclear 
and cytoplasmic staining. Moreover, 12 IL-13Rα2-
positive cases in the HGG group showed colocaliza-
tion with FUS in the nucleus and cytoplasm, and only 
1 case showed FUS nuclear localization. Additionally, 
4 of 6 HGG cases with nuclear FUS expression were 
IL-13Rα2-negative, and only 2 cases were IL-13Rα2-
positive. While, FUS nuclear and cytoplasmic staining 
showed no statistical significance between HGG and 
LGG (p = 0.1310).

Thus, we further performed a correlation analysis 
to clarify the relationship between these two proteins. 
Pearson’s correlation analysis revealed a positive corre-
lation between IL-13Rα2 and cytoplasmic FUS expres-
sion (p = 0.0129; r = 0.3565) in glioma. IHC staining on 

continuous tissue sections further confirmed that high 
expression of IL-13Rα2 and cytoplasmic FUS expres-
sion were concurrent in the same samples (Fig. 2), which 
implies that IL-13Rα2 may cooperate with cytoplasmic 
FUS in gliomagenesis.

Association between the expression levels of IL‑13Rα2 
and FUS and clinicopathological characteristics
We evaluated the relationship between the expres-
sion levels of IL-13Rα2 and FUS and clinicopatho-
logical parameters among glioma patients (Table  3). 
The IL-13Rα2 expression was related to IDH muta-
tion status (p = 0.021). We did not find any relationship 
between different location of FUS and clinicopathological 
characteristics.

Survival analysis
A survival analysis was performed for the total cohort. 
According to the univariate survival analysis con-
ducted using the Kaplan‒Meier method, the fol-
lowing prognostic factors were found to affect OS: 
tumor grade (LGG vs. HGG; p = 0.0182), age (< 50 
vs. ≥ 50  years of age; p = 0.0677), Ki-67 expression 

Table 2  Clinicopathological characteristics of all glioma patients

HGG High-grade gliomas, LGG Low-grade gliomas

P values were calculated by Pearson’s X2 test (two sided)
* P < 0.05 indicates statistical signifificance

Clinicopathologic
characteristics

Total (48) LGG
(Grade 2 + 3, n = 22)

HGG
(Grade 4, n = 26)

P value

Age
   < 50 30 (30/48, 62.5%) 18 (18/22, 81.8%) 12 (12/26, 46.2%) 0.011*

   ≥ 50 18 (18/48, 37.5%) 4 (4/22, 18.2%) 14 (14/26, 53.8%)
Gender
  Male 31 (31/48, 64.6%) 13 (13/22, 59.1%) 18 (18/26, 69.2%) 0.464
  Female 17 (17/48, 35.4%) 9 (9/22, 40.9%) 8 (8/26, 30.8%)
Ki-67
   < 30% 10 (10/48, 20.8%) 9 (9/22, 40.9%) 1 (1/26, 3.8%) 0.002*

   ≥ 30% 38 (38/48, 79.2%) 13 (13/22, 59.1%) 25( 25/26, 96.2%)
P53
  wt 21 (21/48, 43.8%) 14 (14/22, 63.6%) 7 (7/26, 26.9%) 0.011*

  mut 27 (27/48, 56.2%) 8 (8/22, 36.4%) 19 (19/26, 73.1%)
IDH1
  wt 30 (30/48, 62.5%) 7 (7/22, 31.8%) 23 (23/26, 88.5%) 0.001*

  mut 18 (18/48, 37.5%) 15 (15/22, 68.2%) 3 (3/26, 11.5%)
ATRX
  wt 21 (21/48, 43.8%) 8 (8/22, 36.4%) 13 (13/26, 50.0%) 0.343
  mut 27 (27/48, 56.2%) 14 (14/22, 63.6%) 13 (13/26, 50.0%)
MGMT methylation
  Negative 34 (34/48, 70.8%) 15 (15/22, 68.2%) 19 (19/26, 73.1%) 0.71
  Positive 14 (14/48, 29.2%) 7 (7/22, 31.8%) 7 (7/26, 26.9%)
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Fig. 1  Expression of IL-13Rα2 and FUS in glioma tissues. A Proteins expression in glioma patients with WHO grade 2 to 4 (400 ×). B Expression levels 
of IL-13Rα2 in LGG and HGG. C FUS with nuclear location or both nuclear and cytoplasmic location in LGG and HGG

Fig. 2  Concurrent expression of IL-13Ra2 and FUS with both nuclear and cytoplasmic location in the same samples. A IL-13Rα2 expression (200 ×). 
B IL-13Rα2 expression (400 ×). C FUS nuclear and cytoplasmic location (200 ×). D FUS nuclear and cytoplasmic location (400 ×)
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(< 30% vs. ≥ 30%; p = 0.0045), P53 status (wild-type vs. 
mutation; p = 0.0458), IDH status (wild-type vs. muta-
tion; p = 0.0016), ATRX status (wild-type vs. mutation; 
p = 0.5446), MGMT methylation status (wild-type vs. 
methylation; p = 0.3689), IL-13Rα2 expression (negative 
vs. positive; p = 0.0029) and FUS expression (nuclear 
vs. nuclear and cytoplasmic p = 0.4535) (Fig.  3A-I). 
The results of the multivariate analysis (Cox regres-
sion analysis model) of OS that can be the independ-
ent prognostic factors or OS were as follows: tumor 
grade (HR 2.029; 95% CI 0.5536 to 9.059; p = 0.0213), 
IL-13Rα2 (HR 2.382; 95% CI 1.056 to 5.380; p = 0.0010), 
Ki-67 (HR 3.439; 95% CI 1.098 to 13.44; p = 0.0079) and 
P53 (HR 1.317; 95% CI 0.6046 to 3.052; p = 0.0113). In 
HGG, FUS (nuclear vs. nuclear and cytoplasmic stain-
ing) and IL-13Rα2 expression were not related to OS 
(p = 0.2716, Fig.  3J; p = 0.2502, Fig.  3K), and the rela-
tionship between OS and IL-13Rα2 co-expression with 
nuclear/cytoplasmic FUS was statistically significant 
(p = 0.0050, Fig.  3L). However, in Cox regression anal-
ysis model, expression of IL-13Rα2, FUS location or 

co-expression of these two molecules had no statistical 
significance for OS in HGG.

Discussion
Gliomas with identical histopathological classifications 
may behave differently in terms of clinical outcomes and 
responses to treatment. The molecular patterns of glioma 
can partially explain clinical outcomes and predict treat-
ment responses. Understanding the specific pathogenesis 
of the onset and heterogeneity of gliomas is critical for the 
diagnosis, and prognostic prediction in glioma patients as 
well as for therapy. IL-13Rα2 is the most common thera-
peutic target in glioma; Recent studies have shown that 
IL-13Rα2 can signal through the AP-1 pathway where it 
cooperates with other molecules, such as chitinase 3-like 
1 (CHI3L1) [36] and epidermal growth factor receptor 
variant III (EGFRvIII), in glioblastoma [19, 37]. Stud-
ies have also reported that IL-13Rα2 stimulates human 
glioma cell growth and metastasis through the Src/PI3K/
Akt/mTOR signaling pathway [38] Despite advances in 
the understanding of IL-13Rα2 biology in glioma tumors 
and clinical trials targeting this receptor for therapy, 

Table 3  Clinicopathological characteristics according to proteins expression of IL-13Rα2 and FUS in all glioma patients

P values were calculated by Pearson’s X2 test (two sided)
* P < 0.05 indicates statistical signifificance

Clinicopathologic 
characteristics

IL-13Rα2 P value FUS P value

negative (n = 30) positive (n = 18) nucleus (n = 16) nucleus and 
cytoplasmic (n = 32)

Age
   < 50 21 (70.0%) 9 (50.0%) 0.165 13 (81.3%) 18 (56.3%) 0.088
   ≥ 50 9 (30.0%) 9 (50.0%) 3 (18.7%) 14 (43.7%)
Gender
  Male 19 (63.3%) 12 (66.7%) 0.815 9 (56.3%) 22 (68.7%) 0.393
  Female 11 (36.7%) 6 (33.3%) 7 (43.7%) 10 (31.3%)
Ki-67
   < 30% 8 (26.7%) 2 (11.1%) 0.198 4 (25.0%) 5 (15.6%) 0.433
   ≥ 30% 22 (73.3%) 16 (88.9%) 12 (75.0%) 27 (84.4%)
P53
  wt 15 (50.0%) 6 (33.3%) 0.259 6 (37.5%) 15 (46.9%) 0.537
  mut 15 (50.0%) 12 (66.7%) 10 (62.5%) 17 (53.1%)
IDH1
  wt 15 (50.0%) 15 (83.3%) 0.021* 8 (50.0%) 22 (68.7%) 0.206
  mut 15 (50.0%) 3 (16.7%) 8 (50.0%) 10 (31.3%)
ATRX
  wt 11 (36.7%) 10 (55.6%) 0.202 7 (43.7%) 13 (40.6%) 0.836
  mut 19 (63.3%) 8 (44.4%) 9 (56.3%) 19 (59.4%)
MGMT methylation
  Negative 24 (80.0%) 10 (55.6%) 0.071 13 (81.3%) 22 (68.7%) 0.358
  Positive 6 (20.0%) 8 (44.4%) 3 (20.7%) 10 (31.3%)
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the regulation and prognostic significance of IL-13Rα2 
expression in glioma is not well understood. As an impor-
tant RNA binding protein, FUS is predicted to bind to the 
mRNA of IL-13Rα2. Therefore, the expression of these 
two molecules and their relationships with clinicopatho-
logical parameters should be addressed firstly.

In the present study, we found that IL13-Rα2 expression 
was much higher in HGG than that  in LGG, which was 
consistent with the findings of previous studies. Statistical 
analysis showed that IL-13Rα2 expression was significantly 
increased in patients with IDH wide type. Next, we found 
that IL-13Rα2 expression had a positive relationship with 
the cytoplasmic FUS. These results suggested that IL13-Rα2 
combined with FUS location might have prognostic value.

FUS is dysregulated in a variety of tumors types [39, 
40]. Recently, FUS have reported to be upregulated in 
glioma tissues and cells, while downregulation of FUS sig-
nificantly inhibits the malignant behavior of glioma cells, 
which suggests that FUS may act as an oncogene [28]. It is 
also well known that FUS can enter the nucleus and that 
mutation are associated with its cytoplasmic localization, 
which is associated with a variety of neurodegenerative 

diseases and suggests that cytoplasmic FUS might be a 
reliable indicator of glioma malignancy. In the present 
study, we found that FUS location was correlated with 
IL-13Rα2 expression. In univariate survival analysis, sig-
nificant correlations were observed between poor OS and 
tumor grade, age, Ki67 and IDH but not IL-13Rα2 expres-
sion or nuclear and cytoplasmic FUS location. However, 
in HGG, co-expression of IL-13Rα2 and nuclear and cyto-
plasmic FUS was correlated with worse OS, which sug-
gested that the combination of these two markers might 
be a more precise approach to predict glioma progression.

Additionally, in multivariate analysis of OS, the prog-
nostic factors were tumor grade, Ki67, p53 and IL-13Rα2. 
Because the sample size was too limited in our research, 
the prognostic value of co-expression of IL-13Rα2 and 
cytoplasmic FUS should be further explored.

Conclusions
In summary, our findings demonstrated that IL-13Rα2 
expression was significantly associated with cytoplasmic 
distribution of FUS in human glioma samples. Expression of 
IL-13Rα2 may be a reliable prognostic biomarker. However, 

Fig. 3  Kaplan–Meier survival analysis for OS in all glioma patients. A Patients with HGG had a poorer OS (p = 0.0182). B Patients with age ≥ 50 had 
no different OS time compared to age < 50 (p = 0.0677). C Patients with Ki-67 ≥ 30% had a poorer OS (p = 0.0045). D Patients with P53 mutation had 
a poorer OS (p = 0.0458). E Patients with IDH mutation had a longer OS time (p = 0.0016). F, G Patients with ATRX mutation (F) or MGMT mutation 
(G) had no different OS time compared to wide types (p = 0.5446 and p = 0.3689, respectively). H Patients with IL-13Rα2 expression showed worse 
OS (p = 0.0029). I Patients with FUS located both in nuclear and cytoplasm showed no different OS time compared to FUS located in nuclear 
(p = 0.4535). J, K, L Expression of IL-13Rα2 and FUS in HGG and their relationship with prognosis. Patients with FUS located both in nucleus and 
cytoplasm had no different OS time compared to FUS located in nuclear (p = 0.2716, J). Patients with IL-13Rα2 expression showed no different 
OS time compared to patients without IL-13Rα2 expression (p = 0.2502, K) and patients with IL-13Rα2 and both nuclear and cytoplasmic FUS 
co-expression had worst OS (p = 0.0050, L)
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the prognostic value of co-expression of IL-13Rα2 and cyto-
plasmic FUS need to be addressed in the future studies.

Abbreviations
FUS	� Fused in sarcoma
HGG	� High-grade gliomas
LGG	� Low-grade gliomas
CNS	� Central nervous system
WHO CNS5	� The fifth edition of the WHO Classification of Tumors of the 

Central Nervous System
ATRX	� Alpha-thalassemia/mental retardation X-linked syndrome
MGMT	� O6-methylguanine-DNA methyltransferase
CDKN2A	� Cyclin-dependent kinase inhibitor 2A
EGFR	� Epidermal growth factor receptor
TERT	� Telomerase reverse transcriptase
IDH	� Isocitrate dehydrogenase
IHC	� Immunohistochemistry
FISH	� Fluorescence in situ hybridization
MS-PCR	� Methylation-Specific PCR
SGs	� Stress granules
RBP	� RNA binding proteins
TMAs	� Tissue microarrays
OS	� Overall survival
CHI3L1	� Chitinase 3-like 1
EGFRvIII	� Epidermal growth factor receptor variant III

Acknowledgements
The authors thank the professors at the Pathology Department for their tech-
nical expertise and support.

Authors’ contributions
GC and MW analyzed the data, XYZ and YZ wrote the paper, YZ conceived 
and designed the tests. The manuscript has been read and approved by all 
authors.

Funding
This study was supported by the Natural Science Foundation Research Project 
of Shaanxi province in China (No. 2017SF-196) and the National Natural 
Science Foundation of China (No.82272331 and No.81771705). The role of 
funding body was financial aid to the manuscript.

Availability of data and materials
The datesets in this study are available from the corresponding author on 
reasonable request.

Declarations

Ethics approval and consent to participate
The study was conducted according to the guidelines of the Declaration of 
Helsinki and approved by the Xijing Hospital Ethics Committee (KY20173178-
1). Patient consent was waived by Wuhan Servicebio technology since the 
study does not involve any further health risks or cause the patients any 
further harm and obtaining informed consent was estimated as dispropor-
tionately difficult.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Received: 12 October 2022   Accepted: 2 May 2023

References
	1.	 Ostrom QT, Gittleman H, Stetson L, Virk SM, Barnholtz-Sloan JS. Epide-

miology of gliomas. Cancer Treat Res. 2015;163:1–14. https://​doi.​org/​10.​
1007/​978-3-​319-​12048-​51.

	2.	 Louis DN, Ohgaki H, Wiestler OD, Cavenee WK, Burger PC, Jouvet A, 
et al. The 2007 WHO classification of tumours of the central nervous 
system. Acta Neuropathol. 2007;114(2):97–109. https://​doi.​org/​10.​1007/​
s00401-​007-​0243-4.

	3.	 Louis DN, Perry A, Reifenberger G, von Deimling A, Figarella-Branger D, 
Cavenee WK, et al. The 2016 World Health Organization Classification of 
Tumors of the Central Nervous System: a summary. Acta Neuropathol. 
2016;131(6):803–20. https://​doi.​org/​10.​1007/​s00401-​016-​1545-1.

	4.	 Louis DN, Perry A, Wesseling P, Brat DJ, Cree IA, Figarella-Branger D, et al. 
The 2021 WHO Classification of Tumors of the Central Nervous System: 
a summary. Neuro Oncol. 2021;23(8):1231–51. https://​doi.​org/​10.​1093/​
neuonc/​noab1​06.

	5.	 Dang L, White DW, Gross S, Bennett BD, Bittinger MA, Driggers EM, et al. 
Cancer-associated IDH1 mutations produce 2-hydroxyglutarate. Nature. 
2009;462(7274):739–44. https://​doi.​org/​10.​1038/​natur​e08617.

	6.	 Yan H, Parsons DW, Jin G, McLendon R, Rasheed BA, Yuan W, et al. IDH1 
and IDH2 mutations in gliomas. N Engl J Med. 2009;360(8):765–73. 
https://​doi.​org/​10.​1056/​NEJMo​a0808​710.

	7.	 Pekmezci M, Rice T, Molinaro AM, Walsh KM, Decker PA, Hansen H, et al. 
Adult infiltrating gliomas with WHO 2016 integrated diagnosis: additional 
prognostic roles of ATRX and TERT. Acta Neuropathol. 2017;133(6):1001–
16. https://​doi.​org/​10.​1007/​s00401-​017-​1690-1.

	8.	 Napier CE, Huschtscha LI, Harvey A, Bower K, Noble JR, Hendrickson EA, 
et al. ATRX represses alternative lengthening of telomeres. Oncotarget. 
2015;6(18):16543–58. https://​doi.​org/​10.​18632/​oncot​arget.​3846.

	9.	 Mukherjee J, Johannessen TC, Ohba S, Chow TT, Jones L, Pandita A, et al. 
Mutant IDH1 Cooperates with ATRX loss to drive the alternative length-
ening of telomere phenotype in glioma. Cancer Res. 2018;78(11):2966–
77. https://​doi.​org/​10.​1158/​0008-​5472.​CAN-​17-​2269.

	10.	 Jin Y, Xiao W, Song T, Feng G, Dai Z. Expression and prognostic sig-
nificance of p53 in glioma patients: a meta-analysis. Neurochem Res. 
2016;41(7):1723–31. https://​doi.​org/​10.​1007/​s11064-​016-​1888-y.

	11.	 Ohba S, Kuwahara K, Yamada S, Abe M, Hirose Y. Correlation between 
IDH, ATRX, and TERT promoter mutations in glioma. Brain Tumor Pathol. 
2020;37(2):33–40. https://​doi.​org/​10.​1007/​s10014-​020-​00360-4.

	12.	 Sledzinska P, Bebyn MG, Furtak J, Kowalewski J, Lewandowska MA. Prog-
nostic and Predictive Biomarkers in Gliomas. Int J Mol Sci. 2021;22(19). 
https://​doi.​org/​10.​3390/​ijms2​21910​373.

	13.	 Hegi ME, Diserens AC, Gorlia T, Hamou MF, de Tribolet N, Weller M, et al. 
MGMT gene silencing and benefit from temozolomide in glioblastoma. 
N Engl J Med. 2005;352(10):997–1003. https://​doi.​org/​10.​1056/​NEJMo​
a0433​31.

	14.	 Zhang J, Stevens MF, Bradshaw TD. Temozolomide: mechanisms of action, 
repair and resistance. Curr Mol Pharmacol. 2012;5(1):102–14. https://​doi.​
org/​10.​2174/​18744​67211​20501​0102.

	15.	 Gupta K, Salunke P. Molecular markers of glioma: an update on recent 
progress and perspectives. J Cancer Res Clin Oncol. 2012;138(12):1971–
81. https://​doi.​org/​10.​1007/​s00432-​012-​1323-y.

	16.	 Nakagawachi T, Soejima H, Urano T, Zhao W, Higashimoto K, Satoh Y, et al. 
Silencing effect of CpG island hypermethylation and histone modifica-
tions on O6-methylguanine-DNA methyltransferase (MGMT) gene 
expression in human cancer. Oncogene. 2003;22(55):8835–44. https://​doi.​
org/​10.​1038/​sj.​onc.​12071​83.

	17.	 Badalyan V, Thompson R, Addo K, Borthwick LA, Fisher AJ, Ort T, et al. TNF-
alpha/IL-17 synergy inhibits IL-13 bioactivity via IL-13Ralpha2 induction. 
J Allergy Clin Immunol. 2014;134(4):975–8. https://​doi.​org/​10.​1016/j.​jaci.​
2014.​05.​019. e5.

	18.	 Fujisawa T, Joshi BH, Takahashi S, Takasaki Y, Suzuki A, Ito K, et al. IL-
13Ralpha2 Is a Biomarker of Diagnosis and Therapeutic Response in 
Human Pancreatic Cancer. Diagnostics (Basel). 2021;11(7). https://​doi.​org/​
10.​3390/​diagn​ostic​s1107​1140.

	19.	 Newman JP, Wang GY, Arima K, Guan SP, Waters MR, Cavenee WK, et al. 
Interleukin-13 receptor alpha 2 cooperates with EGFRvIII signaling to 
promote glioblastoma multiforme. Nat Commun. 2017;8(1):1913. https://​
doi.​org/​10.​1038/​s41467-​017-​01392-9.

https://doi.org/10.1007/978-3-319-12048-51
https://doi.org/10.1007/978-3-319-12048-51
https://doi.org/10.1007/s00401-007-0243-4
https://doi.org/10.1007/s00401-007-0243-4
https://doi.org/10.1007/s00401-016-1545-1
https://doi.org/10.1093/neuonc/noab106
https://doi.org/10.1093/neuonc/noab106
https://doi.org/10.1038/nature08617
https://doi.org/10.1056/NEJMoa0808710
https://doi.org/10.1007/s00401-017-1690-1
https://doi.org/10.18632/oncotarget.3846
https://doi.org/10.1158/0008-5472.CAN-17-2269
https://doi.org/10.1007/s11064-016-1888-y
https://doi.org/10.1007/s10014-020-00360-4
https://doi.org/10.3390/ijms221910373
https://doi.org/10.1056/NEJMoa043331
https://doi.org/10.1056/NEJMoa043331
https://doi.org/10.2174/1874467211205010102
https://doi.org/10.2174/1874467211205010102
https://doi.org/10.1007/s00432-012-1323-y
https://doi.org/10.1038/sj.onc.1207183
https://doi.org/10.1038/sj.onc.1207183
https://doi.org/10.1016/j.jaci.2014.05.019
https://doi.org/10.1016/j.jaci.2014.05.019
https://doi.org/10.3390/diagnostics11071140
https://doi.org/10.3390/diagnostics11071140
https://doi.org/10.1038/s41467-017-01392-9
https://doi.org/10.1038/s41467-017-01392-9


Page 9 of 9Cheng et al. BMC Neurology          (2023) 23:185 	

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

	20.	 Sattiraju A, Solingapuram Sai KK, Xuan A, Pandya DN, Almaguel FG, Wadas 
TJ, et al. IL13RA2 targeted alpha particle therapy against glioblastomas. 
Oncotarget. 2017;8(26):42997–3007. https://​doi.​org/​10.​18632/​oncot​
arget.​17792.

	21.	 Thaci B, Brown CE, Binello E, Werbaneth K, Sampath P, Sengupta S. Signifi-
cance of interleukin-13 receptor alpha 2-targeted glioblastoma therapy. 
Neuro Oncol. 2014;16(10):1304–12. https://​doi.​org/​10.​1093/​neuonc/​
nou045.

	22.	 Brown CE, Alizadeh D, Starr R, Weng L, Wagner JR, Naranjo A, et al. Regres-
sion of glioblastoma after chimeric antigen receptor t-cell therapy. N Engl 
J Med. 2016;375(26):2561–9. https://​doi.​org/​10.​1056/​NEJMo​a1610​497.

	23.	 Chen C, Ding X, Akram N, Xue S, Luo SZ. Fused in Sarcoma: Properties, 
Self-Assembly and Correlation with Neurodegenerative Diseases. Mol-
ecules. 2019;24(8). https://​doi.​org/​10.​3390/​molec​ules2​40816​22.

	24.	 Sukhanova MV, Singatulina AS, Pastre D, Lavrik OI. Fused in Sarcoma (FUS) 
in DNA Repair: Tango with Poly(ADP-ribose) Polymerase 1 and Compart-
mentalisation of Damaged DNA. Int J Mol Sci. 2020;21(19). https://​doi.​
org/​10.​3390/​ijms2​11970​20.

	25.	 Mackenzie IRA, Neumann M. Fused in Sarcoma Neuropathology in 
Neurodegenerative Disease. Cold Spring Harb Perspect Med. 2017;7(12). 
https://​doi.​org/​10.​1101/​cshpe​rspect.​a0242​99.

	26.	 Xiong D, Wu YB, Jin C, Li JJ, Gu J, Liao YF, et al. Elevated FUS/TLS expres-
sion is negatively associated with E-cadherin expression and prognosis of 
patients with non-small cell lung cancer. Oncol Lett. 2018;16(2):1791–800. 
https://​doi.​org/​10.​3892/​ol.​2018.​8816.

	27.	 Zhu H, Zheng T, Yu J, Zhou L, Wang L. LncRNA XIST accelerates cervical 
cancer progression via upregulating Fus through competitively binding 
with miR-200a. Biomed Pharmacother. 2018;105:789–97. https://​doi.​org/​
10.​1016/j.​biopha.​2018.​05.​053.

	28.	 Yang Y, Liu X, Zheng J, Xue Y, Liu L, Ma J, et al. Interaction of BACH2 with 
FUS promotes malignant progression of glioma cells via the TSLNC8-miR-
10b-5p-WWC3 pathway. Mol Oncol. 2020;14(11):2936–59. https://​doi.​
org/​10.​1002/​1878-​0261.​12795.

	29.	 Andersson MK, Stahlberg A, Arvidsson Y, Olofsson A, Semb H, Stenman G, 
et al. The multifunctional FUS, EWS and TAF15 proto-oncoproteins show 
cell type-specific expression patterns and involvement in cell spreading 
and stress response. BMC Cell Biol. 2008;9:37. https://​doi.​org/​10.​1186/​
1471-​2121-9-​37.

	30.	 Neumann M, Roeber S, Kretzschmar HA, Rademakers R, Baker M, Macken-
zie IR. Abundant FUS-immunoreactive pathology in neuronal intermedi-
ate filament inclusion disease. Acta Neuropathol. 2009;118(5):605–16. 
https://​doi.​org/​10.​1007/​s00401-​009-​0581-5.

	31.	 Doi H, Koyano S, Suzuki Y, Nukina N, Kuroiwa Y. The RNA-binding protein 
FUS/TLS is a common aggregate-interacting protein in polyglutamine 
diseases. Neurosci Res. 2010;66(1):131–3. https://​doi.​org/​10.​1016/j.​neures.​
2009.​10.​004.

	32.	 Vance C, Scotter EL, Nishimura AL, Troakes C, Mitchell JC, Kathe C, 
et al. ALS mutant FUS disrupts nuclear localization and sequesters 
wild-type FUS within cytoplasmic stress granules. Hum Mol Genet. 
2013;22(13):2676–88. https://​doi.​org/​10.​1093/​hmg/​ddt117.

	33.	 Sama RR, Ward CL, Kaushansky LJ, Lemay N, Ishigaki S, Urano F, et al. FUS/
TLS assembles into stress granules and is a prosurvival factor during 
hyperosmolar stress. J Cell Physiol. 2013;228(11):2222–31. https://​doi.​org/​
10.​1002/​jcp.​24395.

	34.	 Sang W, Xue J, Su LP, Gulinar A, Wang Q, Zhai YY, et al. Expression of YAP1 
and pSTAT3-S727 and their prognostic value in glioma. J Clin Pathol. 
2021;74(8):513–21. https://​doi.​org/​10.​1136/​jclin​path-​2020-​206868.

	35.	 Guichet PO, Masliantsev K, Tachon G, Petropoulos C, Godet J, Larrieu D, 
et al. Fatal correlation between YAP1 expression and glioma aggres-
siveness: clinical and molecular evidence. J Pathol. 2018;246(2):205–16. 
https://​doi.​org/​10.​1002/​path.​5133.

	36.	 Wurm J, Behringer SP, Ravi VM, Joseph K, Neidert N, Maier JP, et al. 
Astrogliosis Releases Pro-Oncogenic Chitinase 3-Like 1 Causing MAPK 
Signaling in Glioblastoma. Cancers (Basel). 2019;11(10). https://​doi.​org/​10.​
3390/​cance​rs111​01437.

	37.	 Bhardwaj R, Suzuki A, Leland P, Joshi BH, Puri RK. Identification of a novel 
role of IL-13Ralpha2 in human Glioblastoma multiforme: interleukin-13 
mediates signal transduction through AP-1 pathway. J Transl Med. 
2018;16(1):369. https://​doi.​org/​10.​1186/​s12967-​018-​1746-6.

	38.	 Tu M, Wange W, Cai L, Zhu P, Gao Z, Zheng W. IL-13 receptor alpha2 
stimulates human glioma cell growth and metastasis through the Src/

PI3K/Akt/mTOR signaling pathway. Tumour Biol. 2016;37(11):14701–9. 
https://​doi.​org/​10.​1007/​s13277-​016-​5346-x.

	39.	 Ke H, Zhao L, Feng X, Xu H, Zou L, Yang Q, et al. NEAT1 is Required for 
Survival of Breast Cancer Cells Through FUS and miR-548. Gene Regul 
Syst Bio. 2016;10(Suppl 1):11–7. https://​doi.​org/​10.​4137/​GRSB.​S29414.

	40.	 Wang Z, Lei H, Sun Q. MicroRNA-141 and its associated gene FUS modu-
late proliferation, migration and cisplatin chemosensitivity in neuroblas-
toma cell lines. Oncol Rep. 2016;35(5):2943–51. https://​doi.​org/​10.​3892/​
or.​2016.​4640.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.18632/oncotarget.17792
https://doi.org/10.18632/oncotarget.17792
https://doi.org/10.1093/neuonc/nou045
https://doi.org/10.1093/neuonc/nou045
https://doi.org/10.1056/NEJMoa1610497
https://doi.org/10.3390/molecules24081622
https://doi.org/10.3390/ijms21197020
https://doi.org/10.3390/ijms21197020
https://doi.org/10.1101/cshperspect.a024299
https://doi.org/10.3892/ol.2018.8816
https://doi.org/10.1016/j.biopha.2018.05.053
https://doi.org/10.1016/j.biopha.2018.05.053
https://doi.org/10.1002/1878-0261.12795
https://doi.org/10.1002/1878-0261.12795
https://doi.org/10.1186/1471-2121-9-37
https://doi.org/10.1186/1471-2121-9-37
https://doi.org/10.1007/s00401-009-0581-5
https://doi.org/10.1016/j.neures.2009.10.004
https://doi.org/10.1016/j.neures.2009.10.004
https://doi.org/10.1093/hmg/ddt117
https://doi.org/10.1002/jcp.24395
https://doi.org/10.1002/jcp.24395
https://doi.org/10.1136/jclinpath-2020-206868
https://doi.org/10.1002/path.5133
https://doi.org/10.3390/cancers11101437
https://doi.org/10.3390/cancers11101437
https://doi.org/10.1186/s12967-018-1746-6
https://doi.org/10.1007/s13277-016-5346-x
https://doi.org/10.4137/GRSB.S29414
https://doi.org/10.3892/or.2016.4640
https://doi.org/10.3892/or.2016.4640

	Expression of IL-13Rα2 and FUS in glioma: clinicopathological and prognostic correlation
	Abstract 
	Background 
	Methods 
	Results 
	Conclusion 

	Background
	Materials and methods
	Reagents and tissue specimens
	Scoring of immunostaining
	Statistical analysis

	Results
	Clinicopathological characteristics of patients
	The expression levels of IL-13Rα2 and FUS and the association between these two protein markers
	Association between the expression levels of IL-13Rα2 and FUS and clinicopathological characteristics
	Survival analysis

	Discussion
	Conclusions
	Acknowledgements
	References


