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Purpose: Previous study reported that Piezo1 was highly expressed in glioma and promoted

the proliferation of glioma cells, suggesting that Piezo1 overexpression might contribute to

the poor prognosis of patients. Thus, this study aimed to identify whether Piezo1 may

become a new prognostic biomarker for glioma patients.

Patients and Methods: Firstly, Piezo1 expression of gliomas was analyzed through GEO

and Oncomine dataset, and verified by qRT-PCR and immunohistochemistry (IHC) methods.

A total of 183 glioma patients were included in this study between January 2010 and

December 2014. Kaplan-Meier survival analyses, Cox regression analyses and ROC curve

analyses were performed to assess the diagnostic and prognostic values of Piezo1 in glioma

patients.

Results: In this study, Piezo1 was identified to be highly expressed in gliomas, and increased

with WHO grade. Chi-square test results showed that Piezo1 expression was significantly

related to age (P=0.00), WHO grade (P=0.00), Histopathology (P=0.00), IDH1 mutation

(P=0.00) and chemotherapy (P=0.00). Kaplan-Meier analysis showed that the overall survi-

val (OS) of patients with high Piezo1 expression was significantly worse than that of patients

with low Piezo1 expression (HR=3.39, 95% CI=2.40–4.81, P<0.0001). A multivariate Cox

regression analysis revealed that Piezo1 might be an independent prognostic factor for

glioma patients (HR=1.34, 95% CI=1.23–1.47, P=0.000). The area under the ROC curve

(AUC) of 1-, 3-, and 5-year overall survival for Piezo1 overexpression was 0.820 (P=0.000),

0.849 (P=0.000), and 0.861 (P=0.000), respectively.

Conclusion: Piezo1 was overexpressed in glioma samples. Piezo1 overexpression as an

independent prognostic factor adversely affects the prognosis of patients, which could be

a new novel prognostic indicator in glioma patients.
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Introduction
Human glioma is the most common primary intracranial tumor and is associated

with high levels of morbidity and mortality.1 According to the statistical report of

the Central Brain Tumor Registry of the United States, the glioma patients in the

United States accounted for 26% of all intracranial tumor patients and 81% of all

intracranial malignant tumor patients in 2011–2015.2 Although the level of diag-

nosis and treatment of gliomas has been improved to some extent, the prognosis of

high-grade gliomas is still poor. The median overall survival (OS) times for patients

with astrocytoma, mixed glioma, and oligodendroglioma are 5.2, 5.6, and 7.2 years,

respectively,3 whereas the median OS of patients with glioblastoma multiforme

(GBM) is about 15 months.4 The 2-year survival rate of GBM is about 18% to
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28%.5 Gliomas can usually be classified in World Health

Organization (WHO) I-IV.6 According to current WHO

guidelines of 2016, isocitrate dehydrogenase (IDH) muta-

tion and 1p/19q co-deletion have been used as common

clinical prognostic biomarkers. Telomerase reverse tran-

scriptase (TERT) promoter mutation often predicts poor

prognosis in patients with GBM.7 With the discovery of

many more molecular biomarkers,8,9 treatment of glioma

can become increasingly individualized. However, the cur-

rently used molecular biomarkers still have some limita-

tions that the WHOI grade glioma and GBM have few

IDH mutation and 1p/19q co-deletions. Therefore, it is

urgent to clarify the biological characteristics of gliomas

and find new prognostic markers to improve the level of

diagnosis and treatment of patients.

Previously, in addition to genetic mutations, aberrant

expression levels of oncogenes have been proposed as

markers for risk stratification. Piezo1 is a novel mechani-

cally activated ion channel that can convert physical sti-

muli such as touch or blood flow into chemical signals.10

In 2018, Chen et al have found that Piezo1, as

a mechanically sensitive cation channel, is highly

expressed in gliomas and affects the aggression of glioma

cells, which may be related to poor prognosis.11 In addi-

tion, more and more studies have found that Piezo1 is also

involved in some other biological processes such as tumor

cell cycle and angiogenesis in other tumor diseases.12,13

However, its prognostic value in clinical glioma patients is

still unclear, and whether Piezo1 can act as a molecular

marker for the prognosis of glioma patients is still worthy

of further study.

Therefore, in this study, we investigated the potential

correlations between Piezo1 expression and the clinico-

pathological features of glioma patients, and identify that

whether Piezo1 could become a new prognostic biomarker

for glioma patients.

Patients and Methods
Gene Expression Profiles
Piezo1 expression datasets were screened from the GEO14

(https://www.ncbi.nlm.nih. gov/geo/) and Oncomine data-

base (https://www.oncomine.org/resource/login.html). We

collected GSE16011 (8 cases of normal brain tissue, 276

cases of tumor), GSE90598 (7 cases of normal brain

tissue, 2 strains of normal brain cell line and 16 cases of

GBM), the Rickman Brain15 (normal tissue: 6 cases and

astrocytoma: 45 cases) and the Bredel Brain216 (normal

tissue: 4 cases and GBM: 26 cases) datasets.

Patients and Data
This study was approved by the Ethics Committee of the

First Affiliated Hospital of Sun Yat-Sen University, and all

patients signed the written informed consent.

This study included 183 glioma patients who under-

went surgical resection in our single center between

January 2010 and December 2014. In each case, the diag-

nosis of glioma was confirmed by two independent pathol-

ogists, and the clinicopathological parameters were

extracted independently by two researchers. Valid follow-

up data were available for all patients. OS was defined as

the time from diagnosis to the date of death or the date last

known alive. In addition, we investigated the IDH1 status

of gliomas by immunohistochemistry (IHC).

Cell Lines and Cell Culture
Two human glioma cell lines (U251 and SW1783) were

obtained from the Neurosurgery Department of the First

Affiliated Hospital of Sun Yat-Sen University, which the

use of these cell lines was approved by ethics committee

of the First Affiliated Hospital of Sun Yat-Sen University.

All cells were cultured in Dulbecco’s Modified Eagle’s

Medium (DMEM; Life Technologies, Carlsbad, CA,

USA) supplemented with 10% FBS (Life Technologies)

at 37°C with 5% CO2.

Quantitative Real-Time Reverse

Transcription (qRT-PCR)
The total RNA was extracted from the 12 paired glioma

(the tissue within 2 cm of glioma margin was defined as

adjacent tissue) and normal tissue samples (the tissue out-

side the 3 cm of the glioma margin is defined as normal

tissue), which come from the Department of Neurosurgery

of our hospital, using Trizol reagent (Invitrogen), and the

RNA from each was reverse transcribed using a ReverTra

Ace qPCR RT kit (Toyobo, Japan). The primer sequences

for Piezo1 were as follows: Piezo1-F: 5ʹ-GGACTCTC

GCTGGTCTACCT-3ʹ and Piezo1-R: 5ʹGGGCACAAT

ATGCAGGCAGA-3ʹ. We used the Biosystems SYBR

Green Master Mix (Toyobo, Japan) to monitor the reverse

transcribed qRT-PCR analysis. Each experiment was

repeated three times, and the presented data are the

means of three values. The mRNA levels of Piezo1
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compared to β-tubulin were measured by qPCR using the

2−ΔΔC(T) method.17

Immunohistochemistry
For analysis of Piezo1 expression, formalin-fixed, paraffin-

embedded slides of glioma tissues from 183 patients were

examined by IHC. The immunostaining procedures were

performed as described previously.12 Briefly, the slides

were incubated with primary Piezo1 antibody (cat. no.

15939-1-AP; dilution, 1:200; ProteinTech Group). Piezo1

expression levels were evaluated based on both the cell

staining intensity (scored as: 0, unstained; 1, weakly

stained; 2, moderately stained; and 3, strongly stained)

and the proportion of positively stained cells (scored as:

0, <5%; 1, 6–25%; 2, 26–50%; and 3, >50%).18 To facil-

itate the statistical analysis, the cell staining intensity and

the proportion of positively stained cells were transformed

into an immunoreactivity score (IRS) using the formula:

IRS = cell staining intensity × positive cell proportion.

The IDH1 status of glioma samples was also determined

by IHC. The primary antibody (cat. no. M7001; dilution,

1:50) was purchased from DAKO. IDH1 status was defined

as positive if the staining reaction was strong with a clear

cytoplasmic immune reaction and negative if the staining

was weakly diffuse or cells remained unstained.19

Statistical Analysis
Data analysis and figure creation were carried out using

SPSS version 23.0, GraphPad Prism 7.0, and R software

version 3.6.1. Piezo1 mRNA expression was compared

between groups using the Mann–Whitney U-test. For cate-

gorical variables, the Chi-square test was used for compar-

isons between groups. OS was compared using Kaplan–

Meier survival curves with the Log-rank test. Univariate

and multivariate Cox regression analyses were conducted

in SPSS. Variables with a P-value ≤0.2 on univariate

analysis were considered significant and further included

in the multivariate analysis.20 Receiver operating charac-

teristic (ROC) curve analysis was performed to evaluate

the accuracy of Piezo1 expression for predicting glioma

patient survival. The criterion for statistical significance

was P<0.05 on a two-tailed test.

Results
Expression of Piezo1 in Human Glioma
To identify the Piezo1 expression of glioma, we firstly

analyzed the mRNA data of GSE16011 dataset (8 samples

of normal brain tissue, 276 samples of glioma), GSE90598

dataset (7 samples of normal brain tissue, 2 strains of

normal brain cell line and 16 samples of GBM),

Rickman Brain dataset (6 normal tissue samples, 45 astro-

cytoma samples) and Bredel Brain2 dataset (4 normal

tissue samples, 27 GBM samples). The statistical results

of four datasets showed that, compared with the normal

tissue, Pieoz1 expression in glioma was significantly upre-

gulated (P<0.0001, P<0.001, P=0.032 and P<0.001,

respectively) (Figure 1A–D).

To verify the above results in the datasets, we further

analyze the Piezo1 expression in 12 paired glioma samples

(2 paired WHOI, 4 paired WHOII, 3 paired WHOIII and 3

paired WHOIV glioma samples) by the qRT-PCR and IHC

method. Consistently, we observed that Piezo1 mRNA

levels in glioma were significantly upregulated than that

in the adjacent samples (Figure 1E). The IHC results also

revealed that the Piezo1 protein levels were overexpressed

in glioma compared with that in the adjacent samples

(Figure 1F). In addition, the localization of Piezo1 expres-

sion in cell lines was detected by immunofluorescence

assay, and Piezo1 was found to be predominantly located

in the cytoplasm and cell membrane (Supplementary

Figure 1)

Characteristics of Glioma Patients
A total of 183 glioma patients were included in this study

between January 2010 and December 2014. The ages of all

patients ranged from 5 to 79 years, with a mean age of

42.4 years. The median OS for patients was 37.37 months

(range, 0.63–119.47 months). Among the 183 cases, 11

cases (6.01%), 73 cases (39.89%), 28 cases (15.30%) and

71 cases (38.80%) were classified as WHO grades I, II, III,

and IV of gliomas, respectively. The characteristics of all

patients are summarized in Supplementary Table 1.

The Correlation Between Piezo1

Expression and Clinicopathological

Features of Glioma
To investigate whether Piezo1 expression (determined by

IHC) is correlated with clinicopathological features, 183

patients were divided into high expression group (n=90)

and low expression group (n=93) according to the median

value of the IRS value of Piezo1. The results of correla-

tions analysis between Piezo1 expression and clinico-

pathological features are showed in Table 1.
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We further analyzed and compared the IRS of Piezo1

in WHOI-IV glioma, and found that Piezo1 expression

increased with the increase of glioma WHO grade

(Figure 2A), which was confirmed by the IHC results

of different clinical stage samples (Figure 2G).

Moreover, the IRS of Piezo1 in IDH1-wildtype group

Figure 1 Evaluation of Piezo1 expression levels in gliomas. (A) GSE16011 dataset of glioma samples in GEO database, (B) GSE90598 dataset of GBM samples in GEO

database, (C) Rickman Brain dataset of astrocytoma samples in Oncomine database, (D) Bredel Brain2 dataset of GBM samples in Oncomine database, (E) relative Piezo1

expression in 12 paired glioma samples 12 paired WHOI, 4 paired WHOII, 3 paired WHOIII and 3 paired WHOIV glioma samples, (F) representative sections for Piezo1

immunoreactivity in the paired samples of HGG and LGG (**P< 0.01; ***P<0.001; ****P<0.0001).
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was significantly higher than that in IDH1-mutation

group (P<0.0001, Figure 2B). The IRS of Piezo1 in

high age group (age≥40 years) was significantly higher

than that in low age group (age<40 years) (P<0.0001,

Figure 2C). We also compared the Piezo1 expression in

different histopathological tumors (Supplementary

Figure 2). To further assess the positive correlation

between Piezo1 expression and IDH1-wildtype, patients

were further stratified by WHO grade. The results also

showed that the IRS of Piezo1 in IDH1-wildtype group

was significantly higher than that in IDH1-mutation

group in WHOII-IV subgroup (P<0.01, P<0.01,

P<0.0001, Figure 2D).

Through Spearman correlation analysis, we further

explored the correlation between Piezo1 expression and

WHO grade and histopathology. The results showed the

Piezo1 expression was positively related to WHO grade

(r=0.74, P<0.0001) and histopathology (r=0.76,

P<0.0001), respectively. On linear regression analysis,

the correlation between Piezo1 expression levels and

WHO grade was linear (R2=0.44, P<0.0001; Figure 2E).

The correlation between Piezo1 expression levels and

WHO grade was linear (R2=0.44, P<0.0001; Figure 2F).

The Correlation Between Piezo1

Expression and Prognosis of Patients
To explore prognostic value of Piezo1 expression in glio-

mas, Kaplan-Meier analysis was performed to compare OS

of high Piezo1 expression group (n=90) and low Piezo1

expression group (n=93). The results showed that the OS

of patients with high Piezo1 expression was significantly

worse than that of patients with low Piezo1 expression

(HR=3.39, 95% CI=2.40–4.81, P < 0.0001, Figure 3).

Furthermore, all patients were further stratified by age,

gender, WHO grade and IDH1 mutation. The results of

subgroup analysis also showed that the OS of patients with

high Piezo1 expression was significantly worse than that

of patients with low Piezo1 expression (Supplementary

Figure 3A–H). Therefore, our results demonstrated that

high Piezo1 overexpression could predict a poor prognosis

in glioma patients.

Univariate and Multivariate Cox

Regression Analysis of Overall Survival in

Glioma Patients
To verify whether the impact of Piezo1 overexpression on

the OS of glioma patients was independent, we performed

univariate and multivariate Cox regression analysis. The

results of multivariate analysis showed that Piezo1 over-

expression was identified to be an independent prognostic

factor for OS in the glioma patients (HR=1.34, 95%

CI=1.23–1.47, P=0.000, respectively; Table 2). These

results indicated that Piezo1 may be useful as

a prognostic biomarker for glioma patients.

Comparison of Piezo1 Overexpression

with Existing WHO Grade for Gliomas
To assess the performance of Piezo1 overexpression for

predictive the prognosis of glioma patients, a time-

dependent ROC analysis was performed. As shown in

Table 1 Correlation Between Piezo1 Expression and

Clinicopathologic Characteristics Glioma Patients

Characteristics Expression of Piezo1 P-value

Low or None, No.

Cases

High, No.

Cases

Age(y)

≥40 34 76 0.00

<40 59 14

Gender

Male 48 54 0.25

Female 45 36

WHO grade

I–II 73 11 0.00

III–IV 20 79

Histopathology

PA 11 0 0.00

O 22 1

A 40 10

AO 5 6

AA 4 13

GBM 11 60

IDH1 status

Mutation 71 11 0.00

Wildtype 22 79

Radiotherapy

Yes 72 76 0.39

NO 17 10

NA 4 4

Chemotherapy

Yes 31 59 0.00

NO 54 27

NA 8 4

Abbreviations: PA, pilocytic astrocytoma; O, oligodendroglioma; A, astrocytoma;

AO, anaplastic oligodendroglioma; AA, anaplastic astrocytoma; GBM, glioblastoma.
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Figure 2 Association between the Piezo1 expression and different groups stratified by WHO grade, IDH1 status and the age of patients. (A) The expression level of Piezo1

increased with the increase of glioma grade. (B) Piezo1 expression in IDH mutation samples was lower than IDH wildtype samples. (C) Patients ≥40 years old had higher

Piezo1 expression than patients <40 years old. (D) Piezo1 expression in IDH mutation samples was also lower than IDH wildtype samples in WHOⅡ-Ⅳ subgroups. (E and

F) Scattergrams demonstrating the correlations between Piezo1 expression and WHO and histopathology in glioma patients (n=183). (G) Representative sections for

Piezo1 immunoreactivity in normal brain and different grades of gliomas (**P< 0.01; ****P<0.0001).
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Figure 4A, the area under the ROC curve (AUC) of 1-, 3-,

and 5-year OS for Piezo1 overexpression was 0.820

(P=0.000), 0.849 (P=0.000), and 0.861 (P=0.000), respec-

tively. In addition, the AUC of 1-, 3-, and 5-year OS for

WHO grade were 0.769 (P=0.000), 0.833 (P=0.000), and

0.841 (P=0.000), respectively (Figure 4B). Of note, the AUC

for the combination of Piezo1 expression and WHO grade to

assess the patients’ prognosis was higher (Figure 4C).

Discussion
The Piezo gene family, including Piezo1 and Piezo2, has

been found to encode the molecular components necessary

for mechanically sensitive cation channels in

mammals.21,22 Piezo1 converts mechanical stimuli into

chemical signals to modulate a variety of biological activ-

ities, such as sensing blood flow shear stress to guide the

correct formation of blood vessels.23 Recently, Piezo1

overexpression has been identified in various tumors.24

In this study, we observed that the Piezo1 expression was

significantly upregulated in glioma tissues.

Previous studies have reported that Piezo1 is overex-

pressed in a variety of solid tumors, including bladder

carcinoma, gastric cancer, and prostate cancer.12,25,26 In

prostate cancer, Han et al found that Piezo1 overexpression

is closely associated with a highly invasive behavior, and

that Piezo1 can activate the Akt/mammalian target of rapa-

mycin (mTOR) pathway to contribute to tumorigenesis.12

Moreover, downregulation of Piezo1 expression can signif-

icantly inhibit Ca2+ influx, and in turn, inhibit Akt and

mTOR phosphorylation, which plays an important role in

tumorigenesis and development.27,28 Moreover, in glioma

cells, Piezo1 also participates in integrin focal adhesion

kinase (FAK) signaling, regulates extracellular matrix pro-

duction, and reinforces tissue stiffening.11 In turn, stiffening

can also activate the opening of Piezo1 channels and further

result in Ca2+ influx.11,29 Ca2+ signaling affects the activa-

tion of FAK activation, a central molecule in intracellular

and extracellular signal transduction, and can promote the

progression of cancer.30 In addition, Yang et al observed

that interaction between Piezo1 and Trefoil factor family 1

(TFF1) can promote the migration of gastric cancer cells.25

In summary, Piezo1 is upregulated and may act as an

oncogene in multiple solid tumors. Our observations are

in agreement with those of previous studies. Here, we

observed that Piezo1 expression was significantly positively

correlated with the WHO grade of gliomas, which showed

that Piezo1 upregulation likely plays a positive role in the

progression of gliomas. However, interestingly, Huang et al

observed significant downregulation of Piezo1 in non-small

cell lung cancer tissues31 and found that Piezo1 functional

blockade or knock out promotes tumor formation, which

suggests that Piezo1 could act as a tumor suppressor gene in

NSCLC.31 These findings are in contrast with most studies

Figure 3 Kaplan–Meier postoperative survival curve for patterns of patients with

glioma and Piezo1 expression.

Table 2 Univariate and Multivariate Cox Regression Analysis of Prognosis in Patients with Glioma

Parameters Univariate Analysis Multivariate Analysis

HR 95% CI P-value HR 95% CI P-value

Age(y) 2.52 1.82–3.50 0.000 1.03 1.01–1.05 0.000

Gender 0.76 0.58–1.04 0.084

WHO grade 2.65 2.20–3.18 0.000 1.22 0.57–2.63 0.604

Histopathology 1.78 1.60–2.00 0.000 1.36 0.86–2.17 0.186

IDH1 mutation 0.47 0.34–0.64 0.000 1.11 0.69–1.80 0.670

Radiotherapy 1.89 1.12–3.17 0.017 0.62 0.33–1.16 0.135

Chemotherapy 2.67 1.89–3.77 0.000 0.85 0.55–1.31 0.461

Piezo1 expression 1.58 1.46–1.70 0.000 1.34 1.23–1.47 0.000
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that support a role of Piezo1 in the development of gliomas.

Thus, Piezo1 is associated with a variety of malignant

behaviors of tumor cells and plays different roles in differ-

ent types of tumors.

Furthermore, our results showed that Piezo1 overex-

pression was negatively correlated with the OS of patients,

and was an independent prognostic factor. This observa-

tion is consistent with the results obtained in mouse mod-

els in which implantation of G532 or G411 cell lines with

constitutive knockdown of Piezo1 resulted in a better

prognosis than implantation of cell lines with unaltered

Piezo1 expression.11 Another reason for the poor prog-

nosis may be the high invasive ability of tumor cells in

patients with high Piezo1 expression. Tumor cells with

high Piezo1 expression have been shown to have enhanced

invasive ability.12 Complete resection of highly invasive

gliomas is difficult, and such cases have a high recurrence

rate after operation.

Moreover, the result of multivariate analysis suggested

that age and WHO grade are also prognostic factors for

glioma patients. Age is now widely believed to be an

independent risk factor for poor prognosis in gliomas,32

and our results are consistent with those of previous

studies.33

There are some limitations to this study. One limita-

tion of this study is the lack of the data of resection

extent. The second limitation is that this study focused

on the expression and prognostic value of Piezo1 in

gliomas.

Conclusions
Piezo1 was significantly upregulated in gliomas. Piezo1

overexpression as an independent prognostic factor

adversely affects the prognosis of glioma patients, which

could be a new novel prognostic indicator in glioma

patients.

Figure 4 ROC curves for the 1-, 3-, and 5-year survival according to the (A) Piezo1 expression, (B) WHO grade and (C) the combination of Piezo1 expression and WHO

grade in the glioma (n=183).
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Abbreviations
IHC, immunohistochemistry; FFPE, formalin-fixed paraf-

fin-embedded; OS, overall survival; IRS, immunoreactiv-

ity score; ROC, receiver operator characteristic curve;

TFF1, Trefoil factor family 1; NSCLC, non-small cell

lung cancer; TERT, telomerase reverse transcriptase;

IDH, isocitrate dehydrogenase.
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