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Abstract
Glioma is a kind of brain tumor with low overall survival and treatment success rates in the advanced stage. Evidence has 
shown microRNA-575 (miR-575) plays an important role in the generation and development of various cancers. This study 
aimed to explore the function of miR-575 in the prognosis and cell biological behavior of glioma. qRT-PCR was used to 
evaluate the expression of miR-575 in glioma tissues and cells, Kaplan–Meier survival analysis and Cox regression analysis 
were used to evaluate the prognostic value. The proliferation ability of glioma cells was determined by MTT assay; the inva-
sion and migration abilities were determined by transwell assays. Compared with normal brain tissues, the expression of 
miR-575 in glioma tissue cells was significantly up-regulated (P < 0.001). The survival rate of patients in the miR-575 high 
expression group was significantly lower than that in the low expression group (P = 0.020). In addition, the overexpression 
of miR-575 promoted the proliferation, migration, and invasion of glioma cells. The results of this study suggested that 
miR-575 may be a new biomarker for the prognosis of glioma.
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Introduction

Glioma is one of the most frequent primary malignant 
tumors that originated in the brain (Wirsching et al., 2016). 
Nearly 30% of primary brain tumors and 80% of malig-
nant tumors are gliomas, with six cases per 100,000 cancer 
patients each year in the United States in 2009–2013 (Win-
kler et al., 2018; Wirsching et al., 2016). Glioma is the most 
invasive and always erodes the surrounding normal glial 
cells, so it has a high mortality rate, which is also the cause 
of poor prognosis (Jiang & Uhrbom, 2012). According to the 
2007 World Health Organization (WHO) classification, glio-
mas are divided into astroglioma, oligodendroglioma, mixed 
oligodendroglioma, or ependymoma, with grades of I–IV, 
and grade IV glioma is the most aggressive (Chen et al., 
2017). With the advancement of medical conditions, various 
methods such as surgery, radiotherapy, and chemotherapy 
have shown effectiveness in the treatment of gliomas, but 

the survival rate of patients is still low (Lapointe et al., 2018; 
Shi et al., 2017). Previous studies have found there are few 
specific markers for the diagnosis, treatment, and progno-
sis of gliomas so far (Camelo-Piragua & Kesari, 2016). 
Therefore, developing more novel and effective biomarkers 
for detecting patients’ gliomas and monitoring prognosis 
remains crucial.

MicroRNAs (miRNAs) are short non-coding RNAs that 
regulate gene expression mainly by inhibiting the degrada-
tion of messenger RNA (mRNA) (Ban et al., 2017; Kappel 
& Keller, 2017). Some studies have found that miRNAs have 
involved in different physiological and pathological pro-
cesses, including metabolism, cell proliferation, differentia-
tion and apoptosis, embryo formation and development, and 
virus infection (Correia de Sousa et al., 2019; Shao et al., 
2018). Dysregulation of miRNA expression caused by gene 
mutations or enzymes regulates miRNA is associated with 
many diseases, including neurological diseases, cardiovascu-
lar diseases, and various cancers (Lodewijk et al., 2012). In 
the evolution of glioma research, many miRNAs are abnor-
mally expressed in tissues or cell lines, such as miR-211, 
miR-222, miR-124, and miR-19 (Lv & Zhao, 2017; Wang 
et al., 2018; Xue et al., 2017). Previous studies have found 
that miR-575 is abnormally expressed in non-small lung 
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cancer, gastric cancer, and gallbladder cancer tissues, and 
the introduction of miR-575 significantly affects the prolif-
eration, migration, and invasion of these cell lines (Qin et al., 
2020; Wang et al., 2015, 2019). Piwecka et al. have found 
that 35 kinds of miRNAs, including miR-575, express abnor-
mality in GBM patients (Piwecka et al., 2015). However, the 
expression mechanism and clinical significance of miR-575 
in the pathogenesis of glioma are still unclear.

This study explored the abnormal expression of miR-575 
in glioma by comparing it between glioma and normal brain 
tissues. Then, the relationship between miR-575 expression 
and patient pathological characteristics and survival time 
was explored. In addition, we also studied the effect of miR-
575 overexpression on the proliferation, migration, and inva-
sion of glioma cells, and explored whether miR-575 can be 
used as a new biomarker for glioma.

Materials and Methods

Patients and Specimens

This study was approved and supported by the Research 
Ethics Committee of Weifang People’s Hospital Brain 
Hospital. We selected 107 glioma patients who underwent 
surgery in Weifang People’s Hospital Brain Hospital from 
January 2012 to December 2014. All the patients were 
enrolled according to the inclusion criteria: (i) patients were 
pathologically diagnosed as glioma; (ii) None of them had 
received other treatments such as radiotherapy or chemo-
therapy before surgery; (iii) patients were followed up for 
5-year survival outcomes; (iv) patients with complete clini-
cal characteristic information. Besides, 33 normal cortex 
tissues were obtained from the patients who suffered traffic 
injury. Each patient provided informed consent and agreed to 
use their tissues for scientific research. The newly obtained 
glioma tissue and normal brain tissue samples were imme-
diately snap-frozen in liquid nitrogen and stored at − 80 °C 
until the experiment was performed. A 5-year telephone 
follow-up of all glioma patients was used to record the sur-
vival status of the patients.

Cell Lines and Transfection

Human glioma cell lines (LN229, U251, A172, and T98G) 
and a normal human astrocytes cell line NHAs, were 
obtained from the Shanghai Cell Bank of the Chinese Acad-
emy of Sciences. These cell lines were inoculated into a 
DMEM medium (Gibco; Thermo Fisher Scientific, Inc.) 
supplemented with 10% FBS and were cultured at 37 °C in 
a humidified incubator containing 5%  CO2. Cells (2 ×  106 
cells/well) were seeded into six-well plates for subsequent 
experiments. According to the manufacturer’s protocol, the 

cells were transfected with 50 nM final concentration of 
miR-575 mimic (5ʹ-GAG CCA GUU GGA CAG GAG C-3ʹ), 
mimic negative control (NC; 5ʹ-UUC UCC GAA CGU GUC 
ACG UTT-3ʹ), miR-575 inhibitor (5ʹ-GCU CCU GUC CAA 
CUG GCU C-3ʹ), or inhibitor NC (5ʹ-CAG UAC UUU UGU 
GUA GUA CAA-3ʹ) (GenePharma, Shanghai, China) using 
Lipofectamine 2000 Reagent (Invitrogen; Thermo Fisher 
Scientific, Inc.). The cells without any treatment were used 
as blank control. Then we used qRT-PCR to monitor the 
transfection efficiency.

RNA Extraction and qRT‑PCR Analysis

Grind the broken cells in liquid nitrogen, and use TRIzol 
reagent (TaKaRa, Otsu, Shiga, Japan) to extract total RNA 
from tissues or cell lines according to the manufacturer’s 
instructions. Using NanoDrop to measure the absorbance 
of the prepared samples to calculate the concentration of 
extracted RNA. Using the cDNA reverse transcription kit 
(Applied Biosystems, Foster City, CA) to obtain Comple-
mentary DNA reversed transcription from the extracted 
RNA. We used the SYBR Green I real-time PCR kit (GeneP-
harma, Shanghai, China) to quantify the level of miR-575 in 
cell lines and tissues, and then used the Applied Biosystems 
7900 real-time PCR system (Applied Biosystems, Foster 
City, CA) to perform QRT-PCR. U6 is used as a standardi-
zation control for miRNA quantification. The  2−∆∆Ct method 
was used for calculating the relative expression levels.

Cell Proliferation Assay

According to the manufacturer’s recommendations, MTT 
(MTT; Aladdin, Shanghai, China) was used to determine cell 
proliferation. Briefly, glioma cells (2 ×  103/well) were seeded 
in 96-well plates and cultured in a 37 °C 5%  CO2 saturated 
humidity incubator for 24 h. MTT was added to each well 
and continue to incubate for 4 h after the cells adhere to 
the wall. Adding DMSO into each well and measuring the 
absorbance value of each well at the 490 nm wavelength of 
the microplate reader, then measuring it every 24 h (24, 48, 
72 h).

Cell Migration and Invasion Assay

The migration and invasion ability of cells was checked by 
transwell kit (BD Biosciences, San Jose, CA, USA). In the 
invasion assay, the bottom layer of the upper chamber of the 
transwell chamber was pre-coated with Matrigel (BD Bio-
sciences, Franklin Lakes, NJ, USA), and the upper chamber 
of the migration assay did not need to add Matrigel. The 
cells were seeded in a serum-free medium after transfection. 
Cell suspension (5 ×  104 cells for U251 and 3 ×  104 cells for 
A172) was added to the upper chamber of the Transwell 
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chamber, and 600–800 μL basal medium containing 10% 
FBS was added to the lower chamber. Incubating at 37 °C 
and 5%  CO2 for 24 h. Then we took out the transwell cham-
ber, removed Matrigel and non-penetrating cells in the upper 
chamber. The bottom membrane of the upper chamber was 
fixed with methanol for 20 min and stained with 0.1% crystal 
violet for 15 min. the cells were observed and counted under 
the microscope after air-drying.

Statistical Analysis

The statistical software SPSS version 19.0 (SPSS, Inc., 
Chicago, IL, USA) and GraphPad Prism 7.0 (GraphPad 
Software, San Diego, CA, USA) were used to analyze the 
experimental data. All the experiments were repeated three 
or more times with triple replicates. χ2 test, Student’s t test, 
or one-way ANOVA were used for comparison between 
groups; Kaplan–Meier analysis was used for survival 
analysis, and Cox regression analysis was used to evaluate 
prognostic significance. The measurement data is expressed 
as the mean ± SD, and P < 0.05 is considered statistically 
significant.

Results

miR‑575 Expression in Glioma Tissues and Cell Lines

We first used qRT-PCR to detect the expression level of 
miR-575 in glioma tissues and cells. Real-time PCR analysis 
showed that compared with normal brain tissue, the expres-
sion level of miR-575 in glioma tissues was significantly 
up-regulated (P < 0.001, Fig. 1A). Among the 107 glioma 
patients, there are 12 WHO I grade patients, 68 WHO II 
grade patients, 25 WHO III grade patients, and 6 WHO IV 

grade patients. Furthermore, the expression of miR-575 was 
compared in tumor tissues in different WHO grades. The 
results in Fig. 1B showed that the expression of miR-575 
was higher in WHO III and WHO IV grade tissues compared 
with that in WHO I grade tissues (P < 0.05). Although the 
expression of miR-575 was higher in WHO II grade tissues, 
there is no significant difference. Further analysis was car-
ried out by clustering WHO grade I and II and WHO grades 
III and IV to analyze the relevance of miR-575 and WHO 
grade.

As shown in Fig. 1C, the expression levels of miR-575 
in the four glioma cell lines (LN229, U251, A172, and 
T98G) were significantly up-regulated compared with the 
expression level in the normal cell line NHAs (P < 0.01). 
At the same time, we can perceive that among the four cell 
lines, A172 has the largest upregulation, followed by U251. 
Therefore, we chose these two groups of cell lines for later 
experiments.

The Correlation Between the miR‑575 Expression 
and the Clinicopathological Features of Glioma 
Patients

In order to find out the changes of miR-575 in the pro-
gression of glioma, we analyzed the relationship between 
miR-575 expression and clinicopathological characteris-
tics of patients with glioma (Table 1). According to the 
mean expression level of miR-575 (1.5276) in tumor tis-
sues as cut-off value, 107 glioma samples were divided 
into two categories: (1) miR-575 low expression group 
(n = 52); (2) miR-575 high expression group (n = 55). As 
shown in Table 1, we found a significant positive corre-
lation between miR-575 level and tumor size (P = 0.032) 
as well as WHO grade (P = 0.008), but no significant 

Fig. 1  The expression of miR-575 in glioma tissues and cell lines, 
miR-575 was upregulated in tissues and cells. A The expression 
of miR-575 in glioma cells and adjacent normal liver tissues was 
evaluated by qRT-PCR. The assay was repeated three times and 
analyzed using Student’s t test (***P < 0.001 vs. normal tissues). B 
The expression of miR-575 in different WHO grades. The data was 

analyzed using one-way ANOVA followed by Tukey’s post-hoc test. 
(*P < 0.05, **P < 0.01 vs. WHO I grade) C The expression of miR-
575 in four glioma cells (LN229, U251, A172, and T98G) and nor-
mal brain cells was evaluated by qRT-PCR. The assays were repeated 
three times and analyzed using one-way ANOVA followed by Tuk-
ey’s post-hoc test. (**P < 0.01, ***P < 0.001 vs. NHAs)
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correlation with other characteristics (such as age, gender, 
preoperative KPS score, and IDH mutation) (P > 0.05).

miR‑575 was Correlated with Poor Prognosis 
in Glioma Patients

To verify whether the upregulation of miR-575 expression 
has the prognostic value of glioma, the Kaplan–Meier 
method was used to calculate the survival curve based 
on the relative expression of miR-575 in glioma and sur-
vival information of the patients postoperation. As can 
be seen from Fig. 2, the 5-year survival rate of patients 
in the higher miR-575 expression group was significantly 
lower than that of the lower miR-575 expression group 
(log-rank test P = 0.020). Then the multivariate Cox’s 
hazard regression model was used to analyze the cor-
relation between the expression level of miR-575 and 
the overall survival of patients with glioma. It can be 
obtained from Table 2 that the expression level of miR-
575 (HR = 2.589, 95% CI 1.258–5.326, P = 0.010) and 
WHO grade (HR = 2.248, 95% CI 1.158–4.632, P = 0.017) 
were independent prognostic factors of glioma patients.

miR‑575 Promoted Glioma Cell Proliferation, 
Migration, and Invasion

Then, we used the MTT assay to detect the changes in the 
proliferation of glioma cells with miR-575 overexpression, 
and the transwell assays to evaluate the effects of miR-575 
on the migration and invasion of glioma cells. In the pro-
liferation experiment, miR-575 mimic was transfected into 
U251 and A172 cells, which showed a significant increase; 
U251 and A172 cells transfected with miR-575 inhibitor 
showed a significant decrease (P < 0.001) (Fig. 3A). It can 
be seen from Fig. 3B that miR-575 mimic up-regulated the 

Table 1  Clinical characteristics of the glioma patients and the expres-
sion of miR-575 in tissues

Patients were divided into low or high miR-575 expression group 
using the mean value of miR-575 (1.5276) in tumor tissues as cut-off 
value

Variables Total no. 
n = 107

miR-575 expression P values

Low (n = 52) High (n = 55)

Age (Years) 0.794
 < 50 59 28 31
 ≥ 50 48 24 24

Sex 0.155
 Female 40 23 17
 Male 67 29 38

Tumor size (cm) 0.032
 < 5 65 37 28
 ≥ 5 42 15 27

Preoperative KPS score 0.134
 < 80 47 19 33
 ≥ 80 60 28 27

IDH mutation 0.101
 Wild-type 81 43 38
 Mutation 26 9 17

WHO grade 0.008
 I–II 78 44 34
 III–IV 29 8 21

Fig. 2  Survival curves of 107 glioma patients with relatively high and 
low miR-575 expression levels was conducted using Kaplan–Meier 
methods with log-rank test. The overall survival rate of patients with 
high expression of miR-575 was lower than that of patients with low 
expression (P = 0.020)

Table 2  Multivariate COX regression model of various prognostic 
factors for overall survival of patients

HR hazard ratio, CI confidence interval

Variables Multivariate analysis

HR 95% CI P value

miR-575 expression 2.589 1.258–5.326 0.010
Age 1.434 0.741–2.777 0.285
Gender 1.612 0.831–3.126 0.158
Tumor size 1.698 0.836–3.447 0.143
KPS score 1.363 0.697–2.664 0.365
IDH mutation 2.431 0.957–6.178 0.062
WHO grade 2.248 1.158–4.632 0.017
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expression of miR-575 in cells and promoted cell prolif-
eration (P < 0.01), while miR-575 inhibitor inhibited U251 
(P < 0.05) and A172 (P < 0.01) cells proliferation. Through 
the transwell migration experiment, it can be concluded 
that miR-575 mimic significantly increased the migration 
of U251 cell (P < 0.001) and A172 cell (P < 0.01), while 
miR-575 inhibitor decreased the migration of U251 cell 
(P < 0.01) and A172 cell (P < 0.001) (Fig. 4A). It can be 
seen from the transwell invasion experiment that the over-
expression of miR-575 significantly increased the invasion 
of U251 cell (P < 0.001) and A172 cell (P < 0.01), while 
the inhibition of miR-575 significantly reduced cell invasion 
(P < 0.001) (Fig. 4B). In summary, these results indicate that 
miR-575 promotes the proliferation, migration, and invasion 
of glioma cells.

Discussion

Glioma is the most common primary tumor of the cen-
tral nervous system, while its efficacy is not optimistic, 
especially the 5-year survival rate of high-grade glioma is 
extremely low (Ostrom et al., 2014, 2015; Perry & Wes-
seling, 2016). It is necessary to find new oncogenes for gli-
oma detection, treatment, and prognosis (Dong et al., 2019; 
Jiang et al., 2018). Recent studies have revealed that miR-
NAs regulation involves the gene expression of many can-
cers, and has effects on cell differentiation, cell proliferation, 

migration, and invasion (Aghdam et al., 2019; Hayes & 
Chayama, 2016; Saliminejad et al., 2019). For example, 
studies have found that the expression of miR-339-5p was 
significantly reduced in HCC patients, and was related to 
the invasion of HCC cells, indicating that miR-339-5p is a 
biomarker for the prognosis of HCC (Wang et al., 2016). Yan 
et al. have revealed that the expression of miR-1290 was sig-
nificantly up-regulated in glioma, indicating it was involved 
in the occurrence and development of glioma (Yan et al., 
2018). Many studies have proved the abnormal expression 
of miR-575 in diseases and cancers, as well as its influence 
on the biological behavior of cells (Qin et al., 2020; Wang 
et al., 2015, 2019).

Many studies have shown that miR-575 can be used as an 
oncogene in a variety of cancers. Wang et al. have found that 
the expression of miR-575 in non-small cell lung cancer tis-
sue was higher than that in normal controls (Camelo-Piragua 
& Kesari, 2016). Mikkelsen et al. have revealed that nine 
miRNAs, including miR-575, were significantly upregulated 
in primary conjunctival melanoma (Mikkelsen et al., 2019). 
Our research has obtained results consistent with the above 
research. We compared the expression of miR-575 in normal 
brain tissues and cells with glioma tissues and cell lines in 
this study and found that the expression of miR-575 in gli-
oma tissues and cell lines was significantly up-regulated. At 
the same time, through considering the relationship between 
miR-575 overexpression and the pathological characteristics 
of patients, it can be concluded that miR-575 overexpression 

Fig. 3  The effects of miR-
575 expression level on the 
proliferation of glioma cells, 
its overexpression promoted 
cell proliferation. A miR-575 
mimic promoted the expres-
sion of miR-575, and miR-575 
inhibitor suppressed the expres-
sion of miR-575 in U251 and 
A172 cells (***P < 0.001). The 
transfection efficiency experi-
ments were repeated five times 
and analyzed using one-way 
ANOVA followed by Tukey’s 
post-hoc test. B The effects of 
miR-575 mimic and inhibitor 
on the proliferation of U251 
and A172 cells were evaluated 
by MTT assay within 72 h. 
The experiments were repeated 
three times and analyzed using 
one-way ANOVA followed 
by Tukey’s post-hoc test. 
(**P < 0.05, ***P < 0.01)
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is significantly related to WHO grade. These results indicate 
that miR-575 may be an oncogene of glioma, which plays a 
role in the occurrence and development of glioma.

Previous research results show that miR-575 can be used 
as a new molecular target for cancer diagnosis and progno-
sis. Wang et al. have confirmed that among GC patients, the 
survival rate of the miR-575 high expression level group 
was significantly lower than that of the low expression level 
group (Wang et al., 2019). While our study also concluded 
that miR-575 may be an important prognostic biomarker for 
glioma. Kaplan–Meier curve and Cox regression analysis 
can reflect the relationship between the expression of miR-
575 and the survival of glioma patients. It can be concluded 
that the expression of miR-575 in glioma tissues of patients 
with lower survival rates is upregulated. It can also be con-
cluded that the expression level of miR-575 can be an inde-
pendent prognostic factor for overall survival.

Xia et al. have confirmed that after transfecting JEG-3 
cells with miR-575 mimic, the expression of miR-575 
increased significantly compared with the control group 
(Xia et al., 2017). A previous study has proved that miR-
575 mimic significantly inhibited the migration and pro-
liferation of human umbilical vein endothelial cells, and 
their apoptosis was also accelerated (Zhao et al., 2019). The 
introduction of mir-575 significantly promoted the prolifera-
tion, migration, and invasion of NSCLC cells (Wang et al., 

2015). Knockdown of miR-575 can reduce the prolifera-
tion and invasion of Gallbladder Cancer cells (Qin et al., 
2020). These studies show that miR-575 participates in the 
generation and development of cancer by participating in 
cell biological behaviors such as proliferation and migra-
tion, which is an obvious signal of cancers. Our experiments 
have proved that miR-575 also plays the same role in glioma 
cells. Through MTT proliferation experiments and Transwell 
migration and invasion experiments, it can be concluded 
that miR-575 mimic accelerates the proliferation, migration, 
and invasion of glioma cells significantly, while inhibitors 
have the opposite results. Previous studies revealed that 
miR-575 could regulate tumor progression by targeting p27 
kip1 (CDKN1B) (Qin et al., 2020), PTEN (Wang et al., 
2019), and BLID (Wang et al., 2015). Interestingly, PTEN 
was reported to be a tumor suppressor gene in glioma (Chai 
et al., 2018; Ma et al., 2019). Based on the above studies and 
present results, we speculate that miR-575 may promote the 
progression of glioma through targeting PTEN. Whereas, 
whether miR-575 could regulate PTEN expression and its 
detailed mechanism of action in glioma are still unclear. This 
hypothesis will be investigated in our future researches.

In conclusion, this research found that the expression of 
miR-575 is upregulated in the tissues of patients with gli-
oma. The overexpression of miR-575 indicated a poor prog-
nosis, and miR-575 promoted the proliferation, migration, 

Fig. 4  Transwell analysis of 
U251 and A172 cells with 
miR-575 mimic, inhibitor, or 
no transfection, the overexpres-
sion of miR-575 promoted the 
migration and invasion. The 
experiments were repeated three 
times and results were analyzed 
using one-way ANOVA fol-
lowed by Tukey’s post-hoc 
test. A The effect of miR-575 
on glioma cell migration (** 
P < 0.01, *** P < 0.001). B 
The effect of miR-575 on the 
invasion of glioma cells (** 
P < 0.01, *** P < 0.001)
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and invasion of glioma cells. In summary, miR-575 may be 
used as a prognostic biomarker for glioma.
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