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Abstract
Glioma is the most common and aggressive intracranial malignant tumor with poor prognosis. Acts as a tumor suppressor,
microRNA-195 (miR-195) plays important roles in a variety of cancers. However, the expression of miR-195 and role of miR-
195 in glioma are still not well understood. 186 patients with glioma were enrolled and the follow-up period ranges from 1 to
69months. MiR-195was exogenously transfected into human glioma U87 cell line. The cell proliferation assay (CCK-8), colony
formation assay, cell cycle analysis and cell apoptosis analysis were examined to investigate miR-195 effect on U87 cells. MiR-
195 levels were reversely correlated with pathological grades (r = −0.487, p = 0.003). For patients with low miR-195 levels, their
median survival time was 15 months, whereas the median survival time in patients with high miR-195 levels was 56.53 months.
Multi-factor Cox regression analysis showed that high level of miR-195 (Odds ratio (OR): 0.347, 95% CI: 0.121–0.992) was
associated with decreased mortality risk of patients. Moreover, overexpression of miR-195 inhibits proliferation and colony
formation, and induces apoptosis of U87 cells. MiR-195 could block the glioma cells in G0/G1 phase, reducing S phase cells and
regulating apoptosis related proteins (Caspase-3, Caspase-8, Caspase-9 and Bcl-2). Downregulation of miR-195 was associated
with poor prognosis in human glioma. MiR-195 acted as tumor suppressor through inhibiting cell proliferation and promoting
cell apoptosis via blockade of cell cycle and regulation of apoptosis related proteins.
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Introduction

Glioma is the most common and aggressive intracranial ma-
lignant tumor occurred in central nervous system. Glioma ac-
counts for 75% of primary brain and other CNS tumors and
4% of children’s tumors [1, 2]. Based on the newest cancer
statistics, brain tumors are the leading cause of cancer death
before age 40 years and in men and before age 20 years in
women [3]. Glioma has high invasiveness, and there is often
no clear boundary from the adjacent normal brain tissue.
Therefore, it is difficult to eradicate through surgical treat-
ment, and it is often easy to relapse and have high mortality.

With the progress of life science, the diagnosis and treatment
of glioma is improving, but the prognosis of glioma patients is
still remains poor [2, 3]. Thus, searching alternative ap-
proaches for glioma treatment is of great importance.
Oncogenes or tumor suppressors play vital role in the devel-
opment and progression of glioma, and some of them may
serve as potential targets for glioma treatment.

MicroRNAs (miRs) are a class of non-coding RNAs, the
length of miRs are approximately 22 nucleotides, which are
highly conserved in the structure and function among different
species [4, 5]. MicroRNAs are extensively involved in a vari-
ety of biological processes, such as cell proliferation, differ-
entiation, apoptosis, cell cycle regulation, and angiogenesis
[6–8]. Research has indicated that miRs play important roles
in the development of glioma, involving inmultiple process of
tumorigenesis, such as invasion and angiogenesis [9].

MicroRNA-195 (miR-195) is an important member of
miR-15, −16, −195, −424, and − 497 families, plays variable
roles in different diseases. In hypertrophic cardiomyopathy,
miR-195 is highly expressed and could lead tomyocardial cell
growth disorder [10, 11]. Joglekar et al. indicated that miR-
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195 could promote the regeneration of islet cells through
Neurogenin3 in pancreas [12]. It has been reported that miR-
195 act as a tumor suppressor and has been downregulated in a
variety of cancers, such as hepatocellular carcinoma (HCC)
[13], tongue squamous cell carcinoma (TSCC) [14], primary
peritoneal carcinoma, bladder tumor, breast cancer and gastric
carcinoma [15]. However, few reports mentioned the expres-
sion of miR-195 and its role in glioma.

In the present study, we aimed to study whether miR-195
expression is related to the pathological grades and prognosis
of glioma patients. Besides, we also explore the role and un-
derlying mechanism of miR-195 in cell proliferation and ap-
optosis in human glioma cells.

Material and Methods

Patients and Tissue Samples

186 patients with glioma were admitted to the
Department of Neurosurgery of the Tianjin Medical
University General Hospital from January 2012 to
August 2017. All patients were first onset of glioma
and surgical resection was performed. Pathologically
confirmed tumor tissue samples and paired nontumorous
tissues were collected and were snap-frozen in liquid
nitrogen and stored at −70 °C immediately. Pathological
grading is classified based on the World Health
Organization (WHO) classification of tumors for central
nervous system (2010 edition) with grades I–IV, and also
classified into astrocytic, oligodendrocytic or pilomyxoid
tumors based on their histological characteristics. All pa-
tients were followed from the date of diagnosis to
September 12, 2017. The follow-up period ranges from
1 to 69 months. Informed consent was obtained from all
patients for using their samples and medical information.
The study was approved by the Ethic Committee of
Tianjin Medical University General Hospital.

Cell Culture and miR-195 Transfection

Human glioma U87 cells was purchased from the
Shanghai Cell bank of the Chinese Academy of Sciences
(Shanghai, China). U87 cells were cultured in DMEM
medium supplemented with 10% fetal bovine serum
(FBS), 100 U/ml penicillin and 100 μg/ml streptomycin.
Cultures were incubated at 37 °C with 5% CO2. MiR-195
mimics were RNA duplex designed and synthesized by
Gene Company Ltd. (Shanghai, China). The negative con-
trol (NC) RNA duplex was non-homologous to any hu-
man genome sequences. miR-195 mimics sequence 5′-
UAGCAGCACAGAAAUAUUGGC -3′, was a 2’-O-
methyl-modified oligoribonucleotide. The NC sequence,

was 5′- UCACAACCUCCUAGAAAGAGUAGA -3′.
Lipofectamine 2000 Reagent (Invitrogen) was used for
all transfection studies by following the manufacturer’s
protocol. RNA mimics (20 nM, 30 nM, 50 nM and
100 nM) and its negative controls were used. The trans-
fection efficiency was determined using qRT-PCR.
Briefly, total RNA was extracted from U187 cells using
Trizol reagent (Life Technologies, Inc., USA), according
to the manufacturer’s instructions; 10 μg of RNA was
reverse-transcribed by a reverse transcription kit
(ReverTra Ace R qPCR RT Kit (Toyobo Inc., Japan) from
each group to obtain the corresponding cDNA. RT-qPCR
was performed using the THUNDERBIRD R qPCR Mix
(Toyobo Inc., Japan) on an ABI Prism 7900 sequence
detection system (Applied Biosystems, CA, USA). ΔCt
was normalized to the internal reference gene, RNU6B.
The TaqMan PCR assay kit for miR-195 was purchased
from Applied Biosystems, and the primer sequences used
are as follows: forward primer was 5’ GTCCATCT
TCCAGTACAGTGTTG’, and reverse primer was 5’
AGCCATCTTTACCAGACAGTGT 3′. The RNU6 for-
ward primer was 5’ GCTTGCTTCAGCAGCACATA 3′,
and reverse primer was 5’ AAAAACATGGAACT
CTTCACG 3′. The fold change of expression was calcu-
lated as 2ΔCt (Treated −Untreated). The primer sequences are
listed in Table 1. The qPCR cycle conditions were: one
cycle of 95 °C for 30 s, 40 cycles of 95 °C for 15 s, 60 °C
for 30 s, and 72 °C for 30 s. All the experiments were
repeated three times to make it reliable.

Cell Proliferation Assay

CCK-8 assay was used to detect cell proliferation. Briefly,
U87 cells were divided into 3 groups, including blank
(PBS), negative control group (transfected with 50 nm scram-
bled miRNAs) and miR-195 group (transfected with 50 nm
miR-195 mimics). CCK-8 working solution was added 12 h,
24 h, 36 h, 48 h, 60 h and 72 h after transfection according to
the manufacturer’s instructions. After incubated for 1 h, ab-
sorbance at 450 nm was detected. The proliferation inhibiting
rate was calculated as the following: Proliferation inhibiting
rate = [Absorbance (blank) - Absorbance (miR-195 or NC)]/
Absorbance (blank) × 100%.

Colony Formation Assay

U87 cells were transfected with miRNA-195 mimics or
scrambled miRNAs, respectively. After 48 h, cells were
transferred into 6-well plates with a density of 1000 cells
per well, and incubated for 10 days. Fresh complete me-
dium was replaced every 3 days in the culture process.
Then, the cell colonies were washed twice with and fixed
with 3 ml methanol for 15 min. 1 ml/well of 0.1% crystal
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violet was added and incubated for 15 min, and then
washed for 3 times using PBS. The number of cell clones
was recorded and observed under the microscope.

Flow Cytometric Analysis of Cell Cycle and Propidium
Iodide DNA Staining

Effect of miR-195 on cell cycle was detected by flow cytom-
etry (BD Accuri™ C6 Flow Cytometer, BD Biosciences, CA,
USA). Briefly, cells were collected 48 h after transfection, and
were fixed by freshly prepared 70% precooled alcohol over-
night at 4 °C. Then, the cells were washed, filtrated and resus-
pend cells in 300–500 μl PI/Triton X-100 staining solution: to
10 ml of 0. 1% (v/v) Triton X-100 (Sigma) in PBS and adding
0.40 ml of 500 μg/ml PI (Roche, USA). Stained with PI
(propidium iodide) for 30 min at 4 °C. Incubate 37 °C for
15 min or for 30 min at 20 °C, then transfer tubes to ice or
store at 4 °C protected from light. Acquire data on flow
cytometer within 48 h. BD FACSDIVA™ software was used
for data analysis.

Acridine Orange/ Ethidium Bromide (AO/EB)
Fluorescence Staining

Analysis of cell apoptosis and changes in cell morphology
were evaluated using AO/EB fluorescence staining. Briefly,
the suspension of NC-cells and miR-195-transfected cells,
4 μl/ml of dye mixture, containing 100 μg/ml acridine orange
(Sigma, USA) and 100 μg/ml ethidium bromide (Sigma,
USA) in PBS were added, and washed once with PBS. After
staining, cells were visualized immediately under a fluores-
cence microscope (Nikon Eclipse Ti, Japan). The apoptotic
cells were visualized with red color fluorescence. The apopto-
sis rate was calculated based on how many apoptotic cells per
100 cells, and ten random fields was selected for each slide.

Caspase Activity

Aim to determine effect of miR-195 on enzyme activity of
caspase family members, caspase 3, caspase 8 and caspase 9
had been selected to test their activity between miR-195-

Table 1 The relationship
between the patients’
characteristics and prognosis

Factors Patients (N) Median survival (month) One-year survival rate (%) P

Sex

Male 115 32.57 70.2 ± 8.2 0.207

Female 71 43.91 51.4 ± 11.2

Age

≤45 88 43 78.1 ± 9.5 0.094

>45 98 20 62.4 ± 9.7

Radiotherapy\chemotherapy

Yes 115 30 87.5 ± 6.12 0.024

No 71 12 44.1 ± 12.6

Pathological grades

Low 82 58.89 85.1 ± 7.5 0.002

High 104 23.53 56.6 ± 8.6

Histologic Classification

Astrocytoma 87 31.6 57.6 ± 7.1 0.025*

Oligodendroglioma 52 29.5 59.3 ± 6.4 0.014*

Pilocytic astrocytoma 40 59.32 86.2 ± 7.5

IDH1/2 subclass

Mutations 104 54.36 84.3 ± 8.2 0.015

Wild type 82 31.45 57.9 ± 7.4

BRAF V600E subclass 0.027

Mutations 72 52.42 79.3 ± 7.6

Wild type 114 33.12 59.4 ± 8.1

miRNA-195

Low 93 15 85.42 ± 6.9 0.003

High 93 56.53 61.81 ± 9.4

P value was calculated for one-year survival rate by students’ t-test;

*P < 0.05, compared with pilocytic astrocytoma. There is no significant difference on one-year survival rate
between astrocytoma and oligodendroglioma
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transfected group and NC group. The commercial Caspase
3/8/9 Assay Kits had been purchased from abcam
Biotechnology (CA, USA). All the procedure was followed
the manual strictly. Taking caspase 3 activity assay as an ex-
ample, the cell lysate from blank, NC andmiR-195 transfected
groups were used to test its inside caspase 3 activity. The assay
is based on spectrophotometric detection of the chromophore
p-nitroaniline (p-NA) after cleavage from the labeled substrate
DEVD-pNA. The p-NA light emission can be quantified
using a spectrophotometer or a microtiter plate reader at
400- or 405 nm. Comparison of the absorbance of p-NA from
an apoptotic sample with an uninduced control allows deter-
mination of the fold increase in caspase 3 activity. Similar
procedure was also performed on caspase 8 and caspase 9.
The assays were performed in 96-well plate.

Fluorescence Microscopy and Immunofluorescence
Analysis of Bcl-2

The adherent U87 cells were mounted on slides. After
washing in buffered saline, cells were fixed and perme-
abilized using the Dako intrastain kit (Tokyo, Japan).
Monoclonal antihuman Bcl-2 antibody (Dako, Tokyo,
Japan) were incubated at a 1/100 dilution in the dark at
room temperature for 60 min, and second antibody
Alexa Fluor® 568 (life technology, CA, USA) was
added for another 30 min. Images captured using a Zeiss
Axioskop fluorescent microscope in conjunction with
Image Pro analysis software (Image pro Inc., USA).
Random 10 field pictures were taken for each slide, and
the average integrated optical density (IOD) of each filed
was calculated to compare the BCL-2 expression among
three groups.

Statistical Analysis

Quantitative data with normal distribution were expressed as
mean ± standard deviation (SD); quantitative data which did
not meet not normal distribution requirements used median
(interquartile range) for statistical description. Group compar-
ison used student’s t test or rank sum test. Categorical variable
was described using percentage, and group comparison was
done using chi square test or Fisher precision probability
method. Correlation analysis was performed by Spearman
rank correlation analysis. The time of the patient’s diagnosis
was observed as the starting point, death was the end point of
the observation, and the survival period was recorded. Aim to
thoroughly understand the association between miR-195 ex-
pression and survival, survival curves were analyzed by the
stratified Kaplan-Meier method in the entire cohort, subgroup
with pathological high grades and low grades, and subgroup
with receiving chemotherapy separately; and the median miR-
195 was used as threshold to divided patients into miR-195

high level group and low group in each cohort. The survival
rate was compared with the Log-rank test. The multiple factor
analysis was carried out by Cox regression in order to screen
the meaningful covariate modeling. All data analysis was
completed in SPSS 13.0 software. A probability value of
P < 0.05 was considered statistically significant.

Results

Clinical Characteristics of Patients

The demography of patients was listed in the Table 1. Among
the 186 patients with glioma, 111 of them were male. The
median age of first onset of glioma was 45.35 ± 15.42 years,
ranging from 15 to 81 years. 115 patients (61.8%) underwent
chemotherapy; the other 71 patients (38.2%) did not receive
radiotherapy and chemotherapy.

The 6-month survival rate was 73.4%, the one-year
survival rate was 51.7%, and the two-year survival rate
was 30.8%. The median survival time was 26 months
(95% CI: 21.32–31.68 months). The histologic classifica-
tion, pathological grades, and molecular subclasses of gli-
omas based on IDH1/2 mutants and BRAF mutants were
also shown in Table 1.

Relationship between miR-195 and Pathological
Grades, Histological Types and Genotype Subgroups

The relationship between miR-195 and pathological grades of
clinical glioma specimens was analyzed by Spearman rank
correlation analysis. The results showed that miR-195 levels
were reversely correlated with pathological grades (r =
−0.487, p = 0.003). In patients with low pathological grades
(grade I and II), the expression level of miR-195 was signifi-
cantly higher than that in high pathological grades (grade III
and IV) (Table 2). As for the histological classification, there
is no significant difference on miR-195 level between astro-
cytoma and oligodendroglioma, but miR-195 from pilocytic
astrocytoma is significantly higher than the other two histo-
logical types of gliomas. On the other hand, miR-195 levels
from genotype subgroups with IDH1/2 mutation and
BRAFVE600 mutations, were significantly higher than wild-
type subgroups (Table 2).

MiR-195 and Prognosis of Patients

The median survival time and the 1-year survival rate were
estimated by Kaplan-Meier method according to the patients’
gender, age, pathological results and miRNA-195. The results
of Log-rank test were shown in Table 1. Our results showed
that acceptance of radiotherapy\chemotherapy, pathological
grades and miRNA-195 are significantly associated with
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prognosis of patients. The median survival time of patients
who underwent radiotherapy\chemotherapy was 30 months,
whereas the median survival time of patients who did not
receive underwent radiotherapy\chemotherapy was only
12 months. The median survival time of patients with low
pathological grades was 58.89 months; while that of patients
with high pathological grades was 23.53 months. The median
survival time of patients with low miR-195 levels was
15 months, whereas that with high miR-195 levels was
56.53 months. Survival analysis and association with miR-
195 was conducted using the entire cohort was shown in
Fig. 1a, and miR-195 effect on survival in the cohort with
low grades and high grades was shown in Fig. 1b. Results
demonstrated that cohort with high miR-195 levels had sig-
nificantly longer survival time than miR-195 lower cohort.

Total 115 cases received chemotherapy and radiotherapy.
In this subgroup, most patients belonged to high pathological
grading. The median value of miR-195 was used as threshold
to divide this cohort into miR-195 high group and miR-195
low group. And as shown in Fig. 1d, patients with higher miR-
195 level also had long time survival time compared with
lower miR-195 patients.

The association of relative factor with prognosis was
further analyzed using multi-factor Cox regression analy-
sis. As shown in Table 3, high level of miR-195 (OR:
0.359, 95% CI: 0.129–0.962), radiotherapy\chemotherapy
(OR: 0.374, 95% CI: 0.149–0.974), IDH1/2 Mutation
(OR: 0.676, 95% CI: 0.204–1.314), and pilocytic astrocy-
toma (OR: 0.533, 95% CI: 0.186–1.081) were associated
with decreased mortality risk; while high pathological
grades (OR: 3.147, 95% CI: 1.118–10.11) were associated
with increased mortality risk of patients.

Overexpression of miR-195 Inhibits Proliferation
of U87 Cells

To overexpress miR-195 in glioma U87 cells, we
transfected miR-195 mimics at concentrations of 20 nM,
30 nM, 50 nM and 100 nM, and the level of miR-195 was
detected using real-time PCR. As shown in Fig. 2a, the
expression level of miR-195 was significantly increased
for about 6 times after transfection with 50 nM and
100 nM miR-195 mimics (F = 107.2, p < 0.001).
Considering that the expression levels are similar after
transfection with 50 nM and 100 nM miR-195 mimics,
we chose 50 nM as the transfection concentration for fol-
lowing experiments.

Then we detect the effect of miR-195 on cell growth
of U87 cells using CCK-8 assay. Cell Counting Kit-8
(CCK-8) was used detect cell growth 12, 24, 36, 48, 60
and 72 h after transfection with 50 nM miR-195 mimics
or miRNA negative control. Inhibition rate at each
timepoint was calculated as follows:

Proliferation inhibiting rate ¼
Absorbance blankð Þ−Absorbance miR−195 or NCð Þ½ �
=Absorbance blankð Þ � 100%:

We found that the overexpression of miR-195 could inhibit
cell proliferation. The maximum inhibitory rate of cell growth
occurred at 48 h after transfection (p < 0.001, Fig. 2b).

Effect of miR-195 on Cell Cycle

In order to further analyze whether miR-195 inhibit cell
proliferation through regulating cell cycle, we detected
cell cycle distribution of different experimental groups
by flow cytometry. Our data showed that cells were
significantly arrested in G0/G1 phase in the miR-195
group, and the number of cells at S phase was signifi-
cantly decreased, as compared with the NC and blank
groups (p < 0.05, Fig. 3 and Table 4). The results indi-
cate that miR-195 could significantly inhibit cell prolif-
eration through blocking the glioma cells in G0/G1
phase and reduce S phase cells.

Overexpression of miR-195 Inhibits Colony Formation
of U87 Cells

The colony formation of U87 cells after transfection of
miR-195 was detected using colony formation assay. The
results showed that there were significant differences re-
garding the number of colonies in the Blank group (445
± 31), NC (negative control) group (459 ± 29), and miR-

Table 2 The relationship between pathological grading and miR-
195 expression

Subtype of gliomas miRNA-195 level p

Pathological grading

Low 2.33 (1.97–2.81) 0.0074

High 0.89 (0.53–1.55)

Histologic Classification

Astrocytoma 0.94 (0.51–1.65) 0.0056*

Oligodendroglioma 0.85 (0.47–1.52) 0.0105*

Pilocytic astrocytoma 2.54 (1.99–2.94)

IDH1/2 subclass 0.0245

Mutations 2.15 (0.68–2.36)

Wild type 1.02 (0.54–1.99)

BRAF V600E subclass 0.0184

Mutations 2.45 (2.01–2.97)

Wild type 1.12 (0.58–2.03)

Data was shown as median (interquartile range)

*Compared with Pilocytic astrocytoma
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195 group (301 ± 21) (F = 44.21, p < 0.001). The number
of colonies in the miR-195 group was significantly

decreased than that in the Blank group and NC group
(p < 0.05, Fig. 4 and Table 5).

Fig. 1 Cumulative survival curve of glioma patients with low level of miR-195 or with high level of miR-195. a entire cohort; b sub-cohort with high
grades; c sub-cohort with low grades; d sub-cohort with receiving chemotherapy and radiotherapy

Table 3 Multi-factor Cox
regression analysis Variables OR 95% confidence

interval (CI)
P

High miRNA-195 0.347 0.121–0.992 0.045

High Pathological grades 2.688 1.014–8.245 0.029

Radiotherapy\chemotherapy (Yes vs No) 0.425 0.171–1.102 0.046

Histologic Classification (Pilocytic vs. others) 0.533 0.186–1.081 0.031

IDH1/2 Mutation 0.676 0.204–1.314 0.037

BRAF V600E Mutation 0.751 0.345–1.553 0.051

OR odds ratio
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Overexpression of miR-195 Promotes Apoptosis
of U87 Cells by Targeting Caspase Family Members
and BCL-2

The morphological changes of the U87 cells-transfected with
miR-195 was analyzed by acridine orange/ethidium bromide

(AO/EB) fluorescence staining. AO/EB staining showed a
concentration-dependent increase of apoptosis on miR-195
transfected cells, relative to the negative control. Cells stained
green are viable cells, whereas, orange/red dots of condensed
nuclei were of apoptosis. Cells transfected with miR-195 ex-
hibited characteristic changes of apoptosis e.g. cell shrinkage,

Fig. 2 Overexpression of miR-
195 inhibits proliferation of U87
cells. a The level of miR-195 was
detected using real-time PCR af-
ter transfection of miR-195
mimics at concentrations of
20 nM, 30 nM, 50 nM and
100 nM. U6 was used as an en-
dogenous control. b The effect of
miR-195 on cell growth of U87
cells using CCK-8 assay. Cell
Counting Kit-8 (CCK-8) was
used detect cell growth 12, 24, 36,
48, 60 and 72 h after transfection
with 50 nM miR-195 mimics or
miRNA negative control.
Proliferation inhibiting
rate = [Absorbance (blank) -
Absorbance (miR-195 or NC)]/
Absorbance (blank) × 100%

Fig. 3 Overexpression of miR-195 inhibits colony formation. The colony formation of U87 cells after transfection of miR-195 was detected using
colony formation assay

Effects of microRNA-195 on the Prognosis of Glioma Patients and the Proliferation and Apoptosis of Human... 759



nuclear condensation, fragmentation and formation of apopto-
tic bodies. (Fig. 5a). On the other hand, cells transfected with
negative control vector did not shown visible apoptotic
characteristics.

We further detected the effect of overexpression of
miR-195 on Bcl-2, Caspase-3, Caspase-8, and Caspase-
9. As shown in Fig. 5b, by immunofluorescence, the
level of Bcl-2 was significantly decreased after overex-
pression of miR-195 in glioma U87 cells compared with
NC group (Fig. 5b). Moreover, overexpression of miR-
195 could also significantly increase the activity of
Caspase-3 and Caspase-9 in U87 cells (p < 0.001); while
there was no significantly changes on the activity of
Caspase-8 (Table 6).

Discussions

In the present study, we found that miR-195 levels were re-
versely correlated with pathological grades in 186 patients
with glioma. Moreover, the median survival time was longer
in patients with high miR-195 levels than those in low miR-
195 levels. Multi-factor Cox regression analysis revealed that
high level of miR-195 (OR: 0.363, 95% CI: 0.135–0.975) was
associated with decreased mortality risk in patients with glio-
ma. We further investigated the underlying mechanism in gli-
oma U87 cells. The results showed that overexpression of
miR-195 could inhibit the proliferation and colony formation,
and promote apoptosis of U87 cells. The role of miR-195 on
cell proliferation and apoptosis may function through
blocking the glioma cells in G0/G1 phase, reducing S phase
cells and regulating apoptosis related proteins (Caspase-3,
Caspase-8, Caspase-9 and Bcl-2).

Soon and colleges [16] found that the expression level of
miR-195 was significantly lower in patients with adrenocorti-
cal carcinoma than that in adrenocortical adenomas. Their
results also indicated that downregulation of miR-195 was
significantly associated with poorer disease-specific survival
in adrenocortical carcinomas using Kaplan-Meier analysis.
Wang et al. [17] reported that decrease of miR-195 in HCC
tissues was significantly associated with worse recurrence-
free survival. In another study, Lakomy and colleges assessed
38 patients with glioblastoma multiforme (GBM), and found
that miR-195 was positively correlated with overall survival
[18]. Interestingly, Ilhan-Mutlu et al. [19] reported that expres-
sion level of miR-195 did not significantly differ after com-
paring the initial and recurrent glioblastoma specimens in 15
primary glioblastoma patients. Their results revealed a stable
expression of miR-195 in glioblastoma which might be useful
as biomarkers or therapeutic targets in tumor entity.

In the study, we found that miR-195 was significantly re-
versely correlated with reversely correlated with pathological
grades in 186 patients with glioma. Moreover, miR-195 was
positively associated with survival time. However, the results
of this study are limited by the limited number of samples,
incomplete clinical data, pathologists’ subjectivity, and tumor
heterogeneity. In the future, the clinical value of detecting
miRNA-195 concentration of glioma tissues in predicting
the prognosis of glioma patients could be further explored

Fig. 4 Cell cycle distribution by flow cytometry. miR-195 significantly
blocks the cell cycle in G0/G1 phase in U87 cells

Table 5 Comparison of apoptosis rate in the Bland, NC and miR-
195 group

Group Apoptosis rate (%) F p

Blank 3.80 ± 0.72 558.62 <0.001

NC 5.92 ± 0.81

miR-195 27.1 ± 2.1*

*P < 0.05, as compared with NC group

Table 4 Effect of miR-195 on cell cycle of U87

Group Blank NC miR-195 P

G0/G1 0.51 ± 0.042 0.51 ± 0.041 0.695 ± 0.036 0.033

S 0.262 ± 0.025 0.248 ± 0.035 0.161 ± 0.038 0.020

G2/M 0.197 ± 0.029 0.201 ± 0.029 0.144 ± 0.038 0.814
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using the screening and verification of large samples and in
coupled with the maturity of the gene chip technology.

MiR-195, located on the chromosome 17p13.1, is consid-
ered to be a tumor suppressor gene. There are a large number of
reports on the loss of 17q, 17p, 9p, and 13q chromosomes in
glioma and cell lines, which cause the inactivation of the mon-
itoring point in G1/S stage, the disorder of cell cycle regulation,
the abnormal proliferation of cells, and the final formation of
tumor. However, the role of miR-195 has been less reported in
human glioma. It has been reported that the expression of miR-
195 was obviously decreased in glioblastoma cell lines, as
compared with normal brain tissues [20–22]. The overexpres-
sion of miR-195 in the glioblastoma cell line could obviously
block the cell cycle and inhibit the invasion of the cells through
E2F3 and CCND3 [20]. In our study, after overexpression of

miR-195, we found that cell proliferation was significantly
inhibited, and the maximum inhibitory rate of cell growth oc-
curred at 48 h after transfection. We further detected the effect
of miR-195 on cell cycle by flow cytometry. The results indi-
cated that miR-195 could block the glioma cells in G0/G1
phase, and reduce S phase cells.

Numerous studies have reported the role of miR-195 in
promoting cell apoptosis of various types of cancers, such as
human colorectal cancer, hepatocellular carcinoma, and breast
cancer [23–26]. Similarly, we also found that miR-195 was
able to promote apoptosis of glioma cells. Bcl-2 is one of the
most important oncogene which plays vital role in cell apo-
ptosis. The Bcl-2 protein family controls cell apoptosis mainly
through regulating mitochondrial outer membrane perme-
abilization (MOMP) which cause the subsequent caspase ac-
tivation, and apoptosis [27–29]. Bcl-2 is an identified target of
miR-195 in previous literature. Zhu et al. reported that miR-
195 could promotes palmitate-induced apoptosis through
downregulate Bcl-2 in cardiomyocytes [30]. Liu et al. re-
vealed a role of miR-195 in apoptosis inducing in human
colorectal cancer cells via directly biding to the 3’ UTR of
Bcl-2 [24]. Here we found that overexpression of miR-195
could significantly inhibited the level of Bcl-2.

Caspases family belong to a highly conserved aspartate-
specific cysteine proteases family, plays core roles in cell ap-
optosis [31]. The apoptotic caspases are composed of two-sub
types, including initiator caspases and executioner caspases

Fig. 5 Overexpression of miR-
195 promotes apoptosis of U87
cells by targeting BCL2. a AO/
EB staining demonstrates that
miR-195 overexpression could
significantly induce the cell apo-
ptosis; b The protein level of Bcl-
2 in U87 cells is significantly in
miR-195 transfected cells com-
pared to NC group by
immunofluorescence

Table 6 Effect of miR-195 on the activity of Caspase-3, Caspase-
8, and Caspase-9

Group Blank NC miR-195 P

Caspase-3 0.155 ± 0.014 0.159 ± 0.014 0.484 ± 0.026*# <0.001

Caspase-8 0.142 ± 0.021 0.168 ± 0.014 0.415 ± 0.019 <0.001

Caspase-9 0.166 ± 0.014 0.171 ± 0.017 0.179 ± 0.040*# 0.715

The data was shown as optical absorbance value at 405 nm
*P < 0.05, as compared with the Blank group
#P < 0.05, as compared with the NC group
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[32, 33]. Apoptotic signal first activates initiator caspases,
followed by the activation of executioner caspases. Caspase-
8 and caspase-9 are two typical initiator caspases, which me-
diate death receptor related signals and cytotoxic death sig-
nals, respectively. Activation of caspase-3 is necessary for
cascade reaction of apoptotic proteases. In the present study,
we found that overexpression of miR-195 could activated the
caspase-3 and caspase-9; while caspase-8 was not activated.
The data suggest that miR-195 promotes apoptosis of glioma
cells through activating caspase-3 and caspase-9.

Conclusion

Taken together, we found that downregulation of miR-195
was associated with poor prognosis in human glioma. MiR-
195 acted as tumor suppressor through inhibiting cell prolif-
eration and promoting cell apoptosis via blockade of cell cycle
and regulation of apoptosis related proteins. MiR-195 may
serve as a potential target for glioma treatment.
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