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Background: MicroRNAs have been recently reported to play an important role in tumor-
igenesis and progression in several forms of tumors. Previous studies have shown that
microRNA-622 (miR-622) was associated with glioma proliferation and invasion.
However, the clinical significance of miR-622 in glioma has not been elucidated. The aim
of our study was to investigate the clinical values of miR-622, as well as investigate the
potential molecular mechanisms in glioma.

Materials and methods: qRT-PCR and Western blot analysis were used to analyze the
expression of miR-622 and ZEB2, respectively. Kaplan-Meier analysis and Cox’s proportional
hazards model were used in survival analysis. MTT assay, wound healing assay, transwell assay
and flow cytometry analysis were carried out to detect the impact of miR-622 on glioma cell
proliferation, migration, invasion and apoptosis.

Results: Our result indicated that miR-622 expression was greatly decreased in glioma
tissues and cell lines and the downregulation of miR-622 was significantly associated with
the advanced pathological grade and low Karnofsky performance score of glioma. In
addition, Kaplan—Meier curves with log-rank analysis revealed a close correlation between
downregulation of miR-622 expression and low overall survival rate in glioma patients.
Furthermore, Cox regression analysis demonstrated that downregulated miR-622 could be
considered as an independent poor prognostic indicator in glioma patients. Finally, our
findings demonstrated that miR-622 overexpression remarkably suppressed glioma cell
proliferation, migration and invasion, while facilitated apoptosis by suppressing ZEB2 in
vitro.

Conclusion: Our study suggested that miR-622 may be identified as a valuable prognostic
biomarker and a promising therapeutic target for glioma patients.
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Introduction

Glioma is the most common and lethal type of human primary brain tumor in
adults, accounting for approximately 80% of primary malignancies of the brain, and
it contributes to high mortality and morbidity while low survival rate.'” Based on
the classification of WHO, glioma is divided into four histopathologic grades
(WHO I, pilocytic astrocytoma; WHO 11, diffuse astrocytoma; WHO III, anaplastic
astrocytoma; and WHO IV, glioblastoma), corresponding to the increasing level of
malignancy.> Unfortunately, despite the current treatment joints multiple therapies,
including surgery, radiotherapy and chemotherapy, patients, especially those who
are diagnosed with glioblastoma, have an extremely poor prognosis with the

median survival time of only 12—-15 months and the 5-year survival rate <10%,
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due to its inherently progressive overgrowth, expansively
migration and highly invasive nature.*> In recent years,
some of the molecular and biological risk factors for
glioma had been confirmed.® Nevertheless, only few of
such signatures could be identified to predict the clinical
prognosis for glioma patients and finally developed new
therapeutic targets. Therefore, to better recognize the
pathogenic mechanism of glioma, and discover new prog-
nostic and therapeutic value of targets are crucial for
glioma patients.

MicroRNAs (miRNAs) are a set of endogenous, small
non-coding RNA (19-22 nucleotides), regulating protein-
coding genes expression by binding to the 3'-untranslated
region (3’-UTR) of target mRNA, thus resulting in cleavage
of such mRNA or inhibition of its translation.'®'" Emerging
evidence strongly suggested that miRNAs are frequently
dysregulated in tumors, and the dysregulation of miRNAs
might involve in a variety of biological and pathological
activities, such as tumor cells proliferation, migration, inva-
sion, apoptosis, cell cycle regulation and angiogenesis.'* >
These findings mean that miRNAs might function as onco-
genes and/or tumor suppressors, and might be closely asso-
ciated with cancer development or suppression.'®™’
Therefore, miRNAs seem to be a potential tumor therapeu-
tic target. Notably, increasing studies have demonstrated
that the aberrant expression of some miRNAs plays an
important role in human glioma, which may predict prog-
nosis for glioma patients. For example, it is reported that the
decreased expression of miR-200b,° miR-34a,>' miR-
203%? and miR-145.> and the increased expression of
miR-130b,** miR-21,”> miR-10b*® and miR-650°" are asso-
ciated with poorer clinical outcome in glioma patients. In
the present study, we focus on miR-622, a novel member of
miRNAs, which has been identified as a potent tumor sup-
pressor by targeting critical cancer-related pathways.
Accumulating evidence has showed a decreased expression
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of miR-622 in hepatocellular carcinoma,”® esophageal

squamous cell carcinoma,”’ ovarian cancer,’® gastric
cancer’' and colorectal cancer.>* More recently, Zhang et
al found that miR-622 suppresses glioma cells proliferation,
invasion and migration by directly targeting activating tran-
scription factor 2.* Of note, similar outcome was observed
in another study, as reported that upregulated miR-622
expression level inhibited cell proliferation, motility and
invasion in glioblastoma.** However, to the best of our
knowledge, there is no study to report the clinical signifi-
cance of miR-622 associated with clinicopathologic char-
acteristics and prognosis in glioma yet.

To address such issue, in the present study, the expression
level of miR-622 in brain tissues and cells was tested by
quantitative real-time reverse transcriptive-PCR (qRT-PCR).
In addition, the association of miR-622 with clinicopatholo-
gical characteristics and patient prognosis was analyzed. We
finally investigated the effect of miR-622 on glioma cell
proliferation, migration, invasion and apoptosis, and
explored the potential molecular mechanisms. Our findings
suggest that miR-622 may serve as a potential and valuable
prognostic predictor, and a novel therapeutic target for

glioma.

Materials and methods

Patients and tissue samples

The clinical specimens were collected from 108 glioma
patients who underwent surgical resection, and 36 non-
neoplastic patients who suffered from trauma surgery
between January 2009 and November 2012 at the
Department of Neurosurgery, the First Affiliated Hospital
of Xi’an Jiaotong University, Xi’an, Shaanxi Province,
People's Republic of China. None of these patients had
ever received chemotherapy or radiotherapy prior to sur-
gery, and no bias against the selection for the tissue speci-
mens was introduced in this study. Then, all fresh brain
samples were immediately frozen in liquid nitrogen at
—80°C for RNA extraction. Glioma patients were confirmed
by histological examination, and classified according to
WHO classification system, including 25 patients with pilo-
cytic astrocytoma (WHO grade 1), 21 patients with diffuse
astrocytoma (WHO grade II), 32 patients with anaplastic
glioma (WHO grade III) and 30 patients with glioblastoma
(WHO grade IV). All enrolled glioma patients were fol-
lowed up mainly by phone at intervals of 1 month in the
initial 2 years postoperation and every 2 months thereafter,
and the follow-up period lasted 60 months since the date of
surgical resection. Note that the overall survival was calcu-
lated from the day of surgery to death or last follow-up. The
clinicopathological features, including age, gender,
Karnofsky performance score (KPS), treatment strategies,
tumor diameter, tumor location, tumor number, vital status,
WHO pathological grade and the corresponding treatment
strategies of all glioma patients are described in detail in
Table 1. The present study was approved by the Research
Ethics Committee of the First Affiliated Hospital of Xi’an
Jiaotong University, and written informed consent was

obtained from each patient before operation.
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Table | The clinicopathological characteristics of 108 patients with
glioma

Characteristics WHO | WHO WHO | WHO

No. of cases 25 21 32 30

Age (years)
<50 15 13 17 16
250 10 8 15 14

Gender
Male 18 13 19 16
Female 7 8 13 14

KPS
>80 21 14 13 8
<80 4 7 19 22

Surgery
GTR 25 21 25 17
PR 0 0 5 9
Biopsy 0 0 2 4

Adjuvant treatment
Radiotherapy 0 | 25 12
Chemotherapy 0 0 | 2

Combination of 0 | 6 16
radiotherapy and

chemotherapy

Tumor location

(%2}

Frontal
Parietal
Occipital
Temporal
Others

w o8N U1 o
N U1 W A
Ul W N NN —
N N D> O —

Tumor diameter
(em)

<4 15 13 19 14
>4 10 8 13 16

Tumor number
Single 14 9 15 17
Multiple Il 12 17 13

Vital status (at last
follow-up)

Alive | 6 20 24
Dead 24 15 12 6

Abbreviations: KPS, Karnofsky performance score; GTR, gross total resection;
PR, partial resection.

Glioma cell line and human astrocyte

The human glioma cell line (U251) and normal human
astrocyte (NHA) were obtained from the Cell Resource
Center of Shanghai Institute of Life Sciences (Shanghai,
People's Republic of China) and maintained in DMEM

(Gibco; Thermo Fisher Scientific, Inc., Waltham, MA,
USA) supplemented with 10% heat-inactivated FBS
(Gibco; Thermo Fisher Scientific, Inc.), penicillin (100
U/mL) and streptomycin (100 pg/mL) in a humidified
5% CO2 incubator at 37°C.

Total RNA extraction and qRT-PCR analysis
Total RNA form clinical tissue specimens and cell lines were
isolated using TRIzol® reagent (Invitrogen, Carlsbad, CA,
USA) according to the manufacturer’s instructions. Then,
gRT-PCR was performed using an ABI 7900 Fast System
(Applied Biosystems) and a TagMan MicroRNA Assay kit
(Applied Biosystems) to detect the expression of miR-622,
with the small nuclear RNA U6 as a normalizing control. The
primer sequences for miR-622 were as follows: 5'-ATCC
CAGGGAGACAGAGATCGAGG-3' (forward) and 5'- AA
GCTTGGTGGTGGACTTTTGGTTGT-3" (reverse). The
primer sequences for U6 were 5'- CTCGCTTCGGCAGCA
CA-3' (forward) and 5- AACGCTTCACGAATTTGCGT-3'
(reverse). Further, the PCR amplification was performed as
previous described. In short, the mixtures were incubated at
95°C for 10 mins, denaturated at 95°C for 15 s (40 cycles),
annealed at 60°C for 60 s and elongated at 72°C for 10 mins.
Each specimen was examined in triplicate and the relative
expression of miR-622 in plasma was calculated and normal-
ized using the 222" method relative to U6.

Cell transfection

miR-622 mimics, a ZEB2 overexpression plasmid (ZEB2)
and negative control (NC) were synthesized by RiboBio
(Guangzhou, People's Republic of China). U251 cells were
cultured in 6-well plates and transfected with miR-622
mimics, ZEB2 or NC with Lipofectamine 2000 (Invitrogen)
according to the manufacturer’s recommendation.

MTT assay

U251 cells in the logarithmic phase of growth were seeded
into 96-well plates. After transfection, the cell viability
was tested at 24, 48, 72 and 96 hrs using the MTT assay.
50 pL of MTT solution (5 mg/mL, KeyGEN, People's
Republic of China) was added into each well and the
cells were incubated at 37°C for 4 hrs. Then, we removed
the medium and added dimethylsulfoxide to each well.
The OD was measured at 490 nm wavelength.

Wound healing assays
For analysis of cell motility, U251 cells were cultured in 6-well
plates and then incubated until 80% confluence before the
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conduct of wounding. Cell layers were wounded using a 200
uL tip to make a vertical wound and then washed the cells
three times with PBS, and cultured with serum-free medium
for 24 hrs. Cell migration to the wounded region was observed
by Nikon microscopy.

Cell invasion assays

To evaluate the cell invasion ability, U251 cells (1x10°)
were resuspended in 150 pl serum-free medium and
seeded into the upper chamber of Transwell assay inserts,
while 800 pL complete medium was added to the lower
chambers of each well. After incubation at 37°C for 24
hrs, cells on the upper chamber membrane were scraped
off by cotton swab to remove any remaining cells. The
invading cells on the lower chamber membrane were fixed
with Methanol and stained with 0.1% crystal violet. Then,
stained cells in five random fields were counted using a
microscope. All assays were performed in triplicate.

Flow cytometry analysis for apoptosis
Transfected glioma cells were collected and washed with
PBS. The cells were stained with an Annexin V-FITC/PI
apoptosis detection kit (BD Pharmingen, SanDiego, CA,
USA) according to the manufacturer’s instructions. The
flow cytometry analysis was performed by FACS Calibur
flow cytometry (BD Biosciences, USA).

Western blot analysis

U251 cells were washed with cold PBS for three times and
suspended in lysis buffer. Then, the lysed samples were
separated by 10% SDS-PAGE and transferred to polyvi-
nylidene fluoride membranes. Membranes were blocked
with 5% non-fat milk for 2 hrs at room temperature and
incubated with ZEB2 primary antibody (Cell Signaling,
Danvers, MA USA) and actin primary antibody (Abcam,
Cambridge, UK) with gentle shaking at 4°C for 12 hrs.
Membranes were then incubated with HRP-conjugated
secondary antibody for 2 hrs in room temperature. The
protein bands were visualized using ECL.

Statistical analysis

Statistical analysis was carried out using the software of
SPSS version 20.0 for Windows (IBM, SPSS, Chicago, IL,
USA), and the data were represented as mean+SE. One-way
ANOVA test was used to evaluate the differential expres-
sion level of miR-622 and ZEB2 in glioma tissues, non-
neoplastic brain tissues, U251 cells and NHA. Then, the
between  miR-622 and

relationship expression

clinicopathological features was analyzed by Pearson’s
Chi-square test. Kaplan—-Meier method was performed to
evaluate the overall survival rate, and the difference in
overall survival was estimated using the log-rank test. The
Cox proportional hazards regression model was applied for
univariate and multivariate analysis to calculate the HR and
the 95% CI, and assess the effects of miR-622 and clinico-
pathological characteristics on overall survival rate.
Differences were considered statistically significant when

p<0.05.

Results
miR-622 expression level was
downregulated in human glioma tissues

and cell line

To determine the relative expression level of miR-622
between glioma tissues and normal brain tissues, the
expression of miR-622 was evaluated in 108 glioma and
36 non-neoplastic brain tissues by qRT-PCR. The result
showed that miR-622 expression level was significantly
decreased when compared with that in non-neoplastic tis-
sues (glioma, 3.99+0.12 vs non-neoplastic tissues, 6.33
+0.20, p<0.001; Figure 1A). In addition, we also found
that miR-622 expression level showed a distinctly down-
ward tendency along with the increasing malignancy
degree of glioma. Of note, as shown in Figure 1B, there
was no statistical difference between grade I and grade 11
(grade I, 4.78+0.18 vs grade 1I, 4.39+0.28, p=0.24), and
between grade III and grade IV (grade III, 3.29+0.16 vs
grade 1V, 2.94+0.17, p=0.14), respectively. It should also
be noted that the expression of miR-622 in grade III was
significantly lower than that in grade II (grade II, 4.39
+0.28 vs grade 111, 3.29+0.16, p<0.001). Furthermore, the
expression level of miR-622 in U251 cells and NHA was
examined. In line with the tendency in tissues, we found a
similarly robust decrease of miR-622 expression in tumor
cells compared to that in NHA (Figure 1C).

Relationship between miR-622
expression level and clinicopathological

characteristics in glioma patients

We then explore the association of miR-622 expression
with various clinicopathological features, including age,
gender, WHO pathological grade, KPS, tumor diameter,
tumor location and tumor number in 108 glioma patients.
Fifty-five patients were assigned to the low expression
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Figure | The relative level of microRNA-622 (miR-622) in 108 glioma tissues and 36 non-neoplastic brain tissues, glioma cell line (U251) and normal human astrocyte
(NHA) was tested by qRT-PCR analysis. (A) The expression level of miR-622 was found to be remarkably decreased in glioma tissues compared to non-neoplastic brain
tissues. (B) We also found that miR-622 expression level showed a distinctly downward tendency along with the increasing malignancy degree of glioma. Besides, miR-622
expression was much lower in grades IlI-IV than that in grades I-Il. (C) Furthermore, the expression level of miR-622 in U251 cells was distinctly decreased compared to

that in NHA. *¥p<0.01.

group (mean expression value 3.9), with miR-622 expres-
sion level less than the median expression level (mean
expression value 2.9). In contrast, the other 53 patients
were assigned to the high expression group (mean expres-
sion value 5.1), with expression above the median expres-
sion level. As shown in Table 2, there was a close
correlation between low miR-622 expression level and
the advanced WHO pathological grade of glioma
(»=0.002) and low KPS (p=0.012). However, miR-622
expression level was not significantly associated with
age, gender, tumor diameter, tumor location or tumor
(»=0.254, 0.583, 0.234, 0.618 and 0.339,
respectively).

number

Low expression level of miR-622 was
significantly associated with decreased

overall survival in patients with glioma

In order to evaluate the prognostic value of miR-622 for
glioma, Kaplan—Meier curves with log-rank analysis were
performed to investigate the relationship between miR-622
expression levels and overall survival in 108 glioma
patients. Kaplan—Meier survival curves suggested that low
level of miR-622 expression was significantly associated
with decreased overall survival of glioma patients
(p=0.002; Figure 2). Furthermore, univariate analysis
using a Cox proportional hazard regression model was
carried out to assess whether miR-622 expression and
other clinicopathological characteristics are prognostic bio-
markers for glioma patients. The data showed that low
expression level of miR-622 (HR=2.701, 95% CI: 1.636—
5.372, p=0.002), the advanced WHO pathological grade of
glioma (HR=2.171, 95% CI: 1.235-3.811, p=0.021) and

low KPS (HR=1.967, 95% CI: 1.147-3.438, p=0.039)
were the prime variables for glioma prognosis (Table 3).
After adjusting for clinicopathological characteristics, low
expression level of miR-622 (HR=3.525, 95% CI: 2.154-
6.778, p<0.001), the advanced WHO pathological grade of
glioma (HR=2.682, 95% CI: 1.513-5.154, p=0.005) and
low KPS (HR=2.441, 95% CI: 1.473-4.686, p=0.013)
remained significantly correlated with poor prognosis of
glioma patients (Table 3). Taken together, our findings
demonstrated that low expression of miR-622 remained
significantly correlated with worse clinical outcomes and
may function as a novel and independent indicator of poor
prognosis of glioma patients.

Overexpression of miR-622 significantly
inhibited cell proliferation, migration and

invasion of glioma cells

To further investigate the role of miR-622 in glioma,
experiment in vitro was performed. U251 cells were trans-
fected with miR-622 mimics or NC, respectively. Then,
MTT assay was conducted to assess the effects of miR-622
on cell proliferation at 24, 48, 72 and 96 hrs after transfec-
tion. The result showed that overexpression of miR-622
significantly inhibited cell proliferation (Figure 3A).
Furthermore, the effects of miR-622 on cell motility of
U251 cells were detected by wound healing assay. We
found that the migration in U251 cells transfected with
miR-622 mimics was obviously impeded compared to NC
group (Figure 3B). Moreover, the number of invaded cells
was remarkably attenuated in the miR-622 mimics group
compared with NC group (Figure 3C). Additionally, flow
cytometric analysis showed that the apoptosis rate of U251
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Table 2 Relationship between miR-622 expression level and
clinicopathological characteristics in glioma patients

Characteristics No. of miR-622 P
cases expression

High Low

(n) (n)
Age (years)
<50 6l 27 34 0.254
250 47 26 21
Gender
Male 66 31 35 0.583
Female 42 22 20
Tumor grade
| 25 19 6 0.002
] 21 13
1l 32 12 20
v 30 9 21
KPS
>80 56 34 22 0.012
<80 52 19 33
Tumor location
Frontal 42 23 19 0618
Parietal 22 9 13
Occipital I 7 4
Temporal 21 9 12
Others 12 5 7
Tumor diameter
(cm)
<4 6l 33 28 0.234
>4 47 20 27
Tumor number
Single 55 31 24 0.339
Multiple 53 25 28

Note: Bold data representsstatistically significant differences between the two
groups (p<0.05).
Abbreviation: KPS, Karnofsky performance score; miR-622, microRNA-622.

cells was significantly increased in the miR-622 mimics
group compared with NC group (Figure 3D). Taken
together, these results indicated that miR-622 might serve
as a tumor suppressor in regulating glioma biological

process.

miR-622 functions as a tumor suppressor
by suppressing ZEB2 in glioma

We then explored the underlying molecular mechanisms of
the tumor-suppressive effect of miR-622 on glioma. Here,
we first measured the expression of ZEB2 in our samples.

—— High miR-622 expression

—— Low miR-622 expression

Overall survival rates

0 ! ) ) ! ! !

0 10 20 30 40 50 60
Months after operation

Figure 2 Kaplan—Meier curves of the overall survival of 108 glioma patients with
high and low expression levels of miR-622. The overall survival rate in patients with
low miR-622 expression (left, red line, n=55) was significantly lower than that in
patients with high miR-622 expression (right, black line, n=53; p=0.002).
Abbreviation: miR-622, microRNA-622.

The results indicated that ZEB2 expression was signifi-
cantly upregulated in glioma tissues and cell line compared
to that in non-neoplastic brain tissues or NHA, respectively
(Figure 4A and B). Then, U251 cells were transfected with
NC or miR-622 mimics, respectively. We found that over-
expression of miR-622 could significantly reduce both
ZEB2 mRNA and protein expression level (Figure 4C
and D). Further, MTT assay, wound healing assay, transwell
assay and flow cytometry analysis were performed to eval-
uate the impact of those interventions on glioma cell pro-
liferation, migration, invasion and apoptosis. Our findings
revealed that miR-622 overexpression dramatically sup-
pressed the proliferation, migration and invasion, while
facilitated apoptosis of glioma cells. Whereas the tumor-
suppressive effects of miR-622 in miR-622 mimics group
were reversed after co-transfection with ZEB2, indicating
that ZEB2 is the downstream target gene of miR-622, and
miR-622 inhibited malignant progression of glioma by sup-
pressing ZEB?2 in vitro (Figure 3A-D).

Discussion

Glioma, especially glioblastomas, is the most devastating
malignant tumor in central nervous system, characterized
by rapid infiltrative growth, and diffuse metastasis. As a
result, glioma patients have a poor overall survival rate
and a high mortality rate, despite the great advances in
tumor diagnosis and treatment.>> Until now, several clin-
icopathologic factors, including glioma grades and KPS,
are used for determining glioma patient prognosis in clin-
ical practice. However, accurately predicting prognosis for
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Table 3 Univariate and multivariate analyses of different clinicopathological variables and miR-622 expression in patients with glioma

Characteristics Univariate analysis Multivariate analysis

HR (95% CI) p HR (95% CI) p
Age (<50 vs 250 years) 1.265 (0.612—1.942) 0.644 1.471 (0.754-2.265) 0.434
Gender (female vs male) 1.132 (0.677-1.785) 0.696 0.874 (0.461-1.532) 0.763
Tumor grade (I vs 1lI-IV) 2.171 (1.235-3.811) 0.021 2.682 (1.513-5.154) 0.005
KPS (<80 vs >80) 1.967 (1.147-3.438) 0.039 2.441 (1.473-4.686) 0.013
miR-622 expression (low vs high) 2.701 (1.636-5.372) 0.002 3.525 (2.154-6.778) <0.001
Surgery (GTR vs PR) 0.863 (0.346—1.603) 0.795 0.726 (0.267-1.271) 0.887
Adjuvant treatment
Chemotherapy vs radiotherapy 1.374 (0.553-2.165) 0.506 1.227 (0.474-1.962) 0.653
Combination of radiotherapy and chemotherapy vs radiotherapy 1.164 (0.613-1.843) 0.671 1.337 (0.717-2.056) 0519
Tumor location
Parietal vs frontal 1.527 (0.837-2.682) 0411 1.654 (0.882-2.914) 0.305
Temporal vs frontal 1.325 (0.602-2.088) 0.530 1.661 (0.726-2.878) 0.298
Occipital vs frontal 1.102 (0.576-1.772) 0.709 0.892 (0.436-1.715) 0.757
Others vs frontal 1.176 (0.523-1.904) 0.677 1.526 (0.768-2.776) 0414
Tumor diameter (<4 vs >4 cm) 1.261 (0.575-1.991) 0.623 0.972 (0.482-1.907) 0.703
Tumor number (single vs multiple) 0.913 (00.411-1.728) 0.761 1.231 (0.656-2.232) 0.639

Note: Bold data represent statistically significant differences between the two groups (p<0.05).
Abbreviations: KPS, Karnofsky performance score; GTR, gross total resection; PR, partial resection.

patients with malignant gliomas remains poor. Therefore,
it is of great significance to identify more potential and
reliable prognostic value of biomarkers for glioma
patients. Recently, accumulating evidence has demon-
strated that the aberrant expression of various miRNAs is
involved in the process of initiation and development in
multiple forms of tumors, advocating the dysregulation of
miRNAs, downregulated or overregulated, as novel prog-
nostic biomarkers and therapeutic targets.*®

In this study, we investigated the prognostic role of
miR-622, one of the cancer-related miRNAs, in human
glioma patients, and evaluated if the biomarker could
predict disease relapse and patient outcomes. Previous
studies have shown that downregulated miR-622 is closely
related to malignant tumor aggressiveness and metastasis,
including glioma. Cheng et al found that upregulated miR-
622 repressed tumor metastasis by suppressing hypoxia-
inducible factor-lalpha in ERK-responsive lung cancer.®’
However, whether miR-622 is associated with clinical out-
come in glioma patients is still unknown. Therefore, in the
present study, we explored the correlation of miR-622
expression with glioma prognosis. Consistent with pre-
vious findings in other cancers, our results showed that
the expression level of miR-622 was much lower in tumor
tissues and cell line than that in non-neoplastic brain
tissues and NHA. Of note, lower miR-622 expression
level was observed in advanced pathological grades,

suggesting a negative correlation with tumor malignant
status. In addition, Pearson’s Chi-square test suggested
low miR-622 expression level was closely associated
with the advanced WHO grade and low KPS, but not
with age, gender, tumor diameter, tumor location or
tumor number. Subsequently, Kaplan—-Meier curves with
log-rank analysis suggested that low expression level of
miR-622 tends to have poorer overall survival in glioma
patients. Moreover, univariate and multivariate analyses
showed that miR-622 downregulation remained signifi-
cantly correlated with the prognosis of glioma patients.
Our data suggest that miR-622 may function as an inde-
pendent prognostic biomarker of glioma. However, the
exact role and underlying molecular mechanisms of miR-
622 in tumorigenesis and progression of glioma have not
been well characterized. Hence, further functional experi-
ments were performed in glioma cell line.

ZEB?2 is a member of the Zfh1 family of two-handed zinc
finger/homeodomain proteins. Numerous studies have demon-
strated that ZEB2 is a crucial regulator in promoting the
initiation and development of several cancers.>®*’ Kan et al
showed that overexpression of miR-335 significantly inhibited
cancer cell proliferation, migration and invasion by directly
targeting ZEB2 in human papillary thyroid cancer.*
Moreover, Wang et al found that transcription factor E2F1
promotes epithelial-mesenchymal transition by regulating
ZEB2 gene expression in small cell lung cancer.*' Until
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Figure 3 Overexpression of miR-622 significantly inhibited cell proliferation, migration, invasion and apoptosis of glioma cells. Whereas the tumor-suppressive effects of miR-622
were reversed after co-transfection with ZEB2. (A-D) MTT assay, wound healing assay, transwell assay and flow cytometry analysis were respectively performed to detect the
proliferation, migration, invasion and apoptosis of U251 cells after transfected with NC, miR-622 mimics or miR-622 mimics + ZEB2. *p<0.05; **p<0.01; ***p<0.001.

Abbreviations: miR-622, microRNA-622; NC, negative control.

now, many genes, including E2F1, DYRK2, PDGFb, ATF2,
CDK®, cyclin D2 and c-Myc, have been experimentally vali-
dated as the targets of miR-622. Of note, Qi et al revealed that
downregulation of ZEB2 by siRNA significantly inhibited cell
proliferation, migration, invasion and promoted cell apoptosis
in glioma cells. Meanwhile, they also found that the expres-
sion of CDK4/6, Cyclin D1, Cyclin E, E2F1 and c-Myc were
decreased after ZEB2 knockdown.** Therefore, we considered
if ZEB2 is the downstream target gene of miR-622. In this

study, we investigated the effect of miR-622 on glioma in
vitro. Our findings showed that overexpression of miR-622
significantly inhibited cell proliferation, migration and inva-
sion, while facilitated apoptosis of glioma cells. We then
explored the underlying molecular mechanisms of the tumor-
suppressive effect of miR-622 on glioma. The results revealed
that the expression of ZEB2 was negatively regulated by miR-
622 in glioma cell. Of note, overexpression of ZEB2 could
reverse the tumor-suppressive effect of miR-622 on glioma
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Figure 4 miR-622 functioned as a tumor suppressor by suppressing ZEB2 in vitro. (A) The expression of ZEB2 was significantly upregulated in U251 cells compared to that
in NHA. (B) The expression of ZEB2 was significantly upregulated in glioma tissues compared to that in non-neoplastic brain tissues. (C) Overexpression of miR-622 could
significantly reduce ZEB2 mRNA expression. (D) Overexpression of miR-622 could significantly reduce ZEB2 protein expression. *p<0.01;**p<0.001.

Abbreviations: miR-622, microRNA-622; NHA, normal human astrocyte.

cell. Taken together, we confirmed that miR-622 inhibited
malignant progression of glioma by suppressing ZEB2.
Several limitations of the present study should be noted.
First, our report was a retrospective study and the sample size
was relatively small. A prospective randomized study with
larger sample sizes is needed to further confirm our findings.
Secondly, the collection of tissue specimens was from 108
glioma patients and 36 non-neoplastic trauma patients, which
led to a great difference in the number of patients in the two
groups. Finally, our results suggested that decreased expres-
sion level of miR-622 was significantly associated with the
malignant status and poor prognosis in glioma patients.

Conclusion
In summary, our findings, for the first time, reveal that
downregulation of miR-622 is closely associated with the

malignant status and poor prognosis in glioma patients. In

addition, we also confirm ZEB?2 is the downstream target
of miR-622, and miR-622 inhibited malignant progression
of glioma by suppressing ZEB2. Therefore, miR-622 may
serve as a valuable prognostic marker and would be a
valuable therapeutic target for glioma.
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