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Obijective: Deregulation of microRNA (miR)-99 family members (miR-99a, miR-99b, and
miR-100) has been reported to play a crucial role in many cancer types. However, their roles in
human gliomas have not been fully elucidated. This study aimed to investigate the expression
patterns of miR-99a, miR-99b, and miR-100 in glioma tissues and to evaluate their expression
profiles with respect to tumor progression.

Methods: Quantitative real-time polymerase chain reaction was performed to detect the
expression levels of miR-99a, miR-99b, and miR-100 in glioma and matched non-neoplastic
brain tissues. Then, the associations of their expression with various clinicopathological fea-
tures of glioma patients were statistically analyzed. Moreover, the roles of miR-99a, miR-99b,
and miR-100 in regulating glioma cell migration and invasion were determined via transwell
assay in vitro.

Results: Compared with non-neoplastic brain tissues, miR-99a, miR-99b, and miR-100
expression levels were all significantly decreased in glioma tissues (all P<<0.001).
miR-99a-low, miR-99b-low, and miR-100-low expression more frequently occurred in glioma
patients with low Karnofsky performance score (<90) and high World Health Organization
grade (III-IV). Further functional experiments revealed that the enforced expression of miR-
99a, miR-99b, and miR-100 resulted in the inhibition of cellular migration and invasion in
glioma cells.

Conclusion: Our results strongly suggest that the aberrant expression of miR-99a, miR-99b,
and miR-100 may be a common feature in human gliomas with aggressive clinicopathological
features and may participate in malignant phenotypes of the tumors. These findings highlight
the potential of the three miR-99 family members as novel therapeutic targets for human
gliomas.
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Introduction

Gliomas, the most common type of malignant tumors in the central nervous system,
arise from glia cells and often occur in adults.! As one of the most aggressive and
lethal human cancer types, gliomas are categorized as grade I-IV according to clini-
copathological criteria of the World Health Organization (WHO).? Low-grade gliomas
are regarded as benign and often curable with thorough surgical resection, and seldom
have the possibility of evolving into advanced grade lesions. High-grade gliomas
are commonly characterized by rapid progression with a poor clinical outcome.?
Especially, glioblastoma multiforme (GBM), as WHO grade IV gliomas, are the
most aggressive form characterized by unrestrained cellular proliferation, strong
resistance to apoptosis, diffuse infiltration, vigorous angiogenesis, and widespread
genomic instability.* Growing evidence shows that malignant glioma is a leading
cause of death in patients, accounting for 45%—55% of primary intracranial tumors.
The annual incidence of malignant glioma is more than five per 100,000 population.’

submit your manuscript
Dove

http:

OncoTargets and Therapy 2016:9 3613-3619 3613
© 2016 Ihang et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php
BY NG

and incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work you
hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For permission
for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
www.dovepress.com
www.dovepress.com
www.dovepress.com
http://dx.doi.org/10.2147/OTT.S99363
mailto:songtao97119@163.com

Zhang et al

Dove

With advances in aggressive neurosurgery, radiotherapy, and
chemotherapy, the clinical survival rate for glioma has greatly
improved.®® However, the median survival rate of patients
with GBM remains only 12—15 months.’ Growing evidence
shows a series of complex molecular events underlying the
tumorigenesis and tumor progression of gliomas, which
remains unclear.'” Therefore, it is of great clinical signifi-
cance to understand the molecular mechanisms involving
glioma development, progression, and prognosis, which will
be necessary to identify novel therapeutic targets and develop
therapeutic strategies for patients with gliomas.
MicroRNAs (miRs), a family of endogenous, small, non-
coding RNA molecules with a length of 18-25 nucleotides,
regulate the gene expression at a posttranscriptional level by
binding to the 3’-untranslated regions of the corresponding
target mRNAs, leading to inhibition of translation and/or
mRNA degradation.!! Each miR often has hundreds of target
mRNAs, and more than one-third of human genes may be
regulated by miRs.'? Accumulating studies have reported that
miRs play crucial roles in a variety of biological processes,
including cellular development, proliferation, differentiation,
apoptosis, cell cycle, and metabolism.'*!'* Pathologically,
emerging evidence shows that miRs are novel players in
various diseases such as human cancer. Abnormal expression
of miRs is commonly associated with the tumorigenesis and
progression of various types of cancers.!® According to their
functions, miRs act either as oncogenes or tumor suppressors
with a cancer-specific manner.'® In gliomas, especially, a
considerable number of studies have indicated that miRs may
contribute to glioma tumorigenesis and simulate glioma cell
proliferation, angiogenesis, migration, and invasion.'” !
miR-99 family, one of the evolutionarily most ancient
miR families whose origin dates back to before the bilaterian
ancestor, comprises three members, including miR-99a, miR-
99b, and miR-100.22 miR-99a, located at 2121, has been
proved to be frequently repressed in various tumors such
as lung cancer, hepatocellular carcinoma, ovarian cancer,
bladder cancer, and prostate cancer.”>?” Chakrabarti et al*®
indicated that the antiglioma effects of photofrin-based pho-
todynamic therapy could be strongly augmented by miR-99a
overexpression and this novel combination therapeutic
strategy should be used for controlling the growth of human
pS3 wild-type GBMs both in vitro and in vivo. miR-99b,
the sequence of which is the predicted human homologue of
mouse miR-99b cloned from mouse brain, has been reported
to be deregulated in several tumors such as esophageal
cancer, non-small-cell lung cancer, hepatocellular carcinoma,
pancreatic cancer, colorectal cancer, and endometrial

cancer.”' The involvement of this miR in human glioma
remains unknown. miR-100, localized to chromosome 11, has
been found to be a diagnostic and/or prognostic marker for
human cancer due to its dysregulation and aberrant expres-
sion in the tumorigenesis and tumor progression of several
types of cancer such as acute myelocytic leukemia, osteo-
sarcoma, esophageal cancer, nasopharyngeal cancer, breast
cancer, non-small-cell lung cancer, hepatocellular cancer,
pancreatic cancer, bladder cancer, ovarian cancer, cervical
cancer, and endometrioid endometrial carcinoma.?>¢ Alrfaei
et al*’ revealed that miR-100 expression was downregulated
in GBM compared to normal controls, and indicated that
miR-100 could suppress tumor cell proliferation and improve
survival in GBM animal models.

Although previous studies have revealed that deregula-
tion of miR-99 family members (miR-99a, miR-99b, and
miR-100) can play crucial roles in many cancer types, their
roles in human gliomas have not been fully elucidated. The
present study aimed to investigate the expression patterns of
miR-99a, miR-99b, and miR-100 in human glioma tissues
and evaluate their expression profiles with respect to tumor
progression.

Materials and methods

Patients and tissue samples

The current study was approved by the Research Ethics
Committee of Xiangya Hospital and Second Xiangya
Hospital of Central South University, Changsha, People’s
Republic of China. All patients enrolled in this study gave
written informed consent. All specimens were handled
and made anonymous according to the ethical and legal
standards, and were obtained under sterile conditions
during surgery.

A total of 100 patients with gliomas were enrolled in this
study. The 100 self-paired tumor tissues and non-neoplastic
brain tissues were surgically resected from these patients
in the Department of Neurosurgery, Xiangya Hospital of
Central South University during the period from January
2010 to December 2013. Based on the clinicopathological cri-
teria provided by WHO, 12 patients were WHO grade I with
pilocytic astrocytomas, 36 patients were grade II (including
20 patients with fibrillary astrocytoma, ten patients of proto-
plasmic astrocytoma, and six patients of oligodendroglioma),
42 patients were WHO 111 (including 32 patients of anaplastic
astrocytoma and ten patients of anaplastic oligodendro-
glioma), and ten patients were WHO IV (all GBM). Other
patients’ clinical characteristics such as age, sex, tumor size,
and Karnofsky performance score (KPS) were collected for
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Table | Associations of miR-99a, miR-99b, and miR-100 expression with clinicopathological characteristics in human gliomas

Clinicopathological Total cases miR-99a-low P-value miR-99b-low P-value miR-100-low P-value
characteristics (N=100), n (%) (N=52), n (%) (N=50), n (%) (N=58), n (%)

Age (years)

<50 48 (48.00) 25 (52.08) NS 25 (52.08) NS 25 (52.08) NS
=50 52 (52.00) 27 (51.92) 25 (48.08) 33 (63.46)

Sex

Male 68 (68.00) 36 (52.94) NS 33 (48.53) NS 40 (58.82) NS
Female 32 (32.00) 16 (50.00) 17 (53.13) 18 (56.25)

Tumor size (cm)

<5 70 (70.00) 37 (52.86) NS 35 (50.00) NS 40 (57.14) NS

=5 30 (30.00) 15 (50.00) 15 (50.00) 18 (60.00)

KPS

<90 60 (60.00) 22 (36.67) 0.01 22 (36.67) 0.01 22 (36.67) <0.001
=90 40 (40.00) 30 (75.00) 28 (70.00) 36 (90.00)

WHO grade

| 12 (12.00) 0 (0) <0.001 0(0) <0.001 0(0) <0.001
Il 36 (36.00) 12 (33.33) 10 (27.78) 16 (44.44)

11l 42 (42.00) 30 (71.43) 30 (71.43) 32 (76.19)

v 10 (10.00) 10 (100.00) 10 (100.00) 10 (100.00)

Note: NS = not significant (P>0.05).

Abbreviations: KPS, Karnofsky performance score; miR, microRNA; WHO, World Health Organization.

statistical analyses. All patients had newly diagnosed gliomas
and had received no chemotherapy or radiation therapy before
surgery. For quantitative real-time polymerase chain reaction
(PCR) assay, all the tissues were frozen immediately after
surgery. The clinicopathological characteristics of all 100
patients are summarized in Table 1.

Quantitative real-time PCR

Total RNA was extracted from the 100 self-paired tumor
tissues and non-neoplastic brain tissues by TRIzol Reagent
(Thermo Fisher Scientific, Waltham, MA, USA) according to
the users’ instructions. Reverse-transcribed complementary
DNA was synthesized by using miScript I RT kit (Qiagen,
Valencia, CA, USA). Relative expression levels of miR-99a,
miR-99b, and miR-100 were measured using SYBR green
quantitative real-time-PCR with the Stratagene Mx3000P
real-time PCR system (Agilent Technologies, Santa Clara,
CA, USA) and normalized with U6 small nuclear RNA.
Primer sequences used in this study were as follows: for
miR-99a, 5-CGG AAC CCG TAG ATC CGA T-3’ (forward)
and 5-CAG TGC AGG GTC CGA GGT-3’ (reverse); for
miR-99b, 5’-CAC CCG UAG AAC CGA CCU UGC G-3’
(forward) and 5’-CGC GAA TTC ACA GTT GCC TAC
AGT CA-3’ (reverse); for miR-100, 5-GCG GCA ACC
CGT AGA TCC GAA-3’ (forward) and 5-GTG CAG GGT
CCG AGG T-3’ (reverse); and for U6, 5'-CTC GCT TCG
GCA GCA CAT ATA CT-3’ (forward) and 5-ACG CTT
CAC GAA TTT GCG TGT C-3’ (reverse). PCR reactions
for each miR were repeated three times. The fold-change

of each miR was calculated using the 2724 method.*® To
evaluate the associations between miR expression and vari-
ous clinicopathological characteristics, the median value of
each miR expression level in glioma tissues was chosen as
the cutoff point to divide all 100 patients with gliomas into
high- and low-expression groups.

Cell culture and transfection

Two human glioma cell lines (U87 and U251) were pur-
chased from the cell library of the Chinese Academy of
Sciences and cultured in Roswell Park Memorial Institute-
1640 medium (Thermo Fisher Scientific) supplemented
with 10% fetal bovine serum, 2 mM L-glutamine, and
100 U/mL penicillin—streptomycin mixture at 37°C in a
humidified atmosphere containing 5% CO,. The miR-99a
mimics, miR-99b mimics, miR-100 mimics, and the cor-
responding controls (miR-99a-NC, miR-99b-NC, and
miR-100-NC) obtained from GenePharma (Shanghai,
China) used for the overexpression of miR-99a, miR-99b,
and miR-100 in cells were purchased from Ribobio
(Guangzhou, China). Cells were seeded into each well
of a six-well plate at a final concentration of 2x10° cells
and transfected for 48 hours using Lipofectamine 2000
Reagent (Thermo Fisher Scientific) based on the manu-
facturer’s instruction.

Transwell assay
Roles of miR-99a, miR-99b, and miR-100 in the cell migra-
tion and invasion abilities were measured using transwell
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inserts with 8 um pores (BD Biosciences, San Jose, CA,
USA). For migration assay, 2x10° cells were added into
the upper chamber with a noncoated membrane. For inva-
sion assay, 2x10° cells were added into the upper chamber
precoated with matrigel matrix. Roswell Park Memorial
Institute-1640 medium supplemented with 10% fetal
bovine serum was added into the lower chambers. After
overnight incubation, cells adhering to the upper surface of
the membrane were removed and the bottom (migrated or
invasive) cells were fixed with 4% paraformaldehyde and
stained with 0.1% crystal violet to visualize nuclei. The
number of migrated or invasive cells was counted under a
microscope in five random fields and the means for each
chamber were determined. All experiments were repeated
three times and data were obtained from three independent
experiments.

Statistical analysis

The software Statistical Package for the Social Sciences
Version 13.0 for Windows (SPSS Inc., Chicago, IL, USA)
was used for statistical analyses. All data obtained from our
experiments were expressed as means + standard devia-

Student’s #-test. The associations of each miR expression and
various clinicopathological characteristics were evaluated
by chi-square test. Differences were considered statistically
significant when P was <0.05.

Results
Decreased expression of miR-99a,

miR-99b, and miR-100 in glioma tissues
Compared with non-neoplastic brain tissues, miR-99a (tumor
vs normal: 2.67+1.07 vs 4.67£1.13, P<<0.001), miR-99b
(tumor vs normal: 2.57£0.91 vs 5.26%+1.19, P<<0.001),
and miR-100 (tumor vs normal: 2.41%+1.02 vs 5.74+0.81,
P<0.001) expression levels were all significantly decreased
in glioma tissues (Figure 1).

Then, we divided all patients into miR-99a-low/high,
miR-99b-low/high, and miR-100-low/high groups accord-
ing to our score system. Of 100 patients with gliomas, 52
(52.00%) and 48 (48.00%) belonged to miR-99a-low and
miR-99a-high groups, respectively; 50 (50.00%) and 50
(50.00%) belonged to miR-99b-low and miR-99b-high
groups, respectively; and 58 (58.00%) and 42 (42.00%)
belonged to miR-100-low and miR-100-high groups,

tion. The differences among groups were analyzed using  respectively.
A . B .
Y Y
o 6l o 6L I
c | c
2 2 °
2o 8ol
o I
23 4t 22 4t
o< o<
X Y Xy
o= 3¢ © = 3fF
o £ o £ 1
2 2 - 2 2F
- =]
© r ©
E 1F J— E 1 1
0 i P<0.001 0 i P<0.001
Gliomas Non-neoplastic brain Gliomas Non-neoplastic brain
C
8 -
(T
o 7|
c
o 6
? o
o Sr -
£ 2 1
o 4l
q’ —
o £ 3f
>
= 2+
s
Q -
e [
ol —— P<0.001

Gliomas

Non-neoplastic brain

Figure | Relative expression levels of miR-99a (A), miR-99b (B), and miR-100 (C) in human glioma and non-neoplastic brain tissues.

Abbreviation: miR, microRNA.

submit your manuscript

3616

Dove

OncoTargets and Therapy 2016:9


www.dovepress.com
www.dovepress.com
www.dovepress.com

Dove

miR-99 family in glioma

U87 cells

U251 cells

Mimics

Mimics

Figure 2 Effects of miR-99a, miR-99b, and miR-100 on migration of glioma cell line.
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Notes: Overexpression of miR-99a, miR-99b, and miR-100 could efficiently suppress the migration abilities of both U87 and U251 cells. Magnification x200.

Abbreviations: miR, microRNA; NC, normal control.

Decreased expression of miR-99a,
miR-99b, and miR-100 associated with
aggressive tumor progression of human
gliomas

The associations between miR-99a/99b/100 expression
and clinicopathological characteristics were evaluated.
As shown in Table 1, miR-99a-low, miR-99b-low, and
miR-100-low expression more frequently occurred in
glioma patients with low KPS score (<90) and high WHO
grade (III-IV) (both P<<0.05). There were no statisti-
cally significant differences between miR-99a/99b/100
expression and other clinicopathological characteristics,

U87 cells U251 cells

including patients’ age, sex, and tumor size (all P>0.05,
Table 1).

Enforced expression of miR-99a, miR-99b,
and miR-100 inhibited glioma cell
migration and invasion

To determine whether miR-99a, miR-99b, and miR-100
could regulate glioma cell migration and invasion, we per-
formed in vitro glioma cell migration and invasion assays by
transfecting miR-99a mimics, miR-99b mimics, and miR-100
mimics into both U87 and U251 cells. As shown in Figures 2
and 3, the overexpression of miR-99a, miR-99b, and miR-100

MImICS Mimics

Figure 3 Effects of miR-99a, miR-99b, and miR-100 on invasion of glioma cell line.
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Number of cells per field
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Notes: Overexpression of miR-99a, miR-99b, and miR-100 could efficiently suppress the invasion abilities of both U87 and U251 cells. Magnification x200.

Abbreviations: miR, microRNA; NC, normal control.
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could efficiently suppress the migration and invasion abilities
of both U87 and U251 cells.

Discussion
Tumorigenesis and tumor progression of human gliomas are
mainly caused by the dysregulation of various genetic risk
factors and environmental carcinogenic factors. Accumulat-
ing studies have revealed the crucial roles of miRs, a family
of highly conserved gene regulators, in malignant changes
during the progression of human gliomas. In the present
study, we confirmed the aberrant expression patterns of
three members of miR-99 family and found their significant
associations with aggressive clinicopathological features of
patients with gliomas. Functionally, we also demonstrated
the tumor suppressive roles of miR-99a, miR-99b, and miR-
100 in glioma cell migration and invasion. All these results
suggest that the miR-99 family members could be used
as candidate markers in glioma patients’ screening, early
diagnosis, and development of novel therapeutic strategies.
The miR-99 family, which is one of the evolutionarily
most ancient miR families, functions as a group of crucial
facilitators of various disease processes, including cancer.
For miR-99a, Wang et al*’ performed the gain- and loss-of-
function studies and revealed that miR-99a could effectively
inhibit breast cancer cell proliferation, migration, and inva-
sion through regulating HOXA I gene; Huang et al*’ reported
that miR-99a inhibited tumorigenesis through targeting the
mammalian target of rapamycin and its downstream phos-
phorylated proteins (p-4E-BP1 and p-S6K1) in anaplastic
thyroid cancer cells; Chen et al*' indicated that miR-99a
was downregulated in human non-small-cell lung cancer
and, thus, regulated proliferation, colony formation, and
migration through the insulin-like growth factor 1 receptor
pathway. For miR-99b, Li et al*' found that the expression
level of miR-99b-5p was more than sixfold higher in primary
colorectal cancer than in matched liver metastases, and vali-
dated the suppressive role of miR-99b-5p in liver metastasis
of colorectal cancer; Yang et al*® showed that miR-99b was
expressed at high levels in tissues of patients with hepato-
cellular carcinoma, and reported that the elevated levels of
miR-99b predicted poor overall survival as well as disease-
free survival of patients with this malignancy; Kang et al®
identified miR-99b as a tumor suppressor in non-small-cell
lung cancer and validated fibroblast growth factor receptor 3
as a direct target gene for this miR. For miR-100, its expres-
sion was either downregulated in squamous cell carcinoma of
the tongue, glioma, thyroid cancer, breast cancer, epithelial
ovarian cancer, and endometrial cancer, or upregulated in
esophageal squamous cell carcinoma, pancreatic cancer, and

bladder cancer.*' From the above studies, it may be concluded
that miR-99a, miR-99b, and miR-100 can serve as potential
regulators for cancer progression.

Similar to other malignancies, we found in this study
that the expression levels of miR-99a, miR-99b, and miR-
100 were all dramatically reduced in human glioma tissues
compared to the normal controls. We also observed that low
expression of the three miRs had a negative effect on WHO
grade and a positive effect on KPS of glioma patients. Cell
migration and invasion are key steps for tumor motility in
glioma progression. Here, our in vitro data demonstrated
that the transfection of miR-99a, miR-99b, and miR-100
remarkably suppressed cell migration and invasion, provid-
ing evidence that the three miR-99 family members may exert
tumor suppressive roles in gliomas, although more in-depth
studies on the exact molecular mechanisms are necessary.

Conclusion

Our results strongly suggest that the aberrant expression of
miR-99a, miR-99b, and miR-100 may be a common feature
in human gliomas with aggressive clinicopathological
features and may participate in malignant phenotypes of the
tumors. These findings highlight the potential of the three
miR-99 family members as novel therapeutic targets for
human gliomas. However, there are still several limitations
of this study. First, accumulating studies have indicated that
gliomas may show significant molecular changes specific to
the histological type. Further studies based on a large cohort
of glioma samples should be performed to validate our find-
ings here. Second, since miRs modulate pathogenesis by
suppressing the corresponding target genes, identification
of the target genes of miRs is helpful to understand how
aberrant miRs are involved in glioma pathogenesis. Thus,
further studies are required to identify the potential target
genes for miR-99a, miR-99b, and miR-100 and to validate
their regulatory mechanisms in glioma cells.
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