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H19 derived microRNA-675 regulates cell proliferation
and migration through CDK6 in glioma
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Abstract: The long non-coding RNA (LncRNA) H19 is one of the most highly abundant and conserved transcripts
involved in the mammalian development and tumorigenesis. H19 is expressed in both embryonic cells and tumor
cells, but its physical and pathological functions still need to be further studied. Our results showed that microR-
NA-675, a microRNA in the first exon of H19, expressed in glioma. Over-expression of microRNA-675 in a range of
glioma cell lines resulted in their immoderate proliferation and migration. In addition, H19 derived microRNA-675
was down-regulated in the glioma, and CDK®6, a pivotal regulator in cell cycle, was a target of microRNA-675. The
survival of glioma patients with low CDK6 expression significantly increased as compared to patients with high
CDK®6 expression. Moreover, the CDK6 expression was inversely correlated with microRNA-675 expression in the
glioma. Our results suggest that H19 derived microRNA-675 may regulate giloma cell proliferation and migration

through CDK®6, and predict a poor prognosis of glioma patients.
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Introduction

Malignant gliomas are the most common
tumors of the center nervous system, and char-
acterized by rapid cell proliferation, high inva-
siveness and reduced cell apoptosis [1, 2].
Despite multimodal treatments (such as sur-
gery, chemotherapy and radiotherapy) have
been employed, the overall survival of most gli-
oma patients remains poor, particularly in case
of glioblastoma [3, 4]. Therefore, to better
understand the molecules and signal pathways
involved in the glioma cell proliferation, inva-
sion and migration is of particular relevance to
the development of novel targets and individual
therapies.

Long non-coding RNAs (LncRNAs) are non-pro-
tein coding transcripts longer than 200 nucleo-
tides and have been considered as one type of
gene expression regulator for decades. The
first imprinting INncRNA identified, H19, which is
expressed in the maternal allele rather than
paternal, is transcribed from the H19/IGF2
gene cluster located on human chromosome

11p15.5 [5-7]. H19 has been implicated in
tumor suppression, but its physiological and
pathological functions are still poorly under-
stood. Expressed from opposite parental alleles
but co-regulated, H19 and IGF2 share a com-
mon imprinting mechanism and are found to be
dysregulated in many cancers and fetal over-
growth syndromes in humans [8, 9]. The H19
RNA itself does not have a role in the imprinting
mechanism, consistent with its cytoplasmic
localization. Instead, the LncRNA has a tumor
suppressive effect both in vitro and in vivo, and
is also able to regulate a network of imprinted
genes at transcription level [10-13]. How the
H19 exerts effects and what its physiological
and pathological roles remain unknown. One
way by which LncRNAs may acquire functional-
ity is to act as a precursor of small-non-coding
RNAs (such as microRNAs) with regulatory func-
tions. Indeed, the exon 1 of H19 gene harbors a
microRNA-containing hairpin and has been
found to serve as the template for two distinct
microRNAs, microRNA-675,3p and microRNA-
675,5p. It has been suggested that these
microRNAs may function on H19 [10, 14-17].
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Moreover, the microRNA-675 stem loop is
shown to be one of the most highly conserved
features of the H19 RNA during the mammalian
evolution, indicating that microRNA-675 may
be an important mediator through which H19
functions [18-22]. In addition, emerging evi-
dence indicates that, although H19 gene has a
critical role in the cancer progression as an
oncogene in some types of cancers, it may also
act as a tumor suppressor gene depending on
the cancer type and cells [7]. To date, the
expression and role of H19 have not been con-
firmed in glioma.

MicroRNAs, small non-coding RNAs of 20-22
nucleotides, have been found to be involved in
multiple biological processes, such as cell dif-
ferentiation, proliferation, oncogenesis, angio-
genesis, tumor invasion and tumor metastasis
[6, 23]. It has been demonstrated that microR-
NAs play pivotal roles in the human cancer cell
growth, invasion and migration. MicroRNAs rec-
ognize and bind to the 3’ untranslated region
(3'UTR) of mRNAs in a sequence-specific man-
ner and negatively regulate their target mRNAs
[24-26]. The post-transnational gene regulation
by microRNAs provides a novel tool for the inhi-
bition of a specific gene in cancers [27, 28].
Further, due to the close relationship between
microRNAs and multiple biological aspects of
cancer progression, microRNAs are considered
as potential targets for the anti-cancer thera-
pies [24, 26, 28, 29]. As described above,
microRNA-675 is derived from LncRNAH19,
and H19 can generate two mature microRNAs,
microRNA-675,3p and microRNA-675,5p in a
Drosha and Dicer splicing dependent manner
[6, 30]. MicroRNA-675 represses the expres-
sion of retinoblastoma tumor suppressor in a
classical way and promotes the proliferation of
colon cancer cells [19, 31]. However, the
inverse relationship between microRNA-675
and placenta growth indicates microRNA-675
acts as a growth restrictor in the embryonic
development [26, 29]. Furthermore, the strict
regulation of the excision of microRNA-675
from H19 by some RNA binding factors (such as
HuR) indicates the complicated roles of H19
and microRNA-675 in different physiological
and pathological conditions [19, 26, 29, 31].

Mammalian CDKs are widely recognized pro-
teins with well-established roles in orchestrat-
ing the steps of cell-cycle progression [32-34].
CDK4 and CDK6 form a complex with cyclin D
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to promote the G1 to S phase progression
through phosphorylating the retinoblastoma
(Rb) protein and transcription factors with roles
in the proliferation, differentiation, tumor inva-
sion and metastasis [35-40]. CDK6 has been
found aberrantly regulated in many tumors
including glioma, suggesting that CDK6 may
serve as a therapeutic target [41-46]. However,
the mechanism underlying the CDK6 dysregula-
tion in distinct cancers is still unclear [41-49].
Alternatively, this kinase may have additional
functions unrelated to cell cycle progression
that are of importance only in certain cell types
[23, 41, 50].

Materials and methods
Cell culture

The human U251 and T98G glioblastoma cell
lines were maintained in Dulbecco’s modified
Eagle’s medium (DMEM; Gibco) supplemented
with 10% fetal bovine serum (FBS; Tianhang
Biotechnology, Zhejiang, China) and 1% penicil-
lin/streptomycin (Gibco) at 37°C in an environ-
ment with 5% carbon dioxide.

Human glioma samples

Human glioma samples were obtained from
adult patients with pathologically proven glio-
ma who received therapy in the Affiliated Sun-
Yat-Sen Memorial Hospital of Sun-Yat-Sen
University. Informed consent was obtained
before study. Samples were collected during
surgery and immediately frozen in liquid nitro-
gen for subsequent total RNA extraction or
fixed in formalin for subsequent immuno-
histochemistry.

RNA extraction and quantitative real-time poly-
merase chain reaction

Total RNA was isolated from cultured cells, nor-
mal brain tissues and glioma tissues with Trizol
Reagent (Invitrogen), according to the manufac-
turer’s instructions. Then, 100 ng of total RNA
was reverse transcribed into cDNA using the
Master Mix kit (TAKARA Biotechnology, Dalian,
China). Quantitative Real-Time Polymerase
Chain Reaction (qRT-PCR) was performed in the
Bio-rad systems and the mRNA expression of
target genes was normalized to that of U6 and
glyceraldehyde 3-phosphate dehydrogenase
(GADPH). Total RNA from normal brain tissues
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served as a control in the measurement of
microRNA-675 expression in the glioma tis-
sues. microRNA-675 expression in the glioma
tissues was measured using the SYBR Green
PCR Master Mix kit in accordance with the man-
ufacturer’s instructions (Takara Biotechnology,
Dalian, China). The mRNA expressions of
microRNA-675 and CDK6 in cultured cells were
also determined with the SYBR Green PCR
Master Mix kit (Takara Biotechnology, Dalian,
China). The reaction was done with 10 uL of
mixture including 5xSYBR green master mix,
gene-specific primers and cDNA. Fold changes
in the gene expression were calculated using
the 222¢t method.

Oligonucleotide synthesis and transfection

microRNA-675 mimic is the extrinsic mature
double-stranded microRNA and can mimic the
endogenous microRNA-675. microRNA-675
inhibitor is the extrinsic mature complementary
single-stranded microRNA, and can inhibit the
endogenous microRNA-675. The microR-
NA-675 mimic, microRNA-675 inhibitor, microR-
NA-675 mimic negative control and microR-
NA-675 inhibitor negative control were synthe-
sized in the GenePharma in China. The
sequences were as follows: H19 siRNA:
CUUUCUGUCACAUUGACCACACCUG or UCUG-
AUUGCAGCAUCUUCUUGAUUC (H19 negative
control was designed by GenePharm [Suzhou,
Chinal); microRNA-675 mimic: CTGTATGCC-
CTCACCGCTCA; microRNA-675 inhibitor: TGAG-
CGGTGAGGGCATACAG (microRNA-675 mimic
negative control, microRNA-675 inhibitor nega-
tive control were designed by RiboBio
[Guangzhou, China]); miRNA quantification:
Bulge-loop TM miRNA gRT-PCR Primer Sets
(one RT primer and a pair of gPCR primers for
each set) specific for hsa-mir-675-3p and hsa-
mir-675-5p were designed by RiboBio
(Guangzhou, China).

All the sequences above were transfected into
cultured cells at 100 nM by using the
Lipofectamine 2000 reagent (Life) according to
the manufacturer’s instructions.

Protein isolation and western blot assay
Cells were washed thrice with ice-cold phos-

phate buffer saline (PBS), and lysed in RIPA buf-
fer (cwbiotechnology, Beijing, China). Western
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blot assay was performed according to stan-
dard protocols with a primary antibody against
CDK6 (1:500; F-7, Santa Cruz). Anti-a-tubulin
was used as a loading control (1:5000, CST).
Chemiluminescence was detected using the
ECL detection solution (cwbiotechnology,
Beijing, China), and western blot assay was
done at least thrice, and averages were
obtained.

Luciferase assay

The microRNA-675 target sites within the CDK6
were PCR amplified using primers containing
artificial Xhol and EcoRI restriction sites and
cloned into the psiCheck2 vector (Promega)
downstream of a luciferase reporter gene. miR-
NA-binding sites were mutated by the amplifica-
tion of psiCheck2-CDK6 vector with primers
containing the required point mutations and
verified by sequencing (IGE Biotechnology,
Guangzhou, China). Plasmids (200 ug) were co-
transfected into U251 and T98G cells with
microRNA-675 mimic, microRNA-675 mimic
negative control, microRNA-675 inhibitor or
microRNA-675 inhibitor negative control
(RiboBio, Guangzhou, China), and the lucifer-
ase activity was measured at 48 h after trans-
fection using the Dual Luciferase Reporter
Assay Kit (Beyotime, Shanghai, China), accord-
ing to the manufacturer’s instructions.

MTT assay

Glioblastoma cells were seeded into 96-well
plates at 20000 cells/well. After transfection
as described previously, 20 pL of 3-(4,5)-
dimethylthiahiazo(-z-y1)-3,5-di-phenytetrazoliu-
mromide (MTT) (0.5 mg/mL) was added to each
well at O, 24, 36, 48, 72 and 96 h after treat-
ment. After incubation for 4 h, and the superna-
tant was removed, and 200 pyL of DMSO was
added to each well. The optical density (OD)
was measured at 570 nm. At least 3 indepen-
dent experiments were performed.

Colony formation assay

Cells were seeded in 6-well plates (400 cells/
well) and cultured for 10 days. The colonies
were stained with 0.1% crystal violet for 15 min
after fixation in 4% formaldehyde for 30 min.
Viable colonies that contained more than 50
cells were counted. The experiment was per-
formed at least thrice for each cell line.
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Figure 1. microRNA-675 expression was down-regulated in glioma tissues and glioma cell lines (U251 cells and
TO8G cells). A. Average expression microRNA-675 in human normal brain (n=3), low grade glioma marginal tissues
(n=4), low grade glioma core tissues (n=4), high grade glioma marginal tissues (n=4), high grade glioma core tis-
sues (n=4). Average expression of microRNA-675 in human low grade glioma was higher than in human high grade
glioma, and average expression of microRNA-675 in glioma marginal tissues was also higher than in glioma core
tissues. The microRNA-675 expression was normalized to that of U6. B. microRNA-675 expression in U251 cells and
T98G cells significantly decreased as compared to negative control (NC) (P<0.001).

Wound healing assay

One day before transfection, glioma cells
(2x10°) were seeded into 6-well plates. When
cells confluence reached about 90% at 24 h
after transfection, a wound was made on the
monolayer with the tip of a sterile 100-pL micro-
pipette. Then, the debris was removed by wash-
ing with PBS. At different time points, cells
migrating into the wounded area or cells with
extended protrusions from the wound border
were counted at 100x under a light micro-
scope.

Immunohistochemistry

Immunohistochemistry on formalin-fixed and
paraffin-embedded tissues was performed
using a standard protocol. In brief, the above
tissues were incubated with the anti-CDK6 pri-
mary antibody (Santa Cruz), washed in PBST (3
times, 5 min for each) and then incubated with
secondary antibody (DAKO, polymer HRP-
labelled anti-mouse, Envision) for 1 h at room
temperature. The tissues were washed in PBST
(3 times, 5 min for each). DAB (3,3
Diaminobenzidine) was added for visualization.
Signals were observed under a light micro-
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scope. Sections were washed in Milli-Q water
for 5 min, stained with Mayer’s haematoxylin
solution for 10 min and washed with flowing
water for 30 min. Sections were finally mounted
by Eukitt quick-hardening mounting medium
(ASGB-BIO) and covered with coverslips. The
CDK6 protein expression was independent
evaluated by two experienced pathologists as
follows: the percentage of CDK6-positive cells
was 0% (score=0), 1-30% (score=1), 30-60%
(score=2), and >60% (score=3). CDK6 staining
intensity was graded as follows: no staining
(score=0), weak (score=1), moderate (score=2)
and strong (score=3). The products of both
scores were obtained as the final CDK6 score.

Bioinformatics

The candidate targets of microRNA-675 were
generated using the publicly available algo-
rithms TargetScan (http://targetscan.org/),
miRanda (http://microrna.org/), Pic Tar (pictar.
mdc-berlin.de) and miRDB (http://mirdb.org).

Statistical analysis

Data were analyzed with GraphPad Prism 5
software (GraphPad Software, Inc, La Jolla, CA,
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Figure 2. microRNA-675 targets CDK6 by binding its 3'UTR. A, B. Total cell lysates were used to determine CDK6
expression by gRT-PCR and Western blot assay in T98G cells and U251 cells after transfection of H19siRNA and
NC (negative control), and GADPH served as an internal control for qRT-PCR and o-Tubulin as a loading control for
Western blot assay. C, D. Cell lysate was used to determine the CDK6 expression by qRT-PCR and Western blot as-
say in T98G cells and U251 cells after transfection of microRNA-675 mimic, microRNA-675 mimic negative control,
microRNA-675 inhibitor, or microRNA-675 inhibitor negative control. GADPH served as an internal control for qRT-
PCR and a-Tubulin as a loading control for Western blot assay. CDK6 is a direct, primary target of microRNA-675. E.
CDK®6 possesses binding sites for microRNA-675 in its 3'UTR. F. Wildtype and mutant CDK6 3'UTR were constructed
to psiCheck2 vector. G, H. Effect of microRNA-675 mimic, microRNA-675 mimic negative control, microRNA-675 in-
hibitor, microRNA-675 inhibitor negative control and transfection reagent (condition) transfection on T98G cells and
U251 cells transfected with pisCheck2 vector fused to the wildtype CDK6 3’UTR. I, J. Effect of microRNA-675 mimic,
microRNA-675 inhibitor and transfection reagent (condition) transfection on T98G cells and U251 cells transfected

with psiCheck?2 vector fused to either wildtype or mutant CDK6 3’UTR.

USA). Quantitative data are presented as mean
+ standard deviation (S.D.). Comparisons
between two groups were done with t-test, and
Chi-square test and Fisher’s exact test were
employed for the comparisons of remaining
data. Survival curves were plotted with the
Kaplan-Meier method and log-rank test was
employed for the survival analysis. Bivariate
correlations between variables were evaluated
by the Spearman’s rank correlation coefficient.
A value of P<0.05 was considered statistically
significant.

Results

microRNA-675 is down-regulated in human
glioma and directly related to H19

To explore the relationship between microR-
NA-675 expression and pathological grade of
glioma, 3 normal brain tissues, 4 glioma tis-
sues at low grade (grade |, ll) and 4 glioma at
high grade (grade lll and IV) were processed for
the detection of miRNA-675. The 8 glioma tis-
sues were categorized as tumor core and tumor
marginal (adjacent normal) tissues by resecting
the core and marginal tissues from the same
patient during surgery. Total RNA was extracted
from above tissues and stem-loop quantitative
real time PCR (qRT-PCR) was performed.
Results showed that the microRNA-675 expres-
sion in glioma tissues was down-regulated
when compared with normal brain tissues
(Figure 1A). The microRNA-675 expression was
also related to the glioma grade: the lower the
glioma grade, the higher the microRNA-675
expression. In addition, the microRNA-675
expression was also related to the different bio-
logical features of glioma, and the microR-
NA-675 expression in tumor core tissues was
lower than in tumor marginal tissues in the
same patient. These findings provided evi-
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dence that microRNA-675 expression is down-
regulated in glioma, and inversely related to the
glioma grade.

To investigate whether microRNA-675 is partly
derived from LncRNAH19, H19 expression was
down-regulated with H19siRNA in U251 and
TO8G cell lines, and the microRNA-675 expres-
sion was measured with stem-loop qRT-PCR.
Results showed that the microRNA-675 ex-
pression in U251 cells and T98G cells signifi-
cantly decreased as compared to negative con-
trol (NC) (Figure 1B).

microRNA-675 directly suppresses CDK6 in
glioma cells

To identify the mRNA targets of microRNA-675,
mMiRNA target prediction databases including
TargetScan, miRanda, miRDB and PicTar were
searched. Using a multiplicity of these predic-
tion algorithms, several common targets could
be predicted. Among the targets validated in
cell lines, CDK6 was of particular interest
because it is a key molecule in the regulation of
cell cycle and has pivotal function in the tumor
cell proliferation. CDK6 was a predicted target
of microRNA-675 and contains a mer-7 seed
match in its 3'UTR (Figure 2E). In addition,
CDK6 was found to be highly expressed in the
glioma and CDK6 expression correlated with
the glioma grade. To confirm that CDK6 was a
target gene of microRNA-675 in the glioma, the
protein and mRNA expressions of CDK6 were
examined in cells independently transfected
with  microRNA-675 mimic, microRNA-675
mimic negative control, microRNA-675 inhibitor
and microRNA-675 inhibitor negative control by
western blot assay and qRT-PCR, respectively
(Figure 2C and 2D). To validate that H19 derived
microRNA-675 can directly target CDK6 3'UTR,
gRT-PCR and Western blot assay were employed

Am J Transl Res 2015;7(10):1747-1764
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Figure 3. microRNA-675 promotes the proliferation of glioma cells. A. MTT assay of T98G cells and U251 cells transfected with microRNA-675 mimic, microRNA-675
mimic negative control, microRNA-675 inhibitor, or microRNA-675 inhibitor negative control. B. MTT assay of T98G cells and U251 cells transfected with H19siRNA
or negative control. *P<0.05 mimic vs condition in T98G, **P<0.01 inhibitor vs condition T98G or mimic vs condition in U251, ***P<0.001 mimic vs inhibitor in
T98G or inhibitor vs condition in U251. C. Representative photographs (Left) and quantification (Right) of colonies formed by T98G cells and U251 cells at 10 days
after transfection with microRNA-675 mimic, microRNA-675 inhibitor or condition (cells with transfection). D. Representative photographs (Left) and quantification
(Right) of colonies formed by T98G cells at 10 days after transfection with H19siRNA or negative control.
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to examine the expression of CDK6 in T98G
cells and U251 cells which were transfected
with H19siRNA and negative control (NC).
Results showed that the CDK6 expression was
significantly down-regulated after transfection
with H19siRNA when compared with negative
control (Figure 2A and 2B). Collectively, these
findings strongly indicate that CDK®6 is a direct
target of microRNA-675 in the glioma.
Luciferase assay was also performed to further
confirm that CDK6 is a direct target for H19
derived microRNA-675. The wildtype CDK6
3’UTR and mutant CDK6 3’UTR containing the
seed sequences were cloned to psiCheck?2 vec-
tor containing a luciferase reporter construct
which was then co-transfected into cells with
microRNA-675 mimic, microRNA-675 mimic
negative control (MN), microRNA-675 inhibitor,
microRNA-675 inhibitor negative control (IN) or
transfection reagent (condition). Results
showed that luciferase activity reduced by
more than 30% in the presence of microR-
NA-675 mimic when compared with condition
group, and the luciferase activity of cells trans-
fected with microRNA-675 inhibitor increased
by nearly 30% when compared with condition
group (Figure 2G and 2H). This was not
observed when the microRNA-675-binding
sites were mutated (Figure 21 and 2J). Thus,
CDK®6 is a potential target of microRNA-675.

Reduction in H19 derived microRNA-675 in
glioma cells induces tumor cell proliferation

To explore the biological effects of microR-
NA-675 on the glioma cell growth, glioma cells
were transfected with microRNA-675 mimic,
microRNA-675 mimic negative control, micor-
RNA-675 inhibitor or microRNA-675 inhibitor
negative control, and then the cell viability was
measured by MTT assay. Results showed that
the viability of T98G cells transfected with
microRNA-675 inhibitor increased by 29.91%
when compared with T98G cells transfected
with microRNA-675 inhibitor negative control,
the viability of T98G cells transfected with
microRNA-675 mimic reduced by 22.87% when
compared with T98G cells transfected with
microRNA-675 mimic negative control. In addi-
tion, the viability of U251 cells transfected with
microRNA-675 mimic reduced by 25.07% when
compared with U251 cells transfected with
microRNA-675 mimic negative control, the via-
bility of U251 cells transfected with microR-
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NA-675 inhibitor increased by 50.36% when
compared with U251 cells transfected with
microRNA-675 inhibitor negative control (Figure
3A). Moreover, colony formation assay was also
employed to evaluate the cell proliferation.
Results showed T98G cells transfected with
microRNA-675 mimic displayed much fewer
and smaller colonies when compared with
TO98G cells transfected with microRNA-675
mimic negative control, and T98G cells trans-
fected with microRNA-675 inhibitor showed
more and bigger colonies when compared with
cells transfected with microRNA-675 inhibitor
negative control. Similar findings were also
observed in U251 cells (Figure 3A). In order to
further demonstrate the microRNA-675 is
derived from H19 and H19 can indirectly regu-
late glioma cell proliferation, T98G cells and
U251 cells were independently transfected
with H19siRNA and negative control (NC), and
MTT assay and colony formation assay were
performed. Similar findings were observed
(Figure 3B).

To confirm our findings, the growth of T98G
cells and U251 cells was evaluated by colony
formation assay. T98G cells were transiently
transfected with microRNA-675 mimic, microR-
NA-675 inhibitor, and cells transfected with
transfection buffer alone were treated as con-
trol (condition). When compared with condition
group, the cell growth was inhibited by 49.19%
in T98G cells after transfection with microR-
NA-675 mimic (P<0.05), and that was increased
by 178.22% in T98G cells after transfection
with microRNA-675 inhibitor (P<0.01) (Figure
3C). In U251 cells, the cell growth was inhibited
by 55.43% after transfection with microR-
NA-675 mimic when compared with condition
group (cells transfected with transfection buf-
fer) (P<0.01), and that was increased by
219.56% after transfection with microRNA-675
inhibitor when compared with condition group
(P<0.001) (Figure 3C).

To further elucidate that H19 derived microR-
NA-675 is able to regulate cell proliferation, the
cell growth was evaluated in T98G cells after
transfection with H19siRNA or negative control
(NG). Results showed that the cell growth was
increased by 120.62% in T98G cells after
transfection with H19siRNA when compared
with cells transfected with negative control
(P<0.01) (Figure 3D).
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Reduction in H19 derived microRNA-675 in
glioma cells enhances tumor cell migration

To examine the effect of microRNA-675 on the
glioma cell migration, microRNA-675 mimic,
microRNA-675 mimic negative control, microR-
NA-675 inhibitor, and microRNA-675 inhibitor
negative control were transiently transfected
into U251 cells and T98G cells. Tumor cell
migration capability was determined by wound
healing assay and transwell assay. Results of
wound healing assay in T98G cells showed
that, at 24 and 48 h, 21.1% and 33.4% of the
wound was closed after transfection with
microRNA-675, respectively, 39.5% and 61.8%
of the wound was closed after transfection with
microRNA-675 inhibitor, respectively, and
32.4% and 43.5% of the wound was closed
after transfection with transfection buffer,
respectively, in T98G cells (Figure 4A and 4B).
In U251 cells, at 24 and 48 h, 19.8% and 37.8%
of the wound was closed after transfection with
microRNA-675, respectively, 41.5% and 63.5%
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of the wound was closed after transfection with
microRNA-675 inhibitor, respectively, and
32.4% and 49.2% of the wound was closed
after transfection with transfection condition,
respectively, in U251 cells (Figure 4C and 4D).
Furthermore, results of transwell assay dis-
played that the number of cells transfected
with  microRNA-675 mimic, microRNA-675
mimic negative control (MN), microRNA-675
inhibitor and microRNA-675 inhibitor negative
control (IN) migrating through the membrane
was 37+7, 117431, 212452, and 108+29,
respectively, in T98G cells (Figure 4E and 4F);
the number of cells transfected with microR-
NA-675 mimic, microRNA-675 mimic negative
control (MN), microRNA-675 inhibitor and
microRNA-675 inhibitor negative control (IN)
migrating through the membrane was 22+4,
45+7, 72+11, and 47+6 respectively, in U251
cells (Figure 4G and 4l). Above findings indicate
that H19 derived microRNA-675 is able to sup-
press the migration of glioma cells.
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CDKG6 is over-expressed in glioma and CDK6
expression is associated with tumor aggres-
siveness

The CDKG6 protein expression was detected in
20 glioma tissues at low grade (I, ll), 20 glioma
tissues at high grade (lll, 1V), their correspond-
ing adjacent normal tissues and 2 normal brain
tissues by immunohistochemistry. Strong
CDKe6-positive staining was observed in the
nucleus and cytoplasm in high grade glioma,
but weak CDKG6-positive staining in low grade
glioma. The proportion of positive cells and
staining intensity were compared between
tumor core tissues and tumor marginal tissues
from the same patient. Results showed that the
staining intensity of tumor marginal tissues
was significantly lower than that in tumor core
tissues. The normal brain tissues had no CDK6
expression (Figure 5A and 5B).

The relationship between pathological features
of glioma and CDK6 expression in glioma was
further evaluated. Results showed CDK6
expression was positively correlated with the
disease stage (Figure 5B). Moreover, the low
grade glioma and high grade glioma were inde-
pendent divided into 2 subgroups according to
the tumor sites. Results showed that the CDK6
expression was significantly different between
low grade tumor and high grade tumor (Figure
5B). Furthermore, the CDK6 expression in the
tumor core tissues was markedly higher than in
corresponding tumor marginal tissues (Figure
5B and 5C). These findings indicate that CDK6
plays a critical role in the glioma development
and progression and may serve as a valuable
biomarker for the glioma.

CDK6 expression is inversely associated with
microRNA-675 expression in glioma tissues

In this study, low grade glioma tissues (n=4)
and high grade glioblastoma tissues (n=4) were
collected and divided into tumor marginal and
tumor core tissues. The microRNA-675 expres-
sion was detected in 16 samples (Figure 6A)
and the CDKG6 expression was also determined
by immunohistochemistry and scored in the
same samples (Figure 6B and 6C). Our results
showed a significant inverse association
between microRNA-675 expression and CDK6
expression was observed in these samples (r=-
0.8996, Figure 6D).
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Furthermore, the CDK6 expression was detect-
ed in glioma tissues by immunohistochemistry
and the relationship between CDK6 expression
and survival of glioma patients was evaluated.
Results revealed that the high CDK6 expres-
sion was directly correlated with a poor survival
(Figure 6E). Taken together, these findings indi-
cate that the regulation of CDK6 expression by
H19 derived microRNA-675 may affect the clin-
ical prognosis of glioma patients.

microRNA-675 expression reduces in glioma
cells and tissues and is correlated with sur-
vival

As shown above, microRNA-675 significantly
decreased in glioma tissues (Figure 1) and
CDK6 was the downstream target of microR-
NA-675. To confirm these results and explore
the relationship between CDK6 expression and
patients’ prognosis, glioma tissues at low and
high grade were collected, and CDK6 expres-
sion was detected. On the basis of TCGA data,
the association between CDK6 expression and
OS or disease free survival (DFS) was investi-
gated in low grade glioma patients and high
grade glioma patients using the Kaplan-Meier
analysis. Our results showed CDK6 expression
was significantly up-regulated in 9% of low
grade glioma patients (n=286) and highly up-
regulated in 8% in high grade glioblastoma
patients (n=136) (Figure 7A and 7B) and low
CDK6 expression was significantly correlated
with general survival and DFS as compared to
high CDK6 expression in low grade glioma
patients. In particular, high CDK6 expression
apparently shortened both OS and DFS as com-
pared to low CDK6 expression (median OS:
18.45 vs 78.15 months; P<0.001; median DFS:
15.97 vs 42.9 months; P<0.01) (Figure 7C and
7D). Moreover, the relationship between CDK6
expression and OS/DFS was also evaluated in
high grade glioma patients (median 0S: 14.91
vs 12.55 months; P>0.05; median DFS: 6.11 vs
6.67 months; P>0.05), but there was no marked
correlation between CDK6 expression and 0S/
DFS (Figure 7E and 7F). These findings indicat-
ed that CDK6 expression may serve as a pre-
dictor of low grade glioma.

Discussion
Increasing evidence demonstrates that microR-

NAs play essential roles in both physiological
and pathological processes, including cancer

Am J Transl Res 2015;7(10):1747-1764



MicroRNA-675 regulates glioma cell proliferation and migration

mRNA-up-regulation
B Cases with Alteration(s) in Query Gene(s)
Bl Cases without Alteration(s) in Query Gene(s)
Logrank Test P-Value: 0.004251
L+
; »  w % % w @  w  w

Disease Free (months)

A .
CDK6 9% !
C 100%.
E |
© %
S -

2
10% -

1759

B
100% B Cases with Alteration(s) in Query Gene(s)
W Cases without Alteration(s) in Query Gene(s)
0% - Logrank Test P-Value: 0.000000
0% -
TO%
=]
C 0%
=
e
w
40%
0% -
20% -
10% -
o%
0 P ® 10 120 40 160 180 200
Survival {months)
D
CDK6 8%

mRNA-up-regulation

Am J Transl Res 2015;7(10):1747-1764



MicroRNA-675 regulates glioma cell proliferation and migration

Surviving

B Cases with Alteration(s) in Query Gene(s)
B Cases without Aeration(s) in Query Gene(s)

Logrank Test P-Value: 0.764662

H_L‘_‘_“—‘—‘

a-

T T T

0 o © %o 7 2 %
Survival {(months)

Disease Free

10% -

B Cases with Alteration(s) in Query Gene(s)
B Cases without Alteration(s) in Query Gene(s)

Logrank Test P-Value: 0.6899188

e

10

Disease Free {months)
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regulated in glioma patients by TCGA dataset. B, C. OS and DSF curves of Kaplan-Meier analysis. The OS and DFS were analyzed according to the CDK6 expression.
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initiation, development, invasion and migration
[6, 23]. In this study, our results revealed that
LncRNAH19 and microRNA-675 significantly
decreased in the glioma, and their expressions
were inversely correlated with OS and DFS of
glioma patients. Inhibition of microRNA-675
remarkably alleviated the malignancy of glioma
characterized by the inhibition of glioma cell
proliferation, invasion and metastasis. Inve-
stigation of molecular mechanism showed that
microRNA-675 dramatically inhibited the
expression of CDK®, a crucial molecule regulat-
ing cell cycle [35-40]. Moreover, microRNA-675
inhibited the glioma cell growth, invasion and
migration by directly targeting CDK6 [10,
14-17]. Our findings highlight the significance of
microRNA-675 down-regulation in the glioma
development and progression and implicate
microRNA-675 as a candidate prognostic bio-
marker and target for the glioma therapy.

MicroRNA-675 has been involved in the physi-
ological development and differentiation, and
microRNA-675 embedded in the first exon of
H19 was expressed exclusively in the placenta
since the gestational stage when the placenta
growth normally ceased, placenta lacking of
H19 or microRNA-675 continued to grow, over-
expression of microRNA-675 in a range of
embryonic and extra-embryonic cell lines
resulted in their reduced proliferation, and the
controlled release of microRNA-675 from H19
also allowed rapid inhibition of cell proliferation
in response to cellular stress and oncogenic
signals [10, 14-17]. However, some investiga-
tors found that, in some types of tumors,
microRNA-675 expression was significantly
downregulated, which lead to uncontrolled
tumor cell proliferation. Our results showed
H19 derived microRNA-675 expression signifi-
cantly decreased in the glioma tissues and cell
lines, and closely correlated with the OS and
DFS of glioma patients.

Thousands of human genes are predicted to be
targets of microRNAs, which may regulate gene
expression post-transcriptionally by binding to
their complementary sequences in the target
microRNAs [35-40]. The accepted mechanism
of microRNA targeting involves an interaction
between 5-end of the microRNA and 3'-UTR of
the mRNA, which promotes mRNA degradation
and inhibitors’ translation [35-40]. In our study,
luciferase assay showed that the transfection
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of microRNA-675 into cells containing the
3-UTR of CDK6 wt increased the luciferase
activity by more than 30% as compared to cells
containing the 3’-UTR of CDK4 mut, suggesting
that microRNA-675 binds directly to the 3-UTR
of CDK6. A dose-dependent decrease or
increase in CDK6 expression was induced after
transfection of a microRNA-675 mimic or inhibi-
tor, respectively, further confirming this interac-
tion. Real-Time PCR of 3 normal brain tissues,
4 low grade glioma tissues and 4 high grade
glioma tissues and immunohistochemistry of
tissues from 40 patients also suggested CDK6
served as a target of microRNA-675, which was
consistent with the results from the analysis of
samples from TCGA dataset.

CDK®6 is well-known as an essential kinase that
can phosphate Rb, a pivotal transcriptional fac-
tor, and regulate the cell cycle, proliferation and
migration [35-40]. Growing studies have sug-
gested that aberrant CDK6 expression in
tumors mainly contributes to enhanced tumor
invasion and migration [35-40]. Functional inhi-
bition or knock-down of CDK6 expression sig-
nificantly promotes G1 to S phase progression
in cell cycle, leads to uncontrolled cell growth
and also directly or indirectly influences the
tumor invasion and migration [35-40]. Recent
studies suggest that microRNAs are involved in
the regulation of CDK6 expression and may
affect its function [35-40].

CDK®6 is related to cell proliferation, invasion
and migration and was identified by a bioinfor-
matics approach using various algorithms as a
target of microRNAG75. The CDK6 expression
was detected after transfection of microR-
NA-675 mimic, microRNA-675 mimic negative
control, microRNA-675 inhibitor, microRNA-675
inhibitor control. Results showed that the
microRNA-675 expression was inversely corre-
lated with CDK6 expression. Then, this was fur-
ther confirmed by luciferase assay. Thus, we
speculate that microRNA-675 may directly tar-
get CDK6 3’-UTR by its seed sequences. High
grade gliomas with low microRNA-765 expres-
sion showed CDK6 over-expression, indicating
that high CDK6 mRNA expression is a prognos-
tic factor for glioma. Our studies demonstrated
CDK®6 served as a target for microRNA-675 and
specified its roles in glioma and as a potential
drug target. There are a few studies indirectly
proposing microRNA-675 as an important regu-
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lator of CDK6 in glioma, wherein microRNA-675
expression is inversely correlated with CDK6
expression in glioma [35-40], thereby inducing
characteristic changes, including cell growth,
invasion and migration. Importantly, microR-
NA-675 mimic, microRNA-675 mimic negative
control, microRNA-675 inhibitor, microRNA-675
inhibitor negative control were transfected into
glioma cells to induce and knockdown microR-
NA-675 expression, and results showed the
over-expression and suppression of microR-
NA-675 inhibited and promoted the glioma cell
proliferation, invasion and migration, respec-
tively, suggesting that microRNA-675 acts as a
key meditator in the regulation of cell growth,
tumor invasion and migration via attenuating
the influence of CDK6.

The growth-suppressive effects of microR-
NA-675 possibly stem from its potential to
inhibit cell cycle progression because the
expression of proteins such as CDK6, Rb, as
well as other CDK6 related proteins important
to invasion and migration decreased in microR-
NA-675-overexpressing glioma cells [35-40].
These findings point to a regulatory framework
centered on microRNA-675 in glioma cells.
MicroRNA-675 coordinately downregulates the
expression of oncogenes,including CDK6,
IGFR4, and CDH11 [35-40]. The roles of CDK6
in the proliferation, survival, invasion and
migration in the glioma have been well docu-
mented [35-40]. Other reports show that the
expression of molecules like Rb and its down-
stream targets will be down-regulated when
CDK6 expression is suppressed [35-40].
Although the expression of these downstream
genes was not detected in the present study,
we hypothesize that microRNA-675 may exe-
cute its tumor-suppressor function by inhibiting
CDK6, causing down-regulated expression of
these pro-survival genes. In other words,
microRNA-675 down-regulates CDK6 expres-
sion directly and down-regulate the expression
of Rb and its downstream genes indirectly
through CDK6. CDK®6 is an important regulator
in the cell cycle progression and closely related
to the uncontrolled glioma cell proliferation,
invasion and migration. Hence, our study dem-
onstrates that the interaction of microRNA-675
with its target CDK6 plays crucial roles in the
progression, invasion and migration of glioma
cells. Our studies demonstrate the role of
microRNA-675 as a tumor suppressor and it
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may serve as an important target for the glio-
blastoma therapy.
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