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Accumulating studies have suggested the dysregulated microRNAs (miRNAs) play important roles in brain tumors, including
glioma. miR-6869-5p has been documented to be aberrantly expressed in diverse cancers. However, the precise role of miR-
6869-5p in glioma remains poorly understood. This study is aimed at evaluating its modifying effects on glioma. Significantly
decreased expression of miR-6869-5p was found in glioma tissues and cells. Negative association was documented between miR-
6869-5p and PGKI in glioma cells, and PGK1 was demonstrated to be a targeted gene of this miRNA by luciferase reporter
assay. miR-6869-5p regulated glioma cell proliferation and invasion via targeting PGK1. In addition, the survival analysis had
suggested that low miR-6869-5p expression predicted poor prognosis of glioma patients. This study has suggested that miR-

6869-5p is a useful tumor suppressor and prognostic marker in glioma.

1. Introduction

Glioma is a highly aggressive and lethal malignancy in the
central nervous system. Its etiology remains largely unknown.
It has been demonstrated that genetics, environmental car-
cinogens, and infectious factors contribute to the pathogene-
sis of glioma [1, 2]. Increasing exposure to ionizing radiation
elevates the risk of glioma, while allergy and atopic disease
history reduce the glioma risk [3]. The prognosis of glioma
is poor because of the high invasion rate. Thereby, identifying
potential biological markers is essential for exploring new
therapeutic interventions for glioma.

During the past few decades, increasing evidence has sup-
ported the pivotal role of microRNAs (miRNAs) in malignant
diseases, including glioma [4-6]. miRNAs are posttranscrip-
tional regulators of targeted genes. Many functional miRNAs
have been identified as disease markers for glioma due to their

key effects on the tumorigenesis, angiogenesis, proliferation,
apoptosis, and invasion of cancer cells [7, 8]. A number of
well-established miRNAs are demonstrated to affect the clin-
ical outcome, chemotherapy resistance, and radiotherapy
resistance of glioma patients [9]. In particular, some miRNAs
can influence tumor maintenance and progression by regulat-
ing cancer stem cells [10, 11]. Moreover, some extracellular
vesicle-delivered miRNAs contribute to cell-to-cell commu-
nications in glioma, which will serve as effective therapeutic
targets for glioma [12]. Accordingly, miRNAs are key regula-
tors and promising targets for glioma. miR-6869-5p has been
firstly identified to be a tumor suppressor in colorectal cancer
by Yan et al. [13, 14]. In this study, we have found that miR-
6869-5p was differentially expressed in glioma tissues. How-
ever, the role of miR-6869-5p in glioma remains largely
unknown. The aim of the study is to demonstrate the role of
miR-6869-5p on glioma cell growth and invasion. Assuring
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its targeted gene and regulatory mechanism in tumorigenesis
would help to provide novel targets for glioma diagnosis and
treatment.

2. Materials and Methods

2.1. Glioma Cases and Tumor Tissue Collection. Glioma tis-
sues were obtained from 43 patients with glioma undergoing
surgical resection between June 2015 and April 2017 at the
Affiliated Hospital of Weifang Medical University and Sun-
shine Integration Hospital of Shandong. Table 1 presents
characteristics of all glioma patients. The follow-up time
since the first surgical resection was up to 28 months. Brain
samples (n=43) and adjacent tissues (n=43) were stored
in liquid nitrogen and used for RNA extraction. The overall
survival was defined as the interval between time of surgical
resection and death or 28 months of the follow-up period.
Our study was conducted under the government of the hos-
pitals’ ethics committee. All participants signed the written
informed consent.

2.2. Cell Line Culture and Cell Transfection. U87 and U251
glioma cells were maintained in DMEM adding with
10% FBS (Gibco, USA). Lentivirus plasmids (PcDNA3.1)
acquired from the cultural supernatant of 293T cells were
used to transfected glioma cells. 8 ug/ml polybrene reagent
was applied for cell transfection. After incubation for 48
hours, glioma cells were harvested after incubation for 48
hours and used in the following tests. miRNA inhibitors,
mimics, and corresponding controls (GeneChem, Shanghai,
China) were used to treated glioma cells.

2.3. Real-Time Polymerase Chain Reaction (PCR). Total
RNAs were isolated from tissues and cells by the protocol
of TRIzol reagent (Invitrogen, USA). cDNA synthesis was
carried out by use of 2 ug total RNA using a Takara RT Kit
(Tianjin, China). PCR was conducted using a Takara SYBR
Green Master Mix kit (Tianjin, China). A TagMan miRNA
real-time PCR assay kit (Thermo Fisher Scientific, USA)
was used to detect miRNA expression. Primers used are as
follows: phosphoglycerate kinase 1 (PGK1): F: 5'CTGTGG
GGGTATTTGAATGG3', R: 5'CTTCCAGGAGCTCCAA
ACTG3'; GAPDH: F: 5'GAGTCAACGGATTTGGTCGT3',
R: 5" TTGATTTTGGAGGGATCTCG3'.

2.4. Luciferase Reporter Assay. The wild-type (WT) and
mutant (MT) binding sites of PGK1 3'UTR were subcloned
into lentivirus plasmid vectors (pmir-GLO). The luciferase
reporter system (Promega, WI, USA) was adopted to confirm
the relationship of miR-6869-5p with the potential targeted
gene PGK1. 293T cells were transfected for 48 hours. Exper-
iments were conducted three times according to the protocol.

2.5. Cell Proliferation and Invasion. CCK-8 (Dojindo, Japan)
was applied to estimate the proliferation of glioma cells
according to the protocol, in which data were analyzed by
the method of one-way ANOVA. Tumor invasion was
assayed by transwell and scratch tests. 1 x 10° cells per well
were incubated in the upper and down transwell chambers
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TaBLE 1: Characteristics of glioma patients.

Factors Cases
Age (years)
<55 19
>55 24
Sex
Female 17
Male 26
WHO grade
s 20
/v 23
Tumor size (cm)
<5 25
>5 18

(Corning, MA, USA), respectively. After 48 hours, cells were
fixed with paraformaldehyde (4%) and then stained with
crystal violet (0.1%). A scratch test was also carried out, cells
of which were scanned under the microscope.

2.6. Statistical Analysis. The overall survival of glioma
patients was assessed by the Kaplan-Meier analysis plus test
of log-rank. Cox regression analysis by calculating the hazard
ratio (HR) with 95% CI was performed to estimate the rela-
tive risk of mortality of glioma patients. We used STATA,
GraphPad, and SPSS software programs for data analysis
by use of Student’s ¢-test or one-way ANOVA. A two tailed
P <0.05 was significant.

3. Results

3.1. miR-6869-5p Expression in Glioma. miR-6869-5p expres-
sion was decreased in glioma tissues (Figure 1(a)). miR-6869-
5p expression was negatively related to the tumor size and
WHO grade in glioma (Figures 1(b) and 1(c)), whereas no
significant association was observed among patients of differ-
ent age and sex (Figures 1(d) and 1(e)). Taken together, miR-
6869-5p was aberrantly expressed in glioma, which might
influence glioma development and progression.

3.2. miR-6869-5p Affected Glioma Cell Proliferation and
Invasion. Real-time PCR documented that miR-6869-5p
expression was promoted when glioma cells were treated
with miRNA mimics (Figures 2(a) and 2(b)). miR-6869-5p
was capable of inhibiting glioma cell proliferation at 48h
and 72h (Figures 2(c) and 2(d)). The invasion of mimics-
treated glioma cells was inhibited compared with control
cells, demonstrated by scratch assay and transwell assay
(Figures 2(e) and 2(f)). All these findings suggested miR-
6869-5p could prevent glioma cell proliferation and invasion.

3.3. PGK1 Targetedly Regulated miR-6869-5p. We performed
bioinformatics analysis in the TargetScanHuman database
(http://www.targetscan.org/) and found that miR-6869-5p
might regulate PGK1 at the posttranscriptional level by rec-
ognizing the 3' UTR of PGK1 (Figure 3(a)). Negative associ-
ation was found in glioma cells (Figures 3(b) and 3(c)). As
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FIGURE 1: miR-6869-5p was dysregulated in glioma. (a) miR-6869-5p expression in glioma tissues was decreased in contrast to adjacent tissues
(n/n=43/43; **P <0.01). (b) Decreased miR-6869-5p expression in glioma tissues with size >5cm compared with tumor size <5cm
(=5cm/5cm: 18/25; **P < 0.01). (c) Decreased miR-6869-5p expression in III/IV tissues in contrast to I/IT tissues (I/IL: 20, III/IV: 23;
*P <0.05). (d) miR-6869-5p expression in glioma cases at different age (>55/<55: 24/19). (e) miR-6869-5p expression in glioma cases of

different sex (male/female: 26/17).

demonstrated by the luciferase reporter assay, PGK1 could be
targetedly regulated by miR-6869-5p (Figure 3(d)). In addi-
tion, miR-6869-5p could prevent glioma cell proliferation
via targeting PGK1 (Figure 3(e)). Moreover, the invasion of
U87 cells was significantly enhanced when PGK1 was overex-
pressed in cells, while miR-6869-5p mimics could rescue the
effect of PGK1 by regulating its expression at the posttran-
scriptional level (Figures 3(f) and 3(g)). Taken together,
miR-6869-5p could prevent glioma cell proliferation and
invasion by targeting PGKI1 in vitro.

3.4. Low miR-6869-5p Expression Was Associated with Poor
Prognosis in Glioma. Kaplan-Meier analysis showed that gli-
oma patients with a low level of miR-6869-5p in glioma tis-

sues had significantly shorter overall survival (P <0.001),
which suggested low miR-6869-5p expression was correlated
with poor prognosis in glioma (Figure 4). The Cox univariate
and multivariate regression analyses suggested that glioma
patients with low miR-6869-5p expression had poor progno-
sis (Table 2). Low miR-6869-5p expression was a risk factor
for glioma independent of WHO grade and tumor size
(Table 2). Accordingly, lower miR-6869-5p expression pre-
dicted poor prognosis in glioma.

4. Discussion

During the last decade, noncoding RNAs have been impli-
cated in a variety of malignancies, including glioma [15-
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FIGURE 2: miR-6869-5p prevented the proliferation and invasion of glioma cells. (a) Real-time PCR determined miR-6869-5p expression in
U87 cells (n=3; ***P <0.001). (b) miR-6869-5p expression in U251 cells (n=3; ***P <0.001). (c) miR-6869-5p mimics inhibited the
proliferation of U87 cells (1 =3; **P < 0.01). (d) The proliferation of U251 cells was prevented by miR-6869-5p mimics (n = 3; **P < 0.01).
(e) miR-6869-5p inhibited U87 glioma cells invasion (representative photos for scratch assay at 0 h and 48 h). (f) Representative pictures

of transwell assay at 48 h and column analysis (n = 3; ***P < 0.001).

17]. miRNAs are well-known noncoding RNAs involved in
tumorigenesis and cancer progression. The emerging role of
miRNA in glioma has gained wide attention. Up to date,
there has been no previous study investigating the effect of
miR-6869-5p on glioma cells and prognosis of glioma
patients. Our study has demonstrated that miR-6869-5p
can regulate glioma cell proliferation and invasion by target-

ing PGK1. Low expression of miR-6869-5p predicts poor
prognosis among glioma patients. Therefore, miR-6869-5p
is a prognostic factor for glioma cases.

miRNA is a kind of single-stranded noncoding RNA
with 18-25 nucleotides. Many miRNAs are differentially
expressed in cancer, which participate in various cellular
events by regulating the expression of targeted genes at
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FIGURE 3: miR-6869-5p targetedly regulated PGK1 and affected cell proliferation and invasion of glioma cells. (a) Base complementary
sequence between 3’ UTR of PGK1 and miR-6869-5p. (b) miR-6869-5p mimics inhibited both mRNA and protein expression of PGK1
(n=3; **P <0.01; representative blotting images). (c) miR-6869-5p inhibitors promoted both mRNA and protein expression of PGK1
(n=3; *P < 0.05; representative blotting images). (d) The luciferase reporter assay demonstrated that miR-6869-5p could regulate PGK1

expression (n=

3; **P<0.01). (¢) CCK-8 assay demonstrated that miR-6869-5p inhibited the proliferation of U87 glioma cells via

targeting PGK1 (n = 3; vs. the control group, **P < 0.01; vs. the Lv-PGK1 group, “P < 0.05; “*P < 0.01). (f) Representative figures for the
scratch test at 0h and 48 h (three independent experiments). (g) Transwell assay showed miR-6869-5p mimics inhibited U87 cell invasion
by targeting PGK1 (1 = 3; vs. the control group, ***P < 0.001; vs. the Lv-PGK1 group, “P < 0.01).
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FIGURE 4: Low miR-6869-5p expression was related to poor
prognosis of glioma patients (P < 0.001 for the log-rank test; miR-
6869-5p high, the expression of miR-6869-5p is larger than 0.085
(24T); miR-6869-5p low, the expression of miR-6869-5p is
smaller than 0.053 (2°4€T)).

the posttranscriptional level, such as cell growth, apoptosis,
differentiation, immune surveillance, and immune escape
[18-20]. Besides, a couple of miRNAs can be encapsulated
and delivered by extracellular vesicles, for instance, exo-
somes to peripheral circulation or local immune microen-
vironments of cancer cells, and thus affect carcinogenesis,
microenvironmental balance, and cancer progression [21,
22]. Recently, extracellular vesicles delivering miRNAs
from umbilical cord mesenchymal stem cells have been
identified as a potential therapy strategy due to their key
effects on downregulating multiple prominent pathways
associated with the glioma survival [10]. Moreover, some

miRNAs regulate the fate of brain tumors by interacting
with other noncoding RNAs through a competitive endog-
enous RNA (ceRNA) mechanism [23, 24]. In particular,
networks of IncRNA-miRNA and circRNA-miRNA have
been demonstrated in the carcinogenesis of glioma [24-
26]. In addition, a number of miRNAs have been reported
to confer modifying effects on the prognosis of glioma,
such as miR-193b and miR-622 [27, 28]. As a result,
miRNA plays a pivotal role in the initiation and progres-
sion of glioma. Nevertheless, the molecular mechanism
by which miRNAs regulate glioma development and pro-
gression is still not fully understood. In the current study,
miR-6869-5p is downregulated in glioma. It can prevent
glioma cell proliferation and invasion. As evidenced by
luciferase reporter assay, miR-6869-5p is capable of inhi-
biting glioma cell growth and invasion in vitro. Moreover,
glioma patients with low miR-6869-5p expression have
poor prognosis. Accordingly, miR-6869-5p is a good diag-
nostic and prognostic marker for glioma. However, more
functional experiments and experiments in vivo are war-
ranted to fully elucidate the effect of miR-6869-5p on the
tumorigenesis and progression of glioma.

PGKI is a glycolytic enzyme that participates in carcino-
genesis, which can be produced by cancer cells and partici-
pates in regulating angiogenesis by decreasing disulfide
bonds in serine protease and plasmin [29, 30]. Increased
phosphorylation of PGKI1 promotes tumorigenesis [29].
PGK1 is demonstrated to be a tumor promoter, which can
also affect the sensitivity and resistance of cancer cells to
radiotherapy and chemotherapy [31]. The study by Ding
et al. shows the evidence that PGK1 enhances radioresistance
in glioma cells [32]. Besides, it has been well established that
PGKI1 can function as a protein kinase and regulate the gly-
colysis metabolism of cancer cells during carcinogenesis
[29, 33]. However, there are no studies investigating the role
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TaBLE 2: Cox regression analysis of different clinicopathological variables and miR-6869-5p expression.

Factors Univariate analysis Multivariate analysis

HR (95% CI) P value HR (95% CI) P value
Age (255) 1.03 (0.68-7.83) 0.462 1.15 (0.73-4.55) 0.702
Sex (male) 1.14 (0.77-4.99) 0.201 1.02 (0.52-3.62) 0.448
WHO grade (III/IV) 5.25 (0.79-8.91) 0.041 1.88 (1.01-5.06) 0.068
Tumor size (>5) 3.23 (0.96-7.36) 0.023 2.28 (1.17-6.26) 0.045
miR-6869-5p (low) 4.47 (0.82-11.34) 0.003 1.68 (0.98-7.69) 0.020

of the miRNA-PGKI network in glioma cells. In this study,
we have firstly found that PGK1 can be targetedly regulated
by miR-6869-5p in glioma cells. PGK1 enhances glioma cell
proliferation and invasion, while miR-6869-5p prevents gli-
oma cell growth and invasion by downregulating PGKI.
Nonetheless, we did not investigate the effect of miR-6869-
5p/PGKI1 on cancer cell metabolism in glioma. Future studies
are encouraged to demonstrate a novel mechanism of miR-
6869-5p-inhibited tumorigenesis by regulating cancer cell
metabolism and targeting PGK1 or other key enzymes.

To summarize, this study supports that miR-6869-5p is
a tumor suppressor in glioma, which regulates glioma cell
proliferation and invasion via targeting PGK1. Low expres-
sion of miR-6869-5p predicts the poor outcome in patients
with glioma. miR-6869-5p may serve as a good biomarker
for glioma.
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