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Background: MicroRNA regulates mammalian cell growth in terms of its proliferation and apoptosis by controlling the expres-
sion of target genes. MiRNA-323-5p plays an important role in regulating cell growth and death within various
types of cells. The function of miRNA-323-5p and its possible molecular mechanism in human cerebral glioma
U373 cells remains to be further confirmed. The aim of this study was to investigate the regulation function
of miRNA-323-5p in human glioma U373 cell growth, proliferation, and apoptosis.

Material/Methods: We used human cerebral glioma U373 cells as the cell model; utilized liposome technology (transfected by
Lipofectamine2000) in human cerebral glioma U373 cells to over-express miRNA-323-5p (microRNA used as
control group); and selected MTT assay and flow cytometry to detect cell growth, proliferation, and apoptosis.
We used RT-PCR and Western blotting techniques to study the expression levels of target insulin-like growth
factor 1 (IGF-1) receptor protein in U373 cells transfected with miRNA-323-5p. We used liposome transfection
techniques in human cerebral glioma U373 cells to over-express or processed knockdown of IGF-1R by siRNA,
and then transferred with miRNA-323-5p, thereby investigating the treated human cerebral glioma U373 cells
apoptosis situations.

Results: The over-expression of miRNA-323-5p inhibited the growth and proliferation of human cerebral glioma U373
cells and promoted its apoptosis. The over-expression of miRNA-323-5p also reduced the IGF-1R level. After
processing the knockdown of IGF-1R and then transfection with miRNA-323-5p, U373 cells had enhanced apop-
tosis. The over-expression of IGF-1R inhibited the cells apoptosis induced by miRNA-323-5p.

Conclusions: MiRNA-323-5p inhibited human cerebral glioma U373 cell proliferation and promoted its apoptosis by reduc-
ing IGF-1R.
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Background

Changes in lifestyle and rising living standards have contrib-
uted to increased incidence of cerebral glioma and its 2-year
mortality rate, which is a serious threat to human quality of life
and wellbeing [1]. At present, in China, treatments for related
diseases mainly include surgery, radiation therapy, chemother-
apy, and traditional Chinese medicine therapy. [2]. Compared
with other tumor treatments, the molecular biology and gene
therapy treatments for cerebral gliomas are very limited [3],
mainly because the molecular mechanisms of the occurrence
and the development of cerebral gliomas has yet to be discov-
ered. Therefore, the study of pathogenesis of gliomas at the
molecular and cellular levels has both theoretical and practi-
cal values. The purpose of this paper is to discuss the possi-
bilities to treat cerebral gliomas with gene therapy in terms
of microRNA-targeted therapy. MicroRNA is a small non-cod-
ing RNA, which regulates cell growth, proliferation, apoptosis,
signal transduction, and autophagy [4]. Researchers are most
likely to study miRNA126, miRNA397, miRNA-30e, miR-483-3p,
MiR-221/222, miR148/152, miRNA-23a, miR-181a, and miR-
150 [5,6]. At present, there are relatively few studies related
to the functions of miRNA-323-5p in cell growth, proliferation,
and apoptosis [7]. This article discusses whether miRNA-323-5p
regulates cell proliferation and death by its regulation function
of target gene expression, directly or indirectly.

Target insulin-like growth factor 1 (IGF-1) receptor protein
is widely expressed at the cell surface [8]; it regulates cell
growth, proliferation, and apoptosis through its combination
with ligands in terms of target insulin-like growth factor (IGF)
receptor proteins [9]. At present, there is relatively little re-
search focused on whether target insulin-like growth factor
(IGF) receptor proteins coordinate with microRNA to regulate
cell growth and apoptosis.

The potential regulatory mechanisms and their possible molec-
ular mechanisms of miRNA-323-5p in human cerebral glioma
U373 cells are still unknown. Therefore, the purpose of this pa-
per is to explore the role of miRNA-323-5p in regulating human
cerebral glioma U373 cells growth, proliferation, and apoptosis.

Material and Methods

Reagents and cells

MTT cell survival and growth detection reagent [3-(4,5-dimeth-
yl-2-thiazolyl) -2,5-diphenyl-2-H-tetrazolium bromide] was pur-
chased from Sigma (United States). Both monoclonal antibody
of anti-IGF-1R protein in mice and goat anti-mouse second-
ary antibody with horseradish peroxidase-labeled 1gG were
purchased from Santa Cruz (United States). The monoclonal
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mouse anti-human actin antibodies were purchased from Sigma
(United States). Cell culture media DMEM and FBS were both
purchased from Santa Cruz (United States). Human cerebral
glioma cell line U373 was purchased from the American Type
Culture Collection (ATCC). RT-PCR kits were purchased from
Biyuntian Institute of Biotechnology. Reagents FITC-Annexin-V
for the detection of phosphatidylserine valgus and reagents kits
for the detection of Caspase-3 activity were purchased from
Beijing Dingguo Biotechnology (Beijing, China). MiRNA-323-5p
and its control group (miRNA) were designed and synthesized
by Jima Biotechnology (Shanghai, China). We obtained ethics
approval from the Ethics Committee of Shandong University.

Cell culture

Cell culture used a previously reported method [10], in which
human cerebral glioma cell line U373 was cultured at 37°Cin
the incubator with 5% CO2.

MTT test

MTT testing was performed as per the literature to determine
cell growth and activity [11,12].

IGF-1R siRNA transfection

siRNA was designed and synthesized to transfect IGF-1R
(nucleotide sequence is: (5’-3')R TTGTTACGACTTGGTTACC\F
CCTTTGATTGGCTCAAGAG), transfected with siRNA to U373
cells in according with the reference [13].

Flow cytometry

Flow cytometry techniques were applied to detect the phos-
phatidylserine valgus situation of U373 cells in each group [14].

Colony formation test

We utilized means to detect the colony-forming ability of U37
cells in each group [15].

RT-PCR

We used means to process RNA extraction and RT-PCR detec-
tion testing [4]. We collected cells, used RT-PCR instructions to
extract RNA and then reverse transcript into cDNA, used the
cDNA as template. We used IGF-1R and internal actin primers
to run RT-PCR and agarose gel electrophoresis tests.

Western blot

We used means process Western blot testing [16]. We re-
suspended the cells once in cell lysates (contains protease
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Figure 1. miRNA-323-5p transfection inhibited the growth of
U373 cells.

inhibitors) to prepare cell lysate samples for Western blot test-
ing. We treated with primary antibodies in anti-IGF-1R protein
antibody and anti-Actin antibody, incubated secondary anti-
body in goat anti-mouse, developed and fixed, and analyzed
IGF-1R protein levels in U373 cells in each group.

Caspase-3 activity assay

We used a caspase-3 activity assay kit from Biyuntian Institute
of Biotechnology to detect and analyze caspase-3 activity for
U373 cells in each group [17]. We collected U373 cells in each
group, resuspended the cells in cell lysates in the kit, then
added Ac-DEVD-pNA (2 mM) and mixed evenly, incubating at
37°C for 60 min. Reactants were placed in microplates to de-
tect its absorption of 490-nm light. We set absorption values
of cells in the control group as standard 1, then detected and
calculated relative value of other cells samples to indentify
caspase-3 activity in each group.

Statistical methods

We used SPSS 15.0 to count all statistical data, and measured
data in mean + standard deviation (3+s) format. Comparisons
between U373 from each group were tested by one-way anal-
ysis of variance [13]. P<0.05 indicated a statistically significant
difference and P<0.01 indicated an extremely statistically sig-
nificant difference.

Results

MiRNA-323-5p transfection inhibited the growth and
proliferation of U373 cells

MTT test results indicated that, compared with U373 cells
transfected with 1 ug miRNA in the control group, the growth
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and activity of U373 cells transfected with 1 pg miRNA-323-5p
were significantly reduced (P=0.0027), as shown in Figure 1.

As shown in Figure 2, the result of colony formation test showed
that, compared with U373 cells transfected with 1 pg miRNA
in the control group, the colony-forming ability of U373 cells
transfected with 1 pg miRNA-323-5p were significantly re-
duced (P=0.012).

MiRNA-323-5p Transfection induced the apoptosis of
U373 cells

As shown in Figure 3, the result of flow cytometry showed
that, compared with U373 cells transfected with 1 pg miRNA
in the control group, the phosphatidylserine valgus situation
of U373 cells transfected with 1 pg miRNA-323-5p were sig-
nificantly increased (P=0.0073).

As shown in Figure 4, the result of caspase-3 activity assay
showed that, compared with U373 cells transfected with 1 pg
miRNA in the control group, the activation of caspase-3 in
U373 cells transfected with 1 pg miRNA-323-5p were signifi-
cantly enhanced (P=0.018).

MiRNA-323-5p transfection decreased the mRNA and
protein levels of IGF-1R

As shown in Figure 5, the result of RT-PCR and Western blot
showed that, compared with U373 cells transfected with 1 pg
miRNA in the control group, the mRNA and protein levels of
IGF-1R in U373 cells transfected with 1 pg miRNA-323-5p were
significantly decreased.

Knockdown of IGF-IR enhanced the apoptosis of U373 cells
induced nu miRNA-323-5p

As shown in Figure 6, the result of caspase-3 activity assay
(after knockdown of IGF-IR by siRNA) showed that, compared
with U373 cells transfected with 1 pg miRNA in control group,
the activation of caspase-3 in U373 cells transfected with 1 pg
miRNA-323-5p were significantly enhanced (P=0.0049).

The over-expression of IGF-1R inhibited the cells apoptosis
situations induced by miRNA-323-5p.

As shown in Figure 7, the result of caspase-3 activity assay
(after increasing IGF-1R levels by over-expression techniques)
showed that, compared with U373 cells transfected with 1 pg
miRNA in the control group, the activation of caspase-3 in
U373 cells transfected with 1 pg miRNA-323-5p were signifi-
cantly deceased (P=0.003).
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Figure 2. miRNA-323-5p transfection inhibited
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Figure 3. miRNA-323-5p transfection induced
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Figure 4. miRNA-323-5p transfection induced the caspase-3
activation in U373 cells.

Figure 5. miRNA-323-5p transfection decreased the mRNA and
protein levels of IGF-1R.
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Figure 6. Knockdown of IGF-IR enhanced the
apoptosis of U373 cells induced nu
MiRNA-323-5p.
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Discussion

Cerebral glioma is a common clinical intracranial tumor [1]. As
quality of life improves and lifestyles change, the incidence
of cerebral glioma is growing [1]. Consequently, the study of
pathogenesis of the growth and apoptosis of cerebral glio-
ma U363 cells at the molecular level has both theoretical and
practical values.

At present, treatments for cerebral glioma mainly include sur-
gery, chemotherapy, radiation therapy, and targeted therapy [2].
All of those therapeutic methods play important roles in the
treatment of cerebral glioma. Nevertheless, there still remain
many problems to be solved [18]. Radiation therapy and che-
motherapy often cause a variety of adverse effects [19]. Target
points of targeted molecular therapy are subjects that could
be further discussion. The present study investigated targeted
molecular therapy in terms of basic theories and cellular levels.

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS] [Index Copernicus]

This work is licensed under a Creative Commons
Attribution-NonCommercial-NoDerivs 3.0 Unported License

3884




Yang H.-a. et al.:
MiRNA-323-5p in cerebral glioma
© Med Sci Monit, 2015; 21: 3880-3886

MOLECULAR BIOLOGY

miRNA miRNA-323-5p

100

Positive cells with phosphatidylserine valgus (%)

miRNA miRNA-323-5p

S (i)

IGF-1R+miRNA-323-5p

80
601
40
oL -

IGF-1R+miRNA-323-5p

Figure 7. The over-expression of IGF-1R
inhibited the cells apoptosis situations

GE-1R induced by miRNA-323-5p.

MiRNA-323-5p is an important small RNA molecule, which
has been studied frequently. This article discusses the miRNA-
323-5p regulation function in the growth, proliferation, and
apoptosis of cerebral glioma cells. Results showed that over-
expression of miRNA-323-5p inhibited the growth and prolif-
eration of human cerebral glioma U373 cells and promoted
apoptosis, which is consistent with past research [3].

IGF-1R is an important receptor widely expressed at cell sur-
faces; it regulates the growth, proliferation, and apopto-
sis of cells through its combination with its ligands in tar-
get insulin-like growth factor (IGF) receptor proteins [20]. At
present, relatively few researchers are focused on whether
target insulin-like growth factor (IGF) receptor proteins co-
ordinate with microRNA to regulate cell growth and apop-
tosis [21,22]. This article indicated that the over-expression
of miRNA-323-5p reduced IGF-1R level. After processing the
knockdown of IGF-1R and then the transfection with miRNA-
323-5p, U373 cells showed enhanced apoptosis. The over-ex-
pression of IGF-1R inhibited the cells apoptosis situations in-
duced by miRNA-323-5p.

In this study, there are 3 aspects of evidence proving that
U373 cells apoptosis situations induced by miRNA-323-5p had
a close relationship with the expression levels of IGF-1R pro-
tein. First, the result of Western blotting showed that, under
the impact of miRNA-323-5p, the expression levels of IGF-1R
protein in U373 cells were significantly decreased. Second, af-
ter interference in IGF-1R protein levels by siRNA, and then

utilizing miRNA-323-5p to induce U373 cells, human cerebral
glioma U373 cells showed more obvious apoptosis situations.
Third, after using the over-expression system to transfect with
IGF-1R DNA, IGF-1R protein levels were increased, then add-
ing miRNA-323-5p to induce U373 cells, the apoptosis situ-
ation was remarkably inhibited. Those results thoroughly in-
dicated that IGF-1R protein played key roles in the inducting
process, in which miRNA-323-5p induced U373 cells apopto-
sis. More importantly, the results also suggested that IGF-1R
protein therapy might become a new clinical method for the
treatment of cerebral glioma.

Future research can be done in 3 ways. First, explore the differ-
ent development stages of cerebral glioma specimens at clin-
ical levels, use RT-PCR and Western blot to detect the IGF-1R
protein expression levels in cerebral glioma tissues and nor-
mal tissues, discussing the relationship between IGF-1R lev-
els and the occurrence and development of cerebral glioma, in
order to oppose or support the conclusion of this paper [21].
Second, collect various clinical specimens from cerebral glio-
ma patients treated with different kind of chemotherapeutic
agents, using RT-PCR and Western blot to detect the IGF-1R
protein expression levels in cerebral glioma tissues and nor-
mal tissues, and discuss the relationship between IGF-1R lev-
els and the occurrence and development of cerebral glioma,
which might provide evidence needed to determine if IGF-1R
protein can be cerebral glioma marker. Third, establish a cere-
bral glioma rat model, while establishing a gene knockdown or
knockout IGF-1R cerebral glioma model; inject the later model
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into the former model, use miRNA-323-5p for treatment, and
discuss the effects at animal levels to provide meaningful in-
formation for clinical practice.
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Conclusions

Results in this paper showed that miRNA-323-5p inhibited the
proliferation of human cerebral glioma U373 cells and promot-
ed its apoptosis by reducing IGF-1R.
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