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MicroRNA‑1323 serves as a biomarker in gestational diabetes
mellitus and aggravates high glucose‑induced inhibition
of trophoblast cell viability by suppressing TP53INP1
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Abstract. Gestational diabetes mellitus (GDM) leads to poor
pregnancy outcomes, and microRNAs (miRNAs/miRs) have
been suggested to be associated with GDM, but the pathological
mechanisms remain unclear. The present study aimed to
investigate the diagnostic value of miR‑1323 in GDM patients
and its effects on trophoblast cell viability. Additionally, the
present study investigated the correlation between miR‑1323
and TP53INP1 to understand the pathological mechanism
of GDM progression. Reverse transcription‑quantitative
polymerase chain reaction was used to detect the miR‑1323
expression and TP53INP1 mRNA expression. The diagnostic
value of serum miR‑1323 was evaluated by receiver operating
characteristic analysis. HTR‑8/SVneo and BeWo cells were
treated with high glucose (HG) to construct cell models
of GDM, and trophoblast cell viability was assessed using
an MTT assay. The protein expression of TP53INP1 was
detected by western blot analysis. The correlation between
miR‑1323 and TP53INP1 was investigated by luciferase
reporter assay. The miR‑1323 expression was increased in
patients with GDM, which had relatively high diagnostic accu‑
racy for GDM screening and was positively correlated with
fasting blood glucose in patients GDM. HG upregulated the
miR‑1323 expression and inhibited trophoblast cell viability.
Overexpression of miR‑1323 significantly inhibited the
viability of HG‑induced trophoblast cells. TP53INP1, a target
gene of miR‑1323, was negatively correlated with miR‑1323.
TP53INP1 overexpression reversed the inhibitory effect of
miR‑1323 overexpression on the viability of HG‑treated
trophoblast cells. Increased levels of serum miR‑1323 may
be a diagnostic biomarker for GDM. Additionally, miR‑1323
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may inhibit trophoblast cell viability by inhibiting TP53INP1,
suggesting that it may be a potential therapeutic target for
GDM.
Introduction
Gestational diabetes mellitus (GDM), the most common
metabolic disorder in pregnancy, refers to glucose intolerance
occurring in the second and third trimesters of pregnancy,
leading to hyperglycemia of varying severity (1). The main
drivers of the increased prevalence of GDM include maternal
obesity, physical inactivity and increased maternal age (2).
GDM increases the risk of severe pregnancy complications for
mother and child, including birth trauma, shoulder dystocia,
macrosomia, neonatal hypoglycemia and hyperbilirubinemia,
and stillbirth (3). The patients with GDM have a significantly
increased lifetime risk for type 2 diabetes, while their offspring
are more likely to develop type 2 diabetes, obesity, metabolic
and cardiovascular disease later in life (4). Therefore, effective
prevention and early diagnosis of patients with GDM are very
important.
A previous study has reported that maternal diabetes may
lead to alterations in placental structure and function, as well
as fetal malformation, which has principally been attributed
to hyperglycemia (5). The placenta is a highly specific organ
for the exchange of gases, nutrients and metabolites between
the mother and fetus during pregnancy and is essential for the
maintenance of pregnancy (6). Trophoblasts are the first cell
lineage to differentiate, invade and migrate to the vascular
tissue of the placenta and fetal membrane during preg‑
nancy (7). The inhibition of trophoblast cell viability, invasion
and migration of trophoblast cells may contribute toward
maldevelopment of placental tissues, which has been reported
in certain studies (8,9). Therefore, trophoblast cells with
normal biological functions serve crucial roles in placental
development and are widely used in the construction of GDM
cell models.
MicroRNAs (miRNAs/miRs) are a novel class of small
non‑coding RNAs, which regulate gene expression via binding
to the 3'‑untranslated region (3'‑UTR) of the target gene (10).
miRNAs are important metabolic and developmental regula‑
tors during pregnancy and are involved in the development
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of GDM (11,12). Certain studies have reported that miRNAs
may serve as potential biomarkers of GDM (13,14), suggesting
that miRNAs may be therapeutic targets of GDM. A previous
study reported that the expression of miR‑1323 was signifi‑
cantly upregulated in patients with GDM (15). In addition,
miR‑1323 has been demonstrated to be associated with the
placenta and, therefore, may be involved in the regulation of
trophoblast function (16). The role of TP53INP1 in metabolic
regulation has been reported (17), suggesting that TP53INP1
may regulate GDM. Notably, Zhang et al (18) reported that
TP53INP1 was a direct target of miR‑1323 and may reverse
the effect of miR‑1323 on the proliferation of hepatocellular
carcinoma cells (18). However, the clinical significance
and biological function of miR‑1323 in patients with GDM
remain unclear. To the best of our knowledge, the interac‑
tion between miR‑1323 and TP53INP1 has not been revealed
in the pathogenesis of GDM to understand the molecular
mechanisms.
The present study aimed to assess the expression of
miR‑1323 in the serum of patients with GDM and tropho‑
blastic cells. Additionally, the present study investigated the
diagnostic value of serum miR‑1323 in GDM. Furthermore,
the effect of miR‑1323 on trophoblast viability was analyzed
and the correlation between miR‑1323 and TP53INP1 was
assessed to further understand the underlying molecular
mechanisms involved in the biological function of miR‑1323.
Materials and methods
Patients and blood sample collection. The experimental
protocols were approved by the Ethics Committee of Weifang
Maternal and Child Health Hospital (Weifang, China), and all
participants provided written informed consent. The sample
size in the present study was determined based on the margin
of error (set at 10%) and conﬁdence level (set at 95%); there‑
fore, the minimum sample size should be 96. The present study
recruited 110 patients with GDM from Weifang Maternal and
Child Health Hospital between March 2014 and May 2018.
The patients were diagnosed according to the guidelines of
American Diabetes Association (19), and 78 healthy pregnant
females were recruited as the control group. The demographic
and clinical characteristics of all recruits are summarized in
Table I, and there were no significant differences in age, body
mass index, gestation and placental weight between the two
groups (all P>0.05). The average age of patients with GDM
was 33.118±3.402 years (range, 27‑42 years) and the average
age of the healthy pregnant females was 32.385±3.579 years
(range, 26‑41 years). The patients with pre‑gestational diabetes,
multiple gestations accompanied with further complications
and those taking medications were all excluded from the
present study. Blood samples were collected from participants
at 24‑28 weeks gestational following an overnight fast, and
fasting blood glucose (FBG) was measured and recorded by
using the glucose oxidase method (20). Additionally, the cut‑off
value for FBG to diagnose GDM was 5.1 mM/l. Meanwhile,
serum was isolated from blood by centrifugation at 1,500 x g
for 10 min at 4˚C and stored at ‑80˚C for further use.
Cell culture and treatment. Human trophoblast HTR‑8/SVneo
and BeWo cell lines were purchased from Cell Bank of

Type Culture Collection of Chinese Academy of Sciences.
HTR‑8/SVneo cells were cultured in Dulbecco's modified
Eagle's medium (DMEM; including 1,000 mg/l glucose;
Invitrogen; Thermo Fisher Scientific, Inc.) supplemented with
10% fetal bovine serum (FBS; Gibco; Thermo Fisher Scientific,
Inc.), and BeWo cells were cultured in F‑12 medium (Gibco;
Thermo Fisher Scientific, Inc.), supplemented with 10% FBS.
Both HTR‑8/SVneo and BeWo cells were incubated at 37˚C in
a humidified atmosphere containing 5% CO2. The cells were
divided into two groups: The high glucose (HG)‑treated group
and the normal cell group. Cells in the HG group were cultured
in HG medium with 25 mM glucose, while cells in the normal
group were incubated in normal medium with 5 mM glucose
at 37˚C for 72 h.
Transfection of HTR‑8/SVneo and BeWo cells. HTR‑8/SVneo
and BeWo cells were cultured at 37˚C for 24 h. Subsequently,
the cell transfection vectors, including 50 nM miR‑1323
mimic (5'‑UCAAAACUGAGGGGCAUUUUCU‑3'), 100 nM
miR‑1323 inhibitor (5'‑AGAA AAUGCCCCUCAGUUU UG
A‑3'), 50 nM miR‑1323 mimic negative control (mimic NC;
5'‑UUCUCCGAACGUGUCACGU‑3') and 100 nM miR‑1323
inhibitor NC (5'‑CAGUACU UUUGUGUAGUACAA‑3'),
which were obtained from Shanghai GenePharma Co., Ltd.,
were used for cell transfection to regulate the expression of
miR‑1323 in trophoblast cells. The TP53INP1 overexpression
vector pcDNA3.1‑TP53INP1 (50 nM) was constructed to
promote the expression of TP53INP1 in trophoblast cells, and
the empty vector was used as a control for the overexpression
vector pcDNA3.1‑TP53INP1. The aforementioned vectors
were respectively transfected into trophoblast cells using
Lipofectamine® 3000 reagent (Invitrogen; Thermo Fisher
Scientific, Inc.), according to the manufacturer's protocols.
Cell transfection was performed at 37˚C for 6 h, and subse‑
quently the transfection reagent was removed. After 48 h of
transfection, the cells were used for subsequent experiments.
RNA extraction and reverse transcription‑quantitative PCR
(RT‑qPCR). Total RNA, including miRNA, was extracted from
serum samples and cells using TRIzol® reagent (Invitrogen;
Thermo Fisher Scientific, Inc.). The purity and concentra‑
tion of the RNA was evaluated using a NanoDrop 2000
(Thermo Fisher, Scientific, Inc.). Single‑strand cDNA was
synthesized using the obtained RNA and RT‑primer (5'‑CTC
AACTGGTGTCGTGGAGTCGGCAATTCAGTTGAGAGA
AAAT G‑3') using a PrimeScript RT reagent kit (Takara
Biotechnology Co., Ltd.) and stored at ‑20˚C. The conditions
for cDNA synthesis were as follows: 42˚C for 30 min and 85˚C
for 5 sec.
The miR‑1323 expression in serum and cells, and mRNA
expression of the TP53INP1 gene in cells were examined
using RT‑qPCR, which was performed using a SYBR Green
I Master Mix kit (Invitrogen; Thermo Fisher Scientific, Inc.)
and a 7300 Real‑Time PCR system (Applied Biosystems;
Thermo Fisher Scientific, Inc.). All the procedures were
performed according to the manufacturer's protocols. The
following thermocycling conditions were used for the qPCR:
95˚C for 10 min, 40 cycles of 95˚C for 30 sec, 60˚C for 15 sec
and 72˚C for 15 sec. The miR‑1323 and TP53INP1 expression
levels were normalized to U6 and β‑actin, respectively. The
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Table I. Clinical characteristics of the females included in the present study.
Parameter

Control (n=78)

GDM (n=110)

P‑value

Age, years
BMI, kg/m2
Pregnancy weeks, weeks
Placental weight, kg

32.385±3.579
22.587±3.614
25.218±2.196
0.586±0.088

33.118±3.402
23.466±3.326
25.591±1.757
0.616±0.155

0.156
0.087
0.198
0.128

GDM, gestational diabetes mellitus; BMI, body mass index.

primer sequences were as follows: miR‑1323 forward, 5'‑GCC
GAGUCAA AACUGAGG‑3' and reverse, 5'‑CTCA ACTGG
TGTCGTG GA‑3'; U6 forward, 5'‑CTCG CT TCG G CAG CA
CA‑3' and reverse, 5'‑AACG CTTCACGAATTTGCGT‑3';
TP53INP1 forward, 5'‑GCA C CC T TC AGT C TT T TC  C TG
TT‑3' and reverse, 5'‑GGAGAAAGCAGGAATCACTTGTAT
C‑3'; β‑actin forward, 5'‑CTGGGACGACATGGAGAAAA‑3'
and reverse, 5'‑AAGGAAGGCTGGAAGAGTGC‑3'. Each
value was calculated using the 2‑ΔΔCq method (21).
MTT assay. The viability of HTR‑8/SVneo and BeWo cells
was determined by MTT assay. Cells were seeded onto
96‑well microplates at a density of 3x104 cells/well and incu‑
bated at 37˚C for 24 h. At the time points of 0, 24, 48 and 72 h,
MTT (0.5 mg/ml) was added into the wells and was further
incubated for 4 h. Next, the supernatant was removed and
200 µl dimethyl sulfoxide was added into the wells. The cell
viability was examined by reading the absorbance at 490 nm.
Western blot analysis. The cells were lysed using RIPA lysis
buffer (Thermo Fisher Scientific, Inc.) to obtain total proteins.
The BCA method was used to determine the concentration of
proteins. Following quantitation with a WBC Protein Quantitation
kit (Thermo Fisher Scientific, Inc.), total proteins were separated
via SDS‑PAGE (12% gel) and transferred onto PVDF membranes
(EMD Millipore). After 4 h of blocking with 5% skimmed milk
at 4˚C, the primary antibodies, including anti‑TP53INP1 (1:500;
cat. no. A04229; Wuhan Boster Biological Technology, Ltd.) and
anti‑β‑actin (dilution, 1:500; cat. no. BA2305; B Wuhan Boster
Biological Technology, Ltd.), were incubated with the membranes
at 4˚C overnight. Next, the membranes were incubated with an
HRP‑conjugated secondary antibody (1:5,000; cat. no. BA1054;
Wuhan Boster Biological Technology, Ltd.) at 37˚C for 2 h. In this
analysis, β‑actin was used as an internal control. Subsequently,
an enhanced chemiluminescence BeyoECL Plus kit (Beyotime
Institute of Biotechnology) was applied for protein band visu‑
alization. The protein bands were quantified using ImageJ
Software v1.46 (National Institutes of Health).
Luciferase reporter assay. According to the TargetScan's
bioinformatics prediction (version 7.2; www.targetscan.
org/vert_72), complementary sequences of miR‑1323 were
searched at the 3'‑UTR of TP53INP1. To confirm the
interaction between miR‑1323 and TP53INP1, a luciferase
reporter assay was performed. The wild‑type (WT) 3'‑UTR
containing the binding site of miR‑1323 or mutant‑type (MT)
3'‑UTR were inserted into the pGL‑control vector (Promega).

According to the manufacturer's protocols, the combined
vectors were co‑transfected into HTR‑8/SVneo and BeWo cells
with miR‑1323 mimic, miR‑1323 inhibitor or the NCs using
Lipofectamine 3000 reagent. After 48 h of transfection, rela‑
tive luciferase activity was measured using a Dual‑Luciferase
Reporter assay system (Promega Corporation) and normalized
to Renilla luciferase activity.
Statistical analysis. All statistical analyses were performed
using SPSS 21.0 software (IBM Corp.) and GraphPad Prism 7.0
software (GraphPad Software, Inc.). All data are presented as
the mean ± standard deviation. Data between the two groups
were compared using unpaired Student's t‑test. One‑way
analysis of variance followed by Tukey's test was used to
analyze the differences between multiple groups. Pearson's
correlation analysis was performed to assess the correlation
between indicators. Receiver operating characteristic (ROC)
curves were plotted to assess the diagnostic value of miR‑1323
in patients with GDM. P<0.05 was considered to indicate a
statistically significant difference.
Results
Diagnostic value of upregulated serum miR‑1323 and its
correlation with FBG in patients with GDM. As shown in
Fig. 1A, a significant increase in serum expression of miR‑1323
was observed in patients with GDM, compared with that in the
healthy controls (P<0.05). Increased blood glucose is a char‑
acteristic of GDM, and Fig. 1B shows a positive correlation
between miR‑1323 and FBG (r=0.721; P<0.001). In addition, in
patients with GDM the FBG level was 6.532±0.344 mM/l and
the coefficient of variation was 5.267%. The ROC curve indi‑
cated that miR‑1323 had high diagnostic accuracy with an AUC
of 0.917. At an optimal cut‑off value of 1.489, the sensitivity
was 77.27% and the specificity was 94.87% (Fig. 1C).
Effect of HG on miR‑1323 expression and trophoblast viability
in HTR‑8/SVneo and BeWo cells. Following HG treatment,
the expression of miR‑1323 was upregulated in HG‑treated
cells, compared with that in normal cells in HTR‑8/SVneo and
BeWo cell lines (all P<0.05; Fig. 2A and B). In HTR‑8/SVneo
and BeWo cells, the trophoblast viability was significantly
downregulated in HG‑treated cells compared with that in
normal cells at 48 and 72 h (all P<0.05; Fig. 2C and D).
Effect of miR‑1323 on trophoblast viability in HG‑treated
HTR‑8/SVneo and BeWo cells. Following cell transfection,
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Figure 1. Diagnostic value of upregulated expression of miR‑1323 and its correlation with FBG in patients with GDM. (A) Expression of miR‑1323 in serum
was upregulated in GDM patients, compared with the healthy controls. (B) Serum miR‑1323 levels were positively correlated with the FBG of patients with
GDM (r=0.721; P<0.001). (C) Receiver operating characteristic curve based on serum miR‑1323 expression for GDM was plotted. The AUC was 0.917,
suggesting the relatively high diagnostic accuracy for serum miR‑1323 expression. *P<0.05 vs. healthy controls. miR, microRNA; FBG, fasting blood glucose;
GDM, gestational diabetes mellitus; AUC, area under the curve.

Figure 2. Effect of HG on miR‑1323 expression and trophoblast viability in HTR‑8/SVneo and BeWo cells. (A and B) Expression of miR‑1323 was upregulated
in HG‑treated cells, compared with that in normal controls in the two cell lines. (C and D) HG suppressed the trophoblast cell viability in the two cell lines.
*
P<0.05 vs. normal control. HG, high glucose; miR, microRNA.

the expression of miR‑1323 was significantly upregulated by
the miR‑1323 mimic, but was significantly downregulated
by the miR‑1323 inhibitor in HG‑treated HTR‑8/SVneo
and BeWo cells (all P<0.05; Fig. 3A and B). The analyses
of trophoblast viability suggested that the cell viability was
markedly suppressed by the miR‑1323 overexpression, but
was significantly promoted by miR‑1323‑knockdown at
48 and 72 h in both HTR‑8/SVneo and BeWo cells (all P<0.05;
Fig. 3C and D).

miR‑1323 directly regulates TP53INP1 expression in
HTR‑8/SVneo and BeWo cells. In order to further confirm
the association of miR‑1323 with TP53INP1, a luciferase
reporter assay was performed. The putative binding site
of miR‑1323 at the 3'‑UTR of TP53INP1 was identified
(Fig. 4A). In the WT group, the relative luciferase activity
was inhibited by the overexpression of miR‑1323, but was
promoted by the knockdown of miR‑1323 in HTR‑8/SVneo
and BeWo cells (Fig. 4B). However, there were no changes in
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Figure 3. Effect of miR‑1323 on trophoblast cell viability in HG‑treated HTR‑8/SVneo and BeWo cells. (A and B) miR‑1323 expression was upregulated by
miR‑1323 mimic, but was downregulated by miR‑1323 inhibitor in two HG‑treated trophoblast cell lines. (C and D) Upregulation of miR‑1323 suppressed cell
viability, while downregulation of miR‑1323 promoted cell viability in two HG‑treated trophoblast cell lines. *P<0.05 vs. HG‑treated group. miR, microRNA;
HG, high glucose.

the MUT group in HTR‑8/SVneo and BeWo cells (Fig. 4C).
Additionally, Fig. 4D and E demonstrate that the overexpres‑
sion of miR‑1323 inhibited, while the knockdown of miR‑1323
promoted, the TP53INP1 mRNA expression in HTR‑8/SVneo
and BeWo cells (all P<0.05). Furthermore, the relative protein
expression of TP53INP1 in two cell lines was detected, and
it was revealed that the protein expression of TP53INP1 was
inhibited by overexpression of miR‑1323 and was promoted by
the knockdown of miR‑1323 (all P<0.05; Fig. 4F and G).
Effect of miR‑1323/TP53INP1 on trophoblast viability in
HG‑treated HTR‑8/SVneo and BeWo cells. The expression of
TP53INP1 was suppressed by HG treatment, and was promoted
by the pcDNA3.1‑TP53INP1 in HG‑treated trophoblast cells.
Additionally, the expression of TP53INP1, which was suppressed
by miR‑1323 overexpression, was promoted by pcDNA3.1‑
TP53INP1 in HG‑treated HTR‑8/SVneo and BeWo cells (all
P<0.05; Fig. 5A and B). The inhibition of trophoblast viability
because of miR‑1323 overexpression was reversed by the over‑
expression of TP53INP1 (all P<0.05; Fig. 5C and D). These data
suggested that miR‑1323 may inhibit the trophoblast cell viability
by suppressing TP53INP1 in HTR‑8/SVneo and BeWo cells.
Discussion
In recent years, microRNAs (miRNAs) have been recog‑
nized as important molecules in biological processes

and are associated with various human diseases (22). For
example, Fang et al (23) reported that miR‑185 promoted
the progression of atherosclerosis by targeting STIM1. A
study by Liu et al (24) demonstrated that miR‑34a promoted
renal fibrosis by downregulating Klotho in tubular epithelial
cells. Certain miRNAs with abnormal expression have been
reported in GDM, including miR‑132 (25) and miR‑185 (26).
In addition, it has been reported that miR‑1323 is upregulated
in patients with GDM (15) and may be involved in the regula‑
tion of trophoblast function (16). These studies highlighted the
roles of miRNAs in GDM. The present study also identified
that serum miR‑1323 expression was upregulated in patients
with GDM and was positively correlated with FBG. Therefore,
we hypothesized that miR‑1323 may be involved in GDM.
miRNAs have been considered as ideal diagnostic tools
for various human diseases due to their abnormal expression
and stability in blood samples (27). For example, decreased
levels of serum miR‑103 may be used as non‑invasive diag‑
nostic biomarkers in patients with sepsis (28) and decreased
levels of serum miR‑375 may serve as biomarkers for the
diagnosis of osteosarcoma (29). Considering the increased
expression of miR‑1323 in patients with GDM, ROC curves
were plotted based on the miR‑1323 expression and revealed
that miR‑1323 may be a potential diagnostic biomarker for
patients with GDM. Abnormal serum miR‑1323 expression
has been reported to be a candidate biomarker for numerous
other diseases, including lung adenocarcinoma (30) and breast
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Figure 4. miR‑1323 directly regulates TP53INP1 level in HTR‑8/SVneo and BeWo cells. (A) A putative binding site of miR‑1323 at the 3'‑UTR of TP53INP1.
(B) In two cell lines, luciferase activity was inhibited by miR‑1323 overexpression, but was promoted by miR‑1323 knockdown in the WT group. (C) No
changes were observed in the luciferase activity in MUT group. (D and E) The TP53INP1 level was inhibited by miR‑1323‑overexpression, but was promoted
by miR‑1323‑knockdown in two cell lines. (F and G) Western blot analysis and quantification of TP53INP1 proteins in two cell lines. *P<0.05. miR, microRNA;
UTR, untranslated region; WT, wild‑type; MUT, mutant.

cancer (31). Therefore, we hypothesized that serum miR‑1323
may be a novel and effective diagnostic biomarker for patients
with GDM.
It is well known that the normal growth and development of
the placenta is one of the important steps of a healthy pregnancy.
However, patient with GDM often have placental dysplasia (5).
HG is a characteristic of GDM, resulting in impaired tropho‑
blast function, thereby inhibiting normal development of the
placenta (32). Therefore, HG‑induced trophoblast cells are
widely used to study the molecules involved in the biological
function of trophoblast cells during the pathological process
of GDM. In the present study, HG markedly inhibited the
viability of HTR‑8/SVneo and BeWo cells, which is consistent
with the results of a previous study (25).

Previous studies have demonstrated that miRNAs may
regulate the viability or proliferation of trophoblasts in
diseases, including GDM. For example, upregulation of
miR‑211 repressed the proliferation of JEG‑3 and BeWo
cells in choriocarcinoma (33). Peng et al (34) reported that
miR‑137 suppressed the viability of HTR‑8/SVneo cells
in patients with GDM. In the present study, miR‑1323 was
upregulated in HG‑induced trophoblast cells, compared with
the normal trophoblast cells. Additionally, miR‑1323 overex‑
pression inhibited, and miR‑1323 knockdown promoted the
viability of HTR‑8/SVneo and BeWo cells in the HG‑treated
cells. Additionally, previous studies have demonstrated that
miR‑1323 may affect disease by regulating cell viability
or proliferation. For example, suppression of miR‑1323 has
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Figure 5. TP53INP1 reverses the inhibitory effect of miR‑1323 on trophoblast viability in HG‑treated HTR‑8/SVneo and BeWo cells. (A and B) TP53INP1
expression was inhibited by HG treatment in the two cell lines. In the HG‑treated two cell lines, the inhibited TP53INP1 expression by miR‑1323 overexpres‑
sion was increased by the pcDNA3.1‑TP53INP1. (C and D) In the HG‑treated two cell lines, the increase in TP53INP1 expression reversed the inhibitory effect
of miR‑1323 overexpression on trophoblast cell viability. *P<0.05 vs. normal; #P<0.05 vs. HG; and &P<0.05 vs. mimic. miR, microRNA; HG, high glucose.

been reported to promote breast cancer cell viability (31). In
addition, a study by Gillet et al (15) reviewed the literature
and reported that miR‑1323 was involved in trophoblast prolif‑
eration in pregnant females. Therefore, we hypothesized that
miR‑1323 may exert a cytotoxic role in GDM by inhibiting
trophoblast cell viability.
TP53INP1, a key stress protein with antioxidant‑associated
tumor suppressor function, is involved in cell cycle arrest and
apoptosis (35). Numerous studies (18,36,37) have demonstrated
that TP53INP1 may serve as a target of miRNA and was
regulated by miRNA in diseases. For example, Du et al (36)
reported that TP53INP1 was a target of miR‑142‑5p and was
inhibited by miR‑142‑5p in heart failure caused by myocardial
infarction. Li et al (37) found that TP53INP1 was a target
of miR‑155‑5p and regulated by miR‑155‑5p in cervical
cancer. Notably, a study by Zhang et al (18) suggested that
TP53INP1 was a direct target of miR‑1323 and was inhibited
by miR‑1323 in hepatocellular carcinoma. Therefore, the
present study focused on the effect of miR‑1323 on the levels
of TP53INP1 in patients with GDM. The result suggested
that TP53INP1 was the target of miR‑1323, the mRNA

and protein levels of TP53INP1 were downregulated by
miR‑1323‑overexpression. In addition, it has been reported
that miRNAs regulate cell viability by regulating TP53INP1
in other diseases. For example, Ye et al (38) reported that
miR‑3934‑5p may inhibit the cell viability of neuroblastoma
by targeting TP53INP1. TP53INP1 expression was negatively
regulated by miR‑301a, and TP53INP1/miR‑301a was involved
in gastric cancer cell viability (39). Zhang et al (18) reported
that miR‑1323 promoted the proliferation of hepatocellular
carcinoma cells by targeting the TP53INP1. In the present
study, in trophoblasts co‑transfected with miR‑1323 and
TP53INP1 overexpression vectors, in was revealed that the cell
viability inhibited by miR‑1323 overexpression was reversed
by TP53INP1 overexpression. These results suggested that
the inhibition of trophoblast viability by miR‑1323 may
be achieved by inhibiting TP53INP1. miR‑1323 may be a
potential therapeutic target for GDM treatment.
In conclusion, the results of the present study suggested
that the upregulated level of serum miR‑1323 may serve as
a diagnostic biomarker for GDM. In addition, knockdown of
miR‑1323 in trophoblast cells may promote the trophoblast
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cell viability under HG conditions by targeting TP53INP1,
suggesting that miR‑1323 may be a potential therapeutic target
for GDM treatment. However, only in vitro experiments were
conducted in the present study, and further in vivo experiments
are required to confirm the role of the miR‑1323/TP53INP1
axis in the pathogenesis of GDM. Another limitation was
identified in the present study. A recent study has reported that
the HTR‑8/SVneo cell line contains two populations, one of
epithelial and one of mesenchymal origin (40). However, this
was not taken into consideration in the current study, which
is a limitation. Therefore, further studies need to focus on the
different populations in the HTR‑8/SVneo cells, and further
conclusions may emerge.
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