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LncRNA XIST serves as a diagnostic biomarker in gestational
diabetes mellitus and its regulatory effect on trophoblast cell via
miR-497-5p/FOX01 axis
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Background: Gestational diabetes mellitus (GDM) is increasingly common in pregnancy. This study’s
purpose was to identify the expression of XIST and manifest the potential mechanism of XIST in GDM.
Methods: Ninety-three patients with GDM and 93 normal pregnant women were included in this
investigation. qRT-PCR was conducted to evaluate the expression of miR-497-5p and XIST and the
relationship between XIST and fasting blood glucose (FBG) was explored by Pearson assay. The clinical
diagnosis of XIST on GDM patients was validated by the receiver operator characteristic (ROC) curve. Cell
counting kit-8 (CCK-8) was applied to elucidate cell viability. Luciferase reporter assay was performed to
document the relationship among XIST, miR-497-5p, and FOXOI.

Results: The expression of XIST was increased in GDM patients and HTR-8/SVneo cell models caused
by high glucose (HG). The expression of XIST was associated with the FBG levels and appeared to be a
feasible indicator in discriminating GDM patients. The expression of miR-497-5p was prominently reduced
in GDM patients and cell models. Inhibition of XIST might alleviate the adverse function of HG on cell
viability via sponging miR-497-5p. FOXO1 was proved to be a downstream target gene of miR-497-5p.
Conclusions: Overexpression of XIST and downregulation of miR-497-5p were indicated in this
publication. XIST might serve as a promising diagnostic marker for GDM patients. XIST/miR-497-5p/
FOXOL1 axis played a critical role in the regulation of trophoblast cells.
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Introduction by the placenta are a primary explanation of GDM (2). The

possible risks of suffering cardiovascular diseases and type

Gestational diabetes mellitus (GDM) is a health concern 2 diabetes for patients with a history of GDM are raised

with anomalous glucose tolerance in pregnant women and
a prevailing endocrine disorder (1). The insulin resistance
and variation of fat metabolism and glycometabolism in the
gestation period triggered by hormones and cytokines secreted

© Cardiovascular Diagnosis and Therapy. All rights reserved.

as previous investigations (3,4). Meanwhile, GDM might
lead to far-reaching problems for newborns and offspring.
The children of GDM patients have a raised future risk of

undergoing inflammation reaction, obesity, hypothalamus
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dysplasia, hyperactivity disorder, and neuropsychiatric
morbidity (5-8). High glucose may induce the dysfunction of
the placenta, which in turn affects fetal health and even leads
to fetal death (9,10). The normalization and stabilization
of placenta and trophoblastic cells were fundamental in the
duration of pregnancy for the health of unborn fetuses (11).
As a result, opportunely and valid diagnosis and understanding
of maternal GDM nosogenesis are beyond doubt to prevent
the adverse effects of GDM on parturients and children.

Plenty of subjects has focused on the dysregulation of
IncRNA in the GDM and trophoblastic cells. A microarray
technology reveals that five underlying IncRNAs are closely
relative to the GDM and fetal macrosomia and show a
diagnostic ability for this sort of patient (12). An article
published in 2018 is another evidence, which proposes that
IncRNA MALAT1 highly expresses in the serum from
GDM patients and differentiates GDM patients in early
diagnosis (13). Moreover, the function of IncRNAs in
trophoblast cells is an equally important aspect in the study
of GDM. By way of illustration, Wang ez a/. tests the function
of IncRNA PVT1 on the HTR8/SVneo cells and finds that
PVT1 is dysregulated in the trophoblast cells and sustains
normal biological function of trophoblast cells via regulating
cell proliferation and movements (14). LncRNA X inactivate-
specific transcript (XIST) is reported to contribute to diverse
disorders, including diabetes mellitus. An achievement
written by Zheng et 4l. mentions the dysregulation of XIST
suppresses cell growth, inhibits cell migration, and represses
cell invasion by regulating miR-155 and CDX1 gene (15).
More importantly, the adhibition of the TagMan Assay
exemplifies that the expression of XIST is obviously raised
in diabetic patients, emphasizing the importance of XIST in
the clinical effect and progression of diabetes mellitus (16).
Nonetheless, the expression pattern and function of XIST in
GDM remains indeterminate.

Accordingly, our research aimed to identify the expression
level of XIST in GDM patients and cell models of GDM.
The diagnostic value of XIST for the case distinguishment
was pinpointed in this report. Beyond these conclusions, the
function of XIST on the viability of trophoblast cells and its
target tool were determined in our findings.

We present the study in accordance with the STARD
reporting checklist (available at http://dx.doi.org/10.21037/
cdt-21-110).

Methods

The study was conducted in accordance with the Declaration
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of Helsinki (as revised in 2013). All these people signed
written informed consent before participating in this
study and the Shanxi Provincial People’s Hospital Ethics
Committee provided support and approval to this design
(approval n0.2018243).

Volunteers and experimental sample

There were 93 patients with GDM and 93 healthy
gestational women randomly included in this experiment
and all these participants were from Shaanxi Provincial
People’s Hospital between May 2018 to June 2020.
Based on the universal diagnostic standard, patients were
determined as GDM after professional examinations (17).
Some individuals who had a diabetic history before
this pregnancy were not allowed to be included in our
research. The fasting blood specimens were collected
during the 24-28 weeks after pregnancy. A centrifugal
machine was used to separate blood components and
obtain a serum sample.

Cell culture and transfection

Human villous trophoblast cells HTR-8/SVneo were
purchased from Procell company (Wuhan, China). The
culture medium was RPMI-1640 (BioTek company,
Beijing, China) including 1% antibiotic mixture and
5% FBS at 37 °C. The GDM cell models were built by
culturing cells in HG medium which included 25 nM
glucose and control cells were incubated in a medium with
5 nM glucose.

The si-XIST and its negative control (si-NC) together
with miR-495-5p mimic (miR-mimic), miR-495-5p
inhibitor (miR-inhibitor), and their negative control (miR-
NC) were all obtained from Sangon (Shanghai, China).
The transfection experiments were in accordance with
the specification of Lipofectamine 3000 (ThermoFisher,
Waltham, MA, USA).

Real-time quantitative PCR (qRT-PCR)

TRIzol reagent was purchased to extracted total RNA from
serum specimens and HTR-8/SVneo cells. The amount
of total RNA was estimated using RNA HS Assay Kit
(Vazyme, Nanjing, China) on Qubit 3.0 (ThermoFisher,
Waltham, MA, USA) and purity of total RNA was figured
out by NanoDrop 2000 (ThermoFisher, Waltham, MA,
USA). Reverse transcription was performed on RNA using
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Table 1 Clinical features of healthy population and GDM patients

Li et al. Effect of XIST/miR-497-5p/ FOXO1 in GDM

Clinical features Healthy population (n=93) GDM patients (n=93) P value
Age (years) 32.15+£3.53 32.34+3.80 0.720
BMI (kg/m? 21.29+2.87 22.07+3.51 0.097
Pregnancy weeks (weeks) 25.01+1.33 24.90+1.40 0.592
FBG (mM/L) 4.35+0.14 6.20+0.13 <0.001

GDM, gestational diabetes mellitus; BMI, body mass index; FBG, fasting blood glucose.

One Step miRNA c¢cDNA Synthesis Kit (HaiGene, Harbin,
China) or TaKaRa RT reagent Kit (Dalian, China).

The obtained cDNA was mixed with SYBR Premix Ex
Taq kit (TaKaRa, Dalian, China) to determine the relative
expression on the ABI 7500 system (ThermoFisher, Waltham,
MA, USA). As internal references, the expression of GAPDH
and U6 was measured. The primers of XIST were as
follows: forward 5'-AGCTCCTCGGACAGCTGTAA-3'
and reverse 5'-CTCCAGATAGCTGGCAACC-3".
The forward primer of miR-497-5p was
5'-CCTTCAGCAGCACACTGTGG-3" and the revers
primer was 5'-CAGTGCAGGGTCCGAGGTAT-3". The

27%"“method was applied to calculate the relative expression

of XIST and miR-497-5p based on the Ct values of the real-

time system. Each experiment was conducted at least 3 times.

CCK-8 assay

The cells during the growing period were resuspended in the
trypsin and seeded into a 96-well plate. The concentration of
cells in each well was adjusted to 1x10’. After incubation at
0, 1, 2, and 3 d, 10 pL. CCK-8 solution (Jiancheng, Nanjing,
China) was mixed in the cell suspension and cultured for
further 2 hours. After that, the OD data were detected under
450 nm with a microplate reader.

Luciferase reporter assay

A double-luciferase reporter assay kit from Transgen
Biotech (Beijing, China) was obtained to detect luciferase
activity. Namely, luciferase reaction substrate and substrate
IT were dissolved or diluted with the corresponding buffer.
Ix cell lysis buffer was used to dissociate cells. Then, a
total of 20 pL cell lysate was mixed with 100 pL luciferase
reaction reagent. The luciferase activity was detected via a
luminometer. About 100 pL luciferase reaction reagent II
was added into the mentioned tube and luciferase data were
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measured using the same method.

Statistical analysis

The data of our experiments were calculated in SPSS 12.0
and GraphPad 7.0. The comparisons of various groups
were analyzed with a z-test, one-way ANOVA, and y’ test.
Pearson test was used to determine the correlation between
the levels of XIST and fasting blood glucose (FBG)
levels. The ROC curve was conducted to analyze the
diagnostic value of XIST for GDM patients. The results
were exhibited as mean = SD. P values below 0.05 were
considered significant.

Results
The baseline data of the included population

In order to understand the detailed information of all
individuals who were recruited in our study, the clinical
measurements and demographic features were collected
and expressed in Table 1. As shown, ninety-three healthy
populations with a mean age of 32.15£3.53 years old and
93 GDM patients (mean age of 32.34+3.80) years old were
admitted in this experiment. No significant comparisons
between controls and patients with GDM on age, body mass
index (BMI), and pregnancy weeks were displayed in Table 1
(P>0.05). Conversely, the average FBG level was apparently
higher in the GDM group than that in the healthy group
(P<0.001).

The expression of XIST is raised in GDM patients

The relative expression of XIST of all recruiters was
detected in our study to demonstrated the expression
pattern of XIST. The findings were shown in Figure 14,
which illustrated that the relative expression of XIST was
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Figure 1 The levels and function of XIST in GDM. (A) The levels of XIST were increased in GDM patients. (B) The expression of
XIST was positively related to the levels of FBG. (C) XIST showed a possibility as a diagnostic predictor with high sensitivity (0.806) and
specificity (0.860). ***, P<0.001, compared to healthy group. FBG, fasting blood glucose; GDM, gestational diabetes mellitus.
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Figure 2 The levels and function of XIST in trophoblastic cell models induced by HG. (A) The expression of XIST was reduced by being
transfecting with si-XIST in normal HTR-8/S§Vneo cells. (B) The transfection of si-XIST repressed the overexpression of XIST induced
by HG. (C) Silence XIST reversed the increased OD values of viable cells induced by HG. **, P<0.01; ***, P<0.001, compared with control
group. ¥, P<0.05; ™ P<0.001, compared with HG group. HG, high glucose.

conspicuously increased in GDM patients when compared
to the healthy population (P<0.001). Furthermore, the
correlation between relative levels of XIST and FBG was
provided in Figure 1B. The levels of XIST were positively
related to the concentration of FBG, indicating high levels
of XIST participated in the development of GDM by rising
FBG levels (R =0.782, P<0.001).

The diagnostic value of XIST for GDM patients

Forasmuch as the aberrant abundance of XIST in patients
with GDM, the forecasting value of XIST was elucidated.
Figure 1C disclosed that the area under the curve (AUC)
of XIST was 0.897 together with, the sensitivity of 0.806
and the specificity of 0.860 at the cut-off value of 1.177,
suggesting XIST could differentiate GDM patients among
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healthy pregnant women.

Silenced XIST inhibited the function of HG on cell
viability
To imitate the circumstances of GDM, the HG was used
to culture trophoblastic cells and si-XIST was synthesized
and transfected into HTR-8/SVneo cells to adjust the
expression of XIST. In Figure 24, the relative expression of
XIST was distinctly decreased in the cells transfected with
si-XIST as compared with control cells, proposing si-XIST
could successfully silence XIST in HTR-8/SVneo cells
(P<0.001).

As shown in Figure 2B, the relative expression of XIST
was obviously increased in the cells treated with HG as
compared with controls, whereas, this trend induced
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Figure 3 MiR-497-5p is a target of XIST. (A) The complementary bases of miR-497-5p and XIST. (B) The result of luciferase experiments.
(C) The expression of miR-497-5p was negatively regulated by XIST. *, P<0.05; **, P<0.01, compared with control group. ™, P<0.01,

compared with HG group. HG, high glucose.

by HG was conversed by the transfection of si-XIST
(P<0.001). CCK-8 assay was carried out to examine the
function of anomalous expression of XIST on cell viability.
Experimental findings discovered that the viable count of
cells in the HG group was remarkably decreased relative to
the control group, and meanwhile, Figure 2C figured out
silenced XIST ameliorated the injury of HG on cell viability
(P<0.05).

XIST function as a ceRNA of miR-497-5p

For examination of the inner molecular mechanism of
XIST, StarBase was performed to predict the underlying
regulatory relationship of XIST and miRNAs. In the
predictive findings, XIST carried the complementary
sequence of mature miR-497-5p, which was exhibited in
Figure 34. For further identification, a double luciferase
reporter reaction was used to verify whether XIST directly
bound miR-497-5p. As expected, the relative luciferase
activity was reduced in the cells co-transfected with
XIST-WT and miR-mimics compared to that in the cells
transfected with XIST-W'T only, and besides, the inhibition
of miR-497-5p increased the luciferase activity (Figure 3B,
P<0.05). However, the luciferase activity had no difference
among different treatments in the XIST-MUT group
(Figure 3B, P>0.05).

The relative expression of miR-497-5p was distinctly
decreased in the HG group when compared with the
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control group, which was contrary to the expression of
XIST in the HG group (Figure 3C, P<0.01). Compared to
the HG group, the downregulation of XIST increased the
levels of miR-497-5p, reinforcing the results of luciferase
reporter assay (Figure 3C, P<0.01).

The inbibition of miR-497-5p attenuated the influence of
XIST on cell viability

The expression of miR-497-5p was reduced in patients
with GDM patients in contrast with healthy individuals,
indicating that miR-497-5p might play a protective role in
the progression of GDM (Figure 44, P<0.001). The miR-
497-5p inhibitors were transfected to regulate the relative
expression of miR-497-5p. Compared to the control cells,
the relative expression of miR-497-5p was decreased in the
cells transfected with miR-497-5p inhibitors, indicating
miR-497-5p inhibitors could induce the silence of miR-
497-5p (Figure 4B, P<0.01).

Cells co-transfected with si-XIST and miR-497-5p
inhibitors was detected the cell viability by CCK-8 reaction.
The results of miR-497-5p observed that the transfection
with si-XIST and miR-497-5p inhibitors diminished the
plenty of miR-497-5p caused by si-XIST (Figure 4C,
P<0.01). Moreover, the low expression of miR-497-5p
attenuated the high OD value on cell viability induced by
si-XIST, announcing miR-497-5p might partake in the
regulatory networks of XIST (Figure 4D, P<0.05).
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Figure 4 The expression and function of miR-497-5p in GDM. (A) The levels of miR-497-5p were decreased in GDM patients. (B) The
expression of miR-497-5p was controlled by transfection of miR-497-5p inhibitors into normal HTR-8/SVneo cells. (C) The expression of

miR-497-5p was accommodated by different translation experiments. (D) Knockdown of miR-497-5p attenuated the low viable cell models
induced by si-XIST. **, P<0.01; ***, P<0.001, compared with control group. ™, P<0.01, compared with HG group. S P<0.05;%, P<0.01,
compared with HG + si-XIST group. GDM, gestational diabetes mellitus; HG, high glucose.

FOXOL1 is a target gene of miR-497-5p

Targetscan was used to predict the probable target genes of
miR-497-5p and the result was shown in Figure 54, which
providing nine complementary bases between FOXO 3'-
UTR and mature miR-579-5p. A dual-luciferase reporter
system was applied to determine that FOXO1 was a direct
target of miR-497-5p by the evidence that in the FOXO1-
WT group, the miR-497-5p mimics reduced the luciferase
activity and oppositely, overexpression of miR-497-5p
enhanced the activity (Figure 5B, P<0.01).

Discussion

From an investigation of 2019, about 20% of pregnant
women in the world are affected by GDM (18). GDM is the
most hackneyed chronic disease during pregnancy, which
may give rise to short-term and long-range complications

© Cardiovascular Diagnosis and Therapy. All rights reserved.

for both mother and later generations (19). Most GDM
women may get a definite diagnosis in the early trimester
of pregnancy, however, the accuracy of diagnosis depends
on the difference of environment, the individual standards,
and the diverse strategies (20). More importantly, there is
a lack of a unified strategy for diagnosing GDM women
worldwide, which makes the researches on GDM more
imminent.

In recent ten years, IncRNAs have been one of the hottest
fields of a multitude of mRNA researches. A great deal of
studies has found that the relative expression and regulatory
function of miRNA are manipulated by IncRNAs (21).
Besides, GDM-associated IncRNAs is increasing got the
attention of scholars and more subjects were established to
excavate the possible values on clinical therapies of GDM
patients (22). A report published in 2020 investigated
umbilical cord blood of GDM patients and healthy pregnant
women provides 256 IncRNAs are aberrantly expressed in the
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A Position 214-222 of FOXO1 3'UTR
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Figure 5 FOXOL is a target gene of miR-497-5p. (A) The binding sites between FOXO1 and miR-497-5p. (B) Luciferase data confirmed
FOXOL is a target gene of miR-497-5p. **, P<0.01, compared with control group.

exosomes from 3 patients with GDM compared to 3 healthy
controls (23). An increased relative expression of MALAT1
was found in GDM patients and it can offer a promising
predictor for GDM patients by the results of ROC (13).
Conspicuously, accumulating IncRNAs was dysregulation in
GDM and the latent function on identifying GDM patients
was reported. In the current study, the expression of XIST
was distinctly increased in maternal blood from GDM
patients, and the abundance of XIST was accompanied by
the increased FBG measurements. Furthermore, the ROC
result unveiled that XIST might function as a feasible index
in diagnosing GDM patients. A previous publication written
by Sathishkumar et a/. also supports our findings by the
information that the relative expression of XIST was raised
in patients with type 2 diabetes (24). Overall, elevated levels
of XIST might participate in GDM and predict a high risk of
suffering GDM.

HG-induced surrounding around trophoblast cells
aggravated the injury of cells, influenced cell viability, and
further aroused dysfunction of cells (25). Multitudinous
researches state the function of IncRNAs on trophoblast
cell functions. Zhu et 4l. illustrate this point clearly with
the investigation that upregulation of IncRNA CRNDE
expedites the cell viability by sponging miR-1277 (26).
Likewise, another exemplification regarding IncRNA
MEGS3, which proposes cells from GDM patients showed
diminished cell viability and overexpression of MEG3
further promotes viable cell number induced by GDM (27).
In our study, we confirmed that HG raised the expression

© Cardiovascular Diagnosis and Therapy. All rights reserved.

of XIST, and transfection with si-XIST reduced the
upregulation of XIST induced by HG. Besides, the
suppressed XIST repressed the lowered cell viability
caused by HG. Previous studies validate the function of
XIST on diversity cell. For instance, in inflammatory
MAC-T cells, overexpression of XIST exists in the cells
with inflammation and knockdown of XIST moderate the
viability of inflammatory cells (28). The reduced expression
of XIST restricted cell viability in Lung cancer cells via
binding miR-144-3p (29). In terms of the existing results
and previous finding, we hypothesized XIST might play as
an adverse role in GDM by weakening cell viability.

In the present study, the target miRNA and possible
regulatory mechanism of XIST were explored. Our findings
proposed miR-497-5p is a promising target of XIST. The
expression of miR-497-5p was decreased in the cells treated
with HG and knockdown XIST elevated the levels of miR-
497-5p, which further inferred XIST played as a ceRNA of
miR-497-5p. The inner interaction between XIST and miR-
497-5p was manifested in hepatocellular carcinoma (30) and
colorectal cancer (31), and the XIST/miR-497-5p axis plays
essential roles in malignant tumors. Of note, the expression of
miR-497-5p was evidently decreased in GDM patients. The
expression of miR-497-5p is reduced in cases with diabetic
nephropathy and it participates in the accommodation of
IncRNA ANRIL in diabetic nephropathy (32). A hot map
proposes that miR-497-5p is insufficiently expressed in GDM
patients, but no available mechanisms are mentioned (33). In
this study, we deduced silence XIST reversed the weakened
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cell viability induced by HG and Co-transfection of si-XIST
and miR-497-5p inhibited the tendency, indicating miR-497-
5p mediated the influence of XIST on trophoblastic cell.

Substantial demonstration states FOXO1 regulates
considerable biological progressions and may provide a
momentous path for the prevention of diseases (34). In
our research, we forecast that FOXO1 might be a logical
target of miR-497-5p as a result of the complementary
bases between both. Furthermore, the results of luciferase
experiments indicated miR-497-5p inhibitors elevated the
relative luciferase activity and its mimics reduced the activity
in FOXO1-WT, attesting FOXO1 was a direct target of
miR-497-5p in GDM. Previous studies discover FOXO1
is closely relevant to maternal diabetes and function as
essential elements in an intrauterine program (35). In a
statement conducted by Xu et 4/., the expression of FOXO1
is increased in the GDM group, which is consistent with
our findings (36). One of limitation of our study was the
small number of participants.

Taken together, the expression of XIST was increased
and the expression of miR-497-5p was reduced in the
GDM patients and trophoblastic cell models induced by
HG. The overexpression of XIST was positively relative to
the high FBG levels and XIST might act as a satisfactory
predictive marker for GDM patients. Knockdown of XIST
could reverse the decreased cell viability induced by HG via
miR-497-5p/FOXO1 axis. These findings emphasized the
regulatory influence of the XIST/miR-497-5p/ FOXO1 axis
in GDM and proposed a novel perspective in understanding
the pathogenesis of GDM.
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