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Abstract

Background: Gestational Diabetes Mellitus (GDM) is a major complication of pregnancy that can
seriously affect the health of mother and fetus. sFlt1 and miR-19-5p have been proved to be involved in
the complications of GDM. Our study aimed to investigate the effects of sFlt1 and miR-19-5p on the
complications of GDM.
Method: Pregnant women with GDM who gave birth to normal babies and babies with macrosomia, and
Fetal Growth Restriction (FGR) as well as normal pregnant women were included. Levels of soluble
fms-like tyrosine kinase-1 (sFlt-1) and miR-195-5p in prepartum serum and postpartum placental
samples were detected, and level of sFlt1 in Human Umbilical Vein Endothelial Cells (HUVECs)
transfected with miR-195-5p was also measured.
Results: GDM pregnant women that delivered normal and FGR babies had higher levels of both
miR-195-5p and sFlt1 compared with GDM pregnant women who delivered macrosomia babies or
normal pregnant women. Transfection with miR-195-5p decreased expression level of sFlt1 and
decreased level of p-VEGFR2 in HUVECs, leading to inhibition of VEGFR2-mediated neonatal
angiogenesis. It was also confirmed that the placental blood vessel density was decreased, leading to
FGR.
Conclusion: MiR-195-5p can upregulate the expression level of sFlt1 to participate in the occurrence of
FGR in GDM pregnant women.
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Introduction
Gestational Diabetes Mellitus (GDM) is one of the most
common complications during pregnancy. GDM is
characterized by dysregulation of glucose metabolism with
serious short- and long-term consequences to the mothers,
fetuses, as well as new-borns [1]. For example, the risk of Type
2 Diabetes Mellitus (T2DM) in women with GDM is seven
times higher than that in women without GDM, and
approximately 50% of women with GDM will develop T2DM
within 10 y [2]. GDM also participate in the development of
some severe complications of the fetuses, including
cardiomyopathy, hypoglycemia (low blood sugar),
hypocalcemia (low blood calcium), hypomagnesemia (low
blood magnesium), polycythemia (high hematocrit),
hyperviscosity, polyhydramnios (excessive amniotic fluid),
macrosomia (large baby sizes), Fetal Growth Restriction
(FGR), neonatal respiratory distress syndrome, and even
cognitive functions, possibly through unidentified epigenetic
mechanisms [3-5]. Although there has been considerable
controversy regarding the diagnostic criteria of GDM, it
usually resolves after the delivery of infant [6,7]. Many risk
factors, such as unhealthy diet and lifestyle, that may lead to
GDM, which is reversible [8]. The incidence of GDM is

increasing in recent years. It has been reported that about
200,000 cases of GDM were reported in the US each year, and
about 5-6% of pregnant women in China were affected by this
disease [9]. However, the molecular mechanism of GDM
development is still unclear. Therefore, it is necessary to
deeply investigate the pathological mechanisms of GDM to
identify markers for the diagnosis.

GDM has been also shown to be correlated to other adverse
outcomes such as cesarean delivery and preeclampsia, which is
a complication of pregnancy characterized by hypertension and
hyperproteinuria [10]. In 2003, Maynard et al. discovered that
soluble fms-like tyrosine kinase-1 (sFlt1) was correlated with
the occurrence of preeclampsia [11]. Moreover, sFlt1 in
maternal serum, along with andoglin and placenta growth
factor, has been more and more used as early predictive
markers for preeclampsia [12,13]. However, the potential
correlation between GDM and sFlt1 has not been clinically
investigated in depth.

MiR-195-5p is a small non-coding RNA encoded by a gene of
the miR-15 precursor family, which is an important set of
regulators. MiR-195-5p has been proved to be closely
correlated with the development of different human cancers
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and autism [14-17]. Recently, miR-195-5p has also been shown
to be correlated to pregnancy-related complications, such as
gestational hypertension, preeclampsia and intrauterine growth
restriction [18,19]. Moreover, Sandrim et al. found that
expression levels of miR-195-5p were correlated with levels of
sFlt1 in preeclampsia patients [20,21]. In this study, pregnant
women with GDM who gave birth to FGR, normal and
macrosomia babies were studied serum levels of sFlt1 and
miR-195-5p in those patients were compared with GDM
pregnant women that gave birth to normal babies, as well as
non-GDM pregnant women. We found that GDM-normal and
GDM-FGR groups had higher levels of sFlt1 and miR-195-5p
compared with GDM-macrosomia and control groups.
Additionally, miR-195-5p transfection up-regulated sFlt1 and
down-regulated p-Vascular Endothelial Growth Factor
Receptor (VEGFR 2) in Human Umbilical Vein Endothelial
Cells (HUVECs). Together, results in this study suggest that
high expression level of miR-195-5p in GDM pregnancies may
lead to elevated sFlt1 levels, thus inhibiting VEGFR2-mediated
neonatal angiogenesis, resulting in intrauterine growth
restriction.

Materials and Methods

Test subjects
Ninety GDM patients with singleton deliveries in Beijing
Obstetrics and Gynecology Hospital between January 2013 and
November 2015 were selected. The mean age of those patients
was 27.60 ± 4.30 y, and mean gestation age was 26.30 ± 3.20
w. Out of the neonates, 43 were born with normal sizes, 22
with macrosomia and 25 with FGR. The diagnosis criteria of
macrosomia and FGR were based on Obstetrics and
Gynecology Seven Edition by Le et al. Thirty normal women
who delivered singleton babies at the same period were also
selected as control, and the mean age of those participants was
26.80 ± 3.30 y, and the mean gestation age was 26.60 ± 2.20 w.
Chronic diseases such as pre-gestational hypertension,
diabetes, hyperthyroidism, hepatitis, tuberculosis, familial
hereditary diseases, and history of tobacco or alcohol abuse
were not found in all the participants.

Sample collection
Before delivery, 8 ml of venous blood was collected from each
pregnant woman. Each blood sample was divided in two tubes,
4 ml in each. One tube was coated with EDTA anti-coagulant,
and this tube was frozen and kept at -80°C for subsequent
assays. Blood in the other tube was used to collect serum.
Serum was frozen and stored at -80°C for subsequent assays.
After delivery, 2-4 placental tissues with a volume of about 1
cm3 were collected from the healthy part of the center of the
maternal side. Half of these samples were stored in liquid
nitrogen, and half were used for protein extraction, followed by
Western Blot.

sFlt1 assay
Serum sFLT1 levels were detected using enzyme-linked
immune-sorbent assay (ELISA) according to the
manufacturer’s instructions (R&D systems, Minneapolis,
USA).

Detection of miR-195-5p expression
MiRNA was extracted from 4 ml of peripheral blood suing
Serum/plasma miRNA extraction kit (DP503, Tiangen
Biotech., Beijing, China) according to the manufacturer’s
manual. Reverse transcription was performed, and cDNA was
stored at -80°C for subsequent analysis. Reaction conditions
for reverse transcription were: 30 min at 16°C, 30 min at 42°C,
5 min at 85°C, and 5 min at 4°C.

The expression level of miR-195-5p was detected using a one-
step qRT-Polymerase Chain Reaction method with EzOmics
SYBR qPCR kit. This kit and primers of miR-195-5p and U6
were purchased from Biomics Biotechnologies Inc. (Jiangsu,
China). The sequences of the U6 primer (used as an internal
control) were: 5’-
GTCCTATCCAGTGCAGGGTCCGAGGTGCACTGGATAC
GACAAAATATGGAAC-3’ (stem-loop primer), 5’-
TGCGGGTGCTCGCTTCGCAGC-3’ (sense), and 5’-
CCAGTGCAGGGTCCGAGGT-3’ (antisense). The sequence
of miR-195-5p was 5’-
UAGCAGCACAGAAAUAUUGGC-3’, and the Negative
Control (NC) sequence was 5’-
UCACAACCUCCUAGAAAGAGUAGA-3’. Conditions of
the RT-PCR were: 10 min at 95°C, 45 cycles of 15 s at 95°C,
and 60 s at 60°C. U6 SnRNA was used as an internal control,
and Ct values were calculated using SDS 1.4 program (Applied
Biosystem, Foster City, USA). Data were processed using 2-
ΔΔCt method.

Cells and transfection
Human Umbilical Vein Endothelial Cells (HUVEC) were
primary cells previously obtained by our group. They were
cultured with EGM2 medium (CC-3162 medium, Lonza,
Basel, Switzerland) in an incubator (37°C, 5% CO2). Cells
were plated on a 6-wells plate at 90% confluence, with 1 × 106

cells in each well. The medium was changed to opti-MEM and
incubated for two hours before transfection using
Lipofectamine 2000 Transfection Reagent (Invitrogen,
Carlsbad, USA). Four hours after transfection, medium was
replaced by full medium. Vascular endothelial growth factor
(VEGF; Peprotech, Rocky Hill, USA) was added 15 min
before protein extraction.

Western blot
Total protein was extracted from placental tissues as well as
HUVEC 48 h after transfection. Western Blot was performed
using sFlt1, VEGFR2, p-VEGFR2, β-tubulin antibodies (Santa
Cruz, Dallas, USA), and CD31 antibody (Sigma, St. Louis,
USA). The intensity of bands was quantified using ImageJ
(NIH, Bethesda, MD).
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Statistics
Statistical analyses were performed using SPSS 19.0 program,
and Student’s t-test was used for comparisons between groups.
P<0.05 was statistically significant.

Results

Comparison of levels of sFlt1 and miR-195-5p among
4 groups of pregnant women
Results showed that the GDM-FGR group and GDM-normal
group had higher sFlt1 levels compared with Control group
and GDM-macrosomia group (P<0.05). The highest sFlt1 level
was found in GDM-FGR group (Figure 1A). GDM-FGR group
and GDM-normal group also had higher miR-195-5p levels
compared with control group and GDM-macrosomia group
(P<0.05). The highest miR-195-5p level was found in the
GDM-FGR group (Figure 1B). No significant differences in
levels of sFlt1 and miR-195-5p were found between GDM-
macrosomia and control group.

Figure 1. sFlt1 and miR-195-5p levels in 4 groups of patients. GDM-
FGR group and GDM-normal group have significantly higher levels
of sFlt1 and miR-195-5p compared with control group and GDM-
macrosomia group, and the GDM-FGR group has the highest levels
of sFlt1 among 4 groups.

Placental sFlt1 levels in 4 groups of pregnant women
Results of Western blot showed that, similar to sFlt levels in
peripheral blood samples, GDM-FGR group also had higher
placental sFlt1 than GDM-normal group (P<0.05), whereas
both two groups had significantly higher sFlt1 levels than
Control group and GDM-macrosomia group (P<0.05; Figure
2).

Placental miR-195-5p levels in the 4 groups of
pregnant women
RT-PCR results showed significant variation in miR-195-5p
levels among the 4 groups. GDM-FGR group had the highest
placental miR-195-5p level, followed by GDM-normal group,
GDM-macrosomia group and Control group (Figure 3). No
significant differences were found between GDM-FGR and

GDM-normal group or GDM-macrosomia and control group
(P<0.05).

Figure 2. Placental levels of sFlt1 of 4 groups of patients. The upper
panel is the representative Western blot results and the lower panel
shows the quantified signal. GDM-FGR group has higher level of
placental sFlt1 than GDM-normal group, and both GDM-FGR group
and GDM-normal group have higher sFlt1 levels than control group
and GDM-macrosomia group.

Figure 3. Levels of placental miR-195-5p in 4 groups. RT-PCR results
show that GDM-FGR group has higher level of placental miR-195-5p
than GDM-normal group, and both GDM-FGR group and GDM-
normal group have higher miR-195-5p levels than control group and
GDM-macrosomia group.

HUVEC in vitro assays
VEGF treatment increased expression level of Flt1 protein and
decreased p-VEGFR2 level in HUVEC cells transfected with
miR-195-5p in a dose-dependent manner (Figure 4A). Level of
p-VEGFR2 was reduced in HUVECs with sFlt1
overexpression (Figure 4B), but increased with sFlt1
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knockdown (Figure 4C). However, expression level of
miR-195-5p was not changed in HUVECs with
sFlt1overexpression, indicating that miR-195-5p was an
upstream regulator of sFlt1 (Figure 5).

Figure 4. Effect of miR-195-5P transfection, sFlt1 over-expression
and sFlt1 knockdown on p-VEGFR2 in HUVEC cells. The upper
panels are representative results of Western blot and the lower panels
show quantified signal. After miR-195-5p transfection, VEGF
treatment increased expression of Flt1 protein and decreased level of
p-VEGFR2 in a dose-dependent manner. When HUVEC cells were
transfected with sFlt1, Level of p-VEGFR2 was significantly reduced
in HUVECs with sFlt, and was increased in HUVECs with sFlt
knockdown.

Placental p-VEGFR2 and CD31 levels in 4 groups of
pregnant women
CD31, also known as Platelet Endothelial Cell Adhesion
Molecule (PECAM-1), is a surface marker for neonatal blood
vessels. Western Blot using total protein extracted from
placental tissues of 4 groups of pregnant women showed that
GDM-FGR and GDM-normal groups had significantly lower
levels of placental p-VEGFR2 and CD31 than the GDM-
macrosomia and Control groups, indicating lower angiogenic
activity (Figure 6).

Figure 5. Effect of sFlt1 over-expression on miR-195-5p level in
HUVEC cells. When HUVEC cells were transfected with sFlt1,
miR-195-5p level was not affected.

Figure 6. Comparison of placental p-VEGFR2 and CD31 in the 4
groups of pregnant women. The upper panels are representative
Western Blot experiments and the lower panels show data obtained
after quantifying the bands in multiple Western blot experiments. The
GDM-FGR and GDM-normal groups have significantly lower
placental p-VEGFR2 and CD31 than the GDM-macrosomia and
control groups.

Discussion
GDM is a major pregnancy-associated complication, and it has
a significant detrimental effect on the health of the pregnant
woman as well as the fetus, GDM can cause various
complications such as preeclampsia, macrosomia, and FGR
[3]. sFlt1 has been used as a diagnostic marker for
preeclampsia, and has also been suggested to be correlated to
GDM, but the mechanism of the function of sFlt1 is still
unknown.

MiRNAs are small non-coding RNAs that play critical roles in
post-transcriptional gene regulation. As a miRNA with
important biological functions, the expression level of
miR-195-5p was reported to be increased in the development
of gastric cancer [14], breast cancer [15], head and neck cancer
[22] and hepatocarcinoma [23]. In this study, the expression
level of miR-195-5p was found to be significantly higher in
GDM women who delivered normal or FGR babies compared
with GDM women who delivered macrosomia baby and
normal pregnant women, indicating the involvement of
miR-195-5p in the development of FGR in pregnant women
with GDM.

Previous studies have showed that expression level of
miR-195-5p is positively correlated with the level of sFlt1 in
preeclampsia [20,21]. Consistent results were found in this
study. In this study, miR-195-5p overexpression in HUVEC
was found to be able to upregulate the expression of sFlt1 in
HUVECs. In contrast, sFlt1 overexpression showed no
significant effects on the expression level of miR-195-5p in
HUVECs. Those data indicate that miR-195-5p may be an
upstream regulator of sFlt1. sFlt1 is also called soluble VEGF
receptor 1, or sVEGFR1. VEGF plays its biological roles by
binding to one of its receptors. In has been reported that,
VEGFR-2, which is one of the receptors of VEGF, has
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essential functions in a variety of biological processes such as
wound healing, embryonic development and pathological
angiogenesis [22]. Both VEGFR1 and VEGFR2 can bind to
VEGF [22]. Therefore, the increased expression level of sFlt1
may compete with VEGFR2 to bind to VEGF, which in turn
inhibitsVEGFR2-mediated angiogenesis in the neonates,
leading to the occurrence of FGR.

As placentas are the only channel that the fetuses obtain
nutrition from the mother, an underdeveloped placenta leads to
severe retardation in fetal development. Therefore, it can be
reasonably speculated that a low placental blood vessel density
may cause fetal malnutrition, and further leading to FGR in
babies delivered by pregnancies with GDM. In addition, the
normal placental blood vessel density in pregnant women with
GDM, in which the glucose level is abnormally high, may
cause over nutrition and lead to macrosomia. Thus, this study
demonstrates a novel relationship between GDM, miR-195-5p,
sFlt1 and fetal development, and inhibition of the increased
expression level of miR-195-5p may point to a new direction
for treatment of FGR in the future.
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