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Background: Several studies have reported microRNAs (miRNAs) could regulate the placental development,
though the role and mechanism of miRNAs in the development of non-diabetic macrosomia (NDFMS) remains
unclear.
Methods: To identify the aberrantly expressed key miRNAs in placenta of NDFMS, we employed a strategy
consisting of initial screening with miRNA microarray and further validation with quantitative RT-PCR assay
(qRT-PCR). In vitro cellular model and a mouse pregnancy model were used to delineate the functional effects
of key miRNA on proliferation, invasion, and migration.
Findings:miR-141-3p was identified as the key miRNA with expression level significantly higher in placentas of
NDFMS compared with those from normal controls. Overexpressed miR-141-3p in HTR-8/SVneo cells contrib-
uted to increased cell proliferation, invasion, andmigration.miR-141-3p inhibition inHTR-8/SVneo cells resulted
in decreased cell proliferation and invasion. Significantly increased infant birthweightwas observed in late preg-
nancy of C57BL/6J mice treated with miR-141-3p agomir. However, no significant difference was found in early
pregnancy of C57BL/6J mice treated with miR-141-3p agomir.
Interpretation:miR-141-3p could stimulate placental cell proliferation to participate in the occurrence and devel-
opment of NDFMS.
roductiv

1004@sin

ratory, D
tal Heal

. This is
©2018 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Keywords:
Birth weight
Macrosomia
microRNAs
miR-141-3p
Placenta
1. Introduction

Macrosomia is a common perinatal complication of pregnancy de-
fined as infant's birth weight of 4000 g or greater at term. There has
been an increased incidence of macrosomia in recent decades. Though
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various interventions for the management of diabetic macrosomia,
there is no clear consensus on antepartum prediction and management
of non-diabetic macrosomia (NDFMS) and its accurate diagnosis is only
made retrospectively [1]. It is known that fetal macrosomia increases
risk of adverse outcomes in mother and long-term health problems in
the infant [2,3]. However, the potential causes and mechanisms of
NDFMS need further studies.

Neonatal birth weight is associated with a variety of factors, includ-
ing genetic factors, gestational nutrition, endocrine, and placental func-
tion, etc. [4–6]. The placenta acts as a bridge betweenmother and fetus,
and can also protect the fetus from thematernal immune system attack
and secrete pregnancy-related hormones and growth factors [7]. There-
fore, placental development and abnormal functionmay have an impor-
tant impact on the growth and development of the fetus [8–10].
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Research in context

Evidence before this study

Fetal macrosomia is associated with an increased risk of adverse
outcomes for mother and long-term health problems of the infant.
Previous studies confirmed a variety ofmiRNAswith abnormal ex-
pression in placental tissues are related to fetal growth and devel-
opment. However, miRNAs expression pattern in placenta of non-
diabetic macrosomia (NDFMS) and the underlying mechanism is
still unclear.

Added value of this study

miR-141-3p was identified as the key miRNA, which expression
level was significantly higher in placentas of NDFMS compared
with those from normal controls. Overexpressed miR-141-3p in
HTR-8/SVneo cells resulted in increased cell proliferation, inva-
sion, and migration. miR-141-3p inhibition in HTR-8/SVneo cells
resulted in decreased cell proliferation and invasion. Significantly
increased of infant birth weight was observed in late pregnancy
of C57BL/6J mice treated with miR-141-3p agomir. miR-141-3p
could stimulate placental cell proliferation to participate in the oc-
currence and development of NDFMS.

Implication of all the available evidence

These findings reveal an important role of miR-141-3p in de-
velopment of NDFMS, which may provide new therapeutic ap-
proaches for NDFMS.
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Previous studies reported that genes dysregulation in placentas played
an important role in the pathology of fetal growth restriction and
macrosomia. Sabri et al. found 338 and 41 genes were significantly dys-
regulated in the growth-restricted and macrosomic placentas through
gene expression microarray analysis [11]. Yuan et al. reported that Lep-
tin (LEP) and a leptin-binding modulator (SIGLEC6) were significantly
downregulated in macrosomia [11], which has been confirmed relating
to proliferation on myometrial cells and some cancer cells, such as
breast cancer [12]. Besides, several studies have shown that microRNAs
(miRNAs) participate in all stages of embryonic development and preg-
nancy [13,14]. Previous studies confirmed a variety of miRNAs with ab-
normal expression in placental tissues are related to fetal growth and
development [15–18]. However, miRNAs expression pattern in placenta
of NDFMS and the underlying mechanism is still unclear.

In order to investigate the expression pattern ofmiRNAs in placental
tissues of NDFMS, we employed a strategy consisting of initial screening
by miRNA microarray and further validation by quantitative RT-PCR
assay. Furthermore, we also studied the mechanism of key miRNA
using the trophoblast HTR-8/SVneo cell line and mouse pregnancy
model.

2. Materials and methods

2.1. Human material samples and ethics

A total of 91 participants (44 non-diabetes macrosomia pregnant
women and 47 normal controls) who delivered in ChangzhouMaternal
and Child Health Hospital between September 2014 to June 2015 were
included. All participants in our study were primigravida. Inclusion
criteria of NDFMS: 1. Full-term birth (≥37 weeks and b 42 weeks),
birth weight ≥ 4000 g; 2. Normal blood glucose and oral glucose toler-
ance test (OGTT) result, negative urine sugar; 3.Without pregnant com-
plications (gestational hypertension, placental abruption, placenta
previa, intrahepatic cholestasis of pregnancy, infectious diseases, and
other pregnancy complications). Inclusion criteria of control: 1. Full-
term birth (≥37 weeks and b 42 weeks), birth weight b 4000 g and
≥ 2500 g; 2. Normal blood glucose and oral glucose tolerance test
(OGTT) result, negative urine sugar; 3.Without pregnant complications
(gestational hypertension, placental abruption, placenta previa,
intrahepatic cholestasis of pregnancy, infectious diseases, and other
pregnancy complications).

After removal of the fetal membranes, three pieces of the placental
tissues with 1 × 1 × 1 cm3 size were randomly taken from the center
of the maternal side. Then, these tissues were washed using sterile sa-
line and immediately frozen in liquid nitrogen, and then stored at
−80 °C. The study was approved by the Ethics Committee of Nanjing
Medical University, and all pregnant women signed the informed con-
sent before participation.

2.2. RNA extraction, miRNAmicroarray analysis, and quantitative real-time
PCR (qRT-PCR)

Total RNA from placental tissues and cultured cells were extracted
using TRIzol reagent (Invitrogen, Carlsbad, CA, USA) according to the
manufacturer's protocol. About 50 mg placental tissues were kept in
TRIzol for RNA extraction. Ultrasonic cell crusherwas used for tissue ho-
mogenate (working for 3 s, pause for 3 s with 70% energy about three
minutes). Then, total RNA was extracted according to the manufactur-
er's instructions. To prevent RNA degradation, all steps were performed
on ice. The concentration and purity of RNA were measured using
NanoDrop® ND-1000 (samples with A260/A280 ratio N 1·8 and b 2·0
were stored at −80 °C until use), while its integrity was assessed
using electrophoresis with 1·5% denaturing agarose gels. RNA was re-
verse transcribed using the specific Megaplex RT primers (Life Technol-
ogies). Thereafter, we screened the expression level of 754 miRNAs
using the TaqMan® Array Human MicroRNA A + B Cards Set v3.0
(Life Technologies) on a 7900 Real-Time PCR System (Applied
Biosystems, Foster City, CA, USA). Data were analyzed by DataAssist
v3.0 (Life Technologies). The amount of target miRNAs was normalized
relative to the amount of RNU6B (U6) (△Ct = Ctsample−CtU6).

For qRT-PCR, PrimeScript RT reagent Kit (Takara, Tokyo, Japan) was
used to reverse transcribe RNA sample to cDNA (Takara RR037A), and
PCR analysis was performed using SYBR® Premix Ex Taq™ according
to the manufacturer's instructions. The quantity of specific RNA for tar-
get genes in each sample was estimated by qRT-PCR using ABI Prism
7900HT (Applied Biosystems, Foster City, CA, USA). The expression of
each miRNA relative to U6 was calculated using the 2−△△Ct method.
All the reactions were run in triplicate to control for PCR variation. The
primer sequences for qRT-PCR are shown in Table S1.

2.3. Cell culture and transfection

The human placenta trophoblast cell line HTR-8/SVneowas cultured
in RPMI 1640medium containing 10% fetal bovine serum and 10% dou-
ble antibiotic (100 U/ml penicillin and 100 U/ml streptomycin) at 37 °C
in a 5% CO2 cell incubator. When the cells were in the logarithmic
growth phase, they were transfected with miR-141-3p mimic, inhibitor
or negative control (GenePharma, Shanghai, China) using transfection
reagent Lipofectamine 2000 reagent (Invitrogen, CA, USA) according
to the manufacturer's instructions (5 μl Lipofectamine 2000 reagent
per 6-well plate).

2.4. Cell proliferation assay

HTR-8/SVneo cells were seeded in 96-well plates at a density of 1
× 103 cells/well. After transfection for 24 h and 48 h, cell proliferation
ability was measured by using the Cell Counting Kit-8 (CCK-8; Dojindo,
Kumamoto, Japan). Using culturemediumas the blank control, wemea-
sured the absorbance at a wavelength of 450 nm by TECAN infinite
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M200 Multimode microplate reader (Tecan, Mechelen, Belgium). The
experiments were repeated thrice independently.
2.5. Cell cycle analysis

We collected the treated cells seeded in 6-well plates, washed with
cold PBS, fixed in cold 70% ethanol overnight at −20 °C. Propidium io-
dide (PI) (Sigma, MO, USA) was used to stain the fixed cells for
30 min at room temperature under dark condition. Cell cycle distribu-
tion of stained cells was analyzed with FACS Calibur Flow Cytometer af-
terward, and the fraction of the cell cycle was measured by Modfit LT
version 3.0 software (Verity Software House, Toshan, ME, USA).
2.6. Apoptosis assay

Weharvested the treated cells seeded in 6-well plateswith a density
of 1 × 103 cells/well, washed twice with PBS, and cells were processed
using Annexin V-FITC Kit (BD Pharmingen, NJ, USA) in the dark for
15 min at room temperature. The cells were analyzed using FACS
Calibur Flow Cytometer immediately after incubated with Annexin V-
FITC.
2.7. Cell invasion analysis

The treated cells were transferred to the transwell chamber with
100 μl empty RPMI 1640 medium, while the 24-well plate contained
600 μl complete medium as the container of the transwell chamber.
After 24 h, the transwell chamber was transferred to 95% methanol to
fix cells for 30min, then stained by crystal violet for 30min, andwashed
twice with PBS. After drying, we captured the pictures by light micro-
scope. Then, by direct cell counting, we used the cell number in vision
as a measure.
2.8. Cell migration analysis

We used 10 μl pipette tip to draw a straight line in each hole of 6-
well plate with treated cells and washed twice with PBS. Next, the
BioSation IM-Q live cell workstation was used to record the migration
situation of cells to themiddle real-timely and capture dynamic change
graphs. Then we used Image-Pro Plus software to analyze the pictures,
which take the horizontal distance of cells migrated as the quantitative
indicator.
2.9. C57BL/6J mice feeding and experiment

We used miR-141-3p agomir (microON™ miR-141-3p agomir)
(RiboBio, Guangzhou, China) to construct miR-141-3p overexpression
model in placental tissues via the tail vein, and used microON™ agomir
negative control treated controls. Eight-week-old pregnant C57BL/6J
mice were divided into two groups: early pregnant group (treated:
control = 5: 5) and late pregnant group (treated: control = 7: 5).
Early pregnant group mice were treated twice at pregnant day 5 and
day 8, while late pregnant group mice were treated twice at pregnant
day 14 and 17, and they were sacrificed afterwards at pregnant day
18. Fetal weight, body height, placental weight, and placental diameter
were measured. Besides, we treated some non-pregnant mice twice
with 3-day interval (number of treated: control = 4: 5), followed by
sacrificed at 10 days after the second treatment, and the weight fluctu-
ation was observed (The results of effect on body weight and food in-
take were shown in Fig. S1). This study was carried out strictly in
accordance with the international standards on animal welfare and
the guidelines of the Institute for Laboratory Animal Research of Nanjing
Medical University.
2.10. Statistical analysis

Data were analyzed by SPSS 18.0 (SPSS Inc., Chicago, IL, USA) and
presented with GraphPad Prism 5.01 (GraphPad Software Inc., San
Diego, CA, USA). If data were in normal distribution, the student's t-
test was used to compare two groups. Otherwise, the Mann-Whitney
U-test was used. All results are expressed as mean ± standard error
(SE) without special instructions. P b 0·05 was considered statistically
significant. P b 0·05: ⁎, P b 0·01: ⁎⁎, P b 0·001: ⁎⁎⁎.

3. Results

3.1. Clinical data

Clinical characteristics of the study population are summarized in
Table 1. NDFMS and normal controls were matched by maternal age,
pre-pregnant body mass index, gestational weeks and infant gender
distribution. The birth weight of neonates andweight gain during preg-
nancy were significantly higher in NDFMS compared with that in nor-
mal controls (P b 0·05).

3.2. Expression pattern of miRNAs in placentas of NDFMS

We randomly selected 18 cases of NDFMS and 18 normal controls,
and pooled RNA samples of the 18 cases and 18 controls, respectively
and subjected them to miRNA microarray screening. A total of 754
miRNAs were detected bymiRNAmicroarray, and 264 and 318miRNAs
could bedetected in placental tissues of normal controls andNDFMS, re-
spectively (Ct b 30). Onehundred and thirty-threemiRNAs showeddys-
regulated in NDFMS placentas (fold change ≥2), including 63 up-
regulated and 70 down-regulated (Table S2). There were 21 miRNAs
that expressed four times higher in NDFMS group (miR-523-3p, miR-
519a-3p, miR-518f-3p, miR-331-3p, miR-204-5p, miR-106b-5p, miR-
574-3p, miR-518a-3p, miR-370-3p, miR-518c-3p, miR-205-5p, miR-
141-3p, miR-126-3p, miR-424-5p, miR-194-5p, miR-411-5p, miR-
376c-3p, miR-200b-3p, miR-374-5p, miR-200c-3p, and miR-199a-3p),
and 11 miRNAs expressed eight times lower compared with normal
controls (miR-1290, miR-1227-3p, miR-660-5p, miR-1275, miR-320b,
miR-584-5p, miR-34b-3p, miR-656-3p, miR-15a-5p, miR-1291, and
miR-1283).

3.3. qRT-PCR validation of miRNAs in placentas

Considering the bioinformatics analysis results, species conserva-
tism and feasibility, we selected twelve miRNAs (miR-331-3p, miR-
204-5p, miR-106b-5p, miR-370-3p, miR-205-5p, miR-141-3p, miR-
126-3p, miR-424-5p, miR-194-5p, miR-411-5p, miR-1291, and miR-
1283) (Table S3) for further validation using qRT-PCR in the remaining
placental samples (26 of NDFMS, and 29 of normal controls). The twelve
miRNAs listed in Table S3 are highly conservative and homologous be-
tween human and mouse, thus which have a strong practical signifi-
cance in the following in vitro and in vivo experiments. The results
showed that the expression levels of miR-331-3p, miR-106b-5p, miR-
370-3p, miR-205-5p, miR-141-3p, miR-126-3p, miR-424-5p, and miR-
411-5p were statistically different between NDFMS and normal con-
trols. However, only miR-141-3p was significant with false discovery
rate (FDR) adjustment (Table S4, Fig. 1). Additionally, the infant birth
weight gradually increased along with the elevated expression of miR-
141-3p (P = 0·019, r2 = 0·101) (Fig. 2B). Therefore, miR-141-3p was
determined as the key miRNA for further functional analyses (Fig. 2A).

3.4. Effects of miR-141-3p on proliferation, apoptosis, invasion, and migra-
tion in HTR-8/SVneo

Cell proliferation, cell cycle, apoptosis, invasion, and migration as-
says were performed with HTR-8/SVneo cells transfected with miR-



Table 1
Clinical characteristics of the study population.

Characteristic Total (n = 91) Control (n = 47) NDFMS (n = 44) P-Value

Maternal age (years) 26·42 ± 2·87 26·15 ± 0·36 26·70 ± 0·48 NS
Gestational age (weeks) 39·71 ± 1·01 39·70 ± 0·15 39·72 ± 0·15 NS
BMI before pregnancy (kg/m2) 20·71 ± 3·32 20·05 ± 0·33 21·43 ± 0·62 NS
Placental weight (g) 672·36 ± 15·03 587·77 ± 14·66 762·73 ± 19·08 b 0·001
Weight gain during pregnancy (kg) 18·21 ± 4·77 16·60 ± 0·59 19·97 ± 0·75 b 0·001
Birth weight (g) 3764·68 ± 58·63 3309·57 ± 47·01 4250·82 ± 41·41 b 0·001
Infant gender, n (%) NS

Male 43 (47) 23 (49) 20 (45)
Female 48 (53) 24 (51) 24 (55)

Values are mean ± SD. BMI, body mass index. NS, not significant.

Fig. 1. Heat map of miRNA expression levels in placental tissue screened out by miRNA microarray in NDFMS compared with controls.

Fig. 2. The expression level of miR-141-3p in placental tissues and the correlation with infant birth weight. (A) The expression level of miR-141-3p in NDFMS placental tissues compared
with normal controls. (B) The correlation between the expression level of miR-141-3p and infant birth weight.
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Fig. 3. Effects ofmiR-141-3p on proliferation, cell cycle, and apoptosis of HTR-8/SVneo cells. (A) Theproliferation ability of HTR-8/SVneo transfectedwithmiR-141-3pmimic or inhibitor at
24 and 48 h detected by CCK8. (B) The cell cycle of HTR-8/SVneo transfected with miR-141-3p mimic or inhibitor at 24 h detected by flow cytometry. (C) Cell apoptosis of HTR-8/SVneo
transfected with miR-141-3p mimic or inhibitor at 24 h detected by flow cytometry.
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141-3p mimic or inhibitor. Cell proliferation was significantly increased
in HTR-8/SVneo cells transfected with miR-141-3p mimic and signifi-
cantly decreased in HTR-8/SVneo cells transfected withmiR-141-3p in-
hibitor at 48 h (Fig. 3A), whereas no significant difference was found at
24 h (Fig. 3A). Additionally, no significant differences of cell apoptosis
and cell cycle were found in miR-141-3p mimic-treated or inhibitor-
treated group compared with negative controls (Fig. 3B, C).

Overexpressed miR-141-3p in HTR-8/SVneo cells resulted in in-
creased cell invasion and migration (Fig. 4A, B). miR-141-3p inhibition
in HTR-8/SVneo cells resulted in decreased cell invasion (Fig. 4A). How-
ever, no significant difference of cell migration was found in HTR-8/
SVneo cells treated with miR-141-3p inhibitor (Fig. 4B).

3.5. Roles of miR-141-3p in birth weight of C57BL/6J mice

To confirm the role of miR-141-3p in the development of NDFMS,
we constructed miR-141-3p overexpression mouse pregnancy models
at early pregnancy and at late pregnancy (Fig. S2). There was no signif-
icant difference of birth weight between the treated group and control
group in early pregnancy (Fig. 5A, B, C, D), while the birth weight of
mice in the treated group was significantly higher than that of controls
in late pregnancy (P = 0·006) (Fig. 5E, F, G, H). In addition, no statisti-
cally significant difference of placental weight, placental diameter, and
body length of offspring was observed between the treated group and
control group either in early pregnancy or in late pregnancy (Fig. 5).

4. Discussion

From the miRNA microarray data, we found many miRNAs were
dysregulated in placenta of NDFMS (Table S2). miR-17, miR-19a, miR-
20a were up-regulated, which is consistent with the finding of Li et al.
in NDFMS [18]. In contrast to previous studies in macrosomia [15,17],
we found miR-483-3p and miR-21 were down-regulated in microarray
screening results. The inconsistent results may be attributed to the dif-
ferences of samples size and detection methods. Besides, these miRNAs
were only examined in the microarray with no further verification in
large sample size. Among all the miRNAs expression, we found only
the miR-141-3p expression level was significantly increased in NDFMS
placental tissues, suggesting aberrant expression of miR-141-3p may
be related to the occurrence of NDFMS. miR-141-3p is a member of
the miR-200 family, which is highly conservative in vertebrates [19].
The study of miR-200 family in rodent animal model is common while
its regulating in human fetal growth and development of population-
based is rare [20–22]. Yao et al. [22] found miR-200 family expression
in the uterus and offspring (F2 generation) brain tissues was altered
when the parental generations (F0) exposed to stress during pregnancy.
Chim et al. [23] detected known 157miRNAs by miRNAmicroarray and
found 17 miRNAs were 10 times higher in placental tissues than in ma-
ternal blood, which could not be detected in maternal blood after deliv-
ery. miR-141, miR-149, miR-299-5p, and miR-135b were the four most
abundantmiRNAs in the placenta, of which the expression level of miR-
141 inmaternal blood significantly increased in the third trimester [23].
Prior investigations have documented miR-141-3p participates in the
process of cell proliferation, especially dysregulated in a variety of can-
cers, including exerting a growth-promoted activity in ovarian cancer
[24], cervical cancer [25], and a growth-suppressive activity in hepato-
cellular carcinoma [26]. Similarly, it also showed different effects on
fetal growth. Tang et al. foundmiR-141 up-regulated in fetal growth re-
striction (FGR) by down-regulating its target genes [27]. Baker et al. re-
ported lowmaternal folate status is associated with higher incidence of
small for gestation age (SGA) infants, with elevated level of miR-141-3p
in placental tissues [28]. Interestingly, they also found that trophoblast
proliferation was increased in low maternal folate status, to some ex-
tend that is consistent with our results i.e. miR-141-3p elevates tropho-
blast proliferation. It is possible that the elevated miR-141-3p
expression is a compensatory increase in the placenta of SGA and FGR.
But the specific in-depth mechanism demands further research to clar-
ify in the future.

The cell experiments suggest miR-141-3pmay participate in the de-
velopment of NDFMS by affecting the proliferation and invasion of tro-
phoblast cells. Ospina-Prieto et al. [29] suggested the expression level of
miR-141 in HTR-8/SVneo cells was significantly lower than that in nor-
mal and preeclampsia placenta. The expression level of miR-141 in nor-
mal placental tissueswas 42,394 times higher than that in HTR-8/SVneo



Fig. 4. Effects ofmiR-141-3p on invasion, andmigration of HTR-8/SVneo cells. (A) The invasion ability of HTR-8/SVneo transfectedwithmiR-141-3pmimic or inhibitor detected by crystal
violet staining in transwell. (B) The migration ability of HTR-8/SVneo transfected with miR-141-3p mimic or inhibitor detected by BioSation IM-Q live cell workstation.
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cells. Morales-Prieto et al. [30] also found the expression levels of
miR-141 in all placental lineage cells were low, suggesting that the
basal level of miR-141 in human chorionic trophoblast cells was
very low, which may explain that why the proliferation of HTR-8/
SVneo cells treated by miR-141-3p inhibitor did not decrease as ex-
pected. Moreover, further studies are still needed to confirm this
conclusion.

Because miR-141-3p affected proliferation and invasion ability of
HTR-8/SVneo cells, we constructed the miR-141-3p overexpression
Fig. 5. The effects of miR-141-3p treated at early pregnancy and late pregnancy on offspring a
(B) Body length of offspring at early pregnancy. (C) Placental weight at early pregnancy. (D
(F) Body length of offspring at late pregnancy. (G) Placental weight at late pregnancy. (H) Plac
model of the placenta in early pregnancy and late pregnancy of
C57BL/6J mice to verify the role of miR-141-3p in the development of
NDFMS. The miR-141-3p agomir reagent from Guangzhou RiboBio can
be maintained for about three days, so as to ensure the treatment at
early pregnancy will not be maintained until late pregnancy, which en-
sured the accuracy of modeling. Interestingly, we found that the fetal
birth weight of the treated group was significantly higher only in the
late pregnant group. Therefore, we conclude that miR-141-3p may af-
fect the proliferation at late pregnancy by participating in the
nd placenta of pregnant C57BL/6J mice. (A) Birth weight of offspring at early pregnancy.
) Placental diameter at early pregnancy. (E) Birth weight of offspring at late pregnancy.
ental diameter at late pregnancy.
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occurrence of NDFMS, rather than by influencing the invasion at early
pregnancy.

Previous researches have demonstrated the role of miR-141 in fetal
growth [29,31]. Ospina-Prieto et al. [29] found miR-141 was highly
expressed in placental tissues of preeclampsia, and overexpression of
miR-141 enhanced the invasion ability of HTR-8/SVneo cells, which is
consistent with our findings. They did not find any significant changes
of cell proliferation ability inHTR-8/SVneo cells after 24h of transfection
with either miR-141-mimic or miR-141-inhibitor. This result is also
consistent with our findings that no significant difference of cell prolif-
eration was found in HTR-8/SVneo cells after 24 h of transfection. How-
ever, we found cell proliferation was significantly higher in the HTR-8/
SVneo cells transfected with miR-141-3p mimic at 48 h. Morales-
Prieto et al. [32] demonstrated that the reduction of miR-141 caused
by leukemia inhibitory factors inhibited the proliferation of choriocarci-
noma cell line JEG-3. In addition, the study teamalso foundmiR-141 ex-
pression level in placental tissues at the late pregnancy was higher than
the early pregnancy [32]. This may be due to placenta grows fastest
along with the growth of fetus in late pregnancy, which also suggested
miR-141 in placenta is related to proliferation function and confirmed
the rationality of our results.

A limitation of this study is the lack of follow-upmechanism of how
miR-141-3p promotes the proliferation of trophoblasts. It is confirmed
thatmiR-141-3p hasmany target genes [24,33] andmiRNA can regulate
target genes via partial complementary binding to the 3'-UTR of mRNAs
[34]. For example,miR-141-3p targets FOXA2 to foster the growth, inva-
sion, and tumorigenesis of cervical cancer cells [25]. Another study
showed miR-141 targeting PLAG1 to participant FGR [27]. We specu-
lated that there are one or more specific target genes of miR-141-3p
to regulate theproliferation of trophoblasts inNDFMS and follow-up ex-
periments are required to confirm. Besides, it is well known that there
was excess nutrient transfer to the baby through placenta in
macrosomia, therefore effect of miR-141-3p on nutrient transporters
can't be ruled out. Future studies are required to reveal the specific
mechanism of miR-141-3p participating in the occurrence of NDFMS.

In conclusion, aberrant high expression level of miR-141-3p may
contribute to the pathogenesis of NDFMS through regulating tropho-
blast proliferation in late pregnancy as shown in Fig. 6. Our study pro-
vided a foundation for the explanation of miRNA changes related to
NDFMS and expanded the current understanding of its pathogenesis.
Fig. 6. A model was presented for miR-141-3p mediated NDFMS. Up-regulation of miR-
141-3p in placenta contributes to the pathogenesis of NDFMS through regulating
trophoblast proliferation in late pregnancy.
Future studies are needed to illustrate the exact molecular mechanism
of miR-141-3p in NDFMS.
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