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ARTICLE INFO ABSTRACT

Keywords: Background: Abnormal expression of estrogen-related receptor y (ERRy) protein is associated with fetal growth
Fetal growth restriction restriction (FGR). The upstream regulators of ERRy are still unknown.

Placenta Objective: To evaluate the placental expression level of microRNA-424 (miR-424) and to demonstrate the re-
miR-424 lationship between miR-424 and FGR.

E];RD\{ 81 Methods: The expression levels of miR-424 were detected in FGR and control placentas. HTR-8/SVneo cells were

transfected with mimics or inhibitors to increase or decrease the miR-424 expression level, respectively. The
transwell and CCK-8 assays were used to determine trophoblast-derived cell line invasion and proliferation. The
expression levels of miR-424, ERRy, and 17 beta-hydroxysteroid dehydrogenase type 1 (HSD17B1) were de-
tected by qRT-PCR and Western blotting. The relationship between miR-424, ERRy, and HSD17B1 was de-
termined by luciferase reporter assay.

Results: Compared to the normal pregnancy group, FGR placental tissues showed a significantly higher ex-
pression level of miR-424. The up-regulation of miR-424 decreased trophoblast-derived cell line invasion and
proliferation. Down-regulation of miR-424 enhanced invasive and proliferative abilities of the cell lines. Over-
expression of miR-424 reduced ERRy protein levels and decreased both mRNA and protein levels of HSD17B1.
Thus down-regulation of miR-424 induced protein expression of ERRy and enhanced the mRNA and protein
expressions of HSD17B1. MiR-424 probably mediated the expression of ERRy via binding to sites other than
mRNA 3'UTR.

Conclusion: MiR-424 may be associated with the pathogenesis of FGR by modulating trophoblast-derived cell
line proliferation and invasion. MiR-424 may play a role in mediating the protein expressions of ERRy and
HSD17B1.

1. Introduction Estrogen-related receptor y (ERRy), is an orphan nuclear receptor
that belongs to the ERR/NR3 subfamily. It plays a key role in mi-
tochondrial function and biogenesis [6]. ERRy is highly expressed in

human placenta and is significantly upregulated during differentiation

Fetal growth restriction (FGR) is defined as the failure of the foetus
to achieve its optimal growth potential due to various reasons [1]. An

estimated 3%-10% of all pregnancies are affected by FGR. Children
affected by FGR are at a relatively high risk of complications during
infancy; in addition, these children are vulnerable to developmental
disorders owing to neurological, cardiovascular, and metabolic dis-
orders [1-4]. FGR may be caused by fetal, maternal, and/or placental
factors [5]. Although several studies have investigated the causes of
FGR, the etiopathogenesis of FGR still remains unclear. Till date there
are no effective preventive or curative measures against FGR, other
than expectant management or delivery. Investigating the pathogenesis
of FGR is necessary to improve management of this condition.

of human trophoblasts [7]. 17 beta-hydroxysteroid dehydrogenase type
1 (HSD17B1) (a human steroid converting enzyme) is a member of 17
beta-HSD family; in a previous study, HSD17B1 was shown to be a
predictor of preeclampsia (PE) [8]. In our previous study, ERRy was
found to regulate the expression of HSD17B1; therefore, it may be as-
sociated with the pathogenesis and development of FGR [9]. However,
the upstream regulator of ERRy is yet to be identified. Recent studies
have revealed that microRNA-320a may regulate the trophoblast
function by targeting ERRy [10,11]. Thus microRNA is a potential up-
stream regulator of ERRy that may play a role in the pathogenesis of
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Fig. 1. The predicted miRNAs and the human placental expression of miR-424. Fig. 1a shows miR-424 as one of the upstream regulators of ERRy. Fig. 1b shows the
miR-424 expression levels in placental tissues in the FGR and control groups. Data presented as mean = standard error of the mean. *P < 0.05. miR-424,

microRNA-424; FGR, fetal growth restriction; CON, control group.

FGR.

MicroRNAs (miRNAs/miR), are small single stranded non-coding
RNAs (length: 19-25 nucleotides) that can regulate the downstream
gene expression via RNA silencing and post-transcriptional regulation
[12]. Recent studies have implicated several miRNAs in the causation of
placental dysfunction; these include placenta specific miRNAs chro-
mosome 19 microRNA cluster (C19MC), microRNA-210, and mi-
croRNA-17-92 [13-17]. Further, abnormal expression levels of these
miRNAs may result in several complications during pregnancy such as
PE [18], FGR, and gestational diabetes mellitus (GDM) [15,19-21]. Use
of several predictive tools, such as TargetScan human7.1 (http://www.
targetscan.org/vert_71), miRanda (http://www.microrna.org/) and
Pictar (http://pictar.mdc-berlin.de/) revealed that miR-424 might be
one of upstream regulators of ERRy (Fig. 1a), which suggest miR-424
might regulate the expression of ERRy and play a role in the develop-
ment of FGR.

The present study aimed to investigate the potential involvement of
miR-424 and ERRy expressions in trophoblast-derived cell line invasion
and proliferation and to assess their precise role in the pathogenesis of
FGR. Our findings may provide some evidence to support the important
role of miR-424 in the development of FGR and may have implications
for the prevention and treatment of FGR.

2. Methods
2.1. Participants and placental tissue collection

Human placental tissues were collected from vaginal or cesarean
section deliveries conducted at the First Affiliated Hospital of Sun Yat-
Sen University (Guangzhou, Guangdong, China) between January 2016
and December 2017. FGR was defined as estimated fetal weight (EFW)
below the 10th percentile for gestational age [22], which was according
to the Chinese population references, [23,24] and the formula was
developed by Hadlock C [25]. Fetal Doppler abnormalities included
reduced, absent or reversed umbilical end-diastolic flow Doppler; or
increased middle cerebral artery end-diastolic flow or cerebral dis-
tribution; or reduced, absent or reverse flow in the ductus venosus. The
method of Doppler examination about umbilical artery (UA) pulsatility
index (PI), middle cerebral artery (MCA) and uterine artery (UtA)
evaluation was according to the reference. [26,27].

The exclusion criteria for samples were as follows: intrauterine in-
fection, multiple-gestation, pregnancy complicated by pre-existing dis-
eases (including chronic nephritis, cardiovascular, hepatic, or auto-
immune diseases), pregnancy complicated by systemic maternal
diseases (such as PE and GDM), and fetuses born with congenital ab-
normalities and aneuploidies.
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Based on the presence or absence of FGR, the placentas were cate-
gorized into the FGR or control groups, respectively. A total of 39
placentas were collected which included 19 FGR and 20 control cases.
The gestational age of foetuses was comparable in the 2 groups. All
placental samples were collected within 30 min of delivery and were
frozen and stored at —80 °C until further processing.

2.2. Cell culture and transfection

The HTR-8/SV neo cell line was purchased (Jennio Biotech Co. Ltd.,
Guangzhou, China) and the cells were cultured in RPMI 1640 (Gibco,
Inc.) medium supplemented with 10% fetal bovine serum (FBS) (Sijiqin,
China) without antibiotics for 24 h. MiR-424 mimic (Ribo Inc.), miR-
424 inhibitor (anti-miR-424; Ribo Inc.), and the negative control
miRNA (Ribo Inc., Guangzhou, China) were subsequently transfected
into cells, which were seeded onto a 6-well plate (1 X 10* cells/well).
The final concentration of cell transfection riboFECT ™ CP Reagent
(Ribo Inc., Guangzhou, China) was 50nM and transfection was per-
formed according to the manufacturer's protocol. Cells were further
cultured for cell proliferation and transwell assays and were subse-
quently used for qRT-PCR and Western blot analysis 48 h after trans-
fection. All experiments were conducted in triplicate.

2.3. Reverse transcription-quantitative polymerase chain reaction (RT-
qPCR)

Total RNA was extracted from placenta samples and cell lines using
kits according to the manufacturer's instructions. The PrimeScript RT
Master Mix and SYBR PrimeScript miRNA RT-PCR kits (Takara, Japan)
were used for reverse transcription of mRNA and miRNA, respectively.
SYBR Premix Ex Taq were used for quantitative real-time PCR using the
Applied Biosystems 7500. RPLP0O and U6 were used as internal controls
to normalize the relative expression levels of the target genes and
miRNAs, respectively (Supplementary Table 1). And it has no expres-
sion difference of RPLPO and U6 in both FGR and control group.

2.4. Western blot

Total protein was extracted from the cells by using radio-
immunoprecipitation (RIPA) assay lysis buffer (Beyotime Institute of
Biotechnology) and Protease Inhibitor Cocktail (Sigma Aldrich; Merck
KgaA). The BCA assay Kit (Beyotime Institute of Biotechnology) was
used to detect the concentration of extracted protein. A total of 30 ug
was loaded onto each lane and separated using 10% SDS-PAGE and
blotted onto polyvinylidene difluoride membranes (Millipore, Biorad).
The membrane was subsequently blocked in 5% BSA for 1h at RT and
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incubated overnight at 4°C with the primary antibodies, ERRy
(0.004 mg/ml; ab82319, Abcam), HSD17B1 (0.000133 mg/ml;
ab51045, Abcam), and GAPDH (0.0001 mg/ml; Proteintech Grouplnc.,
China). Following incubation with horseradish peroxidase-conjugated
anti-rabbit (0.0006 mg/ml; Proteintech Group Inc., China) secondary
antibodies at RT for 1 h, antibody binding signals were detected (Bio-
Rad Laboratories Inc., Hercules, CA, USA). The protein bands were
subsequently visualized with ImageJ software (version 1.49) (NIH,
Bethesda, MD, USA). GAPDH was used to normalize the band in-
tensities.

2.5. Proliferation assay

For the cell proliferation assay, the transfected HTR-8/SV neo cells
were seeded into 96-well plates (3 X 10* cells/well). Cells were culti-
vated in RPMI 1640 medium for 3 days. 10 uL. CCK-8 reagent (Dojindo;
Japan) was subsequently added to each well and HTR-8/SVneo cells
were incubated for 2 h.

2.6. Transwell invasion assay

Cell invasion was assessed using HTR-8/SVneo cells cultured in
transwell chambers that were pre-coated with Matrigel. Forty-eight
hours after transfection, the cells were seeded into the upper chambers
containing medium without serum. The lower chambers were filled
with RPMI-1640 medium with 10% FBS. The plates were incubated for
48 h, following which the cells from the serum-free chambers were
removed gently and fixed in methanol. Using light microscope, four
fields were randomly selected for counting the cell number and ima-

ging.
2.7. Dual-luciferase reporter assay

We used several computational algorithms, including TargetScan
human?7.1 (http://www.targetscan.org/vert 71), miRanda (http://
www.microrna.org/) and Pictar (http://pictar.mdc-berlin.de/), to pre-
dict the upstream regulator microRNA of ERRy. MiR-424 was selected
as a candidate for further evaluation (Fig. 1a). To examine whether
ERRy is directly inhibited by miR-424, its full-length 3’-UTR was in-
troduced into the pGL3-Control luciferase vector (Supplementary
Fig. 1).

The 3’-untranslated region (UTR) sequence of ERRy was amplified
and inserted into the luciferase reporter vector T7-enhancer (Promega
Corporation, Madison, WI, USA) Supplementary Fig.1.

The primers for wild type ERRy 3’-UTR were:

5’-GGCGCTCGAGTTAGCAGCAAGACTATGAAG-3'(forward);
5’-AATGCGGCCGCCTAACAAATACCTGGAAGAC-3'(reverse);

The primers for mutated ERRy 3’-UTR were:

5’- CTTCCTTCACGACGAGAACTTTTAAAAGAGGTC-3'(forward);
5’- AAAAGTTCTCGTCGTGAAGGAAGAAAAAGAAAG-3'(reverse).

HTR-8/SVneo cells were seeded on to 24-well plates (5 X 10° cells/
well) and incubated for 24 h. Wild-type or mutant ERRy 3’-UTR vectors
were subsequently co-transfected with miR-424 mimic into HTR-8/
SVneo cells using Lipofectamine 3000 (Invitrogen; Thermo Fisher
Scientific Inc.). After incubation for 48 h, cells were lysed and assayed
for luciferase activity with the luciferase assay system (Promega
Corporation) according to the manufacturer's instructions. Renilla-lu-
ciferase was used for normalization.

2.8. Statistical analysis

SPSS software v13.0 (SPSS LP, College Station, TX, USA) was used
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for data analysis. Between-group differences were assessed using the
Student's t-test. The results are shown as mean * standard error.
P < 0.05 was considered indicative of a statistically significant dif-
ference.

3. Results
3.1. Clinical characteristics and miR-424 expression level

The clinical characteristics of the two groups are listed in
Supplementary Table 2. No significant between-group difference was
observed with respect to the gestational age (weeks), maternal age, or
cesarean rate. However, the birth weight and placental weight in the
FGR group was significantly lower than that in the control group
(2260 = 60.48 vs. 3240 + 50.55g, respectively; P < 0.001). In ad-
dition, compared with control group, the rate of abnormal Doppler
result is higher in the FGR group(P < 0.001). MiR-424 expression was
measured in all 39 placental tissue samples using qRT-PCR; the ex-
pression level in FGR placental tissues was significantly greater than
that in the control group (Fig. 1b; P < 0.05).

3.2. MiR-424 affects the proliferation and invasion of HTR-8/SVneo cells

The transfection efficiency of miR-424 in HTR-8/SVneo cells is
shown in Fig. 2a and b. After transfection with miR-424 mimics, the
expression of miR-424 in trophoblasts was significantly increased as
compared to that in negative control and blank control groups (Fig. 2a,
P < 0.001). However, the expression of miR-424 was decreased after
transfection with miR-424 inhibitors (Fig. 2b, P < 0.001). The effect of
miR-424 expression on the proliferation and invasive function of HTR-
8/SVneo cells is shown in Fig. 2c—j. Overexpression of miR-424 in
trophoblast-derived cell line was associated with a decrease in both the
proliferative and invasive ability of HTR-8/SVneo cells (Fig. 2c-f).
However, these properties of HTR-8/SVneo cells were significantly
enhanced after inhibition of the expression of miR-424 (Fig. 2g-j).
These results indicated that miR-424 may participate in regulating the
function of trophoblast-derived cell line in vitro.

3.3. ERRy may be the downstream effector of miR-424 in HTR-8/SVneo
cells

We found that transfection of HTR-8/SVneo cells with miR-424
mimic led to a significant reduction in the protein expressions of both
ERRy and HSD17B1. The protein expressions of both ERRy and
HSD17B1 in the miR-424 inhibitor transfected group were significantly
upregulated in comparison to those in the control group (Fig. 3a-f).
However, overexpression of miR-424 did not significantly suppress the
luciferase activity (Fig. 3g). In addition, inhibiting the endogenous miR-
424 by co-transfection with miR-424 inhibitor did not significantly
increase the luciferase reporter activity (Fig. 3h). The results indicated
that miR-424 may mediate the expression of ERRy via domains other
than 3’-UTR.

4. Discussion

Our study indicates that increased expression of miR-424 may be
associated with FGR. Further miR-424 may play a role in regulating the
proliferation and invasion of the trophoblast-derived cell line, which
might be mediated via the ERRy pathway.

4.1. Dysfunction of placental miR-424 is associated with FGR

Placental hypoxia is related to the dysfunction of trophoblasts and
can result in inadequate placentation during the first trimester; in ad-
dition, placental hypoxia is implicated in many complications, such as
PE and FGR [28,29]. Placental hypoxia results in altered expression of
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Fig. 2. The relationship between miR-424 and trophoblast proliferation and
invasion. Fig. 2a and b shows the transfection efficiency of miR-424 in HTR-8/
SVneo cells. Fig. 2¢ and d shows that overexpression of miR-424 inhibited the
trophoblast invasion, and Fig. 2e is the quantification of Fig. 2c and d. Fig. 2g
and h shows the enhanced invasion ability of cells after down-regulation of
miR-424, and Fig. 2i is the quantification of Fig. 2g and h. Fig. 2f and j shows
the proliferation ability of cells after overexpression or down-regulation of miR-
424. Mean ( * standard error) values from three independent experiments are
presented. *P < 0.05, **P < 0.01, ***P < 0.001 vs. control. miR-424, mi-
croRNA-424.

several hypoxia induced miRNAs including miR-424 [30]. A recent
study indicated that miR-424 may play a role in placental hypoperfu-
sion; the expression of miR-424 in choriocarcinoma and endothelial cell
lines was enhanced in hypoxic environment [30]. In a study by
Whitehead et al. [31], fetal hypoxia was associated with a 2.7-fold in-
creased expression of miR-424 in the maternal blood. In addition, FGR
was associated with a 3.6-fold increase in the expression of miR-424 in
the maternal blood. Huang et al. [21] also found increased expression
levels of miR-424 in FGR placenta, which could bind to mitogen-acti-
vated protein kinase 1 (MEK1).
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Our results also revealed increased miR-424 expression in FGR
placenta as compared to that in the gestational age-matched control
group. This further underlines the relationship between high expression
of miR-424 and the development of FGR. Moreover, previous studies
have shown an association between miR-424 expression and carcino-
genesis, which is mediated via the proliferation and invasion of cancer
cells [32-34]. This suggests a potential effect of miR-424 on the func-
tion of trophoblasts. In our study, overexpression of miR-424 reduced
trophoblast-derived cell line invasion and proliferation; however, in-
hibition of miR-424 in trophoblast-derived cell line attenuated this ef-
fect. These findings indicate that high expression level of miR-424 is
related to the development of FGR by regulating the trophoblast-de-
rived cell line proliferation and invasion.

4.2. The potential relationship between miR-424 and ERRy

In this study, we found that miR-424 may influence the protein
expression of ERRy and indirectly mediate the expression of HSD17B1.
This indicates a potential regulatory relationship between miR-424 and
ERRy. However, the luciferase reporter assay indicated a weak possi-
bility of combination between the ERRy 3'UTR and miR-424. This result
does not exclude the possibility of binding sites in another area of ERRy
(other than 3’UTR). We found no significant alteration in the mRNA
expression of ERRy; the changes in protein expression suggest miRNA
post-translation regulation.

The regulating mechanism of the miRNAs is complex. MiRNAs ty-
pically bind to the RNA 3’UTR site to regulate the protein expression of
genes [35]. However, several studies have shown that miRNAs can
combine with other domains including the RNA 5’'UTR or open reading
frames (ORFS), to alter translation of genes [36-42]. In cancer cells,
some miRNAs have been shown to bind to both 3’'UTR and 5’UTR for
post-translational inhibition of the expression of major histocompat-
ibility complex class I (MHC-1) chain related protein B (MICB) [38]. In
a study by Lee et al. [36], primate-specific miRNA, miR-605, was shown
to bind to 5’'UTR of the target mRNA to mediate the change in the
protein expression. Moretti et al. [37] demonstrated that miR-2 can
bind to 3'UTR, 5’UTR, and ORFS; binding to these three sites was shown
to have a similar inhibitory effect on translation. These studies indicate
that miRNAs can also bind to mRNA 5’UTR or other domains, in ad-
dition to 3'UTR.

Previous studies have also found this miRNA regulatory mechanism
without concomitant changes at the mRNA level; according to the au-
thors, the changes in protein level probably affect ribosomal binding
[43,44]. Nonetheless, miR-424 may have a complicated regulatory
mechanism and more studies are required to further investigate the
mechanisms that mediate the changes in ERRy.

4.3. Limitations

The present study has several limitations. First, we conducted stu-
dies only on the trophoblast cell lines and third-trimester placenta. In
the future, we need to perform experiments on primary trophoblast
cells and detect the expression level of miR-424, ERRy, and HSD17B1 in
the first trimester placenta. Although the specific expression level of
miR-424 in the early trimester placenta is unknow, future studies could
investigate if the over-expression of miR-424 in first-trimester may lead
to the extra-villous dysfunction to cause FGR. Second, we only detected
one ERRy 3’UTR loci by luciferase report assay; further studies on other
3’UTR or other domains including 5’'UTR area are necessary. In addi-
tion, larger and high-throughput analyses of plasma miRNAs are re-
quired prior to clinical application of these and similar discoveries.
Future studies are required to investigate the mechanisms by which
upregulation of miRNA-424 affects the expression levels of ERRy and
HSD17B1 in FGR placenta.
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Fig. 3. The probable regulation among miR-424 and ERRy. Fig. 3a-c shows that induction of miR-424 expression in trophoblasts decreased the protein level of ERRy
and HSD17B1 without any significant change in ERRy mRNA expression. Fig. 3d—f shows that the protein levels of ERRy and HSD17B1 were increased after reducing
miR-424 expression. Fig. 3g and h indicate the weak combination between ERRy mRNA 3’UTR and miR-424. Mean ( + standard error) values from three independent
experiments are presented. *P < 0.05, **P < 0.01, ***P < 0.001. ERRy, Estrogen-related receptor y; HSD17B1, 17 beta-hydroxysteroid dehydrogenase type 1;

miR-424, microRNA-424.

5. Conclusion
In conclusion, miR-424 may be associated with the pathogenesis of
FGR by modulating trophoblast proliferation and invasion. MiR-424

may play a role in mediating the protein expressions of ERRy and
HSD17B1.
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