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Abstract. The present study aimed to investigate the role of 
miR-338-3p in pregnancy-induced hypertension (PIH), and its 
effects on human trophoblast cells in vitro. Quantitative real-time 
PCR was used to detect miR-338-3p expression. Human tropho-
blast HTR8/SVneo cells were transfected with miR-338-3p 
mimics. Effects of miR-338-3p on cell proliferation, invasion 
and metastasis, and anoikis resistance were detected by CCK-8 
assay, Transwell chamber assay, flow cytometry and western blot 
analysis, respectively. Bioinformatics analysis was performed to 
predict the target of miR‑338‑3p, and the results were confirmed by 
dual luciferase reporter assay. The expression level of miR-338-3p 
was significantly upregulated in the peripheral blood and placenta 
of PIH patients. CCK-8 assay showed that miR-338-3p mimics 
inhibited the proliferation of HTR8/SVneo cells at indicated time 
points. Flow cytometry showed that miR-338-3p transfection 
significantly increased the Ki‑67 expression in the HTR8/SVneo 
cells, indicating enhanced cell proliferation. Transwell chamber 
assay and western blot analysis showed that the invasion and 
metastatic abilities of the HTR8/SVneo cells were significantly 
decreased in the miR-338-3p transfection group, as well as 
expression levels of MMP-2 and MMP-9. Bioinformatics analysis 
and dual luciferase reporter assay indicated that AKT3 is a target 
gene of miR-338-3p. Our results suggest that miR-338-3p is 
significantly increased in the peripheral blood and placenta of 
PIH patients, which is correlated with the disease development. 
miR-338-3p inhibits proliferation, invasion and metastasis, and 
apoptosis resistance of human trophoblast cells by targeting AKT3.

Introduction

Pregnancy-induced hypertension (PIH) is an unexplained 
multi-systemic disease during pregnancy, and is a clinical 

obstetric issue (1,2). PIH induces a high and uncontrollable 
incidence of maternal and perinatal morbidity, and ranks as 
the leading cause of maternal and perinatal deaths worldwide, 
especially in developing countries (3,4). Although the patho-
genesis of PIH is still unclear, it has been widely accepted that 
the placenta may play an important role in the disease devel-
opment. Clinical symptoms of PIH are found to gradually 
disappear after the placenta is excreted. Therefore, termina-
tion of pregnancy is currently one of the treatment options 
for PIH (5,6). In recent years, placental trophoblast cells 
have been thought to be closely related to the pathogenesis of 
PIH. Placental trophoblast cells are important for embryonic 
implantation, placental remodeling and oxygen supply (7,8). 
Insufficient trophoblast cell invasive ability during pregnancy 
often leads to impaired development of the placental vascular 
network, which induces placental ischemia/hypoxia and 
causes PIH, consequently threatening the safety of the preg-
nant woman and fetus (9). Therefore, it is of great importance 
to investigate the molecular mechanisms of trophoblast cell 
proliferation and infiltration to understand the pathological 
changes of placenta in PIH, which might contribute to strate-
gies for disease treatment.

MicroRNAs (miRNAs or miRs) are a class of non-coding 
small RNA molecules consisting of 18-22 nt, which bind to 
the 3'-untranslated region (UTR) of mRNAs to inhibit the 
translation process. miRNAs play important roles at the 
post-transcriptional level (10). Previous studies have shown 
that miRNA molecules are involved in almost all pathophysi-
ological changes and functions in a variety of diseases, such as 
hypertension, tumors and diabetes (11). It has been demonstrated 
that the expression levels of various miRNAs are significantly 
altered in the development of PIH, including miR-210 and 
miR-204-5p (12,13). Moreover, it has also been demonstrated 
that miRNAs are involved in the regulation of the biological 
behavior of placental trophoblast cells. Wang et al (14) found 
that miR-362-3p regulates the proliferation and metastasis of 
trophoblast cells through the hypoxia-induced PAX3 pathway.

At present, the regulatory process of miRNAs in the 
biological behavior of placental trophoblast cells still needs 
to be elucidated. miR-338-3p is located in the intron of apop-
tosis‑associated tyrosine kinase 7, which has been recognized 
as a tumor-associated miRNA molecule in recent years (15). 
Moreover, previous studies have shown that miR-338-3p 
is abnormally expressed in various tumors (such as ovarian 
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cancer, malignant melanoma and hepatocellular carcinoma), 
and participates in the regulation of tumor cell proliferation 
and metastasis (16,17). During pregnancy, the biological 
behavior of trophoblast cells has certain similarities with tumor 
cells, including enhanced invasive ability, and the remodeling 
of the microenvironment and vascular network (18). In the 
present study, the effects of miR-338-3p on the development 
of trophoblast cells and its involvement in PIH pathogenesis 
were investigated. The expression and function of miR-338-3p 
in the placental tissues of PIH were quantified and analyzed by 
quantitative real-time PCR, western blot analysis, Transwell 
assay and flow cytometry, respectively.

Materials and methods

Collection of tissue specimens. A total of 38 subjects with PIH 
who underwent Caesarean section in our hospital, from January 
2016 to December 2017 were included in this study. Moreover, 
another 26 normal delivering females were recruited as control 
during the same period. For these subjects, placental tissues 
and peripheral blood samples (5 ml) were collected. For the 
hypertension disorder complicating pregnancy (HDCP) group, 
there were 21 cases of PIH (PIH; elevated blood pressure after 
20 weeks of gestation, and no proteinuria), 13 cases of mild 
pre‑eclampsia (mPE; systolic blood pressure ≥140 mmHg, 
or diastolic blood pressure ≥90 mmHg, and 24‑h proteinuria 
≥300 mg), and 4 cases of severe pre‑eclampsia (sPE; systolic 
blood pressure ≥160 mmHg, or diastolic blood pressure 
≥100 mmHg, and 24‑h proteinuria ≥2 g), with the average age 
of 31.6 years and median age of 30 years (ranging from 25 to 
36 years). For the normal control group, the average age was 
27.6 years and the median age was 26 years (ranging from 
24 to 33 years). The pregnant females in both these two groups 
were singleton pregnancies.

These subjects reported no heart, liver, or kidney diseases; 
no blood system diseases; no diabetes, rheumatism, no auto-
immune diseases; and no infection or medication history 
within 4 weeks before surgery. After the fetus was delivered, 
the placental tissue on the maternal side attached to the 
umbilical cord was harvested (1x1x1 cm). After rinsing with 
physiological saline, the tissue was ground in an ice bath to 
obtain a single-cell suspension. Prior written informed consent 
was obtained from every patient and the study was approved 
by the local ethics review board of the Laiwu Maternal and 
Child Health Hospital.

Culture of human trophoblast HTR8‑SVneo cells. Human 
HTR8-SVneo trophoblast cells were purchased from the 
Cell Bank of the Chinese Academy of Sciences. The cells 
were cultured in RPMI-1640 medium (Thermo Fisher 
Scientific, Inc.) containing 10% fetal bovine serum (FBS). 
When 90% confluence was reached, the cells were passaged. 
HTR8-SVneo cells in the logarithmic growth phase were used 
for the following experiments.

Quantitative real‑time PCR. Total RNA was extracted with 
Trizol (cat. no. B511311; Sangon Biotech Co., Ltd.). The 
cDNA template was obtained with RT-PCR. Quantitative 
real-time PCR was performed with the QuantiFast SYBR® 
Green PCR Kit (Qiagen). The 20-µl PCR system consisted 

of 2 µl cDNA, 10 µl RT-qPCR-Mix, 0.5 µl upstream primer 
(sequence: 5'-CAG CAG CAA TTC ATG TTT TGA A-3'), 0.5 µl 
downstream primer (general primer provided within the kit), 
and 7 µl ddH2O. The reaction conditions were as follows: 95˚C 
for 10 min; 95˚C for 1 min, and 60˚C for 30 sec, for a total of 
40 cycles.

Cell transfection. For the cell transfection, 2x105 HTR8-SVneo 
cells in the logarithmic growth phase were seeded onto the 
24-well plates, and cultured in RPMI-1640 medium containing 
10% FBS without antibiotics. On the following day, transfec-
tion was performed for the cells with 70% confluence. The 
miR‑338‑3p mimics were synthesized by Hanbio (Shanghai, 
China). According to the manufacturer's instructions, 1.5 µl 
50 pmol/µl miR-338-3p mimics and 1 µl lipo2000 (Thermo 
Fisher Scientific, Inc.) was added into the EP tubes containing 
50 µl Opti‑MEM I medium (Thermo Fisher Scientific, Inc.), 
respectively, which was then mixed after 5 min. After 20 min 
at room temperature, the mixture was used to incubate the 
cells for 6 h. Then the cells were incubated with RPMI-1640 
culture medium containing 10% FBS. For the viral transfec-
tion, the Lv‑AKT3 viral vector was synthesized by Hanbio Co. 
The vector was used to transfect the cells at a multiplicity of 
infection (MOI) of 20 for 6 h, and then the cells were cultured 
with the RPMI‑1640 medium containing 10% FBS. After 
48 h, the cells were harvested, and the biological functions and 
protein expression levels were detected.

CCK‑8 assay. The proliferation of the HTR8-SVneo cells 
before and after transfection was assessed with the CCK-8 kit 
(Beyotime, Beijing, China), according to the manufacturer's 
instructions. In brief, HTR8-SVneo cells was seeded onto 
96-well plates, at a density of 2x103 cells/well. After culture 
for 0, 24, 48 and 72 h, the cells were incubated with 20 µl 5 g/l 
CCK-8. On the last day, 150 µl CCK-8 reaction solution was 
added to incubate the cells at 37˚C for 2 h, and the absorbance 
at 490 nm was measured. Cell proliferation curve was obtained 
accordingly.

Flow cytometry. After transfection, a total of 1x106 cells were 
harvested and washed with pre-cooled PBS. Cellular apoptosis 
was performed with the FITC Annexin V Apoptosis Detection 
kit I (BD Biosciences), according to the manufacturer's instruc-
tion. In the assay, the cells positive for Annexin V alone were 
considered as apoptotic cells, while the cells positive for PI 
alone were regarded as necrotic cells.

Transwell chamber assay. The ability of invasion and metas-
tasis of the HTR8-SVneo cells was detected by Transwell 
chamber assay. Matrigel (BD Biosciences) was used to 
simulate the extracellular matrix environment. For the inva-
sion assay, Matrigel was melted at 4˚C overnight. On the 
next day, the Matrigel stock solution was diluted (1:2) with 
the serum-free RPMI-1640 medium. A total of 50 µl of the 
mixture was evenly smeared onto the upper chamber, which 
was incubated at 37˚C for 60 min. A total of 1x105 cells were 
seeded onto the Transwell upper chamber containing 200 µl 
serum-free RPMI-1640 medium, and 500 µl of the RPMI-1640 
culture medium containing 10% FBS was added into the lower 
chamber. After 24 h, the cells were fixed with 4% formaldehyde 
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at room temperature for 10 min. After washing with PBS, the 
cells in the upper chamber were wiped off, and then subjected 
to the Giemsa staining. The invading cells were observed 
under x200 magnification. For the migration assessment, the 
same procedures were performed, except that no Matrigel was 
added into the chamber. Under light microscopy, five fields 
were randomly selected, and the transmembrane cells were 
counted.

Laser confocal scanning microscopy (LCSM). Effects of 
miR-338-3p on the cytoskeleton were observed by LCSM. 
When the 50% confluence was reached, the culture medium 
was discarded. After washing, the cells were fixed with 4% 
paraformaldehyde at room temperature for 10 min, following 
by permeabilization with 0.5% Triton X‑100 at room tempera-
ture for 5 min. After washing with PBS at room temperature 
for 30 sec, the cells were incubated with 200 µl 100 nmol/l 
rhodamine in dark at room temperature for 30 min. After 
counterstaining with 200 µl 100 nmol/l DAPI for 30 sec, the 
cytoskeleton was observed with LCSM.

Bioinformatics analysis. miR-338-3p was searched as the 
key word on the Targetscan www.targetscan.org website 
(Version 7.2), and its target genes were analyzed. The 
potential target genes for miR-338-3p were submitted to the 
online Database for Annotation, Visualization and Integrated 
Discovery (DAVID)(https://david.ncifcrf.Gov/; the species of 
human) (Version 5.1) to analyze the potential downstream 
signaling pathways.

Western blot analysis. Cells were collected and lysed with 
1 ml RIPA lysis on ice. Protein concentration was determined 
with the BCA method (Beyotime). Totally 10 µl protein sample 
was separated with 10% SDS‑PAGE, and then electronically 
transferred onto a PVDF membrane. After blocking with 
fat-free milk at room temperature for 1 h, the membrane was 
incubated with rabbit anti-human anti-AKT primary antibody 
(1:1,000 dilution; AF1777; Beyotime) or mouse anti‑human 
anti-GAPDH primary antibody (1:4,000 dilution; AF5009; 
Beyotime) at 4˚C overnight. Then the membrane was incu-
bated with HRP-conjugated goat anti-mouse or goat anti-rabbit 
secondary antibody (both at 1:4,000 dilution; A0208 and 
A0216, respectively; Beyotime) at room temperature for 1 h. 
Color development was performed with the ECL method.

Dual luciferase reporter assay. Based on the bioinfor-
matic prediction, the wild-type and mutant seed regions 
in the 3'-UTR (untranslated region) of the AKT3 gene for 
miR‑338‑3p were synthesized, and the restriction sites for 
Spe1 and HindIII were added to both ends, which was then 
cloned into the pMIR-REPORT luciferase reporter plasmid. 
Totally 0.5 µg plasmid carrying the wild-type or mutant 
3'-UTR DNA sequence was co-transfected with miR-338-3p 
mimics into 293T cells with liposomes. After 24 h, the cells 
were lysed and the luciferase activity was detected using the 
Double Luciferase Reporter AssaykKit (RG027; Beyotime 
Institute of Biotechnology), according to the kit instruc-
tions. Fluorescence was determined using the GloMax 20/20 
luminometer (Promega Corporation). Renilla was used as 
internal reference.

Statistical analysis. Data are expressed as mean ± SD (standard 
deviation). SPSS 17.0 software was used for statistical analysis. 
Experiments were performed independently three times. The 
unpaired t-test was performed for statistical analysis, and 
one-way ANOVA was conducted for the multi-group compar-
ison, with the Turkey post hoc test. P<0.05 was considered as 
indicative of statistical significance.

Results

Distribution of miR‑338‑3p in the peripheral blood and 
placenta of patients with PIH. In order to study the function and 
mechanism of miR-338-3p in patients with PIH, the expression 
levels of miR-338-3p in the peripheral blood and placenta of 
PIH were detected by quantitative real-time PCR. Our results 
showed that the mRNA expression levels of miR-338-3p were 
significantly elevated in the placental tissue of PIH (4.72±0.12; 
P<0.05) when compared to that in the normal tissues (Fig. 1A). 
The relative mRNA expression levels of miR-338-3p in the 
placental tissue of patients with severe pre-eclampsia, mild 
pre‑eclampsia, and simple PIH were 6.15±0.27, 4.30±0.11, and 
3.60±0.08, respectively, with statistical significance between 
these groups (P<0.05; Fig. 1B).

Furthermore, in the peripheral blood, the relative levels of 
miR-338-3p in patients with simple PIH, mild pre-eclampsia, 
and severe pre‑eclampsia were 2.47±0.09, 2.70±0.12, and 
3.80±0.14, respectively. Statistical analysis showed that the 
miR‑338‑3p expression level was significantly elevated in the 
peripheral blood of the patients with severe pre-eclampsia, 
compared with the patients with simple PIH and mild 
pre-eclampsia (P<0.05; Fig. 1C). These results suggest that, 
along with the development of PIH, the expression levels of 
miR‑338‑3p in the placental tissue are significantly elevated, 
which might be associated with disease development.

miR‑338‑3p inhibits the proliferation of HTR8/SVneo cells in 
vitro. To investigate the biological functions of miR-338-3p, 
miR-338-3p mimics were transfected into the HTR8-SVneo 
cells. Our results from the quantitative real-time PCR showed 
that the mRNA expression level of miR‑338‑3p was signifi-
cantly increased in the miR-338-3p mimic-transfected cells 
(P<0.05) when compared to the level in the miR-NC (nega-
tive control)-transfected cells (Fig. 2A). The results from the 
CCK-8 assay showed that, when the miR-338-3p expression 
level was elevated, the optical density OD490 nm values of the 
HTR8/SVneo cells at 24, 48 and 72 h were significantly lower 
than the values of the miR-NC group (P<0.05), suggesting that 
enhanced expression of miR-338-3p suppressed cell prolifera-
tion activity (Fig. 2B).

Moreover, the results from flow cytometry showed that 
the number of HTR8/SVneo cells positive for the prolifera-
tion‑related marker Ki‑67 was significantly decreased after 
the miR-338-3p expression level was upregulated (Fig. 2C; 
P<0.05). These results indicate that miR-338-3p can inhibit 
the proliferation of HTR8/SVneo cells in vitro, and its high 
expression level in placental tissue may be one of the reasons 
for the inhibited HTR8/SVneo cell infiltration.

miR‑338‑3p inhibits the invasion and metastasis of 
HTR8/SVneo cells. The infiltration ability of trophoblast cells in 
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Figure 1. Expression of miR-338-3p in PIH. The expression levels of miR-338-3p in the peripheral blood and placental tissue were assessed by quantitative 
real-time PCR. (A) Elevated miR-338-3p expression levels in the placental tissue of PIH. (B) Positive relationship between miR-338-3p expression and the PIH 
development. (C) Elevated miR-338-3p levels in the peripheral blood of PIH patients. *P<0.05. PIH, pregnancy-induced hypertension.

Figure 2. miR-338-3p inhibits the proliferation of trophoblast cells. (A) miR-338-3p expression was detected following transfection of the human HTR8-SVneo 
trophoblast cells with miR-338-3p mimics or miR-NC (negative control) by quantitative real-time PCR. (B) Effects of miR-338-3p on the proliferation of 
trophoblast cells were assessed with the CCK‑8 assay. Comparison was performed between groups at each time point. (C) Ki67‑positive cell rates were 
assessed with flow cytometry. *P<0.05.



EXPERIMENTAL AND THERAPEUTIC MEDICINE  20:  418-426,  2020422

the placental tissue is closely related to placental development. 
Therefore, the invasion and metastasis abilities of trophoblast 
cells were detected using the Transwell assay. Our results 
showed that accompanied with the upregulation of miR-338-3p 
expression, the migration ability of the HTR8/SVneo cells 
was significantly suppressed. The number of cells passing 
through the chamber membrane was significantly lower than 
the control group (42.7±2.4 vs. 78.2±2.9) (Fig. 3A and B). 
For assessment of the invasion ability, our results showed 
that, after the miR-338-3p expression level was elevated, the 
number of HTR8/SVneo cells crossing the Transwell chamber 
membrane was significantly decreased (26.1±1.6 vs. 54.6±2.4; 
Fig. 3A and B). LCSM results showed that, along with the 
upregulation of the expression of miR‑338‑3p, the myofilaments 
on the surface of the HTR8/SVneo cells were significantly 
reduced, and the fluorescence intensity was decreased, 
suggesting increased migratory capacity (Fig. 3C). Moreover, 
western blot analysis showed that the protein expression levels 
of matrix metalloproteinase-2 (MMP-2) and MMP-9 in the 
miR‑338‑3p mimic‑transfected cells were significantly lower 
than levels in the miR-NC group, suggesting decreased inva-
sion ability (Fig. 3D). These results revealed that upregulation 
of miR-338-3p inhibited the invasion and metastatic abilities 
of the HTR8/SVneo cells.

Effects of miR‑338‑3p on anoikis of HTR8/SVneo cells. 
Anoikis refers to the cell ability to detach from the in situ 

environment, and to exert anti-apoptosis activity during 
distant metastasis, which is also an important factor affecting 
the infiltration of HTR8/SVneo cells in the placental tissue. 
To simulate the anoikis environment, the HTR8/SVneo 
cells were transfected with the miR-338-3p mimics at 
37˚C for 24 h. The cells were collected, and apoptosis was 
detected by flow cytometry. Our results showed that, after 
miR-338-3p mimic transfection, the apoptosis rate of the 
HTR8/SVneo cells was significantly increased compared with 
the miR-NC group (10.8±0.9 vs. 24.6±1.5; P<0.05; Fig. 4). 
These results suggest that miR-338-3p promotes the apoptosis 
of HTR8/SVneo cells.

AKT3 is a target gene of miR‑338‑3p. Bioinformatic analysis 
showed that AKT3 is a potential target gene of miR-338-3p 
(Fig. 5A), and the AKT3 downstream is involved in the multiple 
signaling pathways involved in the regulation of cell prolifera-
tion, apoptosis, and metastasis. Our results from the western 
blot analysis showed that the expression level of AKT3 in the 
miR-338-3p mimic-transfected group was decreased when 
compared with that in the miR-NC group (Fig. 5B) (P<0.05). 
Our results from the dual luciferase reporter assay showed that, 
compared with the control group, after co-transfection of the 
miR-338-3p mimics and pMIR-REPORT-wild-type luciferase 
reporter plasmids, the fluorescence in the cells was significantly 
downregulated (P<0.05), while no significant differences 
were observed in the fluorescence for the co‑transfection of 

Figure 3. miR‑338‑3p inhibits the infiltration ability of trophoblast cells. (A and B) The invasion and migration abilities of human HTR8‑SVneo trophoblast 
cells were assessed with Transwell chamber assays. (C) Trophoblast cell myofilaments were observed by LCSM. (D) The expression levels of MMP‑2 and 
MMP-9 were detected by western blot analysis. *P<0.05 vs. the control group. LCSM, laser confocal scanning microscopy; MMP, matrix metalloproteinase.
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the pMIR-REPORT-mutant luciferase reporter plasmids and 
miR-338-3p mimics (Fig. 5C; P>0.05).

Moreover, whether AKT3 overexpression could restore 
the phenotype of HTR8/SVneo cells transfected with 
miR-338 mimics was further evaluated. Based on the transfec-
tion of miR-338 mimics, AKT3 was overexpressed. The AKT 

expression levels were detected and confirmed by western 
blot analysis (Fig. 5D). Our results of the rescue experiments 
following AKT overexpression showed significantly increased 
proliferation, decreased infiltration ability and decreased 
apoptosis of the HTR8/SVneo cells (P<0.05; Fig. 6), indicating 
that miR-338-3p exerts biological function by downregulating 

Figure 5. AKT3 is a target gene of miR-338-3p. (A) Bioinformatic analysis of the binding sites between miR-338-3p and AKT3. (B) miR-338-3p downregulated 
the expression of AKT3 in the human HTR8-SVneo trophoblast cells. (C) Dual luciferase reporter assay. NC, normal control group; and wild-type and mutant, 
groups carrying the wild-type and mutant 3'-UTR DNA sequences, respectively. *P<0.05 vs. the control group. (D) AKT3 expression was assessed by western 
blot analysis following transfection of Lv-ACT3. AKT, serine-threonine kinase [also known as protein kinase B (PKB)].

Figure 4. Effects of miR-338-3p on anoikis in the human HTR8-SVneo trophoblast cells. Effects of miR-338-3p on anoikis in trophoblast cells were detected 
by flow cytometry. *P<0.05.
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the AKT3 expression levels in the HTR8/SVneo cells. These 
results suggest that miR-338-3p is able to bind to the 3'-UTR 
of AKT3 mRNA, i.e., its target gene.

Discussion

Hypertensive disorders during pregnancy are common 
obstetric complications in the clinic, which are unique to 
pregnant women during pregnancy (19). After 20 weeks of 
gestation, patients are characterized by clinical features such 
as obvious hypertension and different degrees of proteinuria. 
If not timely treated, this hypertension may be a great threat 
to the lives of the mother and fetus, even death (8). At present, 
the pathogenesis of pregnancy-induced hypertension (PIH) 
remains unclear. Current research shows that PIH is mostly 
transient. After the placenta is delivered, the symptoms of 
hypertension in most patients disappear, and there is no obvious 
sequelae, suggesting that the placenta may participate in the 
regulation of PIH (20). Trophoblast cells play important roles 
in the formation and function of the placenta, and its biolog-
ical abnormalities are associated with abnormal placental 
functions. The mechanisms by which miRNAs regulate the 
biological functions of trophoblast cells remain unclear. In 
the present study, our results revealed that miR-338-3p was 
significantly elevated in the placental tissue and peripheral 
blood of PIH patients, which is positively correlated with 
disease development. The in vitro experiments showed that 

overexpression of miR-338-3p inhibiting the proliferation 
and the invasion/metastasis abilities of human trophoblast 
HTR8/SVneo cells by downregulated AKT3 expression.

It has been previously shown that placental growth and 
development are directly related to the success or failure 
of pregnancy, in which the normal development of blood 
vessels in the placenta is the key to ensure that the fetus 
receives sufficient oxygen and nutrients from the mother (21). 
However, the regulatory mechanism of these processes is 
extremely complex. Trophoblasts are the main cells that 
make up the placenta and are involved in the regulation of 
placental vascular remodeling. During normal pregnancy, 
trophoblasts undergo rapid proliferation and simultaneously 
invade the decidua to form a column of extracellular tropho-
blast cells, which in turn invades into the deep layers of the 
mesenchyme (to the interstitium at the upper one-third site of 
the myometrium) and the spiral arterioles. This induces the 
physiological revascularization of the spiral arterioles for the 
first time, thus causing the formation of the low‑resistance, 
high‑flow sinus vessels. During the first week of pregnancy, 
the proliferation and infiltration of intravascular trophoblast 
cells exhibit a second peak, infiltrating into the uterine muscle 
segment of the spiral arteriole, while the trophoblasts infiltrate 
the vessel wall to expand the spiral arteriole, completing the 
second revascularization process (22,23). Therefore, tropho-
blast cells with normal biological functions are critical for 
placental remodeling. It has been reported that the abnormal 

Figure 6. Effects of AKT3 on miR-338-3p-induced changes in human HTR8-SVneo trophoblast cells. (A and B) AKT3 upregulation reversed the inhibitory 
effects of miR-338-3p on trophoblast cell proliferation. There were 3 groups at each time point, and the ANOVA test was carried out. (C) AKT3 upregula-
tion reversed the inhibitory effects of miR-338-3p on invasion and metastasis of trophoblast cells. (D) AKT3 upregulation restored the inhibiting effects of 
miR-338-3p on anoikis in trophoblast cells. *P<0.05. AKT, serine-threonine kinase [also known as protein kinase B (PKB)].
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expression of miRNAs in the placental tissues could affect 
the remodeling of the placenta. miR-4421 has been shown 
to regulate the progression of pre-eclampsia by targeting 
CYP11B2 (24). Moreover, miR-134 was found to inhibit the 
infiltration of placental trophoblast cells by targeting ITGB1, 
thus participating in the development of PIH (25). In recent 
years, miR‑338‑3p has been recognized as a tumor‑associated 
miRNA, which suppresses the tumor cell function in invasion 
and metastasis processes (26). But whether miR-338-3p regu-
lates the proliferation and infiltration of trophoblast cells has 
not yet been reported. In the present study, our results showed 
that miR-338-3p is upregulated in the placental tissue and 
peripheral blood of PIH patients and is positively correlated 
with the developmental of PIH. Further in vitro experiments 
revealed that upregulation of miR-338-3p expression inhibited 
the proliferation, invasion/metastasis, and apoptosis resistance 
of HTR8/SVneo trophoblast cells.

AKT (serine-threonine kinase), also known as protein 
kinase B (PKB), consists of approximately 480 amino 
acids (27). Studies have confirmed that AKT plays key roles 
in multiple signaling pathways, such as PI3K and NF-κB, and 
inhibits apoptosis and promotes cell proliferation by regu-
lating the transcription of various downstream factors (28,29). 
Three subtypes of AKT are currently found in mammals, 
i.e., AKT1, AKT2, and AKT3, encoded by three different 
genes located on chromosomes 14q32, 19ql3, and 1q43, 
respectively, which all contain a kinase catalytic domain, an 
amino-terminal PH domain, and a carboxy terminal regula-
tory domain (30). AKT3 can promote cell proliferation and 
metastasis, and inhibit cellular apoptosis. It has been shown 
that AKT3 promotes the survival of embryonic stem cells (31). 
Moreover, AKT3 was found to promote the development of 
adenoid cystic carcinoma (32). In addition, miRNAs play 
important roles in the regulation of AKT3. It has been found 
that miR‑145 targets AKT3 to inhibit inflammatory responses 
and relieve neuralgia (33). Moreover, miR-433 was found to 
inhibit breast cancer proliferation and metastasis by targeting 
AKT3 (34). These results indicate that miRNAs are involved 
in the regulation of AKT3 expression. In the present study, 
our results from the bioinformatic analysis showed that 
AKT3 is a potential target gene of miR-338-3p. Moreover, 
our results from the western blot analysis and dual luciferase 
reporter assay showed that miR-338-3p inhibits the expression 
level of AKT3. In addition, upregulation of AKT3 expres-
sion restored the miR-338-3p-induced inhibitory effects on 
the biological functions of trophoblast cells, suggesting that 
miR-338-3p regulates the trophoblast cell proliferation and 
metastasis/apoptosis, via AKT3. Although AKT3 is involved 
in the regulation of various downstream pathways, our results 
confirmed that miR‑338‑3p regulates the biological functions 
of trophoblast cells through AKT3. However, further in-depth 
studies are still required to elucidate the major downstream 
regulatory pathways involved herein.

In conclusion, our results showed that the upregulated 
miR-338-3p expression demonstrated in PIH is associated with 
disease development. Moreover, miR-338-3p suppressed the 
proliferation and infiltration, and increases the apoptosis of 
trophoblast cells by regulating the expression level of AKT3, 
thus affecting the development of the placenta. These findings 
provide a potential clinical therapeutic target for PIH.
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