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MicroRNA-138 improves LPS-induced trophoblast dysfunction through targeting 
RELA and NF-κB signaling
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ABSTRACT
Preeclampsia is a pregnancy complication classified by new onset of elevated blood pressure and 
proteinuria after 20 weeks of gestation. During preeclampsia, extra villous trophoblasts fail to 
adequately invade the myometrial spiral arteries, leading to incomplete and impaired vessel 
transformation and initiating or aggravating preeclampsia. Although NF-κB and proinflammatory 
cytokines have been reported to be related to trophoblast dysfunction, the underlying mechan-
ism remains unclear. Herein, we demonstrated the miR-138/RELA axis modulating the migratory 
ability, and invasive ability of HTR-8/SVneo and JEG-3 cells, as well as the inflammatory factor 
levels in response to LPS stimulation. miR-138 expression was upregulated in preeclampsia 
placenta and LPS-stimulated HTR-8/SVneo and JEG-3 cell lines. miR-138 overexpression rescued 
the migratory and invasive ability of HTR-8/SVneo and JEG-3 cells inhibited by LPS stimulation, 
and decreased LPS-induced TNF-α and IL-6 levels. By binding the 3’-UTR of RELA, miR-138 
negatively regulated p65 expression. The silencing of p65 also improved LPS-induced HTR-8/ 
SVneo and JEG-3 cell dysfunction and TNF-α and IL-6 levels. More importantly, p65 overexpression 
partially reversed the functions of miR-138 overexpression upon both cells, indicating that miR- 
138 exerted its biological effects through targeting RELA. In conclusion, miR-138 improves LPS- 
induced inflammation and oxidative stress on trophoblasts through targeting RELA and affecting 
NF-κB signaling. The miR-138/RELA axis might be involved in preeclampsia pathogenesis, which 
requires further in vivo and clinical researches.
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Introduction

Preeclampsia, a pregnancy complication, is a conditi 
on classified by new onset of elevated blood pressure 
and proteinuria after 20 weeks of gestation. Although 
preeclamptic pathogenesis remains unclear, it has 
been reported to be related to inflammation, oxidative 
stress, and extra villous trophoblast and endothelial 
dysfunction [1–3].

In the early stages of normal placental develop-
ment, extra villous cytotrophoblasts invade the uter-
ine spiral arteries of the decidua and myometrium, 
replacing uterine vessel endothelial layer and trans-
forming these small resistance vessels to flaccid, hi 
gh-caliber capacitance vessels. Subsequently, the 
uterine blood flow required for sustaining the fetus 
through the pregnancy is, thus, increased [4]. How 
ever, in preeclampsia, the described vessel transfor-
mation is incomplete and impaired [5]. Due to 
increased cell apoptosis [6], decreased cell prolifera-
tion [7], and altered cell migration and invasion [8], 

extra villous trophoblasts will fail to adequately inv 
ade the myometrial spiral arteries. Thus, further inve 
stigating the molecular mechanisms of trophoblast 
dysregulation, in particularly invasion and migrati 
on, would be of great value for preeclampsia treat 
ment.

Within preeclamptic patients, the circulating le 
vels of pro-inflammatory cytokines, such as TNF-α 
(tumor necrosis factor alpha), show to be increas 
ed within maternal and cord blood [9], resulting in 
an increase in reactive oxygen species (ROS)- 
induced oxidative stress [10] and endothelium 
dysfunction [11], leading to the progression of 
high blood pressure and proteinuria [12]. Within 
a trophoblast-like cell line, oxidative stress acti-
vates the transcription factor NF-κB (nuclear facto 
r-kappa B) and TNF-α enhances NF-κB activation 
[13], whose activation shows to be dramatically pr 
omoted within the placentas of preeclampsia than 
that within normal placentas [13]. In turn, NF-κB 
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and TNF-α form a positive feedback loop, progres-
sively worsening inflammation in the placenta 
[13]. Moreover, several pharmacological studies 
indicate that the protection of aspirin against 
TNF-α-caused endothelium dysfunction [14] and 
LPS-induced preeclampsia-like syndromes in mice 
[15] through inhibiting NF-κB signaling pathway. 
Thus, searching for effective ways of downregulat-
ing the levels of NF-κB and proinflammatory cyto-
kines might be promising strategy for improving 
trophoblast dysfunction and preeclampsia.

miRNA is one of the most important classes of 
tissue-specific gene expression regulators. Via inter-
acting with target mRNAs in their 3’-UTR, miRNAs 
could induce the degradation or transcription inhi-
bition of target mRNAs, depending on the comple-
mentary [16,17]. In preeclampsia, increasing 
evidence indicate that a great amount of miRNAs 
show to be deregulated in preeclampsia placentas 
compared with normal placentas [18–20]. LPS or 
TNF-α stimulation also leads to the changes in the 
expression levels of various miRNAs, including miR- 
146a, miR-21, and miR-155 [21–23]. Deregulated 
miRNAs are involved in preeclampsia pathogenesis 
through a variety of mechanisms. For example, miR- 
155 expression showed to be elevated together with 
NF-κB in HTR-8/SVneo, a human-trophoblast- 
derived cell line stimulated with low dose of LPS, 
and was involved in the remodeling of HTR-8/ 
SVneo cells induced by LPS [24]. Within TNF-α- 
treated human endothelium, TNF-α-mediated indu-
cible effects of miR-31-5p were blocked via an NF-κB 
inhibitor and NF-κB p65 silencing; TNF-α and miR- 
31-5p mimic induced endothelium dysfunction, 
leading to angiogenic defects, trophoblast invasive-
ness, and vascular relaxation in an ex vivo cultured 
human placental artery models, which are consid-
ered as typical preeclamptic characteristics [25]. 
Thus, miRNAs that target NF-κB p65 might be 
potential agent for improving inflammation-related 
endothelial dysfunction during preeclampsia.

In the present study, we analyzed the different 
expressed miRNAs in preeclampsia related microar-
ray GSE96983 and GSE103542. We found that miR- 
138-5p were significantly downregulated in pree-
clampsia placenta tissues and late preeclampsia pla-
centa tissues. Thus, miR-138 was selected for further 

experiments. The specific effects of miR-138 on tro-
phoblast functions, including migration, invasion, 
and inflammatory factor levels were examined. The 
predicted binding between miR-138 and RELA, as 
well as miR-138 negative regulation of RELA were 
examined. The specific effects of p65 on trophoblast 
functions and inflammatory factor levels were also 
detected. Finally, the dynamic effects of miR-138 and 
p65 were detected to investigate whether miR-138 
exerts its biological functions through targeting 
RELA. In summary, we attempt to search for 
miRNA that could target RELA, therefore improving 
the trophoblast dysfunction during preeclampsia.

Materials and methods

Clinical sampling

A total of 12 preeclampsia placenta tissues were 
obtained from pregnant women complicated by pre-
eclampsia and a total of 12 normal placenta tissues 
were obtained from physiological pregnant women. 
All women were enrolled voluntarily with signed inf 
ormed consent. The sampling was performed with 
the approval of the Ethics Committee of the Nanfang 
Hospital, Southern Medical University (Approval 
No.NFEC-2017-103). De novo hypertension (blood 
pressure >140/90 mm Hg) and proteinuria 
(>300 mg/day) after 20 weeks of gestation were 
used to diagnose preeclampsia. Women with NP 
had singleton pregnancies and no evidence of preecl 
ampsia or previous hypertensive disorders. Pregnan 
cy evolution was monitored from 22 to 38 weeks of 
pregnancy accordingly [26,27].

Cell lines

An immortalized human trophoblast cell line, 
HTR-8/SVneo (ATCC® CRL-3271™), was obtained 
from ATCC (Manassas, VA, USA) and cultured in 
RPMI-1640 Medium (Invitrogen, Carlsbad, CA, 
USA) supplemented with 5% FBS. A human chor-
iocarcinoma cell line, JEG-3 (ATCC® HTB-36™), 
was obtained from ATCC and cultured in Eagle’s 
Minimum Essential Medium (Invitrogen) supple-
mented with 10% FBS. All cells were cultured at 
37°C in 5% CO2.
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Bioinformation analysis

GEO datasets GSE96983 (Different expression 
profiles of miRNAs in preeclampsia and normal 
placenta) and GSE103542 (Dysregulated Placental 
microRNA in early and late-onset preeclampsia) 
was downloaded. R package Limma was used for 
analyzing the different expression miRNAs (| 
logFC|>0.56, P < 0.05). Online prediction tools 
DIANA TOOLS (http://www.microrna.gr/microT- 
CDS.), TargetScan (http://www.targetscan.org/ 
vert_72/), mirDIP (http://ophid.utoronto.ca/ 
mirDIP/index.jsp) and StarBase (http://starbase. 
sysu.edu.cn/index.php) were used for analyzing 
the target genes of miR-138-5p.

Cell transfection

The overexpression or inhibition of miR-138 was 
achieved by transfecting agomir-138 or antagomir- 
138; agomir-NC or antagomir-NC was used as a neg 
ative control. The silencing of p65 was achieved by 
transfecting sh-p65 vector; sh-NC vector was used as 
a negative control. The overexpression of p65 was ach 
ieved by transfecting pcDNA3.1/p65; empty pcDNA 
3.1 was used as a negative control. All the transfection 
vectors or miRNAs were obtained from GenePharm 
(Shanghai, China). 1 μg/ml vector or 50 nm gomir/ 
antagomir were transfected into HTR-8/SVneo or 
JEG-3 cells using Lipofectamine 3000 (Invitrogen). 
After 6 h, the medium was replaced with fresh com-
plete medium. Cells were harvested for further inves-
tigation after 48 h of transfection. The primers for 
plasmid construction are listed in Table S1.

Hematoxylin and eosin (H&E) staining

Collected placental tissues were paraffin-embed 
ded, sliced into 4-µm thick sections, and routinely 
dewaxed with dimethylbenzene. Then, the slices 
were washed and stained by hematoxylin for 15 m 
in, treated with 1% hydrochloric acid alcohol, and 
stained with eosin staining solution. Then, gradi-
ent alcohol (80% ethanol for 2 sec, 95% ethanol for 
3 min and absolute alcohol for 6 min) was used for 
slices dehydration. Xylene was used for slices trans 

parent. The sections were observed under a micro 
scope.

Polymerase chain reaction (PCR)-based 
examination

The extraction of total RNA from target tissues 
and cells was performed using a TRIzol reagent 
(Thermo Fisher Scientific, Waltham, MA, USA). 
The cDNA synthesis was performed using an 
ABScript II cDNA First-Strand synthesis kit 
(ABclonal Biotech, Wuhan, China). The expres-
sion levels of mRNA and miRNA were examined 
using an SYBR Green PCR Master Mix (Qiagen, 
Hilden, Germany). For calculating the relative 
expression levels of mRNA or miRNA, the 2−ΔΔCt 

method was used [28] taking GAPDH or U6 
expression as an internal reference. The primers 
are listed in Table S1.

Transwell assay

For invasion examination, cells were planted on the 
top side of polycarbonate Transwell filters coated 
with Matrigel at a density of 5 × 105 cells/well. The 
medium without serum was used in the top cham-
bers and medium with serum was used in the bottom 
chamber. After incubating the cells at 37°C for 48 h, 
use a cotton swab to remove noninvasive cells from 
the apical compartment. Invasive cells on the surface 
of the bottom compartment membrane were fixed in 
100% methanol for 10 minutes, air-dried, stained 
with crystal violet solution, and then observed and 
counted under a microscope.

Wound healing assay

Cells (5 × 105 cells/ml) were seeded in 6-well plates. 
When the cell monolayer emerged, cells were treated 
with mitomycin C (1 μg/ml) for 1 h. Then, a scratch 
was made using a sterile toothpick perpendicularly 
to the plane of the cell. After the scratch is com-
pleted, wash the non-adherent cells to make the gap 
clearly visible. At 0 or 48 h of the scratching, the 
width of the scratch was measured under a microsc 
ope (Olympus, Japan) and the relative distance of cell 
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migration to the scratch area was calculated using 
the ImageJ software (NIH, USA).

Immunohistochemical (IHC) staining

Collected placental tissues were paraffin-embed 
ded, sliced into 4-µm thick sections, and routinely 
dewaxed and rehydrated, washed in PBS, and inc 
ubated in H2O2 in methanol for 30 min at room 
temperature to block endogenous peroxidase. The 
nonspecific proteins were blocked by an incuba-
tion with 5% normal goat serum for 30 min at 
room temperature. Then, the serum was discarded 
and the slices were incubated with polyclonal pri-
mary antibody against p65 (10,745-1-AP; Protein 
tech, Wuhan, China) or the blocking serum (as 
negative control) overnight at 4°C. At the end of 
the incubation, the slides were then washed and 
stained with rabbit IgG-immunohistochemical 
SABC kit (Boster, Wuhan, China). After washing 
with PBS, hematoxylin was added for nuclei stain-
ing (0.1% Mayer’s hematoxylin). Then a standard 
dehydration, transparent and mount procedure, 
the slides were observed by microscope.

Immunoblotting

After harvesting the cells, a proper amount of ice- 
precooled lysis buffer was added and cells were put 
onto the ice for 10–20 minutes to lyse the cells. The 
cells were collected and centrifuged at 12,000 g for 
4 min at 4°C. The protein sample concentration was 
measured by a BCA protein assay kit (Beyotime, 
Shanghai, China) method and then adjusted to 
a uniform concentration. Protein samples were sepa-
rated by 10% sodium dodecyl sulfate-polyacrylamide 
gel electrophoresis and then transferred onto 
a polyvinylidene fluoride membrane (Millipore, 
Billerica, MA, USA). Before incubating with the pri-
mary antibodies, the nonspecific binding was blocked 
by incubating the cells with 5% skimmed milk at room 
temperature for 2 h. After that, the membrane was 
incubated with anti-p65 (10,745-1-AP; Proteintech) 
or anti-GAPDH (T0004; Affinity, Cincinnati, OH, 
USA) at 4°C overnight followed by another incubation 
with the proper secondary antibody at room tempera-
ture for 1 h. GAPDH was taken as an internal 

reference. The visualization of the blots was performed 
using a BeyoECL Plus kit (Beyotime) and the signal 
was analyzed by the Amersham ECL Western Blotting 
System (GE Healthcare, Chicago, IL, USA).

Dual-luciferase reporter assay

For validating the binding between p65 (RELA) and 
miR-138-5p, we performed the dual-luciferase repor-
ter assay. Wild- and mutant-type RELA 3’-UTR luci-
ferase reporter plasmids were constructed (wt-RELA 
and mut-RELA) by cloning the wild or mutated RELA 
3’-UTR to the downstream of the Renilla psi- 
CHECK2 plasmid (Promega, Madison, WI, USA). 
These reporter plasmids were co-transfected in 293 T 
cells with agomir-138/antagomir-138 and the lucifer-
ase activity was determined using the Dual-Luciferase 
Reporter Assay System (Promega). The primers for 
plasmid construction are listed in Table S1.

AGO2 assay
The Magna RIP RNA-Binding Protein 

Immunoprecipitation Kit (Millipore) was used to 
assess the interaction of the miR-138-5p, RELA 
3’UTR with AGO2 following the manufacturer’s 
specifications. Briefly, use a lysis buffer containing 
a protease inhibitor cocktail and RNase inhibitor 
to lyse the HTR-8/SVneo cells. Pre-incubate the 
magnetic beads with human anti-Ago2 (ab32381, 
Abcam) or anti-IgG (negative control) for 30 min 
at room temperature. Incubate the cell lysates with 
the Ago2- or IgG-beads complex overnight at 4°C. 
At the end of the incubation, the RNA was pre-
cipitated, purified, reverse transcribed, and the 
levels of miR-135-5p and 3’UTR of RELA were 
detected by qRT-PCR. We used ∆Ct values for 
determining enrichment fold change relative to 
IgG controls. The primers for plasmid construc-
tion are listed in Table S1.

Data processing and statistical analysis

Use GraphPad software to analyze the data. Data 
from all the assays were expressed as mean ± 
standard deviation (SD). All the data were ana-
lyzed by normality test using Kolmogorov-Smir 
nov test. Student’s t-test was used to compare the 
normality data between two groups. The one-way 
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ANOVA follows post hoc Turkey’s test was used 
to compare the normality data among more than 
two groups. Whitney U test for the non- 
parametric data. A P value of less than 0.05 was 
considered statistically significant.

Results

miR-138-5p expression within tissue samples and 
cells

First, we analyzed the GEO dataset GSE96983 and 
GSE103542 using R package Limma (|logFC|>0.56, 
P < 0.05). In GSE96983, 28 miRNAs were down-
regulated, 15 miRNAs were upregulated in pree-
clampsia placenta tissues, compared to normal 
placenta tissues (FigureS1A). In GSE103542, 41 
miRNAs were downregulated, 37 miRNAs were 
upregulated in late preeclampsia placenta tissues, 
compared to early preeclampsia placenta tissues 
(FigureS1B). We intersected the downregulated 
miRNAs from the two GEO dataset (Table S2 
and S3) and found miR-138-5p (Figure 1(a)). 
Later, we validated the expression level of miR- 
138-5p within tissues and trophoblasts upon LPS 
stimulation. According to GSE96983 and 
GSE103542, miR-138-5p expression showed to be 
dramatically decreased within preeclampsia pla-
centa (PE) tissues or late stage PE tissues com-
pared with normal placenta tissues or the early 
stage PE tissues (Figure 1(b)). Then, normal and 
PE placenta tissues were collected and the histo-
pathological characteristics were examined using 
H&E staining. As shown in Figure 1(c), several 
spiral arteries with large lumen and thin walls 
were found in placental tissues of preeclampsia 
(Figure 1(c)). In PE placenta tissues (n = 12), 
miR-138-5p expression showed to be dramatically 
downregulated than that within normal placenta 
tissue samples (n = 12) (Figure 1(d)). Moreover, 
an immortalized human trophoblast cell line, 
HTR-8/SVneo, and a human choriocarcinoma 
cell line, JEG-3, showed to be exposed to 100 ng/ 
ml LPS for 24 h and examined for miR-138-5p 
expression; Figure 1(e) shows that, in both these 
cells, the expression level of miR-138-5p was dra-
matically decreased by LPS stimulation.

Specific effects of miR-138-5p upon trophoblast 
invasion and migration

After confirming that miR-138-5p was abnor-
mally downregulated within PE placenta and 
LPS-stimulated trophoblasts, next, we achieved 
miR-138 overexpression or inhibition within 
both HTR-8/SVneo and JEG-3 cell lines by trans-
fecting agomir-138 or antagomir-138 for func-
tional experiments. The transfection efficiency 
was verified by real-time qPCR (Figure 2(a)). 
Then, agomir-138-transfected cells were exposed 
to LPS and examined for inflammatory factor 
levels, cell migration, and cell invasion. In both 
cell lines, miR-138 overexpression downregulated 
TNF-α and IL-6 mRNA expression (Figure 2(b)), 
whereas promoted migratory ability (Figure 2(c)) 
and invasive ability (Figure 2(d)) of cells; LPS 
stimulation exerted opposite effects (Figure 2(b– 
d)). More importantly, miR-138 overexpression 
partially reversed the effects of LPS stimulation, 
suggesting that miR-138 overexpression could 
improve inflammation and oxidative stress 
caused by LPS.

miR-138-5p directly binds to 3’UTR of RELA

Online prediction tools DIANA TOOLS, 
TargetScan, mirDIP and StarBase were used to 
predict the miR-138-5p targeted genes. There are 
15 candidate genes (FigureS1C). Among them, 
RELA have been reported to be highly expressed 
in preeclampsia placentas and trigger endothelial 
dysfunction in preeclamptic women [13,14,29]. 
Herein, IHC staining showed that p65-positive 
cases were higher in PE pregnancies than those 
within control pregnancies (Figure 3(a)); further 
Immunoblotting also revealed that p65 protein 
contents showed to be significantly upregulated 
within PE placenta tissue samples than those 
within normal placenta tissue samples (Figure 3 
(b)). Consistently, in LPS-stimulated HTR-8/ 
SVneo and JEG-3 cell lines, p65 protein contents 
showed to be dramatically increased than those in 
non-stimulated HTR-8/SVneo and JEG-3 cell lines 
(Figure 3(c)). Thus, LPS could indeed induce p65 
expression in trophoblasts.
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Since miR-138-5p has been predicted to target 
p65, next, HTR-8/SVneo and JEG-3 cell lines were 
transfected with agomir-138/antagomir-138 and exa 
mined for the protein levels of p65; Figure 3(d–e) 
showed that the overexpression of miR-138 decrea 
sed, while the inhibition of miR-138 increased p65 
protein levels. Then, we constructed two different 
types of RELA 3’-UTR luciferase reporter plasmids, 
wild-type and mutant-type. We co-transfected these 

luciferase reporter plasmids in 293 T cells with ago-
mir-138/antagomir-138, and examined for the luci-
ferase activity. Figure 3(f) shows that the overexpre 
ssion of miR-138 dramatically downregulated, while 
the inhibition of miR-138 upregulated wt-RELA 
luciferase activity; when co-transfected with mut- 
RELA, agomir-138 or antagomir-138 transfection fai 
led to alter the luciferase activity of mut-RELA. 
Moreover, the AGO2 assays confirmed that miR- 

Figure 1. Expression of miR-138-5p in tissue samples and cells (a) The different expressed miRNAs in GSE96983 (Different expression 
profiles of miRNAs in preeclampsia and normal placenta) and GSE103542 (dysregulated placental microRNAs in early and late onset 
preeclampsia) were analyzed by R package Limma (|logFC|>0.56, P < 0.05). There are 28 and 41 downregulated miRNAs in 
preeclampsia or in late preeclampsia placenta tissues. MiR-138-5p was selected by the intersection of those two GEO dataset. (b) 
miR-138-5p expression in normal and preeclampsia placenta tissue (GSE96938) and in the early stage and late stage preeclampsia 
placenta (PE) tissues(GSE103542). (c) The histopathological characteristics of normal and PE placenta tissues were examined using 
hematoxylin and eosin (H&E) staining. (d) miR-138-5p expression was examined in normal (n = 12) and PE placenta tissues (n = 12) 
by real-time qPCR. (e) An immortalized human trophoblast cell line, HTR-8/SVneo, and a human choriocarcinoma cell line, JEG-3, 
were exposed to 100 ng/ml LPS for 24 h and examined for the expression of miR-138-5p by real-time qPCR. *P< 0.05, **P< 0.01.
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Figure 2. Specific effects of miR-138-5p on trophoblast invasion and migration (a) HTR-8/SVneo and JEG-3 cells were transfected 
with agomir-138 or antagomir-138 for miR-138 overexpression or inhibition; the transfection efficiency was verified by real-time 
qPCR. Then, HTR-8/SVneo and JEG-3 cells were transfected with agomir-138, exposed to LPS, and examined for the mRNA expression 
levels of TNF-α and IL-6 by real-time qPCR (b); cell migration by Wound healing assay (c); cell invasion by Transwell assay (d). 
*P< 0.05, **P< 0.01, compared with the control group; ##P< 0.01, compared with the agomir-NC + LPS group.
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138-5p and RELA 3’UTR levels were higher in anti- 
Ago2 immunoprecipitate compared to anti-IgG 
immunoprecipitate (Figure 3(g)). These data indi-
cate that miR-138 directly binds RELA 3’-UTR to 
inhibit p65 expression.

In vitro effects of p65 on trophoblast migration 
and invasion

Since p65 is abnormally upregulated in LPS- 
stimulated trophoblasts, next, we conducted p65 
silencing within HTR-8/SVneo and JEG-3 cell lines 

Figure 3. P65 is a direct downstream target of miR-138-5p (a) The protein content and distribution of p65 were determined in 
normal and PE placenta tissues by Immunohistochemical (IHC) staining. (b) The protein levels of p65 were determined in normal and 
PE placenta tissues by Immunoblotting. (c) HTR-8/SVneo and JEG-3 cells were stimulated with LPS and examined for the protein 
levels of p65 by Immunoblotting. (d-e) HTR-8/SVneo and JEG-3 cells were transfected with agomir-138 or antagomir-138 and 
examined for the protein levels of p65 by Immunoblotting. (f) Wild-type and mutant-type RELA 3’-UTR luciferase reporter plasmids 
were constructed and co-transfected in 293 T cells with agomir-138/antagomir-138; the luciferase activity was determined. (g) AGO2 
assay was performed using anti-IgG or anti-Ago2. The levels of miR-138-5p and RELA 3’UTR in immunoprecipitate were determined 
by qRT-PCR. **P< 0.01, ##P< 0.01.
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by transfecting small hairpin RNA for p65 (sh-p65), 
as confirmed by real-time qPCR and 
Immunoblotting (Figure 4(a-b)). Then, we trans-
fected HTR-8/SVneo and JEG-3 cell lines by sh- 
p65, exposed these cells to LPS, and examined for 
related indexes. As for the inflammatory factors, 
LPS-induced increases in TNF-α and IL-6 mRNA 
expression showed to be significantly reduced via 
p65 silencing (Figure 4(c)). As for the cellular func-
tions, LPS stimulation inhibited cell migration 
(Figure 5(a)) and cell invasion (Figure 5(b)), whereas 
p65 silencing exerted opposite effects (Figure 5(a- 
b)); p65 silencing significantly attenuated the func-
tions of LPS stimulation (Figure 5(a-b)). In sum-
mary, p65 silencing might also improve LPS- 
stimulated inflammation and oxidative stress.

miR-138 modulates cell migration, invasion, and 
inflammatory factors through p65

Since miR-138 directly binds to p65, finally, we co- 
transfected HTR-8/SVneo and JEG-3 cell lines with 

pcDNA3.1/p65 and agomir-138 to detect the 
dynamic effects of the miR-138/p65 axis on LPS- 
induced inflammation and oxidative stress. Within 
both cells, p65 protein contents showed to be down-
regulated via the overexpression of miR-138 and 
upregulated via the overexpression of p65; the func-
tions of miR-138 overexpression were partially 
reversed by p65 overexpression (Figure 6(a)). Next, 
co-transfected HTR-8/SVneo and JEG-3 cell lines 
were exposed to LPS and examined for related 
indexes. As for the inflammatory factors, miR-138 
overexpression inhibited, whereas p65 overexpres-
sion promoted TNF-α and IL-6 mRNA expression 
(Figure 6(c)); the effects of miR-138 overexpression 
were partially reversed by p65 overexpression 
(Figure 6(c)). Under LPS stimulation, miR-138 
overexpression promoted the cell migratory ability 
(Figure 7(a)) and invasive ability (Figure 7(b)), 
whereas p65 overexpression exerted opposite effects 
(Figure 7(a-b)); p65 overexpression significantly 
attenuated the functions of miR-138 overexpression 
(Figure 7(a-b)). These data indicate that miR-138 

Figure 4. In vitro effects of p65 on trophoblast inflammatory factors (a-b) P65 silencing was achieved in HTR-8/SVneo and JEG-3 cells 
by transfecting small hairpin RNA for p65 (sh-p65); the transfection efficiency was verified by real-time qPCR and Immunoblotting. 
Then, HTR-8/SVneo and JEG-3 cells were transfected by sh-p65, exposed to LPS, and examined for the mRNA levels of TNF-α and IL-6 
by real-time qPCR (c). *P< 0.05, **P< 0.01, compared with the control group; ##P< 0.01, compared with the sh-NC + LPS group.
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overexpression attenuates LPS-induced inflamma-
tion and oxidative stress through targeting p65.

Discussion

Herein, the study identified the miR-138/RELA 
axis modulating the migratory and invasive ability 

of HTR-8/SVneo and JEG-3 cells, as well as the 
inflammatory factor levels in response to LPS sti-
mulation. miR-138 expression was upregulated in 
preeclampsia placenta and LPS-stimulated HTR-8/ 
SVneo and JEG-3 cell lines. miR-138 overexpres-
sion rescued the migratory ability and invasive 
ability of HTR-8/SVneo and JEG-3 cells inhibited 

Figure 5. In vitro effects of p65 on trophoblast migration and invasion HTR-8/SVneo and JEG-3 cells were transfected by sh-p65, 
exposed to LPS, and examined for cell migration by Wound healing assay (a) and cell invasion by Transwell assay (b). *P< 0.05, 
**P< 0.01, compared with the control group; ##P< 0.01, compared with the sh-NC + LPS group.
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by LPS stimulation, and decreased LPS-induced 
TNF-α and IL-6 levels. By binding the 3’-UTR of 
RELA, miR-138 negatively regulated p65 expres-
sion. The silencing of p65 also improved LPS- 
induced HTR-8/SVneo and JEG-3 cell dysfunction 
and TNF-α and IL-6 levels. More importantly, p65 
overexpression partially reversed the functions of 
miR-138 overexpression upon both cells, indicat-
ing that miR-138 exerted its biological effects 
through targeting RELA.

Aberrant placental miRNA expression was found 
to be implicated in preeclampsia. Timofeeva et al. [20] 
reported that the expression levels of miR-532-5p, 
−423-5p, −127-3p, −539-5p, −519a-3p, and −629-5p 
and let-7 c-5p were decreased by more than two-fold 
within the placenta, whereas the expression levels of 
miR-423-5p, 519a-3p, and −629-5p and let-7 c-5p 
were increased by more than two-fold within the 
blood plasma of pregnancy with preeclampsia; more-
over, miR-423-5p was proposed as an underlying 
candidate for the early diagnosis of preeclampsia in 

the process of targeted therapies for high-risk preg-
nancy. Herein, miR-138 expression was found signif-
icantly downregulated in preeclampsia placenta, as 
well as within HTR-8/SVneo and JEG-3 cell lines 
upon LPS stimulation, suggesting that miR-138 
could be involved in preeclampsia pathogenesis thro 
ugh modulating trophoblast functions and inflamma-
tion in placenta.

miRNAs could participate in multiple events 
during trophoblast dysfunction and preeclampsia. 
miR-30a-3p, which showed to be overexpressed wi 
thin the preeclampsia placentas, could alter JEG-3 
cell invasion and elicit HTR-8/SVneo cell apopto-
sis [30]. Another elevated miRNA in the pree-
clamptic placental specimens, miR-320a, also rema 
rkably suppressed trophoblast invasion [31] and 
growth [32]. In contrast to miR-30a-3p and miR- 
320a, miR-218-5p exhibited a high expression level 
within extra villous trophoblasts and a dramatica 
lly decreased expression level within the placentas 
of preeclampsia. The overexpression of miR-218- 

Figure 6. Dynamic effects of miR-138 and p65 on p65 and inflammatory factors (a) HTR-8/SVneo and JEG-3 cells were co-transfected 
by pcDNA3.1/p65 and agomir-138 and examined for the protein levels of p65 by Immunoblotting. Then, HTR-8/SVneo and JEG-3 
cells were co-transfected by pcDNA3.1/p65 and agomir-138, exposed to LPS, and examined for the mRNA levels of TNF-α and IL-6 by 
real-time qPCR (b). *P< 0.05, **P< 0.01, compared with the control group; ##P< 0.01, compared with the agomir-NC + p65 group.
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5p increased, while anti-miR-218-5p reduced the 
invasive ability of trophoblasts, and the outgrowth 
and differentiation of extra villous trophoblasts 
[33]. Herein, miR-138 overexpression in LPS- 
stimulated trophoblasts also enhanced cell migra-
tory and invasive ability, indicating that rescuing 

miR-138 expression might attenuate trophoblast 
dysfunction during preeclampsia.

In addition to trophoblast behaviors, miR-138 
overexpression significantly reduced LPS-induced 
inflammatory factor levels, including TNF-α and IL- 
6. Considering that miR-138 has been predicted as an 

Figure 7. Dynamic effects of miR-138 and p65 on trophoblast migration and invasion HTR-8/SVneo and JEG-3 cells were co- 
transfected by pcDNA3.1/p65 and agomir-138, exposed to LPS, and examined for the cell migration by Wound healing assay (a) and 
the cell invasion by Transwell assay (b). *P< 0.05, **P< 0.01, compared with the control group; ##P< 0.01, compared with the 
agomir-NC + p65 group.
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upstream regulator of RELA, miR-138 might exert its 
effects through inflammation signaling pathways. As 
we have mentioned, by binding to complementary 
“seed” regions of mRNAs, mature miRNAs could 
induce mRNA degradation and translational repres-
sion, thus preventing protein formation [17]. 
miRNAs reviewed above, including miR-30a-3p, 
miR-320a, and miR-31-5p, all exert their effects in 
preeclampsia through targeting different downstream 
mRNAs. miR-30a-3p acts on trophoblasts through 
targeting IGF-1 [30], miR-320a through estrogen- 
related receptor-gamma [31] and IL4 [32], and miR- 
31-5p through eNOS [25]. Herein, both the bioinfor-
matics and experimental analyses indicated that miR- 
138 directly bound RELA 3’-UTR, leading to the 
downregulation of p65 expression and protein levels.

The effects of NF-κB on placenta inflammation 
and preeclampsia development have been widely 
reported. Numerous studies indicated the activa-
tion of NF-κB signaling in preeclampsia [13,34–-
34–38]. Herein, we also observed increased p65 
protein in preeclampsia placenta and trophoblasts 
in response to LPS stimulation. Similar as miR-138 
overexpression, p65 silencing rescued HTR-8/ 
SVneo and JEG-3 cell migration and invasion, as 
well as decreased TNF-α and IL-6 levels. More 
importantly, p65 overexpression exerted opposite 
effects on trophoblasts and inflammatory factors, 
and dramatically attenuated the effects of miR-138 
overexpression upon trophoblasts and inflamma-
tory factors, indicating that miR-138 exerts its 
functions through targeting RELA.

In conclusion, miR-138 improves LPS-induced 
inflammation and oxidative stress on trophoblasts 
through targeting RELA and affecting NF-κB signal-
ing. The miR-138/RELA axis might be involved in 
preeclampsia pathogenesis, which requires further 
in vivo and clinical researches.
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