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Objective: Recently, microRNA (miRNA) has been identified both as a powerful regulator involved in various biological processes through the 
regulation of numerous genes and as an effective biomarker for the prediction and diagnosis of various disease states. The objective of this 
study was to identify and validate miRNAs and their target genes involved in inflammation in placental tissue. 
Methods: Microarrays were utilized to obtain miRNA and gene expression profiles from placentas with or without inflammation obtained 
from nine normal pregnant women and 10 preterm labor patients. Quantitative real-time polymerase chain reaction and Western blots were 
performed to validate the miRNAs and differentially-expressed genes in the placentas with inflammation. Correlations between miRNA and 
target gene expression were confirmed by luciferase assays in HTR-8/SVneo cells. 
Results: We identified and validated miRNAs and their target genes that were differentially expressed in placentas with inflammation. We also 
demonstrated that several miRNAs (miR-371a-5p, miR-3065-3p, miR-519b-3p, and miR-373-3p) directly targeted their target genes (LEF1, LOX, 
ITGB4, and CD44). However, some miRNAs and their direct target genes showed no correlation in tissue samples. Interestingly, miR-373-3p and 
miR-3065-3p were markedly regulated by lipopolysaccharide (LPS) treatment, although the expression of their direct targets CD44 and LOX 
was not altered by LPS treatment. 
Conclusion: These results provide candidate miRNAs and their target genes that could be used as placental biomarkers of inflammation. These 
candidates may be useful for further miRNA-based biomarker development.
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Introduction

Preterm labor (PTL) is defined as early labor that begins before the 
37th week of pregnancy. Preterm birth via early labor is one of the 

most common complications of pregnancy and can cause neonatal 
mortality and morbidity. Although some diagnostic methods, such as 
risk scoring, cervical length measurements, and biochemical testing, 
are currently used to diagnose PTL [1], they have low sensitivity. Drugs, 
such as corticosteroids and tocolytics, are used to prevent premature 
birth, but these medications can also have serious side effects in the 
fetus and mother [2]. Therefore, significant limitations exist regarding 
the currently available methods of diagnosing and treating PTL.

PTL is more likely in women with multiple pregnancies, and can be 
caused by chronic diseases such as diabetes, hypertension, and in-
fection. However, inflammation is the only process for which a causal 
relationship with the pathogenesis of PTL has been identified [3,4]. 
Thus, the identification of inflammatory factors closely related to dis-
ease might reveal biomarkers that could be used to prevent PTL or to 
predict its prognosis. Various biomarkers related to inflammation, in-
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cluding C-reactive protein [5,6] and fetal fibronectin [7], that can be 
detected in maternal serum or amniotic fluid have been identified as 
possible predictors of PTL. Romero et al. [8] demonstrated that in-
creased levels of CXCL10 and interleukin-6 were associated with 
chronic or acute chorioamnionitis, respectively. However, no bio-
marker has been consistently used to predict PTL because of the ab-
sence of correlations, inaccurate predictions, or excessive time re-
quired to perform the analysis. Therefore, it is essential to discover 
more effective and reliable biomarkers to predict PTL. 

MicroRNAs (miRNAs) are small non-protein-coding RNAs (~22 nu-
cleotides). In general, miRNAs that base-pair with their target mRNAs 
can negatively regulate gene expression by inhibiting the target 
mRNAs or translation, depending on the degree of complementarity 
between the miRNA and its target [9,10]. In addition, miRNAs can 
positively regulate gene expression by affecting promoter activity or 
translational activity [11,12]. One miRNA can influence the expres-
sion of multiple genes by this mechanism. The role of a specific miR-
NA depends on how it regulates its target gene. 

Recently, miRNAs have been explored as diagnostic markers and new 
therapeutic targets of diseases because they are related to various bio-
logical processes, including angiogenesis, cell proliferation, invasion, 
and cell death. They can be easily detected in tissues and all body flu-
ids, including blood [13-15]. In addition, significant differences in miR-
NA expression exist between tissues involved in term labor and PTL 
[16,17]. Differential expression of Dicer, one of the major miRNA-pro-
cessing enzymes, has been reported in reproductive tissues, such as 
the amnion, decidua, and placenta, suggesting that miRNA is closely 
related to pregnancy and parturition [18]. Recent microarray research 
has reported that alterations in miRNA expression were closely associ-

ated with various pregnancy-related disorders, such as PTL [17,19,20]. 
However, prior microarray studies have not reported the exact func-
tional targets of the relevant miRNAs. In addition, several studies have 
shown that miRNAs may exhibit mismatches with their expected tar-
get genes [21,22]. Therefore, the objectives of this study were to identi-
fy the expression of miRNAs and their target genes in term and preterm 
placentas with or without inflammation and to confirm the correla-
tions between miRNAs and their predicted target genes. 

Methods

1. Placenta samples
The collection of placental tissues and their use for research pur-

poses were approved by the Institutional Review Board of Seoul Na-
tional University College of Medicine, Seoul, Korea (IRB No. H-1105-
045-361). All patients provided written informed consent prior to 
sample collection. Placental tissues were collected from women who 
delivered at term ( > 35 gestational weeks) and preterm ( ≤ 35 gesta-
tional weeks). Term placentas were divided those without inflamma-
tion (term (–), n = 6) or term with inflammation (term (+), n = 2). Pre-
term placentas were divided into those without inflammation (PTL 
(–), n = 3) or preterm with inflammation (PTL (+), n = 2). Placentas 
with inflammation were diagnosed with acute choriodeciduitis, am-
nionitis. Normal placentas, delivered at term without inflammation, 
were utilized as controls (Table 1).

2. Cell culture
HTR-8/SVneo trophoblast cells (a trophoblast cell line) were used 

for the in vitro studies. The cells were maintained at 37°C in 5% CO2. 

Table 1. Detailed clinical characteristics of pregnant women with or without preterm labor 

Variable Term (–) (n = 6) Term (+) (n = 2) PTL (–) (n = 3) PTL (+) (n = 2)

Gestational age at delivery (wk) 38.3 (37.4–38.6) 38.0 (37.1–38.6)) 31.8 (26.1–35.0) 30.4 (26.0–34.6)
Birthweight (g) 2,663.3 (2,120–3,170) 2,180 (1,900–2,460) 1,416.7 (610–2,090) 1,090 (540–1,640)
Sex
   Male 4 (66.6) 1 (50) 3 (100) 1 (50)
   Female 2 (33.3) 1 (50) 0 1 (50)
Parity
   0 4 (66.6) 2 (100) 2 (66.6) 1 (50)
   1 2 (33.3) 0 1 (33.3) 1 (50)
   Cesarean delivery 5 (83.3) 2 (100) 1 (33.3) 0
Apgar score
   1 min 6 (2–9) 6.5 (6–7) 5.7 (1–9) 4.5 (3–6)
   5 min 8 (5–9) 7.5 (7–8) 6.7 (2–10) 7.5 (8–7)
Pathologic result
   Chorionitis 0 0 0 1 (25)
   Choriodeciduitis 0 2 (100) 0 1 (25)

Values are presented as median (range) or number (%).
Term, term delivery ( > 35 gestational weeks); PTL, preterm delivery ( ≤ 35 gestational weeks); (–), without placental inflammation; (+), with placental inflammation.
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The culture medium was RPMI-1640 (Gibco, Grand Island, NY, USA) 
supplemented with 5% fetal bovine serum (FBS; Gibco) and 1% pen-
icillin-streptomycin (Gibco). HeLa cells (a cervical cancer cell line) 
were cultured with Dulbecco’s modified Eagle medium (Gibco) con-
taining 5% FBS (Gibco) and 1% penicillin-streptomycin (Gibco).

3. Lipopolysaccharide treatment and miRNA transfection
The HTR-8/SVneo trophoblast cells were adjusted to 1 × 106 cells/

dish on 100-mm dishes (Thermo Fisher Scientific, Roskilde, Den-
mark). The culture medium was RPMI-1640 (Gibco) containing 5% 
FBS (Gibco), 1% penicillin-streptomycin (Gibco), and 20 ng/mL lipo-
polysaccharide (LPS; Sigma-Aldrich, St. Louis, MO, USA). After 24 
hours, the cells were harvested using trypsin (Sigma-Aldrich) and 
Dulbecco’s phosphate-buffered saline (DPBS; Thermo Scientific Hy-
clone, Minneapolis, MN, USA). 

Two miRNAs (miR-373-3p and miR-3065-3p) were transfected into 
the HTR-8/SVneo trophoblast cells utilizing Lipofectamine 2000 (Invi-
trogen, Carlsbad, CA, USA). Scrambled miRNA (5’-CCUCGUGCCGUUC-
CAUCAGGUAGUU-3’) was transfected as a negative control (NC; Ge-
nolution, Seoul, Korea). These cells were plated onto a 100-mm cul-
ture dish (Thermo Fisher Scientific) at a density of 1 × 106 cells/dish. 
The cells were cultured in Opti-MEM (Gibco) containing 20 ng/mL 
LPS (Sigma-Aldrich), 30 nM miRNA, and Lipofectamine 2000 (Invitro-
gen) for miRNA transfection. At 24 hours posttransfection, the cells 
were trypsinized with trypsin/ethylenediaminetetraacetic acid (EDTA; 
Sigma-Aldrich) after washing with DPBS (Thermo Scientific Hyclone).

4. Tissue collection and RNA extraction
The placental tissues were randomly collected from the central area 

of placenta and stored in liquid nitrogen. Total RNA was extracted 
from the placental tissue utilizing Trizol (Molecular Research Center 
Inc., Cincinnati, OH, USA) according to the manufacturer’s instruc-
tions with slight modifications. Briefly, after homogenization, the tis-
sues were mixed with 1 mL of Trizol (Molecular Research Center Inc.) 
and allowed to stand for 10 minutes at room temperature. After add-
ing 0.5 mL of chloroform (Sigma-Aldrich), the sample was then shak-
en vigorously for 10 seconds. It was then allowed to stand for 10 
minutes at room temperature, followed by centrifugation at 13,000 
rpm for 15 minutes at 4°C. The supernatant was transferred to a new 
tube and mixed with 0.4 mL of isopropanol (Merck, Kenilworth, NJ, 
USA) and allowed to stand at room temperature for 10 minutes. After 
centrifugation at 13,000 rpm for 15 minutes at 4°C, the RNA pellet 
was washed with 1 mL of 75% ethanol and centrifuged at 13,000 
rpm for 5 minutes at 4°C. The RNA pellet was then air-dried for 10 
minutes and dissolved in diethylpyrocarbonate-treated (Invitrogen) 
water at 65°C for 5 minutes. The total RNA was stored at –80°C until 
further analysis. The RNA was used to confirm the expression of 

mRNA and miRNA by gene array and quantitative real-time poly-
merase chain reaction (qRT-PCR) analyses.

5. Microarrays
The total RNA quality and quantity were assessed with an Agilent 

Bioanalyzer 2100 (Agilent Technologies, Santa Clara, CA, USA). Gene 
and miRNA expression was analyzed using a GeneChip Affymetrix Pri-
meview array (Affymetrix, Santa Clara, CA, USA) and an Affymetrix 
miRNA 4.0 array, respectively. For the gene expression array, biotinyl-
ated complementary RNA (cRNA) were produced from 500 ng of total 
RNA using the standard Affymetrix (Expression Analysis Technical 
Manual, 2001, Affymetrix) protocol. After fragmentation, 12 µg of 
cRNA was incubated with the GeneChip Human Genome Array for 16 
hours at 45°C. The GeneChip was rinsed and dyed using an Affymetrix 
Fluidics Station 450. The GeneChip was scanned with an Affymetrix 
GeneChip Scanner 3000 7G. For the miRNA expression array, alkalin-
ized cRNAs were produced from 1 µg of total RNA, following the stan-
dard Affymetrix protocol. The GeneChip was scanned with an Affyme-
trix miRNA 4.0 array (Affymetrix). Data analysis was performed using 
robust multichip analysis (RMA) normalization and RMA-detection 
above background normalization (miRNA) with the Affymetrix default 
analysis settings and global scaling as a normalization method. The 
mean target intensity was arbitrarily set to 100 in each array. The nor-
malized and log-transformed intensity values of the genes and miRNA 
were analyzed with GeneSpring GX 13.0 (Agilent Technologies). The 
fold-change, calculated by dividing the log-transformed intensity val-
ues by the control value, was arranged so that a minimum of 150% 
upregulation compared to the control group and a maximum of 66% 
downregulation compared to the control group could be identified. 
Hierarchical clustering data were obtained by GeneSpring GX 13.0 
(Agilent Technologies). The clustering algorithms included Euclidean 
distance and average linkage.

6. Prediction of miRNA targets and pathway analysis
miRNA targets were predicted using a 95% context percentile 

based on the TargetScan6.2 database (http://www.targetscan.org/
vert_71/, accessed March 2018) [23]. Gene ontology (GO) analysis 
was performed, including analyses of the cellular component, mo-
lecular function, and biological processes. Kyoto Encyclopedia of 
Genes and Genomes (KEGG) pathway enrichment analysis was per-
formed for genes that were differentially expressed at 1.5-fold or 
higher by inflammation status in each group. The p-values < 0.05 
were considered to indicate statistical significance for all GO enrich-
ment and KEGG pathway analyses.

7. Real-time PCR
The total RNA quality and quantity were determined using a Nano-
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Drop-2000 (Thermo Fisher). Gene and miRNA expression was ana-
lyzed using the miRNA synthesis kit and FastStart Universal SYBR 
Green Master Mix (Roche Applied Science, Basel, Switzerland). The 
amount of total RNA used was 500 ng. The miRNA was analyzed fol-
lowing the protocol of the miRNA synthesis kit. Briefly, miRNA cDNA 
was synthesized at 37°C for 1 hour, followed by incubation at 85°C for 
5 seconds. The thermocycling conditions for miRNA expression in-
volved an initial denaturation at 95°C for 5 minutes, 40 cycles of dena-
turation at 95°C for 10 seconds, and annealing at 60°C for 5 seconds. 
The dissociation curve conditions were 95°C for 1 minute, 55°C for 30 
seconds, and 95°C for 30 seconds. The cDNA synthesis solution includ-
ed 20 mM oligo-dT (20-mer), 10 nM dNTP mix (Solgent Co., Daejeon, 
Korea), 5 ×  first-strand buffer (Invitrogen), 0.1 M dithiothreitol (Invitro-
gen), RNase-out (Invitrogen), and superscript III RT (Invitrogen). First-
strand cDNA was synthesized at 65°C for 5 minutes, followed by incu-
bation at 4°C for 1 minute. Second-strand cDNA was synthesized at 
50°C for 1 hour and 72°C for 15 minutes. The reaction was then paused 
at 4°C. For gene analyses, 20 pmol of primers and FastStart Universal 
SYBR Green Master Mix (Roche Applied Science) were used. The ther-
mocycling conditions for mRNA expression analysis were an initial de-
naturation at 95°C for 5 minutes, 40 cycles of denaturation at 95°C for 
5 seconds, and annealing at 60°C for 30 seconds. The primer sequenc-
es used for miRNA and gene expression analyses are listed in Table 2.

8. Western blot
To extract placental protein, the tissue was homogenized in RIPA 

buffer (50 mM Tris-HCL, pH 7.6, 150 mM NaCl, 1% NP40, 0.25% deoxy-
cholic acid, 0.1% sodium dodecyl sulfate [SDS], 1 nM EGTA, 1 mM 

EDTA, 10 mM NaF, and 1 mM NA3VO4) containing protease inhibitors 
and a phosphatase inhibitor. After two rounds of sonication for 2 sec-
onds each, the lysate was stored at 4°C for 10 minutes and centrifuged 
at 13,000 rpm for 30 minutes at 4°C. The total protein concentration 
was quantified with a BCA assay kit (Thermo Scientific, Rockford, IL, 
USA). The proteins were subjected to 12% SDS-polyacrylamide for 120 
minutes at 100 V and transferred onto polyvinylidene difluoride mem-
branes (Bio-Rad, Hercules, CA, USA) for 90 minutes at 100 V. After 
blocking with 5% bovine serum albumin (BSA; Amresco, Solon, OH, 
USA) at room temperature for 1 hour, the membrane was incubated 
with CD44 (1:1,000, Mo), LOX (1:1,000, Rb), and/or GAPDH (1:3000, Rb) 
primary antibodies diluted in 5% BSA overnight at 4°C. After washing 
with PBS three times (5 minutes for each wash), the membrane was 
incubated with a horseradish peroxidase-labeled secondary antibody 
(goat anti-mouse immunoglobulin G [IgG] or goat anti-rabbit IgG; Bio-
Rad) diluted in 5% BSA at room temperature for 1 hour. The protein 
bands on the membranes were detected using a Clarity Western ECL 
substrate (Bio-Rad), and captured with c-digit (LI-COR, lincoln, NE, 
USA). The intensity of the bands was measured with ImageJ software.

9. Cloning
The 3’ untranslated regions (UTRs) of the gene sequences targeted 

by miRNAs were identified by Miranda (http://www.microrna.org/
microrna/home.do) [24] and used to design oligonucleotides for the 
luciferase assay. The mRNA-3’ UTR region fragments were amplified 
using PCR. The fragment synthesis solution contained 10 ×  Taq buf-
fer (Solgent Co.), 10 mM dNTP mix (Solgent Co.), and h-taq (Solgent 
Co.). The synthesis conditions were an initial denaturation at 95°C for 
5 minutes, 35 cycles of denaturation at 95°C for 5 seconds, annealing 
at 60°C for 30 seconds, extension at 72°C for 1 minute, and a pause at 
4°C. Then, the PCR product was purified using a PCR purification kit 
(Bioneer, Daejeon, Korea). The product was inserted into multiple 
cloning sites of a pmirGLO vector (Promega, Madison, WI, USA) that 
was linearized by a restriction enzyme. The linearized pmirGLO vec-
tor was mixed with the PCR product and ligase using a ligation pro-
tocol. The complete pmirGLO vector was transformed into compe-
tent cells and spread onto an ampicillin-containing agar plate. After 
24 hours of incubation, colonies were selected and cultured in ampi-
cillin-containing broth. Plasmid DNA was extracted using a plasmid 
mini extraction kit (Bioneer). The fidelity of the plasmid DNA se-
quence was confirmed by DNA sequencing.

10. Luciferase assay
miRNA and a cloning vector were transfected into HeLa cells using 

Lipofectamine 2000 to confirm binding of the miRNA with the mRNA-
3’ UTR. The cells were adjusted to a density of 5 × 104 cells/well in 24-
well plates. The next day, the medium was changed to Opti-MEM 

Table 2. Sequence of used primer for qRT-PCR   

miRNA Accession number Sequence (5’→3’)

miR-3065-3p MIMAT0015378 UCAGCACCAGGAUAUUGUUGGAG
miR-519b-3p MIMAT0002837 AAAGUGCAUCCUUUUAGAGGUU
miR-4793-3p MIMAT0019966 UCUGCACUGUGAGUUGGCUGGCU
miR-373-3p MIMAT0000726 GAAGUGCUUCGAUUUUGGGGUGU
miR-371a-5p MIMAT0004687 ACUCAAACUGUGGGGGCACU
miRNA Predicted target gene Sequence (5’→3’)
miR-3065-3p TLR4 TGCAATGGATCAAGGACCAGAGGC

GTGCTGGGACACCACAACAATCACC
miR-519b-3p LEF1 CGGGTACATAATGATGCCAA

TCACTGTAAGTGATGAGGGGG
miR-4793-3p LOX CCTGGTTCCTGAATCTGACT

CTTCAGAACACCAGGCACTG
miR-373-3p ITGB4 AGGAGACCCAGATTGACACC

CTCAAACACCTCCAGCTCAA
miR-371a-5p CD44 CAATAGCACCTTGCCCACAAT

AATCACCACGTGCCCTTCTATGG

qRT-PCR, quantitative real-time polymerase chain reaction; miRNA, microR-
NA. 
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containing miRNA, the vector, and Lipofectamine until 80% conflu-
ency was reached. Each group was transfected with only the pmir-
GLO vector (at 150 ng/μL) or a combination of the vector (150 ng/μL) 
and 30 nM miRNA mimic or negative control miRNA. Luciferase activ-
ity was analyzed using the Dual-Luciferase Reporter Assay System 
(Promega) according to the manufacturer’s protocol. Twenty-four 
hours later, the culture plate supernatant was removed and the sur-
face was washed with DPBS. The cells were harvested with 1 ×  posi-
tive lysis buffer to prepare cell lysates. Positive lysis buffer (100 μL/
well) was added to the 24-well plate. The plate was then placed on 
an orbital shaker at room temperature for 15 minutes. The lysates (20 
μL/well) were added to a 96-well white plate and luciferase assay re-
agent II was added (80 μL/well). After 2 minutes of incubation, the 
plate was read on a luminometer (BioTek, Winooski, VT, USA) to de-
termine the level of firefly luciferase activity. Then, Stop & Glo reagent 
(Promega; 80 μL) was added to each well to measure Renilla lucifer-

ase activity. Luminescence was calculated as the ratio of firefly lucif-
erase activity to Renilla luciferase activity.

11. Statistical analysis
Data from the qRT-PCR assays were analyzed by two-way analysis 

of variance for multiple comparisons using SigmaPlot 13.0 (Systat 
Software Inc. San Jose, CA, USA). The data are presented as mean ±  
standard error. Statistical significance was considered to be present 
at p < 0.05. 

Results

1. Analysis of miRNA and target gene expression profiles in 
term labor and PTL placentas with or without inflammation

To identify the miRNAs and target genes involved in inflammation 
in term labor and PTL placentas, we divided the placentas collected 

Figure 1. Heatmap of hierarchical clustering. Heatmaps illustrating the differentially-expressed microRNAs (miRNAs; A, B) and genes (C, D) in 
placentas of each group. Term with inflammation (term (+), n = 2), preterm without inflammation (PTL (–), n = 3), and preterm with inflamma-
tion (PTL (+), n = 2) compared to normal-term without inflammation (term (–), n = 6). Red represents upregulated miRNAs and genes. Blue and 
green represent downregulated miRNAs and genes. PTL, preterm labor.

A BTerm (+) PTL (+) PTL (+)PTL (–)
hsa-miR-3065-3p hsa-miR-199b-5p

hsa-miR-1299
hsa-miR-3616-3p
hsa-miR-3158-5p
hsa-miR-23c
hsa-miR-137
hsa-miR-4526
hsa-miR-4786-5p
hsa-miR-204-5p
hsa-miR-223-3p
hsa-miR-188-3p
hsa-miR-3161

hsa-miR-15a-5p
hsa-miR-301a-3p
hsa-miR-497-5p
hsa-miR-4458
hsa-miR-4716-5p
hsa-miR-519a-3p
hsa-miR-519b-3p
hsa-miR-519c-3p
hsa-miR-4635
hsa-miR-4680-5p
hsa-miR-4793-3p
hsa-miR-373-3p
hsa-miR-509-5p
hsa-miR-371a-5p
hsa-miR-4646-5p

C DTerm (+) PTL (+) PTL (+)PTL (–)
LOX NCOA1

PTPLA
MAP4
PTX3
NFASC
NAGS
SLC4A7
INPP5A
RICTOR
ABCG1
C2CD2
PKNOX1

PLEKHAS
ARHGEF4
COL1A2
HEXA
TLR4
AFF3
CD44
COPG2
LEF1
CTPS
ITGB4
CD163
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from normal term and PTL patients into four groups according to 
their inflammation status and analyzed their miRNAs and target 
genes using microarrays. Then, the expression levels of miRNA and 
mRNA in the term (+), PTL (–), PTL (+), and term (–) groups were 
compared. We also matched the miRNAs to their predicted targets 
and analyzed genes that exhibited expression patterns opposite 
those obtained from the TargetScan 6.2 target prediction algorithm 
program. The sets of miRNAs and genes related to inflammation 
were identified based on GO and KEGG pathway analyses.

After excluding overlapping miRNAs in each group, we identified 
187 miRNAs and 232 inflammation-related predicted target genes 
that were differentially expressed by 1.5-fold or more (Supplementa-
ry Tables 1 and 2). A total of 94 miRNAs and 113 predicted target 
genes were identified by comparing placentas with inflammation 
(term (+), PTL (+)) with normal placentas (term (–)) (Supplementary 
Table 1). A total of 133 miRNAs and 186 predicted target genes were 
identified by comparing PTL placentas (PTL (–), PTL (+)) with normal 
placentas (term (–)) (Supplementary Table 2). 

 We then arbitrarily selected 28 miRNAs and 25 of their predicted 

target genes identified in the published literature to validate the ex-
pression patterns and interactions between the miRNAs and their 
gene targets. A heatmap analysis of the differential expression of 28 
miRNAs and 25 predicted target genes showed that the expression 
levels of various miRNAs and genes were altered by inflammation, 
regardless of the duration of pregnancy, suggesting that miRNAs and 
their target genes might play a major role in inflammation (Figure 1).

2. Validation of miRNA and target gene expression in the 
placenta

Among the miRNAs/genes selected through the microarray analy-
sis, the Toll-like receptor 4 gene (TLR4) was identified as an important 
factor in inflammation. TLR4 activates nuclear factor-kappa B signal-
ing in response to LPS [25,26]. Additionally, LEF1, a mediator of the 
Wnt signaling family, plays critical roles in the development of B and 
T cells [27,28]. A gene target matching program showed that miR-
4793 and miR-371a-5p might regulate TRL4 and LEF1, respectively 
(Supplementary Table 1). Therefore, we first validated the expression 
of miR-4793, miR-371a-5p, TLR4, and LEF1 in placental samples using 

Figure 2. Quantitative real-time polymerase chain reaction (qRT-PCR) validation of microarray data in placental tissues for selected genes. The 
expression of five microRNAs (miRNAs; miR-4793, miR-371a-5p, miR-3065-3p, 519b-3p, and miR-373-3p) and their predicted target genes (TLR4, 
LEF1, LOX, ITGB4, and CD44) in placental samples was analyzed by qRT-PCR (A-E). Values represent mean ± standard error. Term, term delivery 
( > 35 gestational weeks); PTL, preterm delivery ( ≤ 35 gestational weeks); (–), without placental inflammation; (+), with placental inflammation.
a)p <  0.05. U6 and GAPDH were used as loading controls. 
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qRT-PCR. The expression levels of TLR4 and LEF1 were increased in 
placentas with inflammation (term (+)) compared to normal placen-
tas (term (–)) (Figure 2A and B). However, unlike the microarray data, 
the expression levels of miRNA-4793 or miR-371a-5p in placentas 
with inflammation (term (+)) were not significantly different from 
those in normal placentas (term (–)) (Figure 2A and B). We analyzed 
three additional miRNAs and their targets known to be involved in 
immune responses using qRT-PCR. The expression levels of miR-
3065-3p, miR-519b-3p, and miR-373-3p were significantly changed 
by inflammation. The level of miR-3065-3p expression was signifi-
cantly lower, whereas levels of miR-519b-3p and miR-373-3p expres-
sion were significantly increased in PTL placentas with inflammation 
(PTL (+)) compared to normal-term placentas (term (–)) (Figure 2C-
E). We then confirmed the expression of LOX, ITGB4, and CD44 to veri-
fy their predicted targets. Although LOX is a target of 3065-3p, its ex-
pression was reduced by inflammation, similar to its miRNA expres-
sion pattern. The levels of ITGA4 and CD44 were also lower in PTL pla-
centas with inflammation (PTL (+)) than in normal-term placentas 
(term (–)) (Figure 2C-E). 

Figure 3. Experimental validation of predicted microRNAs (miRNAs) 
targets using luciferase assays. Luciferase assays were performed to 
validate the interaction of miRNAs with their target genes. Transient 
overexpression of miRNAs, including miR-371a-5p (A), miR-3065-3p 
(B), miR-519b-3p (C), and miR-373-3p (D), reduced the luciferase ac-
tivity of 3' untranslated region reporters of their target genes (LEF1, 
LOX, ITGB4, and CD44, respectively). Values represent mean ±  stan-
dard error. NC, negative control. a)p < 0.05.
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3. Interactions between miRNAs and target genes in 
trophoblast cells

To determine whether LEF1, LOX, ITGB4, and CD44 were direct tar-
gets of miR-371a-5p, miR-3065-3p, miR-519b-3p, and miR-373-3p, 
respectively, 3’ UTR reporters for these target genes were cloned into 
HTR-8/SVneo cells. Reporter genes with miRNA mimics were also 
transfected into HTR-8/SVneo trophoblast cells. Interestingly, when 
treated with miRNA mimics, the luciferase activity of the expected 
target genes (LEF1, LOX, ITGB4, and CD44) was significantly reduced 
(Figure 3). These results indicate that these four miRNAs directly reg-
ulated their respective target genes.

4. Alteration in miRNA expression in response to LPS 
treatment

We further analyzed the expression of miRNAs and their target 
genes in HTR-8/SVneo cells after LPS treatment. A computational 
analysis of the expected target sites using Miranda revealed that the 
3’ UTR region of the CD44 gene was the binding site of miR-373-3p 
(Figure 4A). The mRNA and protein expression levels of CD44 were 
significantly decreased when miR-373-3p was stably transfected into 
HTR-8/SVneo cells (Figure 4B-D). Additionally, the expression of miR-

373-3p was significantly increased by treatment with LPS (Figure 4E). 
However, there was no significant difference in the expression of 
CD44 after LPS treatment (Figure 4F and G). Similarly, the 3’ UTR of 
LOX was the binding site of miR-3065-3p (Figure 5A). When the miR-
3065-3p level increased, LOX mRNA and protein levels significantly 
decreased (Figure 5B-D). However, although the miR-3065-3p level 
was significantly reduced by LPS treatment, LOX expression did not 
change (Figure 5E-G). These results suggest that miR-373-3p and 
miR-3065-3p are closely related to inflammation. However, their di-
rect target genes, including CD44 and LOX, might not be associated 
with inflammation. 

Discussion

High-throughput analytical techniques, such as microarrays, are 
useful tools for identifying and profiling gene expression (including 
miRNA expression) on a large scale to understand the relationships 
between miRNA, genes, and disease [19]. In our study, several hun-
dred miRNAs and gene changes were observed in groups classified 
according to inflammation status (Supplementary Tables 1 and 2). 
However, high-throughput analysis can result in false signals due to 

Figure 5. Interactions between miR-3065-3p and LOX in HTR-8/SVneo trophoblast cells and expression of miR-3065-3p and LOX following lipo-
polysaccharide (LPS) treatment. The 3' untranslated region of the LOX gene contains an microRNAs (miRNAs) binding site for miR-3065-3p (A). 
The expression of miR-3065-3p (B) and LOX mRNA (C) in HTR-8/SVneo cells after treatment with 30 nM miR-373-p was analyzed by quantitative 
real-time polymerase chain reaction (qRT-PCR). The protein levels of LOX were analyzed by Western blots (D). The expression of miR-3065-3p (E) 
and LOX (F, G) after LPS treatment was analyzed by qRT-PCR and Western blots. Values represent mean ± standard error. a)p <  0.05. GAPDH was 
used as a loading control. 
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the screening of large numbers of expressed genes from small sam-
ples. Thus, microarray results must be validated using quantitative 
assays. 

In this study, we validated microarray results using qRT-PCR. The 
qRT-PCR data showed that 3 miRNAs (miR-3065-3p, miR-519b-3p, 
and miR-373-3p) were significantly altered in term and preterm pla-
centas with or without inflammation. However, the miR-4793 and 
371a-5p levels in qRT-PCR were not significantly different. These re-
sults might have been due to difficulties in the analysis caused by the 
unique characteristics of miRNAs or differences in the analytical 
methods. Microarrays, in particular, have low specificity and sensitivi-
ty [29,30]. 

Interestingly, the expression patterns of miR-373-3p and miR-519-
3p, which were altered by inflammation, were different in term and 
preterm placentas, although 3065-3p showed the same pattern of 
change according to inflammation in term labor and PTL. The differ-
ence in gestational age between term labor and PTL placentas may 
have affected their expression. Differential expression patterns of 
miRNAs and genes in placentas according to gestational stage have 
been demonstrated [31,32]. Gu et al. [32] demonstrated that miR-
373 and miR-519b were upregulated in first-trimester placentas 
compared to third-trimester placentas. These results are consistent 
with our findings. Therefore, these results imply that miRNAs can be 
regulated by diverse aspects of the environment, suggesting that 
their functional target validation—with distinct major functions in 
each environment—is required before they are used as biomarkers.

Recent studies have shown that miRNAs are closely related to the 
pathogenesis of disease and that their various targets can be in-
volved in PTL [16,18]. Several studies have also suggested targets for 
differentially-expressed miRNAs through computer predictions 
[16,33]. However, the computer-predicted targets only matched a 
portion of the global mRNA, and often contained false-positive non-
functional targets or missed true-positive functional targets [21,22]. 
There is a paucity of research on precise miRNA target validation. 
Therefore, in this study, the interaction of target miRNA and mRNA 
was verified to identify the correct functional target.

The results of this study showed that miRNAs, including miR-371a-
5p, miR-3065-3p, miR-519b-3p, and miR-373-3p, could directly regu-
late their predicted target genes selected by a prediction algorithm 
analysis in HTR-8/SVneo trophoblastic cells. Furthermore, reverse 
correlations of miR-519b-3p and miR-373-3p with their targets were 
found. ITGB4 and CD44 expression in the placenta was affected by in-
flammation and PTL. However, neither miRNA-371a-5p nor miR-
3065-3p were reversely correlated with LEF1 or LOX in placental tis-
sue. These results show the limitations of computer-generated miR-
NA target prediction and indicate that the expression of miRNAs and 
their predicted target genes may not be precisely matched in in vivo 

samples.
The regulatory mechanisms of miRNA expression are quite com-

plex. miRNA expression can be controlled by a variety of intrinsic and 
extrinsic factors [34]. Additionally, several miRNAs can regulate a sin-
gle target, or the expression of a single gene can control the expres-
sion of several miRNAs. Stephen et al. [33] suggested that miR-21, 
155-5p, 146, and 146a-5p are implicated in PTL. They might regulate 
inflammation by regulating target genes, including TLR-4. TLRs are 
also implicated in the regulation of miRNAs, such as miR-107 [35]. 
Qiu et al. [36] demonstrated that miR-371, miR-139, miR-544, miR-
145, and miR-214 could directly regulate the expression of Runx3. 
Several groups have demonstrated that miR-373 and miR-520c could 
regulate CD44 expression [37,38]. These results suggest that the 
modulation of miRNA target genes is accomplished by very compli-
cated mechanisms.

Members of the TLR family, which are major pattern recognition re-
ceptors, play critical roles in inflammation through the recognition of 
motifs such as pathogen-associated molecular patterns, including 
LPS, peptidoglycan, and damage-associated molecular patterns, 
which are released from infected cells [39]. Kumazaki et al. [40] dem-
onstrated that TLR4 is highly expressed in PTL placentas with chorio-
amnionitis and localized placental macrophages (i.e., Hofbauer cells). 
In addition, treatment of pregnant mice with LPS upregulated TLR4 

[41], consistent with our results. In our study, TLR4 expression was 
higher in placentas with inflammation. However, the expression of 
miR-4793, which was expected to be a modulator of TLR4, was not 
significantly different across the various placenta samples (Figure 2). 

Previous studies have shown that lysyl oxidase (LOX) is directly reg-
ulated by miR-27 and miR-30a [42,43]. LOX is a key enzyme responsi-
ble for the formation of extracellular matrix proteins, such as type I 
and II collagen. LOX is also regulated by tumor necrosis factor alpha, 
a major cytokine responsible for acute and chronic inflammation in 
rat cardiac fibroblasts [44]. In the present study, for the first time, we 
found that miR-3065-3p could directly target LOX. CD44, a glycopro-
tein receptor, is also highly expressed in immune cells, including 
macrophages, neutrophils, eosinophils, and lymphocytes [45-47]. It 
is a potential target for various diseases associated with inflamma-
tion [48,49]. Published studies have already shown that many targets 
of miR-373-3p are involved in various functions, such as migration, 
invasion, proliferation, and DNA repair [50]. However, the function of 
miR-373-3p in a variety of cancers differs depending on the target 
and host cells [38,51,52]. As such, miRNAs display patterns specific to 
different tissues or cells. Thus, it is necessary to choose the appropri-
ate cell line in vitro to represent in vivo samples. HTR-8/SVneo cells are 
derived from trophoblasts, the main placental cells. We demonstrat-
ed that miR-373-3p directly targeted CD44 and that the mRNA ex-
pression of CD44 was significantly lower in miR-373-3p-transfected 
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HTR-8/SVneo cells. Yang et al. [38] demonstrated that, although miR-
373-3p and 520c did not degrade CD44 RNA, they inhibited the 
translation of CD44 involved in the invasion of prostate cancer via 
binding to the 3’ UTR of CD44. These results suggest that this mecha-
nism is different from that involved in cancer cells. 

In addition, we found that the miR-373-3p expression level was sig-
nificantly higher in PTL placentas than in normal-term placentas. 
Whitehead et al. [53] demonstrated that miR-373 was expressed in 
maternal blood at a significantly higher level in the blood of PTL pa-
tients than in patients who experienced normal deliveries. In addi-
tion, miR-373 levels were very high in the maternal blood of fetuses 
with fetal growth restriction, whereas the basal levels in gestation-
matched controls were very low. These findings are consistent with 
our results. However, our findings showed that neither CD44 nor LOX 
expression levels were altered by LPS, although the levels of miR-
373-3p and miR-3065-5p were significantly modified by LPS. These 
in vitro results are consistent with our in vivo results. Although miRNA 
targets were identified, their use as independent biomarkers is limit-
ed because miRNA targets are not real, functional targets. Despite 
the large numbers in this study, we validated only a few target genes 
of miRNA at the RNA level in the matching process between miRNA 
and mRNA. Therefore, further research is needed to validate the ex-
act functional target genes of miRNAs—including miR-373-3p and 
miR-3065-3p—at the protein level to develop potential inflamma-
tion biomarkers.

In summary, we identified miRNAs that exhibited differential ex-
pression in placentas with inflammation and elucidated the direct 
targets of miR-3065-3p, miR-519b-3p, miR-4793, and miR-373-3p. 
However, the expression of some miRNAs and their target genes 
were not correlated in placental tissues. Although miR-3065-3p and 
miR-373-3p were regulated by LPS, the expression levels of their di-
rect targets, LOX and CD44, were not altered by LPS. These results 
show the limitations of using miRNA biomarkers alone and highlight 
the need for accurate, functional target validation and dual biomark-
er use.
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