
REPRODUCTIVE PHYSIOLOGY AND DISEASE

MiR-148a-3p may contribute to flawed decidualization in recurrent
implantation failure by modulating HOXC8
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Abstract
Purpose To evaluate whether miR-148a-3p overexpression is associated with disrupted decidualization of recurrent implantation
failure (RIF).
Methods Endometrial miRNA and mRNA expression profiles during the implantation window derived from women with and
without RIF were identified using microarray and RT-qPCR. Immortalized human endometrial stromal cells (HESCs) were
cultured for proliferation and in vitro decidualization assays after enhancing miR-148a-3p expression or inhibiting putative target
gene homeobox C8 (HOXC8) expression. RT-qPCR, western blot, and luciferase reporter assays were used to confirm the
relationship between miR-148a-3p and HOXC8 gene.
Results MiR-148a-3p was significantly upregulated in RIF endometrial tissues. Forced expression of miR-148a-3p notably
attenuated HESC in vitro decidualization. Mechanistic studies revealed that miR-148a-3p directly bounds to the HOXC8 3′
untranslated region (3′UTR) and suppressed HOXC8 expressions in both mRNA and protein levels. Further investigations
demonstrated that inhibition of HOXC8 in HESCs induced similar effects on decidual process as those induced by miR-148a-
3p overexpression.
Conclusion Taken together, our findings suggested that elevated miR-148a-3p might account for flawed decidualization in RIF
by negatively regulating HOXC8, raising the possibility that miR-148a-3p might be a novel therapeutic target in RIF.
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Introduction

Despite impressive advances in in vitro fertilization-embryo
transfer (IVF-ET) and its derivative techniques, there are still
many infertile couples suffering from recurrent implantation

failure (RIF). RIF, defined as failure to achieve a clinical preg-
nancy following more than three transfers with high-quality
embryos or the transfer of ten or more embryos in multiple
cycles, is an intriguing clinical dilemma in human-assisted
reproduction treatment [1, 2]. Although the underlying
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pathogenesis of RIF remains poorly characterized, it is in-
creasingly apparent that this heterogeneous disease originates
from both asynchronous (displaced) and pathological
(disrupted) window of implantation (WOI) [2, 3]. As a nutri-
tive and immunoprivileged matrix essential for establishing
and maintaining window of receptivity, both displaced and
disrupted decidualization give rise to embryo implantation
failure [4–8].

Decidualization, characterized by the endometrial stromal
cells transformation into specialized secretory decidual cells,
is a prerequisite for underpinning endometrial receptivity and
placental development [4, 9, 10]. In response to the increasing
levels of progesterone and local cyclic AMP production in-
stead of blastocyst implantation, human endometrial
decidualization initiates at the postovulatory phase during reg-
ular menstruation cycle [4]. Of course, successful
decidualization in human reproduction also depends on blas-
tocyst attachment and invasion [11]. Normal decidual process
is fundamental to establish and maintain pregnancy, and sub-
optimal decidualization has been demonstrated to implicate in
adverse ripple effects during human pregnancy such as RIF,
recurrent miscarriage, preeclampsia, preterm birth, and fetal
death [4, 11–13]. To date, an extremely large number of mo-
lecular mediators have been identified to characterize the de-
cidual progress, including steroid hormones, transcription fac-
tors, growth factors, adhesion molecules, cytokines, and
chemokines [4, 14, 15]. However, the detailed molecular
mechanisms underlying decidual process remain elusive.
The remarkable morphological and biochemical changes dur-
ing the decidual response remind us that epigenetic regulation
may be involved in this highly dynamic event.

As important epigenetic modulators, microRNAs
(miRNAs) are increasingly recognized to intertwine with var-
ious essential biological processes in mammalian fertility,
ranging from gametogenesis to embryo implantation [16].
MiRNAs are endogenous, evolutionarily conserved, small
non-coding RNA molecules of 21–24 nucleotides that nor-
mally suppress gene expression through RNA-RNA interac-
tions with the 3′ untranslated region (3′UTR) of their target
messenger RNAs (mRNAs) [17–19]. Compelling evidence
has highlighted the importance of miRNAs in a spectrum of
physiological and pathological processes including prolifera-
tion, differentiation, apoptosis, immunity, and tumorigenesis
[17, 20, 21]. For example, the initially discovered miRNAs
lin-4 and let-7 coordinate developmental timing in
Caenorhabditis elegans by degrading their target develop-
mental regulators [22, 23]. In the last decades, more and more
miRNAs have been reported to participate in human endome-
trial stromal decidualization under different physiological or
intervened conditions [24–27]. In addition, it has become ap-
parent that aberrant miRNA expression could represent an
important contributor to impaired endometrial decidualization
and subsequent embryo implantation defects [28–30].

However, little is known about how miRNAs mediate decid-
ual process in both physiologic and pathologic conditions.

Herein, we utilized miRNA and mRNA microarray assays
to establish simultaneous miRNA and mRNA expression pro-
files in the endometrial tissues at the time of embryo implan-
tation from RIF patients and further characterized the regula-
tory role of altered miRNAs in RIF pathogenesis. Our results
illustrated that significantly elevated miR-148a-3p in RIF
women versus controls may contribute to implantation failure
by suppressing endometrial stromal cell decidualization as a
direct inhibitor of gene homeobox C8 (HOXC8).

Materials and methods

Participants and tissue collection

A total of 31 infertile female patients who underwent in vitro
fertilization or intracytoplasmic sperm injection (IVF/ICSI)
cycles due to male factors were recruited at the Center for
Reproductive Medicine, Cheeloo College of Medicine,
Shandong University and included in this study. The study
group consisted of 18 RIF patients without achieving clinical
pregnancy after > 3 transfers with good quality embryos.
Thirteen women who achieved live birth within the first three
transfer cycles were enrolled as the control group. Before em-
bryo transfer, the embryo morphology for cleavage or blasto-
cyst stage was assessed according to the Puissant criteria or
Gardner blastocyst scoring system, respectively [31]. The
morphologic good-quality blastomeres with 7–10 cells and
scores of ≥ 3 or blastocysts with scores of ≥ 4 BC would be
selected for transfer. All 20–40-year-old volunteers had a reg-
ular ovulatory menstrual cycles (ranging from 25 to 35 days)
and did not receive any hormone drugs or intrauterine contra-
ceptive devices within 3 months prior to endometrial biopsy.
The exclusion criteria for both groups were as follows: cou-
ples with abnormal chromosomal karyotypes, diminished
ovarian reserve (antral follicle count (AFC) < 5 follicles or
basal follicle-stimulating hormone (FSH) level > 12 IU/L),
poor ovarian response in the previous treatment cycles (≤ 3
oocytes retrieved with a conventional stimulation protocol),
known diseases correlated with endometrial pathology (i.e.,
congenital uterine malformation, hysteromyoma, endometrial
polyp, endometriosis, intrauterine adhesions, hydrosalpinx),
and autoimmune disturbances and endocrine dysfunctions.

All women were instructed to monitor the follicles devel-
opment via transvaginal ultrasonography in our center. Then,
the urinary luteinizing hormone (LH) levels were started to be
quantified daily when the diameter of the dominant follicle
exceeded 14 mm. Ovulation was ultimately determined ac-
cording to ultrasound examination combined with an obvious
urinary LH surge. The day of ovulation was defined as day 0,
and the WOI phase was deemed to be the day of ovulation + 7

2536 J Assist Reprod Genet (2020) 37:2535–2544



(day 7). Endometrial biopsy specimens were derived from the
fundal area of the uterine cavity on day 7 after ovulation using
a Pipelle catheter (Unimar Inc., Wilton, Conn) as detailed
[32]. Endometrial tissues from patients and controls were im-
mediately processed and divided into two parts. One part for
RNA extraction was snap-frozen in liquid nitrogen and stored
at − 80 °C. The other was fixed in 4% paraformaldehyde,
dehydrated in graded ethanol, and embedded in paraffin for
histological evaluation.

Hematoxylin and eosin staining

For the histological analysis, paraffin samples were serially
sliced into 5 μm sections. After being deparaffinized with
xylene II and rehydrated in descending graded ethanol
(100%, 100%, 100%, 95%, 80%, and 70%, respectively),
the slices were stained in hematoxylin (Beyotime, Shanghai,
China) for 3 min, differentiated in 1% hydrochloric acid eth-
anol for 10 s, and stained in eosin (Beyotime, Shanghai,
China) for 30 s. Then, the slices were dehydrated in ascending
graded ethanol (95%, 100%, 100%, and 100%, respectively),
cleared in xylene II, and sealed with neutral balsam. Finally,
the slices were observed under a microscopy and histological
scoring was performed according to the Noyes criteria [33].

MiRNA and mRNA microarray assays

The Exiqon miRCURY™ LNA Array (v18.0, Exiqon,
Vedbaek, Denmark) and Arraystar Human LncRNA
Microarray (v4.0, Arraystar, Inc., Rockville, MD, USA)
were utilized to profile miRNA and mRNA expression pat-
terns, respectively, in the endometrial tissues from 8 RIF
patients and 10 controls. RNA extraction, RNA labeling
and array hybridization, and data analysis were carried
out as described in detail previously by KangChen Bio-
tech (Shanghai, China) [34, 35]. To denote significantly
different expressions of miRNAs and mRNAs, a volcano
plot filtering with a fold change > 2.0 and a P value < 0.05
was performed between RIF samples and the matched con-
trol samples. We further filter and select the miRNAs and
mRNAs for investigation considering expression levels,
miRNA-mRNA conjoint analysis, and previously pub-
lished studies [36–40].

Cell culture and treatment

The hTERT immortalized human endometrial stromal cells
(HESCs) originated from the American Type Culture
Collection (ATCC®CRL-4003™; Manassas, VA, USA)were
kindly supplied by Prof. Haibin Wang (Xiamen University,
Xiamen, China). The cells were cultured in phenol red-free
DMEM/F-12 medium (Gibco, Grand Island, NY, USA) sup-
plemented with 10% charcoal-stripped fetal bovine serum

(CS-FBS; Biological Industries, Kibbutz Beit Haemek,
Israel). The human embryonic kidney 293T (HEK293T) cells
were incubated in DMEM High Glucose (HyClone, South
Logan, UT, USA) containing 10% fetal bovine serum (FBS;
Biological Industries). The cells were maintained at 37 °C in
humidified air with 5% CO2 and passaged every 2–3 days by
dissociation with trypsin (HyClone).

For enhanced miR-148a-3p expression in HESCs, the re-
combinant lentivirus containing full-length precursor miR-
148a-3p (abbreviated as miR-148a-3p) was purchased from
Hanbio Biotechnology Co., Ltd. (Shanghai, China). The emp-
ty lentiviral vector which only expressed a fluorescent reporter
gene, ZsGreen, was used as a negative control (miR-NC).
Gene HOXC8 was knocked down in HESCs by using short
hairpin RNA (shRNA) lentiviral vectors. The effective target
sequence forHOXC8 shRNAwas 5′-GAGACGCCTCCAAA
TTCTATGGCTA-3′. The lentiviral vectors with HOXC8
shRNA sequence (abbreviated as shHOXC8) and empty vec-
tor (shR-NC) were also constructed by Hanbio Biotechnology
Co., Ltd. (Shanghai, China). To generate the stable HESC line
expressing miR-148a-3p or suppressing HOXC8, HESCs
were plated into 6-well plates and cultured overnight. When
cells reached 40% confluence, the medium was removed and
replaced with the complete medium supplemented with
lentiviral particles and polybrene (Hanbio Biotechnology
Co., Ltd.). Three days after infection, the transduction effi-
ciency of HESCs with ZsGreen signals was evaluated by
inverted fluorescence microscope. Expression of ZsGreen
above 90% was considered successful. Thus, the stably
transfected cells were expanded and harvested for subsequent
assays.

Reverse transcription and quantitative real-time PCR

Total RNA was extracted from endometrial biopsy speci-
mens or cultured HESCs utilizing TRIzol Reagent
(TaKaRa, Dalian, China). MiRNAs were reverse-
transcribed with Mir-X™ miRNA First-Strand Synthesis
Kit (TaKaRa), and total RNA was reversely transcribed
into cDNA with PrimeScript™ RT reagent Kit with
gDNA Eraser (TaKaRa) according to the manufacturer’s
protocol. Reverse transcription and quantitative real-time
PCR (RT-qPCR) were employed with SYBR® Premix Ex
Taq™ Kit (TaKaRa) on a LightCycler® 480 System
(Roche, Basel, Switzerland). Small nuclear RNA RNU44
and β-actin served as endogenous controls for miRNA and
mRNA, respectively. Relative expression was calculated
using the 2−ΔCt method (ΔCt = Ct miRNA/gene of interest
− Ct internal control) in endometrial tissues or the 2−ΔΔCt

calculation [ΔΔCt = (Ct miRNA/gene of interest − Ct
internal control) sample A − (Ct miRNA/gene of interest
− Ct internal control) sample B] in cultured cells [41]. The
RT-qPCR primers are listed in Supplemental Table 1, and
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the reverse primer for miRNA was provided by the Mir-
X™ miRNA First-Strand Synthesis Kit. Each sample was
analyzed in triplicate.

Western blotting

The proteins extracted from cultured cells with sodium dode-
cyl sulfate (SDS) loading buffer were separated by SDS-
polyacrylamide gel electrophoresis (SDS-PAGE), blotted onto
polyvinylidene fluoridemembranes (Millipore, Billerica,MA,
USA), and then probed with antibodies. The antibodies used
were as follows: anti-HOXC8 (Sigma-Aldrich, St. Louis,MO,
USA, H1791, 1:1000), anti-proliferating cell nuclear antigen
(anti-PCNA, a proliferation marker for evaluating cell prolif-
eration; Santa Cruz Biotechnology, Santa Cruz, CA, USA, sc-
56, 1:1000), anti-β-actin (as an internal reference; Cell
Signaling Technology, Danvers, MA, USA, 41970s,
1:5000), Peroxidase-conjugated Affinipure Goat Anti-Mouse
(Proteintech, Chicago, IL, USA, SA00001-1, 1:5000), and
Peroxidase-conjugated Affinipure Goat Anti-Rabbit
(Proteintech, SA00001-2, 1:5000). The immunoreactive
bands were visualized with Immobilon™ Western
Chemiluminescent HRP Substrate (Millipore) in ChemiDoc
MP Imaging System (Bio-Rad, Hercules, CA, USA).

Cell proliferation assays

Cell counting kit 8 (CCK8) and 5-ethynyl-2′-deoxyuridine
(EdU) assays were adopted to evaluate cell proliferation
in lentivirus-miR-148a-3p and miR-NC transduced
HESCs. For CCK8 assay, the two cell groups were seeded
into 96-well plates (2000 cells/well) in decuplicate and
cell viability was detected at 1, 2, 3, and 4 days after
seeding by employing the CCK8 reagent (Beyotime,
Shanghai, China). Proliferating HESCs were further
assessed after a 48-h incubation in a 96-well plate in trip-
licate using Cell-Light™ EdU Apollo® 567 In Vitro
Imaging Kit (RiboBio, Guangzhou, China). The number
of EdU-incorporated cells was counted in five random
fields per well under a fluorescence microscopy. The
EdU-positive cell rate was calculated with (EdU add-in
cells/Hoechst-stained cells) × 100%.

In vitro decidualization

Awell-established in vitro decidualization procedure was per-
formed to estimate whether miR-148a-3p or HOXC8 deregu-
lation result in aberrant decidualization in HESCs. To induce
decidualization in vitro, HESCs were cultured in 2% CS-FBS
phenol red-free DMEM/F-12 medium with 1 μM
medroxyprogesterone-17-acetate (MPA; Sigma-Aldrich) and
0.5 mM N6,2 ′ -O-dibutyryladenosine 3 ′ ,5 ′-cycl ic
monophosphate sodium salt (db-cAMP; Sigma-Aldrich) for

6 days in a humidified 5%CO2 incubator at 37 °C. The culture
media were renewed every 2 days, and the induced decidual
cells were collected for RNA isolation at 2, 4, and 6 days after
decidualization, respectively. The classical decidualization
marker prolactin (PRL) and insulin-like growth factor–
binding protein-1 (IGFBP1) mRNA levels during in vitro de-
cidual process were quantified by RT-qPCR.

Dual-luciferase reporter assay

To construct plasmids for dual-luciferase reporter assays,
wild-type HOXC8 complementary DNA (containing the pu-
tative miR-148a-3p binding sites) and a mutant HOXC8 se-
quence (mutant in miR-148a-3p binding sites) were synthe-
sized and inserted into pmirGLO vector (Promega, Madison,
WI, USA). In addition, miR-148a-3p mimics (double-
stranded RNA oligonucleotides) and negative control (NC
mimics) were obtained from GenePharma Inc. (Shanghai,
China). For reporter assays, the HEK293T cells were co-
transfected with wild-type (HOXC8 WT) or mutant
(HOXC8 Mut) reporter plasmid together with miR-148a-3p
mimics or NC mimics by Lipofectamine® 2000 Reagent
(Invitrogen, Carlsbad, CA, USA). The dual-luciferase reporter
assay system (Promega) was applied to calculate the relative
luciferase activity 2 days post-transfection according to the
manufacturer’s instructions. Each sample was implemented
in triplicate.

Statistical analysis

All statistical analyses were performed using the Statistical
Package for the Social Sciences, version 20.0 (SPSS 20.0;
SPSS Inc., Chicago, IL, USA). Kolmogorov-Smirnov test
was first introduced for evaluating the distribution of con-
tinuous variables. Normally distributed data were shown as
mean ± standard error of the mean (SEM), and non-normal
data were expressed as median (quartile interval).
Considering data distribution, two-tailed Students’ t test
or Mann-Whitney U test was appointed for continuous var-
iables. Categorical variables were given as numbers
(percentages) and analyzed with chi-square test. All bio-
logical assays were repeated at least three times. A P value
< 0.05 was considered as statistically significant.

Results

Clinical and histological characteristics of all
participants

Table 1 summarizes the clinical characteristics of women re-
cruited in this study. No significant differences were observed
in the clinical features between RIF and control group,
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especially age, body mass index (BMI), ovarian reserve
levels, and infertility duration. A portion of each endometrial
sample was evaluated histologically and dated to be receptive,
mid-secretory phase endometrium. The stromal cells in the
endometrium on day 7 after ovulation from both RIF and
controls are mounting a decidual response, characterized by
cytoplasmic expansion and rounding of cells. No differences
in histological evaluation were showed in patients and con-
trols (Fig. 1a, b).

MiR-148a-3p was significantly elevated in
endometrial tissues from RIF patients

To hunt for transcripts that potentially persecute embryo im-
plantation, miRNA and mRNA expression profiles in the en-
dometrial specimens collected from 8 RIF patients and 10
matched controls were revealed by microarray analysis. Our
primary Exiqon array data were deposited in the Gene
Expression Omnibus database under accession number
GSE121219. A total of 157 miRNAs and 294 mRNAs exhib-
ited distinct expression patterns in RIF patients as opposed to
controls (fold change > 2.0 and P value < 0.05; data not
shown). To systematically filter transcripts for further investi-
gation, the collaborative miRNA-mRNA network involved in
pregnancy establishment and maintenance was generated by a
miRNA-mRNA conjoint analysis. Based on bioinformatic
analysis and previous data, miR-148a-3p, as one of most up-
regulated miRNAs uncovered by the microarray, and its target
gene HOXC8 were selected for further research (Fig. 2a, b).
The endometrial tissues from 18 RIF and 13 controls were
assessed via RT-qPCR to confirm the microarray results on
miR-148a-3p and HOXC8. In consonance with microarray

data, miR-148a-3p was significantly increased in RIF patients
(fold change = 2.65, P < 0.01; Fig. 2c), whereas no obvious
difference was found in HOXC8 expression (Fig. 2d).

MiR-148a-3p overexpression suppressed HESC in vitro
decidualization

To gain insights into the contributions of miR-148a-3p to
HESCs, a stable miR-148a-3p-overexpressing HESC line
(Supplemental Fig. 1a) was generated for in vitro cell prolif-
eration and decidualization assays. For cell proliferation anal-
ysis, CCK8, western blotting for PCNA and EdU assays were
carried out. There were no observable differences in the cell
viabilities (Fig. 3a), PCNA protein levels (Fig. 3b), and EdU-
positive cell ratios (Fig. 3c, d) among miR-148a-3p and miR-
NC groups, which disclosed that upregulated miR-148a-3p
did not interfere with HESCs proliferation. Afterwards, a re-
liable in vitro induced decidualization system was resorted to
unearth whether increased miR-148a-3p expression affect
HESC decidualization. The mRNA levels of two decidual
markers PRL and IGFBP1 were significantly downregulated
in decidualized HESCs after treatment with miR-148a-3p
(Fig. 3e, f). These results added novel evidence showing that
miR-148a-3p adversely disturbed HESC decidual process
in vitro.

HOXC8 was a direct functional target of miR-148a-3p

HOXC8 was potential target gene of miR-148a-3p through in
silico analysis. Despite RIF and control women displayed par-
allel HOXC8 expression levels, the HOX family member,
HOXC8, was still selected as a potential target of miR-148a-
3p in accordance with previous studies [39, 40]. RT-qPCR and
western blotting assays were performed to validate the regu-
lation of miR-148a-3p on HOXC8 and exhibited that forced
expression of miR-148a-3p markedly reduced the HOXC8
mRNA and protein levels in HESCs (Fig. 4a, b).
Subsequently, the wild-type and mutated 3′UTRs of HOXC8
were cloned into the dual-luciferase reporter vectors to explore
whether miR-148a-3p straightforwardly target HOXC8 3′
UTR. HEK293T cells co-transfected with miR-148a-3p
mimics and reporter vector HOXC8-WT showed significantly
decreased luciferase activity (Fig. 4c). These results indicated
that HOXC8 was a direct target of miR-148a-3p.

To further elucidate the potential involvement of HOXC8
in decidual progression, we brought the lentivirus-shHOXC8
infected HESC line (Supplemental Fig. 1b, c) into the in vitro
model for decidualization. As expected, HOXC8 inhibition
produced significant decreases in PRL and IGFBP1 mRNA
levels during HESC decidual process (Fig. 4d, e), which
claimed that HOXC8 was a functional target gene of miR-
148a-3p.

Table 1 Clinical characteristics of RIF and control group

Clinical characteristics RIF (n = 18) Control (n = 13) P value

Age (years) 33.22 ± 0.69 30.62 ± 1.43 0.117a

BMI (kg/m2) 23.43 ± 0.67 23.99 ± 1.13 0.655a

Basal FSH (IU/L) 6.60 (1.63) 6.37 (1.21) 0.357b

Basal FSH/LH 1.55 ± 0.17 1.62 ± 0.15 0.777a

Right AFC 8.00 ± 0.78 8.31 ± 0.76 0.786a

Left AFC 7.00 (4.50) 7.00 (5.50) 0.456b

Infertility duration (years) 4.56 ± 0.74 4.81 ± 0.73 0.815a

Primary infertility, n (%) 8 (44.4) 7 (53.8) 0.605c

Data were listed as mean ± SEM, median (quartile interval), or numbers
(%). Statistical significance was considered as a P value < 0.05

RIF recurrent implantation failure, BMI body mass index, FSH follicle-
stimulating hormone, LH luteinizing hormone, AFC antral follicle count
a Two-tailed Students’ t test
b Two-tailed Mann-Whitney U test
c Chi-square test
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Discussion

In the present study, we profiled miRNA and mRNA expres-
sion patterns in endometrial tissues derived from RIF patients
and observed that miR-148a-3p showed a striking upregula-
tion in RIF compared with normal controls. We further dis-
covered that miR-148a-3p overexpression attenuated HESC
in vitro decidualization by targeting HOXC8. These findings
indicated that miR-148a-3p might induce a blunted
decidualization response in RIF by directly repressing
HOXC8, which provided new insights into epigenetic patho-
genesis for RIF.

RIF is a predicament encountered in reproductive medi-
cine, which frequently puzzles both physicians and patients.
Although human embryo implantation defects have been
widely studied in recent years, its precise molecular mecha-
nism is not yet understood. More recently, new insights into
miRNAs in RIF pathogenesis of endometrial origin have
emerged, and several RIF-associated miRNAs are beginning

to be characterized [30, 42, 43]. For example, Revel et al.
identified 13 differentially expressed miRNAs in the secretory
endometrium of RIF patients compared with fertile women
and one of the upregulated miRNAs was miR-145 whose
predicted targets were involved in cell cycle and cell adhesion
pathways critical for implantation [30]. Then, Kang et al. re-
vealed that miR-145 distorted embryo-epithelial juxtacrine
communication at implantation by suppressing maternal
type-1 insulin-like growth factor receptor (IGF1R) [43].
Despite this, to our knowledge, the miRNA-processing ma-
chinery in insufficient endometrial decidualization during the
implantation window that may underlie human implantation
failure remains to be explored. Here we described a specific
endometrial miRNA-mRNA expression profile in RIF at the
time of embryo implantation and, for the first time, uncovered
a miR-148a-3p/HOXC8 regulatory circuit that might account
for flawed decidualization in RIF.

MiR-148a-3p, a member of miR-148/152 family, is lo-
cated at chromosome 7p15.2 and has previously been

Fig. 2 Microarray validation of
miR-148a-3p and HOXC8 ex-
pressions by RT-qPCR. a, b
Altered expressions of miR-148a-
3p and HOXC8 in RIF relative to
control were uncovered by mi-
croarray assays. c, d RT-qPCR
was employed for validating the
miR-148a-3p and HOXC8 ex-
pressions. RT-qPCR reverse tran-
scription and quantitative real-
time PCR, RIF recurrent implan-
tation failure. Data were
expressed as mean ± SEM (a, b)
or median with interquartile range
(c, d). a, b Two-tailed Students’ t
test. c, d Two-tailed Mann-
Whitney U test. **P < 0.01,
***P < 0.001

Fig. 1 Histological evaluation of
the endometrium. Hematoxylin
and eosin stained the
endometrium on day 7 after
ovulation from RIF (a) and
controls (b). Scale bar = 50 μm
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implicated in cellular differentiation and development
[36–38]. It has been generally accepted that miR-148a-3p
was underexpressed in numerous solid tumors and pro-
posed as a tumor suppressor in oncogenesis, whereas its
expression level and role in RIF pathogenesis remain enig-
matic [36]. As outlined in our study, miR-148a-3p was
expressed at a relatively high level in RIF women versus
controls. Given the causative role of decidual program in
RIF, in vitro decidualization modeling was used to investi-
gate whether altered miR-148a-3p expression hamper
HESC decidualization. Our data showed that forced

expression of miR-148a-3p notably attenuated HESC
in vitro decidualization, which indicated that miR-148a-
3p might be a negative regulator for decidual response in
RIF.

Following paired miRNA and mRNA expression profiles
in our microarray results,HOXC8was experimentally validat-
ed as a miR-148a-3p target. HOXC8 belongs to homeobox
gene family, members of which encode homeodomain-
containing transcription factors that play an essential role in
embryonic morphogenesis and differentiation [44]. HOXC8
functions as a transcriptional activator or repressor to regulate

Fig. 3 MiR-148a-3p overexpression impaired HESC in vitro
decidualization. a For CCK8 assay, the cell index was tested at days 1,
2, 3, and 4 following seeding of HESCs overexpressing miR-148a-3p or
miR-NC. b Western blotting assay assessed the PCNA protein levels
upon miR-148a-3p overexpression in HESCs. c, d EdU cell proliferation
assay was utilized for calculating the S-phase cell percentages in lentivi-
rus-miR-148a-3p-HESCs. S-phase cells were incorporated by EdU (red).
e, f The stable HESCs were subjected to in vitro decidualization for
6 days. The relative expression levels of decidual markers PRL and

IGFBP1 were analyzed by RT-qPCR in decidualized HESCs collected
on 2, 4, and 6 days after induced decidualization in vitro. HESCs human
endometrial stromal cells, CCK8 cell counting kit 8, NC negative control,
PCNA proliferating cell nuclear antigen, EdU 5-ethynyl-2′-deoxyuridine,
PRL prolactin, IGFBP1 insulin-like growth factor–binding protein-1, RT-
qPCR reverse transcription and quantitative real-time PCR. Data were
shown as mean ± SEM. **P < 0.01, ***P < 0.001, two-tailed Students’
t test

2541J Assist Reprod Genet (2020) 37:2535–2544



numerous physiological processes, such as cell proliferation,
differentiation, migration, and adhesion [45]. There is a grow-
ing realization that aberration inHOXC8 expression is respon-
sible for tumorigenesis in various tumors [46, 47]. It is intrigu-
ing to note that diminished HOXA10 or HOXA11 expression
has been reported to impede endometrium receptivity and em-
bryo implantation in women with endometriosis, polycystic
ovarian syndrome, fibroids, or hydrosalpinx, suggesting that
maternal HOX gene expression is indispensable for human

implantation process [39, 40]. Therefore, we postulated that
HOXC8, a paralogous gene of HOXA10 and HOXA11, might
also participate in modulating endometrium receptivity for
implantation. No significant difference in endometrial
HOXC8 expression was detected between RIF patients and
controls, which might be attributed to complicated miRNA-
mRNA regulatory networks or its moderate effect on endome-
trial function in vivo. Taken the crucial role of HOX family
into consideration, we proceeded to interpret whetherHOXC8

Fig. 4 HOXC8 was a direct functional target of miR-148a-3p. a, b
Comparison of HOXC8 mRNA and protein expression levels in HESCs
infected with lentivirus-miR-148a-3p versus miR-NC. c The putative
miR-148a-3p-binding sites in HOXC8mRNA 3′UTR and correlated mu-
tant sequences were presented. The direct interaction between miR-148a-
3p and HOXC8 was revealed by dual-luciferase reporter assay. d, e RT-
qPCR quantified the PRL and IGFBP1 mRNA levels to evaluate the

decidual responses in in vitro decidualized HESCs transduced with
shHOXC8 or shR-NC lentiviruses after 2, 4, and 6 days. HESCs human
endometrial stromal cells, NC negative control, 3′UTR 3′ untranslated
region, WT wild type, Mut mutant, RT-qPCR reverse transcription and
quantitative real-time PCR, PRL prolactin, IGFBP1 insulin-like growth
factor–binding protein-1. Data were presented as mean ± SEM.
***P < 0.001, two-tailed Students’ t test
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was a direct functional target of miR-148a-3p in vitro. As
speculated, we confirmed that HOXC8 destroyed the HESC
decidual program as a direct target gene of miR-148a-3p.

In addition, we assessed each endometrial biopsy tissue
histologically and found no differences in histological endo-
metrial dating between patients and controls. It is conceivable
as histological dating of timed endometrial biopsy tissue alone
lacks the sensitivity to evaluate endometrial development and
is not related to fertility status [6, 48]. Our results further
discovered that abnormal miRNA caused pathological
(disrupted) decidualization in RIF, which also highlight the
abovementioned point.

In conclusion, miR-148a-3p has appeared as a novel re-
pressor of decidualization in vitro during the receptive period
for embryo implantation, and overexpressed miR-148a-3p
might answer for suboptimal decidual process in RIF as a
negative regulator of HOXC8. Of note is that the molecular
mechanism of HOXC8 as a transcription factor during
decidualization process remains unclear in our study.
Nonetheless, our findings strengthened the concept that
miRNA-mediated decidualization was vital for human em-
bryo implantation and raised the prospect that modulating
disordered miRNAs might be helpful for improving implan-
tation rates in reproductive treatment. So more profound
mechanism is warranted for further investigation to explore
this possibility.
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