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Abstract: Little is known about the role of long non-coding RNA SNHG7-1 in the development of recurrent spontane-
ous abortion (RSA). The aim of the present study was to investigate the levels of SNHG7-1 in villi of RSA, and explore 
its underlying mechanism. The qRT-PCR assay SNHG7-1 showed that the expression level was downregulated in 
RSA and HTR-8/SVneo cells. In addition, the growth rate of cells transfected with si-SNHG7-1 was significantly 
decreased compared to that with si-NC, which was reversed by miR-34a targeted with 3’-UTR. Moreover, miR-34a 
suppressed the expression of WNT1 by binding with the 3’-UTR, which interact with WNT1 to inhibit the proliferation 
of cells. Furthermore, miR-34a inhibitor rescued the dysregulation of WNT1, p-β-catenin, β-catenin, cyclinD and c-
Myc by si-SNHG7A-1. In short, the current study suggests SNHG7-1 plays as an important role in RSA progression 
targeted by miR-34a via Wnt/β-catenin signaling pathway, providing a novel insight for the pathogenesis and under-
lying therapeutic target for RSA.
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Introduction

Recurrent spontaneous abortion (RSA) is one 
of the common pregnancy complications, which 
refers to three or more consecutive pregnancy 
losses prior to the 20th week of gestation with 
about 1-3% incidence [1, 2]. Many studies have 
reported that the causes of RSA involve chro-
mosomal abnormality [3], anatomic deforma-
tion [4], endocrine disorder [5] and immunode-
ficiency [6]. However, there are still about 50% 
of recurrent abortions couldn’t be explained 
[7]. Thus, more research is needed to under-
stand potential mechanisms and therapies of 
RSA.

Long noncoding RNAs (lncRNAs) are a type of 
evolutionarily highly conserved non-coding 
RNAs, with the length of more than 200 nucleo-
tides [8]. LncRNAs play an important role in 
diverse cellular processes, such as regulation 
of gene expression, posttranslational process-
ing and tumorigenesis [9, 10].

SNHG7 (small nucleolar RNA host gene 7) is 
one of the identified lncRNAs, which is located 
on chromosome 9q34.3, with a length of 2176 
bp [11]. SNHG7 have been reported to involve 
in multiple types of physiological processes, 
such as alternative splicing, nuclear organiza-
tion, epigenetic modulating of gene expression, 
and a number of evidences indicate that SNHG7 
also closely relate to various pathological pro-
cesses in many cancers, such as lung cancer 
[12], hepatocellular carcinoma [13], gastric 
cancer [14] and renal cell carcinoma [15]. 
Nevertheless, the role of SNHG7 in RSA remains 
elusive.

MicroRNAs are short endogenous non-coding 
molecules (about 19-23 nucleotides) that re- 
gulate gene expression by binding to the 
3’-untranslated regions (3’-UTRs) of target 
mRNAs, which play an important role in main-
taining the homeostasis [16, 17]. Multiple stud-
ies have reported microRNAs plays vital role in 
RSA. For example, miR-10a impairs expression 
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of Bim to regulate RSA progression [18], the 
polymorphisms of miRNA-27a rs895819 A/G 
and Leptin rs7799039 G/A may contribute to 
an increased risk of RSA [19]. Whether miR-
34a acts on RSA progression is still not very 
clear.

Taken together, our study revealed that SNHG7 
was aberrantly down-regulated in RSA tissue 
and cells. The current study aims to investigate 
the levels of SNHG7 in the progression of RSAs, 
and explore its underlying mechanism.

Materials and methods

Patients and clinical samples collection

The villi tissues were obtained from patients 
with RSA and clinically normal pregnancies ter-
minated for non-medical reasons, who visited 
Linyi Central Hospital from January 2017 to 
December 2017. The demographic characteris-
tics and clinical profiles of RSA patients and 
control subjects are shown in Table 1. The RSA 
group consisted of 30 childless women aged 
25-30 years with a history of three or more 
spontaneous abortions. Criteria for inclusion in 
RSA group: normal chromosomes of both hus-
band and wife; normal reproductive endocrine; 
no diabetes, thyroid dysfunction and other sys-
temic diseases; no organic deformity of uterus 
and genital tract; anti-endometrial test was 
negative; anti-cardiolipin antibody was nega-
tive; there was no inflammation in the genital 
tract; the sperm quality and activity of the hus-
band were normal; toxoplasma, herpes simplex 
virus, cytomegalovirus and rubella virus anti-
bodies IgM and IgG were all negative. The con-
trol group includes 30 pregnant women aged 
25-30 years with request for termination of 
pregnancy because of unplanned pregnancy. 
Criteria for inclusion in control group: ultraso- 
nic examination indicates the primitive cardiac 

stored at -80°C for further analysis. The study 
was approved by the ethics committee of Linyi 
Central Hospital and written informed consent 
was obtained from each participant with the 
following reference number: 20161201.

Cell culture and transfection

The HTR-8/SVneo cell lines (purchased from 
Jilin University) were cultured in RPMI1640 
(Gibco, Invitrogen, USA) supplemented with 
10% fetal bovine serum, heat inactivated, 1% 
penicillin/streptomycin, and 1% L-glutamine at 
37°C in a humidified, 5% CO2 atmosphere. For 
transfection, cells were seeded into plates and 
transfected with si-SNHG7, miR-34a mimic and 
miR-34a inhibitor (Gene Pharm, Shanghai, 
China) mixed with Lipofectamine 2000 reagent 
(Invitrogen, Carlsbad, MA, USA) according to 
the manufacturer’s protocols.

Real time quantitative PCR analysis

The total RNA was extracted from cells using 
Trizol reagent (Invitrogen, Shanghai, China) 
according to the manufacturer’s instructions. 
Complementary DNA (cDNA) was synthesiz- 
ed using a reverse transcription kit (Takara 
Biotechnology, Dalian, China). Relative quantity 
of cDNA was assessed by quantitative PCR. 
Relative levels of gene expression was ex- 
pressed relative to GAPDH or U6 and calculat-
ed using the 2-ΔΔCt method.

MTT assay

Cells (3×103) were cultured in 96-well plates 
and incubated for 24 h and stained with 0.5 
mg/ml MTT for 4 h. Supernatant was discarded 
and 200 μl of dimethylsulfoxide (DMSO) was 
added to dissolve precipitates. Samples were 
measured at 490 nm using an ELISA reader.

Table 1. Clinical profiles of RSA patients and control subjects
Subject Control (n=30) RSA (n=30) P
Age (years) 28.43 ± 5.97 27.93 ± 6.41 0.912
BMI (kg/m2) 21.89 ± 4.23 22.43 ± 4.01 0.653
Number of miscarriages NA 4.89 ± 1.01
Live birth 1.81 ± 0.57 NA
Gestation age (weeks) 8.45 ± 0.23 8.57 ± 0.35 0.896
Note: RSA = recurrent spontaneous abortion; BMI = body mass index; NA = 
not applicable; values are mean ± standard deviation. P values were calcu-
lated using the two-sided t-test for continuous variables.

tube pulsation; a history of live-birth 
deliveries; this pregnancy with no 
abdominal pain, no vaginal bleeding 
and other symptoms. The average 
gestational week of two groups was 
8 weeks. Under sterile conditions, 
all chorionic villus samples were 
acquired by vacuum aspiration and 
washed with sterile saline to remove 
the excess blood, mucus and decid-
uas. All samples were snap-frozen 
in liquid nitrogen overnight and then 
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Colony formation assay

For the colony formation assay, cells were 
seeded into 6-well plates at a density of 5×103 
cells per well. Then, cells were cultured at 37°C 
with 5% CO2 and cultured for 2 weeks. Finally, 
colonies were fixed with 4% paraformaldehyde 
and stained with 0.1% crystal violet (Beyotime, 
Shanghai, China) for 30 min. Then, the number 
of colonies was counted on light microscopy.

Cell invasion assay

For invasion assay, the members of the upper 
chamber were precoated with Matrigel (Sigma), 
and then, HTR-8/SVneo cells at density of 
1×105 per well were respectively seeded into 
the upper chamber filled with serum-free 
DMEM. The lower chamber was filled with cul-
ture medium with 10% FBS medium. After 24 
hours incubation, cells adhered on the upper 
surface of membrane were removed, while the 
cells invaded into the lower chamber were 
stained with crystal violet (Sigma).

Luciferase reporter assay

The 3’-UTR of SNHG7 and WNT1 containing 
miR-34a binding sites was amplified and clon- 
ed into the pGL3-basic luciferase vector (Pro- 
mega, USA), respectively. Cells were seeded 
into plates and transfected with involved oli- 
gonucleotides (the SNHG7 and WNT1 wild-type 
or mutant reporter vector, miR-34a mimics or 
negative control) mixed with Lipofectamine 
2000 reagent according to the manufacturer’s 
protocols. Luciferase activity was detected 
after transfection 24 h using Dual-Luciferase 
Reporter System (Promega, Madison, WI, USA). 
Renilla luciferase was used as an internal 
reference.

Western blotting analysis

The cultured cells were washed with ice-cold 
PBS and lysed in RIPA buffer supplemented 
with protease inhibitor mixture. After electro-
phoresis, the protein samples were incubated 
with the primary antibody purchased from 
Abcam Campany (anti-WNT1, anti-β-catenin, 
anti-p-β-catenin, anti-cyclinD and anti-cMyc 
1:1000 dilution). Samples were incubated with 
secondary antibodies conjugated by horserad-
ish peroxidase (HRP). Bands were quantified 
using ImageJ software.

Apoptosis analysis by flow cytometry

At 24 h after transfection, the cells were exam- 
ined for apoptotic status by double-staining 
with Annexin V and PI using an Annexin V-FITC/
PI Apoptosis Detection Kit (KeyGen, Nanjing, 
China), followed by flow cytometric analysis.

Statistical analysis

Results are expressed as the mean ± stan dard 
deviation (SD). All calculations were perform- 
ed using SPSS 17.0 software (IBM Software, 
Chicago, IL, USA) and GraphPad (vision 6.0, 
USA). A value of P<0.05 indicated a statistically 
significant difference.

Results

Reduced expression of SNHG7 in RSA

To investigate the potential role of SNHG7 in 
RSA pathogenesis, we first measured expres-
sion of SNHG7 in villi of RSA patients and nor-
mal pregnancy patients. As expected, SNHG7 
level was significantly lower in RSA villi than it in 
normal pregnancy villi (Figure 1).

Knockdown of SNHG7 suppressed prolifera-
tion and invasion, induced apoptosis in HTR-8/
SVneo cells

To verify the role of SNHG7 in the development 
of RSA, we stably established SNHG7 silencing 
via siRNA transfection in HTR-8/SVneo cell line 
in vitro (Figure 2A). MTT assay showed that 
SNHG7 silencing inhibited the proliferation of 
HTR-8/SVneo cells significantly (Figure 2B). 
Quantitative analysis of apoptosis by flow 
cytometry revealed that silencing of SNHG7 
markedly augmented apoptosis in cells com-
pared with the non-transfected cells (Figure 

Figure 1. Reduced expression of SNHG7 in RSA. Ex-
pression of SNHG7 in RSA and normal pregnancy villi 
(*P<0.05).
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2C). Colony formation assay revealed that 
SNHG7 silencing could induce HTR-8/SVneo 
cells formed significantly fewer colonies than 
control cells (Figure 2D). As demonstrated by 
transwell assay, SNHG7 silencing inhibited the 
invasion ability of cells (Figure 2E).

SNHG7 acts as a molecular sponge for miR-
34a

Increasing evidence had illustrated that lnc- 
RNAs function as sponges to bind specific  
miRNAs. Bioinformatics analysis was used to 

Figure 2. Knockdown of SNHG7 suppressed proliferation and invasion, induced apoptosis in HTR-8/SVneo cells. 
A: SNHG7 expression in HTR-8/SVneo cells transfected with siRNA or si-NC. B: MTT assay showed the proliferation 
ability. C: Flow cytometry showed apoptotic rate of HTR-8/SVneo cells. D: Colony formation assay showed the clone 
number in HTR-8/SVneo cells. E: Transwell assay showed the invasion of HTR-8/SVneo cells (*P<0.05).
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predict the candidate targets of microRNAs 
binding with SNHG7. Results found 3’UTR of 
SNHG7 was highly conserved to bind with miR-
34a. The 3’-UTR binding sites can be seen in 
Figure 3A. MiR-34a level was significantly high-
er in RSA villi than it in normal pregnancy villi 
(Figure 3B). Luciferase reporter assay con-

firmed the binding with the decreasing fluores-
cence within miR-34a mimic and SNHG7 wild 
type (Figure 3C). Moreover, after HTR-8/SVneo 
cells were transfected with si-SNHG7, miR-34a 
expression levels were significantly up-regulat-
ed which was reversed by miR-34a inhibitor 
(Figure 3D, 3E). MTT assay revealed that miR-

Figure 3. SNHG7 acts as a molecular sponge for miR-34a. A: The predicted binding sites within miR-34a and 3’-UTR 
of SNHG7. B: Expression of miR-34a in RSA and normal pregnancy villi. C: Luciferase reporter assay showed the 
decreasing fluorescence within miR-34a mimics and SNHG7 wild type. D, E: After HTR-8/SVneo cells were trans-
fected with si-SNHG7 and miR-34a inhibitor, miR-34a expression levels in cells. F: After HTR-8/SVneo cells were 
transfected with si-SNHG7 and miR-34a inhibitor, MTT assay showed the proliferation ability of cells (*P<0.05).
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34a inhibitor could rescue the suppression by 
si-SNHG7 in the proliferation of HTR-8/SVneo 
cells 96 hours later (Figure 3F).

miR-34a directly targets with 3’-UTR of WNT1

We examined computationally predicted tar-
gets of miR-34a using bioinformatics analysis. 
Results revealed 3’UTR of WNT1 was highly 
conserved to bind with miR-34a. The 3’-UTR 
binding sites can be seen in Figure 4A. WNT1 
level was significantly lower in RSA villi than it in 
normal pregnancy villi (Figure 4B). Luciferase 
reporter assay showed transfection of miR-34a 
could significantly restrict the relative lucifer-
ase activity in cells, suggesting miR-34a has 

inhibitory effects on WNT1 expression via inter-
action with the 3’-UTR of WNT1 (Figure 4C). 
Moreover, as shown in Figure 4D and 4E, over-
expression of miR-34a level obviously down-
regulated WNT1 expression in HTR-8/SVneo 
cells at the mRNA and protein levels. Overall, 
our study discovered that miR-34a suppressed 
the expression of WNT1 by binding with the 
3’-UTR.

SNHG7 silencing repressed the Wnt/β-catenin 
signaling pathway

As shown in Figure 5A, statistically significant 
differences were found in the expressions of 
WNT1, p-β-catenin and β-catenin among the 

Figure 4. MiR-34a directly targets with 3’-UTR of 
WNT1. A: The predicted binding sites within miR-34a 
and 3’-UTR of WNT1. B: Expression of WNT1 in RSA 
and normal pregnancy villi. C: Luciferase reporter as-
say showed the decreasing fluorescence within miR-
34a mimics and WNT1 wild type. D, E: WNT1 expres-
sion in HTR-8/SVneo cells transfected with miR-34a 
mimics at the mRNA and protein levels (*P<0.05).
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different groups 48 h after transfection. Com- 
pared with the control, si-SNHG7 had signifi-
cantly suppressed WNT1 and β-catenin expres-
sions but promoted p-β-catenin expression, 
which was reversed by miR-34a inhibitor. PCR 
and western blot demonstrated significant  
differences in the expression of cyclinD and 
c-Myc, which were target genes of β-catenin. 
Si-SNHG7 had significantly inhibited cyclinD 
and c-Myc expressions, which were rescued by 
miR-34a inhibitor (Figure 5B).

Discussion

Pregnancy is a complex and multicomponent 
process, in which embryonic implantation is 
the one of key factors [20]. In humans, embry-
onic implantation is the stage of pregnancy at 
which the already embryo enters the uterine 

cavity and adheres to the wall of the uterus. 
The controlled invasion of trophoblast cells 
plays an important role in embryonic implanta-
tion [21]. When the capacity of invasion and 
metastasis of trophoblast cells was decreased, 
fertilized egg development was retarded which 
could result in miscarriage [22].

Increasing researches has indicated that 
lncRNAs are involved in important biological 
processes, such as genomic imprinting [23], 
cell differentiation and proliferation, modula-
tion of migration [24], and apoptosis [25]. In 
addition, abnormal expression of lncRNAs has 
been implicated in the pathogenesis many dis-
eases [26]. SNHG7, which was first identified in 
lymphoblastoid cells [27], was found to be 
associated with the development of many can-
cers. As expected, SNHG7 level was significant-

Figure 5. SNHG7 silencing repressed the Wnt/β-catenin signaling pathway. Expressions of WNT1, p-β-catenin, 
β-catenin, c-Myc and cyclinD in HTR-8/SVneo cells 48 h after transfection was detected by qRT-PCR and western 
blot (*P<0.05).
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ly lower in RSA villi than it in normal pregnancy 
villi in our study, implying SNHG7 could promote 
the proliferation and invasion of trophoblast 
cells in vivo.

Resembling the behavior of trophoblast cells, 
many studies have been conducted based  
on the use of HTR-8/SVneo cell line in order  
to simulate the behavior of trophoblast cells  
in pregnancy [28]. We stably established 
SNHG7 silencing via siRNA transfection in  
thsi cell line in vitro. Results showed that 
SNHG7silencing inhibited the proliferation and 
invasion of HTR-8/SVneo cells significantly, 
suggesting the underlying role of SNHG7in RSA 
in vitro.

lncRNAs function as sponges for common miR-
NAs and abolished the endogenous suppres-
sive effect of these miRNAs on their targeted 
transcripts [29]. Utilizing bioinformatics predic-
tion program, we found 3’UTR of SNHG7 was 
highly conserved to bind with miR-34a. After 
cells were transfected with si-SNHG7, miR-34a 
expression levels were significantly up-regulat-
ed. And miR-34a inhibitor could rescue the  
suppression by si-SNHG7 in the proliferation  
of HTR-8/SVneo cells. These data illustrated 
SNHG7 could regulate the proliferation of tro-
phoblast cells by targeting miR-34a.

Accumulating data indicated that abnormal 
expression of Wnt/β-catenin signaling way 
might be associated with pathogenesis of RSA 
[30, 31]. As the central effector of the signaling 
pathway, translocation of β-catenin to the 
nucleus leads to expression of growth- and 
invasion associated genes, such as cyclin D 
and cMyc [32]. Bioinformatics analysis showed 
that miR-34a closely target with 3’-UTR of 
WNT1 in our study. Moreover, over-expression 
of miR-34a could lower the WNT1 mRNA  
and related protein production. Furthermore, 
si-SNHG7 suppressed WNT1 and β-catenin 
expressions but promoted p-β-catenin expres-
sion significantly, which was reversed by miR-
34a inhibitor. PCR and western blot demon-
strated significant differences in the expres-
sion of cyclinD and c-Myc, which were target 
genes of β-catenin. Si-SNHG7 had significantly 
inhibited cyclinD and c-Myc expressions, which 
were rescued by miR-34a inhibitor. These 
results demonstrated si-SNHG7 regulated the 
proliferation and invasion of trophoblast cells 
through inactivation of Wnt/β-catenin signaling 
pathway in vitro.

Conclusion

The current study suggests SNHG7 plays as an 
important role in RSA progression targeted by 
miR-34a via Wnt/β-catenin signaling pathway, 
providing a novel insight for the pathogenesis 
and underlying therapeutic target for RSA.
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