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Abstract: Objective: This study is to investigate the expression of miRNA-1233 in placental tissue from patients with 
hypertensive disorder complicating pregnancy (HDCP) and its role in disease pathogenesis. Methods: The expres-
sion levels of miRNA-1233 and HoxB3 in placental tissue from HDCP patients and normal control subjects, as well 
as in the in vitro trophoblast cells, were detected with real-time PCR and Western blot analysis. The proliferation and 
invasion abilities of trophoblast cells were assessed by the cell counting kit (CCK)-8 and transwell chamber assays, 
respectively. Dual-luciferase reporter assay was performed to evaluate the interaction between miRNA-1233 and 
Hoxb3. Results: Real-time PCR showed that, compared with the control group, the expression levels of miRNA-1233 
were significantly elevated in placental tissue from HDCP patients. On the other hand, both the mRNA and protein 
expression levels of HoxB3 were significantly decreased in the HDCP group. Moreover, the mRNA and protein ex-
pression levels of HoxB3 were significantly declined by the transfection of miRNA-1233 mimics in trophoblast cells. 
Bioinformatics analysis and the dual-luciferase reporter gene assay showed that, miRNA-1233 targeted HoxB3 in 
the 3’-UTR and suppressed the gene expression. In addition, the results from the CCK-8 and transwell chamber as-
says showed that, the transfection of miRNA-1233 significantly decreased the proliferation and invasion abilities of 
the trophoblast cells. Conclusion: In placental tissue from HDCP patients, up-regulated miR-1233 could suppress 
the expression of HoxB3, and then inhibit the invasion of trophoblast cells, which might contribute to the disease 
pathogenesis.
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Introduction

Hypertensive disorder complicating pregnancy 
(HDCP) is a specific disease for pregnant 
women, which is characterized by hyperten-
sion, proteinuria, and edema [1]. HDCP severely 
affects the life and health of the pregnant and 
puerperal women, as well as the newborn [2-4]. 
At present, the pathogenesis of HDCP has not 
been clearly known. Studies show that the  
clinical symptoms of HDCP would gradually  
disappear after the expulsion of placenta [5]. 
Moreover, trophoblast cells have been found to 
be important for the pathogenesis of HDCP [6]. 
The vascular structure and function of the  

placenta in HDCP are associated with multiple 
abnormalities, which might be caused by 
reduced placental trophoblast invasion [7].

MicroRNA (miRNA) is a class of post-transcrip-
tional regulators for target genes in various spe-
cies, including humans. miRNA has also been 
involved in the cell migration and invasion 
[8-11]. Studies have shown that, altered miRNA 
expression profiles are closely related to the 
pathophysiology of placenta [12, 13]. The 
abnormal expression of miR-106a-363 gene 
cluster in the placenta has been reported in 
patients with preeclampsia [12]. Moreover, 
miRNA-20a has been found to be highly 
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expressed in the placenta of HDCP patients, 
which could inhibit the expression of FOXA1 
and block the trophoblast invasion in the pla-
centa [13]. These findings suggest that miRNAs 
play important roles in the development of 
HDCP. However, the expression and role of 
miRNA-1233 in the placenta from patients with 
HDCP have not yet been fully elucidated. 

In this study, the role of miRNA-1233 in the 
pathogenesis of HDCP and the related mecha-
nisms were investigated. The expression levels 
of miRNA-1233 and HoxB3 in placental tissue 
were detected. The effects of miRNA-1233 on 
the expression of HoxB3 in trophoblast cells in 
vitro, and on the cell proliferation and invasion 
abilities, were also investigated and analyzed. 

Materials and methods

Patients and sample collection

Totally 45 placenta samples were collected 
from HDCP patients who had underwent cesar-
ean section in our hospital, from Dec 2013 to 
Dec 2014. In these HDCP subjects, these were 
25 cases of gestational hypertension (PIH; high 
blood pressure at 20 weeks of pregnancy, with-
out proteinuria), 15 cases of mild preeclampsia 
(mPE, systolic pressure ≥ 140 mmHg or diastol-
ic pressure ≥ 90 mmHg, 24-h proteinuria ≥ 300 
mg), and 5 cases of severe preeclampsia (sPE; 
systolic pressure ≥ 160 mmHg or diastolic pres-
sure ≥ 100 mmHg, 24-h proteinuria ≥ 2 g). 
These subjects were aged between 22-37 
years old, with a mean age of 26.6 and a medi-
an age of 27 years old. Another 30 placenta 
samples were collected from normal parturient 
women to be used as controls. These normal 
control subjects were aged between 23-33 
years old, with a mean age of 28.5 and a medi-
an age of 27 years old.

Trophoblast cell culture and transfection

Bewo trophoblast cell line was purchased from 
the Cell Bank of Chinese Academy of Sciences, 
Shanghai, China. These cells were planted onto 
a 24-well plate at a density of 1 × 105/well. The 
cells were cultured with antibiotic-free F12K 
medium (Gibco, Carlsbad, CA, USA) containing 
10% fetal bovine serum (FBS; Gibco) for 24  
h. 1.25 µL miRNA-1233 mimics (RiboBio, 
Guangzhou, Guangdong, China) or miRNA-NC 
(RiboBio), together with 1 µL Lipofectamine 
2000 (Invitrogen, Grand Island, NY, USA), was 

added into 50 µL Opti-Mem (Invitrogen). After 
standing at room temperature for 20 min, the 
mixture was added to incubate the cells for 6 h, 
and the cells were incubated with F12K medi-
um containing 10% FBS for another 48 h or 72 
h before the following assessments. 

Quantitative real-time PCR

The mRNA expression levels of target genes in 
placental tissue and the trophoblast cells (48-h 
transfection) were detected with quantitative 
real-time PCR. Total RNA was extracted from 
tissues or cells with the Trizol agent (Sangon 
Biotech, Shanghai, China). Reverse transcrip-
tion PCR was performed to obtain the cDNA 
templates (Boruike Biotech, Chengdu, Sichuan, 
China). For the detection of miRNA-1233 in  
placental tissue, and for the detection of 
miRNA-1233 and HoxB3 in transfected tropho-
blast cells, the primers for PCR were as follows: 
miRNA-1233, forward 5’-TGGGAGGCCAGGGCAC 
-3’ and the reverse universal primer within the 
kit; HoxB3, forward 5’-TGGACCTGGAGGATGA- 
GAGG-3’ and reverse 5’-CATCGAAGCCGAAGC- 
CATTG-3’; U6, forward 5’-CTCGCTTCGGCAG- 
CACA-3’ and reverse 5’-AACGCTTCACGAATT- 
TGCGT-3’. The 30 µL PCR system consisted of 5 
µL template, 10 µL qRT-PCR-Mix (KAPA 
Biosystems, Woburn, MA, USA), 0.5 µL primer 
each, and 13 µL ddH2O. The reaction conditi- 
ons were as follows: pre-denaturation at 95°C 
for 10 min; 95°C for 30 s, 65°C for 30 s, 72°C 
for 1 min, for totally 40 cycles. The relative 
expression levels of target genes were calcu-
lated with the 2-ΔΔCt method.

Western blot analysis

The protein expression levels of HoxB3 in  
placental tissue and the trophoblast cells  
(72-h transfection) were detected with the 
Western blot analysis. For the extraction of tis-
sue proteins, 100 mg placental tissue was first 
triturated in liquid nitrogen, and the following 
procedures were the same with the extraction 
of cell proteins. Cells were lysed with RIPA lysis 
buffer containing PMSF protease inhibitors, 
and the total protein sample was collected by 
centrifugation at 10000 rpm for 10 min. Protein 
concentration was determined, and 10 µL pro-
tein sample was separated with 10% SDS-PAGE 
and then transferred onto a PVDF membrane. 
The membrane was blocked with 5% fat-free 
milk at room temperature for 1 h, and then 
incubated with rabbit anti-human anti-HoxB3 
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Figure 1. Expression levels of miRNA-1233 and HoxB3 in placental tissue. (A, B) The expression levels of miR-
NA-1233 (A) and the mRNA expression levels of HoxB3 (B) in placental tissue from HDCP patients and normal 
controls were detected with real-time PCR. (C) The mRNA expression levels of HoxB3 within HDCP patients with dif-
ferent severities (i.e., PIH, mPE, and sPE) were analyzed and compared. (D) The protein expression levels of HoxB3 
in placental tissue from HDCP patients and normal controls were detected with the Western blot analysis. Compared 
with the control group, *P < 0.05, **P < 0.01; compared with the former group, &P < 0.05.

(1:1000 dilution; Abcam, Boston, MA, US) or 
mouse anti-human anti-GAPDH (1:5000  
dilution; Bioworld Technology, Minneapolis, 
MN, USA) primary antibody at 4°C overnight. 
Then the membrane was incubated with HRP-
conjugated goat anti-rabbit (1:2000 dilution) or 
goat anti-mouse (1:5000 dilution) secondary 
antibody at room temperature for 1 h. The  
protein bands were visualized by the electro-
chemiluminescence (ECL) method.

Cell counting kit (CCK)-8 assay

The proliferation of trophoblast cells was 
assessed by the CCK-8 assay. These cells were 
planted onto 96-well plates at a density of 2 × 
103/well. 20 μL CCK-8 reaction solution was 
into each well at 0, 24, 48, and 72 h, respec-
tively, followed by incubation at 37°C for 1 h. 
Absorbance (OD) at 490 nm was read, and the 
growth curve was obtained accordingly.

Transwell chamber assay

The cell invasion ability was assessed with the 
matrigel-coated ECM 550 transwell chamber 
(Merck Millipore, Billerica, MA, USA). Trop- 
hoblast cells (approximately 1 × 105), in 200 μL 

serum-free F12K medium, were added into the 
top transwell chamber. Then 500 μL F12K 
medium containing 10% FBS was added into 
the lower chamber. After 48 h, the lower cham-
ber was fixed with 4% formaldehyde at room 
temperature for 10 min and then washed with 
PBS. The cells were subjected to the Giemsa 
staining, and the migrating cells were observed 
with microscopy. The stained cells were count-
ed from 5 randomly selected fields, and the cell 
invasion ability was evaluated. 

Dual-luciferase reporter assay

According to the bioinformatics analysis, the 
potential target sequences for miRNA-1233 in 
the 3’ untranslated region (3’-UTR) of HoxB3 
and its mutated sequences (wild type HoxB3 
3’-UTR: 5’-UUAGAGGGCUCA-3’; mutant HoxB3 
3’-UTR: 5’-UUAGATGTCACT-3’) were synthe-
sized, and cloned into the pMIR-REPORTER 
luciferase plasmids (Promega, Madison, WI, 
USA). The reconstructed plasmid (0.8 mg) and 
miRNA-1233 mimics (50 nM) were co-trans-
fected into Bewo trophoblast cells with 
Lipofectamine 2000. After 24 h, cells were 
lysed, and the luciferase was detected with the 
GloMax 20/20 luminometer. The Renilla lucifer-
ase plasmid was used as the internal control.
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Figure 3. Interaction between miRNA-1233 and the 
3’-UTR of HoxB3. Dual-luciferase reporter gene as-
say were performed to investigate the interaction be-
tween miRNA-1233 and HoxB3. The pMIR-REPORT 
luciferase reporter plasmid containing the wild-type 
or mutant 3’-UTR of HoxB3 were co-transfected with 
the miRNA-1233 mimics into Bewo trophoblast cells 
for 24 h. Then the cells were lysed, and the luciferase 
was detected. Compared with the control group, **P 
< 0.01.

Figure 2. Effect of miRNA-1233 transfection on HoxB3 expression in trophoblast cells. Bewo trophoblast cells were 
first transfected with miRNA-1233 mimics, and then the mRNA (A) and protein (B) expression levels of Hoxb3 in 
these cells were assessed with the real-time PCR and Western blot analysis, respectively. Compared with the control 
group, *P < 0.05, **P < 0.01.

Statistical analysis

Data are expressed as mean ± SD. SPSS 19.0 
software was used for statistical analysis. The 
t-test was performed for the group comparison. 
P < 0.05 was considered as statistically 
significant. 

Results

Expression of miRNA-1233 and HoxB3 in pla-
cental tissue

To investigate the role of miRNA-1233 in the 
development of HDCP, the expression levels of 
miRNA-1233 in placental tissue were detected 
with real-time PCR. Our results showed that, 
compared with the control group, the expres-

sion level of miRNA-1233 was significantly ele-
vated in the HDCP group (P < 0.05) (Figure 1A). 
To further investigate the involvement of HoxB3 
in the disease pathogenesis, the mRNA and 
protein expression levels of HoxB3 in placental 
tissue were determined by the real-time PCR 
and Western blot analysis, respectively. Real-
time PCR showed that, compared with the con-
trol group, the mRNA expression level of HoxB3 
was significantly decreased in the HDCP group 
(P < 0.05) (Figure 1B). Moreover, within these 
HDCP patients, the mRNA expression levels of 
HoxB3 exhibited a decreasing trend along with 
the increasing severities of the disease (in the 
order of PIH, mPE, and sPE) (Figure 1C). Similar 
results were obtained for the Western blot anal-
ysis. Our results showed that, compared with 
the control group, the protein expression level 
of HoxB3 was significantly declined in the HDCP 
group (P < 0.05) (Figure 1D). Taken together, 
these results suggest that, the expression level 
of miRNA-1233 is increased, while the expres-
sion level of HoxB3 is decreased, in placental 
tissue from HDCP patients. The negative rela-
tionship between miRNA-1233 and HoxB3 
expression levels might be associated with the 
disease pathogenesis. 

Effect of miRNA-1233 transfection on HoxB3 
expression in trophoblast cells

To investigate the effect of miRNA-1233 on the 
expression levels of HoxB3 in trophoblast cells, 
these cells were first transfected with miRNA-
1233 mimics, and then the mRNA and protein 
expression levels of Hoxb3 were assessed with 
the real-time PCR and Western blot analysis, 
respectively. Our results from the real-time PCR 
showed that, compared with the control group, 
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the mRNA expression level of HoxB3 was sig-
nificantly decreased in trophoblast cells trans-
fected with miRNA-1233 (P < 0.05) (Figure 2A). 
Moreover, the Western blot analysis also 
showed that, the miRNA-1233 transfection sig-
nificantly decreased the protein expression 
level of HoxB3 in trophoblast cells (P < 0.05) 
(Figure 2B). These results suggest that miRNA-
1233 transfection could significantly decrease 
the expression levels of HoxB3 in trophoblast 
cells in vitro.

Interaction between miRNA-1233 and the 3’-
UTR of HoxB3

To further confirm the interaction between 
miRNA-1233 and HoxB3, the bioinformatics 

analysis and the dual-lucif-
erase reporter gene assay 
were performed. Our resu- 
lts from the bioinformatics 
analysis showed that Ho- 
xB3 might be one of the 
target genes for miRNA-
1233. Moreover, the dual-
luciferase reporter gene 
assay showed that, the f 
luorescence intensity was 
significantly declined, wh- 
en the miRNA-1233 mim-
ics and the pMIR-REPORT 
luciferase reporter plasmid 
containing the wild-type 
3’-UTR of HoxB3 were co-
transfected into the Bewo 
trophoblast cells. However, 
in the cells transfected 
with pMIR-REPORT lucifer-
ase reporter plasmid con-
taining the mutant 3’-UTR 
of HoxB3, no significant dif-
ferences were observed in 
the fluorescence intensity 
(P > 0.05) (Figure 3). These 
results suggest that m- 
iRNA-1233 targets HoxB3 
in the 3’-UTR and sup-
presses the gene expres-
sion, which might contrib-
ute to the pathogenesis  
of HDCP. 

Proliferation and inva-
sion abilities of miRNA-
1233-transfected tropho-
blast cells 

Figure 4. Effects of miRNA-1233 transfection on the proliferation and invasion 
abilities of trophoblast cells. A. The CCK-8 assay was performed to investigate 
the proliferation of trophoblast cells with or without miRNA-1233 transfection, 
at 24, 48, and 72 h, respectively. B. The transwell chamber assay was per-
formed to investigate the invasion ability of trophoblast cells with or without 
miRNA-1233 transfection. Compared with the control group, *P < 0.05, **P < 
0.01.

In order to investigate the effects of miRNA-
1233 on the proliferation and invasion abilities 
of trophoblast cells, the CCK-8 and transwell 
chamber assays were performed, respectively. 
Our results from the CCK-8 assay showed that, 
compared with the control group, the transfec-
tion of miRNA-1233 significantly decreased the 
proliferation of trophoblast cells (P < 0.05) 
(Figure 4A). On the other hand, the transwell 
chamber assay showed that, the number of 
migrating cells was significantly lower in the 
miRNA-1233 transfection group, compared 
with the control group (P < 0.05) (Figure 4B), 
indicating the decreased invasion ability of  
trophoblast cells transfected with miRNA-1233. 
These results suggest that the miRNA-1233 
transfection could significantly decrease the 
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proliferation and invasion abilities of tropho-
blast cells in vitro.

Discussion

In this study, our results showed that, com-
pared with the normal controls, the expression 
of miRNA-1233 was significantly higher in pla-
cental tissue from HDCP patients. HoxB3 has 
been shown to be one of the targets of miRNA-
1233, which could promote the invasion and 
metastasis of various tumor cells [14, 15]. 
Therefore, HoxB3 had been investigated in this 
study. Our results from real-time PCR showed 
that, the mRNA expression levels of HoxB3 
were significantly decreased in placental tissue 
from HDCP patients. Moreover, the HoxB3 
expression exhibited a decreasing trend along 
with the increasing severities of the disease, 
from PIH, mPE, to sPE. However, the expression 
of miRNA-1233 was not associated with the 
clinical staging of HDCP (data not shown). 
Furthermore, the protein expression level of 
HoxB3 was also significantly decreased in pla-
cental tissue from the HDCP group. These 
results suggest a negative relationship between 
miRNA-1233 and HoxB3 expression levels, 
indicating that miRNA-1233 might be involved 
in the regulation of HoxB3 expression levels. 

In order to further investigate the effects of 
miRNA-1233 on the expression of HoxB3, the 
Bewo trophoblast cells were transfected with 
miRNA-1233 mimics. Our results from the real-
time PCR and Western blot analysis showed 
that, the mRNA and protein expression levels of 
HoxB3 in trophoblast cells was decreased by 
47% and 29%, respectively, following the trans-
fection of miRNA-1233. These results confirm 
the regulation of miRNA-1233 on the expres-
sion of HoxB3 in trophoblast cells in vitro. 
Moreover, the dual-luciferase reporter gene 
assay showed that, the fluorescence intensity 
in the Bewo trophoblast cells was significantly 
declined by the co-transfection of miRNA-1233 
mimics and pMIR-REPORT luciferase reporter 
plasmid containing the wild-type 3’-UTR of 
HoxB3. In contrast, no significant differences 
were observed in the fluorescence intensity in 
the cells transfected with pMIR-REPORT lucifer-
ase reporter plasmid containing the mutant 
3’-UTR of HoxB3. These results confirm that 
miRNA-1233 targets HoxB3 in the 3’-UTR. On 
the other hand, the proliferation and invasion 
abilities of trophoblast cells with or without 
miRNA-1233 transfection had been also 

assessed by the CCK-8 and transwell chamber 
assays, respectively. Our results showed that 
the miRNA-1233 over-expression could signifi-
cantly decrease the proliferation and invasion 
abilities of trophoblast cells in vitro.

In conclusion, our results showed that the 
expression level of miRNA-1233 was increased, 
while the expression level of HoxB3 was 
decreased, in placental tissue from HDCP 
patients. Moreover, the transfection of miRNA-
1233 significantly decreased the expression 
levels of HoxB3 in trophoblast cells in vitro. In 
addition, the miRNA-1233 transfection dramat-
ically decreased the proliferation and invasion 
abilities of these cells. In placental tissue of 
HDCP patients, up-regulated miR-1233 could 
suppress the expression of HoxB3, and then 
inhibit the invasion of trophoblast cells, further 
affecting the structure and function of the pla-
centa. These findings might contributing to the 
understanding of the pathogenesis of HDCP, 
and provide evidence for the diagnosis and 
treatment of the disease.
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