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Abstract: Objective: Preeclampsia (PE) is a disorder of pregnancy that is associated with maternal and fetal mortal-
ity and morbidity. Abnormal placental Retinol-binding protein 4 (RBP4) expression has been found in cases of PE. 
This study aimed to further investigate the possible role of RBP4 in the pathophysiology of PE. Study Design: RBP4 
serum concentration was detected using enzyme-linked immunosorbent assays in eighteen patients with severe 
PE and twenty-five individuals with healthy pregnancies. JEG-3 cells were transiently transfected with a plasmid 
construct expressing RBP4 (pCMV-RBP4), an empty plasmid (p-CMV) or siRNA, and the MMP2 and MMP9 protein 
levels were analysed 48 h after transfection. MTT assays and transwell assays were used to explore the functional 
role of RBP4 in the proliferation and invasion of JEG-3 cells. Results: RBP4 serum concentration in patients with 
severe PE was significantly lower than that in individuals with healthy pregnancies. RBP4 over-expression enhanced 
the invasion and proliferation of JEG-3 cells and increased MMP2 and MMP9 in JEG-3 cells. Conclusions: RBP4 
plays an important role in the regulation of trophoblast invasion and migration and represents a possible underlying 
pathological and molecular mechanism of PE.
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Introduction

Preeclampsia (PE) is a specific complication of 
pregnancy that occurs after 20 weeks of gesta-
tion and is characterised by the onset of hyper-
tension and proteinuria during pregnancy, and 
it continues to be a leading cause of maternal 
and perinatal morbidity and mortality world-
wide [1-3]. Although the specific etiology and 
pathogenesis of PE are unclear, it is widely ac- 
cepted that PE is associated with inadequate 
invasion of trophoblasts and spiral artery remo- 
deling [4, 5]. Trophoblast dysfunction reduces 
the invasion and migration capacities of EVTs 
and placental hypoperfusion, hypoxia, or isch-
aemia may occur and thus induce the occur-
rence and deterioration of PE [6-8]. However, 
the molecular mechanisms for the regulation  
of trophoblast behavior are still unclear.

Therefore, researchers have speculated that 
the pathophysiologic changes of PE may result 

from the abnormal expression of certain pro-
teins [1, 6, 9]. Several biochemical markers, in- 
cluding RBP4, are involved in placental deve- 
lopment, and their altered expression and dys-
function may play a role in the development of 
PE. Retinol-binding protein 4 (RBP4) is a single 
polypeptide protein that was first discovered in 
2005 and was originally described as the sole 
transport protein carrying retinoids such as 
vitamin A in the blood [10]. RBP4, a 21-kDa pro-
tein secreted from adipocytes and liver, was 
subsequently identified as an adipokine that 
impaired insulin signaling in experimental ani-
mals [6, 11, 12]. 

RBP4 has been shown by several researchers 
to be dysregulated during preeclampsia and 
may serve as a potential marker for preeclmap-
sia. Studies have also shown that dysregulated 
placental RBP4 levels are associated with in- 
trauterine growth restriction and severe early-
onset PE, indicating that changes in RBP4 lev-
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els may correlate with the severity of PE [13]. 
However, a mechanistic study has not been 
done to understand the role of RBP4 in placen-
tal development especially during first trimes-
ter. Whether RBP4 contributes to the pathogen-
esis of PE has not been confirmed [14-16]. Our 
study aimed to investigate the possible role of 
RBP4 in the pathophysiology of PE and its func-
tion in trophoblast biology.

Materials and methods

Subjects

The research protocol was based on the guide-
lines of the World Medical Association’s 
Declaration of Helsinki and was approved by 
the Medical Ethics Committee of Capital 
Medical University Beijing Chao-Yang Hospital. 
Written informed consent was obtained from 
each patient prior to participation. Eighteen 
patients with severe PE and twenty-five healthy 
pregnant women, all from the inpatient popula-
tion of Capital Medical University of Chao-yang 
Hospital, were recruited for enzyme-linked 
immunosorbent assay (ELISA) analysis. Women 
were diagnosed with severe PE based on the 
World Health Organization recommendations: 
blood pressure ≥ 160/110 mmHg on two occa-
sions at least 4 h apart after 20 gestational 
weeks in a pregnant woman with previously 
normal blood pressure and at least one of the 
following: proteinuria > 5 g/24 h or symptoms 
such as abdominal pain, headache, and visual 
disturbance. Body mass index was calculated 
as weight before pregnancy divided by squared 
height. The exclusion criteria were as follows: 
intrauterine fetal demise, rupture of mem-
branes, clinical chorioamnionitis, multiple ges-
tation, acute or chronic infection and history of 
diabetes, chronic hypertension, maternal im- 
mune diseases, maternal inflammatory bowel 
diseases or previous exposure to MgSO4 treat- 
ment.

ELISA 

Blood samples drawn via venipuncture were 
collected in a serum-separator tube from PE 
patients after diagnosis and admission. The 
serum was removed after centrifugation at 
3000 r/min for 15 min at 4°C within 2 h of col-
lection and stored at -80°C until analysis. 
Serum RBP4 concentration was measured with 

an ELISA according to the manufacturer’s 
instructions (R&D Systems).

Cell culture 

JEG-3 cells, purchased from the Institute of 
Basic Medical Sciences Chinese Academy of 
Medical Sciences & School of Basic Medicine 
Peking Union Medical College (Beijing, China), 
were cultured in RPMI-1640 supplemented 
with 10% fetal bovine serum (Gibco-BRL, 
Carlsbad, CA, USA) at 37°C in a 5% CO2 incuba-
tor. When the cells reached 80-90% conflu-
ence, they were trypsinised and subcultured 
into new culture flasks.

Construction of RBP4 Over-expression recom-
binant plasmid and RBP4 siRNA interference 
sequences 

The nucleotide sequence of the RBP4 coding 
region was used to design amplification prim-
ers with Primer-BLAST software (U.S. National 
Library of Medicine, Rockville Pike, Bethesda 
MD, USA). The primer sequences were as  
follows: forward, 5’-TCGAAGAACAAGTTTG TA- 
CAAAAAAGATGAAGTGGGTGTGGGCGCT-3’ and 
reverse, 5’-ATCAACCACTTTGTACAAGAAAGCTA- 
CAAAAGGTTTC TTTCTGATCT-3’. The template 
used to amplify the coding region of the RBP4 
gene was human cDNA. The resulting PCR 
product was ligated into the NspvI/NotI enzyme 
restriction sites of the p-CMV plasmid. The pos-
itive recombinant plasmids were double-digest-
ed, and the sequence was termed pCMV-RBP4. 
The empty plasmid (p-CMV) was used as a neg-
ative control. siRNAs were constructed by 
Suzhou GenePharma. Co., Ltd. (Suzhou, China). 
The siRNA sequences were as follows: RBP4-
homo-577, sense: 5’-GAAGCGCAGAAGAUUG- 
UAATT-3’, antisense: 5’-UUACAAUCUUCUGCG- 
CUUCTT-3’; RBP4-homo-247, sense: 5’-GCCU- 
CUUUCUGCAGGACAATT-3’, antisense: 5’-UUG- 
UCCUGCAGAAAGAGGCTT-3’; RBP4-homo-432: 
sense: 5’-GGAUCGUCGACACAGACUATT-3’, anti-
sense: 5’-UAGUCUGUGUCGACGAUCCTT-3’; neg-
ative control: sense: 5’-UUCUCCGAACGUGU- 
CACGUTT-3’, antisense: 5’-ACGUGACACGUUC- 
GGAGAATT-3’. 

JEG-3 cells were transfected with Lipofectamine 
2000 reagent (Invitrogen Life Technologies, 
Carlsbad, CA, USA) according to the manufac-
turer’s protocol. The best interference sequ- 
ence was selected by western blot analysis.
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Western blotting 

Cell lysates were harvested, and protein con-
centration was determined via the bicincho- 
ninic acid protein quantification method [17]. 
Then, 30 μg of total protein was separated by 
SDS-PAGE and electrotransferred onto NC me- 
mbranes (Millipore, Bedford, MA, USA) using a 
semi-dry western blot transfer system (Bio- 
Rad Laboratories, Inc., Hercules, CA, USA). The 
primary rabbit anti-RBP4 polyclonal antibody 
(1:2,000 dilution), rabbit anti-matrix metallo-
proteinase 2 (MMP2) monoclonal antibody (1: 
1,000 dilution) and rabbit anti-MMP9 mono- 
clonal antibody (1:2,000 dilution) (all from Ab- 
cam, Cambridge, MA, USA) and anti-GAPDH 
(loading control, 1:3,000 dilution; Cell Signal- 
ing Technology, Inc., Danvers, MA, USA) were 
incubated at 4°C overnight. After three wash- 
es with PBST, secondary HRP-conjugated goat 

polycarbonate membrane (Corning Costar Inc., 
Corning, NY, USA) and Matrigel (BD Biosciences, 
Franklin Lakes, NJ, USA) to simulate the matrix 
barrier. Twenty-four hours after transfection, 1 
× 105 cells were resuspended in 100 μl serum-
free medium comprising 1% bovine serum albu-
min, seeded on top of the transwell membrane 
in the upper chamber and incubated with 650 
µl culture medium containing 10% FBS in the 
bottom chamber. After a 24-h incubation, the 
membranes were fixed with 95% ethyl alcohol 
and stained with 0.1% crystal violet at room 
temperature (Beijing Solarbio Science & Tech- 
nology Co., Ltd., Beijing, China). Three visual 
fields were randomly selected from each mem-
brane, the migrated cells were counted under-
neath an inverted microscope (IX-71; Olympus, 
Tokyo, Japan), and each assay was repeated at 
least 3 times.

Table 1. Clinical Characteristics of Study Patients Data are shown as the mean ± SD, and differences 
between groups were analysed with t-tests
Characteristics Normal pregnancy (n = 25) Preeclampsia (n = 18) P-value
Maternal age (years) 31.18 ± 4.05 28.85 ± 4.72 0.09
BMI (kg/m2)a 22.16 ± 3.15 21.38 ± 3.2 0.43
Systolic blood pressure (mmHg) 115.58 ± 6.22 154.45 ± 14.24* < 0.001
Diastolic blood pressure (mmHg) 76.84 ± 5.62 101.40 ± 8.24* < 0.001
24 h urine protein (g) 0.1 ± 0.05 4.48 ± 0.62* < 0.001
Gestational day at delivery (day) 264.24 ± 12.78 258.63 ± 5.73 0.088
Infant birth weight (g) 3285.32 ± 482.62 2604.14 ± 592.16* 0.0002
*Compared with normal pregnancy, P < 0.05. aBMI, body mass index, indicating the weight in kilograms divided by the square 
of the height in metres.

Figure 1. Serum RBP4 concentration was significantly decreased in the pre-
eclampsia group compared with the control group (P < 0.05).

anti-rabbit antibody (1:10,000 
dilution; Cell Signaling Tech- 
nology, Inc.) incubation was 
performed for 2 h at room 
temperature. Finally, detec-
tion was performed by che- 
miluminescent ECL reagent 
(Millipore), and signals were 
exposed to X-ray film. Analy- 
sis of total signal intensity  
of western blot bands was 
performed with Image Studio 
Lite version 4.0 (Li-Cor Bio- 
sciences, Lincoln, NE, USA).

Transwell assay 

Cell motility was evaluated 
with a 24-well Boyden cham-
ber with an 8-μm pore size 
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MTT assay 

JEG-3 cells transfected after 24 h were seed- 
ed into 96-well plates at a density of 5 × 103 
cells/well and a final volume of 150 μl/well in 
triplicates per experiment. After 0, 24, 48, and 
72 h, MTT reagent (Sigma-Aldrich, Shanghai, 
China) (20 μl) was added, and cells were incu-
bated for 4 h at 37°C. The medium was then 
discarded, and cells were oscillated in 150 μl/
well dimethyl sulphoxide for 15 min. The ab- 
sorbance was measured at 490 nm using a 
Fluoroskan Ascent FL Microplate Fluorometer 
(Thermo Scientific, Sunnyvale, CA, USA), and 
each assay was repeated at least 3 times.

Statistical analysis 

Data are presented as the mean ± SD. One- 
way analysis of variance (ANOVA) was conduct-
ed to compare multiple groups, followed by  
the Bonferroni post hoc test. GraphPad Prism 
software, version 4.0 (GraphPad Software, Inc., 
San Diego, CA, USA), was used for data analy- 
sis and plotting. P < 0.05 was considered a  
significant difference.

Results

Subject characteristics

The clinical characteristics of the patients are 
summarised in Table 1.

Serum RBP4 expression

RBP4 concentration in patients with severe PE 
was significantly decreased compared with that 
in individuals with healthy pregnancies (P = 
0.0022; Figure 1). Mean (SD) serum RBP4 con-
centrations were higher among PE cases 164.5 
(44.07) mg/ml compared with controls 120.25 
(30.79) mg/ml (P < 0.05). 

RBP4 protein expression by western blotting 

RBP4 was substantially overexpressed in JEG-3 
cells transfected with pCMV-RBP4 compared 
with that in JEG-3 cells transfected with pCMV 
(Figure 2A), which confirmed that pCMV-RBP4 
plasmids were constructed successfully. Com- 
pared with the negative control group (si-NC), 
the RBP4 siRNA fragments could significantly 
inhibit RBP4 expression. The best interference 
sequence was RBP4-homo-432 (Figure 2B), so 
RBP4-homo-432 was used as an interference 
fragment in follow-up experiments.

RBP4 regulates the proliferation, migration 
and invasion of JEG-3 cells in vitro 

The migration and invasion of JEG-3 cells trans-
fected with pCMV-RBP4 were significantly incre- 
ased compared to those of JEG-3 cells trans-
fected with pCMV (P < 0.05) (Figure 3A, 3B). Sil- 
encing of RBP4 inhibited JEG-3 cell migration 
and invasion in vitro compared to those of the 

Figure 2. RBP4 expression determined by western blot analysis. A. RBP4 expression in JEG-3 cells transfected with 
pCMV-RBP4 or pCMV. Ctrl-0.5 µg, the pCMV quantity is 0.5 µg; Ctrl-1 µg, the pCMV quantity is 1 µg; RBP4-0.5 µg, the 
pCMV-RBP4 quantity is 0.5 µg; RBP4-1 µg, the pCMV-RBP4 quantity is 1 µg. B. RBP4 expression in JEG-3 cells trans-
fected with RBP4 siRNA (si-577, si-432, si-247) or negative control (si-NC). Bar chart shows the RBP4 level based on 
the statistical analysis of the western blotting results. Data are expressed as the mean ± SD of three independent 
biological repeats. *, compared with corresponding data in the control, P < 0.05.
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negative control (P < 0.05) (Figure 3C, 3D). Fur- 
thermore, the proliferation of JEG-3 cells trans-
fected with pCMV-RBP4 was strongly increas- 
ed compared to that of pCMV-treated JEG-3 
cells at 48 and 72 h after transfection (P < 
0.05) (Figure 3E); similarly, RBP4 silencing dra-
matically inhibited the proliferation of JEG-3 
cells at 48 and 72 h after transfection (P < 
0.05) (Figure 3F).

RBP4 regulates MMP2 and MMP9 in JEG-3 
cells 

To explore the molecular mechanisms of RB- 
P4 in mediating trophoblast invasion, we anal-
ysed the MMP2 and MMP9 protein levels 48  

h after transfection. The results showed that 
RBP4 overexpression substantially increased 
the MMP2 and MMP9 levels, and silencing of 
RBP4 significantly downregulated the MMP2 
and MMP9 levels (Figure 4).

Discussion

A relationship between RBP4 and pre-eclamp-
sia (PE) was previously observed in several stu- 
dies, but the results were controversial. Stepan 
et al. [14, 17] found no link between serum 
RBP4 levels and the risk of PE. Yliniemi et al.  
[6] found that RBP4 levels in first trimester 
serum were significantly higher in females who 
subsequently developed EO-PE than controls in 

Figure 3. RBP4 regulates the migration and invasion of JEG-3 cells. A. The migration of JEG-3 cells was compared 
between the CTRL and RBP4-OV groups by transwell migration assays. CTRL, JEG-3 cells transfected with the empty 
plasmid. RBP4-OV, JEG-3 cells transfected with pCMV-RBP4. B. Matrigel-based transwell invasion assays of CTRL 
and RBP4-OV cells. C. Transwell migration assays of si-NC and si-RBP4 cells. D. Matrigel-based transwell invasion 
assays of si-NC and si-RBP4 cells. Representative images are shown on the left bar chart. E. MTT assays detected 
the fold change in JEG-3 cell growth rate for RBP4-OV cells at 0, 24, 48 and 72 h compared with the CTRL. F. MTT 
assays detected the fold change in JEG-3 cell growth rate for si-NC cells at 0, 24, 48 and 72 h compared with the 
si-RBP4 cells. Data are expressed as the mean ± SD of three independent biological repeats. *, compared with the 
corresponding data in the control, P < 0.05.
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a retrospective case-control study. Park et al. 
[13, 16] detected that the serum level of RBP4 
was reduced in the PE group compared to that 
in the normal group. Our findings are similar to 
some previous reports of associations of RBP4 
with PE in pregnant populations. We analysed 
the serum RBP4 concentrations of eighteen 
patients with severe PE and twenty-five healthy 
pregnant women with ELISA, and observed that 
RBP4 concentration in patients with severe PE 
was significantly decreased compared with that 
in individuals with healthy pregnancies. Overall, 
there is modest evidence to support that PE is 
associated with decreased maternal RBP4 con-
centration compared with normal pregnancy. 
Our studies showed that reduced RBP4 may be 
responsible for the occurrence of PE. However, 
it remains unclear how RBP4 is involved in the 
pathogenesis of PE.

JEG-3, phenotype similar to extravillous tropho-
blasts (EVTs), is a line of choriocarcinoma cells 
that originated from Choriocarcinoma explants. 
They express human choriogonadotropin; hu- 
man leukocyte antigen-G, integrin α (ITGA) 1, 5 
and 6; and MMP2 and MMP9; and have been 
widely used as an in vitro model to study the 
functions of trophoblast migration and invasion 
[18, 19].

tion and MTT assays, we showed that RBP4 
over-expression enhanced the proliferation and 
invasion of JEG-3 cells. In addition, silencing of 
RBP4 dramatically suppressed the proliferation 
and invasion of JEG-3 cells. Therefore, we hypo- 
thesized that RBP4 reduction leads to inhibi-
tion of the migration and invasion of tropho-
blasts in PE patients, resulting in shallow tro-
phoblast invasion. These changes further cau- 
se placental hypoxia and ischemia, which even-
tually leads to the occurrence of PE. Our stud-
ies confirmed the role of RBP4 in the pathogen-
esis of PE, but further analyses are needed to 
elucidate the molecular mechanisms.

MMPs are a family of zinc-containing endopep-
tidases capable of degrading a wide range of 
extracellular matrix components [21, 22]. Of 
these, MMP2 and MMP9, respectively called 
gelatinase A and B, are the most common 
MMPs and are believed to play important roles 
in trophoblast invasion. Studies have also sh- 
own that MMPs are involved in the remodelling 
of uterine spiral arteries, and reduced MMP 
activity may affect the invasion of trophoblast 
cells, resulting in abnormal placental develop-
ment and onset of PE [23-26].

Our results showed that RBP4 expression sig-
nificantly regulated the protein levels of MMP2 

Figure 4. RBP4 influences MMP2 and MMP9 in JEG-3 cells. A. The expres-
sion of MMP-2 and MMP-9 was compared between RBP4-OV cells and CTRL 
cells. B. The expression of MMP-2 and MMP-9 was compared between the si-
NC cells and siRNA cells. Bar chart shows the MMP-2 and MMP-9 expression 
levels based on the statistical analysis of the western blotting results. Data 
are expressed as the mean ± SD of three independent biological repeats. *, 
compared with corresponding data in the control, P < 0.05.

Our previous studies found 
that the content of RBP4 in 
placenta with severe PE was 
distinctly lower than that in 
placenta with normal preg-
nant women [20]; therefore, 
we speculate that RBP4 mig- 
ht play an important role by 
affecting the function of tro-
phoblast cell migration and 
invasion. Review of RBP4 re- 
lated literature showed a lack 
of a role of RBP4 in the bio-
logical behavior of trophobl- 
astic cells and the pathogen-
esis of preeclampsia. In this 
study, we constructed RBP4 
overexpression plasmid and 
RBP4 siRAN to transfect JEG- 
3 cells, and further, we ob- 
served the effect of overex-
pression and knockdown of 
RBP4 on the biologic function 
of trophoblast cells in JEG-3 
cells. Through invasion, migra-
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and MMP9, indicating that RBP4 likely pro-
motes the migration and invasion of trophobl- 
asts by increasing the secretion of MMP2 and 
MMP9. The decreased levels of RBP4 may re- 
duce the secretion of MMP2 and MMP9 in PE 
patients and subsequently inhibit the migration 
and invasion of trophoblasts. Shallow tropho-
blast invasion contributes to placental hypoxia 
and ischemia, eventually leading to the occur-
rence of PE.

In conclusion, we demonstrated that RBP4 is 
significantly reduced in the sera of patients 
with PE, and further data indicated that RBP4 
over-expression effectively promotes the prolif-
eration and invasion of JEG-3 cells, whereas 
RBP4 knockdown significantly inhibits JEG-3 
cell proliferation and invasion, which is asso- 
ciated with changes in the protein levels of 
MMPs. Our findings support an important role 
for RBP4 in regulating trophoblast invasion and 
proliferation, representing a possible underly-
ing pathological and molecular mechanism of 
PE.

Acknowledgements

The present study was supported by the Sino-
RUS Cooperation Funds (No. 2015DFR31070) 
and by the National Natural Science Foundation 
of China (No. 81571455).

Disclosure of conflict of interest

None.

Address correspondence to: Dr. Zhenyu Zhang, Di- 
rector of Obstetrics and Gynecology, 8 Gongren 
Tiyuchang Nanlu, Chaoyang District, Beijing, P. R. 
China. Tel: +86-13801237287; E-mail: zhenyu-
zhang@ccmu.edu.cn

References

[1] Uzan J, Carbonnel M, Piconne O, Asmar R, 
Ayoubi JM. Preeclampsia: pathophysiology, di-
agnosis, and management. Vasc Health Risk 
Manag 2011; 7: 467-74.

[2] Rosser ML, Katz NT. Preeclampsia: an obstetri-
cian’s perspective. Adv Chronic Kidney Dis 
2013; 20: 287-96.

[3] Poon LC and Nicolaides KH. Early prediction of 
preeclampsia. Obstet Gynecol Int 2014; 2014: 
297397.

[4] Redman CW, Sargent IL, Staff AC. IFPA Senior 
Award Lecture: making sense of preeclampsia 

- two placental causes of preeclampsia? Pla-
centa 2014; 35 Suppl: S20-5.

[5] Tal R. The role of hypoxia and hypoxia-inducible 
factor-1alpha in preeclampsia pathogenesis. 
Biol Reprod 2012; 87: 134.

[6] Yliniemi A, Nurkkala MM, Kopman S, Korpima-
ki T, Kouru H, Ryynanen M, Marttala J. First 
trimester placental retinol-binding protein 4 
(rbp4) and pregnancy-associated placental 
proteina (papp-a) in the prediction of early-on-
set severe pre-eclampsia. Metabolism 2015; 
64: 521-6.

[7] Holland O, Dekker Nitert M, Gallo LA, Vejzovic 
M, Fisher JJ, Perkins AV. Review: placental mi-
tochondrial function and structure in gesta-
tional disorders. Placenta 2017; 54: 2-9. 

[8] Ji L, Brkić J, Liu M, Fu G, Peng C, Wang YL. Pla-
cental trophoblast cell differentiation: physio-
logical regulation and pathological relevance 
to preeclampsia. Mol Aspects Med 2013; 34: 
981-1023. 

[9] Anderson UD, Olsson MG, Kristensen KH, Aker-
strom B, Hansson SR. Review: biochemical 
markers to predict preeclampsia. Placenta 
2012; 33: S42-S47.

[10] Yang Q, Graham TE, Mody N, Preitner F, Peroni 
OD, Zabolotny JM, Kotani K, Quadro L, Kahn 
BB. Serum retinol binding protein 4 contrib-
utes to insulin resistance in obesity and type  
2 diabetes. Nature 2005; 436: 356-62.

[11] Mary S, Kulkarni MJ, Malakar D, Joshi SR, Me-
hendale SS, Giri AP. Placental proteomics pro-
vides insights into pathophysiology of pre-
eclampsia and predicts possible markers in 
plasma. J Proteome Res 2017; 16: 1050-
1060.

[12] Wongsiriroj N, Jiang H, Piantedosi R, Yang KJ, 
Kluwe J, Schwabe RF, Ginsberg H, Goldberg IJ, 
Blaner WS. Genetic dissection of retinoid es-
terification and accumulation in the liver and 
adipose tissue. J Lipid Res 2014; 55: 104-14.

[13] Seol HJ, Kim JW, Kim HJ. Retinol-binding pro-
tein-4 is decreased in patients with preeclamp-
sia in comparison with normal pregnant wom-
en. J Perinat Med 2011; 39: 287-9.

[14] Stepan H, Ebert T, Schrey S, Reisenbüchler C, 
Blüher M, Stumvoll M, Kratzsch J, Tönnessen 
P, Faber R, Fasshauer M. Preliminary report: 
serum levels of retino1-binding protein 4 in 
preeclampsia. Metabolism 2009; 58: 275-7. 

[15] Inoue S, Takamoto N, Akahori Y, Masumoto A, 
Nakatsukasa H, Msuyama H, Hiramatsu Y. El-
evated level of serum retinol-binding protein 4 
in pregnancy-induced hypertension. J Obstet 
Gynaecol Res 2009; 35: 293-300.

[16] Park J, Cha DH, Lee SJ, Kim YN, Kim YH, Kim 
KP. Discovery of the serum biomarker proteins 
in severe preeclampsia by proteomic analysis. 
Exp Mol Med 2011; 43: 427-35. 

mailto:zhenyuzhang@ccmu.edu.cn
mailto:zhenyuzhang@ccmu.edu.cn


RBP4 regulates the mechanisms of JEG-3 cells

5884 Int J Clin Exp Pathol 2018;11(12):5877-5884

[17] Nanda S, Nikoletakis G, Markova D, Poon LC, 
Nicolaides KH. Maternal serum retinol-bind- 
ing protein-4 at 11-13 weeks’ gestation in nor-
mal and pathological pregnancies. Metabo-
lism 2013; 62: 814-9. 

[18] Huppertz B, Kertschanska S, Demir AY, Frank 
HG and Kaufmann P. Immunohistochemistry 
of matrix metalloproteinases (MMP), their sub-
strates, and their inhibitors (TIMP) during tro-
phoblast invasion in the human placenta. Cell 
Tissue Res 1998; 291: 133-148.

[19] Hannan NJ, Paiva P, Dimitriadis E and Sal-
amonsen LA. Models for study of human em-
bryo implantation: choice of cell lines? Biol 
Reprod 2010; 82: 235-245.

[20] Lu Q, Liu C, Liu Y, Zhang N, Deng H, Zhang Z. 
Serum markers of pre-eclampsia identified on 
proteomics. J Obstet Gynaecol Res 2016; 42: 
1111-1118.

[21] Heissig B, Hattori K, Friedrich M, Rafii S, Werb 
Z. Angiogenesis: vascular remodeling of the  
extracellular matrix involves metalloproteinas-
es. Curr Opin Hematol 2003; 10: 136-141.

[22] Ozdamar O, Gün I, Müngen E, Atay V. The as-
sessment of the relationship between amniot-
ic fluid matrix metalloproteinase-9 and zinc 
levels with adverse obstetric outcomes. Arch 
Gynecol Obstet 2014; 290: 59-64.

[23] Omran OM, Shokry M, Ismail H, Omar G and 
Rezk M. Expression of matrix metalloprotein-
ases 2 and 9 in human trophoblasts of normal 
and preeclamptic placentas. Int J Health Sci 
(Qassim) 2011; 5 Suppl 1: 21-23.

[24] Yang Y, Zhang J, Gong Y, Liu X, Bai Y, Xu W and 
Zhou R. Increased expression of prostasin con-
tributes to early-onset severe preeclampsia 
through inhibiting trophoblast invasion. J Peri-
natol 2015; 35: 16-22. 

[25] Rahimi Z, Kazemian L, Malek-Khosravi S, Na-
jafi F, Rahimi Z. Matrix metalloproteinase-7 A-
181G and its interaction with matrix metallo-
proteinase-9 C-1562T polymorphism in pre- 
eclamptic patients: association with malondi-
aldehyde level and severe preeclampsia. Arch 
Gynecol Obstet 2015; 291: 45-51.

[26] Cockle JV, Gopichandran N, Walker JJ, Levene 
MI and Orsi NM. Matrix metalloproteinases 
and their tissue inhibitors in preterm perinatal 
complications. Reprod Sci 2007; 14: 629-645.


