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ABSTRACT. The aim of this study was to investigate the 
expression and significance of the imprinted gene PEG10 
(paternally expressed gene 10) in preeclampsia placental tissue. 
Quantitative real-time reverse transcriptase polymerase chain 
reaction and immunohistochemistry to evaluate mRNA and protein 
expression and distribution of PEG10 in placental tissues obtained 
from 22 preeclampsia patients (8 patients with mild preeclampsia, 
14 cases of severe preeclampsia). At the same time, 22 cases of 
normal pregnant women served as controls. PEG10 expression was 
determined in the placental tissue of the two different groups. In the 
normal pregnancy group, the average expression level of PEG10 
was 0.5832 ± 0.045, while in the preeclampsia group, this level 
was 0.1943 ± 0.035. Statistical analysis showed that the two groups 
differed significantly (P < 0.05). The downregulated expression 
of the imprinted gene PEG10 may be an important reason for the 
occurrence of preeclampsia.
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INTRODUCTION

Preeclampsia is a peculiar disease. According to statistics, its incidence is 9.4-
10.4% in China, while it is as high as 7-12% during pregnancy in other countries (Rons-
mans and Campbell, 2011). Although studies of etiology and prevention of preeclampsia 
have made some progress, there are no effective means of prevention and clinical treat-
ment besides such measures as conventional spasmolytics, depressurization, and termi-
nation of pregnancy. With the placenta out of the uterus, the symptoms of preeclampsia 
disappear. Therefore, some scholars think that pathophysiological changes in the placenta 
are the basis of the pathogenesis of preeclampsia (Steinhoff et al., 2009). Currently, it is 
well accepted that the center of the pathogenesis of preeclampsia is the placental “shal-
low bed”. During normal pregnancy, the uterine spiral arteries are transformed into high 
capacity and low impedance blood vessels by surrounding trophoblastic cells to increase 
blood flow and meet the needs of fetal nutrition. The weakened ability of trophoblastic 
cells to infiltrate leads to the disorder of placental vascular bed remodeling of uterine spi-
ral arteries and may be a key factor in preeclampsia (Shaman et al., 2013).

We found that there are many highly expressed genes in the gene expression spec-
trum (Affymetrix chips) of cytotrophoblastic cells in normal pregnancy and extra villous 
trophoblastic cells, and PEG10 is one of them (Fan et al., 2007). Besides, PEG10 may be 
involved in pathological pregnancy of inevitable abortion (Liang et al., 2008). Moreover, 
Ono et al. (2006) found that placental function defects caused by the lack of PEG10 in 
mice subjected to gene knockout could result in early embryonic death. These results indi-
cated that PEG10 plays an important role in pregnancy (Lim et al., 2012). Preeclampsia is 
a special kind of pathological pregnancy, where the main mechanism is closely related to 
the infiltrating ability of the trophoblastic cell (Shaman et al., 2013). PEG10 is highly ex-
pressed in the gene expression spectrum of the trophoblastic cell. It is not known whether 
PEG10 has a high expression in preeclampsia placental tissue and whether it participates 
in the regulation of the trophoblastic cell in placental tissue. Therefore, this research 
aimed to explore the role of the imprinted gene from fathers in the pathogenesis of pre-
eclampsia, using quantitative RT-PCR, immunohistochemical assay and immune imprint-
ing to analyze the expression levels of PEG10 mRNA and protein in placental tissue of 
patients with preeclampsia and normal pregnancy women at the same time, and then to 
further explore the pathogenesis of preeclampsia. Early detection and timely treatment of 
preeclampsia is needed to reduce mortality. Perinatal infant mortality will ultimately be 
reduced. 

MATERIAL AND METHODS

Clinical data

 From August 2010 to June 2012, 22 patients with preeclampsia (8 patients with 
mild preeclampsia and 14 cases of severe preeclampsia) who had a vaginal delivery were 
selected in the Obstetrics and Gynecology Department of the First People’s Hospital, 
Shanghai Baoshan Branch, as the study group. Another 22 cases of normal full-term preg-
nancy women who underwent cesarean section during the same period served as the con-
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trol group. All subjects had a singleton pregnancy. In the study group, the gestational 
ages of the patients were from 29 to 39 weeks, with a mean of 34.2 ± 3.3 weeks; the ages 
were from 21 to 33 years old, with a mean of 26.5 ± 3.2 years; motherhood was 1-6 times, 
with an average maternal time of 3.2 ± 1.4. In the control group, the gestational ages of 
the women were from 38 to 40.4 weeks, with a mean of 39.1 ± 0.7 weeks; the ages were 
from 20 to 36 years old, with an average of 27.1 ± 2.6 years; motherhood was 1-7 times, 
with an maternal time of 3.4 ± 1.8. Difference in age and motherhood time between the 
two groups was not statistically significant (P > 0.05). Preeclampsia diagnostic criteria 
was according to the National College Books “Obstetrics and Gynecology” Version 7 (Le,  
2008). The two groups of pregnant women had no previous history of adverse pregnancy, 
primary hypertension, diabetes, chronic nephritis, heart and immune system diseases or 
other chronic diseases. There was no history of blood transfusion and immunotherapy. All 
subjects signed informed consent, and the ethics committee of our hospital examined and 
approved the study.

Specimen processing

All specimens were from vaginal delivery placenta and obtained within 15 min. Ster-
ile scissors were used to cut 3 to 4 pieces from the placental umbilical cord attached to the 
surface of the root area of   maternal central parts. Besides, a 1.0 cm cubed piece was cut to 
avoid the area of hemorrhage, necrosis and calcification. The tissue was dissected and washed 
in PBS until it was clean. Specimen was treated with DEPC water and disinfection of frozen 
pipes, and the rest was rapidly frozen in liquid nitrogen, transferred to a -80°C freezer and 
stored overnight. Fresh tissue specimens of approximately 1.5 cm cubed pieces were fixed in 
4% paraformaldehyde for immunohistochemical assays.

Method

PEG10 protein levels determined by immunohistochemistry 

Small pieces of paraformaldehyde-fixed placental tissue were dehydrated, paraffin-
embedded, and serially sectioned at 5 µm the slide is prevented by cleaning treatment, APES 
package and in case of off-chip. Three slices of each tissue were used for the following SP 
immunohistochemical staining procedures. The main steps were as follows. Sections were 
deparaffinaged and placed in a microwave (800 W) for three cycles (5 min each). Endoge-
nous peroxidase activity was blocked (3% H2O2, 5 min) prior to incubation at room tempera-
ture overnight with mouse anti-human PEG10 monoclonal antibody (1:100, Beijing Zhong-
shan) and then with biotinylated rabbit anti-mouse IgG (1:200, Beijing Zhongshan) at room 
temperature for 1 h at 37°C, followed by color development with DAB/H2O2. Reactions 
were stopped by repeated washing in PBS. The slides were counterstained with hematoxylin. 
When the negative control was incubated with diluent instead of antibody, the reaction was 
negative. Five high-power fields (100X) were randomly selected under a light microscope for 
observation and subjected to photographic color image analysis by using Image-Pro PlusVer-
sion 5.1. For each slice, the absorbance of the PEG10 immune reaction product was measured 
and subjected to semi-quantitative statistical analysis.
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Real-time quantitative PCR (real-time FQ-PCR) used to detect PEG10 mRNA 

Total RNA extraction and reverse transcription reaction

In accordance with the Trizol reagent instructions, total RNA was extracted from pla-
cental tissue, and RNA concentration and purity were evaluated with a UV spectrophotometer, 
followed by storage at -70°C. cDNA synthesis was carried out with a reverse transcription kit 
(Takara). The cDNA product obtained was stored at -80°C until RT FQ-PCR assay.

RT FQ-PCR primer design, mRNA determination, and data analysis

The standard sample preparation and standard curve analysis were performed by the 
Haiyidikang Company. The primers were as follows: PEG10-1F, GCTACCACTGCCGGATG-
TAT; PEG10-1R, GCCACAAAATCTCGAAGAGC. The PEG10 and ß-actin reaction systems 
and reaction conditions were the same. The amplification reaction conditions consisted of initial 
denaturation at 95°C for 10 min, followed by 40 cycles of 94°C for 15 s, 56°C for 20 s, 72°C for 
30 s to collect the fluorescence signal. mRNA levels were determined by calculating the relative 
expression of the target gene mRNA: ΔCT (target gene) = target gene CT - an endogenous control 
gene Ct, ΔΔCt = (Ct (target gene) - ΔCt (standard value), giving the target gene relative total of 
2-ΔΔCT. Data analysis was carried out with the accompanying Roche LightCycleR 480 Software.

Statistical analysis

 Data are reported as means ± SD. The SPSS 13.0 software was used for statistical 
analysis, and the groups were compared using a t-test, where P < 0.05 was statistical signifi-
cance to be statistically significant.

RESULTS

PEG10 mRNA expressions in the placenta

Real-time FQ-PCR, immunohistochemistry and Western blot showed that PEG10 was 
expressed in the placenta of both groups (preeclampsia group and normal pregnancy group) 
(Figure 1). Levels in the normal pregnancy group were higher than in the preeclampsia group 
and the difference was statistically significant (P < 0.05), as shown in Table 1.

PEG10 protein expressions in the placenta

Immunohistochemical results showed the expression of the PEG10 protein in placen-
tal tissue of the two different groups (normal pregnancy and preeclampsia group). However, 
the preeclampsia group showed significantly lower levels than the normal pregnancy group (P 
< 0.05), as shown in Table 1. Light microscopy showed PEG10 protein expression in stromal 
cells and glandular epithelial cells (brown staining), with the nucleus not stained. Normal 
pregnancy placental tissue showed strongly positive expression (+ + +); preeclampsia tissue 
showed weakly positive expression (+) (Figure 2). Western blot showed in each sample bands 



10611

©FUNPEC-RP www.funpecrp.com.brGenetics and Molecular Research 13 (4): 10607-10614 (2014)

Expression and significance of PEG10

at 55 kDa and 43 kDa, representing the target protein. GenBank (code: BAB43951.1) showed 
the PEG10 ORF1 protein size to be consistent (Figure 3).

Figure 1. PEG10 relative expression in the placental tissue of preeclampsia and normal pregnancy. Severe preeclampsia: 
A3/A4, B3/B4, C3/C4, H3/H4; Mild preeclampsia: D3/D4, E3/E4, the G3/G4; Normal pregnancy: F3/F4.

Figure 2. 1) PEG10 expression in the preeclampsia placenta tissue 100X; 2) PEG10 expression in normal pregnancy 
placental tissue 100X.

Groups Semi-quantitative reverse transcriptase polymerase chain reaction Immunohistochemistry Western blot

Preeclampsia 0.1943 ± 0.035 0.0572 ± 0.005 0.0384 ± 0.015
Normal pregnancy 0.5832 ± 0.045 0.1258 ± 0.086 0.1052 ± 0.036
P <0.001 <0.001 <0.001

Table 1. PEG10 expression levels in the placental tissue of preeclampsia patients and normal pregnant women. 

Data are reported as means ± SD. 
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DISCUSSION

From an immunological point of view, the maternal-fetal interface constituted by ma-
ternal decidua tissue and placental trophoblastic tissue is the basis for pregnancy immune tol-
erance. DiFederico et al. (1999) found that there were few apoptotic trophoblastic cells outside 
the villus in the decidua of the normal pregnancy group. However, about 15-50% of tropho-
cytes outside the villi are apoptotic in placental tissue in patients with preeclampsia. Increased 
cell apoptosis makes the trophocyte invasion incomplete, which limits the infiltration depth 
and causes remodeling of the spiral arteriolar wall as well as shallow placental implantation 
(Zheng et al., 2005). Sertoli cells moderately penetrate the uterine muscular layer, which leads 
to remodeling of the spiral arteriolar wall in the placenta. It is a necessary to maintain normal 
pregnancy. However, the reduction in the capacity mentioned above can lead to corresponding 
pregnancy complications such as preeclampsia and intrauterine fetal growth restriction and 
so on (Norwitz, 2006). In addition, we found defects in androgenize embryonic development 
after the androgenetic embryo was transplanted into the uterus. When the extraembryonic cell 
line-trophoblastic cells overgrow, they have more stronger ability to infiltrate in the uterus, 
which makes the placenta larger. The ability of the single female reproductive animals sertoli 
cells and placentation is lacking. This suggests that the source of paternally imprinted genes 
mainly adjusts the growth of the trophoblastic cell leaf and placentation nourishes (Fowden 
et al., 2006).

PEG10 is an important imprinted gene with the characteristics of paternal expression 
and maternal imprinting (Ono et al., 2001). Kikuno et al. (1999) cloned it in 1999, which is 

Figure 3. Analysis of the expression of PEG10 protein in normal pregnancy and preeclampsia tissues by Western 
blot. 1 to 4: Western blot product from severe the preeclampsia placental tissue; 5 and 6: Western blot product from 
mild preeclampsia placental tissue; 7 and 8: normal full-term pregnancy placental tissue products.
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located on human chromosome 7q21 and mouse chromosome 6A1. PEG10 encodes at least 
two proteins such as PEG10 RF1 and PEG10 RF1/2 (Clark et al., 2007). Many reports about 
PEG10 with respect to tumors have been published (Ip et al., 2007; Kainz et al., 2007). There 
is a striking resemblance between the invasion behavior of the trophoblastic cell and the meta-
static behavior of tumors. This includes the identification, adhesion and degradation of ex-
tracellular matrix and intrusion into the vascular endothelial and so on. This causes maternal 
blood vessel reconstruction and opens the placental blood supply. PEG10 has been proven 
to be one of the important control genes and target genes, which are affected by the original 
cancer gene (Hu et al., 2004; Li et al., 2006). In this study, PEG10 as a gene that comes from 
the father but is imprinted by the mother, showed much lower mRNA and protein levels in 
preeclampsia placenta tissue than that in the normal pregnancy group. This indicates that the 
loss of PEG10 may be an important regulatory event in preeclampsia. Its mechanism may be 
that the loss of PEG10 induces apoptosis, and mediated by the method of siRNA, it led to in-
creased cell apoptosis (Lux et al., 2010). Excessive expression of PEG10 - RF1 protein plays 
an anti-apoptosis role and promotes cell growth (Clark et al., 2007). PEG10 disrupts the bal-
ance of sertoli cell proliferation and apoptosis. Thus, the ability of the sertoli cell to invade the 
spiral artery is impaired and the remodeling of the placental spiral arteriolar wall is blocked. 
It causes shallow implantation of the placenta, placental ischemia and hypoxia, leading to 
preeclampsia. In addition, some in vitro studies have proven that hypoxia and ischemia reper-
fusion can cause sertoli cell apoptosis (Heazell et al., 2008). Hence, we infer that it will lead to 
the expression disorders of PEG10 and abnormal sertoli cell proliferation if the expression of 
PEG10 in placenta tissue cannot be maintained at a certain level, thus inducing preeclampsia. 
Placental ischemia and anoxia in preeclampsia patients further exacerbate sertoli cell apopto-
sis. Whether the loss of PEG10 is the central control point of this vicious circle and whether 
the recovery of PEG10 expression can improve the condition of preeclampsia patients and 
thus reduce perinatal morbidity and mortality are questions that remain to be further studied.
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