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Abstract: Objective: Recurrent spontaneous abortion (RSA) refers to two or more consecutive spontaneous abortions, and its morbidity is about 1%-1.8% of fertile women. It was to study the role of MAPK/ERK signal pathway in
the recurrent miscarriage patients by case-control analysis; Methods: It collected 46 RSA patients, without growing
of early embryos, which were constituted in patients group. Matched gestational time and women age, it used the
normal Pregnant woman at same period as control group. The mRNA expression of were detected by RT-PCR, the
protein expression of were detected by western blot. Calculated its value and found that difference; Result: It could
be found the average ERK1/2 expression in tissues of VCT, EVCT and DSC were lower in the RAS patients than that
of the control group (P<0.05). The expression of protein ERK and P-ERK was consistent with RNA testing results,
under western blot testing. ERK and PERK were at lower expression in villi and deciduas, which suggested it had relationship with recurrent miscarriage; Conclusion: The expression of ERK1/2 mRNA and the relative protein expression of ERK in RSA pathway were lower than normal pregnancy, which indicated MAPK/ERK signal pathway participated in the maintenance of normal pregnancy; the decreased expression of ERK is closely related to RSA disease.
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Introduction
Recurrent miscarriage, habitual abortion, or
recurrent pregnancy loss (RPL) is three or more
consecutive pregnancy losses. Infertility differs
because it is the inability to conceive. In many
cases the cause of RPL is unknown. After three
or more losses, a thorough evaluation is recommended by American Society of Reproductive
Medicine [1]. About 1% of couples trying to
have children are affected by recurrent miscarriage [2, 3].
There are various causes for recurrent miscarriage, and some are treatable. Some couples
never have a cause identified, often after extensive investigations [4, 5]. About 50-75% of
cases of Recurrent Miscarriage are unexplained. A common feature of immune factors
in causing recurrent pregnancy loss appears to
be a decreased maternal immune tolerance
towards the fetus [6, 7].
In sometimes, Natural Killer Cells, a type of
white blood cell, are present in uterine tissue.

High levels of these cells may be linked to RPL
but high numbers or the presence of these cells
is not a predictor of pregnancy loss in women
who have not have had a miscarriage [7].
However, earlier studies that perhaps paternal
sharing of HLA genes would be associated with
increased pregnancy loss have not been
confirmed.
The MAPK/ERK pathway (also known as the
Ras-Raf-MEK-ERK pathway) is a chain of proteins in the cell that communicates a signal
from a receptor on the surface of the cell to the
DNA in the nucleus of the cell [8-10].
The signal starts when a signaling molecule
binds to the receptor on the cell surface and
ends when the DNA in the nucleus expresses a
protein and produces some change in the cell,
such as cell division. The pathway includes
many proteins, including MAPK (mitogen-activated protein kinases, originally called ERK,
extracellular signal-regulated kinases), which
communicate by adding phosphate groups to a
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neighboring protein, which acts as an “on” or
“off” switch [9, 11].
When one of the proteins in the pathway is
mutated, it can become stuck in the “on” or
“off” position, which is a necessary step in the
development of many cancers. Components of
the MAPK/ERK pathway were discovered when
they were found in cancer cells. Drugs that
reverse the “on” or “off” switch are being investigated as cancer treatments [2, 11].
Three of the many proteins that are phosphorylated by MAPK. One effect of MAPK activation
is to alter the translation of mRNA to proteins.
MAPK phosphorylates 40S ribosomal protein
S6 kinase (RSK). This activates RSK, which, in
turn, phosphorylates ribosomal protein S6.
Mitogen-activated protein kinases that phosphorylate ribosomal protein S6 were the first to
be isolated [13, 14].
MAPK regulates the activities of several transcription factors. MAPK can phosphorylate
C-myc. MAPK phosphorylates and activates
MNK, which, in turn, phosphorylates CREB.
MAPK also regulates the transcription of the
C-Fos gene. By altering the levels and activities
of transcription factors, MAPK leads to altered
transcription of genes that are important for
the cell cycle. The 22q11, 1q42, and 19p13
genes are associated with schizophrenia,
schizoaffective, bipolar, and migraines by
affecting the ERK pathway.
Since, Recurrent spontaneous abortion (RSA)
refers to two or more consecutive spontaneous
abortions, and its morbidity is about 1%-1.8%
of fertile women. Pathogen of RSA is complex,
including chromosome, anatomy infection,
immune, endocrine etc. Besides, there are still
50% of RSA of unknown etiology. Compared to
normal pregnancy, throphblast invasion ability
of RSA patients is significantly decreased, and
the specific mechanism is not clear. Previous
studies have proved that, MAPK/ERK signal
pathway is closely related to embryo implantation during early pregnancy. Many intra-cellular
signal molecules produce biological effect
through the phosphoralation of ERK1/2 of
MAPK. The active form of ERK1/2 phosphorylation exists only in placenta before 12 weeks of
gestation, suggesting that it plays a major role
in early pregnancy. Inactivation of ERK1/2
results in a decreased in cell proliferation and
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cell number reduced. This study was to investigate the difference of RSA protein expression
between normal pregnancy and RPL patients,
and analyze the signal pathway of RSA.
Material and method
Patients and diagnose
It collected 46 RSA patients, from March to
September, 2014, which were pregnant again
but their early embryos couldn’t grow. They
were constituted in patients group. Their average gestational time was 8.32±1.73 weeks.
The pregnant women were at mean age of
29.37±3.65 years. All patients had a history of
spontaneous abortions for more than 2 times
before.
Case exclusion
The pregnant women with embryo chromosome abnormalities, anatomy, infection, endocrine and autoimmune diseases were excluded
in this study.
Diagnostic criteria were both of clinical finding
with no clear cause of abortion, and examination by B ultrasound which confirmed embryos
were stop growing, with no primitive heart tube
pulse.
Control group
At the same period in same hospital, it chooses
100 outpatients with normal pregnant women
as the control group. Their average gestational
time was 8.74±1.38 weeks. The pregnant
women were at mean age of 30.54±3.15 years.
Total RNA extraction
Total RNA including mRNA and microRNA from
fresh tissue and pathological paraffin tissue
were extracted following the instruction of the
miRNeasy Mini kit (Qiagene, Germany). The
concentration and purity of RNA were measured as absorbance value at 280 nm and 260
nm (A) and the ratio of A260/A280 ratios with
value of between 1.8 and 2.1 was used for subsequent experiments.
Microarray hybridization
All isolated RNA samples were used to synthesize cDNA, and double-stranded cDNA was
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Table 1. The sequence of primers of each
gene
Genes Primers’ sequence (5’-3’)
size (bp)
ERK1/2 F: CTCAAGCCTTCCAACCTC
380
R: TTCCACGGCACCTTATTT
β-actin F: TACACCGCTACCAGTTCGCCAT
270
R: TCTCCATGTCGTCCCAGTTGGT

Table 2. Clinical comparison of two groups of
indicator
Gestational
time
29.37±3.65 8.32±1.73
30.54±3.21 8.74±1.38
Age

Recurrent miscarriage
Control group

labeled and hybridized to the Microarray
(Arraystar, Rockville, MD). After hybridization
and washing, processed slides were scanned
with the Axon GenePix 4000B microarray scanner (Molecular Devices, Sunnyvale, CA).
Reverse transcription polymerase chain reaction
Complementary DNA synthesis was performed
using RT2 First Strand Kit (Takara, JP) and real
time PCR was accomplished using the SYBR
Green PCR Master Mix (Promega, USA) on BioRad IQ5.0 (Bio-Rad PCR system). The primers
sequences for ERK1/2 are in Table 1. Based on
the instruction of reverse transcription kit
(TAKARA), reverse transcription reaction mixture was prepared (2XmiRNA RT buffer 10 μL;
0.1% BSA 2 μL; miRNA reverse transcriptase
mixture 2 μL; RNA quantification to 0.5 μg, plus
Rnase-free water to the total volume of reaction solution 20 µL) with reaction at 37°C for
60 min, at 85°C for 5 s. The synthesized cDNA
were stored at -20°C.
SDS-PAGE and Western blot
The samples of tissues cells suspension were
harvested and centrifuged at 1000 g for 10
min (Thermo, USA). The supernatant was discarded, and the precipitation was re-suspended in lysis buffer (Beyotime, China), while adding 1% proteinase inhibitor cocktail (SigmaAldrich; Missouri), 25 mM NaF, and 1 mM
Na3VO4.

10000 g for 30 min at 4°C (Thermo, USA). The
supernatant containing protein of ERK was collected and analyzed using 8% sodium dodecyl
sulfate polyacrylamide gel electropheresis
(SDS-PAGE). Then transferred the proteins of
antibody onto a polyvinylidene difluoride (PVDF)
membrane (Millipore; California).
The membrane was blocked with 5% BSA TrisHCl buffered saline and 0.05% Tween-20 for 2
h at 25°C. It incubated with primary antibodies
of mouse anti ERK monoclonal antibody and
secondary antibodies of rabbit anti mouse
monoclonal antibodies. It calculated the WB
Protein bands with GADPH as internal standard
using an enhanced chemiluminescence system
(ECL, Bestbio, China).
Summary it as that: A total collection of 46
patients with RSA (test group) and 100 normal
pregnancies in the same period (control group)
of early pregnancy. Cultured villus and deciduas
of the two groups to isolate villous cytotrophoblasts (VCT), extravillous cytotrophoblasts
(EVCT) and dccidual stromal cells (DSC). The
pregnancies were monitored using ultrasound
scanning, fetal karyotyping and placental analysis. Villous cytotrophoblasts were isolated
from normal and trisomic placenta and cultured to investigate ERK secretion in vitro
(n=10). Reserve the expression of ERK1/2
mRNA and the ERK protein content by reverse
transcriptase chain reaction (RT-PCR) and
Western blot respectively.
Statistical analysis
All of the data are represented as the mean ±
SD (X±s) of three or more independent experiments. If the data were homogenous, an analysis of variance, Student-Newman-Keulsa and
Pearson’s correlation were used. If the data are
not homogenous, a Kruskal-Wallis and GamesHowell test, as well as a Spearman’s correlation
analysis, were used. All of the analyses were
carried out using the SPSS 19.0 software
(SPSS Inc, Chicago, IL, USA). Values less than
0.05 were considered to be statistically
significant.
Results
General information

The mixture was frozen to -80°C and thawed
four times. The mixture was centrifuged at

Through investigation, there was no significant
difference between patients group and control
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analysis. Recurrent miscarriage indicated
that genetic was an important risk factor,
accounting for 83.78% of the RSA cases.
Results of RT-PCR

Figure 1. The image 1.5% Agarose gel electrophoresis to test
mRNA of ERK in three kinds of tissues between RSA and control group.

Table 3. Analyzed the difference of ERK1/2 expression in different tissues of VCT, EVCT and DSC between these two groups
VCT
EVCT
DSC
Recurrent miscarriage 0.43±0.07 0.47±0.06 0.29±0.04
Control group
0.74±0.11 0.79±0.08 0.46±0.03
P<0.05.

It tested the ERK1/2 mRNA expression by
reverse transcription-polymerase chain
reaction (RT-PCR) technology, with three
kinds of tissues samples (VCT, EVCT and
DSC). Under electrophoresis conditions in
1.5% agarose gel, it taken the RT-PCR production image of ERK in three kinds of tissues between RSA and control group in
Figure 1. After calculated grayscale value
of the Electrophoresis gel images. Their
average value were that, VCT with 0.43±
0.07; EVCT with 0.47±0.06; DSC with
0.29±0.04. But, the average value of control group were that CT with 0.74±0.11;
EVCT with 0.79±0.09; DSC with 0.46±0.03.
It could be found the average ERK1/2
expression in tissues of VCT, EVCT and
DSC were lower in the RAS patients than
the control group (P<0.05) (Table 3).

Result of Western blot
After calculated grayscale value of western blot
image (the original image was showed in Figure
2), it analyzed both ERK and P-ERK expression,
which listed in Table 4. The expression of protein ERK and P-ERK were consistent with RNA
testing results. It was at lower expression for
RSA patients than control. That differences
were with statistically significant (P<0.05).

Figure 2. Grayscale of Western blot results for target
proteins between the two groups.

group in gestational time and ages, which is
illustrated in Table 2.

ERK and PERK were at lower expression in villi
and deciduas, which suggested it had relationship with Recurrent miscarriage. Furthermore,
histogram were draw to analysis the expression
difference in P-ERK and ER between them,
which showed in Figure 3.
Discussion

Made a case-control study of risk factors for
recurrent miscarriage patients. Firstly, the percentage of recurrent miscarriage cases and
rural patients was significantly higher in the
case group than in the control group (P<0.01).
After genetic background investigation, Second, family history were monitoring for gene

Antiphospholipid syndrome or antiphospholipid
antibody syndrome (APS or APLS), or often also
Hughes syndrome, is an autoimmune, hypercoagulable state caused by antiphospholipid antibodies. APS provokes blood clots (thrombosis)
in arteries and veins as well as pregnancy-related complications such as miscarriage, stillbirth,
preterm delivery, and severe preeclampsia
[1-4].
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Table 4. The protein expression of ERK and PERK between thes two groups
ERK
P-ERK
Recurrent miscarriage 0.543±0.032 0.511±0.059
Control group
0.715±0.041 0.674±0.038

nase (ERK) pathways by activating SEK and
MEK1/2 respectively [12]. On the other hand,
MAP3K7 (TAK1) participates in regulation of
transcription by transforming growth factorbeta (TGF-beta) [13, 18]. By detecting its
expression difference between RSA patients
and normal pregnancy.
It found expression of ERK were lower in RSA
patients than normal pregnancy, which suggested that MAPK/ERK signaling pathway were
involved in maintaining normal pregnancy. The
lower expression of ERK is closely related to
RSA, but whether it had other compensation
mechanisms, and what would be impacted in
the downstream of signaling pathway should be
more study in future.

Figure 3. Histogram was drawn to analyze the expression of P-ERK and ER between two groups, according to the value of the grayscale’.

The long-term prognosis for APS is determined
mainly by recurrent thrombosis, which may
occur in up to 29% of patients, sometimes
despite antithrombotic therapy.
Around 15% of the women who have recurrent
miscarriages have high levels of antiphospholipid antibodies [3, 15]. Women who have had
more than one miscarriage in the first trimester, or a miscarriage in the second trimester,
may have their blood tested for antibodies, to
determine if they have antiphospholipid syndrome. Women diagnosed with antiphospholid
syndrome generally take aspirin or heparin in
subsequent pregnancies, but questions remain
due to the lack of high quality trials [16, 17].
A common feature of immune factors in causing recurrent pregnancy loss appears to be a
decreased maternal immune tolerance towards
the fetus. Women with a history of recurrent
miscarriage are at risk of developing preeclampsia in later pregnancies.
Recurrent miscarriage in itself is associated
with later development of coronary artery disease with an odds ratio of approximately 2.

There were three kinds of tissues used in this
study, which were VCT, EVCT and DSC.
Furthermore, it found VCT, EVCT of ERK1/2
mRNA expression levels were higher than DSC
in RSA patients. It could make conclusion the
ERK1/2 were mainly present in the trophoblast
cells, which was consistent with other publication [10, 19].
As for the most important eukaryotic cell signaling pathways, the relationship between
MAPK/ERK signaling pathway and pregnancy
are inseparable. That might provide a new
direction or ideas for the treatment of recurrent
abortion. To interfere with the decreased
expression of ERK in the invasion of trophoblast cells could be used to treat RSA.
In conclusion, the expression of ERK1/2 mRNA
and the relative protein expression of ERK in
RSA pathway were lower than normal pregnancy, which indicated MAPK/ERK signal pathway
participated in the maintenance of normal
pregnancy; the decreased expression of ERK is
closely related to RSA disease.
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