
Int J Clin Exp Med 2016;9(7):12976-12983
www.ijcem.com /ISSN:1940-5901/IJCEM0022021

Original Article
Dual specificity protein phosphatase 1 (DUSP1)  
in normal pregnancy and preeclampsia

Zhi-Ling Yang, Hong-Mei Li, Wei Huang, Lei Han, Li-Li Yu, Li Li

Department of Obstetrics and Gynecology, Research Institute of Surgery and Daping Hospital, Third Military 
Medical University, Chongqing 400042, China

Received December 16, 2015; Accepted May 5, 2016; Epub July 15, 2016; Published July 30, 2016 

Abstract: Objectives: Preeclampsia is best described as a pregnancy-specific syndrome of reduced organ perfusion 
secondary to vasospasm and endothelial activation. It is severe and clinically important manifestations of placental 
insufficiency. Our purpose was to study DUSP1 expression in normal human pregnancy and preeclampsia. Study 
design: We used ELISA, RT-PCR and Immuno-histochemistry to characterize DUSP1 gene expression and protein 
levels in different ages of the first trimester pregnancy, late pregnancy and in severe preeclampsia. DUSP1 protein 
was detected in venous of every patient and villi of the first trimester pregnancy, placentas of normal pregnancy 
and preeclampsia pregnancy. Villi was gained from those women who terminated their pregnancy during the first 
trimester and the placenta was gained from normal and preeclampsia pregnancy during the cesarean. Results: 
DUSP1 protein was significantly lower in severe preeclamptic placentas compared to normal pregnancy (P<0.05). 
The express of DUSP1 was varied from different ages of pregnancy. There was a trend that DUSP1 level decreased 
in villi of first trimester with the gestational age increased. Conclusion: DUSP1 protein levels were significantly sup-
pressed in severe preeclampsia. This suppression was the reason or result of preeclampsia, is still not clear. The 
express of DUSP1 was varied from different ages of pregnancy. So our study demonstrated that the level of DUSP1 
protein and mRNA could be a factor of PE. 
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Introduction

Dual specificity protein phosphatases are a 
superfamily, including DUSP1, DUSP2, DUSP5, 
DUSP9 etc, almost 30 types of DUSP [1]. All the 
DUSP participate in signal transduction path-
ways inactivating mitogen-activated protein 
kinases (MAP kinases). Researches have test-
ed that downregulation of DUSP1 induced 
changes in the expression levels of genes 
involved in specific biological pathways, includ-
ing angiogenesis, MAP kinase phosphatase 
activity, cell-cell signaling and tyrosine-kinase 
receptor activity [2]. Its role is very commonly 
recognized in tumor biology. But there is little 
about the relationship between DUSP1 and tro-
phoblast and diseases. To understand more 
about the involvement of DUSP1 in normal 
pregnancy and preeclampsia, we performed 
these tests to analyze expression of DUSP1 in 

placenta of preeclampsia and normal late preg-
nancy and villi of the first trimester pregnancy 
woman and in venous of them. And the 
researchers have investigated that DUSP1 was 
an important negative regulator of the acute 
inflammatory response and it protected over-
activation of hypoxia-inducible factor 1 (HIF-1) 
through inactivating ERK MAPK [3]. Another 
studies [4-8] show inflammatory response and 
HIF-1α play an important role in preeclamptic 
patients, so we care about how DUSP1 express 
in normal and abnormal placenta, and what is 
the role of DUSP1 in pregnancy and its’ 
complications?

Therefore we tested DUSP1 expression in nor-
mal human gestation and in severe Preeclam- 
psia (sPE). This study was one part of our foun-
dation, the National Natural Science Found- 
ation of China (No. 81070505).
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Materials and methods 

Patient selection and sample (venous and pla-
centa) collection  

Between January and December 2013, 94  
first trimester villous tissues between 5-10 
weeks of gestation, 44 normal term gestation 
and 26 women with severe preeclampsia were 
admitted to the Department of Obstetrics  
and Gynecology, Daping Hospital and Xi’nan 
Hospital, Third Military Medical University were 
included in the study. Usually, there were about 
800 pregnancies every month in these two  
hospital, we just get little part of them to be  
the inclusion because of the donation of their 
venous blood and placenta. Preeclampsia was 
defined according to the criteria stated in 
Williams Obstetrics (23rd edition), which inclu- 
ded blood pressure of ≥140/90 mmHg for two 
or more tests after 20 weeks’ gestation but 
without previous hypertension history, In addi-
tion the diagnosis of preeclampsia required 
proteinuria, more than +1 on a dipstick. All 
these patients have no history of chronic hyper-
tension, diabetes mellitus, nephropathy etc. 
The samples of the first trimesters of normal 
pregnancy were collected during the procedure 
of induced abortion with their agreement. All 

The characteristics of the samples were sum-
marized in Table 1.

Protein isolation

The villi and placenta tissues were washed  
by 0.9% physiological saline three times till 
clear, then dried with filter paper and weighed 
by the microbalance. The weight of tissues was 
between 40 mg to 60 mg. Put the tissues in  
the Eppendorf Tubes/1.5 ml centrifuge Tubes. 
Protein were extracted in RIPA buffer (Beyo- 
time Institute of Biotechnology, PR China, 50 
mM TrisHCl, 150 mM NaCl, 1% Triton ×100,  
1% Na Deoxycholate and 0.1% SDS) contain- 
ing protease inhibitor Phenylmethanesulfonyl 
fluoride (PMSF, 100 mM, Beyotime Institute of 
Biotechnology, PR China). Protein concentra-
tion was determined by BCA Protein Assay Kit 
(Beyotime Institute of Biotechnology). All mea-
surements were performed twice then get the 
mean values. Aliquots were stored at -80°C.

ELISA for DUSP1

ELISA assay procedure was performed accord-
ing to the instruction of the DUSP1 (Human) 
Cell-Based ELISA Kit (96 assays, Version: 01. 
Abnova). Proteins were extracted as above. 

Table 1. Clinical characteristics of normal term pregnant and pre-
eclamptic patients

Term pregnant 
patients (n=44)

Preeclamptic 
patients (n=26)

Age (years) 28.65±3.30 30.11±5.98
No. of primiparas 32 (72.7%) 21 (80.8%)
Systolic blood pressure (mmHg) 114.07±8.72 152.59±8.13*
Diastolic blood pressure (mmHg) 74.66±6.93 108.22±8.81*
Gestational age at delivery (weeks) 39.2±2.1 35.2±2.4*
Fetal birth weight (grams) 3379.10±346.28 2303.22±810.03*
*P<0.05 stand for the difference between the two groups was significant. The 
systolic and diastolic blood pressure of preeclamptic patients was much higher than 
term pregnant patients, then the gestational age at delivery and fetal birth weight of 
preeclamptic patients were significantly lower than the other group.

Table 2. ELISA for DUSP1 protein levels in different group (conc: 
pg/ml)
Group n OD 450 conc P
The first trimester women 94 3.82±0.83 991.42±386.23
The term pregnant women 44 3.59±0.78 929.62±336.17
The preeclamptic women 26 3.19±0.90* 853.19±444.76* P<0.05
DUSP1 protein levels varied in different group. The results of the preeclamptic 
women were significant lower than the other two groups. *P<0.05.

the placental tissues were ob- 
tained by cesarean section, 
which including placenta of 
the normal term pregnancy 
and preeclamptic women at 
the third trimester. At the 
same time, the cord blood of 
every patient was collected 
10 ml in the anticoagulation 
tube. All the patients has 
signed informed consent to 
approve for donation of sam-
ples. Placental collection was 
performed as per protocol. 
Once collection was com-
plete, the sample was sent  
to the seventh Department  
of Daping hospital and re- 
search institute of surgery  
for analysis. Ethics approval 
was granted and written in- 
formed consent was obtain- 
ed from all the patients for 
donation of samples of their 
villi or placenta and blood  
to the hospital.
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Every sample was tested twice then get the 
mean values. 

ELISA for DUSP1 protein levels in different 
group (concentration (conc) pg/ml), Table 2.

ELISA for DUSP1 protein levels in villi of the first 
tremister group (concentration (conc) pg/ml) 
Table 3.

DUSP1 mRNA detection by RT-PCR

Total RNA was extracted from the three groups: 
villous of the first trimester, placenta tissue of 
term pregnancy and Preeclampsia group. RNA 
was extracted by using the TRIsol Reagent 
extraction method (as per manufacturer’s 
instructions) (Trizol R0016, Beyotime Institute 
of Biotechnology, China). Reverse transcription 
and real-time PCR were performed on DNAse 
treated RNA samples as previously described. 
Primers were designed based on the nucleo-
capsid gene of DUSP1 by Primer Express 5.0 
software. The real-time RT-PCR assay had a 
detection limit of 5 copies, with a range of 
detection between 5×106-5 copies. GAPDH 
was chosed to be the control. The standard 
curve was prepared based on the linear rela-
tionship between the amount of plasmid DNA 
and cycle threshold (Ct). Collected samples 
were detected with the real-time RT-PCR assay 
and every sample was tested three times, posi-
tive results were used for quantitative analysis. 
Comparative CT Method was used to analyze 

based solution overnight. Cryosections was 
chosen for immuno-histochemical analysis of 
DUSP1 as previously described. SABC proce-
dure was performed with SP-9001 Histostain™-
Plus Kits (ZYMED, USA). Incubated overnight 
with primary anti-body (rabbit anti-DUSP1, 
1:200 dilution, Sigma, Canada) at 4°C. The fol-
lowing day, PBS washed 3 times, then with bio-
tinylated anti-rabbit immunoglobulin (1:200) 
was Incubated for 15 min at 37°C. PBS wash- 
ed 3 times. S-A/HRP was Incubated for 15  
min at 37°C. Then all slides were stained with 
DAB (Beyotime Institute of Biotechnology) in 
the same time (40 seconds). With the same 
time and solutions in order to minimize varia-
tion in intensity of stain. Negative controls 
included substitution of the primary anti-se- 
rum with non-immune serum to rule out non-
specific binding. 

Statistical analysis

The quantitative data are presented as mean ± 
SD. Means or medians were derived from dupli-
cate values. A one-way ANOVA was used to 
determine differences in DUSP1 gene expres-
sion across gestation. The percentage data 
were presented in R×2 table and the compari-
son was analyzed by the χ2 test. The inter-group 
comparison was analyzed by using one-way 
ANOVA. The analysis was performed with SPSS 
13.0 Version. p-value of <0.05 were considered 
significant.

Results

Table 1 summarizes the clinical characteristics 
of the patients. The age of the NTP group was 
lower than the sPE group (28.65±3.30 and 
30.11±5.98). The rate of primipara of the  
two groups were slightly different, 32 (72.7%) 
and 21 (80.8%). Systolic blood pressure was 
significantly lower in the NTP group (114.07± 
8.72 mmHg) compared to the sPE group 
(152.59±8.13, P<0.05). Diastolic blood pres-

Table 3. ELISA for DUSP1 protein levels in villi of the 
first trimester group of different ages (conc: pg/ml)
Gestational age n OD 450 conc P
X≤6 weeks 19 3.87±0.72 999.36±316.16 P>0.05
6<X≤7 weeks 51 3.83±0.75 993.95±322.27
X>7 weeks 24 3.20±0.89 979.02±369.05
DUSP1 protein levels varied in different ages of the first trimester 
group. But the difference was not significant (P>0.05).

Table 4. DUSP1 mRNA of RT-PCR in placenta 
of the different groups (conc =2-ΔΔCt)
Group ΔCt DUSP1 P
The first trimester women 1.5 0.3535
The term pregnant women 5.2 0.0263
The preeclamptic women 7.33 0.0062 P<0.05
DUSP1 mRNA in placenta of the different groups varied. 
The DUSP1 mRNA of the the preeclamptic women was 
significant lower than the other two groups (P<0.05).

the results of real-time PCR. The expres-
sion of the DUSP1 gene was normalized to 
the geometric mean of the control genes 
GAPDH. All data was expressed relative to 
the control.

Immuno-histochemistry for DUSP1

4% Paraformaldehyde-fixed samples were 
performed overnight, then in 30% sucrose-
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sures in the NTP group (74.66±6.93 mmHg) 
was significantly lower than in the sPE group 
(108.22±8.81 mmHg, P<0.05). The gestational 
age of the NTP group was significantly greater 
than the sPE group (39.2±1.9, and 35.2± 
4.8 weeks). Birth weight in the NTP group and 
the sPE groups were 3379.10±346.28 g and 
2303.22±810.03 g respectively, was and was 
significantly different (P<0.05). The results 
such as systolic blood pressure, diastolic blood 
pressure, gestational age at delivery and fetal 
birth weight were significantly different between 
the two groups. The numbers of primiparas of 
these two groups were different, but the rates 
were not significantly different. 

Table 2 shows the results of DUSP1 protein  
levels of ELISA protein levels in different group. 
The ELISA of DUSP1 protein level of the first  
trimester women group was 991.42±166.23 
pg/ml, The ELISA of DUSP1 protein level of the 
term pregnant women group was 929.62± 
336.17 pg/ml, and sPE group was 853.19± 
444.76 pg/ml. The difference between the two 
groups was significant. The result was signifi-
cantly different (P<0.05).

Table 3 shows ELISA for DUSP1 protein levels in 
villi of the first trimester group of different ages 

(conc: pg/ml). It means protein levels of DUSP1 
varied from different ages of pregnancy. When 
the gestational age was less than 6 weeks, the 
average conc of DUSP1 was 999.36±316.16 
pg/ml, when the gestational age was more 
than 7 weeks, it was 979.02±369.05 pg/ml, 
when the gestational age was between 6 and 7 
weeks, it was 993.95±322.27 pg/ml, the pro-
tein levels of DUSP1 decreased when the ges-
tational age increased. But the difference was 
not significant (P>0.05). Because of the size of 
the species was not a big number, it need more 
work in next study. 

Table 4 shows the results of DUSP1 mRNA of 
RT-PCR in villi and placenta of the different 
groups. The result of RT-PCR of the first trimes-
ter women group was 0.3535, the term preg-
nant women group was 0.0263, and the sPE 
group was 0.0062, the first trimester women 
group was much higher than those of the term 
pregnant women and sPE group. The result was 
significantly different (P<0.05).

Figure 1 shows the primers sequences and the 
conditions used for RT-PCR. It also shows the 
plate setup, the themal profile and the amplifi-
cation plots of DUSP1.

Figure 1. Primers sequences used for RT-PCR. DUSP1: Forward: 5’-AGGACAACCACAAGGCAGAC-3’ 143 kb. Reverse: 
3’-AAGGTAAGCAAGGCAGATGG-5’. GAPDH: Forward: 5’-GTCAAGGCTGAGAACGGGAA-3’, 158 bp Reverse: 5’-AAAT-
GAGCCCCAGCCTTCTC-3’.
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Figure 2. Representative photomicrographs of DUSP1 immuno-histochemistry in the first trimester women (A), the 
term pregnant women (B) and sPE patients (C). Notable increased intensity of DUSP1 staining in first trimester villis 
vs placentas at term ones. DUSP1, primary antibody 1:200.

Figure 2 shows the result of the Immuno-
histochemistry for DUSP1 in villi and placenta 

of the different groups. Representative photo-
micrographs of DUSP1 immuno-histochemistry 
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in the first trimester women (A), the term preg-
nant women (B) and sPE patients (C) in ×400 
(left) and ×200 (right). Notable increased inten-
sity of DUSP1 staining in first trimester villis vs 
placentas at term ones. 

Discussion

Preeclampsia can result in maternal morbidity 
and mortality [9, 10]. It is a pregnancy-specific 
syndrome [11]. It usually occurs after 20 weeks 
of gestation and its clinical symptoms disap-
pear after the termination of pregnancy [12]. 
The minimum criteria for the diagnosis of pre-
eclampsia are hypertension plus minimal pro-
teinuria. Significant proteinuria is defined by 
24-hour urinary protein exceeding 300 mg per 
24 hours, or persistent 30 mg/dL (1+ dipstick) 
in random urine samples. The more severe the 
hypertension or proteinuria, the more certain is 
the diagnosis of preeclampsia. Similarly, abnor-
mal laboratory findings in tests of renal, hepat-
ic, and hematological function increase the cer-
tainty of preeclampsia. The decreased invasion 
capacity of trophoblasts in the first trimester 
may be crucial for the pathogenesis of pre-
eclampsia [13, 14]. Many biochemical markers 
has been reported to be correlated with this 
disease, such as ET-1 (endothelin-1) [15], VEGF 
[16, 17] (vascular endothelial growth factor), 
PlGF [18, 19] (placental growth factor), HIF-1α 
[7, 8] et al. But there was no idea which bio-
chemical marker was the most sensible one to 
predict the preeclampsia. It has been reported 
that hypoxia was a major contributor to the 
abnormalities seen in the preeclamptic placen-
ta [20].

It is known that dual-specificity phosphates 
(DUSPs) played a very important role in the 
mitogen-activated protein kinase (MAPK) path-
way [21]. A large amount of evidence demon-
strated [22] that the phosphorylation and acti-
vation status of kinases in the MAPK system 
had crucial impact on the outcome of down-
stream events that regulate cytokine produc-
tion. There were at least 13 members of the 
family display unique substrate specificities for 
MAPKs [23, 24]. DUSP1 was an important neg-
ative regulator of p38 MAPK activity [25]. 
Studies showed DUSP1 was to be related to the 
negative regulation of innate immunity, inflam-
matory responses, and signaling events down-
stream of p38 MAPK in mice [3, 26, 27]. DUSP1 
was a potent inhibitor of MAPK activity through 

dephosphorylation of MAPK. Findings indicated 
that p53 was a transcriptional regulator of 
DUSP1 in stress responses [28]. DUSP1 was 
identified as a hypoxia responsive gene, but the 
roles of it in the response of hypoxia were not 
clear. Researches showed that hypoxia could 
induce DUSP1 expression and suppression of 
DUSP1 expression facilitated the interaction 
between HIF-1 alpha subunit [3]. DUSP1 may 
protect overactivation of HIF-1α through inhibit-
ing ERK kinase activity. Just because of DUSP1 
was identified as a hypoxia responsive gene, 
and there is some relationship between DUSP1 
and HIF-1α. Hypoxia is a major contributor to 
the abnormalities seen in the preeclamptic pla-
centa. So we suggest that DUSP1 would be a 
potential marker in preeclampsia. The ELISA of 
DUSP1 protein level of NTP group was higher 
than sPE group, and the difference between 
the two groups was significant. The result of 
RT-PCR of NTP group was much higher than 
that of the sPE group and the difference was 
significant (P<0.05). Our study showed, DUSP1 
was significantly down expressed in the placen-
ta of preeclampsia specimens in different 
methods. We also found that placental DUSP1 
expression was higher in early gestation than in 
term gestation and a statistically significant 
correlation was found between preeclampsia 
and normal pregnancy (late pregnancy). But it 
was very striking result that there wasn’t differ-
ence between preeclampsia and early pregnan-
cy. Though there were more than 400 normal 
pregnancies and 5 sPE pregnanies admitted 
every month in our hospital, but not so many 
pregnancy persons want to donate their blood 
and placenta for the research, so the number 
of species was not so big. 

In fact, during the clinical work, we can not 
keep the gestational weeks being the same 
between the normal and sPE pregnancy. Be- 
cause we would chose cesarean section for  
the sPE group before 37 weeks, and if the 
patient was severe PE, we would do the cesar-
ean section earlier, such as 34~36 weeks. But, 
if the patient was normal pregnancy, we would 
chose cesarean section for them after 39 
weeks. Aslo we are not sure whether the low 
expression of DUSP1 in sPE was reason or 
result, and what is the function and key point of 
DUSP1 in placental development of preeclamp-
sia patients, still be unknown. So there was too 
much need to learn. The mechanism mediating 
the significant suppression of DUSP1 in pre-
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eclampsia is unclear. Hypoxia caused signifi-
cant down-regulation of DUSP1 gene expres-
sion in placenta tissue. There has been previ-
ously described that DUSP9 exerts its actions 
through the MAPK pathways ERK1/2 and p38. 
But what is the role of DUSP1, it need more 
study. So in our next study, we want to find out 
DUSP1 mRNA expression in villous trophoblast 
in early and term gestation and preeclampsia 
patients. We also want to find out whether there 
is any difference between the different times of 
gestation in the first trimester and third trimes-
ter. We also want use the DUSP1 knock-out 
mouse model where DUSP1 absent expression 
was associated with? What is the relation of 
DUSP1 and invasive capacity of trophoblasts?

We also need observing significant difference 
in the clinical symptoms between the pre-
eclampsia patients with different level DUSP1 
expression. Smets et al. have suggested that 
the DUSP2 may be one of the biomarkers for 
the prediction of preeclampsia. How about 
DUSP1? The different level of DUSP1 expres-
sion in normal early and term pregnancy and in 
preeclampsia may indicate that the examina-
tion of DUSP1 may be of great value in the pre-
diction of preeclampsia at the clinic. 

Acknowledgements

This study was supported by the grant from the 
National Natural Science Foundation of China 
(No. 81070505).

Disclosure of conflict of interest

None.

Address correspondence to: Drs. Li Li and Li-Li  
Yu, Department of Obstetrics and Gynecology, 
Research Institute of Surgery and Daping Hos- 
pital, Third Military Medical University, Chongqing 
400042, China. Tel: +86-13808339118; Fax: +86-
023-68767926; E-mail: cqlili2011@163.com (LL); 
lililiyuyu@sina.com (YLL)

References

[1]	 Caunt CJ and Keyse SM. Dual-specificity MAP 
kinase phosphatases (MKPs): shaping the out-
come of MAP kinase signalling. FEBS J 2013; 
280: 489-504.

[2]	 Moncho-Amor V, Ibanez de Caceres I, Bandres 
E, Martinez-Poveda B, Orgaz JL, Sanchez-Perez 
I, Zazo S, Rovira A, Albanell J, Jimenez B, Rojo 

F, Belda-Iniesta C, Garcia-Foncillas J and 
Perona R. DUSP1/MKP1 promotes angiogene-
sis, invasion and metastasis in non-small-cell 
lung cancer. Oncogene 2011; 30: 668-678.

[3]	 Liu C, Shi Y, Du Y, Ning X, Liu N, Huang D, Liang 
J, Xue Y and Fan D. Dual-specificity phospha-
tase DUSP1 protects overactivation of hypoxia-
inducible factor 1 through inactivating ERK 
MAPK. Exp Cell Res 2005; 309: 410-418.

[4]	 Staff AC, Johnsen GM, Dechend R and Redman 
CW. Preeclampsia and uteroplacental acute 
atherosis: immune and inflammatory factors. J 
Reprod Immunol 2014; 101-102: 120-126.

[5]	 Udenze I, Amadi C, Awolola N and Makwe CC. 
The role of cytokines as inflammatory media-
tors in preeclampsia. Pan Afr Med J 2015; 20: 
219.

[6]	 Guillemette L, Lacroix M, Allard C, Patenaude J, 
Battista MC, Doyon M, Moreau J, Menard J, 
Ardilouze JL, Perron P, Cote AM and Hivert MF. 
Preeclampsia is associated with an increased 
pro-inflammatory profile in newborns. J Reprod 
Immunol 2015; 112: 111-114.

[7]	 Rath G, Aggarwal R, Jawanjal P, Tripathi R and 
Batra A. HIF-1 Alpha and Placental Growth 
Factor in Pregnancies Complicated With 
Preeclampsia: A Qualitative and Quantitative 
Analysis. J Clin Lab Anal 2016; 30: 75-83. 

[8]	 Maebayashi A, Yamamoto T, Azuma H, Kato E, 
Kuno S, Murase T and Chishima F. PP121. 
Expression of PlGF, sFlt, MTF-1, HO-1 and HIF-
1 alpha mRNAs in preeclampsia placenta and 
effect of preeclampsia sera on their ex- 
pression of choriocarcinoma cells. Pregnancy 
Hypertens 2012; 2: 304-305.

[9]	 Azimi A, Ziaee SM, Farhadi P and Sagheb MM. 
Hypothesis: Pentoxifylline explores new hori-
zons in treatment of preeclampsia. Med 
Hypotheses 2015; 85: 468-474.

[10]	 Stocks G. Preeclampsia: pathophysiology, old 
and new strategies for management. Eur J 
Anaesthesiol 2014; 31: 183-189.

[11]	 Palomaki GE, Haddow JE, Haddow HR, Sala- 
huddin S, Geahchan C, Cerdeira AS, Verlohren 
S, Perschel FH, Horowitz G, Thadhani R, 
Karumanchi SA and Rana S. Modeling risk for 
severe adverse outcomes using angiogenic 
factor measurements in women with suspect-
ed preterm preeclampsia. Prenat Diagn 2015; 
35: 386-393.

[12]	 F. Cunningham KL, Steven Bloom, Catherine Y 
Spong, Jodi Dashe. Williams Obstetrics: 24rd 
Edition 2014.

[13]	 Roland CS, Hu J, Ren CE, Chen H, Li J, Varvoutis 
MS, Leaphart LW, Byck DB, Zhu X and Jiang 
SW. Morphological changes of placental syncy-
tium and their implications for the pathogene-
sis of preeclampsia. Cell Mol Life Sci 2016; 73: 
365-76.

mailto:cqlili2011@163.com
mailto:lililiyuyu@sina.com


DUSP1 in normal pregnancy and preeclampsia

12983	 Int J Clin Exp Med 2016;9(7):12976-12983

[14]	 Kobayashi H. The Impact of Maternal-Fetal 
Genetic Conflict Situations on the Pathogenesis 
of Preeclampsia. Biochem Genet 2015; 53: 
223-234.

[15]	 Karakus S, Bozoklu Akkar O, Yildiz C, 
Sancakdar E, Cetin M and Cetin A. Serum lev-
els of ET-1, M30, and angiopoietins-1 and -2 in 
HELLP syndrome and preeclampsia compared 
to controls. Arch Gynecol Obstet 2016; 293: 
351-9.

[16]	 Toering TJ, Navis G and Lely AT. The role of the 
VEGF-C signaling pathway in preeclampsia? J 
Reprod Immunol 2013; 100: 128.

[17]	 Sundrani DP, Reddy US, Joshi AA, Mehendale 
SS, Chavan-Gautam PM, Hardikar AA, Chandak 
GR and Joshi SR. Differential placental meth-
ylation and expression of VEGF, FLT-1 and KDR 
genes in human term and preterm preeclamp-
sia. Clin Epigenetics 2013; 5: 6.

[18]	 Husse S, Gottschlich A, Schrey S, Stepan H and 
Hoffmann J. [Predictive value of the sFlt1/PlGF 
ratio for the diagnosis of preeclampsia in high-
risk patients]. Z Geburtshilfe Neonatol 2014; 
218: 34-41.

[19]	 Manolov V, Marinov B and Vasilev V. [PlGF and 
sFlt-1--diagnostic significance in preeclampsia 
prediction in pregnant women with gestational 
and chronic hypertension]. Akush Ginekol 
(Sofiia) 2013; 52 Suppl 1: 61-69.

[20]	 Iriyama T, Wang W, Parchim NF, Song A, 
Blackwell SC, Sibai BM, Kellems RE and Xia Y. 
Hypoxia-independent upregulation of placen-
tal hypoxia inducible factor-1alpha gene ex-
pression contributes to the pathogenesis of 
preeclampsia. Hypertension 2015; 65: 1307-
1315.

[21]	 Lang R, Hammer M and Mages J. DUSP meet 
immunology: dual specificity MAPK phospha-
tases in control of the inflammatory response. 
J Immunol 2006; 177: 7497-7504.

[22]	 Owen GR, Achilonu I and Dirr HW. High yield 
purification of JNK1beta1 and activation by in 
vitro reconstitution of the MEKK1-->MKK4--
>JNK MAPK phosphorylation cascade. Protein 
Expr Purif 2013; 87: 87-99.

[23]	 Knight JD, Tian R, Lee RE, Wang F, Beauvais A, 
Zou H, Megeney LA, Gingras AC, Pawson T, 
Figeys D and Kothary R. A novel whole-cell ly-
sate kinase assay identifies substrates of the 
p38 MAPK in differentiating myoblasts. Skelet 
Muscle 2012; 2: 5.

[24]	 Salojin K and Oravecz T. Regulation of innate 
immunity by MAPK dual-specificity phospha-
tases: knockout models reveal new tricks of 
old genes. J Leukoc Biol 2007; 81: 860-869.

[25]	 Kjellerup RB, Johansen C, Kragballe K and 
Iversen L. The expression of dual-specificity 
phosphatase 1 mRNA is downregulated in le-
sional psoriatic skin. Br J Dermatol 2013; 168: 
339-345.

[26]	 Shah S, King EM, Chandrasekhar A and 
Newton R. Roles for the mitogen-activated pro-
tein kinase (MAPK) phosphatase, DUSP1, in 
feedback control of inflammatory gene expres-
sion and repression by dexamethasone. J Biol 
Chem 2014; 289: 13667-13679.

[27]	 Casteel M, Nielsen C, Kothlow S, Dietrich R 
and Martlbauer E. Impact of DUSP1 on the 
apoptotic potential of deoxynivalenol in the 
epithelial cell line HepG2. Toxicol Lett 2010; 
199: 43-50.

[28]	 Liu YX, Wang J, Guo J, Wu J, Lieberman HB and 
Yin Y. DUSP1 is controlled by p53 during the 
cellular response to oxidative stress. Mol 
Cancer Res 2008; 6: 624-633.


