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1. Introduction

  Preeclampsia is a pregnancy-specific syndrome that usually occurs 

after the 20th week of gestational age, in women with previously 

normotensive. This condition is characterized by an increase in 

blood pressure accompanied by proteinuria. Although the etiology 

of preeclampsia remains unclear, it is widely accepted that a defect 

in placental trophoblast invasion while implantation has a role in the 

incompletion of spiral artery remodeling process in patients with 

preeclampsia[1]. 

Objective: To compare the levels of p38 mitogen-activated protein kinase (MAPK), soluble 

endoglin and endothelin-1 in the serum of patients with severe preeclampsia, hemolysis, 

elevated liver enzymes, and low platelets (HELLP) syndrome and normal pregnancies. 

Methods: This study was an observational analytic cross-sectional study performed at 

Wahidin Sudirohusodo Hospital, Makassar, Indonesia, in the period of 5th February 2016 

to 20th January 2017. P38 MAPK, soluble endoglin and endothelin-1 levels of patients with 

normal pregnancies, severe preeclampsia and HELLP syndrome were measured by enzyme-

linked immunoabsorbentassay technique, using kits of human soluble endoglin, endothelin-1 

and p38 MAPK, Quantikine immunoassay: R&D System Inc. 

Results: Level of serum p38 MAPK in HELLP syndrome group was higher than in severe 

preeclampsia and normal pregnancy groups. Soluble endoglin and endothelin-1 levels in 

pregnancies with severe preeclampsia and HELLP syndrome were higher than normal 

pregnancy but there was no significant difference between these two groups (P>0.05). Levels 

of p38 MAPK, soluble endoglin and endothelin-1 also had a positive linear correlation with 

systolic and diastolic blood pressures (P<0.05). 

Conclusions: P38 MAPK in serum may be a marker for evidence of the severe hypoxia and 

its application may be considered for the diagnosis of HELLP syndrome.
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  Regulation of trophoblast invasion is allegedly influenced by the 

balance of pro-angiogenic factors (vascular endothelial growth 

factors, placental growth factors) and its inhibitor [soluble vascular 

endothelial growth factors receptor, also known as soluble fms-like 

tyrosine kinase 1 (sFlt-1)]. In preeclampsia, the failure of trophoblast 

invasion of the spiral arteries in the pseudovasculogenesis process, 

is allegedly caused by imbalance of angiogenic and anti-angiogenic 

factors[2,3]. Incomplete spiral artery remodeling process will cause 

the walls of the spiral arteries to be inelastic and increase their 

resistance. Furthermore, this situation causes a decrease in utero-

placental perfusion and it will lead to a placental ischemia. Decrease 

in placental perfusion, which will be followed by placental hypoxia, 

is an early important picture in pregnancy with preeclampsia and 

fetal growth disorders. Placental hypoxia will lead to the release 

of antiangiogenic factors produced by cytotrophoblast and villous 

placental tissue in tissue culture[4,5].

  Protein kinases are enzymes that covalently bind to phosphate on 

the side chain of serine, threonine, or tyrosine of specific proteins in 

cells. Mitogen-activated protein (MAPK) performs specific serine 

and threonine phosphorylation of target protein substrates and 

regulates the activity of cellular gene expression, mitosis, movement, 

metabolism and cell death programming (apoptosis). Since a lot of 

functions are controlled by the MAPK pathway, many researches 

have done to determine the role of MAPK in human physiology and 

disease[6].

  P38 MAPK is a key component of the stress response pathways and 

a target of drugs that suppress inflammatory cytokines. p38 MAPK 

is activated by a variety of extracellular stimuli such as inflammatory 

cytokines (interleukin-1毬 and tumor necrosis factor-毩), growth 

factors such as fibroblast growth factor, and changes in osmolarity, 

ultraviolet light and chemicals that enhance the stress response. 

Angiogenesis in the placenta as in the yolk sac and embryo also 

requires the activity of p38 MAPK. There are 4 MAPK isoforms that 

have been identified, which are encoded in different gene loci. p38α 

MAPK plays a role in stress response, and a research has found that 

p38α MAPK isoform plays an important role in normal embryonic 

development[7-9]. p38 MAPK pathway is activated by stress, but also 

plays an important role in immune responses such as cell regulation 

and differentiation[10-12] It is known that the MAPK pathway is also 

an important mediator of growth factor signaling in the placenta. 

  Endoglin is antiangiogenic which is a co-receptor to alter毬1 and 

毬3 growth factors (transforming growth factor-毬1 and transforming 

growth factor-毬3), found in significant amounts in the membranes 

of vascular endothelial cells and syncytiotrophoblast. In patients with 

preeclampsia, many soluble endoglin are released into the circulation 

by the placenta[13].

  Furthermore, it was reported that endothelin-1 also increased 

oxidative stress in placental villi, so that endothelin may have an 

additional impact on maternal cardiovascular system, not only 

through direct effect on the vascular system, but also indirectly 

through oxidative stress[14]. The increase of p38 MAPK induced by 

oxidative stress and placental hypoxic nitrative stress is suggested 

to lead to increase levels of substances such as soluble endoglin 

vasoconstrictor which will lead to endothelial dysfunction. Vascular 

endothelial dysfunction will produce endothelin-1, a potent 

vasoconstrictor that will cause preeclampsia symptoms, such as 

hypertension, proteinuria, and edema.

  The purpose of this study was to compare the levels of p38 MAPK, 

soluble endoglin and endothelin-1 in the serum of patients with 

severe preeclampsia, hemolysis, elevated liver enzymes, and low 

platelet (HELLP) syndrome and normal pregnancies. Researchers 

assume that if the level of p38 MAPK may be examined in the 

serum of pregnant women, it can be one of the markers to assess the 

severity of complications in pregnancy with preeclampsia. 

2. Materials and methods 

2.1. Study design

  This study is an observational analytic study with cross sectional 

approach of all patients who met the inclusion criteria. 

2.2. Setting

  This study was performed at Wahidin Sudirohusodo Hospital, 

Makassar, in the period of 5th February 2016 to 20th January 2017.

2.3. Participants

  Subjects were patients with preeclampsia, HELLP syndrome and 

normal pregnancies who were: singleton live pregnancies, > 34 weeks 

in gestational age, no history of hypertension, diabetes mellitus and 

autoimmune diseases such as systemic lupus erythematosus. 

  We gathered 80 subjects, who met the inclusion criteria, consist 

of 45 patients with severe preeclampsia, 13 patients with HELLP 

syndrome and 22 patients with normal pregnancies.

2.4. Study size

  The following formula was used to define sample size:

n1= n2 = 2伊[( z毩+ z
毬

) s / (氈1-氈2)]
In this formula, n1 and n2 was sample size for each group. z毩= 

deviation standard value (1.96), z
毬 = power (0.842) and then we 

found that minimal sample size required was 62.
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2.5. Variables

  Criterion for severe preeclampsia was a pregnancy with systolic 

blood pressure greater than or equal to 160 mmHg and/or diastolic 

blood pressure greater than or equal to 110 mmHg at gestational 

age > 20 weeks along with the presence of proteinuria (++) or more 

on qualitative examination. HELLP syndrome was determined if 

there was any: hemolysis, elevated liver enzymes and low platelet 

count. Level of HELLP syndrome was determined by the degree 

of Tennese classification. Complete HELLP syndrome (total): 

platelets <100 000/mL; lactate dehydrogenase 600 000 IU/L or 

more; aspartate transaminase 70 IU/L or more; bilirubin 1.2 mg/dL 

or more. HELLP syndrome was incomplete (partial) if there were 

only 1 or 2 of the above signs. 

  Blood samples were taken 7 mL, centrifuged 1 000 times in 15 min 

to separate the serum from its super natan. Serum that had not been 

checked would be stored in the refrigerator with a temperature of 

-20 曟 in the laboratory Prodia Makassar. Laboratory examination 

was done at Prodia Jakarta. p38 MAPK, soluble endoglin and 

endothelin-1 levels were examined by enzyme-linked immuno 

absorbent assay technique using kits human soluble endoglin, 

endothelin-1 and p38 MAPK, Quantikine immunoassay: R&D 

System Inc. 

2.6. Statistical method 

  Data were analyzed with SPSS using Mann Whitney, one way 

ANOVA for normally distributed data, otherwise we would 

transform data or use Kruskall Wallis test for data that were not 

normally distributed,  and  least significant difference tests.

 

3. Results 

  Table 1 showed characteristics of the subjects. The age, parity, 

hemoglobin level and birth weight showed no significant differences 

(P>0.05) in all three study groups, while systolic, diastolic blood 

pressure, leukocyte and platelet levels showed a significant 

difference (P<0.05). 

  Table 2 showed differences in serum level of p38 MAPK which 

significantly (P<0.05) differed  among the three groups; serum 

level of p38 MAPK in HELLP syndrome group was higher than in 

severe preeclampsia and normal pregnancy groups, and there was a 

significant difference between the groups of HELLP syndrome and 

severe preeclampsia. In contrary, although serum levels of soluble 

endoglin and endothelin-1 in patients with severe preeclampsia and 

HELLP syndrome were significantly higher (P<0.05) than in normal 

pregnant women, there was no significant difference (P>0.05) 

between the HELLP syndrome and severe preeclampsia groups. 

  Table 3 showed that there was a positive linear correlation between 

levels of P38 MAPK with systolic and diastolic blood pressure, 

as well as between levels of soluble endoglin and endothelin-1 

(P=0.000). 

Table 3. Results of correlation analysis (n=80).

Variables
Correlation 
coefficient  r

    P value

p38 MAPK vs. soluble endoglin 0.423 0.000
p38 MAPK vs. endothelin-1 0.384 0.000
Endotelin-1 vs. soluble endoglin 0.289 0.000
p38 MAPK vs. systolic blood pressure 0.424 0.000
p38 MAPK vs. diastolic blood pressure 0.423 0.000
Endothelin-1 vs. systolic blood pressure 0.455 0.000
Endothelin-1 vs. diastolic blood pressure 0.471 0.000
Soluble endoglin vs. systolic blood pressure 0.315 0.000
Soluble endoglin vs. diastolic blood pressure 0.380 0.000

Variables  Normal pregnancy (n=22) Severe preeclampsia (n=45) HELLP syndrome (n=13)   P
Mother's age (years)          27.9 ± 5.9          29.6 ± 7.3        27.5 ± 7.8 0.51 
Parity          2.00 ± 1.50          2.36 ± 1.80        2.00 ± 1.20 0.63 
Systolic (mmHg)      115.00 ± 9.10      176.00 ± 20.80    174.62 ± 17.60 0.00 
Diastolic (mmHg)          75.0 ± 5.1        110.4 ± 7.9      112.3 ± 7.2 0.00 
Hemoglobin (g/dL)        10.65 ± 1.10        11.50 ± 1.80      11.10 ± 1.90 0.12 
Leucocytes (/毺L)   10 554.5 ± 2 873.1   15 172.4 ± 6 029.9 19 802.3 ± 8 740.3 0.00
Platelets (/毺L) 294 318.2 ± 51 698.2 267 666.7 ± 94 957.8 96 076.9 ± 71 067.4 0.00 
Birth weight of infants (g)     3 004.5 ± 341.8     2 725.3 ± 712.7   2 493.7 ± 621.7 0.06 

Table 1. Characteristic of research variable (mean ± SD).

Groups Soluble endoglin (ng/mL) Endothelin-1 (pg/mL)   p38 MAPK (pg/mL)

Normal pregnancy (n=22)  24.37 ± 15.91a   1.39 ± 0.56a    126.3 ± 69.2a 

Severe preeclampsia (n=45)  53.41 ± 40.63b   2.81 ± 1.38b    195.5 ± 82.7b 

HELLP syndrome (n=13)  66.58 ± 37.51b   2.70 ± 0.79b    246.0 ± 79.2c 

One way ANOVA test   P=0.001    P=0.000    P=0.000 

Table 2. Differences in serum level of soluble endoglin, endothelin-1 and p38 MAPK (mean ± SD).
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4. Discussion 

  In pregnancy with severe preeclampsia there is hypoxia in the 

placenta which stimulates the release of antiangiogenic factors such 

as soluble endoglin and soluble vascular endothelial growth factors 

receptor (sFlt1). In this study, we found increased levels of both 

soluble endoglin in patients with preeclampsia or HELLP syndrome 

patients, proving that both severe preeclampsia and HELLP 

syndrome occur in hypoxic conditions that trigger the release of 

angiogenic factors. Researchers also found elevated levels of soluble 

endoglin and sFlt-1 in patients with preeclampsia and HELLP 

syndrome, but there is no correlation between soluble endoglin and 

sFlt-1 (r2=0.008, P=0.62).

  The imbalance of pro and antiangiogenic factors will cause vascular 

endothelial dysfunction. Vascular endothelial damage stimulates 

the release of endothelin-1, which is a vasoconstrictor that will lead 

to preeclampsia symptoms. In this study, we found elevated level 

of endothelin-1 in patients with severe preeclampsia and HELLP 

syndrome, but there were no significant difference in levels of 

endothelin-1 between patients with severe preeclampsia and HELLP 

syndrome. This suggested that the two groups have the same level of 

endothelial dysfunction. 

  Endothelin-1 also increased oxidative stress in placental villi, 

so that endothelin may have an additional impact on maternal 

cardiovascular system, not only through direct effect on the vascular 

system, but also indirectly through oxidative stress[15]. p38 MAPK 

also plays a role in modulating angiogenic factors, resulting in 

hypoxic conditions such as preeclampsia where its level will rise[16]. 

Some researchers, such as Lohmann et al[17] found an increase in 

p38 MAPK activity in patients with preeclampsia (P=0.022), while 

in patients with HELLP syndrome it was found to the contrary.

  Coradetti et al[18] concluded that p38 MAPK is required for the 

angiogenic response to environmental hypoxia in patients with 

HELLP syndrome. They found a decrease in gene expression of 

p38 MAPK in the placenta of up to 80% compared with normal 

pregnancy, and HELLP syndrome is suspected in patients with 

severe hypoxia in the placenta caused by decreased activity of p38 

MAPK.

  In this study, we found increased level of p38 MAPK in the serum 

of patients with HELLP syndrome and severe preeclampsia, but the 

level was significantly higher in patients with HELLP syndrome. 

There are no previous studies that examined the serum level of p38 

MAPK in preeclampsia and HELLP syndrome. The difference 

in serum level of p38 MAPK in HELLP syndrome and severe 

preeclampsia suggested that there are different degrees of hypoxia 

in both groups. Elevated levels of p38 MAPK resulted in increasing 

vascular endothelial permeability which can aggravate edema 

including edema in the brain. 

  p38 MAPK signal proved to act as a “molecular switch” between 

angiogenesis and hyperpermeability, inhibition of p38 MAPK 

activity reinforcing effects of vascular endothelial growth factor 

angiogenesis in both in vitro and in vivo. It was not clear how the 

relationship between decreased expressions of p38 MAPK in the 

placenta with increased serum levels of p38 MAPK. 

  Soluble endoglin, endothelin-1 and p38 MAPK showed a positive 

correlation with the increase of systolic and diastolic blood pressure. 

This suggested that any increase in the levels of soluble endoglin, 

endothelin-1 and p38 MAPK would lead to increased levels of 

systolic and diastolic blood pressure. From this study, we can 

conclude that the levels of p38 MAPK in serum may be a marker 

for the evidence of severe hypoxia and may be considered to be 

one examination to diagnose HELLP syndrome. We are working 

on a study to assess the expression of p38 MAPK in the placenta of 

HELLP syndrome and severe preeclampsia patients and the results 

will be compared with the levels of p38 MAPK in serum. 

  In conclusion, elevated levels of p38 MAPK, soluble endoglin and 

endothelin-1 which are correlated with the increase of systolic and 

diastolic blood pressure occur in patients with severe preeclampsia 

and HELLP syndrome. The increase of p38 MAPK serum in HELLP 

syndrome and severe preeclampsia prove the existence of a process 

of severe hypoxia. Examination of serum levels of p38 MAPK 

can be considered to be one of the markers to diagnose HELLP 

syndrome. 
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