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Abstract

Original Article

intrOductiOn

Preeclampsia (PE) is a multisystemic disorder and a leading 
complication of pregnancy with a significant contribution to 
maternal and fetal morbidity and mortality and the long-term 
predisposition to cardiovascular disease in the mother.[1-3] 
Globally, it affects 2%–8% of all pregnancies.[4] Concerning 
the pathogenesis of PE, it involves abnormal placentation 
with placental ischemia-reperfusion injury development 
that results in placental oxidative stress, with exaggerated 
systemic inflammatory response and the development of 
the maternal syndrome.[1,3,5] The occurrence of abnormal 
placentation, oxidative stress, systemic inflammatory response, 
an imbalance between pro-angiogenic and anti-angiogenic 
factors, renin–angiotensin–aldosterone system, all can 
contribute to endothelial dysfunction which will initiate disease 
manifestations.[6]

Sestrin2 (SESN2) is a member of the family of stress-inducible 
proteins called sestrins. SESN2 can protect against the 
endothelial toxicity induced by angiotensin II (ANG II) through 
its antioxidant activity, besides its potential role as protective 
in inflammatory responses.[7-9] Studies have confirmed that 
SESN2 levels are elevated in patients with various diseases 
including pregnancy-specific hypertensive disease and that 
SESN2 levels correlate with their severity.[10-13] In their study, 
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Yi et al. found that ANG II induces SESN2 expression in 
endothelial cells of human umbilical vein in a dose- and 
time-dependent manner.[7] SESN2 can modulate many cell 
activities, thereby providing a pivotal and protecting role that 
can make it a possible biomarker and therapeutic target for 
different diseases.[11]

This study aimed to evaluate SESN2 levels in preeclamptic 
patients and whether they correlate with PE severity.

patients and MethOds

This was a case-control study that was conducted at the 
Department of Obstetrics and Gynecology at Al-Yarmouk 
Teaching Hospital in Baghdad during the period from the first 
of March till the end of November 2019. The study protocol 
was approved by the Ethics Committee of the Iraqi Board for 
Medical Specializations (Scientific Council of Obstetrics and 
Gynecology). The study included 92 pregnant women attending 
the outpatient clinic of Obstetrics and Gynecology Department 
and those who were admitted to the obstetrical ward. They were 
informed about the study’s nature and informed verbal consent 
was obtained from them before enrolling them in the study.

Patients were assigned to the PE groups in accordance with 
the American College of Obstetricians and Gynecologists 
criteria for the diagnosis of PE. PE was diagnosed if the 
pregnant woman had blood pressure (Bp) ≥140/90 mmHg 
measured on two occasions 6 h apart beyond 20 weeks of 
gestation and was previously normotensive with proteinuria 
>300 mg/day or reading of ≥1+ by dipstick. PE was considered 
nonsevere when the patient had PE without severe features. 
The diagnosis of severe PE was established in the presence 
of any of the following findings: a Bp of ≥160/110 mmHg, 
thrombocytopenia (platelet count lower than 100,000/µl), 
progressive renal insufficiency, liver function impairment as 
indicated by an abnormal increase in blood concentrations of 
liver transaminases to twofold the normal levels, new-onset 
visual or cerebral symptoms, and the occurrence of pulmonary 
edema.[14] Three groups were defined: the control group 
included 27 healthy pregnant women free of hypertension 
and proteinuria, the nonsevere PE group included 33 pregnant 
women with PE without severe features, and the severe PE 
group included other 32 pregnant women with severe PE. For 
the three groups, the maternal age, parity, gravidity, gestational 
age (GA) at blood sampling, and body mass index (BMI) 
were matched. The inclusion criteria for the present study 
were as follows: viable singleton pregnancy, any parity status, 
and maternal age and GA for more than 20 weeks. Patients 
with multiple gestations, active labor, premature rupture of 
membranes, chorioamnionitis, congenital anomalies, chronic 
hypertension, overt or gestational diabetes, any systemic 
disease such as severe liver disease, chronic kidney disease, 
or autoimmune diseases were excluded from the present study.

GA was calculated by the reliable date of the last menstrual 
period or early dependable ultrasound. Bp was measured by 
a properly calibrated mercury sphygmomanometer while the 

patient is sitting and using the patient’s right arm at the level 
of the heart. The mean arterial pressure (MAP) was estimated 
as advocated by Page using the formula: (systolic Bp + [2 × 
diastolic blood pressure])/3.[15]

The weight and height were measured at the time of sample 
collection and the BMI was calculated by dividing the patient’s 
weight in kilogram (kg) on height in square meter (m2) using 
the following equation: BMI = weight in kg/height in m2. A 
transabdominal ultrasound examination was done to all women 
using the Voluson E6 device with a 3.0–5.0 MHz convex 
transducer to assess for signs of placental insufficiency and 
intrauterine growth retardation.

Maternal blood samples were collected from all participants 
and sent for full investigations including full blood count, 
random blood sugar, liver and renal function tests, and 
coagulation profile. Mid-stream urine samples were collected 
from each participant for urinary protein measurement by 
dipstick.

Venous blood samples of 5 ml were collected from the 
pregnant women in the three groups in a plain tube and before 
administering any medication, the samples were allowed to 
clot at room temperature for 10–20 min then centrifuged at 
2000–3000 rpm for 20 min, and the supernatant (serum) was 
collected and stored in a deep freeze at −20°C till the day of 
analysis.

Serum SESN2 level was measured by a kit using enzyme-linked 
immunosorbent assay, Catalog Number: MBS760249, 
MyBioSource/USA. The detection range was 0.156–25 ng/ml.

All pregnant women were followed until the time of delivery 
to determine the GA at delivery and record the birth interval 
which is the time in weeks from blood sampling till delivery. 
Maternal and fetal complications were also recorded including 
HELLP syndrome, imminent eclampsia, eclampsia, placental 
abruption, and fetal growth restriction. The newborn babies 
were examined by the pediatrician for assessment of birth 
weight which was recorded in grams.

Statistical analysis
The collected data were introduced into Microsoft sheet 
EXCEL 2016 and loaded into Statistical Package for the Social 
Sciences (SPSS) version 24. The descriptive statistics were 
presented using tables and graphs; while one-way ANOVA 
was used to find out the significance of differences between 
means of scale data after testing the normality of distribution 
using the Shapiro–Wilk’s test and Levene’s test was used to 
test homogeneity of variance, post hoc test was used to find 
out the significance of the difference between peer wise data. 
If the scale data were found to be not normally distributed, the 
Kruskal–Wallis test was used to find out the significance of 
differences between medians of related data. A Chi-square test 
was used to find out the significance of the association between 
categorical data. Spearman correlation (r) was used to find 
out the significance of correlations between SESN2 and other 
studied variables. The receiver operator characteristic (ROC) 
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curve was used to find out the discrimination cutoff point for 
SESN2 to differentiate between severe and nonsevere PE and 
to find sensitivity and specificity. P < 0.05 was considered as 
a discrimination point of significance.

results

The total number of studied pregnant ladies was 92 distributed 
among three groups. Twenty-seven (29%) were ladies of 
normal pregnancy and considered as the control group, 33 
(36%) ladies were diagnosed as nonsevere PE, while 32 (35%) 
ladies were proved to have severe PE.

As shown in Table 1, nonsignificant statistical differences 
were noticed between the means of the age of the three studied 
groups (P > 0.05). GA at delivery was significantly lower 
in those who got severe PE than those with nonsevere PE 
which, in turn, was found to be lower than those of normal 
pregnancy (P = 0.001). The birth interval was also found to 
be significantly shorter among those who got severe PE than 
those with nonsevere PE which, in turn, was found to be 
shorter than those of normal pregnancy (P = 0.001). MAP 
for patients with severe PE was significantly higher than the 
MAP for those with nonsevere PE, while normal pregnancy 
showed significantly lower MAP than the other two groups (P 
= 0.001). Regarding birth weight for newborn babies, it was 
significantly lower in the group with severe PE than those 
with nonsevere PE group and controls and that birth weight 
for those with normal pregnancy was significantly higher 
than the other groups with a P = 0.001. The mean readings 
of SESN2 for ladies with normal pregnancy were found to 
be significantly lower than that found among pregnant ladies 
with nonsevere PE, while SESN2 levels were found to be the 
highest among those with severe PE [P = 0.001, Table 1 and 

Figure 1]. In Table 2, the Kruskal–Wallis test failed to prove 
any statistically significant differences between BMI, the GA 
at the time of blood sampling, the number of gravida, or parity 
readings between different groups in this study (P > 0.05).

In this study and on the follow-up of studied women till 
delivery, maternal and fetal complications were recorded. 
HELLP syndrome occurred in eight patients, imminent 
eclampsia in ten patients, eclampsia in five patients, and 
placental abruption occurred in four patients, all were in the 
severe PE group, while fetal growth restriction was seen in 30 
patients, 20 of them in severe PE group and the remaining 10 
were in nonsevere PE group.

Table 3 summarizes the correlation between the serum SESN2 
and the women’s clinical parameters. No significant correlation 
was detected between the levels of SESN2 and the maternal 
age, BMI, and GA at blood sampling, but a significant and 
moderate negative correlation was noticed between serum 
SESN2 and GA at the time of delivery (r =-0.650; P = 0.001), 
birth interval (r = −0.646; P = 0.001), and birth weight 
(r = −0.698; P = 0.001) and that a strong positive and significant 
correlation was noticed between the levels of SESN2 and the 
MAP (r = −0.707 and P = 0.001).

Figure 2 shows the ROC curve for the concentrations of 
SESN2 in severe PE, the area under the curve was 0.985 (95% 
confidence interval: 0.997–1) with an optimal cutoff value of 
9.95 ng/ml. The ratio that is above this value had a sensitivity 
of 93.8% and a specificity of 98.8%, P = 0.001.

discussiOn

In this study, maternal serum SESN2 levels were evaluated in 
patients with PE and whether its levels have any association 

Table 1: Differences between means of normally distributed scale variables according to preeclampsia

Control (n=27) Nonsevere PE (n=33) Severe PE (n=32) P
Age (years) 27.07±6.16 29.15±7.25 29.25±8.45 0.459
GA at delivery (weeks) 38.77±1.21 35.81±1.37α 32.18±2.32α,* 0.001
Birth interval (weeks) 6.48±3.06 3.30±1.84α 0.09±0.02α,* 0.001
MAP 80.66±6.86 108.06±6.27α 124.84±8.24α,* 0.001
Birth weight (g) 3327.77±249.74 2283.33±281.36α 1667.50±283.52α,* 0.001
Sestrin2 (ng/ml) 5.22±1.71 8.41±1.42α 16.92±5.15α,* 0.001
Data are expressed as the mean±SD, the ANOVA followed by the Tukey–Kramer post hoc test were used for the two-group pairwise comparisons. *P<0.05 
versus nonsevere PE, αP<0.05 versus controls. PE: Preeclampsia, MAP: Mean arterial pressure, GA: Gestational age, SD: Standard deviation, Sestrin2: 
Sestrin2

Table 2: Distribution of studied cases according to Kruskal–Wallis test of not normally distributed scale data

Median (IQR) P

Control (n=27) Nonsevere PE (n=33) Severe PE (n=32)
BMI (kg/m2) 30 (11) 32 (5) 29.5 (4.5) 0.263
GA at blood sampling (weeks) 33 (4) 33 (3.5) 32 (4) 0.776
Gravida 3 (2) 3 (2) 3 (2) 0.638
Parity 1 (3) 2 (2.5) 2 (3.75) 0.812
Data are expressed as the median (interquartile), The Kruskal–Wallis test. IQR: Interquartile range, PE: Preeclampsia, BMI: Body mass index,  
GA: Gestational age  
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was one of these markers; an activation of its placental 
synthesis and increased expression was reported under the 
harmful effects of hypoxia, oxidative stress, and various 
pro-inflammatory substances. Furthermore, SESN2 was found 
to induce its regulatory function in the cardiovascular system 
and kidneys, thus protecting the endothelial cells exposed to 
the stress induced by ANG-II.[7,9,28]

In the current study, the maternal age, gravidity, parity, BMI, 
and GA at blood sampling were matched between study groups 
to avoid bias.

In the current study, significantly higher SESN2 levels were 
detected in the nonsevere preeclamptic pregnancies than the 
controls, but its levels were the highest among pregnancies 
with severe PE with a statistically significant difference 
(P = 0.001), this was in partial agreement with a recent study 
conducted by Tayyar et al.[12] in 2018 which was the first and 
the only study investigating the link between SESN2 and 
pregnancies complicated by PE and its association with the 
disease severity; this study enrolled 80 pregnant women, 26 
of them with nonsevere PE, other 24 were severe preeclamptic 
patients, and 30 healthy controls. They reported that serum 
SESN2 concentrations were significantly higher in the severe 
PE group in comparison with the control and the nonsevere 
PE groups (P = 0.004).On the other hand, no statistically 
significant difference was found between the nonsevere PE and 
the control groups. Regarding the correlation between serum 
SESN2 levels and the clinical parameters, serum SESN2 levels 
positively correlate with MAP and negatively correlate with 
GA at delivery, birth interval, and birth weight, while in the 
study by Tayyar et al.,[12] a significant negative correlation was 
only detected between birth interval and serum SESN2 levels. 

with the disease severity. In the literature, only a few data are 
found about this topic. SESN2 is a metabolic protein that is 
stress induced, it has a protective effect via regulating oxidative 
stress, endoplasmic reticulum stress (ER), and inflammation and 
that oxidative stress can induce the expression of SESN2.[8,16,17] 
SESN2 is known to suppress reactive oxygen species (ROS) 
under conditions of genotoxic and oxidative stress, hypoxia, 
and ER stress, thus providing cytoprotection against different 
harmful stimuli ultimately reducing the cellular levels of ROS.[18] 
It has also been demonstrated that as SESN2 plays an important 
function in regulating ER stress, this role turns to have a vital 
place in the pathophysiology of PE.[19] Defective trophoblast 
invasion and the release of placental factors as a consequence 
of augmented inflammatory and oxidative stresses are involved 
in the pathogenesis of PE. The presence of phosphorylated 
adenosine monophosphate-activated protein kinase (AMPK) 
has been confirmed in the placental tissues of rats and human 
beings. Its levels are raised in hypoxic conditions such as 
PE and that AMPK also enables the preservation of uterine 
artery blood flow.[20] SESN2 and AMPK are stress-inducible 
proteins, they suppress the production of ROS, thus protect 
against oxidative stress. SESN2 activates AMPK, thus improves 
endothelial function, decreases oxidative stress, and ameliorates 
hypertension secondary to placental ischemia.[21-24]

In the literatures, several biomarkers were investigated and 
their association with PE has been studied.[12,25-27] SESN2 

Table 3: Correlation analyses of the maternal serum 
sestrin2 and the clinical parameters

Variables SESN2

r P
Age (years) Pearson correlation 0.122 0.246
BMI (kg/m2) Pearson correlation 0.000 0.998
MAP Pearson correlation 0.707** 0.001
GA at blood sampling 
(weeks)

Pearson correlation 0.009 0.930

GA at delivery (weeks) Pearson correlation −0.650** 0.001
Birth interval (weeks) Pearson correlation −0.646** 0.001
Birth weight (g) Pearson correlation −0.698** 0.001
BMI: Body mass index, MAP: Mean arterial pressure, GA: Gestational 
age, r: Spearman’s rank correlation, Sestrin2: Sestrin2

Figure 2: Receiver operating characteristic curve for the sestrin2 
concentration in severe preeclampsia

Figure 1: Boxplot graph of serum sestrin2 levels in the three study groups
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These differences can be explained by the smaller number of 
patients in their study. The maternal and fetal complications 
seen in the current study necessitate earlier delivery and this 
can explain the shorter birth interval and the lower birth weight 
in pregnancies complicated with severe PE than nonsevere PE 
and controls.

In the present study, the best cutoff value for the serum SESN2 
levels in the identification of severe PE was 9.95 ng/ml with 
a sensitivity of 93.8% and a specificity of 98.8%, P = 0.001, 
while in the study by Tayyar et al.[12] and for the identification of 
severe PE, the reported sensitivity and specificity of the serum 
SESN2 concentration at the optimal cutoff value of 1.637 ng/ml 
were 54.2% and 96.4%, respectively. Such discrepancies 
observed among the above-mentioned results might have been 
attributed to the sample size of each study. This study was the 
first one in Iraq in its subject. The fact that the significantly 
highest serum SESN2 concentrations detected in pregnancies 
with severe PE supports the allegation that oxidative stress and 
the antioxidant defense systems play important roles in PE and 
could open new fascinating therapeutic scenarios.

cOnclusiOn

Maternal serum SESN2 levels are significantly higher in 
pregnancies complicated by severe PE, with a sensitivity of 
93.8%, a specificity of 98.8%, and a cutoff value of 9.95 ng/ml 
for the diagnosis of severe PE. It seems that SESN2 can be a 
valuable biomarker that can help in the diagnosis of severe PE.

Financial support and sponsorship
Nil.

Conflicts of interest
There are no conflicts of interest.

references
1. Phipps EA, Thadhani R, Benzing T, Karumanchi SA. Pre-eclampsia: 

Pathogenesis, novel diagnostics and therapies. Nat Rev Nephrol 
2019;15:275-89.

2. Kuklina EV, Ayala C, Callaghan WM. Hypertensive disorders and 
severe obstetric morbidity in the United States. Obstet Gynecol 
2009;113:1299-306.

3. Burton GJ, Redman CW, Roberts JM, Moffett A. Pre-eclampsia: 
Pathophysiology and clinical implications. BMJ 2019;366:l2381.

4. ACOG Practice Bulletin No. 202: Gestational Hypertension and 
Preeclampsia. Obstet Gynecol 2019;133:e1-25.

5. Chaiworapongsa T, Chaemsaithong P, Yeo L, Romero R. Pre-eclampsia 
part 1: Current understanding of its pathophysiology. Nat Rev Nephrol 
2014;10:466-80.

6. Gathiram P, Moodley J. Pre-eclampsia: Its pathogenesis and 
pathophysiolgy. Cardiovasc J Afr 2016;27:71-8.

7. Yi L, Li F, Yong Y, Jianting D, Liting Z, Xuansheng H, et al. 
Upregulation of sestrin-2 expression protects against endothelial 
toxicity of angiotensin II. Cell Biol Toxicol 2014;30:147-56.

8. Ro SH, Nam M, Jang I, Park HW, Park H, Semple IA, et al. Sestrin2 
inhibits uncoupling protein 1 expression through suppressing reactive 
oxygen species. Proc Natl Acad Sci U S A 2014;111:7849-54.

9. Yang JH, Kim KM, Kim MG, Seo KH, Han JY, Ka SO, et al. Role of 
sestrin2 in the regulation of proinflammatory signaling in macrophages. 
Free Radic Biol Med 2015;78:156-67.

10. Xiao T, Zhang L, Huang Y, Shi Y, Wang J, Ji Q, et al. Sestrin2 increases 
in aortas and plasma from aortic dissection patients and alleviates 
angiotensin II-induced smooth muscle cell apoptosis via the Nrf2 
pathway. Life Sci 2019;218:132-8.

11. Wang LX, Zhu XM, Yao YM. Sestrin2: Its Potential Role and Regulatory 
Mechanism in Host Immune Response in Diseases. Front Immunol 
2019;10:2797.

12. Tayyar AT, Tayyar A, Kozali S, Karakus R, Eser A, Yayla CA, et al. 
Maternal serum sestrin2 levels in preeclampsia and their relationship 
with the severity of the disease. Hypertens Pregnancy 2019;38:13-9.

13. Ye J, Wang M, Xu Y, Liu J, Jiang H, Wang Z, et al. Sestrins increase in 
patients with coronary artery disease and associate with the severity of 
coronary stenosis. Clin Chim Acta 2017;472:51-7.

14. American College of Obstetricians and Gynecologists; Task Force on 
Hypertension in Pregnancy. Hypertension in pregnancy. Report of the 
American College of Obstetricians and Gynecologists’ Task Force on 
Hypertension in Pregnancy. Obstet Gynecol 2013;122:1122-31.

15. Dutta DC. Hypertensive disorders in pregnancy. In: DC Dutta’s 
Textbook of Obstetrics Including Perinatology and Contraception. 8th 
edition, New Delhi, India: Jaypee Brothers Medical Publishers (P) Ltd.; 
2015. p. 255-81.

16. Jegal KH, Ko HL, Park SM, Byun SH, Kang KW, Cho IJ, et al. 
Eupatilin induces Sestrin2-dependent autophagy to prevent oxidative 
stress. Apoptosis 2016;21:642-56.

17. Hwang HJ, Jung TW, Choi JH, Lee HJ, Chung HS, Seo JA, et al. 
Knockdown of sestrin2 increases pro-inflammatory reactions and ER 
stress in the endothelium via an AMPK dependent mechanism. Biochim 
Biophys Acta Mol Basis Dis 2017;1863:1436-44.

18. Pasha M, Eid AH, Eid AA, Gorin Y, Munusamy S. Sestrin2 as a Novel 
Biomarker and Therapeutic Target for Various Diseases. Oxid Med Cell 
Longev. 2017;2017:3296294. doi: 10.1155/2017/3296294. Epub 2017 
Jun 11. PMID: 28690762; PMCID: PMC5485329.

19. Saveljeva S, Cleary P, Mnich K, Ayo A, Pakos-Zebrucka K, Patterson JB, 
et al. Endoplasmic reticulum stress-mediated induction of SESTRIN 2 
potentiates cell survival. Oncotarget 2016;7:12254-66.

20. Koroglu N, Tola E, Temel Yuksel I, Aslan Cetin B, Turhan U, Topcu G, 
et al. Maternal serum AMP-activated protein kinase levels in mild and 
severe preeclampsia. J Matern Fetal Neonatal Med 2019;32:2735-40.

21. Sanli T, Linher-Melville K, Tsakiridis T, Singh G. Sestrin2 modulates 
AMPK subunit expression and its response to ionizing radiation in 
breast cancer cells. PLoS One 2012;7:e32035.

22. Wang S, Song P, Zou MH. AMP-activated protein kinase, stress responses 
and cardiovascular diseases. Clin Sci (Lond) 2012;122:555-73.

23. Banek CT, Bauer AJ, Needham KM, Dreyer HC, Gilbert JS. AICAR 
administration ameliorates hypertension and angiogenic imbalance in 
a model of preeclampsia in the rat. Am J Physiol Heart Circ Physiol 
2013;304:H1159-65.

24. Ford RJ, Teschke SR, Reid EB, Durham KK, Kroetsch JT, Rush JW. 
AMP-activated protein kinase activator AICAR acutely lowers blood 
pressure and relaxes isolated resistance arteries of hypertensive rats. J 
Hypertens 2012;30:725-33.

25. Sersam LW. Inflammatory markers in pre-eclampsia and related 
conditions. Int J Gynecol Obstet 2009;105:69-70.

26. Petla LT, Chikkala R, Ratnakar KS, Kodati V, Sritharan V. Biomarkers 
for the management of pre-eclampsia in pregnant women. Indian J Med 
Res 2013;138:60-7.

27. Eastabrook G, Aksoy T, Bedell S, Penava D, de Vrijer B. Preeclampsia 
biomarkers: An assessment of maternal cardiometabolic health. 
Pregnancy Hypertens 2018;13:204-13.

28. Yang Y, Cuevas S, Yang S, Villar VA, Escano C, Asico L, et al. Sestrin2 
decreases renal oxidative stress, lowers blood pressure, and mediates 
dopamine D2 receptor-induced inhibition of reactive oxygen species 
production. Hypertension 2014;64:825-32.

[Downloaded free from http://www.mmjonweb.org on Thursday, January 21, 2021, IP: 10.232.74.23]


