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Abstract

The purpose of this study is to know the difference average of maternal serum levels of HIF-1α between
early-onset and late-onset severe preeclampsia. This study used a cross sectional comparative study
design that conducted in Februari 2020 - Agustus 2020 in the SMF / Obstetrics and Gynecology
department of RSUP dr. M. Djamil Padang, RSUD Achmad Mochtar, RSUD Pariaman, RSUD M Zein
Painan. We used consecutive sampling method which consists of 60 pregnant women who fulfill the
inclusion and exclusion criteria. They were divided into two groups early-onset severe preeclampsia
and late-onset severe preeclampsia. HIF-1α tests were done using ELISA method. The average of
maternal serum levels of HIF-1α in late-onset severe preeclampsia is found to be the highest when
compared to the early-onset severe preeclampsia, 1,37 ± 1,08 ng/ml vs 0,69 ± 0,11 ng/ml. This
difference is significant with the Mann-whitney non parametrical statistical test (p <0.05). There is a
significant difference average of maternal serum levels of HIF-1α between early-onset and late-onset
severe preeclampsia
Keywords: early onset severe preeclampsia, late onset preeclampsia late onset, maternal serum levels
of HIF-1α

INTRODUCTION
The World Health Organization (WHO) systematically reviews maternal mortality worldwide,
and in developed countries, 16 percent of maternal deaths were attributed to hypertensive
disorders. In the United States from 2011 to 2013, 7.4 percent of 2009 pregnancy-related
maternal deaths were caused by preeclampsia or eclampsia.1,2 Preeclampsia has been
characterized by some investigators into 2 different disease entities: early-onset
preeclampsia and late-onset preeclampsia. Early-onset preeclampsia is usually defined as
preeclampsia that develops before 34 weeks of gestation, whereas late-onset preeclampsia
develops at or after 34 weeks of gestation.3,4
Early-onset preeclampsia occurs in 5-20% of all cases of preeclampsia, is considered a
fetal disorder that is typically associated with placental dysfunction, reduction in placental
volume, intrauterine growth restriction, abnormal uterine and umbilical artery Doppler
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evaluation, low birth weight, multiorgan dysfunction, perinatal death, and adverse maternal
and neonatal outcomes. Late-onset preeclampsia is around 75-80% related to a maternal
disorder; a result of an underlying maternal constitutional disorder (such as metabolic
syndrome, impaired glucose tolerance, obesity, dyslipidemia, chronic hypertension), it is
more often associated with a normal placenta, larger placental volume, normal fetal growth,
normal uterine and umbilical artery Doppler evaluation, normal birth weight, and more
favorable maternal and neonatal outcomes.4,5,6
Although the etiology of preeclampsia is not yet clear, abnormalities in the placenta
are undoubtedly the pathogenesis of preeclampsia. The presence of abnormal placentation,
including invasion of incomplete spirals of the trophoblast spirals, plays an important role as
the pathogenesis and pathophysiology of preeclampsia. It may be due to insufﬁcient
adaptation of decidual and intramyometrial portion of spiral arterioles or due to shallow
trophoblastic invasion, resulting in reduced uteroplacental blood ﬂow leading to placental
hypoxia.7,8
Placental hypoxia results in the release of several mediators into maternal circulation,
which causes endothelial dysfunction prevailing in preeclampsia. The key mediator of the
hypoxic condition is the hypoxia inducible factor 1 (HIF-1). HIF-1 is involved in transcription of
many oxygen-dependent genes that encode for proteins associated with angiogenesis and
cell metabolism. During low oxygen conditions, HIF-1α is highly expressed and helps in
development of placenta in early gestation. Overexpression of HIF-1 α has been observed in
many inﬂammatory disorders, including cancer and preeclampsia.8,9
Hypoxia induces angiogenesis by regulating angiogenic proteins such as vascular
endothelial growth factor (VEGF), placental growth factor (PIGF) and FLT-1. HIF-1α levels that
promote enhanced transcription of genes encoding soluble fms-like tyrosine kinase-1 (sFlt-1),
soluble endoglin (sEng), and endothelin-1 (ET-1), all known to contribute to preeclampsia. The
change in concentration of these proteins causes angiogenic imbalance, leading to
endothelial damage and the onset of preeclampsia. 8.9,10
The expression of HIF-1α is regulated not only by hypoxia but also by inflammation
stimulation (for example, thrombin, peptide cytokine, like tumour necrosis factor (TNF), and
reactive oxygen species (ROS), especially mediated by nuclear factor κB (NF-κB), as the
promotor of HIF-1α contains binding site of NF-κB.7,11,12
There is still little research on the differences of maternal serum levels of HIF-1α in
severe preeclampsia, and the results are still controversial. The goals of this study were to
know the maternal serum levels of HIF-1α in severe preeclampsia and to compare the
difference between early-onset and late-onset severe preeclampsia.

METHODS
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The study was conducted at Dr M. Djamil Hospital Padang and network hospitals. The study
used a cross-sectional comparative study design by comparing the two study groups, namely
early-onset severe preeclampsia and late-onset severe preeclampsia to evaluate the maternal
serum levels of HIF-1α in severe preeclampsia and normal and to compare the difference
between early-onset and late-onset severe preeclampsia. Severe preeclampsia is defined as
hypertension with minimum criteria for systolic blood pressure ≥ 160 mmHg and/or diastolic
blood pressure ≥ 110 mmHg after 20 weeks' gestation, and one or more proteinuria ≥ 300 mg
/ 24 hours or urine / creatinine protein ratio ≥ 30 mg / dl (1 + urine dipstick), renal
insufficiency, hematological abnormalities, liver disorders, cerebral disorders, pulmonary
edema. The number of samples was 60 samples that met the inclusion criteria (single
pregnancy women, gestational age > 20 weeks, there were no severe medical abnormalities,
and no chorioamnionitis), and exclusion criteria damage to blood samples during the research
process.
Patients who meet the inclusion and exclusion criteria will be interviewed to obtain
characteristic data including name, age, identity number, address, contact number, history of
pregnancy, the first day of the last day or ultrasound examination to assess gestational age.
The size of the samples is calculated according to the simple formula to estimate the
proportion of a population. The sampling formula used in unpaired numerical comparative
research. The sampling technique is done by the consecutive method, i.e. the samples are
taken sequentially. By the inclusion criteria and exclusion until the required number of
samples is fulfilled. After the patient signed a letter of informed consent, venous blood
specimens were collected in the median cubital vein by folding the elbow by 5 ml. Next blood
is sent to the laboratory for examination HIF-1α levels. Examination of HIF-1α levels using
reagents from Human Hypoxia-Inducible Factor 1 ELISA kit BT LAB, Shanghai, Cina, with
Standard Curve Range : 0.05 ng/ml – 15 ng/ml, dan sensitivity : 0.01 ng/ml. In this study,
patients were not followed up until birth.

RESULTS
The study was conducted on 60 patients consisting of 30 early-onset severe preeclampsia, 30
late-onset severe preeclampsia. Sample characteristic of 60 patients, based on age,
gestational age, parity, systole and diastole blood pressure, and birth weight was shown in
Table 1.

Table 1. Clinical characteristics of the study population
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Characteristics
Age
Age of pregnant women (year)
Sistolic (mmHg)
Diastolic mmHg)
Parity (%)
Nullipara
Multipara

Severe Preeclampsia onset
Early Onset
Late Onset
30,17 ± 4,98
33,27 ± 5,28
30,70 ± 2,07
36,37 ± 1,19
180 ± 24,57
172 ± 18,02
107 ± 14,49
100 ± 9,78
6 (20 %)
24 (80 %)

5 (16,7%)
25 (83,3%)

p value
0,02
0,0001
0,15
0,04
1,00

Based on the table, it is known that age average of late onset severe preeclampsia group
are older than early onset severe preeclampsia group (33,27 ± 5,28 vs 30,17 ± 4,98) . In the
early onset severe preeclampsia group, the systolic blood pressure is higher than the late
onset severe preeclampsia group (180 ± 24,57 vs 172 ± 18,02). The diastole blood pressure
found in the early onset severe preeclampsia group was higher than late onset severe
preeclampsia group (107 ± 14,49 vs 100 ± 9,78). Both grup also show multipara are more than
nullipara.
Table 2. HIF-1α Levels and the onset severe preeclamsia
Early Onset PEB
Characteristics
Mean ± SD
HIF-1α (ng/ml)
0,69 ± 0,11

Late Onset PEB
Mean ± SD
1,37 ± 1,08

p-value
0,0001

As described in Table 2, there was the difference in maternal serum HIF-1α between
groups early-onset severe preeclampsia and late-onset severe preeclampsia, in which the
mean maternal serum levels of HIF-1α was 0,69 ± 0,11 ng/ml and 1,37 ± 1,08 ng/ml. The
results of the study showed that the mean maternal HIF-1α in late onset severe preeclampsia
was higher than early onset severe preeclampsia. The mean of maternal HIF-1α level was
statistically different between early-onset severe preeclampsia and late-onset severe
preeclampsia (p-value < 0.05).
There is a significant difference between the levels of HIF-1α and the onset of severe
preeclampsia, as shown in Figure 1.
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Figure 1. Boxplot Levels of HIF-1α with the Onset of severe Preeclampsia

DISCUSSION
The results of this study showed that the mean HIF-1α levels of late-onset severe
preeclampsia groups were significantly higher than early-onset severe preeclampsia group.
Statistically, there is a significant difference with a value of p 0.0001 (p < 0.05) between levels
of late-onset severe preeclampsia groups and early-onset severe preeclampsia group.
Abnormalities of the placenta, which serves as the interface between the maternal and fetal
environment are postulated to be central to the etiology of preeclampsia.7 The transcription
factor HIF-1α has emerged as a key molecule in placental development, regulating
angiogenesis and trophoblastic differentiation. HIF-1α is a key transcription factor that plays
a central role in the cellular response to low oxygen tension under physiological and
pathological conditions.8,13 Also recent studies have shown that HIF-1α levels can be
regulated by means that are independent of hypoxia. Inflammatory cytokines and growth
factors have been shown to induce HIF-1α gene expression and HIF-1α is emerging as one of
the “signalling drivers” of inflammation.7,12
The role of HIF-1α a in preeclampsia pathogenesis has been investigated in numerous
immunohistochemical and serum analyses both in vitro and in vivo animal studies. Akhilesh
et al showed that the HIF-1α levels of the mothers with preeclampsia were higher compared
to normal controls.13 Bobek et al detected in mice that HIF-1α induced by an imbalance in
inflammatory cytokines is implicated in the pathogenesis of preeclampsia.14 Recently, Iriyama
et al. demonstrated in the placentas of two independent animal models of preeclampsia that
hypoxia-independent stimulation of HIF-1α gene expression in the placenta is a common
pathogenic mechanism promoting disease progression.10 Our results demonstrated that
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maternal serum HIF-1α levels of late-onset severe preeclampsia group were significantly
higher than early-onset severe preeclampsia group. We speculate that inflammation and the
oxygen-independent mechanisms are the predominant features of HIF-1α increase in lateonset severe preeclampsia group.
In addition, recent evidence suggests that oxygen is not the only factor that regulates
the activity of HIF-1α. For example, CO and NO block the hypoxic induction of HIF-1α, whereas
several divalent cations (Co2+, Ni2+, Mn2+) and iron chelators induce HIF-1α.15 Furthermore
studies have implicated a role for stress-related cytokines in the regulation of HIF-1α, and it
has been shown that mitogen activated protein kinase (MAPK), the insulin-like growth factor1 receptor (IGF-1R), and other growth factors positively regulate HIF-1α expression.
Additionally, it has been shown in vascular smooth muscle cells that up-regulation of VEGF
expression by HIF-1α can be induced by hormones in an oxygen independent manner.
Therefore, we hypothesize that factors other than hypoxia may contribute to the aberrant
expression of HIF-1α in preeclamptic placentae.15,16,17
An alternative hypothesis is that the reduced utero-placental perfusion may create a
situation of oxidative stress inducing the release of reactive oxygen species (ROS) by the
placenta into the maternal circulation. Studies have shown that trophoblasts from preeclamptic pregnancies show decreased expression of the ROS scavenger superoxide
dismutase (SOD), increased xanthine dehydrogenase/xanthine oxidase (XDH/XO) expression,
and increased xanthine oxidase (XO) activity. Moreover, pre-eclamptic placentae show
increased production of lipid peroxides. Overall, these changes indicate an increased ability
of pre-eclamptic placentae to generate ROS, which are known to alter endothelial function
and, therefore, could be responsible for the characteristic widespread maternal endothelial
dysfunction that is associated with pre-eclampsia.15,17,18
Although the cause of aberrant expression in pre-eclamptic placentae remains to be
elucidated, it appears that HIF-1α activation may not simply be due to hypoxic conditions
alone. Instead, an interaction of hypoxic conditions, factors associated with oxidative stress,
altered oxygen sensing and release of inﬂammatory cytokines may inﬂuence HIF-1α
expression.15,19,20

CONCLUSION
The difference between HIF-1α with the onset of severe preeclampsia was found to be the
highest level in late onset severe preeclampsia, which was 1,37 ± 1,08 ng/ml. There was a
significant difference (p <0.0001) between late-onset severe preeclampsia and early-onset
severe preeclampsia.
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