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Abstract

Background: The aim of this study was to use serum levels of IL-
6, IL-8, IL-1β, TNF-α, CD40L and HSCRP as an in vitro inflam-
matory stimulus in order to profile the inflammatory response of 
whole blood from pregnant women with preeclampsia and severe 
preeclampsia, and to determine whether this functional response 
fits with imbalance.

Methods: The preeclampsia group (n = 27) and severe preeclamp-
sia group (n = 21) were generated by matching the diagnostic cri-
teria of the International Society for the Study of Hypertension in 
Pregnancy (ISSHP). Control group (n = 21) was matched for gesta-
tional stage, maternal age, and parity. The panel of cytokines ana-
lyzed included interleukin IL-1β, IL-6, IL-8, and TNF-α, HSCRP, 
CD40L for all groups.

Results: There were statistically high values of IL-6 (P < 0.003) 
and TNF-α (P < 0.003) at preeclampsia group versus control group, 
the significantly high values of IL-6 (P < 0.001) and IL-1β (P < 
0.005) was found at the severe preeclampsia group versus control 
group. There were no significant difference between the groups 
of preeclampsia and severe preeclampsia for IL-6, IL-8, IL-1β, 
TNF-α, CD40L and HSCRP.

Conclusions: Increasing gestational age in normal pregnancy fea-
tures an increased inflammatory responsiveness, which is potential-
ly a preparatory mechanism for maternal sensitivity to the fetal trig-

gers of labour. This increase in response is mirrored by women with 
preeclampsia, highlighting the importance of stratifying patients 
according to the timing the onset of disease given their inherent 
differences in inflammatory function. It is important to know deter-
minative factors for changing preeclampsia to severe preeclampsia. 
Increased level of IL-6 and TNF-α may play on the role of trigger-
ing factors for preeclampsia and severe preeclampsia. So it must be 
studied to be determining cut off value of these parameters.

Keywords: Preeclampsia; Severe preeclampsia; IL-6; IL-1β; IL-8; 
TNF-α; HSCRP; CD40L

Introduction

Preeclampsia (PE) is pregnancy related disorder character-
ized by hypertension and proteinuria that occurs after 20 
weeks of gestation [1, 2]. PE is the third most common cause 
of maternal death and accounts for up to 40.000 pregnancy 
related death per year in the developing countries [2]. Severe 
PE is also associated with both maternal and fetal risks, with 
serious maternal complications in 27% of cases and overall 
34% risk for neonatal complications [3].

Despite intensive research efforts, the etiology and 
pathogenesis of preeclampsia remain unclear. It has multi-
factorial etiology involving both genetic and environmen-
tal factors, and is associated with underlying inflammatory 
dysfunction. Increasing evidence suggests that an excessive 
maternal systemic inflammatory response to pregnancy with 
activation of both the innate and adaptive arms of the im-
mune system is involved in the pathogenesis of the disease 
[4, 5]. Pregnancy itself has been described as a state of con-
trolled mil inflammation situation [6]. During pregnancy a 
generalized maternal inflammatory response has been shown 
to occur during preeclampsia together with increased levels 
of tumor necrosis factor (TNF)-α, interleukin (IL)-6 and 
IL-8 [7, 8]. It has been hypothesized that the exaggerated 
systemic inflammation seen in preeclampsia may result from 
a decompensation of one or more of the maternal protective 
systems [5]. This situation is suggesting that PE is associ-
ated with a reversal in T-helper (Th) 1: Th2 balance, thereby 
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featuring Th1-type predominance. This activated Th1-type 
response is supported by further studies reporting elevated 
levels of pro-inflammatory cytokines (e.g., TNF-α) or their 
inducers (e.g., IL-12) in association with PE [5, 9, 10].

The aim of this study was therefore to demonstrate differ-
ence blood levels of IL-6, IL-8, IL-1β, TNF-α, CD40 ligand 
(CD40L), Highly sensitive C-reactive protein (HSCRP) for 
pregnant women with preeclampsia and severe preeclamp-
sia, and to determine whether this functional response fits 
with imbalance.

 
Materials and Methods

   
Subjects

Twenty seven preeclamptic patients, 21 severe preeclamptic 
patients and 21 healthy pregnant women with uncomplicated 
pregnancies were involved in the study. The study partici-
pants were enrolled in the Department of Obstetrics and Gy-
necology of the Gazi University Hospital, at the Gazi Uni-
versity, Ankara, Turkey. Ethical approval for the study was 
obtained from the Gazi University Medical Faculty Regional 
Ethics Committee and all participants gave written informed 
consent.

The preeclampsia group comprised of women (n = 27) 
matching the diagnostic criteria of the International Society 
for the Study of Hypertension in Pregnancy (ISSHP): two 
blood pressure readings of ≥ 140/90 mmHg took at least 
with > 300 mg proteinuria over 24 hours or +1 on dipstick 
analysis [11]. The severe preeclampsia group comprised of 
women (n = 21) matching the diagnostic criteria of the IS-
SHP: two blood pressure readings of ≥ 160/110 mmHg took 
at least with > 5 g proteinuria over 24 hours or +3 on dipstick 
analysis [11]. Control group patients (n = 21) were matched 
for gestational stage, maternal age, and parity. The exclusion 
criteria for this group included concurrent medical problems 
that may result in disordered inflammatory response, such 
as diabetes, autoimmune disease and spontaneous rupture of 
membranes.

Biological samples

Ten mL whole blood was collected from the antecubital vein 
of subjects in lithium heparin tubes. These were centrifuged 
at 2500 rpm for 15 min in order to isolate the supernatant, 
which was frozen at -86 oC until analyzed for cytokine pro-
files.

Cytokine analysis

Enzyme immunoassay (EIA)

In the present study, the panel of cytokines analyzed in-
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cluded IL-1β, IL-6, IL-8, TNF-α, HSCRP, CD40L. Cytokine 
release was tested by using ultrasensitive enzyme-linked im-
munosorbent assay (ELISA) kits according to the Manufac-
turers’ recommendations (Invitrogen. Carlsbad, CA, USA). 
Briefly, 100 micro liter human serum per sample was mixed 
with sample buffer in individual wells of microtiter plates 
provided by the manufacturer as part of the kit content. Two 
wells/samples were used. The mixture was incubated for 
2 hours at room temperature. Plates were washed 4 times 
using a Tecan, Columbus plate washer (Tecan, Mannedorf, 
Switzerland). Wells were treated with a biotin-conjugated 
secondary antibody by incubating for two hours at room 
temperature. Plates were washed for 4 times and incubated 
with streptavidin-HRP. Color development was observed in 
the presence of substrate and measured at 450 nm by using a 
Biotek, Synergy HT multi-mode microplate reader (Biotek, 
Winooski, VA, USA).

Statistical analysis

To compare continuous variables between groups, the Mann-
Whitney U test was applied, whereas to compare them be-
tween multiple groups, the Kruskal-Wallis analysis of 
variance of ranks test was performed. Contingency tables, 
Chi-square, and Wilcoxon W test were employed for com-
parisons of proportions. Analysis was conducted with SPSS 
V.11.5 (SPSS, Chicago, IL). For all statistical analyses, P < 
0.05 was considered statistically significant.

 
Results

  
The demographics and the clinical features of the groups 
have been outlined in Table 1. There was no significant dif-
ference in maternal age, gestational age, parity. Women with 
preeclampsia showed significantly higher urinary concentra-
tions of protein compared with women with normal pregnan-
cies (P < 0.005). In severe preeclamptic cases, this situation 
was even more significant in the comparison groups of nor-
mal and preeclamptic patients.

For all the factors tested, i.e., IL-6, IL-8, IL-1β, TNF-α, 
CD40L and HSCRP, there was no significant difference be-
tween the groups of preeclampsia and severe preeclampsia 
(Table 2). While there was statistically high values of IL-6 
(P < 0.003) and TNF-α (P < 0.003) at preeclampsia group 
versus control group, the significantly higher values of IL-6 
(P < 0.001) and IL-1β (P < 0.005) was found in the severe 
preeclampsia group versus control group.

Discussion
  
The precise etiology of preeclampsia is still unknown, one 
key factor of the involved mechanisms is exaggerated sys-
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temic inflammation resulting from decomposition of one or 
more of the maternal protective systems [5]. During preg-
nancy is known to increase in response to inflammation. A 
progressive monocytic activation in the circulation of preg-
nant women compared to non-pregnant women was shown 
[12]. Monocytes from preeclamptic patients demonstrated a 
further increase in basal intracellular reactive oxygen spe-
cies, a higher synthesis of interleukin IL-1β, IL-6 and IL-8 
compared to monocytes from healthy pregnant women [5, 
8, 9]). There is a balance for the production and release of 
immunoregulatory cytokines by a variety of immune effec-
tor cells, which operate in synergistic/inhibitory interaction-
based networks according to the pro- (TNF-α, IL-1, IL-6, 
interferon (IFN-γ) (Th1-type) or anti-inflammatory (IL-4, 
IL-13) (Th2-type) nature of the cytokines involved [13]. In a 
normal pregnancy a Th2-type (anti-inflammatory) response 
is predominant compared to a Th1-type (pro inflammatory) 
response [14]. In cases of preeclampsia, there is an altera-
tion in the balance between Th1 and Th2-type responses. 
By contrast, patients with preeclampsia have been shown to 
have higher levels of serum pro-inflammatory [15, 16] and 
lower levels of anti-inflammatory cytokines [17] compared 
with healthy pregnant, thereby featuring a Th1-type pre-
dominance. Elevated levels of pro-inflammatory cytokines 
(TNF-α) or their inducers (IL-12) are also supported this ac-
tivated Th1-type response [9, 10, 18].

In this study, IL-6 was found high both preeclampsia 
and severe eclampsia when compared to the normal preg-
nancies (P < 0.003, P < 0.001). The finding for IL-6 is in 
line with previous reports on elevated plasma levels of 
IL-6 in women with preeclampsia compared with normal 
pregnancies [18-20]. In contrast, Al-Othman et al found no 
difference in IL-6 levels in serum between preeclampsia 
and normal pregnancy [21]. We found increased levels of 
TNF-α for women with preeclampsia compared with nor-
mal pregnancies (P < 0.003). As evaluation of IL-6 lev-
els as a result of a lack of difference between severe pre-
eclampsia and normal pregnancy was remarkable. These 
results were convenient with the literature. Serum levels 
of TNF-α being typically are elevated in preeclamptic pa-
tients in association with the disorder. As a result of the 
inadequate trophoblast invasion and placental hypoxia, 
TNF-α secretion is increased in placental tissue following 
hypoxia-reoxygenation in vitro for preeclamptic patient 
[22]. Trophoblast cells trigger peripheral monocyte inflam-
matory responsiveness. As such, they can increase cytokine 
production (including IL-6, IL-8 and TNF-α). But these ef-
fects may be very aggressive in severe preeclampsia, and 
the triggered value is determinative value for it, this may 
be cut off value. IL-1β is a known inducer of monocyte 
chemotactic protein (MCP) 1 expression [23] and its role 
in pathogenesis of preeclampsia was shown previously [15, 
24]. Our data was determined significantly higher blood 
levels of IL-1β in severe preeclampsia (P < 0.005) when 

compared to normal pregnant women, so this may be con-
vinced of seriousness. In in vitro models of atherosclerosis, 
MCP-1 include oxidative stress operates through endothe-
lial nuclear transcription factor-1B activity [25].

The near-term to delivery, increased maternal inflam-
matory response is known [6]. Physiological increase in 
maternal inflammatory responsiveness is unclear, although 
it is likely to have a role in preparation for labour. Increas-
es in pro-inflammatory cytokines (e.g. TNF-α, IL-1β) are 
also required for similar processes, such as by stimulating 
production of matrix metalloproteinase (MMP)-1, MMP-
3, MMP-9 which need for cervical ripening [26, 27]. In 
support of preeclampsia involving an exacerbation of the 
physiological increase of this inflammatory responsiveness, 
which may be due to the comparatively small numbers of 
patients involved.

C-reactive protein (CRP) is known marker of systemic 
inflammation and which was found be higher in pregnant 
than in nonpregnant women [28]. HSCRP levels have been 
better sensitivity in establishing inflammation than levels of 
CRP [29]. Serum levels of HSCRP had been positively cor-
related with pregnancy duration in normal, and had been 
found higher in preeclamptic pregnants to the normal preg-
nants [29], and they suggested that it could be predicted by 
evaluating HSCRP in severe preeclampsia. But in this study, 
it was not any important levels of HSCRP at all groups.

The ligand for CD40 is a glycoprotein structurally re-
lated TNF-α which is expressed on T cells, mast cells, and 
natural killer cells [30]. The immune modulator pair CD40 
and CD40L has been proposed to be an important link be-
tween inflammation and thrombosis [31]. Henn et al found 
high levels of soluble CD40L failed to induce an inflamma-
tory reaction [32]. The possible role of soluble CD40L as a 
proinflammatory or a limiting factor of inflammation. The 
higher levels of soluble CD40L in pregnant with preeclamp-
sia compared with those in normotensive pregnants could 
be indicated an exaggerated activation of plateletes and en-
dothelial cells in preeclampsia [33]. But we didn’t find in 
this levels statistically meaningful between all groups. We 
were persuaded that there will be useful to studies with much 
more subjects in it.

In conclusion, increasing gestational age in normal preg-
nancy features an increased inflammatory responsiveness, 
which is potentially a preparatory mechanism for maternal 
sensitivity to the fetal triggers of labour. This increase in re-
sponse is mirrored by women with preeclampsia, highlight-
ing the importance of stratifying patients according to the 
timing the onset of disease given their inherent differences in 
inflammatory function. It is important to know determinative 
factors for changing preeclampsia to severe preeclampsia. 
We are suspicious about the increasing the value of IL-6 and 
TNF-α on the role of triggering factors for preeclampsia and 
severe preeclampsia. So it must be studied to be determine 
cut off value of these parameters.
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