
Noyan T, Bursal E, fiekero¤lu M.R, Dülger H, Kamac› M, The Serum Interleukin-6 and Tumor Necrosis Factor-Noyan T, Bursal E, fiekero¤lu M.R, Dülger H, Kamac› M, The Serum Interleukin-6 and Tumor Necrosis Factor-αα Levels andLevels and

Their Relationship with Antithrombin-III and von Willebrand Factor in Preeclampsia, J Turkish German Gynecol Assoc, Vol. 7(1); 2006:39-44Their Relationship with Antithrombin-III and von Willebrand Factor in Preeclampsia, J Turkish German Gynecol Assoc, Vol. 7(1); 2006:39-44 39

Abstract
Objective: Preeclampsia, characterized by changes in the placenta and uteroplacental vasculature, is the most frequent
complication of pregnancy. It is argued that an overproduction of placental cytokines may be associated with the pat-
hophysiological changes found in preeclampsia. In this study, it is aimed to determine the levels of both pro-inflamma-
tory (tumor necrosis factor-α) and immunoregulatory (interleukin-6) cytokines and their relationships with von Willeb-
rand factor and anti-thrombin III from both preeclamptic and healthy pregnant women. 
Material and Methods: Twenty-five pregnant women with preeclampsia and 25 healthy pregnant women were included
in the study. The fasting blood samples were obtained at eight o’clock in the morning from the both groups and interle-
ukin-6, tumor necrosis factor-α, von Willebrand factor and anti-thrombin III levels were measured. From the preeclamp-
tic patients blood samples were obtained at twelve o’clock midnight to determine the diurnal variation in these two cyto-
kine levels. 
Results: As compared to healthy pregnant group, levels of interleukin-6 and anti-thrombin III were significantly lower
and von Willebrand factor level was significantly higher in the preeclamptic group (p<0.05). Tumor necrosis factor-α
level did not differ significantly between the two groups. Interleukin-6 and tumor necrosis factor-α levels did not show
significant diurnal variation in preeclamptic group. A significant positive correlation was found between the tumor nec-
rosis factor-α levels measured in the morning and night samples in the preeclamptic group (p<0.01, r=0.701). Also, a
significant positive correlation was found between the tumor necrosis factor-α and von Willebrand factor levels in he-
althy pregnant group (p<0.05, r=0.648).
Conclusions: These findings suggest that preeclampsia is associated with decreased interleukin-6, and anti-thrombin III,
and with increased von Willebrand factor levels.
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Özet

Preeklampside Serum ‹nterlökin-6 ve Tümör Nekrozis Faktör-α Düzeyleri ve
Antitrombin III ve von Willebrand Faktörle Olan ‹liflkileri
Amaç: Plasenta ve uteroplasental yataktaki de¤iflikliklerle karakterize olan preeklampsi gebeli¤in en s›k oluflan kompli-
kasyonudur. Plasental sitokinlerin afl›r› üretiminin preeklampside bulunan patofizyolojik de¤ifliklerle iliflkili olabilece¤i
ileri sürülmektedir. Bu çal›flmada preeklamptik ve sa¤l›kl› gebelerde, proinflamatuvar (tümör nekrozis faktör-α) ve im-
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Introduction
Preeclampsia is a common and major complication ca-
using significant morbidity and mortality in the fetus,
newborn infant and mother in both developed and deve-
loping countries (1). Although the etiology of the dise-
ase is unknown, it has been suggested that a consequen-
ce of placental ischemia is the generation of cytotoxic
factors that may act systemically to activate or injure
the endothelium (2). The identity of the factors elabora-
ted by the placenta, which presumably compromise en-
dothelial function during preeclampsia, is unknown.

Cytokines may be thought as pre-inflammatory, immu-
nosuppressive, or growth promoting factors. The role of
cytokines is well documented in immune reactions asso-
ciated with inflammation, where the whole process is a
response for potential injurious agents in an effort to re-
move them and repair the tissue damage. Interleukin 6
(IL-6) is a multifunctional cytokine involved in the re-
gulation of immune responses, hematopoiesis, and inf-
lammation. Especially tumor necrosis factor (TNF) se-
ems to initiate the defense response during the inflam-
mation, while IL-6 facilitate chemotaxis and cell migra-
tion to the site of inflammation. A balance between the-
se two cytokine activities plays a major role both in the
establishment and in the maintenance of human preg-
nancy and as a consequence, may influence placental
and fetal growth (3). However, the role of TNF-α and
IL-6 in normal and abnormal pregnancy has not clearly
been defined yet (4,5).

Since the pathogenic mechanisms underlying in preec-
lampsia are totally different from other hypertensive di-
sorders of pregnancy, biochemical markers are gene-
rally chosen on the basis of peculiar pathophysiological
aspects of the disease. Therefore, since the pathophysi-
ology of preeclampsia includes endothelial damage, a
number of potential useful biochemical markers of en-

dothelial damage have been proposed (6,7). Antithrom-
bin III (AT-III) is one of the most important physiologi-
cal inhibitors of serine proteases involved in blood co-
agulation. It is a glycoprotein with a molecular weight
of 58 kDa and consists of 430 amino acids. AT-III is
mainly synthesized in the liver and it inactivates throm-
bin as well as factor Xa, IXa and XIa (8). Von Willeb-
rand factor (vWF) is an adhesive plasma protein,
synthesized exclusively by endothelial cells and mega-
karyocytes, essential for mediating interactions between
blood components and the vessel at sites of endothelial
denudation during homeostasis (9).

The aim of this study was to investigate whether the le-
vels of TNF-α, IL-6, AT-III, and vWF levels would be
different in preeclampsia and in normal pregnancy.

Material and Method
This study was conducted between March 2002 and
September 2002 in the Department of Gynecology and
Obstetrics, Faculty of Medicine, Yüzüncü Y›l Univer-
sity. Twenty-five pregnant women with preeclampsia
(maternal ages 18-38 years and gestational ages 24-39
weeks) and 25 healthy pregnant women (maternal ages
20-35 years and gestational ages 26-40 weeks) were
included in the study as control group.

Patients with preeclampsia were defined on the basis of
the following clinical and laboratory criteria (10):
Systolic blood pressure (BP) ≥140 mmHg and diastolic
BP ≥90 mmHg, no fundoscopic findings with hyperten-
sive retinopathy, proteinuria ≥300 mg/24 h or ≥1+dips-
tick after 20th gestational weeks. Blood pressure was
measured three times 2 h apart in sitting position after
30 min rest. Blood pressure was assessed by auscultati-
on of brachial artery using a sphygmomanometer. The
appearance of the first Koratkoff sound was recorded as
the systolic and the disappearance of the fifth sound was
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mün düzenleyici (interlökin-6) sitokin düzeylerinin ve bunlarla von Willebrand faktör ve antitrombin III aras›ndaki ilifl-
kinin belirlenmesi amaçland›. 
Materyal ve Metot: Bu çal›flmaya preeklampsi tan›s› konmufl 25 gebe ve 25 sa¤l›kl› gebe kad›n kat›ld›. Her iki gruptan
sabah saat 08.00’de açl›k kan numuneleri al›narak interlökin-6, tümör nekrozis faktör-α, von Willebrand faktör ve an-
titrombin III düzeyleri ölçüldü. Bununla birlikte, preeklampsili gebelerde bu iki sitokin düzeylerindeki günlük de¤iflimle-
ri belirlemek için saat 24.00’de tekrar bir kan örne¤i al›nd›.
Sonuçlar: Sa¤l›kl› gebe grubuyla karfl›laflt›r›ld›¤›nda, preeklampsi grubunda interlökin-6 ve antitrombin III düzeyleri an-
laml› olarak azalm›fl ve von Willebrand faktör düzeyi anlaml› olarak artm›flt› (p<0.05). Tümör nekrozis faktör-α düzey-
leri her iki grup aras›nda anlaml› farkl›l›k göstermedi. Preeklampsi grubunda interlökin-6 ve tümör nekrozis faktör-α dü-
zeyleri anlaml› bir günlük de¤iflim göstermedi. Preeklampsi grubunda gündüz ve gece al›nan kan örneklerinde ölçülen tü-
mör nekrozis faktör-α düzeyleri aras›nda anlaml› pozitif korelasyon bulundu (p<0.01, r=0.701). Yine, sa¤l›kl› gebe gru-
bunda tümör nekrozis faktör-α ve von Willebrand faktör düzeyleri aras›nda anlaml› pozitif korelasyon bulundu (p<0.05,
r=0.648).
Tart›flma: Bu bulgular preeklampsinin azalm›fl interlökin-6 ve antitrombin III ve artm›fl von Willebrand faktör düzeyle-
riyle iliflkili oldu¤unu düflündürmektedir.
Anahtar sözcükler: sitokinler, endotelyal fonksiyon bozuklu¤u, preeklampsi



recorded as the diastolic BP. Twenty-five pregnant wo-
men in the second and third trimester without maternal
and fetal complications during the pregnancy period
were selected as control group. Pregnant who lacked
these criteria were excluded. Previous renal disease, se-
condary causes of hypertension and using any drug
known to effect on blood pressure were taken as exclu-
sion criteria. We accepted “World Medical Association
Declaration of Helsinki Ethical Principles for Medical
Research Involving Human Subject” in the present
study.

At 08.00 am the fasting blood samples were obtained
from the both groups to measure the IL-6, TNF-α, vWF
and AT-III levels. And also, at 12.00 p.m blood samp-
les were again obtained from the preeclamptic patients
to determine the diurnal variation in these two cytokine
levels. Venous blood samples were placed in two diffe-
rent test tubes; one of which includes no anticoagulant
substance for measuring IL-6 and TNF-α levels and the
other one with sodium citrate ratio 1:10 for measuring
vWF and AT-III levels. After that all blood samples
were centrifuged at 2000 rpm for 10 min in a refrigera-
ted centrifuge to separate serum and plasma samples
and all samples were stored -70°C until they were
analyzed. Serum TNF-α and IL-6 levels were measured
using commercial kits, which are solid-phases, two-si-
te chemiluminescent immunometric assay (Immullite;
DPC, Los Angeles, USA). Plasma concentrations of
vWF and AT-III were determined using STA-Liatest
vWF kit based on an immuno-turbidemetric method,
and STA-Stachrom AT-III kit based on a colorimetric
method. The amount of AT-III in plasma was defined
as 100% activity. Urinary levels of protein (prot) and
creatinine (cr) were measured using Roche kit by auto-
matic analyzer.

Statistical Analysis
All data were expressed as mean ± standard error (SE)
values. The distribution of data is not normal, so Mann-
Whitney U test was used for comparisons of parameters
between the groups. IL-6 and TNF-α levels being obta-
ined from preeclamptic group in the morning and night
blood samples were compared with paired samples t-
test. Spearman’s rank test was used for correlations.

Results
The descriptive statistics of the groups are given in Tab-
le 1. The mean systolic and diastolic blood pressure of
preeclamptic group was found significantly higher than
healthy pregnant group (p<0.01). The mean gestational
age, birth weight and perinatal mortality rate of the
newborn in preeclamptic group during delivery were
significantly different from healthy pregnant women
(p<0.01).

Descriptive statistics for IL-6, TNF-α, vWF and AT-III
levels of the preeclamptic and healthy pregnant group

are presented in Table 2. When compared to the healthy
pregnant group, levels of IL-6 and AT-III were signifi-
cantly lower and vWF level was significantly higher in
the preeclamptic group (p<0.05). TNF-α level of preec-
lamptic and healthy pregnant groups were similar. As
seen in Table 3, IL-6 and TNF-α level did not show sig-
nificant diurnal variation in preeclamptic group. The re-
lationships among serum cytokines with plasma vWF
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Preeclamptic Healthy pregnant

group group

X±SE X±SE

n 25 25

 

At sample collection

Age (years) 29.85±1.78 28.15±1.68

Gestational 31.00±3.23 32.66±1.85

age (weeks)

Systolic BP 162.08±5.67 111.66±3.30

(mmHg)*

Diastolic BP 104.16± 4.16 70.83±2.28

(mmHg)*

At delivery

Gestational age 34.05±1.17 39.65±0.30

(weeks)*

Birthweight (g)* 2382.5±172.36 3450±138.52

Perinatal mortality 12 0

rate (%)*

*p<0.01.

Table 1. Comparisons of clinical characteristics of preeclamptic
and healthy pregnant women groups

Parameters Preeclamptic Healthy p

group pregnant

X±SE group

X±SE

IL-6 (pg/ml)* 9.69±2.1 19.4±2.9 0.01

TNF-α (pg/ml) 14.53±2.7 17.2± 2.2 0.46

vWF (%)* 247.5±24.4 151.0±20.8 0.01

AT-III (%)* 71.1±3.9 89.5±2.4 0.01

Thrombocyte 266.9±20.9 282.5±20.3 0.59

(x109/L)

Urinary prot/cr 4225.1±980.6 298.12±8.5 0.001

(mg/dl)*

Table 2. The comparisons of parameters between the preeclamptic
and healthy pregnant women

Parameters Morning Night p

X±SE X±SE

TNF-α 14.31±2.9 10.60±1.5 0.07

IL-6 8.86±2.18 10.36±2.0 0.43

Table 3. The comparisons of TNF-α and IL-6 levels measured in
morning and night blood samples among pregnant women with
preeclampsia



and AT-III levels are shown in Table 4 and 5. A signi-
ficant positive correlation was found between the TNF-
α levels measured in the morning and night samples in
preeclamptic group (p<0.01, r=0.70), and TNF-α and
vWF levels in healthy pregnant group (p<0.05,
r=0.648). However, there were no significant correlati-
ons between the other parameters included in the study
in both groups (p>0.05). Urinary prot/cr rate of preec-
lamptic group was significantly higher than healthy
pregnant group (p<0.01).

Discussion
Preeclampsia is a common obstetric syndrome affecting
about 4-5% of pregnant women. The etiology of preec-
lampsia is still unclear. There is a suboptimal placenta-
tion at the early stage of pregnancy, and an inadequate
homodynamic adaptation to pregnancy (11).

Antithrombin III is the major physiologic inhibitor of
the blood coagulation. AT-III activity is not thought to
change significantly during uncomplicated pregnancies
(12,13). Previous studies similar to our study reported
decreased AT-III activity in preeclampsia (14,15). AT-
III reduction is the first marker of preeclampsia induced
coagulation disorder. The major cause of low AT-III le-
vels in women with preeclampsia is enhanced consump-
tion (16). Preventive-and conservative-type treatment
of moderate-severe preeclampsia, based on the admi-
nistration of high doses of AT-III, allows a significant
prolongation of pregnancy, and thus a better neonatal
outcome, as well as less maternal intra-and post-opera-
tive bleeding (17). Endothelial dysfunction could be the
cause of the hypertension. In preeclampsia there is
overwhelming evidence for endothelial dysfunction.
Structural changes of the endothelium have also been
found in the utero-placental vessels (18). vWF is an ad-
hesive plasma protein that is synthesized exclusively by
endothelial cells. Increased vWF levels are considered
to reflect abnormalities or injury to blood vessels in the
various diseases (19-20). We did not find significant
correlations between serum cytokines concentration and
vWF, and AT-III levels in preeclamptic pregnant wo-
men. Indeed, it was reported that vWF was not related

to cytokine concentrations in Type 1 diabetic patients
(20). These findings suggest that activation of adhesion
molecule and cytokines secretion might perform diffe-
rent mechanisms in preeclampsia. However, the present
study is not definitive in that point since these factors
are not investigated in this study.

The role of inflammatory cytokines during pregnancy,
as well as their predictive value for pregnancy outco-
me has not been precisely defined. Under normal con-
ditions, cytokine levels may vary in different compart-
ments in the pregnant body as well as during different
stages of pregnancy, delivery and puerperium (21).
While some researchers have reported elevated levels
of various cytokines (IL-2, IL-4, IL-6, IL-8, IL-12, and
TNF-α,) and their respective receptors in amniotic flu-
id and/or maternal blood both before and during onset
of the clinical manifestations of preeclampsia (22-25),
others have failed to observe such elevations or actu-
ally observed the reverse (26,27). Different cytokine-
response in various body fluids was reported in some
studies (28). IL-6 is a potent mitogen that is secreted
by the trophoblast during normal pregnancy. In vitro
observations suggested that IL-6 stimulates growth, in-
vasion, and differentiation of the trophoblast. IL-6
contributes to the regulation of placental hormone pro-
duction, and appears to be involved in angiogenesis
(29). Physiologic induction of TNF-α is protective, but
overproduction appears to cause direct damage to vas-
cular endothelial cells with occlusion of vessels, reduc-
tion of regional blood flow, and increase in endotheli-
al permeability (30). IL-6 production is thought to in-
tegrally relate to TNF- α, whereas IL-6 has direct ne-
gative feedback on TNF-α production. TNF-α and IL-
1 are caused to increase in IL-6 production in decidua
and trophoblast (31).

In the present study, decreased IL-6 and unaltered TNF-
α level were found in preeclamptic patients when com-
pared to those in the healthy pregnant women. TNF-α
detection is problematic as a result of a short half-life
and possible interference of its soluble receptors (32).
However, it has been reported that serum concentrations
of IL-2, IL-6 and TNF-α and its soluble receptors
sTNF-RI were significantly higher in the first and se-
cond trimester among pregnant women who subsequ-
ently developed preeclampsia compared to those in the
control group (22,33). As mentioned above, a compari-
son of IL-6 and TNF-α concentration in the plasma of
preeclamptic patients and matched uncomplicated preg-
nancies was shown contradictory results. Moreover, the
levels of IL-6 and TNF-α detected in Andean women
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Parameters TNF-α (night) IL-6 (night) VWF (morning) AT-III (morning)

TNF-α (morning) r=0.70* p=0.001 r=0.23 p=0.29 r=0.26 p=0.28 r=0.08 p=0.72

IL-6 (morning) r=0.21 p=0.33 r=-0.02 p=0.90 r=0.29 p=0.24 r=-0.30 p=0.21

Table 4. The relationships among TNF-α, IL-6, vWF and AT-III measured in morning and night blood samples in preeclamptic group

Parameters vWF AT-III

TNF-α r=0.64* p=0.04 r=0.19 p=0.39

IL-6 r=-0.17 p=0.69 r=0.33 p=0.09

Table 5. The relationships among TNF-α, IL-6, vWF and AT-III levels
measured in morning blood samples in healthy pregnant group



were significantly higher than those reported in Europe-
an and North American women and increased substanti-
ally during both normal pregnancy and preeclampsia
(34), suggesting that the differences may be related to
ethnic origin, genetic or environmental factors. The pla-
centa is often thought to be the source of the increased
circulating TNF-α in preeclampsia, but it was showed
that peripheral and uterine venous blood levels of TNF-
α were elevated in preeclamptic women compared with
normal pregnant women, the ratio of uterine to periphe-
ral venous TNF-α levels was not significantly different
from 1.0 for each group (35). The possibility that pla-
cental production plays an important role in initiating
the disease, either directly or by activating maternal le-
ukocytes during their passage through the organ, cannot
be discounted (36). In the present study, it is possible
that decreased serum IL-6 levels in women with preec-
lampsia may be related to placental insufficiency, which
is due to trophoblast function impairment and these
changes may effect survival of a fetus in vivo. Indeed,
fetus of preeclamptic women had significant low birth
weight, and increased perinatal mortality ratio in the
present study. There is clearly an overlap in the effects
caused by the hypoxia and hypoxia-reoxygenation.
Both may also arise from the same underlying problem
of impaired conversion of the spiral arteries, and thus
they are difficult to separate on clinical basis (36).
Chronic hypoxia must be causative agent, as does the
constancy of energy levels within the placental tissues
(37). These decreased concentrations of IL-6 may sig-
nify poor tissue growth or decreased tissue mass of pla-
centa or fetus. In addition, our study results indicated
that IL-6 and TNF-α secretion did not show diurnal va-
riation in preeclampsia. Therefore, we think that measu-
ring serial blood samples from preeclamptic patients
will not change the results of cytokine concentration
measurement.

It was concluded that increased vWF concentration
might be a result of endothelial dysfunction and decre-
ased AT-III activity might be associated with either ma-
ternal or neonatal clinical outcomes among women with
preeclampsia. However, further investigations are requ-
ired to determine the clinical utility of IL-6 and TNF-α
measurements in diagnosis and follow-up the preec-
lampsia.
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