
Abstract. – AIM: There are many studies eval-
uating the role of inflammation in the pathogenesis
of preeclampsia. However, little is known about the
relationship between the severity of inflammation
and the severity of preeclampsia due to insufficient
of studies reporting this matter. To investigate the
maternal serum concentrations of IL-6, TNF-alpha
and Neopterin in patients with mild preeclampsia
and severe preeclampsia and HELLP (hemolysis,
elevated liver enzymes, low platelet count) syn-
drome in preeclampsia and determine their associ-
ation with the severity of the disease.

PATIENTS AND METHODS: Patients, hospital-
ized with the diagnosis of preeclampsia between
October 2011 and March 2012, were included in
the study. The patients with preeclampsia were
divided into three groups as mild preeclampsia,
severe preeclampsia and HELLP syndrome. The
control group was comprised of normotensive
and uncomplicated pregnant women. The serum
levels of IL-6, TNF-alpha and Neopterin (NEO)
were determined, using enzyme-linked im-
munosorbent assay. Spearman’s rank correla-
tion tests were used for the correlations between
the serum levels of inflammatory markers and
the severity of preeclampsia.

RESULTS: There was no observed significant dif-
ference among mean serum TNF-alpha and IL-6 lev-
els of four groups (p > 0.05). The median serum
concentration of NEO in subjects with mild
preeclampsia of 14.1 nmol/L and severe preeclamp-
sia of 14.8 nmol/L was significantly higher than that
of 10.3 nmol/L in normotensive controls (p = 0.013;
p = 0.000 respectively). In addition, the median
serum concentration of NEO was detected to be
highest in subjects with HELLP syndrome. The
serum levels of NEO was well correlated with the
severity of preeclampsia (r = 0.533, p = 0.000).

CONCLUSIONS: The serum levels of NEO, an im-
portant marker of cellular immunity, associated with
severity of disease in patients with preeclampsia.
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Abbreviations

NEO = neopterin
BMI = Body mass index

Introduction

As a systemic disorder unique to pregnancy,
preeclampsia affects 3-14% of pregnant women1.
The disease is a major cause of maternal mortali-
ty (15-20% in developed countries), morbidities
(acute and long-term), perinatal deaths, preterm
birth, and intrauterine growth restriction2. Red-
man et al3 first suggested that preeclampsia arises
as a result of an excessive maternal inflammatory
response to pregnancy. There are many studies
evaluating the role of inflammation in the
pathogenesis of preeclampsia4,5. However, little
is known about the relationship between the
severity of inflammation and the severity of
preeclampsia due to insufficient of reports inves-
tigating this matter6,7. Additionally, none of those
studies evaluated the patients with HELLP syn-
drome as a separate group.

Interleukin-6 (IL-6) and Tumor necrosis fac-
tor-alpha (TNF-α), which are an important
marker of acute phase response, were secreted,
by activated T lymphocytes and macrophages
during inflammation, respectively8,9. Neopterin
(NEO), secreted by activated monocytes, is an
important indicator of cellular immunity10. The
aim of this study was to determinate the mater-
nal serum concentrations of IL-6, TNF-α and
NEO in patients with mild preeclampsia and
severe preeclampsia and HELLP syndrome and
evaluate their association with the severity of
the disease.

2012; 16: 1707-1712



1708

A. Ozler, A. Turgut, M.E. Sak, M.S. Evsen, H.E. Soydinc, O. Evliyaoglu, T. Gul

The control group was comprised of 24 un-
complicated pregnant women matched for age,
gestational, age, weight, and parity. All pregnant
women in the control group had a singleton preg-
nancy and were normotensive and non-protein-
uric throughout pregnancy, with intact mem-
branes. 

Sample Collection and 
Biochemical Analyses

Blood samples of all recruited subjects were
collected just before starting treatment. All collect-
ed blood samples were immediately centrifuged at
4000 rpm and +4°C for 10 min and then collected
sera were transferred into Eppendorf tubes. Sam-
ples were transferred on ice and kept at 70°C in
deep freeze until they were analyzed. Serum
neopterin, IL-6 and TNF-α levels were determined
using enzyme-linked immunosorbent assay ac-
cording to the manufacturer’s instructions
(Neopterin; DRG Diagnostics International, Inc.,
Mountainside, NJ, USA) (IL-6 and TNF-α; DIA
Source, Nivelles, Belgium). Intra and inter assay
coefficients of variation ranged from 3 to 7% for
Neopterin, IL6 and TNF alfa. 

Statistical Analysis
Means and standard deviations were used to

describe numerical variables. Kolmogorov-
Smirnov test was used to evaluate the distribution
pattern of the data. Kruskal-Wallis test was used
for comparison of four groups. Mann-Whitney
U-test was used for comparison of two groups.
The correlation coefficient was determined by
the Spearman’s rank correlation test. The statisti-
cal package SPSS for Windows 15.0 (Statistical
package for social sciences; SPSS Inc., Chicago,
IL, USA) was used to analyze the data. The val-
ues of p less than 0.05 were accepted as statisti-
cally significant.

Results

Demographic and clinical characteristics of the
study patients are presented in Table I. No signifi-
cant difference was found in the mean age, BMI,
serum creatinine levels and gestational age at the
time of diagnosis among the four groups (p > 0.05).
Rates of nulligravidity were significantly lower in
the control group than the other groups (p < 0.05). 

The median serum concentrations and ranges of
NEO, IL-6 and TNF-α in control and preeclamp-
tic groups are shown in Table II. There was no sig-

Materials and Methods

Study-Design
This study was carried out at Dicle University

Hospital Department of Obstetrics and Gynecol-
ogy. The study protocol was approved by the
Medical Ethics Committee of the Dicle Universi-
ty. Dicle University Hospital is a 1400-bed refer-
ral Hospital in Diyarbakir city center, and it is the
largest tertiary care health center serving five
provinces in the southeast region including ap-
proximately 2.5 million people. Other hospitals
in the region have taken part in the treatment of
patients with preeclampsia, but the patients with
severe preeclampsia and HELLP syndrome have
referred to our Clinic. The patients, hospitalized
with the diagnosis of preeclampsia between Oc-
tober 2011 and March 2012, were included fol-
lowing informed consent. Clinical findings and
laboratory test results of voluntary subjects were
also recorded.

Exclusion criteria were illicit drug use, preex-
isting medical conditions such as choronic in-
flammatory diseases (systemic lupus erythemato-
sus, rheumatoid arthritis, inflammatory bowel
disease, etc.), acute inflammatory diseases (ton-
sillitis, urinary tract infections, chorioamnionitis,
etc.), cardiovascular disease, diabetes mellitus
and renal disease.

Preeclampsia, severe preeclampsia and HELLP
syndrome were determined as defined by the
American College of Obstetricians and Gynecolo-
gists guidelines11. Preeclampsia was defined hy-
pertension after 20 weeks of gestation and protein-
uria. Proteinuria is defined as the presence of 0.3
g/L protein in a 24 hour urine specimen. Severe
preeclampsia was determinated based on the pres-
ence of one or more of the following criteria: high
blood pressure (160 mm Hg systolic or higher or
110 mm Hg diastolic or higher), Proteinuria (5 g/L
or higher in a 24 hour urine specimen or 3+ or
greater on two random urine samples), Oliguria
(500 mL/24 h), Cerebral or visual disturbances,
Pulmonary edema or cyanosis, epigastric or right
upper-quadrant pain, impaired liver functions, and
fetal growth restriction. HELLP syndrome was di-
agnosed by laboratory abnormalities including he-
molysis, elevated liver enzymes, and low platelet
counts. The patients with preeclampsia were di-
vided into three groups as mild preeclampsia, se-
vere preeclampsia and HELLP syndrome. Patients
who had mild preeclampsia (n = 22), severe
preeclampsia (n = 20) and HELLP syndrome (n =
20) were included in this study. 



Uncomplicated Mild preeclampsia Severe preeclampsia HELLP syndrome
pregnant (n = 24) (n = 22) (n = 20) (n = 20)

Age (years) 32.3 ± 6.9 30.3 ± 6.3 29.2 ± 5.8 28.1 ± 6.9
Gravidty 4.3 ± 2.7 3.1 ± 1.7 4.2 ± 3.2 3.7 ± 2.9
Nulliparity 4 (14.3) 7 (33.3)* 8 (40)* 9 (45)*
Gestational age 34.7 ± 4.1 34.3 ± 2.8 32.7 ± 3.6 32.4 ± 3.6
(weeks)
BMI (kg/m2) 28.2 ±  2.8 31.1 ±  5 28.3 ± 4 27.55 ± 5.2
Creatinine (mg/dl) 0.63 ± 0.10 0.58 ± 0.07 0.62 ± 0.13 0.66 ± 0.12
ALT (U/L) 30.9 ± 42.2 19 ± 13.7 51.1 ± 38.6 160.7 ± 118.4**
AST (U/L) 42.3 ± 82.1 27.6 ± 14.6 58.9 ± 58.3 239.5 ± 193.4**
Platelets (K/uL) 238.3 ± 88.6 266.1 ± 79.2 189.8 ± 73.9 121.1 ± 66.6**
LDH (U/L) 290.5 ± 284.8 329.3 ± 111.4 467 ± 193.8 881.8 ± 476.5**
Diastolic blood 76.9 ± 16 91.1 ± 9.2* 106.6 ± 7.7* 106.6 ± 7.2*
pressure (mmHg)
Birth weight (g) 3089 ± 668.5 2406 ± 838.4 2082 ± 904.0* 1877 ± 635.3*
Low Apgar scores 0 22.2* 50* 53.3*
(< 6) at 5 minute (%)

Table I. Clinical and laboratory characteristics of the cases in the groups.

BMI = Body mass index; ALT = Alanine aminotransferase; AST = Aspartate aminotransferase; *p < 0.05 compared with un-
complicated pregnant; **p < 0.05 compared with the others groups.

Uncomplicated Mild preeclampsia Severe preeclampsia HELLP syndrome
pregnant (n = 24) (n = 22) (n = 20) (n = 20)
Median (range) Median (range) Median (range) Median (range) 

Neopterin (nmol/L) 10.3 (6.5-15.1) 14.16 (7.2-27.9)* 14.8 (7.6-24.6)** 19.1 (8.5-31.5)**, #

TNF-α (ng/dl) 7.05 (3-24.4) 9.5 (4.1-35.5) 7.7 (3.4-20.3) 7.7 (3.7-41.5)

IL-6 (ng/dl) 44.3 (28.7-211.9) 50.2 (24.2-248.1) 55.7 (34.2-263.4) 52.4 (16.7-274.6)

Table II. Serum levels of Neopterin, TNF-α, IL-6 in uncomplicated pregnancies and the patients with mild preeclampsia, se-
vere preeclampsia and HELLP syndrome.

*p < 0.05 compared with uncomplicated pregnancy; **p < 0.01 compared with uncomplicated pregnancy; #p < 0.05 compared
with mild preeclampsia or severe preeclampsia.

nificant difference in serum TNF-α and IL-6 lev-
els of the four groups (p > 0.05). The median
serum concentrations of NEO in subjects with
mild preeclampsia of 14.1 nmol/L and severe
preeclampsia of 14.8 nmol/L were significantly
higher than that of 10.3 nmol/L in normotensive
controls (p = 0.013; p = 0.000 respectively). In ad-
dition, the median serum concentration of NEO
was detected to be highest in subjects with
HELLP syndrome when compared to normoten-
sive controls and patients with mild preeclampsia
and severe preeclampsia (p = 0.000; p = 0.023; p =
0.045 respectively). The serum NEO levels of four
patients with mild preeclampsia were found to be
higher than the mean serum NEO levels of the
cases with HELLP syndrome. 

The serum levels of NEO was well correlated
with the severity of preeclampsia (r = 0.533, p =
0.000) when the possible relationship between

serum levels of inflammatory markers (IL-6,
TNF-α and NEO) and the severity of the disease
were evaluated. The distribution of serum levels
of NEO in the groups and the relationship be-
tween serum NEO concentration and the severity
of preeclampsia are presented in Figure 1.

Discussion

In this study, there were no significant differ-
ences in the serum levels of IL-6 and TNFα be-
tween the groups. The levels of TNF-α and IL6
in preeclampsia are controversial in literature.
Vince et al12 reported elevated serum levels of
IL6 and TNF-α in patients with preeclampsia. In
another study, the high serum levels of IL-6 were
detected only in patients with severe preeclamp-
sia7. Afshari et al13 didn’t find a significant differ-
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ence in the serum levels of TNF-α between the
groups. In contrast, Founds et al14 detected ele-
vated the serum levels of TNF-α in the patients
with preeclampsia. The significant difference be-
tween the two studies is due to the values of in-
ter-assay coefficient of variation. The overall in-
ter-assay coefficient of variation for TNF-α in
those study were 6.9% and 13.4% respectively.
In this study, intra and inter assay coefficients of
variation ranged from 3 to 7% for IL6, TNF-α
and NEO. Another important difference in this
study is that the patients with HELLP syndrome
were evaluated as a separate group.

Freeman et al15 reported a study investigating
long and short term changes in serum levels of in-
flammatory markers in patients with preeclamp-
sia. In this report, no significant difference has
been found in the levels of TNF-α between nor-
mal pregnant women and patients with preeclamp-
sia in third trimester. However, the patients with
preeclampsia in the first trimester had higher lev-
els of inflammatory markers. In the pathogenesis
of preeclampsia, humoral immune response is
followed by cellular immunity triggered by the
serum pro-inflammatory cytokine levels16,17.
Neopterin, an important marker of cellular immu-
nity, is recommended for the recognition of
chronic inflammatory diseases such as sarcoido-

sis, tuberculosis and brucellosis18-20. However, in
this chronic inflammatory disease, acute phase re-
actants (CRP, etc.) and pro-inflammatory cy-
tokines (IL6 and TNF-α, etc.) doesn’t provide
useful diagnostic and follow-up treatment18. In
this study, the relationship between high levels of
serum neopterin and the severity of preeclampsia
was determined. However, the same relationship
was not found in the levels of serum pro-inflam-
matory cytokines (TNF-α and IL6). All of these
results suggested that serum levels of pro-inflam-
matory cytokines in the pathogenesis of
preeclampsia are transient but cellular immunity,
triggered by cytokines, has continued.

Previously, von Versen-Hoeynck et al21 had re-
ported that patients with preeclampsia had higher
serum NEO levels than healthy pregnant women.
In this study, serum levels of NEO were statisti-
cally significant different between the groups of
mild and severe preeclampsia and control group.
Furthermore, patients with HELLP syndrome
have the higher serum levels of NEO than pa-
tients with mild and severe preeclampsia. 

It has been reported that serum NEO levels are
influenced by some factors such as age, body
mass index (BMI), serum creatinine levels, and
gestational age22,23. In this research, no signifi-
cant difference was found among the four groups
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Figure 1. Linear correlation curve of serum levels of NEO (nmol/L) and the severity of preeclampsia. The (Sperman) correla-
tion coefficients (r) are given in the figure. *p = 0.000.
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when evaluated in terms of these factors. Based
on these findings, it can be claimed that the data
of this study was not affected by the factors af-
fecting the metabolism of NEO.

The detection of severe inflammation as that
of patients with HELLP syndrome in four pa-
tients with mild preeclampsia, and the detection
of non-normal distribution of the serum levels of
NEO between the groups have increased the val-
ue of our work designed according to clinical
classification. Currently, the evaluation of pa-
tients with preeclampsia is recommended accord-
ing to clinical findings11. The detection of severe
inflammation may contribute to clinical evalua-
tion of patients with preeclampsia. 

Redman et al24 conducted one of the first stud-
ies regarding significance of endothelial damage
in the pathogenesis of preeclampsia. The en-
dothelial damage is evident especially in patients
with severe preeclampsia and HELLP syn-
drome25. There are many studies regarding cy-
tokines responsible for the endothelial damage in
the pathogenesis of preeclampsia4-5,12. However,
there are a few studies investigating changes in
serum levels of cytokines induced by the severity
of preeclampsia. 

The necessity of terminating the pregnancy is
related with severity of findings preeclampsia26.
The decision of delivery can be taken easily in
preeclamptic pregnant with gestational age
greater than 34 weeks12. However, in smaller ges-
tational age, the timing of the decision to birth is
important for the viability of the fetus. It should
be noted that the patients with clinically mild
preeclampsia may turn into severe disease27. Cur-
rently, unfortunately, there isn’t an effective
method to determine this risk. A successful
method derived from the studies investigating the
products (cytokines, etc.) of the histopathological
changes in preeclamptic process may provide a
more successful clinical follow-up of these pa-
tients.

Conclusions

The serum levels of NEO which reflects the
cellular immunity is increased with the severity
of preeclampsia.

––––––––––––––––––––
Acknowledgements

Writing support was provided by Elizabeth V Hillyer
with financial support from Teva Santé.

References

1) CUNNINGHAM F-G, LINDHEIMER M-D. Hypertension in
pregnancy. N Engl J Med 1992; 326: 927-932.

2) SIBAI B, DEKKER G, KUPFERMINC M. Pre-eclampsia.
Lancet 2005; 365: 785-799.

3) REDMAN C-W, SARGENT I-L. Latest advances in un-
derstanding preeclampsia. Science 2005; 308:
1592-1594.

4) XIE C, YAO M-Z, LIU J-B, XIONG L-K. A meta-analysis
of tumor necrosis factor-alpha, interleukin-6, and
interleukin-10 in preeclampsia. Cytokine 2011; 56:
550-559. 

5) DARMOCHWAL-KOLARZ D, ROLINSKI J, LESZCZYNSKA-
GOARZELAK B, OLESZCZUK J. The expressions of in-
tracellular cytokines in the lymphocytes of
preeclamptic patients. Am J Reprod Immunol
2002; 48: 381-386.

6) USTÜN Y, ENGIN-USTÜN Y, KAMACI M. Association of
fibrinogen and C-reactive protein with severity of
preeclampsia. Eur J Obstet Gynecol Reprod Biol
2005; 121: 154-158.

7) ELLIS J, WENNERHOLM U-B, BENGTSSON A, LILJA H, PET-
TERSSON A, SULTAN B, WENNERGREN M, HAGBERG H.
Levels of dimethylarginines and cytokines in mild
and severe preeclampsia. Acta Obstet Gynecol
Scand 2001; 80: 602-608.

8) ERZEN B, SABOVIC M, SEBESTJEN M, KEBER I, POREDOS

P. Interleukin-6 correlates with endothelial dys-
function in young post-myocardial infarction pa-
tients. Cardiology 2007; 107: 111-116.

9) PIJNENBORG R, MCLAUGHLIN P-J, VERCRUYSSE L,
HANSSENS M, JOHNSON P-M. Immunolocalization of
tumour necrosis factor-a in the placental bed of
normotensive and hypertensive human pregnan-
cies. Placenta 1998; 19: 231-239

10) SCHRÖCKSNADEL H, HEROLD M, STECKEL-BERGER G,
FUCHS D, WACHTER H, DAPUNT O. Cellular immunity
in pregnancy-induced hypertensive diseases.
Geburtshilfe Frauenheilkd 1992; 52: 592-595.

11) ACOG COMMITTEE ON PRACTICE BULLETINS-OBSTETRICS.
ACOG practice bulletin. Diagnosis and manage-
ment of preeclampsia and eclampsia. Obstet Gy-
necol 2002; 99: 159-167.

12) VINCE G-S, STARKEY P-M, AUSTGULEN R, KWIATKOWSKI

D, REDMAN C-W. Interleukin-6, tumour necrosis
factor and soluble tumour necrosis factor recep-
tors in women with pre-eclampsia. Br J Obstet
Gynaecol 1995; 102: 20-25.

13) AFSHARI JT, GHOMIAN N, SHAMELI A, SHAKERI MT, FAH-
MIDEHKAR MA, MAHAJER E, KHOSHNAVAZ R, EMADZADEH

M. Determination of Interleukin-6 and Tumor
Necrosis Factor-alpha concentrations in Iranian-
Khorasanian patients with preeclampsia. BMC
Pregnancy Childbirth 2005; 5: 14.

14) FOUNDS SA, POWERS RW, PATRICK TE, REN D, HARGER

GF, MARKOVIC N, ROBERTS JM. A comparison of cir-
culating TNF-alpha in obese and lean women
with and without preeclampsia. Hypertens Preg-
nancy 2008; 27: 39-48.

1711

Neopterin, TNF-α and IL-6 levels in preeclampsia



1712

15) FREEMAN DJ, MCMANUS F, BROWN EA, CHERRY L, NOR-
RIE J, RAMSAY JE, CLARK P, WALKER ID, SATTAR N, GREER

IA. Short- and long-term changes in plasma in-
flammatory markers associated with preeclamp-
sia. Hypertension 2004; 44: 708-714.

16) LOCKWOOD CJ, YEN CF, BASAR M, KAYISLI UA, MARTEL M,
BUHIMSCHI I, BUHIMSCHI C, HUANG SJ, KRIKUN G, SCHATZ

F. Preeclampsia-related inflammatory cytokines reg-
ulate interleukin-6 expression in human decidual
cells. Am J Pathol 2008; 172: 1571-1579.

17) RAMMA W, AHMED A. Is inflammation the cause of
pre-eclampsia? Biochem Soc Trans 2011; 39:
1619-1627.

18) AKBULUT HH, CELIK I, AKBULUT A, YUCE P, KILIÇ SS.
Serum neopterin levels in patients with brucel-
losis. J Infect 2005; 51: 281-286.

19) MÜLLER-QUERNHEIM J. Monitoring sarcoidosis thera-
py with immunopathologic parameters. Pneu-
mologie 1994; 48: 47-49.

20) DJOBA SIAWAYA JF, RUHWALD M, EUGEN-OLSEN J, WALZL

G. Correlates for disease progression and prog-
nosis during concurrent HIV/TB infection. Int J In-
fect Dis 2007; 11: 289-299.

21) VON VERSEN-HOEYNCK FM, HUBEL CA, GALLAHER MJ,
GAMMILL HS, POWERS RW. Plasma levels of inflam-
matory markers neopterin, sialic acid, and C-re-
active protein in pregnancy and preeclampsia.
Am J Hypertens 2009; 22: 687-692.

22) VON VERSEN-HOEYNCK FM, POWERS RW. Maternal-fe-
tal metabolism in normal pregnancy and
preeclampsia. Front Biosci 2007; 12: 2457-2470.

23) SPENCER ME, JAIN A, MATTEINI A, BEAMER BA, WANG

NY, LENG SX, PUNJABI NM, WALSTON JD, FEDARKO NS.
Serum levels of the immune activation marker
neopterin change with age and gender and are
modified by race, BMI, and percentage of body
fat. J Gerontol A Biol Sci Med Sci 2010; 65: 858-
865.

24) REDMAN CW, SACKS GP, SARGENT IL. Preeclampsia:
an excessive maternal inflammatory response to
pregnancy. Am J Obstet Gynecol 1999; 180: 499-
506.

25) LANDI B, TRANQUILLI AL. HELLP syndrome and pla-
cental inflammatory pathology. Minerva Ginecol
2008; 60: 389-398.

26) PUBLICATIONS COMMITTEE, SOCIETY FOR MATERNAL-FE-
TAL MEDICINE, SIBAI B-M. Evaluation and manage-
ment of severe preeclampsia before 34 weeks'
gestation. Am J Obstet Gynecol 2011; 205: 191-
198.

27) HABLI M, EFTEKHARI N, WIEBRACHT E, BOMBRYS A,
KHABBAZ M, HOW H, SIBAI B. Long-term maternal
and subsequent pregnancy outcomes 5 years af-
ter hemolysis, elevated liver enzymes, and low
platelets (HELLP) syndrome. Am J Obstet Gy-
necol 2009; 201: 385.e1-5.

A. Ozler, A. Turgut, M.E. Sak, M.S. Evsen, H.E. Soydinc, O. Evliyaoglu, T. Gul


