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Immune mechanisms and the role of oxidative
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Abstract

Introduction: The purpose of this study was to investigate levels of inflammatory cytokines such
as interleukin 6 (IL-6), tumor necrosis factor o. (TNF-o.) and neopterin and oxidative stress status in
patients with intrahepatic cholestasis of pregnancy (ICP) as well as their potential role in the patho-
physiology.

Material and methods: Thirty patients with ICP (Group 1) and 30 healthy pregnant women (Group 2)
were included in this prospective case-control study. Levels of IL-6, TNF-o. and neopterin were deter-
mined in both of the groups. Total anti-oxidant status (TAS) and total oxidative stress (TOS) levels were
determined by means of a fully automated Erel method. Oxidative stress index (OSI) was calculated as
the ratio of TOS to TAS.

Results: There was no significant difference between the groups in IL-6 and TNF-a. levels (p =
= 0.105 and p = 0.722, respectively). The mean neopterin level was significantly higher in Group 1
compared to Group 2 (2.34 #0.77 and 1.57 #0.38, respectively, p = 0.001). In addition, TAS, TOS and
OSI levels were significantly higher in Group 1 (p = 0.004, p = 0.001 and p = 0.001, respectively)
compared to Group 2.

Discussion: Intrahepatic cholestasis of pregnancy is an inflammatory disorder in which maternal
immune reaction may play a role. Interleukin 6 and TNF-o, which are some of the markers of humoral
reaction, act as an indicator of abnormal reaction rather than acute-phase reaction in ICP. Further
clinical trials and supportive placental findings are needed on the role of cytokines in cellular and
humoral immune reactions during the symptomatic period and delivery to better understand the role of

immune mechanisms in the aetiology of ICP.
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Introduction

Intrahepatic cholestasis of pregnancy (ICP) is a benign
liver disorder specific to pregnancy, which occurs in the
late second or third trimester and spontaneously resolves
following delivery. Its incidence varies between 0.1% and
10% depending on geographical location and ethnicity [1].
Although its exact aetiology is unknown, various genetic,
hormonal, dietary and environmental factors are suggest-
ed as etiologic factors [2]. It is one of the top items on
the agenda of obstetricians and dermatologists, due to an
increased risk of maternal and foetal morbidity and mor-
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tality. Its unclear aetiopathogenesis keeps physicians inter-
ested in this disorder. Unlike other forms of pregnancy der-
matoses, it has no primary skin lesions and is characterised
by severe itch typically located in the palmoplantar region,
which spreads over the extremities and trunk. The lesions
may vary in duration and severity and have a wide spec-
trum from superficial excoriation to prurigo nodularis [3].
It has no specific laboratory test result, which might facil-
itate diagnosis; however, elevated levels of bile acids and
aminotransferases are assumed to have particular signifi-
cance in the absence of previous diagnosis of liver disease
[4]. Patients with ICP are exposed to increased maternal
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and foetal risks such as preeclampsia, post-partum bleed-
ing, preterm delivery, meconium passage into amniotic flu-
id, abnormal foetal cardiac activity and even foetal death
[5]. There are studies in the literature investigating the
causes of spontaneous abortion, preeclampsia, intrauter-
ine growth restriction and ICP, which put emphasis on in-
flammatory mechanisms [6]. Inflammatory changes in the
fetoplacental unit may affect the maternal and foetal out-
comes. Interleukin 6 (IL-6) and tumour necrosis factor o
(TNF-o) are known to be proinflammatory cytokines pro-
duced by macrophages of the liver (Kupffer cells), which
take part in the elimination of extraintestinal pathogens,
creation of inflammatory events and development of rap-
id immune reactions [7, 8]. Neopterin, produced only by
activated macrophages and monocytes, is a specific and
distinctive marker of inflammation. Elevated plasma levels
of neopterin were reported in patients with viral infections,
severe systemic infectious and various autoimmune diseas-
es and pregnancy-induced hypertensive diseases [9, 10].

Increased oxidative stress index (OSI) is the inability
of total anti-oxidant status (TAS) to compensate for in-
creased levels of total oxidative stress (TOS), which results
in a marked imbalance between production and elimination
of free radicals [11]. Increased levels of TOS were report-
ed in pregnant women with hypertensive diseases, which
might affect the maternal and foetal outcomes [12]. The
purpose of this study was to assess the levels of inflamma-
tory cytokines such as IL-6, TNF-a and neopterin as well
as TOS in patients with ICP.

Material and methods

After the Local Ethics Committee’s approval and in-
formed consent from patients were obtained, 30 pregnant
women with ICP who consecutively presented to the Dicle
University Clinics of Gynaecology and Obstetrics, Gastro-
enterology and Dermatology in January-July 2013 were
included prospectively. The diagnosis of ICP was done
based on the following criteria:

* occurrence of intrahepatic cholestasis in the second or
third trimester and rapid relief of signs and symptoms
following delivery,

* elevated serum levels of transaminases,

* pruritus, accompanied by skin symptoms or not,

* absence of obstructive hepatobiliary pathologies in the
clinical examination and ultrasonography,

* anegative viral hepatitis panel (hepatitis A, B and C),
and absence of drug use, which might cause elevated
liver enzymes [13, 14].

Group 1 consisted of 30 patients with ICP, where-
as group 2 consisted of 30 control subjects who were
matched in respect of gestational weeks and had no sys-
temic diseases, which could complicate the pregnancy. The
patients and the control subjects were evaluated in terms of
age, gravida, parity, number of living children, gestational

Central European Journal of Immunology 2014; 39(2)

weeks, hematologic and biochemical parameters and se-
rologic panels of viral hepatitis. In addition, the patients
were examined by means of abdominal ultrasonography to
rule out abnormalities of the liver and biliary tract. Patients
with allergic diseases, viral or non-viral hepatitis, derma-
titis, chronic liver diseases, diseases which might cause
obstruction of the biliary tract (cholelithiasis — choledocho-
lithiasis), hypothyroidism, hyperthyroidism, hypertensive
diseases which might affect the liver functions (preeclamp-
sia, eclampsia and HELLP), chronic heart, kidney or lung
diseases and/or pregnancy-induced acute fatty liver were
excluded from the study.

Blood samples were collected from all participants
prior to the treatment and were immediately centrifuged
at 4000 rpm and +4°C for 10 minutes. Collected sera
were taken into Eppendorf tubes. Then, samples were
transferred on ice and kept at —=70°C in a deep freezer un-
til the time of analysis. Serum levels of neopterin, IL-6
and TNF-a were calculated by means of enzyme-linked
immunosorbent assay according to the manufacturer’s in-
structions (Neopterin; DRG Diagnostics International, Inc.,
Mountainside, NJ, USA) (IL-6 and TNF-a; DIA Source,
Nivelles, Belgium). Intra and inter assay coefficients of
variations ranged from 3% to 7% for neopterin, IL-6 and
TNF-o.

Total anti-oxidant status and TOS levels were deter-
mined by means of a fully automated Erel method [15, 16].

Oxidative stress index was calculated as the ratio of
TOS to TAS. Height and weight measurements were made
and body mass index (BMI) was calculated at the same
time when venous blood samples were collected.

Statistical analyses were performed by SPSS (Statisti-
cal Package for Social Sciences) for Windows 15.0 (SPSS,
Inc., Chicago, IL, USA) and Excel programs. Data were
expressed as means and standard deviations for numeric
variables. Distribution of numeric data was assessed by
Kolmogorov-Smirnov test. As data did not distribute nor-
mally, Mann-Whitney U test was employed for the com-
parisons. P values smaller than 0.05 were considered sta-
tistically significant.

Results

Demographic and clinical characteristics of the study
subjects are presented in Table 1. When evaluated in terms
of the mean age, BMI, gestational weeks and obstetrics
data, there was no statistically significant difference be-
tween the groups in clinical characteristics. Liver function
test results and LDH levels were significantly higher in
the patient group (group 1) compared to the control group
(group 2) (p < 0.001). Hematologic and biochemical pa-
rameters are demonstrated in Table 2.

There was no significant difference between the groups
in IL-6 and TNF-a levels (p = 0.105 and p = 0.722, respec-
tively). The mean neopterin level was significantly high-
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Table 1. Clinical characteristics of patients with intrahe-
patic cholestasis of pregnancy (ICP) and healthy pregnant
women

Patient group Control group P values

(n =30) (n =30)
Mean = SD Mean = SD
Age 29.7+5.9 29.9 £5.01 0.88
Gestational week 32.8 +£3.14 31.6 +4.51 0.52
Gravity 3219 2.97 £1.94 0.67
Parity 1.6 1.5 1.8 +1.58 0.56
Living children 1.5+1.6 1.7 £1.44 0.46
Body mass index 27.8 4.6 27.9 +4.9 0.94

er in group 1 compared to group 2 (2.34 £0.77 and 1.57
+0.38, respectively, p = 0.001). The mean IL-6 and TNF-a
levels are demonstrated in Table 3. In addition, TAS, TOS
and OSI levels were significantly higher in group 1 (p =
=0.004, p =0.001 and p = 0.001, respectively) compared
to group 2.

Discussion

Numerous factors have been held responsible for the
pathogenesis of ICP. Although not a specific diagnostic
criterion, the aminotransferase level has been reported to
assume importance in the diagnosis of ICP. The foetus
is an allogeneic material of the maternal body in which
inflammatory events occur from the moment of implan-
tation. Because of maternal immune system adaptation,
the foetus is not perceived as a foreign body and immune
mechanisms are not triggered in the maternal body [17].
Placental vascular insufficiencies and immune factors are

Table 3. Levels of pro-inflammatory cytokines and oxida-
tive stress status in patient and the control groups

Patient group Control group P values

(n =30) (n=30)
Mean = SD Mean + SD

IL-6 (ng/dl) 3.51 £2.69 2.01 £0.99 0.105
TNF-a (ng/dl) 7.45 £1.91 7.26 £2.32 0.722
Neopterin (nmol/l) 2.34 £0.77 1.57 +0.38 0.001
TOS (uM H,0,Eq./ 101.9 +43.4 41.63 233 0.001
g protein)

TAS 1.58 £0.19 1.45 +0.13 0.004
(uM TroloxEq./

g protein)

OSI 65.2 £27.7 28.8 £15.95 0.001

TOS — total oxidative stress; TAS — total anti-oxidant status; OSI — oxidative
stress index
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Table 2. Complete blood count and biochemical parame-
ters of the subjects in the patient and control groups

Patient group (n  Control group P values
=30) (n =30)
Mean = SD Mean = SD
Hb (g/dl) 11.9+1.4 11.8 £1.17 0.53
Hct (%) 35.5£3.9 36.8 £3.29 0.16
WBC (K/ul) 9763 +2067 9720 2385 0.94
TC (K/ul) 258.2 £82.9 246.7 +£54.8 0.95
MPYV (f1) 943 £1.4 9.28 +1.1 0.63
AST (U/) 161.6 £140.9 12.8 +4.1 0.001
ALT (U/) 242.9 +237.8 14.9 6.1 0.001
LDH (mg/dl) 336.7 £159.2 226.1 £56.5 0.001

Hb — haemoglobin; Hct — haematocrit; WBC — white blood cells;
TC — thrombocyte count; MPV — mean thrombocyte volume; AST — aspartate
aminotransferase; ALT — alanine aminotransferase; LDH — lactate
dehydrogenase

known to take part in the aetiology of some disorders in-
cluding spontaneous abortion, hypertensive pregnancies
and intrauterine growth retardation (IUGR). Recent stud-
ies on patients with ICP have also put emphasis on the
placental-vascular and maternal inflammatory processes.
Studies on ICP patients who had intrauterine foetal death
or meconium aspiration reported reduced perfusion in
these patients, caused by accumulation of bile acids in the
vascular bed [1, 18]. Interleukin 6, TNF-o and neopterin,
which are released by activated macrophages and mono-
cytes in the body, are proinflammatory cytokines that play
a role in the innate immune system [13]. It was shown
that maternal-foetal autoimmune reactions might lead to
miscarriages and complications [19, 20]. Prospective case
control studies reported that neopterin levels were signifi-
cantly higher in hypertension-complicated pregnancies
with adverse maternal and foetal outcomes [21-25].

Wang et al. were the first to investigate neopterin and
soluble IL-2 receptors in patients with ICP [26]. They re-
ported that plasma levels of neopterin and soluble IL-2 re-
ceptors were elevated in patients with ICP; however, this
result was not associated with the early weeks of pregnan-
cy or low birth weight. In the present study, it was found
that plasma levels of neopterin were significantly higher in
the ICP group compared to controls. There are only a lim-
ited number of studies in the literature investigating the im-
mune mechanisms in patients with ICP. Shi et al. reported
reduced levels of immunoglobulins and CD8 lymphocytes
and an increased CD4/CD8 ratio in patients with ICP. In
addition, they suggested that cellular immunity took part
in the development of ICP [20].

Interleukin 6 and TNF-a are produced in both humoral
and cellular immune reactions. The main tasks of these
cytokines are activation of the acute-phase reaction, B-cell
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differentiation (immunoglobulin release), stimulation of
growth in differentiated B-cells and activation of acute-
phase hepatic reaction [27]. To the best of our knowledge,
this is the first study investigating IL-6 and TNF-a. levels
in patients with ICP. In this study, although higher levels
of IL-6 and TNF-a were found in ICP patients compared
to healthy controls, the difference between the groups did
not reach a statistically significant level.

Placental ischemia has been suggested to be respon-
sible for foetal hypoxia, meconium aspiration and even
foetal death in patients with ICP. It assumes a prominent
role in the increased oxidative stress. In the present study,
TOS, TAS and OSI levels were found to be significantly
higher in ICP patients compared to the controls. We be-
lieve that increased TOS and oxidative stress index was
caused by the augmented inflammatory mechanisms in
patients with ICP.

In conclusion, ICP may be an inflammatory disorder
with liver and biliary tract involvement in which immune
reaction plays a role. Although there is limited information
in the literature, it was shown by this study that cellular
immune reactions play a bigger role in this disorder than
humoral reactions. Interleukin 6 and TNF-o, which are
some of the markers of the humoral reaction, act as an indi-
cator of abnormal reaction rather than acute-phase reaction
in ICP. In this respect, prospective clinical trials should be
conducted on foetal cord blood taken from the patient both
at the outset of the complaints and during delivery to better
understand the role of cytokines in the cellular and humoral
immune reactions in ICP. We believe that increased levels
of oxidative stress, which cannot be compensated for by
increased anti-oxidative mechanisms, may influence the
maternal and foetal clinical consequences. Anti-oxidative
treatment may be helpful in managing the increased inflam-
matory events and oxidative stress in patients with ICP;
however, further clinical trials are needed to investigate the
maternal and foetal outcomes of this disease.

The authors declare no conflict of interest.
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