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ABSTRACT

Background: Preeclampsia is a major cause of mortality and morbidity and is also a
leading cause of preterm birth and intrauterine growth retardation. Several studies have
reported abnormal levels of cytokines in women with preeclampsia. Objectives: To de-
tect serum levels of various cytokines in pregnant women with and without preeclamp-
sia in the third trimester of pregnancy. Methods: Thirty patients with preeclampsia and
thirty normal pregnant women were enrolled in the study. Blood samples were taken
and serum levels of IFN v, IL-12p70, IL-18, IL-15, IL-4 and IL-10 were measured by
enzyme-linked immunosorbent assay (ELISA). Results: Preeclamptic women had sig-
nificantly increased levels of circulating IL-12p70 (p < 0.05), IL-18 (p < 0.001), IL-4 (p
<0.001), IL-15 (p < 0.05) and IFN v (p < 0.001). By contrast, circulating levels of IL-10
were not significantly different between the two groups. Conclusions: The present
study supports the hypothesis of altered immune response in preeclampsia and suggests
that dysregulation of cytokine expression occurs in preeclampsia with increased levels
of IFN vy, IL-12p70, IL-15, IL-18 and IL-4.
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INTRODUCTION

Preeclampsia, a pregnancy specific disorder that occurs in 3-5% of pregnancies, is a ma-
jor cause of mortality and morbidity and is also a leading cause of preterm birth and in-
trauterine growth retardation (1). The symptoms of this multisystem disorder, which
appear during the second and third trimester of pregnancy, are caused by the increased
vasoconstriction, which results in maternal hypertension, decreased uteroplacental blood
flow, edema, proteinuria, abnormal clotting, and liver and renal dysfunction (2, 3). A
major hurdle in clinical approaches to preeclampsia is the lack of understanding of the
etiology and pathophysiology of the condition, thus hindering the development of effec-
tive prevention and treatment strategies (4).

A generalized dysfunction of maternal endothelial cells may underlie most of the clini-
cal symptoms such as hypertension, fluid retention, and clotting abnormality. Interest-
ingly, a dysregulation of the maternal immune response against the fetus has been sug-
gested as a possible causal factor (5). Indeed, an inflammatory response has been shown
to occur during preeclampsia (6, 7). The composition of the immunomodulatory milieu,
specifically the presence and amounts of various cytokines in the serum of pregnant
women may lend insight into the in vivo regulation of preeclampsia-associated condi-
tions. Several studies have reported abnormal levels of cytokines in women with pree-
clampsia, but the pattern of cytokine expression (8) and a possible role in disease patho-
genesis (9) remains controversial.

In the present study, we investigated the serum levels of various cytokines in pree-
clamptic women by enzyme-linked immunosorbent assay (ELISA). These cytokines
included IFN vy, IL-12p70, IL-15 and IL-18 and the anti-inflammatory cytokines IL-4
and IL-10. We found that the levels of some cytokines were significantly enhanced in
patients with preeclampsia. These data may be helpful for understanding the pathogene-
sis of, and developing treatments for preeclampsia.

MATERIALS AND METHODS

Subjects. Thirty women with preeclampsia and 30 control pregnant women were en-
rolled. Ten of preeclamptic women had severe and twenty had moderate preeclampsia.
Subjects were selected at the Mirza Khoochak Khan hospital, Tehran, Iran between
March and October 2006. The control group was selected from healthy pregnant
women. The preeclamptic group consisted of women who were (a) normotensive before
pregnancy and during the first 20 weeks of gestation, and (b) developed hypertension
(blood pressure of 140 mm Hg or higher, or a diastolic blood pressure of 90 mmHg or
higher on two or more occasions, 6hr apart) associated with new onset proteinuria of
either greater than 100mg /dl by urine analysis (>1+ dipstick) or greater than 300mg/dl
in a 24-h urine collection. Severe preeclampsia was defined as a systolic blood pressure
of >160 mm Hg or a diastolic blood pressure of > 110 mmHg with either a urine dip-
stick showing urinary protein of 3+ to 4+ or greater than 5.0 g of urinary protein in 24 h
urine sample. Women who met the criteria of preeclampsia but did not have severe
preeclampsia were diagnosed as moderate preeclampsia. Neither the subjects’ age nor
gestational age differed significantly between the two groups. No subject had co-morbid
conditions such as diabetes, asthma, congenital heart disease, connective tissue disor-
ders or an autoimmune disease. None of the subjects in the preeclamptic or normal con-
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trol group were in labor at the time of sampling. None of the pregnancies were compli-
cated by preterm rupture of membranes. Subjects with any symptom of infection were
excluded from the study. All subjects submitted written informed consents. The study
was authorized by the Ethical Investigation Committee of Tehran University of Medi-
cal Sciences.

Methods. Blood samples were centrifuged within 30 minutes of venipuncture at
2500 x g for 15 min at 4 C and the serum was aliquoted and stored at —80 ~ C until use
to avoid possible interference with assay results due to repeated freeze-thaw cycles. Se-
rum levels of IFN v, IL-12p70, IL18, IL10 and IL-4 were assayed using an enzyme
linked immunosorbent assay kit (Bender MedSystems, Austria). Serum levels of IL-15
were assayed by a different ELISA kit (R&D Systems, Minneapolis, MN). The manu-
facturers' protocols were followed for each assay. Standard curves were plotted for each
of the cytokines using reference recombinant cytokines and the results were read from
the curves. All samples were tested in duplicate. The sensitivity of each of the assays
was as follows: 0.99 pg/ml for IFNy, 0.99 pg/ml for IL-10, 9.2 pg/ml for IL-18, 3.2
pg/ml for IL-12p70, 2 pg/ml for IL-4, and 2 pg/ml for IL-15.

Statistical Analysis. All data were analysed using SPSS, version 13 for Windows soft-
ware. The data were tested for normal distribution by Kolmogrov-Smirnov test. Student
t-test or the Mann-Whitney U-test was used for comparisons between the two groups
where appropriate. Differences at p < 0.05 were considered as statistically significant.

RESULTS

The clinical characteristics of the control and preeclamptic groups are presented in Ta-
ble 1. Patients with preeclampsia displayed significantly increased systolic and diastolic
blood pressure relative to controls (p < 0.001). None of the patients in the control group
had proteinuria. All patients with preeclampsia had proteinuria (>1+ dipstick or greater
than 300mg/dl in a 24-h urine collection). As expected, all other clinical and demo-
graphic variables were similar between the two study groups.

Table 1. Clinical characteristics of subjects

Parameter Control group Preeclampsia group P value
Age (y) 283+34 285 + 4.5 NS
Gestational age at sampling(w) 36.7+1.1 351 £ 35 NS
Systolic Blood Pressure(mmHg) 1108 152 £ 16 <0.001
Diastolic blood pressure(mmHg 750+ 6 97+ 10 <0.001

N=30 per group; NS, Non-significant

Table 2. Serum cytokine concentrations (pg/ml) of normal and
preeclamptic pregnancies

Cvtoki Control Group Preeclampsia b val
tokine value
y Median Range Median Range

IL-12 92 63-281 138 28-329 <0.05
IL-18 180 39-338 250 16-500 <0.05
IFN-y 1.2 0-14.2 4.45 0-17 <0.001
IL-4 10.24 0-41.8 22 0-185.2 <0.001
IL-10 325 0.4-100.4 26.7 0.4-69.8 NS
IL-15 3.15 2.1-4.8 5.2 3.6-7.8 <0.05

N=30 pergroup; Ns, Non-significant
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Cytokine levels are presented in Table 2. Relative to controls, the women with pree-
clampsia exhibited significantly higher serum concentrations of the pro-inflammatory
cytokines IL-12 (p < 0.05), IL-15 (p < 0.05), IL-18 (p < 0.05), and IFN y (p < 0.001)
(Figure.1). We also found elevated levels of IL-4 (p < 0.001) in women with preeclamp-
sia compared with non-preeclamptic women. There was no significant difference in IL-
10 levels between the two groups (Figure.2).
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Figure 1. Serum levels of IL-12, IL-15, IL-18 and IFN-y in normal pregnancy (control) and pree-
clampsia. Data are presented as median with quartiles.

P<0.001

30 45

25 40 |
g E 35|
gZO g 30
< o
T 15 < 25
- _| ]
- = 20

10 15 1

5 10 |

0 - 0

Control  Preeclampsia Control Preeclampsia

Figure 2. Serum levels of IL-4 and IL-10, in normal pregnancy (control) and preeclampsia. Data
are presented as median with quartiles.
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DISCUSSION

The present results report significantly increased levels of IFN vy, and the IFN vy- induc-
ing cytokines IL-12p70, IL-15 and IL-18 in preeclamptic patients. In addition we ob-
served markedly elevated levels of the anti-inflammatory cytokine IL-4 in such patients.
No significant difference was seen in serum levels of IL-10 between the two groups.
Preeclampsia has been proposed to be a syndrome caused by an excessive systemic in-
flammatory response to pregnancy (6, 7, 10, 11). Because of this, we anticipated ele-
vated serum levels of IFN y and its inducer cytokines IL-12, IL-15, and IL-18 in pree-
clamptic patients relative to the control group. It is known that IFN y enhances cytotoxic
activation of T lymphocytes and NK cells, activates macrophages and phagocytosis, and
induces pro-inflammatory cytokine expression. Therefore increased concentration of
[FN-y in pregnancy can be potentially harmful (12). There are not many reports about
the levels of this cytokine in peripheral blood of preeclamptics. Our findings are consis-
tent with the results of Pizano et al (3) who reported significantly higher concentrations
of IFN-y in maternal peripheral blood of preeclamptic women compared to normoten-
sive ones. However these authors found no difference upon inspection of intracellular
IFN-y production in T lymphocytes between the two groups. As a result, higher concen-
trations of IFN-y may be due to other sources of cytokines such as decidual or endothe-
lial cells. On the other hand, another study found no difference in serum levels of IFN-y
between normal and preeclamptic pregnant women (9). The authors speculated that this
could be explained by the known paracrine action of T-cell cytokines. Secreted cyto-
kines are rapidly bound to receptors on neighbouring cells and excessive levels in pree-
clampsia or normal pregnancy may thus be captured at the site of secretion, resulting in
similar serum levels in both groups.

Studies of serum or plasma IL-12 in preeclampsia have produced conflicting results (9,
13, 14). The cytokine IL-12p70 consists of two subunits, p35 and p40 and is a potent
inducer of IFN vy (15, 16). Our observation of increased levels of IL-12p70 in pree-
clampsia confirms those reported by Daniel et al (13). Jonnson et al (9), observed no
difference in serum IL-12p40 levels between preeclamptic patients and controls. To
clarify the kinetics of this cytokine in preeclampsia, it may be better to assay IL12p70
and p40 subunits from the same sample.

IL-18 is also a pro-inflammatory cytokine that is primarily synthesized by macrophages
and monocytes and is considered to have pleiotropic qualities (10). IL-18 and IL-12
synergistically exert their [IFN-y- inducing activities in T cells and NK cells (17). It has
been reported that IL-18, without IL-12, regarded as a Th2- inducing cytokine (17, 18).
Our finding of enhanced serum levels of IL-18 supports previous observations (10), but
an opposite finding has also been reported (19). Elevated serum IL-18 may be due to the
activation of monocytes and macrophages as a result of an enhanced maternal response
to placental debris.

IL-15, a pro-inflammatory cytokine, was first described as a T-lymphocyte activating
factor. It induces T cell proliferation and B cell maturation and is essential for NK cell
development and cytotoxicity. IL-15 is expressed in numerous human tissues and cell
types (6, 20). Its expression in the human endometrium and decidua (21) and tro-
phoblasts (20) indicates a role for IL-15 in uterine function during pregnancy. Our data
confirm the results of a previous study which demonstrated higher serum level of IL-15
in preeclamptic patients compared to normal pregnant women (6). However, two other
studies failed to demonstrate any significant difference between the two groups (9, 22).
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Unpublished data from our own laboratory showed that IL-15 gene expression in tro-
phoblasts of preeclamptic women was significantly increased relative to normal preg-
nant women, indicating that the placenta may be the origin of IL-15 production. Our
finding of increased levels of IFN vy, IL-12, IL-15 and IL-18 in preeclampsia is consis-
tent with the suggestion that preeclampsia is associated with a greater inflammatory re-
sponse than what is normally observed during pregnancy (9, 10). Pro-inflammatory cy-
tokines might be among the mediators leading to endothelial dysfunction and thus may
be associated with the pathogenesis of preeclampsia (10).

In this study, we did not detect a difference between IL-10 levels in preeclampsia and
normal pregnancies. There are several lines of evidence indicating that IL-10 is an im-
portant cytokine in pregnancy (23). However, there is controversy regarding the serum
levels of IL-10 in preeclamptic patients (1, 9, 24-26). The inconsistency in assaying cir-
culating IL-10 has been raised as a limiting factor in the utilization of IL-10 as a disease
marker (1). Some in vitro studies have demonstrated decreased production of IL10 by
peripheral blood mononuclear cells from preeclamptic patients (12, 27). It should be
noted that artificial in vitro conditions might affect cytokine responses.

Because of the inflammatory nature of preeclampsia, our finding of increased levels of
IL-4 in preeclamtic patients is somewhat surprising. Our results are consistent with
those of Omu et al (4) who found that IL-4 serum levels were significantly increased in
preeclampsia. It is tempting to speculate that the increased IL-4 levels observed in pree-
clamptic patients may act as a compensatory mechanism in response to elevated levels
of IFN vy, IL-12, IL15 and IL-18. In contrast with the present findings, another study re-
ported that serum concentrations of IL-4 in preeclamptic patients were significantly
lower than the control group (3). Those authors sampled blood after delivery and as-
sayed IL-4 in the plasma rather than the serum, which may explain the difference be-
tween the two studies. Jonsonn et al (9) reported that although IL-4 was not detectable
in a majority of preeclamptic patients and normal pregnant women, sIL4-R levels were
enhanced in the former group. They proposed sIL-4R as a surrogate marker of IL-4 be-
cause of differences in the proteolytic cleavage of these two molecules.

Clearly there is great variability in serum levels of cytokines in preeclamptic patients in
different studies. It should be mentioned that differences in study design, number of
subjects, assay sensitivity and gestational age at the time of sampling might all contrib-
ute to this variability. Some studies use serum and others use plasma for detecting blood
levels of cytokines, this could be an additional source of variability. Because the present
study was undertaken in women with established preeclampsia, it is not possible to de-
termine whether the altered cytokine levels represent a cause or consequence of the dis-
ease. It would be interesting, therefore, to determine whether serum levels of cytokines
are altered prior to the emergence of preeclamptic symptoms. Further studies are re-
quired to determine whether measurement of serum cytokines in the first and second
trimesters could predict preeclampsia.

In summary, the present data suggest that dysregulation of cytokine expression occurs
in preeclampsia with increased levels of IL-12p70, IL-15, IL-18, IFN y and IL-4. Un-
derstanding of the quality and quantity of these cytokines in preeclampsia will have
marked clinical impact on decreasing maternal and fetal morbidity and death.
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