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ABSTRACT. The aim of the present study was to evaluate the diagnostic significance of the dynamics of cytokines
and growth factors during pregnancy with and without preeclampsia. The study included 168 pregnant women at
risk of hypertensive disorders. The levels of biomarkers of all pregnant women were studied at 12-16 weeks, 28-30
weeks and 36-38 weeks. These included cytokines (tumour necrosis factor-a, interferon-y, interleukin-4) and growth
factors (placental growth factor, vascular endothelial growth factor). All pregnant women were divided into two
groups: 124 patients with preeclampsia and 44 without preeclampsia (control group). In patients with preeclampsia,
an increase in the level of tumour necrosis factor-a was observed, compared with the control group: a 6.1-fold increase
at 12-16 weeks and a 5.9-fold increase at 36-38 weeks. The level of interferon-y was also increased, by 44.3% in the
first trimester of pregnancy and by 46.8% at 28-30 weeks, compared to the control group. The level of interleukin-4
did not significantly differ between the studied groups. The level of placental growth factor was reduced in pregnant
women with preeclampsia at all stages of gestation, and at 28-30 weeks was reduced by 67.9% compared to the control
group. The level of vascular endothelial growth factor was also reduced, by 75%, compared with the control group.
An increase in the level of pro-inflammatory cytokines and decrease in growth factors may therefore be considered
as potential predictors of the development of preeclampsia, and evaluation of these factors may be advocated in
pregnant women with risk factors of preeclampsia.
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development of arterial hypertension and proteinuria,
which may prevent the development of complications.
Recent studies confirm that an increase in the levels of
certain biomarkers in the blood of pregnant women

cation of pregnancy, however, its underlying
mechanism not yet fully understood [1, 2]. Due
to the complex pathogenetic mechanisms involved in

P reeclampsia (PE) is the most common compli-

the development of PE, routine clinical or laboratory
research methods are often insufficient for early diag-
nosis. It is therefore necessary to search for available and
diagnostically significant markers, which increase even
before the onset of clinical symptoms. Abnormal pla-
centation is one of the key links with PE pathogenesis,
which provokes systemic endothelial dysfunction and
leads to an imbalance of angiogenic and antiangiogenic
factors [3]. Another important PE mechanism is patho-
logical migration of the trophoblast, which leads to
insufficient remodelling of the spiral arteries and
hypoxia in the uteroplacental space [4]. In addition, in
PE, an imbalance between pro- and anti-inflammatory
cytokines is observed, as a manifestation of systemic
inflammation with involvement of the vascular endo-
thelium in the process [5, 6]. Biomarkers that reflect PE
pathogenetic mechanisms therefore have diagnostic
value. Thus, the use of markers of endothelial dysfunc-
tion and angiogenesis in pregnant women may make it
possible to detect PE at the initial stages, before the

occurs long before PE clinical manifestation, therefore
early examination of pregnant women at risk is import-
ant [7, 8].

Although early PE complicates only 0.38% of pregnan-
cies [9], late PE is seven-fold more frequent, thus predic-
tive markers of late PE would make a significant
contribution to the management of global maternal and
perinatal mortality and morbidity [10]. According to
previous studies, the most informative early predictors
of PE are growth factors: placental growth factor
(PGF), vascular endothelial growth factor (VEGF), and
soluble fms-like tyrosine kinase-1. Perdigao er al. [11]
demonstrated that newly diagnosed hypertension in
pregnant women and an imbalance of angiogenic
factors may indicate PE development at the preclinical
level. In this study, pregnant women with PE were
shown to have an increase in the ratio of soluble fms-like
tyrosine kinase-1 to PGF.
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Proinflammatory cytokines that have diagnostic value,
according to data from other studies, include: tumour
necrosis factor a (TNF-a), interferon-y (IFN-y), and
interleukin-4 (IL-4). TNF-a is a cytokine involved in
vascular endothelial dysfunction, and is thus considered
as a vasoactive cytokine [12, 13]. Weel et al. [14]
confirmed that the increase in TNF-a associated with
PE occurred both in blood serum and placental tissues.
TNF-a and VEGF, together with the extracellular
matrix, regulate the migration of the extravillous
cytotrophoblast [4]. Most researchers have focussed on
PGF and the ratio of soluble fms-like tyrosine kinase-1/
PGF as early markers of PE [5, 15]. However, assess-
ment of the level of growth factors alone is insufficient
to characterise the entire cascade of processes, including
the proliferation of endothelial cells and the reorgani-
sation of blood vessels at the basement membrane. A
comprehensive assessment of the level of several serum
cytokines and growth factors over time may be of
greater value for PE diagnosis and prevention of further
complications.

The purpose of the study was to examine the dynamic
levels of serum cytokines and growth factors in preg-
nant women with PE, with a view to improving the
diagnosis of PE.

MATERIALS AND METHODS

This study was carried out at the Scientific Center of
Obstetrics, Gynecology and Perinatology in Almaty
(the Republic of Kazakhstan). The study included 168
pregnant women (aged 27.2+4.4 years, body mass index
[BMI]: 23.242.6, arterial pressure [AP] at the time of
inclusion: 126%+3.2/72.1£2.3 mmHg). All pregnant
women included in the study had risk factors for the
development of hypertensive disorders (hypertensive
disorders during previous pregnancies, elevated BMI,
family anamnesis of hypertension, multiple pregnancy,
extragenital diseases). Pregnant women with hyperten-
sion, thyroid disease, diabetes mellitus, and a history of
kidney disease were excluded from the study, since the
presence of these diseases could affect the levels of the
studied markers. The gestational age of the groups was
calculated based on menstrual cycle data and confirmed
by early ultrasonography (<12 weeks of pregnancy).
Pregnant women were included in the study at gesta-
tional age <12 weeks. The diagnosis of PE was deter-
mined based on the presence of the following features:
AP at 140/90 mm Hg, measured twice, with an interval
of two hours after 20 weeks of gestation; and protein-
uria 0.3 g/L based on a single or daily urine sample
from women without a history of arterial hypertension
based on anamnesis. Women with PE were classified as
patients with early- or late-onset PE, depending on
whether disease manifestation had occurred before or
after 34 weeks of gestation, respectively. All patients
provided written consent to participate in the study.

Examination of pregnant women included the following:
assessment of complaints, study of anamnesis of disease
and lifestyle, physical examination, and study of the
level of biomarkers in the blood. Blood sampling was
performed in the morning on an empty stomach using
a sample collection tube. For the study, blood serum
was obtained by centrifuging 2 mL of venous blood
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from the patient. The sample was frozen at <-70 °C;
and the storage period of samples did not exceed six
months from the date of blood sampling. The sample
was delivered to the laboratory within one hour without
changing the temperature regime.

The serum level of cytokines (TNF-a, y-interferon,
IL-4) and growth factors (PGF, VEGF) was determined
by enzyme immunoassay using the automatic analyser
“Cobas e411” (Hitachi). The examination was
conducted at 12-16 weeks, 28-30 weeks and 36-38 weeks
of gestation.

Depending on the development of PE, all pregnant
women were divided into two groups: the PE group
consisting of 124 patients with a pregnancy complicated
by PE, and control group consisting of 44 pregnant
women without PE.

The results obtained were processed using biometric
analysis with the aid of the Statistica program.
Parametric and non-parametric statistical methods were
used. After checking the normality of distribution of
the quantitative indicators using the Shapiro-Wilk test,
the significance of differences of the average values was
assessed for quantitative traits with a normal distribu-
tion according to the Student’s test (t), and for quanti-
tative traits with non-normal distribution according to
the Mann-Whitney test (U). Significant differences
between the compared groups and values were consid-
ered based on probability of error of p<0.05.

RESULTS

Analysis of the obtained data demonstrated that the
two groups of pregnant women during the first visit
were comparable with regards to age and gestational
age at the time of inclusion in the study. Pregnancy was
complicated by PE in 73.8% of the examined women,
and 26.2% (n=44) of pregnant women were normoten-
sive throughout the entire observation period. Analysis
of the risk factors in the examined pregnant women
revealed that pregnant women with PE had a signifi-
cantly higher BMI level compared to that of normoten-
sive pregnant women. Moreover, at the time of inclusion
in the study, the level of systolic and diastolic AP in
pregnant women with PE was significantly higher
compared to that among pregnant women in the control
group. Based on individual analysis, pregnant women
in the PE group had significantly more risk factors asso-
ciated with the development of hypertension (hyperten-
sive disorders in previous pregnancies, elevated BMI,
family anamnesis of hypertension), compared to preg-
nant women in the control group (table 1).

Data on serum cytokines and growth factors in preg-
nant women with PE (PE group) and women with
uncomplicated pregnancy (control group) at different
gestation periods are presented in table 2.

Based on analysis of the levels of studied biomarkers,
a significant increase in pro-inflammatory cytokines was
observed at all stages of gestation (except for IL-4) in
the examined pregnant women with PE. Thus, the level
of TNF-a was significantly higher in pregnant women
with PE compared with that in pregnant women of the
control group. The hyperproduction of TNF-a in preg-
nant women of the PE group was noted from the first
trimester of pregnancy and persisted throughout
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Table 1. General characteristics of pregnant women included in
the study. BMI: body mass index; SBP: systolic blood pressure;
DBP: diastolic blood pressure; AP: arterial pressure.

PE group, Control
Characteristic n=124 group, n=44 P
Age, years 28.1+£5.2 26.3+2.8 >0.05
BMI, kg/m2 25.2%2.6 23.1+1.3 <0.04
Gestational age at 12.5£1.6 13.1£1.2 >0.05
the time of
inclusion, weeks
SBP, mm Hg 156+3.2 122+1.6 <0.04
DBP, mm Hg 92.1%£2.3 71.5%3.1 <0.04
Family anamnesis 43% 6% <0.001
Increased AP in 36% 4% <0.001

previous pregnancies

Table 2. Serum levels of cytokines and growth factors in preg-
nant patients with or without PE.

Cytokine/growth PE group, Control group,
factor, pg/mL n=124 n=44 p
12-14 weeks
TNF-o 4.620.7 0.7£0.4 <0.001
IFN-y 44+3.7 24.5%4.6 <0.002
1L-4 9.4+3.2 7.5+4.1 >0.05
PGF 47.8+3.8 98.1£7.3 <0.001
VEGF-1 8.4+1.27 34.5+2.9 <0.001
28-30 weeks
TNF-a 3.8+0.4 0.410.4 <0.001
IFN-y 48.3%3.9 25.7%3.5 <0.01
1L-4 10.2+4.4 11.1£3.2 >0.05
PGF 87.4+7.5 272.7+8.4 <0.001
VEGF-1 12.6%£3.7 52.1+4.2 <0.001
36-38 weeks
TNF-a 2.8+0.9 0.47£0.37 <0.02
IFN-y 45.514.2 27.3+3.34 <0.01
1L-4 14.9+4.9 12.7+5.24 >0.05
PGF 153.3+8.4 228.3+14.7 <0.001
VEGF-1 26.3+5.5 136.5+12.3 <0.001

pregnancy; the level of TNF-a was 6.1-fold higher at
12-16 weeks and 9.5-fold higher at 28-30 weeks
compared to that in the control group. At gestational
age of 36-38 weeks, the level of TNF-a was 5.9-fold
higher than that in the control group. The increase in
level of TNF-a in pregnant women with PE (compared
with normotensive pregnant women) may thterfore
indicate the possible use of this cytokine as a predictor
of PE development.

An important aspect of determining the prognostic
value of PE markers is how their levels change over
time. Analysis of the dynamics of TNF-a level revealed
that this pro-inflammatory cytokine gradually decreased
from 12-14 weeks of gestation to 36-38 weeks in both
groups, but remained elevated compared to the level in
pregnant women of the control group. Over the entire
period of observation, the level of TNF-o decreased by
almost a half, both in the PE group and control group.
In the PE group, a statistically significant decrease in
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TNF-o between visits 1 (12-14 weeks) and 3 (28-30
weeks) (p<0.05) was observed, while in the control
group, the decrease in cytokine level was not significant
during the observation period (p>0.05). This lack of
change in TNF-a level over time is probably related to
the fact that the cytokine level in healthy pregnant
women did not increase and remained stable throughout
pregnancy. Thus, determining the level of TNF-a in
pregnant women may be informative as a predictor of
PE, with regards to the dynamics of this pro-inflamma-
tory cytokine at different gestational ages (figure 1).
As well as TNF-a, another pro-inflammatory cytokine,
IFN-y, was also shown to be increased in pregnant
patients with PE. During all visits, [FN-y level was twice
as high in the PE group relative to the control group.
In the PE group, the level of IFN-y was higher by 44.3%
in the first trimester, 46.8% at 28-30 weeks of pregnancy,
and 39.9% closer to birth, compared to the control
group. In contrast to TNF-q, the level of IFN-y did not
differ between visits in both groups (p>0.05). Thus,
according to the obtained data, an increased level of
IFN-y may indicate development of PE, however, the
dynamics of this cytokine in pregnant women were not
diagnostically significant (figure I).

There was no statistically significant difference in IL-4
level between the PE group and control group over all
periods of gestation (p>0.05). Blood IL-4 was 9.4£3.2
pg/mL (vs 7.5%4.1 pg/mL in the control group) at 12-14
weeks of pregnancy, 10.2+4.4 pg/mL (vs 11.1+3.2 pg/
mL in the control group) at 28-30 weeks, and
14.914.9 pg/mL (vs 12.7+5.24 pg/mL in the control
group) at 36-38 weeks. The level of IL-4 over time
increased from the first to third trimester of pregnancy,
however, this difference was not significant (figure I).
Based on the current study, therefore, the dynamics of
IL-4 level do not appear to be of diagnostic value for
pregnant women with PE relative to normotensive preg-
nant women.

Regarding serum PGF level, in the PE group, PGF was
decreased by 51.3% from the end of the first trimester
of pregnancy (p<0.001), 67.9% at 28-30 weeks during
pregnancy, and 32.8% closer to birth compared to the
control group (table 2). Thus, the level of PGF remained
sharply reduced throughout the entire period of gesta-
tion in the PE group, in contrast to the control group
(p<0.001). It is important to note that there was an
increase in PGF level during the second trimester, in
contrast to that in the control group, as well as a peak
at 28-30 weeks of gestation (figure 1). In the PE group,
the level of PGF did not reach that of the control group
(although it had a tendency to increase at 28-30 weeks
and 36-38 weeks of gestation). The level of PGF in the
control group for the period between the first and
second trimester increased three-fold, but was increased
two-fold in the PE group, and this difference may serve
as a marker of the development of PE.

The level of serumVEGF-1 decreased during pregnancy
in the PE group, from 12-16 weeks of gestation (table 2).
In the PE group, VEGF-1 was reduced by 75.5% in the
first trimester of pregnancy, by 75.8% at 28-30 weeks of
pregnancy, and 5.2-fold closer to birth, compared to
the control group. Thus, the level of VEGF-1 remained
low throughout the entire period of gestation in the PE
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Figure 1.
Dynamics of cytokine and growth factor levels in pregnant women with and without PE. A) TNF-a; B) IFN-y; C) IL-4; D) PGF; E)
VEGF-1.

group, in contrast to the control group (p<0.001).
Despite the fact that VEGF-1 was significantly lower in
the PE group than in the control group, the increase in
VEGF-1 over time was significant in the PE group,
however, not as significant as in the control group;
during the period from 28-30 weeks to 36-38 weeks, the
level of VEGF-1 doubled in the PE group and tripled
in the control group (figure 1).

Analysis of the obtained data showed that VEGF-1 and
PGF levels in pregnant women with PE were signifi-
cantly reduced, with a weak tendency to increase over

all gestation periods, while there was a persistent
increase in the growth factors in the control group. In
contrast, the levels of pro-inflammatory cytokines were
significantly increased throughout pregnancy in women
with PE, with a tendency to decrease closer to child-
birth. Our data therefore show that the combined data
on level of pro-inflammatory cytokines (TNF-a and
IFN-vy) over time and level of growth factors may serve
as a predictor of PE development, thus providing diag-
nostic value to determining late PE. Thus, an increase
in the level of pro-inflammatory cytokines (TNF-a,



Dynamics of serum cytokines in preeclampsia

IFN-y) and low level of PGF and VEGF-1 may indicate
the development of PE before clinical signs in pregnant
women at any gestation period. The dynamic changes
in level of TNF-0, PGF and VEGF-1 showed the
greatest diagnostic potential for early diagnosis of PE
based on the current study. The biomarkers reported
here may thus be recommended for pregnant women in
routine clinical practice, which may contribute
to the early diagnosis of PE and prevention of
complications.

DISCUSSION

Identifying biomarkers that indicate the pathogenetic
aspects of PE may lead to individualised therapy for
pregnant women with PE. The literature contains much
information about growth factors and PE, but there is
a lack of information on the level of growth factors and
pro-inflammatory cytokines in pregnant women with
PE. The novelty of this study is the simultaneous deter-
mination and comparison of levels of inflammation
markers and growth factors in pregnant women with
and without PE. The comprehensive assessment of
serum levels of cytokines over time revealed an increased
level of pro-inflammatory cytokines (TNF-o and IFN-y)
and reduced level of growth factors (PGF and VEGF-1)
during all gestation periods (p<0.001) in pregnant
women with PE.

Hyperproduction of Thl cytokines (type 1 T helper)
(TNF-a and IFN-y) can limit the process of trophoblast
invasion and disturb remodelling of the spiral arteries
of the uterus by causing placental ischemia, clinically
leading to PE. An increase in pro-inflammatory
cytokines in patients with PE has been confirmed in
many studies [12-14, 16]. Our data on pro-inflammatory
cytokines are consistent with the results obtained by
Spence et al. [17], who showed that the level of TNF-a
and IFN-y increases in pregnant women with PE
compared to healthy pregnant women, whereas the level
of IL-4 does not change over time. There is much infor-
mation in the literature on the increase in serum level
of IL-2, IL-8, and IL-6 in pregnant women with PE, but
there is a lack of data on the level of IL-4 in pregnant
women with PE, confirming the need to further study
the level IL-4. Moreover, the data of the present study
does not support the diagnostic potential of this
cytokine in patients with PE. This is perhaps due to the
fact that IL-4 mediates differentiation of naive T cells
into Th2 cells and acts as anti-inflammatory cytokine
[15]. According to the data of Stokkeland et al. [18], the
concentration of IL-4 in serum of women with a healthy
pregnancy does not change throughout the pregnancy,
consistent with the results of this study.

According to the results of the current study, TNF-a is
the most informative as a predictor of PE among the
pro-inflammatory cytokines tested. It is important to
note that TNF-a is of diagnostic significance both as a
single measurement and over time, and may aid in the
diagnosis of late PE. Mihu ez al. [19] showed a signifi-
cant increase (p<0.01) in the level of circulating TNF-a
in the last trimester of pregnancy compared to that in
non-pregnant women. Moreover, the authors demon-
strated significantly elevated concentrations of TNF-a
in the blood serum (p<0.001) of pregnant women with

25

PE compared to healthy pregnant women with normal
AP, consistent with our data. The dynamics of TNF-a
are of diagnostic value, as TNF-a was significantly
increased in women with PE and decreased over time,
compared to normotensive pregnant women. This
pro-inflammatory cytokine may thus be a potential
marker for severity of PE.

Regarding IFN-y, the data of Nurzadeh ez al. [20] are
consistent with the data of the current study and confirm
the increase in IFN-y in pregnant women with PE. The
role of IFN-y in the pathogenesis of PE was further
confirmed by Sheibak et al. [13], who reported that
IFN-y immunoexpression was significantly increased in
placental tissue samples in the PE group compared to
samples of normotensive pregnant women. IFN-y is
suggested to play an important role in various mecha-
nisms associated with the progression of PE. Travis
et al. [21], based on an animal study, reported that a
decrease in the level of IFN-y in pregnant rats with
placental ischaemia leads to a decrease in AP and oxida-
tive stress, underlying the importance of IFN-y in preg-
nant women and its possible use as a therapeutic target
in the future. Another study showed that the average
concentrations of IFN-y increased significantly between
the first, second and third trimesters of healthy preg-
nancy (108 pg/mL, 153.01 pg/mL, and 172.89 pg/mL,
respectively) (in contrast to our study) [12], although in
this study, the dynamics of this marker were not eval-
uated. The above-mentioned studies confirm the impor-
tant role of [IFN-vy in the pathogenesis of PE. Determining
the level of this pro-inflammatory cytokine in serum is
possible in routine clinical practice and may indicate
the development of PE.

Many studies indicate that PE is accompanied by an
antiangiogenic state, that is, a decrease in proangiogenic
factors and an increase in antiangiogenic factors [6, 15].
Myers et al. [22] reported a significant increase in the
levels of soluble tyrosine kinase and a significant
decrease in the levels of PGF and VEGF-1 in the blood
of pregnant women, 4-5 weeks before clinical manifes-
tations. In the current study, the level of tyrosine kinase
was not determined, however, the data on the level of
PGF and VEGF-1 are consistent with previous studies
and show a decrease in the level of these growth factors
in pregnant women with PE. The level of PGF in women
with PE was significantly reduced compared to healthy
pregnant women. A low level of PGF may therefore be
a predictor of PE, a few weeks before the development
of clinical signs [8]. The study of Jardim et al. [5] also
confirms the diagnostic value of PGF for PE. Reddy et
al. [23] reported that PE is clinically characterized by a
low serum concentration of PGF, compared to that in
normotensive pregnant women. The current study
confirms a decrease in the level of growth factors (PGF
and VEGF-1) from the beginning of pregnancy, char-
acterised by significantly lower levels during the entire
gestation period. When these markers were studied over
time, there was no increase during the second trimester
but a pronounced peak at 28-30 weeks. According to
the data from other studies, a decrease in PGF and
VEGF may be an early prognostic marker that indicates
the initial signs of a disturbance of trophoblast invasion,
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which occurs long before the clinical manifestation of
PE.

Similar results of PGF levels were reported by Atakul
[24]. According to these data, the serum levels of PGF
were significantly higher in healthy pregnant women
compared to women with PE (p<0.001), however, levels
did not differ in women with mild and severe PE. Duhig
et al. [25] illustrated that based on a group of 289 preg-
nant women with PE, a PGF cut-off point of <100 was
identified as an important prognostic value. PGF<100
pg/mL demonstrated high sensitivity (87.5%, 95% confi-
dence intervals [CI]: 67.6-97.3%) and was shown to have
a high predictive value (97.7%, 95% CI: 93.5-99.5%). It
is important to note that in this study, the PGF level
was also <100 pg/mL in pregnant women with PE at
12-14 weeks and 28-30 weeks, while in the normotensive
pregnant women, the PGF level had already reached
100 pg/ml in the first trimester, and this was significantly
higher compared to pregnant women with PE. In the
study by Duhig ez al. [25], the authors confirmed the
need to determine the level of PGF over time, which
may be clinically important in order to stratify risk with
PE symptoms. These data are consistent with the results
of the current study on the informative value of deter-
mining both the level of TNF-a in pregnant women (as
a likely predictor of PE) and the study of the dynamics
of this pro-inflammatory cytokine at different gesta-
tional ages [26-29].

Thus, the pro-inflammatory cytokines and growth
factors studied here may be considered as diagnostic
markers for the development of PE. However, as the
aetiology of PE is yet to be fully elucidated, the search
for predictors of PE should continue with emphasis on
sensitivity and specificity [30-32]. The levels of the
studied cytokines showed significant differences during
the development of PE both in the early stages and late
stages of pregnancy [33-35]. The levels of these cytokines
in combination may thus be considered as a potential
predictor of the development of late PE.

CONCLUSIONS

In pregnant women with PE, the levels of pro-inflam-
matory cytokines (TNF-o, IFN-y) are significantly
increased compared to healthy pregnant women at all
gestational ages (p<0.001). However, the level of 1L.-4
in pregnant women with PE is of low diagnostic
significance, as the level of this cytokine did not differ
relative to healthy pregnant women, and did not change
significantly over time. At all visits, the level of I[FN-y
was twice as high in pregnant women with PE, compared
to the level in normotensive pregnant women, however,
there was no change in IFN-y between visits in both
groups (p>0.05). IFN-y may therefore be a marker for
the development of PE in both early and late
pregnancy.

The level of TNF-o over time gradually decreased from
12-14 weeks to 36-38 weeks of gestation in both groups,
and this was significantly higher compared to the levels
in pregnant women of the control group at all gestation
periods. This data point to TNF-a as the cytokine with
the greatest diagnostic potential among the studied
pro-inflammatory cytokines. The dynamics of TNF-a
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level may thus be used to diagnose late PE. The levels
of PGF and VEGF in pregnant women with PE were
significantly lower than those in healthy pregnant
women, and over time, the levels of these growth factors
remained significantly lower compared to those of
healthy pregnant women. In pregnant women with PE,
there was no increase in the level of PGF or VEGF
during the second trimester, and there was no
pronounced peak at 28-30 weeks. In clinical practice, it
may be recommended to measure the levels of IFN-y,
TNF-0, PGF and VEGF-1 over time in order to support
the early diagnosis of PE. A high level of TNF-a and
IFN-y and low level of growth factors may indicate PE
development before the onset of clinical signs in preg-
nant women at any gestational age.
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