MOLECULAR MEDICINE REPORTS 6: 83-87, 2012

Serum protein microarray analysis of patients with preeclampsia
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Abstract. The present study identified novel factors related
to preeclampsia. Serum samples were analyzed using a
membrane-based human cytokine microarray technology
in patients with preeclampsia. Serum was collected from
29 healthy pregnant subjects, 16 gestational hypertensive
patients and 31 patients with preeclampsia. The samples for
microarray analysis were randomly selected from 8 subjects,
5 patients with preeclampsia and 3 healthy pregnant controls.
Serum was analyzed using a custom human cytokine micro-
array (RayBio® Custom Human Cytokine Array) designed
to analyze 120 specific cytokines simultaneously. The levels
of STNF-R1, Axl and TIMP-2 were further measured by
sandwich enzyme-linked immunosorbent assay (ELISA). In
microarray analysis, there were no significant differences in
most of the measured parameters among the two study groups,
except in serum TNF-R1, Ax] and TIMP-2 (P=0.021, P=0.034
and P=0.040, respectively). ELISA showed that the serum
TNF-R1 levels were significantly higher in preeclampsia
patients (288.06+78.30 pg/ml) compared to patients with
gestational hypertension (229.81+47.65, P=0.005) and healthy
pregnant subjects (247.48+59.00, P=0.009). Serum Axl
levels were markedly higher in patients with preeclampsia
(2.28+0.25 ng/ml) compared to patients with gestational
hypertension (2.05+0.21 ng/ml) and healthy pregnant subjects
(2.11+0.28, P=0.005). Additionally, preeclamptic patients
had higher TIMP-2 levels (3.33+1.01 ng/ml) as compared
to gestational hypertensive patients (3.13+0.56 ng/ml) and
healthy pregnant women (3.00+0.49 ng/ml), but there was no
pronounced difference between the three groups (F=1.285,
P=0.283>0.05). Our results demonstrated that two biological
processes related to inflammatory response and endothelium
activation are involved in the pathogenesis of preeclampsia.

Introduction

Preeclampsia, an important cause of maternal and perinatal
mortality and morbidity, is thought to be a consequence
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of impaired trophoblastic invasion of the maternal spiral
arteries (1,2). This leads to placental hypoxia and the release
of inflammatory factors causing endothelial cell activation
and damage (3). Cytokines are found to be involved in
fetoplacental development, and have been suggested to be
the placental factor capable of damaging endothelial cells
and contributing to many of the pathophysiological changes
associated with preeclampsia (4). We applied cytokine anti-
body microarray to identify the key factor(s) associated with
preeclampsia.

In the present study, we sought to characterize the cytokine
profile in the serum of preeclampsic women, using an anti-
body microarray system (RayBio® Custom Human Cytokine
Array). This antibody microarray allows the measurement
of 120 proteins in samples of a small volume. This system
possesses the advantages of enzyme-linked immunosorbent
assay (ELISA) in specificity, enhanced chemiluminescent
(ECL) in sensitivity and microspot in high-throughput. With
this approach, capture antibodies are spotted onto membranes
which are then exposed to a sample containing the proteins
of interest. The corresponding antigens bind to their cognate
antibodies spotted onto the membranes and are detected by a
cocktail of detection antibodies. This system is characterized
by high specificity and sensitivity. Utilizing this approach,
we characterized the cytokine profiles between preeclamptic
pregnant patients and healthy controls aiming to identify novel
inflammatory mediators associated with preeclampsia.

Materials and methods

Subjects. Preeclampsia was defined by increased blood pres-
sure (=140 mmHg systolic or =90 mmHg diastolic on two
or more examinations with an interval of at least 6 h apart)
that occurs after 20-week gestation in a woman with previ-
ously normal blood pressure, accompanied by proteinuria
(=0.3 g/24 h or =1+ on dipstick examination in the absence of
urinary tract infection).

Exclusion criteria included multifetal gestation, chronic
hypertension, diabetes mellitus, autoimmune disease, angi-
opathy, renal disorder, maternal or fetal infection and fetal
congenital anomaly. None of the pregnant women were in
active labor, and none had rupture of membranes.

The study protocol was approved by the Regional and
Institutional Committee of Science and Research Ethics of the
Beijing Obstetrics and Gynecology Hospital, Capital Medical
University, and written informed consent was obtained from
each patient before the study.
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Sample collection. Fasting blood samples were taken from the
antecubital vein, and then centrifuged at room temperature for
10 min at 3,000 x g. Aliquots of serum were stored at -80°C
for use.

Cytokine antibody microarray analysis. Serum was diluted
to 1:3 and probed for the cytokine profile using the RayBio
Human Cytokine Antibody Array kit according to the manu-
facturer's instructions (No. AAH-CYT-G1000; RayBiotech,
Norcross, GA, USA). A total of 120 factors were evaluated
(for a complete list of factors, refer to www.raybiotech.com)
on two slides: series 6 (60 cytokines) and series 7 (60 cyto-
kines), and 50 ul of samples was incubated on the microarray.
Microarray analysis was performed according to the manu-
facturer's instructions, and the cytokines were detected by
fluorescence staining. Films of array dots were scanned
with a confocal laser fluorescence scanner (Luxscan-10K/A;
CapitalBio, Beijing, China) with a resolution of 10 ym per
pixel. Both the laser power and photomultiplier gain were
set at 70%. Image analysis was carried out with Spot Data
Pro 2.0 (CapitalBio), and final values were calculated using
G Series 1000 Analysis Tool software (RayBiotech). Data
were subtracted for local background and normalized to
internal positive and negative controls. Data of healthy
pregnant subjects were compared to those of preeclampsic
patients using two independent t-tests. A value of P<0.05 was
considered to indicate statistical significance.

ELISA. Plasma content of STNF-R1 (catalog no. DRT100,
STNF-R1; R&D Systems, Abingdon, UK) was determined
using ELISA. The intra-assay variation coefficient was 4.7%
and the interassay variation 8.8%. The TIMP-2 ELISA kit
(DTM200) was purchased from R&D Systems. The intra-assay
variation coefficient was 4.4% and interassay variation 6.8%.
Plasma content of Axl (catalog no. ab99976; Abcam, UK) was
determined by ELISA. The intra-assay variation coefficient
was <10% and the interassay variation <12%. Assays were
performed according to the manufacturer's instructions.

Statistical analysis. In the cytokine assay, the results are
expressed as the means + standard deviation (SD). Data of
healthy pregnant subjects and preeclampsia patients were
compared using two independent t-tests. In ELISA, data are
expressed as the means + SD. One-way analysis of variance
(ANOVA) was performed to compare the results among
different groups. A value of P<0.05 was considered to indicate
statistical significance.

Results

Clinical characteristics. The clinical characteristics of the
participants are documented in Table I. There was no statisti-
cally significant difference in terms of age, gestational age and
body mass index (BMI) between the preeclamptic patients and
healthy pregnant women.

Cytokine antibody microarray analysis. Serum of women in
the two study groups was exposed to RayBiotech Cytokine
Antibody Microarray, and 120 proteins in the microarray
were detectable (Fig. 1). There were no significant differences

Table I. Clinical characteristics of the subjects.

Proteinuria Gestational age Fetal birth

Diastolic blood
pressure (mmHg)

Systolic blood
pressure (mmHg)

BMI at delivery

Pre-pregnancy
BMI (kg/m?)

Age

(years)

Group

(weeks) weight (g)

(mg/24 h)

(kg/m?)

2,875

36
37
37
37
37
37
37
37

340
1,380
5,980

75
100

165

23.6

174

28

1 Pre-eclampsia
2 Pre-eclampsia
3 Pre-eclampsia
4 Pre-eclampsia

2,470

150

29.3

25.8

30

2,315

90
100

145

26.8

20.8

36

2,210

7,580

150

30.0

24.0

26

2,310

570
n.a

90
80
75

130
125

28.7

193

22
31

5 Pre-eclampsia

6 Normal
7 Normal

3,125
2,670

29.1

25.1

n.a

117
120

332

30.5

32
36

3,296

n.a

80

28.1

22.5

8 Normal

n.a., not available; BMI, body mass index.
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Figure 1. RayBio® Human Cytokine Antibody Microarray (AAH-CYT-G1000), i

ncluding two slides: series 6 (60 cytokines) and series 7 (60 cytokines). A total

of 60 antibodies against cytokines and chemokines were placed on the microarray. (A) Representative membrane protein microarrays were incubated with the
serum of 5 preeclamptic subjects (top; A), and 3 healthy pregnant subjects (bottom; A). (B) Preeclampsic women showed significantly increased serum levels
of TNF-R1, Axl and TIMP-2 when compared to healthy pregnant women. (C) The names and locations of each cytokine/chemokine custom spots are listed.

Table II. Densitometric values of chemokine/cytokine in the RayBiotech Antibody Microarray analysis (means + SD).

Factor Preeclampsia (n=5) Normal pregnancy (n=3) t P-value
Axl 137.00+38.81 72.67+10.26 -2.732 0.034
STNF-RI 559.40+164.14 288.33+12.70 -3.675 0.021
TIMP-2 1,925.60+476.25 1,163.67+156.18 -2.614 0.040
TGF-33 9.00£2.92 14.00+1.73 2.652 0.038
ICAM-3 12.00+1.87 7.33+0.58 -4.087 0.006

in most of the measured parameters between the two study
groups, except in serum TNF-R1, Axl, TIMP-2, TGF-f3 and
ICAM-3 (P=0.021, P=0.034, P=0.040, P=0.038 and P=0.006,
respectively; Table II).

ELISA. The serum levels of TNF-R1, Axl and TIMP-2
were further confirmed by ELISA. Results revealed that
patients with preeclampsia showed significantly higher
serum TNF-R1 levels (288.06+78.30 pg/ml) than women
with gestational hypertension (229.81+47.65, P=0.005)
and healthy pregnant controls (247.48+59.00, P=0.009)
(Fig. 2A). Serum Axl levels were also markedly increased
in preeclamptic patients (2.28+0.25 ng/ml) when compared
to the gestational hypertensiven subjects (2.05+0.21 ng/ml)
and healthy pregnant subjects (2.11+0.28 ng/ml, P=0.005)
(Fig. 2B). Additionally, preeclamptic patients had higher
TIMP-2 levels (3.33+1.01 ng/ml) as compared to gestational
hypertension patients (3.13+0.56 ng/ml) and healthy pregnant
women (3.00+0.49 ng/ml), but there was no significant differ-

ence among the three study groups (F=1.285, P=0.283>0.05)
(Fig. 2C).

Discussion

Preeclampsia is a pregnancy-specific syndrome characterized
by hypertension and proteinuria. It occurs in 3-5% of preg-
nancies and leads to high maternal and fetal morbidity and
mortality (1). In the past two decades, studies have revealed
that preeclampsia is a multi-systemic syndrome with complex
pathophysiological changes, such as endothelial dysfunc-
tion, inflammatory response, activation of the coagulation
system and metabolic alteration (2). It is widely believed that
the pathophysiological changes in preeclampsia may result
from the abnormal expression of certain proteins (3). Thus,
comparing the systemic immune balance by simultaneously
measuring cytokines, chemokines and other inflammatory
markers in the serum of preeclampsia women to that of women
with normal pregnancy is of interest.
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Figure 2. Serum protein levels of healthy pregnant control (hatched bar) and preeclamptic patients (dotted bar) was determined by ELISA. (A) sSTNF-R1
levels were markedly increased in the preeclamptic patients when compared to the healthy pregnant controls. (B) Axl levels were dramatically increased in
the preeclamptic patients. (C) TIMP-2 levels were increased in the preeclamptic patients when compared to the healthy pregnant controls, but there was no

statistically significant difference between the two study groups. ‘P<0.05.

Our findings showed significant elevation of serum Axl
in preeclampsic women as compared to those with a normal
pregnancy. To our knowledge, serum Axl has never been
measured in patients with preeclampsia. Axl is a member of
the Tyro3, Axl and Mertk (TAM) family of receptor tyrosine
kinases (RTKs) and expressed in endothelial cells, vascular
smooth muscle cells and fibroblasts in the vessel wall (5,6).
The TAM family of RTKSs regulates an intriguing mix of
processes, including cell proliferation/survival, cell adhesion
and migration, clot stabilization and regulation of inflamma-
tory cytokine release. The endogenous ligand for Axl is growth
arrest specific protein 6 (Gas6). Axl and Gas6 are mainly
expressed in endothelial cells, where they are of importance
for endothelial activation (7). A study of Melaragno et al
for the first time reported that Axl and Gas6 expression was
regulated in response to vascular injury (6). Gas6 is also
involved in the phagocytosis of apoptotic cells (8,9), and
increased circulating Gas6 may be a sign of up-regulation of
Gas6 because of increased apoptosis. Axl has been shown to
bind and inhibit Gas6 in a variety of experiments (10), and
increased serum AxI is associated with the enhancement of
Gas6-mediated signaling. Whether the increased internaliza-
tion of AxI is attributed to the increased Gas6 expression
remains to be elucidated.

Matrix metalloproteinases (MMPs) are a family of zinc
and calcium-dependent endopeptidases involved in the remo-
deling and physiological homeostasis of the extracellular
matrix (ECM) (11). MMP activity is predominantly modu-
lated by their specific tissue inhibitors (TIMPs). The balance
between MMPs and TIMPs is likely to play an important role
in the remodeling of uterine arteries in pregnancy, and it may
represent the means by which vasodilatation is maintained in
later pregnancy (12). It has been confirmed that MMP-2 and
TIMP-1 expression is significantly increased in preeclampsic
patients (13,14). Changes in circulating levels of MMP-9,
TIMP-1 and TIMP-2 have also been noted in gestational
hypertensive patients (15). Merchant and Davidge found a
significantly enhanced release of MMP-2, TIMP-1 and TIMP-2
from the umbilical vein endothelial cells of preeclamptic
women when compared to normotensive women (16). Higher

amniotic fluid MMP-2 and TIMP-2 levels have been found in
women who eventually develop preeclampsia (17). Increase in
TIMP-2 has been noted during the physiologic placentation,
further supporting the hypothesis that TIMP-2 plays a pivotal
role in decidualization. Hurst and Palmay observed that
TIMP-2 was strongly expressed in primary decidual tissues
and modulated trophoblastic invasion (10), whereas Okamoto
et al demonstrated that both the mRNA and protein expres-
sion of TIMP-2 was markedly decreased in hydatidiform mole
and choriocarcinoma tissues, suggesting that the imbalance
between MMP and TIMP may be involved in the pathogen-
esis of these diseases (18). In the present study, our findings
confirmed the TIMP-2 was significantly increased in patients
with preeclampsia, which is consistent with previous studies,
suggesting that elevation of TIMP-2 may contribute to the
inadequate trophoblast invasion and physiologic remodeling
of spiral arteries that is central to the pathophysiology of
preeclampsia.

A normal pregnancy is accompanied by an inflammatory
response, which is exaggerated in the case of preeclampsia.
Thl-type cytokines, such as tumor necrosis factor-a (TNF-a),
induce trophoblastic apoptosis and restrain differentiation and
invasion of trophoblasts, thus resulting in the incomplete inva-
sion of trophoblasts to spiral arteries and shallow implantation
of placenta, which are integral pathologies of preeclampsia
(19). TNF-a levels were found to be higher in preeclamptic
women than in normotensive controls in several studies
(20,21). TNF-a functions by interacting with TNF receptors.
Different TNF-a receptors have distinct biological effects:
the 55-kDa TNF receptor (TNF-R1) induces apoptosis, and
the 75-kDa TNF receptor (TNF-R2) induces proliferation
through activating the transcription factor-xB (22). Shedding
of these soluble receptors of TNF-a from the cell membranes
plays a role in the regulation of biological effects of TNF-a
by decreasing its availability as a ligand (23,24). Moreover,
plasma or serum concentrations of soluble TNF-Rs are consid-
ered as markers for excessive TNF biological activity, since
these receptors have a longer half-life than their ligand.

Several studies have reported that the maternal serum
levels of both TNF-a and TNF-R1 are significantly increased
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in preeclampsic patients when compared to normotensive
controls (25,26). While certain studies report increased
TNF-a or TNF-R1 levels at as early as the first trimester
in patients who subsequently develop preeclampsia, others
reveal no significant difference between preeclampsic patients
and controls (27,28). Leal et al found that maternal serum
TNF-R1 levels at 11-13 weeks gestational age was increased
in pregnant subjects developing preeclampsia, but the TNF-R1
levels were not associated with the degree of impairment in
placental perfusion or the severity of preeclampsia (29). Our
findings were consistent with the above-mentioned studies and
supported the hypothesis that intravascular inflammation is a
mechanism of preeclampsia.

It is puzzling that we were unable to find any significant
differences in the serum levels of other factors between
preeclampsic women and healthy pregnant women, such
as immunological markers during preeclampsia studied in
previous studies (i.e., IL-1,1L-2,IL-4,1L-6,IL-8, IL-10, IFN-y
and TNF-a). Further studies are required to confirm the role of
these factors in the pathogenesis of preeclampsia.

In conclusion, our findings confirm that elevated TIMP-2 in
preeclampsia may attribute to inadequate trophoblast invasion.
The increase in serum TNF-R1, a pro-inflammatory cytokine,
in preeclampsia women as compared to healthy pregnant
women, supports the hypothesis that preeclampsia is associ-
ated with an increase in inflammatory responses. Notably, our
results also revealed an increase in Axl, suggesting that Axl
may serve as a new marker of endothelial activation in patients
with preeclampsia. Taken together, our results indicate that
preeclampsia is a systemic maternal disease. Although the
etiology of preeclampsia is not completely clear, an important
pathophysiologic feature of preeclampsia is systemic inflam-
mation, which subsequently results in widespread endothelial
dysfunction.
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