
Introduction 

Preeclampsia is a pregnancy-specific complication char-

acterized by newly onset of hypertension and proteinuria

in the second half of pregnancy [1-3]. It complicates 2% to

8% of pregnancies and increases the mortality and mor-

bidity in both mother and child [1-3]. The outcomes of

preeclampsia have been improved in the past decades, but

the etiology of the disease remains largely unknown [1-3].

However, it is well accepted that normal pregnancy is a

condition of low grade inflammation, and exaggerated in-

flammation and vascular endothelial dysfunction are the

important pathogenesis and play critical roles in the devel-

opment of preeclampsia [1-3]. 

Very recently, it was described that serum endocan levels

were significantly higher in newly diagnosed patients with

essential hypertension compared with normotensive con-

trols [4]. Endocan, previously named endothelial cell-spe-

cific molecule 1 (ESM-1), is a novel human endothelial

cell-specific molecule and is expressed by the vascular en-

dothelium and secreted into the blood stream in healthy in-

dividuals [5]. The levels of endocan in circulation are

increased in acute and severe inflammation [4, 6-8]. Accu-

mulating evidences indicate that endocan is a novel marker

of inflammation and endothelial dysfunction [6, 9]. On the

other hand, it has been shown that the expression of endo-

can is upregulated by vascular endothelium growth factor

(VEGF), interleukin (IL)-1, and tumor necrosis factor

(TNF)-α [10, 11) while the blood levels of VEGF, IL-1, and

TNF-α were increased in patients of preeclampsia [12-14]. 

On the basis of these findings, the present authors hy-

pothesized that circulating endocan level might be altered

in normal pregnancy and/ or preeclampsia. To verify their

hypothesis, they determined serum concentrations of en-

docan in non-pregnant, normal pregnant, and preeclamptic

women. 

Materials and Methods

Subjects
Forty-two healthy non-pregnant women, 43 normal pregnant

women, and 41 women with preeclampsia (23 mild and 18 se-

vere) were recruited in Women’s Hospital, School of Medicine,

Zhejiang University. 

Pregnancy was diagnosed upon positive human chorionic go-

nadotropin test after missed menstruation. Gestational age was

calculated by menstrual dating. Ultrasound was performed to con-

firm pregnancy and gestational age. Preeclampsia was diagnosed

and classified according to the criteria recommended by American

College of Obstetrics and Gynecologist (ACOG): a systolic blood

pressure of 140 mm Hg or higher or a diastolic blood pressure of

90 mm Hg or higher on two occasions at least six hours apart oc-

curring after 20 weeks of gestation in a pregnant woman with pre-

viously normal blood pressure and detectable urinary protein (≥ 1

+ by dipstick or 0.3 g/24 hours and more) [15]. Severe preeclamp-

sia was defined as a blood pressure greater than or equal to

160/110 mm Hg with either a urine dipstick showing 3+ or 4+ in

a random urine sample or greater than 5.0 grams of proteinuria

over 24 hours [15]. Other evidence of severe disease included el-

evated serum creatinine, eclampsia, pulmonary edema, oliguria
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(less than 500 ml per 24 hours), fetal growth restriction, oligohy-

dramnios, and symptoms suggesting significant end-organ in-

volvement (headache, visual disturbance, or epigastric or right

upper quadrant pain). Women who met criteria of preeclampsia

but not severe preeclampsia were diagnosed mild preeclampsia.

Exclusion criteria were multiple gestation, diabetes mellitus,

chronic hypertension, infectious diseases recognized in preg-

nancy, premature rupture of membrane, active labor, polyhy-

dramnios, and signs of other concurrent medical complication.

The control women had no sign of gestational complications and

fetal distress and gave birth to healthy neonates of appropriate

size for gestational age. 

Clinical data and demographic data were collected according

to the medical records. The approval of the current study was ob-

tained from Institutional Ethical committee of Women’s Hospi-

tal, School of Medicine, Zhejiang University, and all the

participants provided their informed consents. 

Sample collection and assay
Blood samples were taken from pregnant women after admis-

sion before medical treatment or from non-pregnant women at

their healthy examination and centrifuged after standing at room

temperature for at least 30 minutes. Serum was separated and

aliquoted in -80 C until assayed. Endocan concentrations were

measured with a commercially available human endocan/ESM-1

enzyme-linked immunosorbent assay (ELISA) kits.

Statistic analysis 
Data were tested by Kolmogorov-Smirnov test for their distri-

bution. Normally distributed data were presented in mean ± stan-

dard deviation (SD) and compared by Student’s t-test or one-way

ANOVA, while data with skew distribution were presented in me-

dian and quartiles and compared with Mann-Whitney test or

Kruskal-Wallis test. Category data were compared with chi-square

(χ²) test and the correlation was analyzed with regression analy-

sis. Statistic package SPSS was used for data analysis. A p < 0.05

was considered to be statistically significant. 

Results

Table 1 shows the clinical data. There were significant

differences in maternal age among healthy non-pregnant

women, normal pregnant women, and women with

preeclampsia (F = 5.532, p = 0.005). The maternal age was

not significantly different between non-pregnant and nor-

mal pregnant women (P = 0.239), but women with

preeclampsia were significantly older than non-pregnant

women (p = 0.001) and normal pregnant women (p =

0.037). As expected, there were significant differences in

gestational age at sampling (t = 8.096, p < 0.001), gesta-

tional age at delivery (t = 7.804, p < 0.001), and neonatal

birth weight (t = 7.708, p < 0.001) between normal pregnant

women and women with preeclampsia. There was no sig-

nificant difference in fetal gender between groups (χ² =

1.248, p = 0.282). 

There were no significant differences in serum endocan

among non-pregnant women, normal pregnant women and

women with preeclampsia (χ² = 2.207, p = 0.137; Figure 1)

and there was no significant difference in serum endocan

between women with mild and severe preeclampsia (Z =

0.368, p = 0. 713; Figure 2). 

Correlation analysis showed that serum endocan was not

significantly correlated with maternal age in non-pregnant

women (r = 0.035, p = 0.826), normal pregnant women (r =

0.107, p = 0.501), preeclamptic women (r = 0.131, p =
0.413), and all subjects (r = 0.060, p = 0.507). Similarly,

there was no significant correlation between gestational age

at delivery and endocan in normal pregnant women (r =

0.04, p = 0.763), preeclamptic women (r = 0.013, p = 0.934),

and all subjects (r = -0.081, p = 0.461). 

Discussion

In the current observation, the authors revealed for the first

time that serum endocan, a novel marker of inflammation,

did not significantly differ among healthy non-pregnant

women, normal pregnant women, and preeclamptic women.

Furthermore, correlation analysis which revealed no signif-

icant correlation between endocan level and maternal age or

gestational age, excluded possible confounding effects on

serum endocan by maternal age or gestational age. These

findings indicate that endocan, an inflammatory mediator,

might not be involved in the pathogenesis of preeclampsia. 

Very recently, Balta et al. [4] reported that  circulating en-

docan was significantly increased in patients with essential

hypertension compared with normotensive subjects and

serum endocan level was significantly correlated with carotid

intima-media thickness (cIMT) and high-sensitivity C-reac-

tive protein (hsCRP). In patients with psoriasis vulgaris, Be-

hcet disease, and inflammatory bowel disease, all of which

are inflammatory diseases, serum levels of endocan were sig-

nificantly increased compared with controls [7, 8, 16]. Fur-

thermore, serum endocan level was significantly correlated

with psoriasis activity and severity index (cIMT and hsCRP)

in psoriasis patients [7], and, CRP, erythrocyte sedimenta-

tion rate, and Behcet disease activity in patients with Behcet

disease [8]. In addition, serum endocan level was dramati-

cally increased in patients with septic shock [5]. These arti-

cles suggest that endocan is a marker for inflammation and

endothelial dysfunction and has a functional role in the de-

velopment of endothelium-dependant pathological disorders. 

Normal pregnancy is a condition of low-grade systemic

Table 1. — Clinical data.
Non- Normal Preeclampsia p
Pregnancy Pregnancy

42 43 41

Maternal age (y) 28.14±2.95 29.00±2.94 30.53±3.93 0.005

Gestational age

sampling (w)

- 38.81±1.14 34.26±3.45 < 0.001

Gestational age

at delivery (w)

- 38.88±1.09 34.61±3.41 < 0.001

Birth weight (g) - 3370±394 2217±894 < 0.001

Fetal gender -

Male: 21 Male: 16

Female: 22 Female: 25

0.282
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inflammation and preeclampsia is an excessive systemic in-

flammation response with dysfunction of endothelium. Pre-

viously, the present authors reported that serum levels of

IL-15, IL-16, and IL-18 were significantly increased in

women with preeclampsia compared with normal pregnant

women [17, 18]. In a meta-analysis of 23 studies comprised

of 1,015 preeclamptic women and 925 normotensive preg-

nant women, it was found that maternal circulating TNF-α

was significantly higher in women with preeclampsia than

normotensive pregnant women and women with severe

preeclampsia, and women with mild preeclampsia both had

significantly higher circulating TNF-α than normotensive

pregnant women [13]. Furthermore, the levels of maternal

IL-6 and IL-10 were altered in a similar pattern [13]. Mater-

nal IL-1β increased significantly in women with preeclamp-

sia compared with normal pregnant women [12]. On the

other hand, dysfunction or activation of vascular epithelial

cell is one of characteristics of preeclampsia and is the key

pathology leading placental ischemia to systemic pathology

[2]. Maternal biomarkers of endothelial injury including sol-

uble intercellular adhesion molecule-1 (ICAM-1), vascular

cell adhesion molecule-1 (VCAM-1), E-selectin (E-selectin),

thrombospondin, soluble fms-like tyrosine kinase-1 (sFlt-1),

VEGF, and nitric oxide were significantly changed in

preeclampsia (14, 19-20). 

Endocan is a protein encoded by ESM-1 gene in humans,

and is preferentially expressed in epithelium of neovascula-

tures [21, 22]. Some tumor cells at least including renal cell

carcinoma [23], stomach cancer [24], and glioblastoma [25]

also express endocan. The expression of endocan is regu-

lated by a number of cytokines and growth factors. VEGF, fi-

broblast growth factor-2 (FGF-2, also named basic FGF or

bFGF), TNF-α, and IL-1 upregulate endocan expression in

vitro [10, 11, 22]. In addition to elevation of blood VEGF,

IL-1, and TNF-α as summarized above, serum FGF-2 was

also significantly increased in patients with mild preeclamp-

sia [26]. 

Endocan is a biomarker for inflammation response and

dysfunction of vascular endothelial cell, while preeclampsia

is a condition of exaggerated systemic inflammation re-

sponse accompanied by dysfunction of vascular endothe-

lium. On the other hand, cytokines and growth factors

upregulating endocan expression in vitro increases in patients

with preeclampsia. As these two factors are considered, it is

reasonable to propose that endocan level may be elevated in

patients of preeclampsia. However, the present authors did

not find any significant alteration in serum endocan in either

normal pregnancy or preeclampsia. These findings imply that

endocan is among the molecules involved in the pathogene-

sis of preeclampsia. Further studies are required to confirm

these findings and explore possible roles of endocan in

preeclampsia.

Figure 1. — Comparison of serum endocan among non-pregnant

women, normal pregnant women, and women with preeclampsia.

There were no significant differences among healthy non-preg-

nant women (non-pregnancy), normal pregnant women (normal

pregnancy), and preeclamptic women (preclampsia) (χ² = 2.207,

p = 0.137). The bold line represents the median, the box repre-

sents the quartiles, and the ends of whiskers represent 97.5 and

2.5 percentiles. Circles and asterisks represent mild and extreme

outliers. 

Figure 2. — Comparison of serum endocan between mild and se-

vere preeclampsia. There was no significant difference in serum

endocan between women with mild (mild) and severe (severe)

preeclampsia (Z = 0.368, p = 0. 713). The bold line represents the

median, the box represents the quartiles, and the ends of whiskers

represent 97.5 and 2.5 percentiles. Circles and asterisks represent

mild and extreme outliers.
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Conclusion

Serum level of endocan did not significantly differ among

healthy non-pregnant women, pregnant women, and women

with preeclampsia, and endocan may not play an important

role in the pathogenesis of preeclampsia. 
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