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Rho-associated kinases are serine/threonine kinases that have several functions which might contribute to various physiological

and pathological states in cells. There are two isoforms of these enzymes known as rho-associated kinase I (rock I, ROKb) and II

(rock II, ROKa). It has been shown that rock II may be a potential mediator of apoptosis. In addition, rocks play a crucial role in

the formation of microvilli-like structures. Increased placental apoptosis and microvilli shedding were shown in preeclampsia. We

hypothesized that altered rock expression may lead to the pathologies seen in preeclampsia. Therefore in this study we compared

placental rock II expression between normotensive and preeclamptic women using immunohistochemistry and Western blot.

Immunohistochemistry and Western blot experiments revealed that rock II is mainly localized in syncytiotrophoblast cells of the

placental villi and increased in preeclampsia. In addition to 160 kDa rock II molecule we also detected biologically relevant smaller

active form of rock II in preeclamptic but not in normal placentas. We suggest that increased rock II expression in preeclamptic

placentas may contribute to etiology or pathogenesis of this syndrome. However, it is considered that rock II expression may also

increase to compensate for placental functions changing in preeclampsia.
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INTRODUCTION

Preeclampsia is a complex multi-organ disease affecting 5e7%

of pregnant women and is the single most important cause of

maternal morbidity and mortality in developed countries

[1e4]. However, the pathophysiology of this syndrome is not

fully understood. The syndrome resolves after delivery, a fact

that points to a prime role of the placenta in the etiology of the

disease. The problem with the placenta is generally considered

to be an inadequate uteroplacental circulation leading to

placental hypoxia, oxidative stress and, in the most severe

cases, infarction. Frequently, morphologic abnormalities of the

placental villi are described in placenta derived from pre-

eclamptic pregnancies [5]. These placental changes include

infarcts, increased syncytial knots, cytotrophoblastic prolifera-

tion and thickening of trophoblastic basement membrane [6].

Rho is a small GTPase and thought to be the molecular

switch to mediate signals to various molecules. Recently,

numerous effector molecules of rho have been identified by

means of specific interactions with the active form of rho [7,8].

Rho effectors include two serine/threonine kinases that are

known as rock I and rock II. Rho kinases are composed

of NH2-terminal catalytic, coiled-coil, rho binding, and
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COOH-terminal pleckstrin-homology domains [9]. In addition

to rock activation by GTP-rho, when the COOH-terminal

portion of rho kinase is deleted, the NH2-terminal portion

containing the catalytic domain of rho kinase becomes

constitutively active and serves as the dominant active form

both in vitro and in vivo [10]. Rocks, or rho kinases, are

involved in many aspects of cell motility, from smooth-muscle

contraction to cell migration and neurite outgrowth. ROCKs

phosphorylate various substrates, including myosin light chain

phosphatase, myosin light chain ezrineradixinemoesin pro-

teins and LIM ( for Lin11, Isl1 and Mec3) kinases, and

mediate the formation of actin stress fibers and focal adhesions

in various cell types [11]. In addition to its physiological

importance, it has been shown that rho/rho kinase pathway is

involved in etiology or pathogenesis of several diseases such as

hypertension, cerebral and coronary vasospasm, bronchial

asthma, preterm labor, erectile dysfunction, malignoma and

endothelial dysfunction [12]. Recently, Song et al. have

demonstrated that rock II may be a potential mediator of the

morphological changes associated with apoptosis [13].

Shiokawa et al. have showed that small G protein rho and its

effector rho kinase were expressed in human trophoblast cells

and rho kinase is involved in trophoblast invasion [14]. In

another study, Thumkeo et al. generated rock II deficient mice

(�/�) by gene targeting and they showed that targeted

disruption of the mouse rock II gene results in intrauterine

growth retardation and fetal death [15].

� 2004 Elsevier Ltd. All rights reserved.
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These studies indicate that rho kinase may be one of the

important factors which are responsible for etiology and/or

pathogenesis of preeclampsia. However, there has been no

report in literature as to whether rho/rho kinase pathway is

involved in etiology and/or pathogenesis of preeclampsia.

Therefore, in this studywe evaluated expression and localization

of rock II in normal and preeclamptic human placentas.

MATERIAL AND METHODS

Placental tissue

Our protocol was approved by the Ethics Committee of the

Mersin University Faculty of Medicine. Nine severe pre-

eclamptic and 10 normotensive placental samples were

obtained from routine elective deliveries performed at the

Mersin University Hospital. Preeclampsia was diagnosed on

the basis of a blood pressure R160/110 mmHg, measured at

least 6 h apart with the patient at rest, in the presence of

significant proteinuria (R4 g/day).

Immunohistochemistry

Tissue from freshly dissected term placenta was fixed in neutral

formalin before dehydrating in a graded series of alcohols,

clearing in xylene and embedding in paraffin. Five micrometer

sections were cut from paraffin-embedded tissue blocks onto

silane-coated slides. Sections were dewaxed (xylene 2!3 min)

and rehydrated by passing through graded alcohols and rinsed in

water. Endogenous peroxidase activity was blocked with 3%

hydrogen peroxide in methanol for 10 min. Nonspecific binding

sites were blocked using 2% normal donkey serum and 1%BSA

in phosphate buffer saline for 30 min at room temperature.

Afterwards, 1/20 diluted monoclonal anti-rock II primary

mouse antibody (Transduction Laboratories) in PBS containing

bovine serum albumin solutionwas dropped on the sections, and

then the sections were incubated for one night in a C4 (C
refrigerator. The following day, biotin-bound goat anti-mouse

secondary antibody solution (ready to use, Lab Vision) was

dropped on the sections, and then the sections were incubated

for 1 h. They were incubated for additional 30 min with

avidinebiotineperoxidase enzyme reagent andwashed. Finally,

peroxidase substrate diaminobenzidin (DAB) was dropped and

they were incubated for 10 min while the staining intensity was

checked under the microscope. The sections were washed in

distilled water for 5 min, consecutively stained controversially

with hematoxylin. On the sections separated for negative

control, liquidifying buffer with no primary antibody was

dropped.

Western blot

Normal and preeclamptic placentas were homogenized in cold

buffer containing 50 mM TriseHCl ( pH 7.5), 400 mM NaCl,

2 mM EGTA, 1 mM EDTA, 1 mM DTT, 10 mM PMSF,

10 mg ml�1 leupeptine, 1 mg ml�1 pepstatin and 1 mM

benzamidine. Nuclei and unlysed cells were removed by low

speed centrifugation at 900!g, 4 (C for 10 min. Protein
concentration of supernatant was determined by Lowry

method. The supernatant (500 mg of protein) was mixed with

an equal volume of 2! SDS sample buffer and boiled for

5 min. Proteins were separated by SDS-polyacrylamide gel

electrophoresis (8% acrylamide) and blotted onto a PVDF

membrane. Membranes were blocked for 1 h with 5% (w/v)

dry nonfat milk in TBSetween. Blots were then incubated in

mouse monoclonal anti-rock II antibody which detects both

active and inactive forms of rock II (1:500, Transduction

Laboratories) for 3 h. An HRP-conjugated secondary antibody

was used in conjunction with an enhanced chemiluminescence

detection kit (ECL Plus) from Amersham Pharmacia Biotech

to visualize the immunopositive bands on X-ray film. After

blot analyses, blots were stained with Coomassie blue to ensure

equivalent protein loading. The intensities of the bands were

quantified by densitometric analysis using Scion image

computer program (Scion Corp. Beta 4.0.2). Whole rat brain

homogenate was used as an external control.

Data analysis

Data were statistically analyzed using the unpaired Student

t-test. Data are presented as meanG S.E. A value of P! 0:05
was considered significant.

RESULTS

Patient characteristics

In Table 1 the main characteristics of the patients and controls

are given. As opposed to the controls the majority of the

patients experienced an iatrogenic preterm delivery. Conse-

quently, mean gestational age was shorter and birth weight

lower in the patient group.

Localization of rock II

To determine localization or distribution of rock II within the

placenta, immunohistochemistry was used. Figure 1 shows the

protein expression of rock II in villous tissues from normal and

preeclamptic placentas by immunohistochemistry staining.

Immunohistochemical staining revealed that rock II protein is

mainly localized in syncytiotrophoblast cells of the villous

Table 1. Clinical characteristics of preeclamptic and normotensive
patients

Preeclamptic (n ¼ 9) Normal (n ¼ 10)

Maternal age (year) 26.8G 2.2 25.8G 1.6
Birth weight (g) 2124.4G 246.3* 3080G 47.3
Systolic blood
pressure (mmHg)

172.2G 4.7* 116G 3.1

Diastolic blood
pressure (mmHg)

114.4G 3.8* 73G 3.4

Gestational age (weeks) 33.9G 1.4* 39G 0.4
Proteinuria (g/day) 4.6G 0.6* 0G 0

Values are expressed as meanG S.E.
*P! 0:05; significantly different from normal.
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Figure 1. Photomicrographs of rock II immunostaining of chorionic villi
from normal (A) and preeclamptic (B) placental sections. Negative control
sections incubated with blocking solution without primary antibody show
no immunoreactivity (C). (Magnification 40!). The figure shows selected
photomicrographs from five normal and five preeclamptic samples. BarZ
10 mm.
tissue. However, endothelial and some stromal staining was

also detected. The rock II distribution displayed similar

pattern between normal and preeclamptic placental sections.

Protein expression of rock II in placental

homogenate

We evaluated rock II protein expression in normal and

preeclamptic human placentas using Western blot. As shown

in Figure 2, inactive form of rock II (160 kDa) expression

increased statistically in the preeclamptic placentas (n ¼ 5). In

addition to the inactive rock II molecule we also detected

biologically relevant smaller (130 kDa) active form of rock II in

preeclamptic placentas, but not in normal ones.

DISCUSSION

In this study, rock II expression and localization were

evaluated using Western blotting and immunohistochemistry

in normal and preeclamptic human placentas. We showed that

rock II is mainly localized in syncytiotrophoblast cells of the

villous tissue and increased in preeclamptic placentas. To our

knowledge this is the first study providing direct evidence of

increased rock II expression in the placenta of preeclamptic

women. We also showed that preeclamptic placentas have

detectable amounts of constitutively active rock II molecule.

However, we did not evaluate whether increased rock II

expression is a cause or a result of preeclampsia. In addition,

Figure 2. Expression of rock II in human placental homogenates from
normal and preeclamptic pregnancies. (A) Representative Western blot and (B)
absolute densitometric values for rock II expression obtained from normal and
preeclamptic placentas. The homogenates were subjected to SDS gel
electrophoresis and transferred to PVDF membranes, which were incubated
with specific antibody against rock II. BR: brain homogenate, NP: normal
placental homogenate, PP: preeclamptic placental homogenate, MW: molec-
ular weight markers. Data represent the meanG S.E.M. from four normal and
five preeclamptic placentas; ***P! 0:001.
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one limitation of our study is that gestational ages are different

between normal and preeclamptic groups.

During apoptosis, cells undergo distinct morphological

changes characterized by cell contraction, dynamic membrane

blebbing, and chromosome condensation [16]. Song et al. have

shown that rock II induces membrane blebbing and chromatin

condensation [13]. Their results indicate that rock II may be

a potential mediator of the morphological changes associated

with apoptosis.

Recently Ishihara et al. have demonstrated that syncytio-

trophoblast apoptosis increase in human term placentas

complicated by either preeclampsia or intrauterine growth

retardation [17]. In addition, it was shown that the microvilli

of syncytiotrophoblast are shed into the maternal circulation

throughout gestation perhaps as a result of apoptosis or

necrosis of syncytiotrophoblast. The amount of microvilli of

syncytiotrophoblast shed is significantly increased in pre-

eclampsia [18]. It is thought that microvilli of syncytiotropho-

blast may contribute to the maternal endothelial dysfunction

underlying preeclampsia [19,20] and may provoke an in-

flammatory response in the mother [21]. Taken together, rock

II may result in placental apoptosis and increase microvilli
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