TH=

ISSN: 0976-3104
SPECIAL ISSUE: REDOX BIOLOGY IN CARDIOVASCULAR AND NEUROLOGICAL DISORDERS

NS

OURNINL

CYTOPROTECTIVE ROLE OF HSP70 IN PREECLAMPTIC TROPHOBLAST
AND ITS ROLE IN PROGRAMMING OF CARDIOVASCULAR DISEASE

Ekambaram Padmini” and Venkatraman Uthra
Department of Biochemistry, Bharathi Women'’s college, Chennai, Tamil Nadu— 600108, INDIA

s
s
=
=
Q
o
°
)

Received on: 16"- Mar- 2011; Revised on: 18™-March-2011; Accepted on: 19"-Mar-2011; Published on: 15"-Aug-2010.
*Corresponding author: Email: ntrfowc@gmail.com, dstpadmini@rediffmail.com; Tel: +91-44-26213748 Fax: +91- 044-25280473

ABSTRACT

Preeclampsia is a common pregnancy specific syndrome that is more often associated with
trophoblast dysfunction during the first trimester of pregnancy. Trophoblast plays a central role in
determining fetal growth and the development of pregnancy complications as wells as in
programming of cardiovascular and metabolic disease in the developing fetus. Infection specific
inflammation is a primary mediator of trophoblast complication. The role of U. urealyticum in
altering Preeclamptic trophoblast complications are largely overlooked under such condition. Heat
shock protein 70 (HSP70) is a molecular chaperone playing significant role in control of
preeclamptic progression and protection of the developing fetus. c-jun N terminal Kinase (IJNK) is
J a signaling molecule having potential role in apoptosis regulation. During preeclampsia and

infection there is an altered balance between proliferation and apoptosis of villous trophoblast.
i There was a significant decrease in the trophoblast, endothelial cell viability in U. urealyticum

infected preeclamptic (p<0.001), uninfected preeclamptic (p<0.05) cells when compared to
normotensive trophoblast and endothelial cell. The changes in the expression of apoptosis
regulating signal JNK in response to cytoprotective HSP70 level in the 3 study groups revealed the
anti-apoptotic role of HSP70 in restoring trophoblast turnover during conditions of preeclampsia
and U. urealyticum infection. The study result emphasizes the importance of HSP70 analysis
under conditions of preeclamptic U. urealyticum infection.
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[1] INTRODUCTION

Preeclampsia is a major cause of materno-fetal morbidity and
mortality affecting 7—10% of all pregnancies. Preeclampsia (PE)
is a hypertensive pregnancy disorder marked by superficial
implantation and inadequate placental perfusion that has been
linked to increased oxidative stress. Pregnancy diseases, such
as preeclampsia is associated with an alteration of trophoblast
differentiation, and invasion [1]. Pregnancy specific
complications can result in cardiovascular disease in the later
life of both mother and fetus which may be genetic or
programmed in-utero. The in-utero programming is restricted to
the modification in trophoblast. Preeclampsia not only elevates
obstetric morbidity and mortality, but also places the mother at
increased risk for developing cardiovascular disease (CVD)
later in life. It is mainly the trophoblast, one of the major cell
types of placenta that orchestrates the complex biomolecular
interactions between fetus and mother during pregnancy [2]. In
preeclampsia, cytotrophoblasts fail to invade the spiral
arterioles; as a result, these vessels do not enlarge, severely
compromising their ability to deliver maternal blood to the
intervillous space [3]. Changes in trophoblast activity play a

central role in determining fetal growth and the development of
pregnancy specific complication along with fetal programming
of cardiovascular and metabolic disease [4]. Preeclampsia
represents a major long term cardiovascular risk factor for the
mother and the child. Endothelial dysfunction commonly noted
during preeclampsia is a predisposing factor for abnormal
placentation which arises due to improper trophoblast invasion
[5] and may represent the link between placentation defects and
the development of CVD.

The presence of Ureaplasma urealyticum infection in
preeclampsia and the role of U. urealyticum infection in altering
placental stress have been demonstrated earlier [6]. Reports
suggest that U. urealyticum infection leads to ROS mediated
cell death and sperm cell inactivation [7]. U. urealyticum
infection mediated apoptosis [8] and phagocytosis [9] are
demonstrated. Preeclampsia is often accompanied by hypoxia of
the placenta and this condition induces apoptosis in
trophablastic cells [10]. The relationship between infection and
cardiovascular disease is considered to be associated with the
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inflammation reaction. Earlier reports on infection and
cardiovascular disease have shown a role of C pneumoneae, (the
main cause of community acquired pneumonia) in future
coronary heart disease [11, 12]. The involvement of
Mycoplasma pneumoniae in cardiovascular diseases has been
previously reported [29]. Pathological fetal growth increases the
risk for perinatal complication and predisposes the baby for the
development of cardiovascular disease. The contribution of both
preeclampsia and U. urealyticum infection in oxidative stress
are well demonstrated [30, 6]. Oxidative stress underlies the
molecular basis via which prenatal hypoxia contributes to the
developmental programming of cardiovascular disease of the
mother and fetus.

Heat Shock Protein (HSP) is a major molecular chaperone that
gets increased in response to a variety of stress stimuli and
restores protein homeostasis. HSP70 one of the major HSP gets
over expressed during preeclampsia in placental tissue [13],
endothelial cell [14] and endothelial cell mitochondria [15]. An
increase in HSP70 in response to U. urealyticum infection in
preeclamptic placental tissue has also been reported [6]. HSP70
is a cytoprotective protein that has a major role in controlling
programmed cell death [16]. HSF-1 (Heat shock factor-1) is the
nuclear transcription factor involved in mechanistic regulation
of HSP70 expression. In response to stress stimuli free HSF-1
will trimerize, translocate into the nucleus and gets
phosphorylated to stimulate HSP synthesis [17]. c-Jun N-
terminal protein kinase (JNK) is a subfamily of the mitogen
activated protein kinase (MAPK) superfamily and plays a
pivotal role in the transmission of extracellular signals through
the cytosol to the nucleus that will promote either the cell
growth or cell death depending on the activation stimuli [18,
19]. This study will analyze the role of U. urealyticum infection
in altering preeclamptic trophoblast complication, additionally
suggesting the role of U. urealyticum in fetal programming of
cardiovascular disease. Further the study will also analyze the
change in viability of trophoblast cells between normotensive,
preeclamptic and preeclamptic with U. urealyticum infection,
with the corresponding change in the expression of HSP70,
HSF-1 and JNK.

[1I] MATERIALS AND METHODS

2.1. Selection of subjects

The patients of obstetrics and gynecology department enrolled in a
public sector hospital were chosen as subjects. The study was carried
out for a period of one year. pre-eclamptic patients undergoing c-
section; of age group 22-40 years characterized with a blood pressure
greater than 140/90 mm Hg but less than 160/110 mm Hg, a proteinuria
levels > 0.3 g/dL found in no less than 2 random specimens and
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xanthine oxidase activity of approximately 2.6 units /mg protein [20].
Patients with severe Pre-eclampsia and other severe maternal
complications were excluded from the study. Normotensive healthy
pregnant subjects undergoing c-section who were of similar race, body
mass index (BMI) and without maternal and fetal complications during
pregnancy were also chosen as control for the study. The clinical
characteristics of the pre-eclamptic and normotensive subject selected
for the study are given in [Table-l]. All the c-section deliveries were by
choice of the patient or due to previous c-section. U. urealyticum
infection in preeclamptic placenta was confirmed by performing microbial
culture in A8 agar and U9 broth.

2.2. Isolation of trophoblast

Third-trimester villous trophoblast cells, which were used for comparison,
were isolated from term placentas by the method of Douglas and King
[21]. Human term placentas from the preeclampsia and normotensive
subjects after delivery were obtained immediately after elective C-
section, in accordance with the established guidelines of the institutional
ethical committee along with the informed consent of the patient. Briefly,
placental villi were cut and thoroughly washed to remove blood.
Thereafter, they were incubated four times in a digestion medium
composed of HBSS, containing trypsin and deoxyribonuclease for 30
min at 37°C in a water bath with continuous shaking. The dispersed cells
were layered on top of a discontinuous 5-70% Percoll gradient, and
centrifuged for 25 min at 507 Xg. The intermediate layers (density
between 1.048 and 1.062) containing cytotrophoblast cells were
removed and washed, and cell viability was determined by trypan blue
exclusion. Following trophoblast isolation, cells were seeded at a density
of approximately 1.6x10° cells per well in 6-well plate. The complete
culture medium, constituted of M199, 2mM glutamine, 10% FBS. All the
experiments were performed within a day of trophoblast isolation in-order
to overrule the influence of cultivation process.

2.3. Isolation of endothelial cells

Endothelial cells were isolated from term human placenta of
normotensive and preeclampsia subjects with and without U. urealyticum
infection according to the method of Herr et al [22] with slight
modification. The excised Placental choriodecidua was washed in
Hank's Balanced Salt Solution (HBSS) to remove the blood and visible
blood clots, microvessels were removed from the tissue. it was then
thoroughly minced in HBSS and was passed through a 90 um sieve.
Collagenase type | (Sigma, St Louis, MO, USA) at 1.4mL per gram of
placental tissue was added, and the contents were shaken at 37°C for
80 min. Following several washes with HBSS and centrifugation at 100
Xg for 5 min, the pellets were placed on ice. After re-suspending and
incubating the cell pellet in 0.5 mL trypsin-EDTA/g tissue, the suspension
was passed through a 250 um sieve. The filtrate was centrifuged at 100
Xg for 5 min single cell suspension that was obtained was treated with
Dynabead CD31 (Invitrogen,Oslo, Norway), and then washed with
phosphate buffered saline (PBS) containing 0.1 % BSA. This mixture
was incubated at 4°C for 20 minutes with tilting and rotation. The
Dynabead endothelial cell complex was collected with a magnetic
particle concentrator. The cells were washed twice with PBS and
cultured overnight at 1 million cells per culture flask (125 mm2) in M199
medium containing 20% fetal calf serum in a 5% CO, atmosphere at 37
°C overnight. The non adherent cells were removed by washing with
PBS thrice on the following day.
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Table: 1. Clinical characteristics of the normotensive and pre-eclamptic subjects selected for analysis:The clinical data of the
mother and the fetus was obtained from the hospital. There were no follow-ups for these cases after delivery. Statistical T test was
performed among the two groups for comparative analysis and the p value obtained are mentioned in the table

Criteria

Subjects

Normotensive

Pre-eclamptic P value

Subjects

Maternal Age in years 26.33.02 24.84.8NS 0.105

Gestational Age in 39.8 0.4 31.6 25 <0.0001

weeks

Weight at the time of 58.8 4.2 67.8 6.2 <0.0001

delivery kg

Pre-pregnancy BP

mmHg 115.3 3.8 115.4 3.3NS 0.78

Systolic 75.3 2.4 75.8 2.5NS 0.26

Diastolic

Pregnancy BP at term

mmHg 120.6 6.8 133.8 7.5 <0.0001

Systolic 80.8 8.2 102.1 5.9 <0.0001

Diastolic

Proteinuria mg/dL Nil >300 <0.0001

Xanthine oxidase 1.50.7 2.90.6 <0.0001

units/mg protein

Infant birth weight 3.14 0.39 2.21 0.34 <0.0001

Parity 1.50.64 1 0.002
2.4. Viability assessment

[IlI] RESULTS

The viability of the isolated endothelial cell and trophoblast were
assessed by trypan blue exclusion method [24]. Briefly 10 pL of the
isolated cells were mixed with 0.4% trypan blue solution and was
allowed to react for 5 minutes in a moist chamber. The viable unstained
cells were then counted using a hemocytometer. The results were
expressed as % of viability [23].

2.5. Co-immunoblot analysis of HSP70, HSF-1,
and JNK

The placental trophoblast protein aliquots containing 50pg proteins were
ran on two 10 % SDS-polyacrylamide gels that were placed together in
the Dual gel electrophoretic system. Both the gels were then blotted on
to PVDF membranes (BioTrace PVDF 0.4 m, Pall Corporation,
Germany) according to the method of Towbin et al., [24]. The blotted
membranes were cut to molecular weight of the respective antibodies
used and were then developed for visible band formation. The antibodies
used were anti HSP70 (SPA810), anti INK1/2 ((KAP-SA011), anti HSF1
(SPA 901) antibody) and anti B-actin (CSA-400). Enzyme labelled goat
antimouse 1gG secondary antibody treatment and colour development
was done using BCIP-NBT substrate system. The band intensities were
scanned with the HP Scan Imager and quantified using the TotalLab
Software, GELS, USA. The results were confirmed by repeating the
experiment thrice.

2.6. Statistical analysis

The results of the tests performed were expressed as mean + standard
deviation. The values were compared using one-way ANOVA test. The
viability of the isolated trophoblast and endothelial cells were assessed
by correlation analysis. Statistical analysis package SPSS version 7.0
was used for performing one-way ANOVA. A p value of <0.05 is
considered significant and a p value of < 0.001 is considered highly
significant.

Clinical Characteristics of the normotensive and preeclampsia
samples analyzed are tabulated in Table-1. The normotensive
and preeclamptic subjects selected for analysis had a significant
alteration in the systolic and diastolic pressure, xanthine oxidase
during pregnancy while an insignificant change in the systolic
and diastolic pressure pre pregnancy. There was also a
significant decrease in the birth weight of fetus born to
preeclamptic mother. The preeclamptic subjects were all
primiparous.

The trypan blue dye exclusion method was used to assess the
viability of trophoblast and endothelial cells. There was a
significant decrease in the viability of trophoblast and
endothelial cells isolated from preeclamptic subjects (p<0.05)
compared to normotensive subjects. The viability of trophoblast
and endothelial cells isolated from preeclamptic subjects with
U. urealyticum (p<0.001) were further decreased when
compared with normotensive subjects. The viability changes
were measured in the cells immediately after isolation. However
the isolated cells were also grown for 5 days. The results are
represented in Figure-1.

The expression changes of HSP70 and the corresponding
change in the expression of JNK and HSF-1 are analyzed using
co-immunoblotting. There was a significant increase in the
expression of HSP70, HSF-1 and JNK1/2 in preeclamptic
trophoblast (p<0.05) when compared with normotensive
trophoblast. There was a highly significant increase in
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expression of HSP70, HSF-1 and JNK1/2 in preeclamptic
trophoblast with U. urealyticum infection (p<0.001) [Figure-2].
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Fig: 1. comparative analysis of viability of trophoblast cells
and endothelial cell from normotensive, preeclampsia and
preeclampsia with infection. N: Normotensive placenta; P:
Preeclamptic placenta; Pi: Placenta from preeclamptic subjects with U.
urealyticum infection; *p<0.05 when compared with normotensive
subjects; #p<0.001 when compared with normotensive subjects.

[IV] DISCUSSION

Preeclampsia represents a major long-term cardiovascular risk
factor for mother and child, though the pregnancy specific
disorder is thought to end when the placenta is removed [25].
Abundant evidence indicates reduced placental perfusion and
superficial implantation in preeclampsia. Trophoblast is one of
the essential placental cells with an important role in placenta
related complications. Biologically, trophoblast-mediated
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vascular remodeling within the placental bed allows for marked
distensibility of the uteroplacental vessels, thus accommodating
the increased blood flow needed during gestation.
Abnormalities in this invasive process have been correlated with
early and mid-trimester pregnancy loss, preeclampsia and
eclampsia, and intrauterine growth retardation [26]. A link
between placentation relation disorders and CVD and suggest
that placentation related disorders may constitute an early
expression of cardiovascular risk factors [27].

Women who develop preeclampsia also run a long-term
augmented risk of cardiovascular disease and premature death.
The fetus born to preeclamptic mother is also at an equal risk to
develop cardiovascular disease. The decrease in viability of
trophoblast isolated from preeclamptic placenta when compared
to normotensive placenta suggests that preeclamptic stress is
associated with trophoblast complication. Further decrease in
viability in preeclamptic trophoblast during U. urealyticum
infection when compared to normotensive placenta shows the
role of U. urealyticum in altering preeclamptic trophoblast
complication. The decrease in viability of endothelial cell in
relation to the alteration in trophoblast viability suggests the
role of trophoblast in modulating the endothelial cell function
during preeclampsia and U. urealyticum infection. Studies in
our laboratory have also shown a strong relationship between
preeclampsia and atherosclerosis (data not shown). Acute
atherosis of uterine wall spiral arteries seen in pregnancy
complications and the molecular interaction between
trophoblast and endothelial cells could add important elements
to explain cardiovascular disease during preeclampsia and U.
urealyticum infection [28]. The alteration in trophoblast
function during preeclampsia and an enhanced damage of
preeclamptic trophoblast during U. urealyticum infection
suggests that U. urealyticum aggravates the chance of
cardiovascular disease in the developing fetus.

o

— SRS WS HSF1 (85 kDa)

HPS70 HSF INK

‘ On @Ep Opi ‘

Fig: 2. Western blotting analysis of proteins from normotensive, preeclamptic and preeclamptic subjects with U.
urealyticum infection. N: Normotensive trophoblast; P: Preeclamptic trophoblast; Pi: Preeclamptic trophoblast with infection.
*p<0.001 when compared to normotensive subjects. #p<0.05 when compared to normotensive subjects.
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As metabolically active tissues vital to the maintenance of
pregnancy, placental tissue particularly in preeclampsia
experiences overstress and are more susceptible to ROS-
mediated apoptosis. The increase in HSP70 observed during
preeclampsia plays a vital role in maintaining the integrity of
the developing fetus. Further increase in HSP70 during U.
urealyticum infection suggests the increase in necessity of this
cytoprotective protein under such condition. Preeclampsia is
found to result in future hypertension in both mother and fetus
[31]. The study on trophoblast suggests that trophoblast
dysfunction might be a reason for future hypertension.
Circulating HSP70 levels predict the development of
cardiovascular disease in subjects with established hypertension
[32]. Thus the increased HSP70 is found to have a protective
role in controlling oxidative stress generated by trophoblast
dysfunction and controlling hypertension mediated damage,
thereby posing a protective effect against risk of cardiovascular
disease.

JNK activation contributes to regulation of essential cellular
processes, such as differentiation, apoptosis and direct cell
movements [33]. Reports suggest that activation of the JNK
pathways functioned to promote trophoblast cell survival [34]
and protects the trophoblast from apoptosis induced by growth
factor withdrawal [35]. The expression of JNK1/2 and HSF-1
was increased significantly in preeclamptic trophoblast with and
without U. urealyticum infection. JNK is a key mediator in the
HSP70 synthesis, through phosphorylation of HSF1 [36]. The
over-expressed JNK will increase the expression of phosphor-
HSF-1 to favor the expression of HSP70. This condition is
similarly aggravated in preeclampsia during U. urealyticum
infection.  This suggests that JINK favors the synthesis of
HSP70 in-order to restore cellular and protein homeostasis by
phosphorylating HSF-1 in trophoblast cells under conditions of
preeclampsia and preeclamptic U. urealyticum infection. The
cytoprotection established by the interaction of JNK and HSP70
in trophoblast cells may further protect the damaging
endothelial cells under conditions of preeclampsia and U.
urealyticum infection. These results imply that though there is
an increasing risk of cardiovascular disease to both the mother
and fetus subject to preeclampsia and preeclamptic U.
urealyticum infection, cytoprotection of trophoblast and
endothelial cell by HSP70 might be of considerable help in
reducing the complication. Thus HSP70 is a natural defensive
protein that can be used as a therapeutic target to unmask the
cardiovascular complications under conditions of preeclampsia
and preeclampsia U. urealyticum infection.

[V] CONCLUSIONS

The alteration in viability of trophoblast isolated from
preeclampsia and preeclamptic ~ U. urealyticum infection
reflects the severity of trophoblast complication during U.
urealyticum infection. Infection is not only associated with pre
term birth but also poses the mother and the new born for cardio
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vascular disease in later life by induction of trophoblast
dysfunction. Under such condition, the maintenance of HSP70
level which acts as a protective chaperone is crucial. The
increase in the expression of HSP70, HSF-1 and JNK in
trophoblast during preeclampsia and preeclampsia U.
urealyticum infection analyzed in the present study suggests the
defensive role of these proteins (HSP70) under such condition.
Thus monitoring and maintaining the level of cytoprotective
HSP70 under conditions of preeclampsia and preeclampsia with
U. urealyticum infection will aid in reducing the potential risk
factors for future cardiovascular disease suggesting its role as
therapeutic target under such conditions.

ACKNOWLEDGEMENT

The project funded by National Tea Research Foundation, Tea Board of
India is acknowledged. Project referral number- NTRF:115/07
142/2010. V. Uthra thanks Indian council for Medical Research for
providing financial assistance in the form of senior research fellowship.

REFERENCES

[1] Friedman SA, Taylor RN, Roberts JM. [1991] Pathophysiology
of preeclampsia. Clin Perinatol 18: 661-682.

[2] Wang Y, Alexander JS. [2000] Placental pathophysiology in
preeclampsia. Pathophysiol 6: 261-270.

[3] Many A, Hubel CA, Fisher SJ, Roberts JM, Zhou Y. [2000]
Invasive Cytotrophoblasts Manifest Evidence of Oxidative
Stress in Preeclampsia Am J Pathol 156 (1): 321-331.

[4] Jansson T, Myatt L, Powell TL. [2009] The role of trophoblast
nutrient and ion transporters in the development of pregnancy
complications and adult disease Curr Vasc Pharmacol 7(4):
521-33.

[5] Brosens IA, Robertson WB, Dixon HG. [1972] The role of the
spiral arteries in the pathogenesis of preeclampsia. Obstet
Gynecol Annu.1:177-191.

[6] Padmini E, Uthra V, Lavanya S. [2011] HSP70 over-expression
in response to Ureaplasma urealyticum mediated oxidative
stress in pre-eclamptic placenta. Hypertens preg.30(2):133-143

[7] Fraczek M, Szumala-Kakol A, Jedrzejczak P, Kamieniczna M,
Kurpisz M. [2007] Bacteria trigger oxygen radical release and
sperm lipid peroxidation in in-vitro model of semen
inflammation. Fertil Steril 88: 1076-1085.

[8] Shang XJ, Huang YF, Xiong CL, Xu JP, Yin L, Wan CC.
[1999] Ureaplasma urealyticum infection and apoptosis of
spermatogenic cells. Asian J Androl 1:127-129..

[9] Xu C, Lu MG, Feng JS, Guo QS, Wang YF. [2001] Germ cell
apoptosis induced by Ureaplasma urealyticum infection. Asian
J Androl 3: 199-204

[10] Ishioka S, Ezaka Y, Umemura K, Hayashi T, Endo T, Saito T.
[2007] Proteomic analysis of mechanisms of hypoxia-induced
apoptosis in trophoblastic cells Int J Med Sci 4(1): 36-44.

[11] Danesh J, Collins R, Peto R. [1997] Chronic infections and
coronary heart disease: is there a link? Lancet 350: 430—436.

[12] Saikku P, Leinonen M, Tenkanen L, Linnanmaki E, Ekman
MR, Manninen V, et al. [1992] Chronic Chlamydia pneumoniae
infection as a risk factor for coronary heart disease in the
Helsinki heart study. Ann Intern Med 116: 273-278.

OITOAB-India

OPEN ACCESS

IIOABJ: Vol. 2; Issue 6; 2011:79-84 83

EDITED BY — PROF. S.K. MAULIK; MD, PHD

RESEARCH



SPECIAL ISSUE: REDOX BIOLOGY IN CARDIOVASCULAR AND NEUROLOGICAL DISORDERS

[13]

[14]

=
=
2
=
D
o
e}
Q

[15]

[16]

[17]

(18]

[19]

3H1

[20]

=\7(Q

[21]

[22]

[23]

UM ot

[24]

—
|

Padmini E, Vijaya Geetha B. [2008] Placental heat shock
protein 70 overexpression confers resistance against oxidative
stress in preeclampsia. Turk J Med Sci 38: 27-34.

Padmini E, Lavanya S. [2011] Over expression of HSP70 and
HSF-1 in endothelial cell during preeclamptic placental stress.
ANZJOG 51(1):47-52.

Padmini E, Lavanya S, Uthra V. [2009] Pre-eclamptic placental
stress and mitochondrial HSP70 over expression. Clin Chem
Lab Med 47 (9): 1073-1080.

Beere HM, Wolf BB, Cain K, Mosser DD, Mahboubi A, et al.
[2000] Heat-shock protein 70 inhibits apoptosis by preventing
recruitment of procaspase-9 to the Apaf-1 apoptosome. Nat Cell
Biol 2: 469-475.

Morimoto RI, Sarge KD, Abravaya K. [1992] Transcriptional
regulation of heat shock genes. J Biol Chem 267: 21987-21990.
Hibi M, Lin A, Smeal T, Minden A, Karin M. [1993]
Identification of an oncoprotein - and UV-responsive protein
kinase that binds and potentiates the c-Jun activation domain.
Genes Dev 7: 213520062148. 2135-2148.

Weston RC, Davis RJ. [2002] The JNK signal transduction
pathway. Curr Opin Genet Dev 12: 14-21.

Brown MA, Lindheimer MD, de Swiet M, Van Assche A,
Moutquin JM. [2001] The classification and dignosis of the
hypertensive disorders if pregnancy:statement form the
International Society for the study of hypertension in Pregnancy
(ISSHP). Hypertens Pregnancy 20: 9-14.

Douglas GC, King BF. [1989] Isolation of pure villous
cytotrophoblast  from  term  human  placenta  using
immunomagnetic microspheres. J Immunol. Methods 119:259—
268.

Herr FN, Baal K. Peisinger A, Lorenz T, McKinnon KT,
Preissner M et al. [2007] hCG in the regulation of placental
angiogenesis: Results of an in vitro study. Placenta 28:
85200693.585-S93.

Strober W. [2001] Trypan blue exclusion test of cell viability.
Curr Protoc Immunol [Appendix 3: Appendix 3B].

Towbin H, Staehelin T, Gordon J. [1979] Electrophoretic
transfer of proteins from polyacrylamide gels to nitrocellulose
sheets: procedure and some applications. Proc Natl Acad Sci
USA 76: 4350-4354.

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

ISSN: 0976-3104

Lindheimer MD, Umans JG. [2006] Explaining and predicting
preeclampsia. N Engl J Med 355: 1056-1058.

Lunghi L, Ferretti ME, Medici S, Biondi C, Vesce F. [2007]
Control of human trophoblast function. Reproduct Biol
Endocrinol 5:6

Torrens C, Brawley L, Anthony FW, Dance CS, Dunn R,
Jackson AA, et al. [2006] Folate supplementation during
pregnancy improves offspring cardiovascular dysfunction
induced by protein restriction Hypertens 47: 982—987.

Staff AC, Dechend R, Pijnenborg R. [2001] Learning from the
placenta: acute atherosis and vascular remodeling in
preeclampsia-novel aspects for atherosclerosis and future
cardiovascular health. Hypertens 56(6):1026-1034.

Barski L, Horowitz S, Rabaev E, Sidi A, Porath A, Jotkowitz
AB. [2008] Mycoplasmal myopericarditis in an elderly woman.
Isr Med Assoc J 10(8-9): 660-661.

Roberts JM, Cooper DW. [ 2001] Pathogenesis and genetics of
pre-eclampsia. Lancet 357: 53-56.

Bellamy L, Casas J, Hingorani AD, Williams DJ. [2007] Pre-
eclampsia and risk of cardiovascular disease and cancer in later
life: systematic review and meta-analysis. BMJ 335: 974-985.
Pockley AG, Georgiades A, Thulin T, de Faire U, Frostegard J.
[2003] Serum heat shock protein 70 levels predict the
development of atherosclerosis in subjects with established
hypertension. Hypertension 42: 235-238.

Huang C, Jacobson K, Schaller MD. [2004] MAP kinases and
cell migration. J Cell Sci 117: 4619-4628.

Johnstone ED, Mackova M, Das S, Payne SG, Lowen B, Sibley
CP, Chan G, Guilbert LJ. [2005] Multiple anti-apoptotic
pathways stimulated by EGF in villous trophoblasts. Placenta
26: 548-555.

Desai J, Holt-Shore V, Torry RJ, Caudle MR, Torry DS. [1999]
Signal Transduction and Biological Function of Placenta
Growth Factor in Primary Human Trophoblast. Biol Reproduct
60: 887-892.

Csermely P. [2001] A nonconventional role of molecular
chaperones: involvement in the cytoarchitecture. News Physiol
Sci 15: 123-126.

O©ITOAB-India

OPEN ACCESS

IIOABJ: Vol. 2; Issue 6; 2011:79-84 84

EDITED BY — PROF. S.K. MAULIK; MD, PHD

RESEARCH



