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Abstract: Background: Preeclampsia is a serious disorde
maternal deaths worldwide each year. It is a mkilter of bot

ctaffip the mother. It may be responsible for moantb0,000
h mother and fetus. Aim: To demonstréhe morphological

changes of human placental tissue in pre-eclammtignancies compared with the normal by using logical and

immunohistochemical techniques. Materials & Methdidgenty
diagnosed as having moderate pre-eclampsia anitieoad as

pregnant women were included in this stddyof them were
the pre-eclamptic (PE) group, while 1@nen were clinically

normal and considered as the control group. Platepecimens were obtained after either vaginabels! or caesarian
section and processed for H&E and Masson's trichretains, as well as for immunohistochemical sttoan&NOS and HIF-
la. Morphometric measurement of number of syncytiabtk, area % of collagen fibers, eNOS and Hibfsere done
followed by statistical analysis. Results: PE groeyealed thickened wall of fetal blood capillariesowded degenerating villi

with decreased intervillous spaces, intravilloud aerivillous f

ibrinoid deposition. Numerous syneytknots and exfoliated

trophoblast cells were also observed. There wakehied layer of subchorionic fibrinoid. Increasedadbo of collagen fibers,
HIF-1a. immunoreactivity and decreased area% of eNOS ino@xpression were found. Conclusions: As evidermethe
previous results, this study concluded various eriéal changes detected by histological and histoated techniques. The
findings have clarified a significant correlatioattveen eNOS and HIFelimmunoexpression and pre-eclampsia. Whether this
relation is causal or effect relationship, this maged further investigations for better managenam avoidance of

consequences of pre-eclampsia.

Keywords: Pre-Eclampsia, eNOS, HIFt1Histological, Imm

unohistochemical

1. Introduction

Placenta is a unique organ that arises de novas It
essential for the growth and development of thasféh the
uterus. Despite its central role in pregnancy, gxéa so far is
a poorly understood organ. Being an organ of patino
importance, examination of placenta is necessarybfih
mother and infant. It can be informative for Ilater
management of both infant and the mother (1, 2).

Preeclampsia is a serious disorder affecting ththemolts
incidence is about 5-10 % among pregnancies. Ragrpsia
may be responsible for more than 50,000 maternathde
worldwide each year. It is a major killer of botlotiner and
fetus. Pre-eclampsia is diagnosed by blood presdavation
and proteinuria. It develops after 20 weeks' oftajem.
Earlier observations have revealed resolving obiglhs and

symptoms of this disease after delivery of placenteerefore,
placenta may be a source of this disease (3, 4, 5).

The pathophysiology of preeclampsia involves both
maternal and fetal/placental factors. Abnormalitiasthe
development of placenta early in pregnancy may l&ad
relative placental underperfusion/hypoxia/ischemighis
subsequently leads to release of antiangiogenimradnto
the maternal circulation with alteration of matdragstemic
endothelial function. This causes hypertension atiger
manifestations of the disease. Despite intensisearches
the exact cause of disorder is still unknown (6).

L-arginine-nitric oxide pathway could also play entral
role in both normal pregnancy and in preeclampBiany
elements of the Il-arginine-NO signaling pathway nisy
abnormal, including reduced endothelial NO synti{ad&OS)
enzyme activity. Nitric oxide (NO) is a potent vdgator
synthesized by the endothelial NO synthase (eNOS) i
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endothelium of muscularized fetoplacental vess&©
release has shown to maintain low vascular resistamthe
fetoplacental circulation in humans in vitro. Thmmay
suggest an important role of eNOS in
cardiovascular changes in pregnancy (7).

Hypoxia-inducible factor-d (HIF-1a) is one of the factors
which is important for placental development. It &
transcription factor that is transiently expresasda protein.
It can also bind to hypoxia-response elements (HREthe
promoters of several genes involved in the adaptatd an
environment of hypoxia (8).

The aim of this work was to demonstrate
morphological changes of human placental tissueprig
eclamptic pregnancies compared with the normal &inqu
histological and immunohistochemical techniques.

2. Materials and Methods
2.1. Patients

This study was a comparative study. It was conduete
the Faculty of Medicine, MUST University Hospit&llritten
informed consent was obtained from all participam$ore
their participation.

2.2. Selection of Cases

Twenty pregnant women from the Obstetrics and€Partment -

Gynaecology delivery suite, MUST University hospitaere
included in this study. 10 of them were included tive

moderate pre-eclampsia group, while 10 women werd€a %

clinically normal and considered as the controlugroAll
participants fulfilled the inclusion and exclusioriteria.

The inclusion criteria included:

« Age from 20 to 35 years.

 Primigravida.

« Gestational age between 28 to 38 weeks.

« Willingness to participate and signing consent fafter

explanation of the aim of the study.
The exclusion criteria included:
« Preexisting diabetes mellitus
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(defined as urinary excretion of > 0.3 g proteir2éhhours).

2.4. Sample Collection

SYStemiC after delivery of the placentae, they were washed t

remove any clotted blood. All placental samples evef
similar thickness, Two sections each from centrad a
peripheral areas were taken. Additional sectioneevtaken
from grossly abnormal lesions. Specimens (2 cmeviieed
in 10 % neutral - buffered formalin. They were presed for
paraffin sections. Five pum sections were cut aathatl with
H&E and Masson’s trichrome stains. Immunohistocloani

the"staining was carried for the detection of expressibeNOS

(Labvision, Thermoscientific, USA) rabbit polycldna
antibody, code no. PA1-37625. The reaction is mamus
and cytoplasmic. The +ve control was the placeHt&l-o
(Abcam, USA) mouse monoclonal antibody, code no.
ab113642. The reaction is nuclear and cytoplasmiie. +ve
control was the brain cancer tissue. An additicsimle of
placental specimen was treated with buffer solutimstead

of the same concentration of primary antibody iargwun as
the negative control.

2.5. Morphometric Study

The data were obtained using the image analyzepuatan
system (Leica Qwin 500, Leica, England) at Histglog
Faculty of Medicine, Cairo Universkasr -
ElAini. The number of the syncytial knots was measuin
10 low power non-overlapping fields using binarydaoThe
of collagen fibers was measured in 10 lowegpo
non-overlapping fields. While, the area % of eN®H &lF-
la immunoreaction were measured in 10 high-power non-
overlapping fields using binary mode.

2.6. Statistical Analysis

Data were expressed as group mean = SD. The istltist
analysis was carried out using student t-test, 8RIBS version
10 (SPSS, Chicago, lllinois, USA). All results weampared
one by one with the results of the control grou? #alue of
0.05 or less was considered as statistically saamf.

« History of maternal diseases such as chronic renal
disorders, essential hypertension, autoimmune sisea3 Results

or thrombophilic conditions.
« Evidence of fetal anomalies or hydrops fetalis.
« Gestation diabetes or any medications.

2.3. Divisions of the Groups

Group | (control group): included ten
primigravidae, who were normotensive, normoglyceman
obese, with no abnormality on routine clinical exaation.
They were admitted to the delivery unit for eithaginal or
cesarian delivery in the third trimester.

Group II: (PE group): included ten patients seléaa the
basis of criteria of moderate PE of the Nationatitnte for
Health and Care Excellence (NICE, UK). These deterere:
BP is 150 to 159 mmHg systolic and/ or 100 to 108Hhg
diastolic on 2 occasions at least 6 hours apadtejmuria

healthy

3.1. Histological Results

3.1.1. Hematoxylin and Eosin
The control group (group 1) showed chorionic wiltivered

by syncytiotrophoblasts and separated by intevillspaces
containing maternal blood. Each villous had a adrstroma

containing fetal blood capillaries and stromal £e8yncytial

knots, syncytial sprouts and syncytial strands westiced.

Exfoliated trophoblast cells in the intervillousasgs were
observed (Fig. 1). A compact layer of chorionictpleovered
by Langhan’s layer of fibrinoid, which in turn wasvered

by syncytiotrophoblasts towards the intervillouaegs were
revealed. Stem villus fetal blood capillaries walso noticed

(Fig. 2).
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The PE group (group 1) showed thickened wall dblfe
blood capillaries, crowded degenerating villi wilecreased
intervillous spaces, intravillous and perivillousbrinoid
deposition. Numerous syncytial
trophoblast cells were observed. Ruptured villi
extravasation of fetal RBCs into the maternal spaege
revealed (Figs. 3, 4, 5). Multi-layered structurfechorionic

plate, consisting of amniotic epithelium, amniatiesenchyme,

and spongy layer, followed by a compact layer adricimic

knots and exfoliate

cytoplasmic immunoreaction in few cells (Figs. 16h,

3.2.2. HIF-1a Immunoreactivity

g In the control group, negative nuclear and cytaplas
hwit Immunoreaction was observed (Figs. 11a, b). IrPtEegroup,

strong positive nuclear and cytoplasmic immunoiieacin
syncytiotrophoblasts was revealed (Figs. 12a, b).

3.3. Morphometric Results

mesenchyme were demonstrated. Chorionic plates we3e3.1. Number of Synsytial Knots

covered by thickened Langhan'’s layer of fibrinaidth loss of
syncytiotrophoblast layer towards the intervillogpaces.
Hemorrhage in the
decreased fetal blood capillaries were noticed. @ig

3.1.2. Masson'’s Trichrome Stain

The control group showed delicate collagen fiberthim
villous stroma and around fetal blood capillari€sg( 7).
While the PE group demonstrated dense collagersfilihin
villous stroma and around fetal blood capillariesg( 8).

3.2. Immunohistochemical Results

3.2.1. eNOS Immunoreactivity

In the control group,
immunoreaction
lining of fetal blood capillaries was revealed &i®a, b).
While
immunoreaction of most syncytiotrophoblasts anditpes

in syncytiotrophoblasts and endahel

There was a significant increase £F0.05) in the mean
number of syncytial knots in the PE group compavét the

intervillous spaces and apparenttontrol group (Table).

3.3.2. Area % of Collagen Fibers

A significant increase (R 0.05) in the mean area % of
collagen fibers was found in the PE group compavitia the
control group (Table).

3.3.3. Area % of eNOS

There was a significant decrease(®.05) in the mean
area % of eNOS immunoreactivity in the pre-eclamgtbup
compared with the control group (Table).

strong positive cytoplasmic3.3.4. Area % of HIF-Iz

There was a significant increase £F0.05) in the mean
area % of HIF-& immunoexpression in the PE group

the PE group showed negative cytoplasmicompared with the control group (Table).

Table 1.Mean number of syncytial knots, Mean area % ofgelh fibers, eNOS immunoreaction and HiFrhmunoreaction.

Mean = SD number of

Mean + SD area% of collagen

Groups . Mean + SD area% of eNOS Mean + SD area% of HIF-la
syncyteal knots fibers

Control 5+ .02 8.5+ 1.86 22.1+21 3.04+.26

PE 12+ .1* 31+ 3.25* 4.3+ .8* 30.9+ .88*

*P < 0.05, significant difference compared with control

3.4. Legends

H & E, X 200

Fig. 1. A photomicrograph of a section in the human plaaesfta control

group (group 1) showing chorionic villi covered byncytiotrophoblasts (thin
arrows) and separated by intervillous spaces (iwhjch contain maternal
blood. Villous stroma (S) containing fetal bloodpitkaries (F) and stromal

cells (red arrow heads) are also shown. Syncytiat& (dotted arrows),
syncytial sprout (red arrow) and syncytial stramieen arrow) are noticed.
Exfoliated trophoblast cells (black arrow heads)tie intervillous spaces
are observed.

H &E, X200

Fig. 2. A photomicrograph of a section in the human plaaesfta control

group (group 1) showing a compact layer of choropiate (C). Chorionic
plates are covered by Langhan's layer of fibrindgiy, which in turn is

covered by syncytiotrophoblast (red arrows) towatus intervillous spaces
(ivs). Notice the stem villus (S) and fetal bloagittaries (black arrows).
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H & E, X 200

Fig. 6. A photomicrograph of a section in the human pléeef a PE group
Fig. 3. A photomicrograph of a section in the human plazafita PE group (grot_Jp_II) shom_ng multi-layered strut_:tu_re of chunic plate, consisting of
. . S amniotic epithelium (red arrow), amniotic mesenchy{AM), spongy layer
(group Il) showing thickened fetal blood capillesiéhin arrows), crowded . o
: S . . . . . (S), followed by a compact layer of chorionic mesgme (C) . Chorionic
degenerating villi with decreased intervillous spsagcintravillous fibrinoid - . - .
. . A ; plates are covered by thickened Langhan’s layefiboinoid (thick arrow),
deposition (red arrows). Syncytial knots (thick cavs) and exfoliated . ) . ; .
with loss of syncytiotrophoblast layer (thin arrgwswards the intervillous
trophoblast cells (arrow heads) are observed. . A . .
spaces. Notice the hemorrhage (H) in the intervdlepaces and apparently
decreased fetal blood capillaries.

H & E, X 200 MT stain, X 200

Fig. 4. A photomif:rograph ofa se_cFion _in the human pl_aa(_mta PE group Fig. 7. A photomicrograph of a section in the human pléeef a control
_(group 1) sh_owmg crowded \./"." with _decreaseq e_ntll_lous sp:?\_ceS, group (group 1) showing delicate collagen fiberghin villous stroma (thick
intravillous (thin arrows) and perivillous (thickr@ws) fibrinoid deposition. arrows) and around fetal blood capillaries (thinraw)
Notice a necrotic villus (*). '

H&E, X200 MT stain, X 200

Fig. 5. A photomicrograph of a section in the human plageita PE group  rjg g A photomicrograph of a section in the human plageri a PE group
(group 1) showing numerous syncytial knots (thakows), intravillous (0.5 11) showing dense collagen fibers withirlods stroma (thick arrow)
fibrinoid degeneration (arrow heads) and rupturedi (thin arrows) with  ang around fetal blood capillaries (thin arrow). tohe large number of
extravasation of fetal RBCs into the maternal space sycyteal knots (red arrows) and the crowdnesslif vi



76

L v~='f ",Al» ‘ :
(b) eNOS immunostain, X 400

Figs. 9a, b.photomicrographs of a section the human placenta odntrol

group (group 1) showing a: strong positive cytopfas immunoreaction of
eNOS in syncytiotrophoblasts (thick arrows) andathelial lining of fetal

blood capillaries (thin arrows). b: a higher magndtion of the previous
photomicrograph.
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(b) eNOS immunostain, X 400

Figs. 10a, b.photomicrographs of a section the human placenta &fE
group (group 1) showing (a) Negative cytoplasnmoiunoreaction of eNOS
(arrows). (b) Positive cytoplasmic immunoreactidreblOS in a few cells of
syncytiotrophoblasts (arrows).

(b): HIF-10. immunostain, X 400

Figs. 11a, bphotomicrographs of a section the human placenta adntrol

group (group 1) showing a: negative nuclear andopj@smic HIF-L

immunoreaction in syncytiotrophoblasts (arrows)abhigher magnification
of the previous photomicrograph.
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(b): HIF-1o. immunostain, X 400
Figs. 12a, b.photomicrographs of a section the human placerita ®E
group (group 1) showing a: strong positive nucleard cytoplasmic HIF-d
immunoreaction in syncytiotrophoblasts (arrows)ryWerowded villi with

decreased intervillous spaces are observed. bghadri magnification of the
previous photomicrograph.

4. Discussion

In the present study, marked placental changekdrpte-
eclamptic group were
confirmed by histological,
morphometric results.

Examination of the placenta is extremely importamt

immunohistochemical

attempting to understand the pathophysiology of- predifferentiate

eclampsia. Only with careful gross, histologicablemation,
along with clinical pathologic correlation, the @mying
causes and recurrence risks could be understoaaeTit a
great debate going on whether placental ineffigierec a
primary cause, contributory factor or a result afe-p
eclampsia.
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deposition. Ruptured villi with extravasation otdeRBCs
into the maternal space were also revealed. Suloctior
fibrin deposition with decreased number of fetabdul
capillaries in the chorionic plate, loss of synogribphoblast
shell and hemorrhage in the intervillous spacesewer
demonstrated. These results were in agreementtoge of
some authors (1, 2, 9) who reported the same fysdin

The fibrinoid deposits are structurally and cherhjca
related to fibrin. It is formed by the activatiofi fiorinogen
in the blood vessels. The fibrinoid deposits amespnt in all
normal placentae. They increase in thickness duthg
pregnancy without affecting its function. The funoal
importance of the fibrinoid are quite complex. Bles their
sealing effects, they also have a role in the imohgic
"barrier" between feto-maternal tissue as well ime t
anchoring of the placenta (10). Increased fibrirfoidnation
may be related to micro-lesions of the syncytiobmpast.
So, fibrinoid could envelope all necrotic matetiaht results
from placental degeneration. As these injuries make
mesenchyma comes into contact with maternal blddis
leads to altered function of haemostatic factotsracting
with activated protein C in the placenta. Wherevjmes
studies have shown increased activated proteinsGtamce
leading to ineffective anticoagulant response (DEposition
of fibrinoid prevents normal gas and nutritive exabe
between the maternal and fetal circulations. This
consequently can lead to fetal growth restrictib®)(

Exfoliated trophoblasts in the maternal space and a
significant increase in number of syncytial knotsnpared
with the control group were also revealed. This was
consistent with a previous study that revealed eiased
number of syncytial knots in preeclamptic placerfic®.

Syncytiotrophoblastic knots or syncytial knots are
aggregates of syncytial nuclei at the surface whiteal villi.
Syncytial knots are normally present, increasinguimber
with increasing gestational age. So, it can be tseyaluate
villous maturity. Increased syncytial knots areoassociated
with other abnormal conditions like preeclampsid)(1

The extraembryonic tissue such as the trophoblastsg
rise to the placenta and provides the epitheliakecof the
placental villous trees. They show high rates @lifaration
and differentiation, as well as high rates of apejst This

revealed. These changes wevitlous trophoblast comes into direct contact wittaternal
andblood displaying a continuous turnover of its lasyeThe

villous trophoblast displays proliferation and diféntiation
of its precursor cells, villous cytotrophoblasts.hey
into multinucleated layer, the
syncytiotrophoblast. A second differentiation stagkes
place, with a final apoptotic shedding event, reileg
apoptotic syncytial knots into the maternal cirtiola. As a
normal process of trophoblast turnover apoptobis,rélease
of apoptotic material does not induce any inflanonat
response of the mother (15, 16).

In the present study, examination of pre-eclamptic Pre-eclampsia is characterized by alteration inbiddence

placentae revealed thickened wall of fetal bloogilzies,
crowded degenerating chorionic villi
intervillous spaces, intravillous and perivillousbrinoid

between proliferation and apoptosis of villous troplast.

with  decreasedrhis results in a dysregulated release of matdraah the

syncytiotrophoblast into maternal blood. There isoaan
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increasing release by necrosis. Therefore, duentgiag
apoptosis within the syncytiotrophoblast, the nécrelease
of apoptotic material leads to aponecrotic sheddiwjl-free
components of the syncytiotrophoblast like G-aatil DNA
maybe able to damage the maternal endothelium andeh
trigger pre-eclampsia. So, preeclampsia might beesalt
rather than a cause of this altered balance (17, 18

Other previous studies claimed that degeneratiangés
of pre-eclamptic placentae may be related to anratien in
placentation. Placentation is a process of
vasculogenesis, wherethe trophoblasts invade
uteroplacental spiral arteries. The initially elasind small
caliber arteries are transformed into inelastic alildted
tubes with losing maternal vasomotor control.
modification provides adequate perfusion and oxysgply
for sustaining growth of fetus. This process isabral in
women with preeclampsia. Where, the cytotrophobléai
to differentiate from epithelial phenotype to inias
endothelial phenotype. So, the uteroplacental spir@ries
remain only as small-caliber elastic vessels. T$isailed,
abnormal, or aberrant pseudovasculogenesis leagsitced

intervillous space (24, 26, 27). Plasma asymmeliricethyl
arginine (ADMA) is recognized as a biomarker of man
disorders including endothelial disorders. Materpksma
ADMA levels are reduced in a normal pregnancynétréases
in compromised pregnancies such as those with jarapsia.
This substance may decrease NO production by differ
ways such as reduced affinity of eNOS to the cofact
tetrahydrobiopterin (BH4) (28). Thus, manipulatioh the
ADMA-NO pathways may have a therapeutic potentl t

pseudoescue placental blood flow and improve long-tetrtcomes
the in patients with placental insufficiencies.

In the current study, immunoexpression (represetugd
area %) of HIF-& was significantly increased in PE group

Thiscompared with the control group. This was in agreetmvith

some authors (9) who demonstrated strong positiscear
immuoreaction of HIF-d& in sycytiotrophoblast cells of
preeclamptic placentae.

Hypoxia-inducible factor-4 (HIF-1a) is a transcription
factor that can not be detected unless cells arested to
hypoxia. HIF-1u is a key regulator for the induction of genes
that facilitate adaptation and survival of cellsrfr normoxia

blood flow to the placenta, with subsequent plagientto hypoxia. During hypoxia, HIFelbecomes stabilized and
ischemia or hypoxic placenta. A hypoxic placent&nth translocates from the cytoplasm to the nucleusinterizes

releases many vasoactive factors such as tyrosimasecl,

with HIF-1B forming transcriptionally active complex. Then,

tumor necrosis factor &; and interleukin-6. These factorsit binds to hypoxia-response elements (HRES) in the

results in decrease in nitric oxide bioavailabili;nd an
increase in reactive oxygen species (5, 9).

promoters of several genes involved in the adaptait an
environment of hypoxia (29, 30).

The present work found increased density of collage However, HIF-1 is known to activate the transcription

fibers in the villous stroma and around fetal blaagbillaries
of PE group. This was confirmed by a significardraase in
the mean area% of collagen fibers. These resulig Wwe

factor of vascular endothelial growth factor (VEGB), it
could promote hypoxic cells to survive under hypoxi
conditions. This is because; VEGF is a key factor i

agreement with some authors (19, 20) who observeahgiogenesis (29). The increase in the levels &1l was

significant increase of collagen fibers in the ot stroma.
This could be attributed to placental ischemia ameased
levels of anti-angiogenic factor soluble fms-likgrasine
kinase-1 (sFlt-1). This consenquently may decredsene,
placental and vascular matrix metalloproteinasend &9,
leading to increased uteroplacental and vasculdagsnm
(21).

found to be closely related to the increase inldwels of
another protein called telomerase. Telomerase plays
important role in cell growth and cell immortalizat. In
spite of this compensatory mechanism, HbF€xpression
remains abnormally elevated under hypoxic cond#jcand
trophoblasts remain in a relatively immature staif
differentiation in preeclamptic placenta. As a dire

A significant decrease in immunoreactivity of eNOSconsequence, trophoblast invasion into the utesusmited

(represented by area %) was observed in PE groupa®d
with the control group. This finding was inconsigtavith
previous studies (22, 23) that revealed
immunolocalization of eNOS in syncytiotrphoblastada
endothelium of fetal capillaries in normal and mleenptic
placentae. Therefore, they excluded a possibleogatiic
role of eNOS in this disease. On contrary, anostedy (24)

similasevere aberrant

and uteroplacental perfusion is reduced. Howevéether
the increase in levels of this protein occurs imafial with
pseudovasculogenesis requires eifurth
investigation (9, 31).

The role of HIF-& in the pathogenesis of preeclampsia
and whether it could be a marker of preeclampsia sl
being investigated. However, it is suggested by eom

demonstrated reduced eNOS expression in compromisgwistigators to measure the levels of this traipsiom factor

pregnancies. Another study (25) demonstrated retl el

more frequently to avoid a potential developmentpod-

growth and fetoplacental blood flow at mid- andelat eclampsia at a late trimester (8).

gestation in eNOS knock out mice fetuses.

In spite of great debate about the role of eNOShim
pathogenesis of preeclampsia, nitric oxide (NOdpo®d by
eNOS, is the main vasodilator in the placentas involved
in the regulation of feto-placental vascular reatti
placental bed vascular resistance, trophoblast sioma
apoptosis, and platelet adhesion and aggregatiorthén

5. Conclusion

As evidenced by the previous results, this studychaed
various placental changes detected by histologiad
immunohistochemical techniques. The findings hdssfied
a significant correlation between eNOS and HbF-1
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immunoexpression and pre-eclampsia. Whether thégioa

is causal or effect relationship, this may needthfr
investigations for better management and avoidaote [14)
consequences of pre-eclampsia.

[15]
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