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Abstract

Objective: Insufficient trophoblastic migration and invasion of spiral arteries has been closely linked to pregnancies compli-
cations such as preeclampsia and intrauterine growth retardation (IUGR) (3). Matrix metalloproteinase (MMP) secretion by
EVT and decidual cells have a potential value in controlling the extent of trophoblastic invasion. We aimed to investigate
matrix metalloproteinase-9 (MMP-9) expression in extravillous trophoblasts (EVT), villous trophoblasts (VT) and decidual
cells in third trimester placental tissues of preeclamptic women and to assess their relations with various clinical parameters.

Materials and Methods: A cross-sectional study was conducted on 22 preeclamptic (25 to 38™ weeks of gestation) and 19
normotensive (27" to 41™ weeks of gestation) pregnant women, constituting the study and control groups, respectively. Wit-
hin 3 days of deliveries, uterine artery and umbilical artery Doppler velocimetric assessments were performed. Upon delivery
of all cases, placental tissues were collected and evaluated with immunohistochemical method in terms of MMP-9 expressi-
on in EVT, VT and decidual cells, respectively. The degree of hypertension and proteinuria, uterine and umbilical artery
Doppler velocity waveforms, gestational age at delivery, mode of delivery, gestational birthweight, Apgar scores were recor-
ded and correlated with placental MMP-9 expression.

Results: Mean gestational age and birthweight at delivery were lower in preeclamptic group compared to controls (33.7+0.7
weeks vs 38.1+0.1 weeks and 1969+164 gr vs 3018+196 gr, respectively ). In all cases, percentage of MMP-9 (+) EVT’s was
positively correlated with the intensity of MMP-9 expression in VT and decidual cells. Percentage of placental EVT MMP-
9 expression of superimposed preeclampsia was detected to be low compared to controls (arc sine V% values: 0.72+0.1 vs
0.90+0.13, p<0.05). Abnormal uterine arter Doppler velocimetry findings were more prevalent in the study group (33.3% vs
7.6%, respectively). Among study group, percentage of EVT MMP-9 expression was not statistically different in terms of the
degree of proteinuria (p=0.53) and the degree of diastolic blood pressure (< or 2100 mmHg) (p=0.42), but had a negative
correlation with the abnormal uterine artery Doppler waveforms (r,,:-0.39, p=0.03). Percentage of abnormal uterine artery
Doppler findings was also negatively correlated with the intensity of MMP-9 staining in VT (r,= -0.51, p=0.01) and decidu-
al cells (r;=-0.39, p=0.04); gestational birthweight (1r,=-0.37, p=0.04) and 5™ min Apgar score (r,=-0.45, p=0.02).

Conclusion: In preeclampsia, placental MMP-9 expression in EVT and VT were negatively correlated with the uterine ar-
tery Doppler abnormalities, and the neonatal outcomes. MMP-9 expression of villous trophoblasts and decidual cells were
negatively correlated with uteroplacental vascular resistance. A decrease in MMP-9 expression in EVT’s, villous trophoblasts
and host decidual cells, often preceeding clinical disease manifestations including the Doppler findings, may be associated
with the uteroplacental resistance.

Keywords: matrix metalloproteinase-9, preeclampsia, uteroplacental resistance

Ozet

Preklamptik Insan Plasentalarinda Matriks Metalloproteinaz-9 (MMP-9)
Ekspresyonunun Klinikopatolojik Degerlendirmesi

Amag: Yetersiz endovaskiiler trofoblastik migrasyon ve spiral arter invazyonu, preeklampsi ve intrauterin gelisme geriligi
(IUGG) gibi gebelik komplikasyonlari ile yakindan iligkilidir. Trofoblastik invazyonu sinirlamada, ekstravilloz trofoblast
(EVT) ve desidiial hiicrelerden salgilanan matriks metalloproteinaz (MMP) rolii bulunmaktadir. Bu ¢alismada, 3. trimester
preeklamptik plasenta dokularinda, EVT, villoz trofoblast (VT) ve desidiial hiicrelerde matriks metalloproteinaz-9 (MMP-9)
ekspresyonu ve bu ekspresyonun klinik parametrelerle olan iligkisini ortaya koymay1 hedefledik.
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Materyal ve Metot: 22 preeklamptik olguyu (25-38. gebelik haftast) iceren ¢aligma grubu ve 19 normotensif olgunun (27-41.
gebelik haftasi) bulundugu kontrol grubuyla kesitsel bir ¢aligma yapildi. Dogum zamani 6ncesi 3 giin icinde, uterin arter
Doppler ve umbilikl arter Doppler akim hizi dl¢iimleri yapildi. Olgularin dogum sonrasi, plasental dokular toplanarak, immii-
nohistokimyasal yontemle, EVT, VT ve desidiial hiicrelerde MMP-9 ekspresyonu degerlendirildi. Hipertansiyon ve proteinii-
ri derecesi, uterin ve umbilikal arter Doppler akim hiz1 dalgaformlari, dogum haftasi, dogum sekli, yenidogan agirligi, Apgar
skorlar1 saptanarak, plasental MMP-9 ekspresyonu ile korelasyonu aragtirild.

Sonuglar: Ortalama dogum haftast ve yenidogan agirligi, preeklamptik grupta, kontrol grubuna gore daha diigiiktii (sirasiyla,
33.7+0.7 hafta vs 38.120.1 hafta ve 1969+164 gr vs 3018+196 gr). Biitiin olgularda, EVT MMP-9 ekspresyonu, VT ve desi-
diial hiicrelerdeki ekspresyon ile pozitif korelasyon gosterdi. Plasental EVT MMP-9 ekspresyon yiizdesi siiperempoze preek-
lampsi olgularinda kontrol grubuna gore daha diisiiktii (arc sine V% degerleri: 0.72£0.1 vs 0.900.13, p<0.05). Anormal ute-
rin arter Doppler akim hizi bulgulari, ¢aligma grubunda daha belirgindi (sirasiyla %33.3 ve %7.6). Caligma grubunda, EVT
MMP-9 ekspresyonu, proteiniiri derecesi (p=0.53) ve diyastolik kan basinci degerleri (< veya 2100 mmHg) (p=0.42) agisin-
dan bir farklilik gézlenmezken; anormal uterin arter dalgaformu ile negatif bir korelasyon iginde saptandi (rp:-0.39, p=0.03).
Anormal uterin arter Doppler bulgu yiizdesi, VT (rg= -0.51,p=0.01) ve desidiial hiicre MMP-9 immiin boyanma yogunlugu
(r,=-0.39, p=0.04) ile yenidogan kilosu (r,=-0.37, p=0.04) ve 5. dk Apgar skoru ile (r,=-0.45,p=0.02) negatif bir korelasyon
gosterdi.

Tartisma: Preklampside, EVT ve villoz trofoblastlara ait plasental MMP-9 ekspresyonu uterin arter Doppler anormallikleri
ve neonatal sonug ile negatif bir iligki gdsterdi. Bununla birlikte, villoz trofoblastlar ve desidiial hiicrelerde MMP-9 ekspres-
yonu ile uteroplasental vaskiiler direng arasinda negatif bir korelasyon mevcuttu. Doppler bulgulari gibi klinik hastaligin bul-
gularinin ortaya ¢ikmasindan 6nce EVT, villoz trofoblast ve desidiial hiicrelerde azalan MMP-9 ekspresyonu, uteroplasental

direng ile yakindan iliskilidir.

Anahtar sozciikler: matriks metalloproteinaz-9, preeklampsi, uteroplasental direng

Introduction

In pregnancies complicated with preeclampsia, trophoblastic
invasion is almost completely restricted to decidual segment
of the spiral arteries with little or no evidence of invasion be-
yond decidual-myometrial junction (1,2). Insufficient trop-
hoblastic migration and invasion of spiral arteries has been
closely linked to pregnancies complications such as preec-
lampsia and intrauterine growth retardation (IUGR) (3).
Matrix metalloproteinase (MMP) secretion by EVT and de-
cidual cells have a potential value in controlling the extent of
trophoblastic invasion (4). In vivo or in vitro studies of the
placenta and the decidua have shown that EVT cell prolife-
ration, migration and invasiveness are stringently regulated
in the placental microenvironment (5,6). Those studies sug-
gested the role of a variety of molecules (TGFp1-2, VEGF,
plasminogen activator, cytokines, leptin, integrins, proto-on-
cogenes, growth factors etc.) produced at the feto-maternal
interface in situ on implementing migratory and invasive
functions of EVT cells and ensuing the maintenance of high
capacitance placental vessels (5-10). Derangements in the
functionality of secretion of proteolytic enzymes or plasmi-
nogen activator from EVT cells as well as decidual cells in a
susceptible mother may lead to cascade of events culmina-
ting in full-blown disease (5,8). Cross-talks between EVT,
VT and decidual cells in cellular levels have been extensi-
vely studied in preeclampsia. However, there is a paucity of
studies showing extracellular matrix degrading enzymes
expression in those cells and uterine/umbilical artery Dopp-
ler findings as well as neonatal outcome parameters.

The activity of matrix degrading and secretory capacity of the
EVT cells is higher in first trimester placentas compared to
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term placentas. This finding has clearly shown that MMP’s
activity and the invasive potential of EVT cells is more pro-
nounced in the initial placentation than later periods of gesta-
tion (9). Furthermore, MMP-9 expression is a prerequisite for
matrigel invasion by human cytotrophoblast cells (7).

This cross-sectional study was aimed firstly, to anticipate the
expression of MMP-9 (gelatinase-B), a member of zinc and
calcium dependent MMP’s in placentae of normotensive and
hypertensive cases and secondly, to relate its expression
among EVT, VT and decidual cells with uterine and umbili-
cal artery Doppler waveforms and some clinical parameters
such as degree of proteinuria, blood pressure, gestational
birth weight , 1 and 5 min Apgar scores.

Materials and Methods

A total number of 22 preeclamptic women (severe preec-
lampsia, n=8; superimposed preeclampsia, n=8 eclampsia,
n=6) and 19 normotensive pregnant women without any me-
dical illnesses, admitted to University of Osmangazi Medical
School, Department of Obstetrics and Gynecology, between
January 2000 and March 2003 constituted the study and the
control group, respectively. During this time period, control
groups were matched in regard to maternal age and previous
obstetrics histories. The study was approved by the Ethical
Committee of Medical Faculty and confirmed written con-
sent forms were obtained from all the participants. Hyperten-
sive cases were classified as severe preeclampsia or superim-
posed preeclampsia following the criteria defined by the re-
port of the National High Blood Pressure Education Program
Working Group on High Blood Pressure in Pregnancy (11).
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Women were diagnosed with preeclampsia if they met both
of the following criteria: (1) A blood pressure of >140/90
mmHg after 20" weeks of gestation and, (2) proteinuria defi-
ned as 24-hour urine specimen with a total protein excretion
of 2300 mg. If a 24-hour urine specimen was unavailable, a
random urine dipstick value of 1 + ( 30 mg/dl) at the admis-
sion was accepted. Eclampsia was defined as the presence of
those above findings and tonic-clonic convulsions in a pati-
ent known to be free of any previous cerebral disturbances.
Severe preeclampsia was defined as the presence of one or
more of the following features: systolic blood pressure 2160
mmHg; diastolic blood pressure >110 mmHg; persistent pro-
teinuria 2+ or more; neurologic symptoms such as visual dis-
turbances, headache and seizures; oliguria; elevated serum
creatinine; presence of HELLP (hemolysis, elevated liver
enzymes, thrombocytopenia) syndrome or pulmonary ede-
ma. Superimposed preeclampsia was defined as worsening
of hypertension or new-onset proteinuria in a pregnant wo-
men known to be hypertensive before 20 weeks’ gestation.
Cases with multiple pregnancy, diabetes mellitus, chronic re-
nal disease, platelet disorders, fetal infections, fetal anomali-
es, rupture of membranes and autoimmune diseases were
excluded from the study.

Within 3 days of delivery, majority of the study (15/22) and
control group (13/19) participants were undergone uterine
and umbilical artery Doppler investigation. All the study ca-
ses were not on antihypertensive medication during Doppler
velocimetry. Patients were examined in a semirecumbent po-
sition and insonated by means of office ultrasonography
(Toshiba SSA Sonoline 250, Tokyo, Japan) with 5 mHz tran-
sabdominal transducer. The uterine artery Doppler recording
was performed at the appearent cross-over point of uterine
and external iliac artery. Three consecutive pulsatility index
(PI) values of each side (placental and non-placental) were
obtained and averaged accordingly. Presence of unilateral or
bilateral early diastolic notch and/or the mean PI and RI’s
295% percentile of the reference value for the index gestati-
onal weeks value were considered as abnormal uterine artery
Doppler findings (12). In addition, umbilical artery RI valu-
es were also recorded. Managing physicians were not blin-
ded to the results of Doppler findings. Placental tissues were
collected from all cases following the delivery and evaluated
via means of a unique immunohistochemical method by two
independent co-author pathologists who were blinded to the
clinical findings (13).

Placental tissues were collected from all cases following the
delivery. Specimens were sliced and fixed in 10% neutral
buffered formalin solution for 12-24 hours. The aeras inclu-
ding basal plate and anchoring villi were marked out on the
slide stained with hematoxylin and eosin. Thereafter, app-
ropriate tissue sections 3-4 pm in thickness were prepared
and stained with double staining method (Histostain-DS Kit,
Broad spectrum, Zymed Laboratories Inc. CA, USA ). Paraf-
fin sections are deparaffinized with xylene and rehydrated in
a graded series of ethanol. After washing in distilled water,

-fa‘.?ﬁ o
slides were incubated at 121°C for 20 min for antigen retri-
eval procedure, and than tissue sections were submerged in
peroxidase quenching solution and washed with phosphate
buffered saline (PBS). After incubation with serum blocking
solution; in brief, the procedure was as follows: monoclonal
mouse antibody directed against cytokeratin (Pan Ab-1,
AE1-AE3, Neomarkers, Fremont, CA, USA ) as a first pri-
mary antibody was incubated for 45 min and then,biotinyla-
ted second antibody, streptavidin-alkaline phosphatase (AP)
and substrate—chromogen mixture for AP and double sta-
ining enhancer reagents were incubated respectively. After
incubation with primary antibody, between each step the sec-
tions were rinsed well (2 min, 3 times) in PBS containing
0.05% Tween-20. As a second stage tissues again were incu-
bated with serum blocking solution, and without rinsing tis-
sues were incubated (30 min) with a second primary monoc-
lonal antibody for MMP-9 (Neomarkers, Fremont, CA,
USA) and following with biotinylated second antibody. The
sections were well rinsed (2 min, 3 times) with PBS conta-
ining 0.05% Tween-20 between these two step. After incuba-
tion streptavidin-peroxidase, sections were rinsed well with
PBS (2 min, 3 times). Substrate-chromogen (AEC) mixture
was incubated and tissue rinsed well with tap water conta-
ining 0.05% Tween-20 to stop reaction. Tissues were moun-
ted in an ageous medium. Cytokeratin expression was evalu-
ated as a dark purple and MMP-9 expression as a intense red
staining. Both markers showed cytoplasmic stainings. Slides
were evaluated under x20. magnification, covering 8-10 mic-
roscope examination field. Percentage of MMP-9 positive
stained EVT cells were converted into normal distribution
via arc-sineV% conversion (14). The intensity of MMP-9 sta-
ining in EVT, VT and decidual cells were scored as negati-
ve, mild, moderate or intense. Uterine and umbilical arteries
Doppler waveforms, degree of proteinuria (24-hr urinary
protein loss of > or < 2 gr/day) or the degree of hypertension
(diastolic blood pressure > or <110 mmHg), gestational
birthweight were determined among each group. Any corre-
lation, if any, was assessed with the placental MMP-9 exp-
ression.

Data were analysed by using SPPS (SPSS 10.0 Inc., Chicago,
Illinois, USA) statistical package programme. Statistical
analysis included ’ test with Yates correction, Fisher exact

test, Kolmogorov-Smirnov test for multiple comparisons and
Spearman correlation analysis for categoric variables. For con-
tinous variables, Student’s ¢ test and ANOVA with posthoc
Tukey HSD were performed where appropriate, and the valu-
es were expressed as mean tstandard error of mean (SEM). P
values <0.05 were considered statistically significant.

Results

Mean age, number of parity and gravidity did not differ
among two groups, as shown in Table 1. As clearly depicted
in Table 1, gestational age at delivery of the study group was
lower than that of control normotensive pregnant women
(33.7 £0.8 weeks vs 38.1 £0.7 weeks, p<0.001) Uterine ar-
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Figure 1. Percentage distributions of EVT cells MMP-9
expression (arc-sine % values) among normotensive
controls, cases with preeclampsia, superimposed
preeclampsia and eclampsia, respectively.

tery Doppler velocimetric measurements could be obtained
in 13 (68.4%) and 15 (68.1%) cases of the control and study
groups, respectively. In rest of the cases, an urgent delivery
was undertaken, compromising the managing physician to
perform and evaluate the Doppler waveform analysis. More
cases in the study group notably revealed abnormal uterine
artery findings (7.6% vs 33.3%, p<0.01). However, umbili-
cal artery RI did not differ significantly between the control

and study groups, although there was a trend toward an inc-
reased vascular resistance in the study group (0.37 £0.3 vs
0.58+0.4, respectively).  Gestational  birthweight
(1969.9£164 gr vs 3018.9£196 gr), 1 and 5 mn Apgar scores
(3.3£0.7 vs 8.1+0.5 and 5.3+0.7 vs 9.3£0.4, respectively)
were detected to be lower in the study group. Meanwhile,
percentage of cesarian section due fetal distress was more
prevalent in the study group (21% vs 68.1%, p<0.01).

The percentage of EVT cells expressing MMP-9 presented
with arc sineV% values was lower in the superimposed
preeclampsia group compared to control group (0.42+0.11 vs
0.9010,13 respectively, p=0.03), as shown in Figure 1, 2a, 2b
and 3a. Severe preeclampsia (0.70+0.14), eclampsia
(0.91+£0.18) and control group (0.90+0.13) did not differ in
terms of percentage EVT MMP-9 expression.

Furthermore, the intensity of MMP-9 expression of EVT, VT
and decidual cells did not differ significantly among two gro-
ups (p>0.05), as shown in Table 2. In the half of the cases of
the study group (11/22 cases), MMP-9 expression in EVTs
was mild in intensity (Figure 3b).

In terms of EVT cell cytokeratin expression, in the control
group, numbers of mild and moderately cytokeratin stained
cases were 4 and 15, respectively. In the study group, these
figures were 4 and 17 and, one case stained strongly. No sta-
tistically significant difference was depicted from those of
controls (D,,,,=0.001, z=0.1, p>0.05).

In both group, no significant change was detected among in
terms of percentage of EVT MMP-9 expression, among ca-
ses delivered primarily with cesarian section and those deli-
vered vaginally (p>0.05). Furthermore, in study group, per-
centage of EVT MMP-9 expression was not statistically dif-
ferent in terms of proteinuria < or =2 gr/24-hour urine

Figure 2a. Matrix metalloproteinase-9 (MMP-9) expression (dark red) in a high percentages of keratin positive EVT’s

(thick arrow) in an anchoring villus and basal plate in the control group . Small number of EVT’s were stained keratin positive
only (dark purple, thin arrow). Villous trophoblasts (VT) also showed MMP-9 and keratin positivity with no decidual MMP-9
and keratin staining (Double immunostaining, x10) ; 2b: Matrix metalloproteinase-9 (MMP-9) expression in a high percentages
of EVT’s (thick arrow) with a mild decidual MMP-9 cell expression (thin arrow) in a preeclamptic case. VT’s showed mild
keratin expression (Double immunostaining, x10).
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Figure 3a. Matrix metalloproteinase-9 (MMP-9) expression (dark red) in a high percentages of keratin positive EVT’s

(thick arrow) in an anchoring villus and basal plate in the control group. Small number of EVT’s were stained keratin positive
only (dark purple, thin arrow). Villous trophoblasts (VT) also showed MMP-9 and keratin positivity with no decidual MMP-9
and keratin staining (Double immunostaining, x10); 8b: Matrix metalloproteinase-9 (MMP-9) expression in a high percentages
of EVT’s (thick arrow) with a mild decidual MMP-9 cell expression (thin arrow) in a preeclamptic case. VT's showed mild

keratin expression (Double immunostaining, x10).

(0.84£0.13 vs 0.6£0.12, p=0.53) and the degree of diastolic
blood pressure < or 2100 mmHg (0.56%0.13 vs 0.82+0.4,
p=0.42). Abnormal uterine artery Doppler waveform pat-
terns were also negatively correlated with the percentage of
EVT MMP-9 expression (rs=-0.39, p=0.03); with gestational
birthweight (r;=-0.37, p=0.04) and 5 min Apgar score
(rs=-0.45, p=0.02). Same negative correlation was present
with degree of MMP-9 staining among decidual and VT’s
(r=-0.39, p=0.04 and r=-0.51, p<0.01). No significant cor-
relation, in either way, was detected among umbilical artery
RI and placental MMP-9 expression.

Although placental weights (490+12.3 gr vs 340+22.4 gr,
p<0.03) did differ significantly among two groups, placental
weight did not appear to correlate with the extent of trophob-
last MMP-9 expression and Doppler findings in each group.

Discussion

Although the trophoblastic invasion occurs mostly during the
first trimester of gestation, through this study, it was possib-
le to demonstrate that term villous and extravillous trophob-
lasts can express MMP’s to a variable degree. In addition, we
also accomplished to demonstrate diminished trophoblastic
MMP expression in third trimester placental tissues.

The invasion of extravillous trophoblasts (EVT) into the ma-
ternal endometrium is one of the key events in human imp-
lantation (15). Histopathologic studies of placental bed bi-
opsy specimen obtained from cases with preeclampsia reve-
aled that trophoblastic invasion of uterine spiral arteries is di-
minished (16). Degradation of extracellular matrix (ECM)
proteins and their migratory capacity in ECM require the
expression of MMP’s on EVT and decidual cells (4,5). These

enzymes play an important role in the degradation of base-
ment membrane and ECM, facilitating the remodeling of ma-
ternal uterine vasculature. In this setting, these proteolytic
enzymes may also contribute to the maintenance of blood
fluidity in the villous space. Reduced EVT MMP-9 expressi-
on in preeclampsia early in gestation leads to the aggregati-
ons of platelet debris, fibrin and macrophages within the spi-
ral arteries, leading to impaired placental perfusion and inc-
resased uteroplacental resistance (5). MMP-9 and other pro-
tease expression and secretion from EVT cells contribute to
physiologically protecting perivillous deposition of fibrin
and clots, an important histopathologic finding in preeclamp-
tic placentas (15). Our study failed to demonstrate any diffe-
rence in terms of degree of MMP-9 expression among villo-
us trophoblastic cells of preeclamptic and normotensive ca-
ses. This may be related to the small number of cases evalu-
ated in the present study.

Based on in vitro studies, villous trophoblasts have been fo-
und to express MMP’s and urokinase receptors, thereby pre-
venting fibrin deposition within the intervillous space (17).
Although villous MMP expression is high during third tri-
mester trophoblasts, EVT MPP-9 expression diminishes as
the gestational age progresses (18).

In vitro and in vivo studies have found that MMP secretion
from EVT are tightly regulated by the MMP tissue inhibitor
(TIMP) expressed and secreted from the decidual cells, conf-
ronting the further invasion of EV trophoblast cells (18,19).
Furthermore, Campbell et al.(20) performed an co-culture
experiment using cytotrophoblasts from normal pregnancies,
together with decidual cells from both normal and preec-
lamptic pregnancies. They concluded that preeclamptic deci-
dual cells showed reduced MMP-1 secretion, suggesting a
possible role for these maternal cells in controlling the extent
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of endovascular invasion. However, Vettraino et al. (21) fo-
und that the placental specimens recovered from pregnanci-
es complicated by severe preeclampsia did not differ in col-
lagenase-I and stromelysin-I immunostaining from those pla-
centae recovered from uncomplicated pregnancies. Gallery
et al (22), through their study about the secretion of MMP by
cultured human decidual endothelial cells from normal and
preeclamptic pregnancies, has shown that decidual cells
from preeclamptic cases expressed reduced MMP-1, inhibi-
ting the endovascular invasion by cytotrophoblasts. This fin-
dings demonstrates that protease expression in the EVT trop-
hoblasts and decidual cells may play important role in the
setting of endovascular trophoblast invasion (23).

As seen in Table 1, mean gestational age of placental samp-
ling was lower in the preeclamptic group, as well as the EVT
MMP-9 expression, compared to term normotensive cont-
rols. But, as one would expect, MMP-9 expression should be
higher in the preterm delivered cases to term placental tissu-
es of the control cases. In contrast, even in preterm placen-
tae, preeclamptic changes resulted in diminished MMP-9
expression compared to those of uncomplicated term pregan-
cies. Hence, at the end of this study, we thought that gestati-
onal age difference between study and control group did not
influenced the results.

There are several reports in the literature that pointed that
immunoreactive MMP-9 protein was significantly increased
during and after labour compared with before labor (24,25).
Those labor-associated changes were also examined in this
present study. With regard to EVT MMP-9 expression, we
failed to detect any difference among cases delivered prima-
rily with cesarian section and those delivered vaginally or
by cesarian section following a short period of labor stimu-
lation.

Another important finding of the present study is that percen-
tage of EVT MMP-9 staining was more prevalent in supe-
rimposed preeclampsia compared to controls, as shown in Fi-
gure 1. In the present study, being allocated as preeclampsia
group, only cases with severe preeclampsia, eclampsia and
superimposed preeclampsia were enrolled in the study, and
compared with the normotensive pregnant women. Mild or
severe gestational hypertension were not included to the
study. Hence, MMP-9 expression of various cells in the pla-
centa could not be assessed among different forms of hyper-
tensive diseases of pregnancy.

Rather than having patients from 25-38 weeks GA and with
not only mild preeclampsia but with severe preeclampsia and
“superimposed preeclampsia”, the hypothesis could be tested
more effectively by studying a group of term patients with
“mild preeclampsia”. The control group would then be
comprised of term patients who were normotensive. This
was an important question that remained to be answered fol-
lowing this study. We could not include mild preeclampsia
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cases due to inadequate number reached at the end of the
study. This may be, somewhat, related to admission of more
severe preeclamptic cases to our unit during the study period
instead of referring mild preeeclamptic cases that were easily
be managed in our state or social security hospitals in our
city. Another limitation of this sudy is the fact that the exp-
ression of MMP-9 from third trimester placentas (trophob-
lasts) did not appear to offer a valid representation of a first
trimester process (abnormal trophoblastic migration and in-
vasion of arteries). It would be more relevant to study the
placenta in early pregnancy rather than in the third trimester.

Motile and invasive extravillous cytotrophoblasts are found
as cytokeratin positive cells in the decidua, the intima of the
uterine spiral arteries and the proximal third of the myomet-
rium. We failed to detect any difference in terms of the inten-
sity of trophoblastic cytokeratin expression among pregnant
women with preeclampsia and normotensive pregnant wo-
men. However, an association of preeclampsia and excessive
proliferation and shedding of immature trophoblasts into ma-
ternal circulation has been suggested, upregulating the cyto-
keratin expression in the preeclamptic placentae (26,27).

To the best of our knowledge, there are inadequate data in
the literature, relating the uteroplacental resistance detected
with Doppler studies with placental MMP-9 expression. Ba-
sed on the result of the current study, elevated uterine artery
resistance was negatively correlated with the intensity of
MMP-9 expression in extravillous, villous and decidual cells
as well as neonatal outcomes such as birthweight and Apgar
scores. Similar results obtained from the studies of Olofsson
(28) and Lin et al. (29), pointing out that patients with pla-
cental bed biopsies with impaired trophoblastic migration
and invasion delivered more prematurely and had a higher
rate of small-for-gestational age infants. Nevertheless, these
studies were based on the histopathologic confirmation of
impaired trophoblastic invasion, instead of immunohistoche-
mical identification of protease expression in EVT cells or
decidual tissues.

Among preeclamptic group, percentage of MMP-9 stained
EVT cells did not differ, regardless of both the degree of pro-
teinuria and diastolic blood pressure. Taken into considerati-
on the negative correlation between uteroplacental resistance
and the percentage of MMP-9 stained EVT cells, the latter
finding is in accordance with the results of the previous stu-
dies, underlying the fact that abnormal uterine artery Dopp-
ler studies (increased PI, RI, and the presence of diastolic
notch) is not mediated by high blood pressure, but rather are
the consequence of abnormally elevated uteroplacental resis-
tance determined by the inadequate and shallow endovascu-
lar trophoblast invasion into the myometrium (30). Kolben et
al. (31) has also demonstrated that in patients with abnormal
uterine artery Doppler findings were more likely to have re-
duced MMP-9 and TIMP-1 concentrations in the plasma and
placental extracts compared to those with normal Doppler
velocimetry. In that study, only preeclamptic women showed
reduced placental MMP-9 expression.
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Another limitation of our study was the fact that more than
30% of cases among each group failed to undergo uterine
and umbilical artery Doppler studies. In this regard, the mis-
sing data together with small number cases enrolled in each
group may be problematic in assessing the correlation of
Doppler results with various clinico-pathologic parameters.
Moreover, one should consider the fact that the given medi-
cations to the study group may have an influence on this sta-
ining experiment.

In conclusion, the present data suggest that in preeclampsia,
placental MMP-9 expression is responsible from the elevated
uteroplacental resistance and its expression in EVT cells is
lower in preeclampsia. Although no significant changes
were observed among those cells in cases with preeclampsia
of different degree, interactions between trophoblast cells
(extravillous/villous) and decidua cells have important imp-
lications on the placental function. This issue needs to be elu-
cidated by future studies, on a large data set, in an attempt to
clarify the intraplacental cell cross-talks in preeclampsia.

References

1. Pijnenborg R, Vecruysse L, Verbist L, Van Assche FA. Interaction of
interstitial trophoblast with placental bed capillaries and venules of nor-
motensive and pre-eclamptic pregnancies. Placenta 1998;19:569-75.

2. Shanklin DR, Sibai BM. Ultrastructural aspects of pre-eclampsia. 1.
Placental bed and uterine boundary vessels. Am J Obstet Gynecol
1989;161:735-41.

3. Dekker GA, Sibai BM. Etiology and pathogenesis of preeclampsia: cur-
rent concepts. Am J Obstet Gynecol 1998;179:1359-75.

4. Lim KH, Zhou Y, Janatpur M, Mcmaster M, Bass K, Chun SH, Fisher
SH. Human cytotrophoblast differentiation/invasion is abnormal in pre-
eclampsia. Am J Pathol 1997;151:1809-1818.

5. Lala PK, Chakraborty C. Factors regulating trophoblast migration and
invasiveness: possible derangements contributing to pre-eclampsia and
fetal injury. Placenta 2003;24:575-587.

6. Roth I, Fisher SJ. IL-10 is an autocrine inhibitor of human placental
cytotrophoblast MMP-9 production and invasion. Developmental Bi-
ology 1999;205:194-204.

7. Bischof P, Truong K, Campana A. Regulation of trophoblastic gelatina-
ses by proto-oncogenes. Placenta 2003;24:155-63

8. Bajoria R, Sooranna SR, Ward BS, Chatterjee R. Prospective function of
placental leptin at maternal-fetal interface. Placenta 2002;23:103-115.

9. Schjetlein R, Abdelnoor M, Haugen G, Husby H, Sandset PM, Wisloff
F. Hemostatic variables as independent predictors for fetal growth retar-
dation in preeclampsia. Acta Obstet Gynecol Scand 1999;78:191,97.

10. Shimonovitz S, Hurwitz A, Hochner Celnikier D, Dushnik M, Anteby
E, Yagel S. Expression of gelatinase B by trophoblast cells: Down-re-
gulation by progesterone. Am J Obstet Gynecol 1998;178: 457-61.

11. National High Blood Pressure Education Program Working Group on
High Blood Pressure in Pregnancy. Report of the National High Blood
Pressure Education Program Working Group on High Blood Pressure
Education in Pregnancy. Am J Obstet Gynecol 2002;183:S1-22.

12. Thompson RS, Trudinger BJ, Cook CM. Doppler waveform Doppler
indices: A/B ratio, pulsatility index and Pourcelot ratio. Br J Obstet
Gynaecol 1988;95(6):581-588.

13. Zhou Y, Damsky CH, Fisher SJ. Preeclampsia is associated with failu-

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

o

kS
Salgginr

re of human cytotrophoblasts to mimic a vascular adhesion phenotype.
One cause of defective endovascular invasion in this syndrome ? J Clin
Invest 1997;99(9):2152-64.

Diem K. Documenta Geigy Scientific Tables. 6 Edition, Switzerland
1962;69.

Huppertz B, Kertschanska S, Demir AY, Frank HG, Kaufmann P. Im-
munohistochemistry of matrix metalloproteinases, their substrates, and
their inhibitors (TIMP) during trophoblastic invasion in the human pla-
centa. Cell Tissue Res 1998;291:133-148.

Khong TY, De Wolf F, Robertson WB, Brosens I. Inadequate maternal
vascular response to placentation in pregnancies complicated by pre-ec-
lampsia and by small-for gestational age infants. Br J Obstet Gynaecol
1986;93:1049-59.

Graham CH, Lala PK. Mechanism of control of trophoblast invasion in
situ. J Cell Physiol 1991;148:228-234.

Polette M, Nawrocki B, Pintiaux A, Massenat C, Maquoi E, Volders L
et al. Expression of gelatinases A and B and their tissue inhibitors by
cells of early and term human placenta and gestational endometrium.
Lab Invest 1994;71(6):838-846.

Fisher SJ, Cui T, Hartmann L, Guo-Yang Z, Trapey J, Damsnky CH.
Adhesive and degradative properties of human placental cytotrophob-
last cells in vitro. J Cell Biol 1989;109:891-902.

Campbell S, Rowe J, Jackson CJ, Gallery EDM. In vitro migration of
cytotrophoblasts through a decidual endothelial cell monolayer : the ro-
le of matrix metalloproteinases. Placentas 2003;24:306-315.

Vettraino IM, Roby J, Tolley T, Parks WC. Collagenase-I, stromelysin-
I and matrilysin are expressed within the placenta during multiple sta-
ges of human pregnancy. Placenta 1996;17:557-563.

Gallery ED, Campbell S, Arkell J, Nguyen M, Jackson CJ. Preeclamp-
tic decidual microvascular endothelial cells express lower levels of mat-
rix metalloproteinase-1 than normals. Microvasc Res 1999;57(3):340-6.

Graham CH, Macrae KR. Altered expression of gelatinase and surface-
associated plasminogen activator activity by trophoblasts cells isolated
from placentas of preclamptic patients. Am J Obstet Gynecol 1996;
175:555-62.

Tsatas D, Baker MS, Rice GE. Differential expression of proteases in
human gestational tissues before, during and after spontaneous-onset la-
bour at term. J Reprod Fertil 1999;116:43-49.

Vadilla-Ortega F, Gonzales-Avila G, Furth EE, Lei H, Muschel RJ,
Stetler-Stevenson WG, Strauss JFI. 92-kd type IV-collagenase (matrix
metalloproteinase-9) activity in human amniochorion increases with la-
bour. Am J Pathol 1995;146:148-156.

Hefler LA, Tempfer CB, Bancher-Todesca D, Schatten C, Husslein P,
Heinze G, Gregg AR. Placental expression and serum levels of cytoke-
ratin-18 are increased in women with preeclampsia. J Soc Gynecol In-
vestig 2001;8:169-73.

Tempfer CB, Bancher-Todesca D, Zeisler H, Schatten C, Husslein P,
Gregg AR. Placental expression serum concentration of cytokeratin 19
in preeclampsia. Obstet Gynecol 2000;95:677-82.

Olofsson P, Laurini RN, Marsal K. A high uterine artery pulsatility in-
dex reflects a defective development of placental bed spiral arteries in
pregnancies complicated by hypertension and fetal growth retardation.
Eur J Obstet Gynecol Reprod Biol 1993;49(3):161-8.

Lin S, Shimizu I, Suehara N, Nakayama M, Aono T. Uterine artery

Doppler velocimetry in relation to trophoblast migration into the myo-
metrium of the placental bed. Obstet Gynecol 1995;85(5 Pt 1):760-5.

Adamson SL, Morrow RJ, Bascom PAJ, Mo LY, Ritchie JW.Effect of
placental resistance, arterial diameter, and blood pressure on the uteri-
ne artery velocity: a computer modeling approach. Ultrasound Med Bi-
ol 1989;15(5):437-42.

Kolben M, Lopens A, Blaser J, Ulm K, Schmitt M, Schneider KT,
Tschesche H. Proteases and their inhibitors indicative in gestational di-
sease. Eur J Obset Gynecol Reprod Biol 1996;68(1-2):59-65.

37



