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ABSTRACT

UNIVERSA MEDICINA

Comparison of matrix metalloproteinase-9 and E-cadherin
expression in early- and late-onset preeclampsia

Tjam Diana Samara1,2*, Heri Wibowo1,3, Isabella Kurnia Liem1,4, Ani Retno Prijanti1,5,
and Andrijono1,6

BACKGROUND
Preeclampsia (PE) is one of the most common pregnancy complications
worldwide. Turnover of villous trophoblast is affected by impaired placental
perfusion in preeclampsia. Among the various factors that influence pro
and antiangiogenic factors in trophoblast invasion of PE are E-cadherin
and matrix metalloproteinase-9 (MMP-9). The current classification scheme
differentiates PE into two variants early-onset (EO) and late-onset (LO) PE.
The aim of this study was to compare MMP-9 and E-cadherin expression
between early- (EO) and late-onset (LO) PE.

METHODS
This study used a cross-sectional design involving 26 women with
gestational age <34 weeks (EO) and 38 women with gestational age 34
weeks (LO) from PE patients. Placentas born to preeclamptic mothers were
taken in the form of small pieces of the maternal side to measure the levels
of MMP-9 and E-cadherin by the ELISA method. Statistical analysis was
assessed using the Mann Whitney and independent t-test with a significant
p value <0.05.

RESULTS
Semiquantitative proteinuria levels were significantly higher in EO-PE group
compared to LO-PE group (p=0.000). Mean E-cadherin levels were significant
lower in the EO-PE group (125.94 ± 54.22 pg/mg) compared to LO-PE group
(157.95 ± 54.12 pg/mg) (p = 0.024). However, there was no significance
difference in median MMP-9 levels between EO-PE group and LO-PE group
(p=0.376).

CONCLUSION
This study demonstrate that E-cadherin had lower levels in preeclampsia
patients who gave birth <34 weeks. This study indicated that lower levels
of e-cadherin can lead to early delivery in preeclampsia patients.

Keywords: MMP-9, E-cadherin, early-onset preeclampsia, late-onset
preeclampsia
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BACKGROUND

Preeclampsia (PE) is a clinical syndrome
characterized by the onset of hypertension at
more than 20 weeks of gestation or immediately
after delivery, and is accompanied by proteinuria
or thrombocytopenia, kidney failure, liver failure,
pulmonary edema, cerebral disorders, or visual
disorders.(1) Preeclampsia is a major cause of
morbidity and mortality, both in the mother and in
the fetus. The worldwide incidence of PE is about
2-8% of all pregnancies, with maternal mortality
ranging from 10%-15%.(2) In Indonesia, the
maternal mortality rate of 225/100,000 deliveries
is still high, where pre-eclampsia and eclampsia
as most possible cause.(3) Many factors that can
cause PE, such as obesity, family history of PE,
maternal age (>35 years or <17 years), blood
vessel disorders such as chronic kidney disease
and diabetes mellitus, hypertension, thrombotic
disorders such as antiphospholipid syndrome,
multiple pregnancies, nulliparous versus
multiparous, and immune maladaptive reaction.(4)

In pathogenesis, one of the factors that is
considered to be the cause of PE is due to shallow
placentation and deficient remodeling of uterine
spiral arteries by invasive placental trophoblast
cells which results in impaired perfusion of the
fetus-maternal unit.(5) The invasion disruption is
caused by an imbalance between proangiogenic
and antiangiogenic factors. This imbalance is
thought to be due to the antiangiogenic protein
appearing too early and/or if the production is
excessive.(6) Among the various factors that
influence pro and antiangiogenic factors are E-
cadherin and matrix metaloproteinase-9 (MMP-
9).(7,8)

E-cadherin is one of the most important
molecules in adhesion cells in epithelial tissue.(9)

E-cadherin is located on the surface of epithelial
cells in areas of contact with cells known as
adherent junctions. Suppression of E-cadherin
expression is the main cause of dysfunction in
cell adhesion. One of the important functions of
E-cadherin in development is its control of
epithelial-mesenchymal transition. E-cadherin,

which is involved in wnt signaling, plays a role in
regulating migration, proliferation, apoptosis, and
differentiation of cells.(10) During the first
trimester of pregnancy, the expression of E-
cadherin in trophoblasts temporarily decreases so
that trophoblast cells have the potential to migrate
and invade.(11)

Matrix metaloproteinase-9 is the main
mediator for extracellular matrix (ECM)
degradation and has a role in placental
angiogenesis by transforming of artery
structural.(12) Matrix metaloproteinase-9 degrades
ECM by activation of major proangiogenic factors
such as vascular endothelial growth factor
(VEGF) and fibroblast growth factor (FGF2).(13)

Matrix metaloproteinase-9 degrades E-cadherin
to soluble E-cadherin, which suppresses E-
cadherin activity and induces EMT.(14) Matrix
metaloproteinase-9 expression increases from 8
to 11 weeks, becoming the main gelatinase until
late in pregnancy.(15) MMP-9 turut berperan
dalam invasi sel trofoblas dan ekspresinya banyak
didapatkan pada sel stroma desidual.(16) Sosa et
al.(15) found that MMP-9 has a major role during
invasion and contributes to the remodeling of the
uterine spiral artery. This is because MMP as a
specific proteolytic enzyme plays an important role
in the degradation of the extracellular matrix
resulting in invasion of proliferative cells into the
surrounding tissue.

The current classification scheme
differentiates PE into two variants.(17) Early-onset
PE (EO-PE) develops to and requires delivery at
34 weeks of gestation. Late-onset PE (LO-PE)
appears after 34 weeks of pregnancy as a
metabolic syndrome and is not associated with
the formation and functioning of the placenta in
the second half of pregnancy.

A study showed that in EO-PE group the
MMP-9 expression in placenta tissues was
siginificantly decreased compared to normal
pregnancy.(18) Another study demonstrated
increased expression of E-cadherin in late onset
preeclamptic compared to that in gestation
normotensive pregnancies.(19) Furthermore, there
was no difference in the expression of E-cadherin
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between early onset and late onset
preeclampsia.(19)

At present, the role of vascular endothelial
injury in EO-PE and LO-PE are concerned, but
its regulation mechanism is not clear, and the
results of previous studies were inconclusive.
Therefore, the aim of this study was to compare
the MMP-9 and E-cadherin expression between
EO-PE and LO-PE patient.

METHODS

Research design
This study was a cross-sectional design with

analytic observations. Sampling was carried out
at Cipto Mangunkusumo Hospital (RSCM) and
Budi Kemuliaan Hospital, Jakarta, Indonesia from
April 2017 to April 2018.

Research subject
The sample size was determined based of

the results of preliminary study of 5 subjects
showed that the mean difference of MMP-9
between EO-PE and LO-PE was 5.6, SD=1.66
(data not shown) . Using the comparison between
two independent group equation with α=0.05 and
β=0.2, the sample size for each group was 38 to
done to get sample size. The study was divided
into two groups: EO- and LO-PE. Each group
needed 38 samples. The samples were collected
until the number of samples was met. The
subjects were 19 years or more and had agreed
to participate in this study by signing an informed
consent were included into this study. Patients
with renal failure and diabetes mellitus were
excluded from this study. The placentas were
removed at the time of the patient’s delivery either
by vaginal or caesarean section.

Measurements
According to The American College of

Obstetrics and Gynaecologists (ACOG),
preeclampsia is a clinical syndrome characterized
by hypertension that appears after 20 weeks of
gestation (systolic pressure 140 mmHg and/or

diastolic pressure 90 mmHg), and proteinuria
(300 mg in 24 hours urine) or with positive protein
(1+) taken from mid-stream urine. Preeclampsia
can be without proteinuria but must be
accompanied by any of the following symptoms:
thrombocytopenia (<100,000/mL), renal failure
(serum creatinine >1.1 mg/dL) abnormal liver
function (transaminases are twice as high as
normal), pulmonary oedema, and cerebral
disorders or visual disorders.(1)

Specimen collection
Maternal placental cotyledons were

removed 0.5 x 0.5 x 0.5 cm immediately after
vaginal birth or caesarean section. A total of 100
mg of placental tissue was washed with phosphate
buffered saline (PBS) and then processed to
obtain homogenate in 1 mL PBS and then stored
at -800C.

Measurement of MMP-9 and E-cadherin
After all samples were collected, the MMP-

9 and E-cadherin levels were assessed by the
ELISA method based on the Cloud-Clone Corp
protocol (MMP-9: SEA553Hu and E-cadherin:
SEA017Hu). The results obtained from the
ELISA test were then calculated based on the
levels in total protein, then the MMP-9 units were
ng/mg and E-cadherin pg/mg.

Ethical clearance
This study received ethical permission from

the Health Research Ethics Committee of the
Faculty of Medicine, University of Indonesia No.
34/UN2.F1/ETIK/2017.

Statistical analysis
The distribution of abnormal data was tested

based on the Kolmogorov-Smirnov test, The
Mann-Whitney test to assess the comparative of
clinical characteristics and levels of MMP-9
between the two groups. And independent-t test
was used to compare levels of E-cadherin
between EO-PE and LO-PE. A p<0.05 being
considered as statistically significant.
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RESULTS

Demographic information of the study
population

During the study we could only recruited 26
women in the EO-PE group and 38 in the LO-
PE group. The demographic and clinical
characteristics of 26 women with EO-PE and 38
women with LO-PE are summarized in Table 1.
The median maternal age of women with EO-
PE [ 29.5 (range 21-42) years old] was not
significantly different with median maternal age
of women with LO-PE [30.5 (range (19-44) years
old] (p=0.545) (Table 1). As expected, systolic
blood pressure (p=0.607) and diastolic blood
pressure (p=0.658) was not significant different
between EO-PE and LO-PE group. But
semiquantitative proteinuria were significantly
higher in the EO-PE group [3 (range (0-4)]
compared to LO-PE group [1 range (0-3)]
(p=0.000).

Comparisons of MMP-9 and E-cadherin
levels between EO-PE and LO-PE

In Table 1, it was found that mean E-
cadherin levels were lower in the EO-PE group
(125.94 ± 54.22 pg/mg) compared to LO-PE
group (157.95 ± 54.12 pg/mg) (p=0.024). But there
was not significant difference of median MMP-
9 levels between the two groups (p=0.376).
.
DISCUSSION

There was no significant difference of
systolic and diastolic blood pressure between the

EO-PE and LO-PE. This result is different from
the result obtained by Gomathy et al.(20) that
found diastolic blood pressure to be significantly
higher in EO-PE than in LO-PE. This may be
because there were patients in this study were
already being treated with antihypertensives.

However, proteinuria was significantly
higher at LO-PE compared to EO-PE group.
Research conducted by Dong et al.(21) showed
proteinuria with a level of 0.3 g/L was
significantly higher in severe PE than in mild
PE. In our study, all EO- PE cases were PE
cases with severe features. As it’s already
known, proteinuria was no longer included as a
PE according to the International Society of the
Study of Hypertension in Pregnancy because it
was found that multiple organ dysfunction
affecting the kidneys and liver can appear
without signs of protein and the amount of
proteinuria cannot predict the severity of disease
progression.(22) However, although proteinuria is
no longer recommended as a criterion for
diagnosing PE, in fact clinicians generally use
proteinuria levels to inform clinical decisions
regarding PE delivery cases. This is because
increased levels of proteinuria worsen the
development of PE and are associated with poor
perinatal outcomes.

There was not significance difference
levels of MMP-9 between EO-PE and LO-PE
in this study. These results differed from the
results of a study conducted by Timokhina et
al.(23) who found MMP-9 levels in EO-PE were
lower than in LO-PE. These results showed the
effect of MMP-9 on the spiral artery

Characteristics EO-PE (n=26) LO-PE (n=38) p value 

Maternal’s age (years) 
Gestational age 
Systolic blood pressure (mmHg) 
Diastolic blood pressure (mmHg) 
Proteinuria (semiquantitative) 
MMP-9 (ng/mg) 
E-cadherin (pg/mg) 

29.5 (21-42) 
30 (24-33) 

167.5 (140-220) 
100 (88-150) 

3 (0-4) 
1.24 (0.18-18.98) 
125.94 ± 54.22 

30.5 (19-44) 
37 (34-41) 

170 (130-220) 
110 (90-140) 

1 (0-3) 
1.70 (0.30-6.66) 
157.95 ± 54.12 

0.545@ 
0.000@ 
0.607@ 
0.658@ 
0.000@ 
0.376@ 

0.024$ 

Table 1. Comparison of demographic and clinical characteristics between EO
and LO groups of preeclampsia patients

@ Mann Whitney test; $ Independent t- test
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transformation process. Research conducted by
Zhang et al.(12) using immunohistochemical
methods on placental samples found that there
was a gradual decrease in patients with severe
PE compared to mild PE and normal
pregnancies.

As it’s already known, in early gestation,
an increase in MMP-9 is needed to regulate the
angiogenesis process for the development of the
foetus-maternal interface. While lower levels of
MMP-9 in the maternal serum contribute to the
abnormal development of blood vessels at the
foetus-maternal interface in complicated
pregnancies of severe PE. (8,24) With the
difference in this study related to MMP-9 levels,
further research is needed to find changes in
MMP-9 levels based on gestational age both at
normal pregnancy and preeclampsia, so that it
can be found more clearer regarding changes
in MMP-9 levels.

Something different happened to E-
cadherin. In this study it was found that E-
cadherin was significantly lower EO-PE than
LO-PE. Different results were found by Li et
al.(7) who found no difference in E-cadherin
expression between EO-PE and LO-PE.
However, the expression of E-cadherin in LO-
PE was higher than in normal pregnancy,
whereas the increase in E-cadherin expression
did not correlate with the severity of
preeclampsia. Li et al.(7) concluded that E-
cadherin increases cytotrophoblast proliferation
and cytokeratin will be highly expressed in
proliferative tissue and this causes impaired
differentiation to become syncytio-trophoblast.
Research conducted by Osman et al.(25) in Sudan
using immunohistochemical methods from
placental samples found no difference in
expression between severe PE and controls.
Meanwhile, Du et al.(26) found an increase in E-
cadherin levels in PE patients compared to
controls. The studies of Osman et al.(25) and Du
et al.(26) did not examine the difference between
EO-PE and LO-PE so it cannot be concluded
whether there is a difference in levels between
the two groups.

Limitations of this study were there was
not enough sample size for EO-PE and the
absence of normal gestational controls in
comparable gestational age and the
measurement of the levels did not follow the
course of gestational age from early to term from
the same patient. There is a need for a cohort
study of gestational age to follow changes in
levels in each pregnant woman so that a real
change can be obtained. The results of this study
indicate that we need to pay attention to the
biomolecular changes that occur in EO-PE so
that it can reduce the risk of premature birth.

CONCLUSION

This study demonstrated that E-cadherin
expression levels was significantly lower in EO-
PE. It shows that lower levels of e-cadherin can
lead to early delivery in preeclampsia patients.
Further studies are needed using normal
pregnancy and preeclampsia patients in all
gestational age to examine the levels of MMP-
9 and E-cadherin and its relationship.
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