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Abstract. Background: Мatrix metalloproteinase-2 (MMP-2) is an enzye from the gelati-
nases family involved mainly in collagen degradation. It is also known as a key regulator 
of normal vascular remodelling during a healthy pregnancy. Failure of regulation of MMP-2 
has been associated with abnormal vasodilation, placentation, uterine expansion and de-
velopment of preeclampsia (PE). Aims: (1) determine serum MMP-2 levels in women with 
PE and healthy pregnancy, (2) evaluate mean uterine arteries Doppler pulsatility index (UtA 
PI) and (3) investigate the a possible association between these parameters. Materials 
and methods: This was a case-control study. Fifty-fi ve women with PE (mean age 24.9 
± 6 years) and a control group of 35 women with normal pregnancies (mean age 24.7 ± 
5.4 years) were examined. An enzyme-linked immunosorbent assay (ELISA) was used to 
determine serum levels of MMP-2. Mean UtA PI were evaluated by Doppler velocimetry. 
Results: Serum ММР-2 levels in preeclampsia were signifi cantly higher than in women 
with normal pregnancy 11.7 (9.1÷15.5) vs. 7.7 ng/ml (6.5÷13.4) (p = 0.016). Mean UtA PI 
was signifi cantly higher in preeclampsia than in healthy pregnant women: 1.12 (0.82÷1.5) 
vs. 0.75 (0.69÷0.85); (p = 0.024). ММР-2 correlated with UtA PI (r = 0.214; p = 0.043). Cut-
off  value at 14 ng/ml for MMP-2 was found to discriminate between PE and healthy preg-
nancy. Conclusion: Our data showed an association between serum MMP-2 and Mean 
UtA PI. We suggest that MMP-2 could have a potential imply on maternal uterine arteries’ 
structure, favoring their constriction, increased resistance and abnormal uterine vascular 
remodeling. Further studies are warranted to clarify whether determination of MMP-2 cut-
off  value might contribute in the diagnosic work-out strategy for PE.
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INTRODUCTION

Preeclampsia (PE) is a hypertensive disor-
der of pregnancy, defi ned by the occurrence 
of new-onset hypertension (140/90 mm Hg) 

and either proteinuria (0.3 g in a 24 h urine sample) 
or end-organ dysfunction developing later than 20 
weeks of gestation [1]. It is a major cause of mater-
nal and perinatal morbidity and mortality [2]. Accord-
ing to the current understandings preeclampsia is a 
systemic disease with generalized endothelial cells 
injury/dysfunction and multi-organ involvement [3]. 
However, it has not been thoroughly explored.

Type IV collagen (CIV) is a major structural compo-
nent of the vascular basement membrane [4]. Altera-
tions in the uterine spiral arteries’ CIV structure have 
been observed in women with preeclampsia [5]. Ma-
trix metalloproteinases (MMPs) are important regula-
tors of extracellular matrix (ECM) remodelling. It is 
well known that dysregulation of the MMPs expres-
sion/activity leads to structural collagen damage [6, 
7]. It has been hypothesised that in preeclampsia, 
these mechanisms play a key role in the altered uter-
ine and vascular CIV turnover characterised by ab-
normal vasodilation, placentation and development 
of generalized vascular damage [8, 9]. 

MMP-2 is known as an enzyme originating from the 
family of the gelatinases matrix metalloproteinases, 
which are associated with effi  cient degradation of 
CIV [10]. It has been postulated that control of ex-
pression and regulation of MMP-2 may play a crucial 
role in normal and complicated pregnancy.

Doppler uterine artery pulsatility index (UtA PI) is 
used to assess vascular resistance by measuring the 
velocity of blood fl ow in the uterine arteries. Thus it 
can detect utero-placental insuffi  ciency (mainly in the 
second trimester) before any clinical manifestations 
and thus identify women at increased risk of devel-
oping complicated pregnancies [11]. Elevated Dop-
pler UtA PIs have been associated with the devel-
opment of PE and adverse events during pregnancy 
[12]. The use of UtA PI to predict PE has been ex-
tensively studied in the second and fi rst trimesters 
of pregnancy. Abnormal placental function, which 
characterizes PE, is associated with increased blood 
fl ow resistance in the utero-placental circulation. This 
is evidenced by ultrasound with increased UtA PI 
[13]. However, there are no data in the literature on 
a parallel examination of serum MMP-2 concentra-
tions and uterine Doppler ultrasound measurements 
in preeclampsia.

AIM

This study aimed to: (1) determine serum MMP-2 
levels in women with preeclampsia (PE) and healthy 
pregnancy, (2) evaluate mean uterine arteries Dop-
pler pulsatility index (UtA PI), and (3) investigate the 
existence of a possible association between these 
parameters.

MATERIALS AND METHODS

Subjects

This was a case-control study. The study was part of 
a university scientifi c project, approved by the Ethics 
Committee of Medical University – Pleven (N1/2020). 
All participants signed informed consent. Study pro-
cedures followed all guidelines for ethical standards 
of the local committee on human experimentation as 
well as the Helsinki Declaration of 1975, as revised 
in 2000. All patients were inpatients of the Clinic 
of Obstetrics and Gynaecology, University Hospi-
tal “Georgi Stranski” Pleven. Sera of subjects were 
taken from October 2020 to March 2021. The study 
group consisted of 55 women with preeclampsia, 
with mean age of 24.9 ± 6 years and a control group 
of 35 women with normal pregnancies with a mean 
age of 24.7 ± 5.4 years. 

The inclusion criteria were: pregnant women with 
clinical symptoms and laboratory criteria for pre-
eclampsia (2018 European Society of Cardiology 
Guideline for the management of cardiovascular dis-
eases during pregnancy was used for the diagnos-
tic criteria of preeclampsia: gestational hypertension 
with signifi cant proteinuria > 300 mg/24 h urine col-
lection or the extrapolated amount from a timed col-
lection) [14]; maintaining a current diet and exercise 
during the study; signed informed consent to partici-
pate in the study; dysfunction of maternal organ such 
as: HELLP syndrome, renal failure, neurological in-
volvement, hepatic involvement and foetal growth re-
tardation. Exclusion criteria were as follows: diabetes 
mellitus, kidney and heart disease, signs of chorio-
amnionitis, presence of a foetus with a chromosomal 
abnormality.

Laboratory investigations 

Enzyme-linked immunosorbent assay (ELISA) was 
used for determination of MMP-2 levels. MMP-2 was 
measured in serum samples using ELISA kit (Total 
MMP-2 Quantikine ELISA Kit, R&D Systems) and ac-
cording to the manufacturer’s instructions. 
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Doppler ultrasound of uterine arteries
Doppler ultrasound of uterine arteries was performed 
by a single operator. Flow velocity waveforms of the 
uterine arteries were performed by ultrasound using 
an AB 2-7 MHz convex abdominal probe. The mean 
pulsatility index (PI) was calculated. An abnormal 
Doppler of uterine artery was diagnosed if the mean 
PI exceeded the 95th percentile for each gestational 
age [15].

Statistical analyses
The following computer programs were used to anal-
yse the research data: Excel (Microsoft Corporation, 
Redmond, WA), SPSS and Statgraphics Plus (Manu-
gistics, Rockville, MD) for Windows. Tables, graphs, 
numerical values (share indicators and correlations) 
were used to describe all results. The level of signifi -
cance was determined as p < 0.05. The tests used 
to check the normality of distribution and equality of 
variances were Stnd. Skewness and Stnd. Kurto-
sis. To fi nd signifi cant diff erences between groups 
Student’s t-test and ANOVA with mean ± SD were 
used in cases with normal distribution (LSD, Tukey 
HSD, Scheff e, Bonferroni, Newman-Keuls, Duncan). 
2 and K-W H-test with median (M) value were used 
in cases with skewed distribution, together with fi rst 

and third quartile Q1 and Q3; (twenty-fi fth and sev-
enty-fi fth percentile P25 and 75P). Pearson type of 
correlation was used. To check the existence of sig-
nifi cant relationship between MMP-2 and UtA PI, lin-
ear regression analysis was carried out. All the linear 
regression assumptions were checked. 

RESULTS

The clinical data of the women with preeclampsia and 
healthy pregnant women are presented in Table 1. 

Serum ММР-2 levels in preeclampsia were signifi -
cantly higher than in women with normal pregnancy 
11.7 (9.1÷15.5) vs. 7.7 ng/ml (6.5÷13.4) (KW = 5.782; 
p = 0.016) (Table 2, Figure 1). Mean UtA PI was sig-
nifi cantly higher in preeclampsia than in healthy preg-
nant women: 1.12 (0.82÷1.5) vs. 0.75 (0.69÷0.85); 
(KW = 5.868; p = 0.024) (Table 2). ММР-2 correlated 
with Mean UtA PI (r = 0.214; p = 0.043).  Linear re-
gression analysis was performed, which confi rmed 
the existence of signifi cant relationship between 
ММР-2 and UtA at 95% confi dent interval (r = 0.214; 
р = 0.043) (Figure 2). Cut-off  value at 14 ng/ml for 
MMP-2 was found to discriminate between PE and 
healthy pregnancy.

Table 1. Clinical data of women with preeclampsia and healthy pregnant women

Normal pregnant women Preeclampsia p
Maternal age 24.7 ± 5.4 24.9 ± 6 p > 0.05
BMI 26.7 ± 4.2 34 ± 7.3* p = 0.001*
Gravida 2(2) ** 2(2)**
Parity 1(2) ** 1(2) **
SBP (mm Hg) 116.1 ± 9.55 157.8 ± 22* p = 0.001*
DBP (mm Hg) 75.3 ± 7.76 100.5 ± 10* p = 0.001*
Past history of PE 0/35 23/55
Family history of AH 1/35 26/55
AH before pregnancy 0/35 15/55
PP 40.8 ± 7.32 57.3 ± 16.1* p = 0.001*
MAP 88.8 ± 7.69 119.7 ± 13.1* p = 0.001*
Urea 2.96 ± 0.78 3.75 ± 1.63* p = 0.01*
Creatinine 75.78 ± 14.45 73.33 ± 15.33 p > 0.05
Uric acid 205.6 ± 40.2 326.8 ± 105.93* p = 0.001*
Total protein 68.89 ± 3.16 58.71 ± 8.78* p < 0.01*
Albumin 37.31 ± 2.78 31.67 ± 4.98* p < 0.01*
ASAT 8.43 ± 2.33 20.67 ± 7.82* p < 0.01*
ALAT 9.83 ± 2.50 27.76 ± 8.25* p < 0.01*
LDH 369 ± 70.78 435.25 ± 80.74* p = 0.04*
PLT 237.26 ± 61.12 228.74 ± 88.53 p > 0.05
CPK 83.1 ± 23.77 130.5 ± 46.8* p < 0.05*
Number (n = 35) (n = 55)

Abbreviations: BMI – body mass in-
dex; SBP – systolic blood pressure; 
DBP – diastolic blood pressure; PE – 
preeclampsia; AH – arterial hyperten-
sion; PI – pulsatility index; PP – pulse 
pressure; MAP – mean arterial pres-
sure; ASAT – aspartate aminotransfer-
ase; ALAT – alanine aminotransferase; 
LDH – lactate dehydrogenase; PLT 
– platelets; CPK – creatine phosphoki-
nase; *Data are shown as the mean ± 
SD; **Data are expressed as median, 
p < 0.05
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There is a statistically signifi cant relationship between ММР-2 
and UtA PI at 95% confi dence interval (r = 0.214; р = 0.043)

Fig. 2. Linear regression analysis, describing the relation-
ship between ММР-2 and UtA PI

DISCUSSION

The fi ne balance between MMPs and their tissue in-
hibitors plays a crucial role in the process of vascular 
remodelling. MMP-2 is known as an important regu-
lator of physiological uterine vascular remodelling 
during normal pregnancy. It has been estimated that 
dysregulation of MMP-2 is associated with abnormal 
vasodilation and placentation in preeclampsia. There 
is evidence that MMP-2 is increased in preeclampsia 

and an imbalance between MMP-2 and its natural 
tissue inhibitor (TIMP-2) can occur [16, 17, 18]. The 
following research data describe studies measuring 
levels of MMP-2 in samples of patients with diff erent 
hypertensive disorders of pregnancy:

Laskowska (2017) investigated maternal serum ma-
trix metalloproteinases-2, -3, -9, and -13 levels in 
early- and late-onset preeclampsia and uncomplicat-
ed pregnancies. Maternal serum MMP-2 levels were 
signifi cantly higher than those in the controls in both 
the groups of preeclamptic women. A major conclu-
sion of this study was that higher levels of MMP-2 
and MMP-13 and lower levels of MMP-9 were possi-
bly associated with both early and late-onset severe 
preeclampsia [19].

The circulating plasma MMP-2 and -9 levels, TIMP-
1 and TIMP-2 in women who subsequently develop 
preeclampsia, were explored by Myers et al. (2005) 
via zymography and Western blot. The study was 
focused on women whose pregnancies were sub-
sequently complicated by preeclampsia. The inves-
tigators took samples from a control group including 
normal pregnant women at 22 and 26 weeks and at 
delivery or diagnosis. They reported an imbalance in 
the MMP-2/TIMP-1 ratio at all three gestational time 
points in patients who subsequently developed pre-
eclampsia [20].

Table  2. Serum MMP-2 levels and Mean UtA PI in preeclampsia and healthy pregnant women

Normal pregnant women Preeclampsia p
MMP-2 (ng/ml) 7.7 (6.5÷13.4) 11.7 (9.1÷15.5) p = 0.016
Mean UtA PI 0.75 (0.69÷0.85) 1.12 (0.82÷1.5) p = 0.024
Number (n = 35) (n = 55)

Abbreviations: MMP-2 – matrix metalloproteinase-2; Mean UtA PI – mean uterine arteries Doppler pulsatility index. Data are expressed 
as median (interquartile range), p < 0.05

Serum ММР-2 levels in preeclampsia were statistically signifi cantly higher than in women with normal pregnancy (KW = 5.782; p = 0.016)

Fig. 1. Serum MMP-2 levels in preeclampsia and healthy pregnant women



23Association between serum matrix metalloproteinase-2 levels...

Palei et al. (2012) found that pregnant women with pre-
eclampsia had signifi cantly higher plasma MMP-2 and 
TIMP-2 concentrations than healthy pregnant, although 
the MMP-2/TIMP-2 ratios were similar. In addition, plas-
ma MMP-2 levels and MMP-2/TIMP-2 ratios in pregnant 
women with gestational hypertension were signifi cantly 
elevated as compared with healthy pregnancies [21].

The study conducted by Montagnana et al. (2009) 
explored via ELISA MMP-2, -9 and their inhibitors 
TIMP-1 and -2 in preeclamptic, normotensive preg-
nant and non-pregnant women [22]. MMP-2 levels 
were found to be increased in PE compared with both 
non-pregnant and physiologic pregnant women.

Narumiya et al. (2001) investigated plasma MMP-2/
MMP-9 levels in women with preeclampsia by zy-
mographic analysis and compared them to those of 
women with uncomplicated pregnancies. The authors 
reported that plasma MMP-2 levels were signifi cantly 
higher in women with preeclampsia as compared 
with women with uncomplicated pregnancies [23]. 

The physiological uterine spiral arteries remodelling dur-
ing normal implantation is essential for successful preg-
nancy [24]. The balance between MMPs and TIMPs 
plays an important role in normal remodelling of uterine 
arteries in pregnancy and it may represent means by 
which vasodilatation is maintained in later pregnancy 
[25]. Failure of the physiological conversion of the spiral 
arteries can cause a number of complications, including 
intrauterine growth restriction and preeclampsia.

Of note, MMP-2 is associated with ECM remodelling 
and trophoblast invasion in the spiral arteries in both 
healthy and complicated pregnancy. Gelatinase MMP-
2 is responsible for the breakdown of collagen type IV, 
a major component of the basement membrane [26]. 
There is evidence that plasma MMPs may lead to mod-
ifi cation of vasoactive peptides and activated MMP-2 
may increase vasoconstriction and reduce vasodilata-
tion in PE [27]. Elevated net MMP-2 levels in PE may 
contribute to endothelial cell activation, increased vas-
cular MMP-2 expression, endothelin-1 cleavage and 
vasoconstriction with increased transmural pressure 
[28]. As a result, vascular reactivity is impaired and 
these processes lead to abnormal vascular remodel-
ling. Hence, increased MMP-2 levels may contribute to 
vascular dysfunction, secondary to hypertension-relat-
ed mechanical stress on the vessel wall [29].

In our study, serum MMP-2 levels in women with pre-
eclampsia were signifi cantly higher than in women 
with normal pregnancies. Our fi ndings are consistent 
with the above mentioned studies showing higher 
MMP-2 levels in preeclamptic patients compared with 
healthy pregnant women [19, 20, 21, 22, 23]. In addi-
tion, we found that ММР-2 levels correlated with the 

mean Doppler pulsatility index of the uterine arteries. 
This evidence implicates a possible role of MMP-2 in 
the pathogenesis of preeclampsia through the pro-
cess of altered uterine arteries’ remodelling.  Based 
on the literature reports [27, 28, 29] that activated 
MMP-2 can increase vasoconstrictor levels and de-
crease vasodilator levels, we suggest that our results 
could be related to possible endothelial dysfunction 
of the uterine arteries. These processes might favour 
vasoconstriction, increased vascular resistance and 
abnormal uterine vascular remodelling. Hence, they 
could contribute to the development of placental isch-
emia, which may lead to hypertension of pregnancy 
and further development of preeclampsia. Taken to-
gether, these factors play a key role in the pathogenic 
mechanisms of preeclampsia. Our fi nding was also 
supported by linear regression analysis which veri-
fi ed the relationship between ММР-2 and mean UtA 
PI, an indicator of increased vascular resistance.

The present fi ndings are in agreement with previous 
reports, which hypothesized that measurement of 
serum MMP-2 might help in the diagnostic process 
of PE [19, 20, 21, 22, 23]. Furthermore, the results 
obtained from our research demonstrated for the fi rst 
time that cut-off  value at 14 ng/ml for MMP-2 discrimi-
nates between PE and healthy pregnancy. 

We suggest that determination of serum MMP-2 
levels above this cut-off  point indicates a category 
of typically positive patients who might require ad-
ditional diagnostic tests, because they could be at 
higher risk for development of preeclampsia. Larger 
and longitudinal investigations are needed to assess 
whether determination of serum MMP-2 levels can 
be helpful in the diagnostic process of preeclampsia. 

In the current study, the source of serum MMP-2 was 
not defi ned. We measured the net serum concentra-
tion of MMP-2, so we could not estimate what propor-
tion of it has been released exactly by the pre-eclamptic 
endothelial cells of uterine arteries. Other tissues as 
placenta or uterus might also be suggested as a po-
tential origin of MMP-2 secretion. Our results confi rmed 
the increased MMP-2 levels in PE. Moreover, for the 
fi rst time in preeclampsia patients, evidence was found 
indicating an association between MMP-2 and mean 
UtA PI. The reported association suggests an interplay 
between MMP-2 and maternal uterine arteries. What is 
the mechanism of interaction between MMP-2 and uter-
ine vasculature in preeclampsia is a question of a great 
importance. Further studies with serial measurements 
and more specifi c methods like Western blots, gelatine 
zymography and immunohistochemical analysis would 
allow for a more precise assessment of the MMP-2 im-
pact on maternal uterine arteries and may help to eluci-
date its role in the pathogenesis of preeclampsia. 
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CONCLUSION

We demonstrated for the fi rst time that a MMP-2 cut-
off  above 14 ng/ml could provide better discrimination 
of PE patients from healthy pregnancy. Our study also 
gives arguments for a possible MMP-2 imply on ma-
ternal uterine arteries’ structure in PE, favoring their 
constriction, increased resistance and abnormal uterine 
vascular remodeling. All the mentioned processes take 
part in the central pathways in the etiology of preeclamp-
sia. Considering that, we suggest that MMP-2 might be 
involved in the mechanisms of abnormal uterine vascu-
lature remodelling and might probably contribute to the 
diagnosic work-out strategies for preeclampsia.

Acknowledgements: Funding: This research was part of 
a university scientifi c project N1/2020 funded by Medical 
University – Pleven, Bulgaria.

Disclosure summary: The authors have nothing to disclose.

REFFERENCES
1. American College of Obstetricians and Gynecologists. Hyper-

tension in pregnancy. Report of the American College of Obste-
tricians and Gynecologists’ task force on hypertension in preg-
nancy. Obstetrics and gynecology. 2013; 122(5): 1122-1130.

2. Eiland E, Nzerue C, Faulkner M. Preeclampsia 2012. J Preg-
nancy. 2012; 586-578.

3. Prakash J, Ganiger VC. Acute Kidney Injury in Pregnancy-
specifi c Disorders. Indian J Nephrol. 2017; 27(4):258-70.

4. Sand JMB, Genovese F, Gudmann NS, Karsdal MA. Type 
IV collagen. – In: Biochemistry of Collagens, Laminins and 
Elastin, 2nd ed.; Karsdal, MA, Ed.; Elsevier: Amsterdam, The 
Netherlands, 2019; Chapter 4: pp. 37-49.

5. Li Na, Ghosh G, Gudmundsson S. Uterine artery Doppler in 
high-risk pregnancies at 23-24 weeks of gestation is of value 
in predicting adverse outcome of pregnancy and select cases 
for more intense surveillance. Acta Obstet Gynecol Scand. 
2014; 93: 1276-81.

6. Mansell JP, Bailey AJ. Collagen Metabolism. – In: Encyclope-
dia of Endocrine Diseases; Martini L, Ed.; Elsevier: Amster-
dam, The Netherlands, 2004: pp. 520-529.

7. Hudson BG, Tryggvason K, Sundaramoorthy M, Neilson EG. 
Alport’s syndrome, Goodpasture’s syndrome, and type IV col-
lagen. N Engl J Med. 2003; 348: 2543-2556. 

8. Tryggvason L, Patrakka J. Alport’s Disease and Thin Base-
ment Membrane Nephropathy. – In: Genetic Diseases of the 
Kidney; Lifton RP, Somlo S, Giebisch GH, Eds.; Elsevier: Am-
sterdam, The Netherlands, 2009; Chapter 4: pp. 77-96.

9. Visse R, Nagase H. Matrix metalloproteinases and tissue 
inhibitors of metalloproteinases: Structure function and bio-
chemistry. Circ Res. 2003; 92: 827-839. 

10. Amaral LM, Wallace K, Owens M, Lamarca B. Pathophysiol-
ogy and current clinical management of preeclampsia. Curr 
Hypertens Rep. 2017; 19: 61. 

11. Lees C. First-trimester screening for pre-eclampsia and fetal 
growth restriction: a test seeking both a treatment and an op-
timal timing. Ultrasound Obstet Gynecol. 2010; 35(6): 647-9.

12. Cnossen JS, Morris RK, terRiet G, et al. Use of uterine artery 
Doppler ultrasonography to predict pre-eclampsia and intra-

uterine growth restriction: a systematic review and bivariable 
meta-analysis. CMAJ. 2008; 178(6): 701-11.

13. Harrington K, Fayyad A, Thakur V, Aquilina J. The value of 
uterine artery Doppler in the prediction of uteroplacental com-
plications in multiparous women. Ultrasound in Obstetrics 
and Gynaecology 2004; 23: 50-55.

14. European Society of Cardiology (ESC) Guideline for the man-
agement of cardiovascular diseases during pregnancy. Eur 
Heart J 2018; 39(34): 3165-3241.

15. ISUOG Practice Guidelines: use of Doppler ultrasonography 
in obstetrics. Ultrasound Obstet Gynecol. 2013; 41: 233-239.

16. Li W, Mata KM, Mazzuca MQ, Khalil RA. Altered matrix me-
talloproteinase-2 and -9 expression/activity links placental 
ischemia and anti-angiogenic sFlt-1 to uteroplacental and 
vascular remodeling and collagen deposition in hypertensive 
pregnancy. Biochem Pharmacol. 2014; 89: 370-385.

17. Ren Z, Cui N, Zhu M, Khalil RA. Placental growth factor re-
verses decreased vascular and uteroplacental MMP-2 and 
MMP-9 and increased MMP-1 and MMP-7 and collagen types 
I and IV in hypertensive pregnancy. Am J Physiol Heart Circ 
Physiol. 2018; 315: H33-H47.

18. Dias-Junior CA, Chen J, Cui N. Angiogenic imbalance and di-
minished matrix metalloproteinase-2 and -9 underlie regional 
decreases in uteroplacental vascularization and feto-placen-
tal growth in hypertensive pregnancy. Biochem Pharmacol. 
2017; 146: 101-116. 

19. Laskowska M. Altered maternal serum matrix metalloprotein-
ases MMP-2, MMP-3, MMP-9, and MMP-13 in severe early-
andlate-onset preeclampsia. BioMed Res Int. 2017; 1-9. 

20. Myers JE, Merchant SJ, MacLeod M et al. MMP-2 levels 
areelevated in the plasma of women who subsequently de-
velop preeclampsia. Hypertens Pregnancy 2005; 24: 103-
115. 

21. Palei AC, Sandrim VC, Amaral LM, et al. Association between 
matrix metalloproteinase (MMP)-2 polymorphisms and MMP-
2 levels in hypertensive disorders of pregnancy. Exp Mol 
Pathol. 2012; 92: 217-221. 

22. Montagnana M, Lippi G, Albiero A, et al. Evaluation of me-
talloproteinases2 and 9 and their inhibitors in physiologic 
and pre-eclamptic pregnancy. J Clin Lab Anal. 2009; 23: 
88-92. 

23. Narumiya H, Zhang Y, Fernandez-Patron C et al. Matrix me-
talloproteinase-2 is elevated in the plasma of women with pre-
eclampsia. Hypertens Pregnancy. 2001; 20: 185-194. 

24. Popek EJ. Normal anatomy and histology of the placenta. 
In: SHLewis, EZ Perrin, editors. Pathology of the Placenta, 
secondedition. Philadelphia: Churchill Livingstone, 1999; 
49-88.

25. Kelly BA, Bond BC, Poston L. Gestational profi le of matrix 
metalloproteinases in rat uterine artery. Mol Hum Reprod. 
2003; 9: 351-358.

26. Liotta LA, Steeg PS, Stetler-Stevenson WG. Cancer metasta-
sisand angiogenesis: An imbalance of positive and negative 
regulation. Cell. 1991; 64: 327-336.

27. Palei AC, Sandrim VC, Cavalli RDC, Tanus-Santos JE. Com-
parative assessment of matrix metalloproteinase (MMP)-2 
and MMP-9, and their inhibitors, tissue inhibitors of metallo-
proteinase (TIMP)-1 and TIMP-2 in preeclampsia and gesta-
tional hypertension. Clin Biochem. 2008; 41: 875-880. 

28. Fernandez-Patron C, Radomski MW, Davidge ST. Vascular 
matrix metalloproteinase-2 cleaves big endothelin-1 yielding 
a novel vasoconstrictor. Circ Res. 1999; 85(10): 906-911.

29. Donnelly R, Collinson DJ, Manning G. Hypertension, matrix 
metalloproteinases and target organ damage. J Hypertension 
2003; 21: 1627-1630.


