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Summary

Matrix metalloproteinases (MMPs) play an important role in the
pathogenesis of heart failure (HF). Our aim was to determine the
activities of circulating MMP-2 and MMP-9 in patients with HF in
respect of gender, comorbidities and treatment (n=51). We did
not reveal any differences
pro-MMP-9 activities between the patients with HF and without it.
However, there was a decrease in activity of pro-MMP-2 in

in circulating pro-MMP-2 and

treated hypertensive participants versus healthy ones. In

contrast, we observed increased pro-MMP-2 activity in
hypertensive participants with coexistent HF versus hypertensive
participants without HF. In addition, a decrease in pro-MMP-2
activity was shown in women suffering from HF versus men
suffering from HF. In conclusion, potential inhibitory effect of
antihypertensive treatment on pro-MMP-2 activity was found.
Coexistent HF with hypertension probably reduces the inhibitory
effect of antihypertensive treatment on pro-MMP-2 activity. Our
data also suggest the role of potential cardioprotective factors

influencing the activity of pro-MMP-2 in women.
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Altered turnover of extracellular matrix (ECM)
in the heart contributes to the development of heart
failure (HF) (Spinale 2002). Matrix metalloproteinases
(MMPs) are endopeptidases that play a crucial role in
the dynamic processing of the ECM (Muller and Dhalla
2012, Vasku et al. 2014). MMP-2 and MMP-9 are two
significant enzymes that take place in heart remodeling
(Bartekova et al. 2015, Barancik et al. 2013) and the
development of chronic HF (Meluzin et al. 2013, Liu et
al. 2006). Since activities of MMP-2 and MMP-9 may
serve as potential biomarkers of prognosis of HF
(Sanchis et al. 2015), we aimed to determine the activity
of circulating MMP-2 and MMP-9 in patients with
chronic HF in respect of gender, comorbidities and
treatment.

Randomly selected individuals (n=51) from the
Centre of Health (Koufalia, Greece) were included in
this study. The study was approved by the local Ethical
Committee at the Centre of Health in Koufalia, Greece.
The patients suffering from HF were -classified
according New York Heart Association (NYHA):
class I — 9 %, class II — 44 %, class III — 34 %, class IV
— 13 %. All hypertensive patients included in our study
suffer from primary hypertension. Characteristics of
participants are summarized in Table 1. Venous blood
samples were collected after overnight fasting and
immediately centrifuged at 2000 g for 10 min at 4 °C.
Plasma samples were stored at —80 °C until analyses.
The gelatinolytic activities of MMPs were analyzed by
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zymography in polyacrylamide gels containing gelatin
as a substrate as described previously (Bartekova et al.
2015). Activities of the MMPs were detected according
the densities of transparent bands against a dark-blue
background  using  Carestream  software  for
quantification. The data are presented as means + SD.
Normality was analyzed by Shapiro-Wilk’s test.
Student’s t-test or one-way ANOVA followed by Tukey
HSD test were used where appropriate. Differences

were considered as significant at p<0.05.

Table 1. Characteristics of participants.

Characteristic
Men/women 17/34
64.6£13.5
Age (men/women)
(67.8£11.6/62.9£14.3)

Healthy participants 10
Without HF/with HF 19/32
M ith HF, ith

en wi /women wi 12/20
HF
Normotensives/hypertensives 28/23
Hypertensi ith HF/

lypertensives wi 15/

hypertensives without HF

All our zymograms revealed mainly gelatinolytic
activities of 72 kDa MMP-2 (pro-MMP-2) and 92 kDa
MMP-9 (pro-MMP-9) (Fig. lA). Firstly,
patients were divided into a subgroup of people with

when the

chronic HF and without HF, no significant differences in
activities of pro-MMP-2 and pro-MMP-9 were found
(Fig. 1B). Secondly, we determined activity of
pro-MMP-2 and pro-MMP-9 according to gender of
participants. There were no gender differences between
participants without HF. In contrast, we detected lower
activity of pro-MMP-2 in women with HF compared to
men with HF (Fig. 1C). Additionally, no differences were
found in pro-MMP-9 activities between these groups (not
shown). Thirdly, we were focused on pro-MMP-2 and
pro-MMP-9 activities in relation to statin therapy. We
have found no significant differences in the activity of
pro-MMP-2 and pro-MMP-9 between HF patients
without statin therapy and patients suffering from HF
following statin regimen (not shown). Finally, comparing
following three groups: healthy participants, hypertensive
patients and hypertensive patients suffering from HF, we
detected a lower activities of pro-MMP-2 in hypertensive

patients in comparison with healthy ones as well as with
hypertensive patients suffering from HF (Fig. 1D). No
differences in activities of pro-MMP-9 were observed
(not shown).
Taken
areduction in gelatinolytic activities of pro-MMP-2

together, our study demonstrated
(p=0.0024) in hypertensive participants versus healthy

ones. We observed lower pro-MMP-2 activity in
hypertensive participants compared with hypertensive
participants with coexistent HF (p=0.018). We found
a decrease in pro-MMP-2 activity in women in contrast to
men, both suffering from HF (p=0.023). We failed to
in pro-MMP-2 and pro-MMP-9

activities in patients with HF compared with healthy

detect differences

participants. Correlation coefficients between severity of
HF according NYHA and activity of both determined
pro-MMPs have not reached the significant level (r=0.23,
p=0.2 for MMP-2; r=0.005, p=0.98 for MMP-9). Since
we did not detected changes in pro-MMP-9 activities
among the groups at all, pro-MMP-2 seems to be more
sensitive parameter reflecting gender and hypertension.

Hypertension is a strong factor facilitating the
progression of HF, but discrepancies have been observed
in terms of MMPs activity (Fontana et al. 2012). Our data
are in concordance with study showing decreased MMP-2
plasma level associated with left ventricular hypertrophy
in hypertensives (Ahmed et al. 2006). Additionally, all
hypertensives included in our study were treated at least
3 years with some kind of antihypertensive therapy;
therefore the effect of the antihypertensive therapy should
be taken into the consideration. Previously, it has been
shown that either activities or levels of MMP-2 could
be decreased by ACE inhibitors (Li et al. 2000),
hydrochlorothiazide (Ceron et al. 2010) and sartans
(Derosa et al. 2011). HF is an independent risk factor
increasing the activity of MMPs (Spinale ez al. 2000, Liu
et al. 2006). In the present study, we observed decreased
pro-MMP-2 activities in hypertensives compared with the
hypertensives with coexistent HF. Thus it might be
suggested that when HF is coexistent with hypertension
the inhibitory effect of antihypertensive therapy may not
be sufficient to keep the activity of MMPs in lower
levels.

Voloshenyuk and Gardner (2010) demonstrated
the positive influence of estrogen replacement on cardiac
ECM protein profiles in the acute and chronic stages of
Our data
showing lower pro-MMP-2 activity in woman suffering

volume overload in ovariectomized rats.

from HF in comparison to men are in concordance with
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Fig. 1. A. Representative zymogram of MMP-2 and MMP-9 activities. B. Quantitative analysis of pro-MMP-2 and pro-MMP-9 activities in
participants without and with HF. C. Representative zymograms and gender differences in pro-MMP-2 activities in participants without
and with HF, *p<0.05 women with HF versus men with HF. D. Representative zymograms and quantitative analysis of pro-MMP-2
activities in healthy participants, hypertensive participants and hypertensive participants with coexistent HF, *p<0.05 healthy versus
hypertensives and p<0.05 hypertensives versus hypertensives and coexistent HF.

this finding suggesting a favor of female gender in
prevention of MMP activation.

Focusing on possible changes in activities of
MMPs in respect of statin treatment, we have found no
significant differences in patients with or without statin
therapy in our study. The similar results were observed in
patients with abdominal aortic aneurism (Muehling et al.
2008) and in patients with coronary artery disease
(Bencsik et al. 2015). However, some studies indicated
opposite trend — inhibitory effect of statins on MMPs
activities (Hopps and Caimi 2015, Sapienza et al. 2014).

The relatively small group (51 participants) can
limit our interpretation validity. Although our results
pro-MMP-2
activities and hypertension or gender, they do not prove

demonstrate an association between
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