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Summary

Matrix metalloproteinases (MMPs) are a group of 
proteases containing Zn ions as a cofactor, which are 
involved in degrading of a large number of extracellular 
matrix proteins, and bioactive molecules. They also play a 
major role in processes such as cell proliferation, cell 
migration, differentiation and apoptosis. Very little is 
known about the expression and function of MMPs in the 
male reproductive tract. Occurrence of MMP-2 and 
MMP-9 activity in human seminal plasma has been 
previously reported but their origin and function are still 
not fully understood. The aim of this study was to examine 
the presence of MMP-2 and MMP-9 in normal and 
abnormal human sperm samples and find if any 
correlation existed between the levels of expression of 
MMPs and fertilization potential of the spermatozoa. 
Human sperm samples were examined for the presence of 
MMP-2 and MMP-9 by gel zymography and western blot 
analysis. A DNA fragmentation test was performed. The 
samples were divided into two groups – samples with 
normozoospermia and teratozoospermia. The gelatin 
zymography showed gelatinolytic bands with molecular 
weight 64 and 72 kDa corresponding to active and 
inactive form of MMP-2. MMP-9 was not detected. The 
MMP-2 enzymatic activity appeared to be much higher in 
samples with compromised sperm morphology as 
compared to the normozoospermic samples. The mean 
DNA fragmentation index (DFI) of the group with 
teratozoospermia was relatively higher (22.16%) and over 
the upper reference limits, compared to the 
normozoospermic group, in which it was within the 
normal range (17.26%).
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MATRIX METALLOPROTEINASE MMP-2 AND MMP-9 ACTIVITIES IN 
SEMINAL PLASMA

ReviewOriginal Article

Introduction

Matrix metalloproteinases (MMPs) are group of 
proteases, containing Zn ions as a cofactor. They are 
involved in the degrading of a large number of 
extracellular matrix proteins (bioactive molecules). 
They also play a major role in processes such as cell 
proliferation, cell migration, differentiation and 
apoptosis. Most MMPs are secreted from the cell in 
an inactive form (pro-MMP). Their activation 

+2
requires the Cys-Zn  (cysteine switch) interactions 
and cleavage of the propeptide. Substantial evidence 
supports a general role for MMPs in the control of 
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many aspects of reproductive function that 
require tissue remodeling and cell growth [1]. 
MMPs have been known to take part in various 
processes in female reproductive function [2, 3]. 
However, very little is known about the 
expression and function of MMPs in the male 
reproductive tract. Previous studies have 
i d e n t i f i e d  e x p r e s s i o n  o f  m a t r i x  
metalloproteinases in human seminal plasma [4, 
5]. These enzymes have also been found in the 
human fetal testis [6]. However, the identity and 
the exact function of MMP in the male 
reproductive system is still unclear. MMPs have 
been thought to play a role in cell remodeling 
during spermatogenesis, including sperm 
differentiation and morphological modification 
[7]. Matrix metalloproteinases MMP-2 (72 kDa) 
and MMP-9 (92 kDa) are expressed in many 
reproductive organs [2]. A significant amount of 
MMP-2 and MMP-9 seems to originate from the 
accessory sex glands such as the prostate and the 
seminal vesicles [4]. It has also been found that 
MMP-2 and MMP-9 are also synthesized in the 
testis, mainly by the Sertoli cells as demonstrated 
by immunohistochemistry studies in rats [6, 8]. 
MMP-2 was also detected in Sertoli cells culture 
[9]. The presence of MMP-2 and MMP-9 activity 
in human seminal plasma has been previously 
reported but still their origin and function remain 
to be elucidated.

The aim of this study was to examine the 
presence of MMP-2 and MMP-9 in normal and 
abnormal human sperm samples and find if any 
correlation exists between the levels of 
expression of MMPs and fertilization potential of 
the spermatozoa.

Materials and Methods

Sperm Preparation
Semen samples were collected from patients 
undergoing assisted reproduction (n=15). The 
semen parameters were evaluated using methods 
and reference values recommended by the World 
Health Organization (WHO) [10]. The following 
parameters were evaluated in each sample: 
concentra t ion ( lower  reference  l imi t  

6>15x10 /ml), motility (lower reference limit 
>32% with progressive motility), morphology 
(lower reference limit >4% normal forms). A 
DNA integrity test was performed for every 
patient. The semen samples were collected after 3 
days of sexual abstinence, liquefied at 37°C for 
30 minutes, evaluated and processed for 

separating the seminal plasma from the 
spermatozoa by centrifugation through a double 
density gradient (Origin, Denmark) at 1600 rpm 
for 20 minutes. The supernatant was carefully 
aspirated into a 1.5 ml Eppendorf tube and stored 
at −20°C until further analysis.

Aliquots of 500 μl liquefied sperm samples 
were stored in liquid nitrogen for further 
evaluation of DNA fragmentation index (DFI).

Gelatin Zymography
Matrix metalloproteinase activities in seminal 
plasma were detected by gelatin zymography. 
Ten l from seminal plasma were electrophoresed 
under non-reducing conditions in a 10% Sodium 
Dodecyl Sulphate Polyacrylamide Gel 
Electrophoresis (SDS-PAGE) containing 0.1% 
gelatin as substrate. After electrophoresis, the gel 
was washed in renaturing buffer (2.5% Triton X-
100) with gentle agitation 2 x 30 minutes at room 
temperature and incubated for 18 hours at 37°C in 
zymography digestion buffer (50 mM Tris, 0.2 M 
NaCl, 5mM CaCl , 0.02% NaN , pH 7.6). The gel 2 3

was stained with 0.5% Coomassie blue R250 in 
40% ethanol ‒ 10% glacial acetic acid solution for 

4 hours and destained in the same solution 
without Coomassie. The enzymatic activity was 
visualized as clear bands against a blue 
background. Densitometry was performed using 
ImageTool software.
 
SDS-PAGE and Western immunoblot
Human seminal plasma was separated 
electrophoretically in non-reducing conditions in 
HOEFER miniVE SYSTEM (Amersham 
Biosciences, USA). The samples were mixed 
with 2 x Sample buffer and loaded (15 µl each) on 
10% polyacrylamyde gel. SDS separation 
conditions were as follows: 80 V for 20 minutes 
in the loading gel and 140 V for 3 hours in the 
resolving gel. The molecular weights of the 
protein fractions were determined using 
prestained molecular  weight  markers 
(Fermentas, Latvia).
Proteins were transferred to a nitrocellulose 
membrane (Millipore, USA) for 1 hour in semi-
dry blotting system (Bio Rad), blocked with 3% 
non-fat dry milk in Tris-buffered saline (TBS ‒ 
150 mM NaCl, 10 mM Tris-HCl, pH 7.6) for 2 
hours at room temperature and incubated 
overnight at 4°C with anti-human MMP-2 and 
anti-human MMP-9 polyclonal antibodies (Santa 
Cruz Biotechnology, 1:200) in blocking solution. 
Following extensive washing with TBS, the blots 
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were incubated for 1 hour with goat anti-rabbit 
IgG conjugated with alkaline phosphatase 
(Sigma Co., USA) diluted 1:40 000 in blocking 
solution. After being rinsed as described above, 
the blots were treated with 4 nM 5-bromo, 4-
chloro, 3-indolylphosphate (BCIP, Sigma) and 
18 nM 4-nitro blue tetrazolium chloride (NBT, 
Sigma) in alkaline phosphatase buffer [100 mM 
Tris-HCl (pH 9.6), 100 mM NaCl, 5 mM MgCl ]. 2

The molecular mass of the separated proteins was 
estimated by comparison with mobility of 
prestained molecular mass markers (Fermentas, 
Latvia).

Sperm DNA Fragmentation Test
Aliquots of 500 μl liquefied sperm samples were 
treated with acid detergent solution (pH 1.2) 
containing 0.1% Triton X-100, 0.15 mol/L NaCl, 
and 0.08 mol/L HCl for 30 seconds and stained 
with 6 mg/L purified acridine orange (Sigma) in a 
phosphate-citrate buffer (pH 6.0) to be subjected 
to analysis by flow cytometry (FCM). Sperm 
chromatin damage was quantified by the FCM 
measurements of the metachromatic shift from 
green (native, double-stranded DNA) to red 
(denatured, single-stranded DNA) fluorescence 

and displayed as red versus green fluorescence 
intensity cytogram patterns. DFI is the ratio of the 
percentage of sperm showing an increased red 
fluorescence/total fluorescence intensity (red + 
green) [11].

Statistical Analysis
All the samples were processed in duplicates. 
Statistical analysis of the data was carried out by 
the Student's t-test for comparing the two groups. 
The data are presented as mean ± standard 
deviation (mean ± SD). A p-value less than 0.05 
was considered significant.

Results

Semen Analysis
The patients were divided into two groups 
according to the results from the semen analysis – 
s amp le s  w i th  no rmozoospe rmia  and  
teratozoospermia. The two groups did not differ 
significantly in terms of sperm concentration and 
progressive motility, but morphologically vary 
considerably (Table 1).

Table 1. Semen characteristics

Gelatin Zymography
Two bands with molecular weight 64 and 72 kDa 
were displayed on the gelatin-zymography gel in 
both groups, corresponding respectively to active 
and inactive form of MMP-2, MMP-9 activity 
was not detected (Figure 1). The bands obtained 
by gel zymography were quantified by 
densitometric scanning. Intriguingly the MMP-2 
enzymatic activity appeared to be much higher in 
samples with compromised sperm morphology 
compared to the normozoospermic samples, 
although significant difference between the 
groups was observed only in enzymatic activity 
of active MMP-2 (act-MMP-2; pro-MMP-2 
p=0.26; act-MMP-2 p=0.03445) (Figure 2).

Immunoblot Analysis 
Western immunoblot was done by using specific 
anti-MMP-2 antibody to confirm that these bands 
(64 and 72 kDa) represent MMP-2 (Figure 3). 

Sperm DNA Integrity Results
Sperm DNA fragmentation test was performed 
for each semen sample in terms to determine the 
fertility potential of the spermatozoa [12]. A 
threshold value of 20% DNA damage has been 
established for achieving pregnancy in vivo [13]. 
The measured DFI values did not differ 
significantly between the groups but they were 
relatively higher and over the upper reference 
limits in the group of the teratozoospermic 
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 Normozoospermia  

Morphology >4%  
Teratozoospermia  

Morphology  <4%  p-value  

Sperm concentration  

(sperm cells/ml)  
61. 5x10

6
±32.5x10

6
 57 .5x10

6
±27.7x10

6
 NS  

Progressive motility (a+b%) 44.3±7.1  39.4±5.2  NS  

DFI (% ) 17.26 ±6.04  22.17 ±6.95  NS  
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Figure 1. Gelatin zymography for detection of enzyme activity of matrix metalloproteinases in human seminal 
plasma from patients with Teratozoospermia (T) and Normozoospermia (N). Gelatinolytic bands with molecular 
weight 64 и 72 kDa are visible. They represent the inactive and active form of MMP-2. MMP-9 was not detected

Figure 2. Densitometry analysis was used to measure the intensity of matrix metalloproteinase activity bands in 
gelatin zymography. Enzymatic activity of active form of MMP-2 was much higher in patients with pathological 
sperm morphology

Figure 3. Western immunoblot was carried out for detection of MMP-2 in human seminal plasma from patients with 
Teratozoospermia (T) and Normozoospermia (N). By using specific antibody we confirm that these bands (64 and 
72 kDa) represent MMP-2
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Reviewsamples (22.17±6.95%, ranging from 12.2% to 
32.3%) compared to the normozoospermic 
samples (17.26±6.04%, ranging from 8.16% to 
26.6%).

Discussion

Semen analysis and assessment of sperm DNA 
integrity continues to be the most reliable tool for 
the evaluation of male fertility potential, as sperm 
morphology is one of the most important 
parameters used for predicting the fertility 
potential in vivo [13]. The results from the 
current study revealed significantly increased 
activity of act-MMP-2 in semen samples with 
teratozoospermia. This is the first report that has 
found a correlation between MMP-2 activity and 
sperm morphology.  Previous  s tudies  
demonstrated that MMP-2 concentration in 
seminal plasma increased along with the 
increasing number of sperm in an ejaculate. 
However, no correlation was found between 
MMP-2 and sperm parameters such as motility or 
morphology [2, 3]. Meanwhile, other studies 
have indicated a negative correlation between 
metalloproteases (act-MMP-2 and pro-MMP-2) 
and sperm concentration, as well as motility. 
Considering the fact that semen samples included 
in the current study were with sperm count over 

6
20x10 /ml (Table 1), the activity of pro-MMP-2 
and act-MMP-2 in the seminal plasmas we found 
is in agreement with the positive correlation 
between sperm concentration and MMP-2 
activity established by some authors [2, 14]. This 
could be explained by the fact that MMP-2 is 
usually not constitutively expressed but its 
expression can be enhanced or repressed to some 
extent. In addition, MMPs activity can be 
regulated post-transcriptionally by changes in 
mRNA stability by cleavage of the inactive form 
and interaction with inhibitors [15]. Probably this 
is the way that reproductive hormones and factors 
affect the MMP expression and concentration. In 
view of their biological activities, a potential role 
of MMPs in cellular proliferation, tissue growth 
and remodeling has been suggested. It is 
tempting to speculate that, in some cases, 
increased activity of MMPs in proliferative 
tissues could be involved in clearing basement 
membrane and/or connective tissue matrix 
components to make room for the multiplying 
cells to expand. Changes in the structure or 
integrity of the basement membrane may also 
alter the shape of the cell, modifying gene 
expression patterns and stimulating cell growth 

[6].
In human seminal plasma, a higher 

concentration of pro-MMP-9 was detected in 
semen with abnormally low sperm concentration 
and vitality [3, 14, 16]. This could explain, to 
some extent, the absence of MMP-9 activity we 
observed in seminal plasmas with normal sperm 
count and motility corresponding to vital 
spermatozoa. 

Other studies have indicated that higher 
concentrations of metalloproteases act-MMP-2 
and pro-MMP-2 correlate with higher 
concentrations of acrosome damage [17]. This 
finding could be related to the fact that, in human 
sperm samples, MMP-2 and MMP-9 have been 
detected by immunofluorescence in the acrosome 
region and midpiece [3]. The acrosome reaction, 
i.e. the release of enzymes to penetrate the zona 
pellucida, should take place at the site of 
fertilization. Keeping these sperm proteases in an 
inactive form is crucial for maintaining cell 
integrity to ensure good reproductive function 
[18]. The elevated activity of act-MMP-2 and 
pro-MMP-2 observed in the teratozoospermic 
samples could be to some extent associated with 
increased acrosome damage and diminished 
fertilization potential.

The compromised sperm morphology is 
u s u a l l y  a s s o c i a t e d  w i t h  i m p a i r e d  
spermatogenesis. During spermatogenesis, a 
complex and dynamic process of proliferation 
and differentiation occurs as spermatogonia are 
transformed into mature spermatozoa. In this 
process, a series of mitoses and meioses occur, as 
well as changes in cytoplasmic content and 
structure, replacement of somatic cell-like 
histones with protamines, thus leading to a highly 
compacted chromatin structure [19]. MMPs 
located in basal lamina area may be involved in 
cleaving the protein components of the 
extracellular matrix or the cytoplasm of 
spermatozoa. MMPs activity might contribute to 
the remodeling of the basement membrane 
during the development of the seminiferous 
tubules and the subsequent release of 
differentiating spermatozoa [14]. Data from the 
current study showed a trend of elevated DNA 
damage in morphologically abnormal sperm 
samples, and such damage is not typical for 
normozoospermic ones. There is a strong 
correlation between the increased nuclear DNA 
damage in mature spermatozoa of men and poor 
semen parameters [20-22]. A number of studies 
have proposed that the prevailing presence in the 
semen samples of spermatozoa with damaged 
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DNA is indicative of an initiated process of 
apoptosis. The mechanisms leading to abnormal 
spermatogenesis are poorly understood. This is 
possibly a result of impaired tissue homeostasis 
and this particular cellular population has, for 
some reason, escaped the programmed cell death 
and expression of various apoptotic markers – 
the so called “abortive apoptosis” [23]. This 
phenomenon may be linked to defects in the 
cytoplasm remodeling during spermatogenesis 
and might be associated with the MMP-2 activity 
and function. The increase in DNA damage we 
detected in teratozoospermic samples is not 
statistically significant and needs further 
evaluation to find out if any correlation exists 
between increased DFI and MMP-2 activity and 
their possible role in the mechanism of sperm 
apoptosis. The final stage of sperm cells 
apoptosis is cell death [24, 25]. Studies 
performed with cardiomyocyte cell line have 
demonstrated a positive correlation between 
increase in the total MMP-2 and MMP-9 
activities with cardiomyocyte apoptosis [26]. It 
has also been shown that pro-MMP-2 itself plays 
a role in the apoptotic pathway of neuron cells 
[27] and it is possible that MMPs might be 
involved in the initiation of sperm apoptosis via a 
pathway that is still undefined [14].

Conclusions

Our results demonstrate that MMP-2 activity 
correlates significantly with sperm morphology 
and is most probably connected with sperm 
fertil ization potential.  Therefore, the 
examination of metalloproteases in seminal 
plasma could be a valuable tool for semen 
evaluation and further research in this field is 
needed.
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