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Abstract
Background: The purpose of this study was to evaluate the activity of matrix metalloproteinase 2 (MMP-2) and 9 (MMP-9) in follicular fluid and seminal plasma and
the correlation of their activities with parameters that are important in successful intracytoplasmic sperm injection (ICSI).
Methods: Seventy-four infertile couples admitted to the Research Center for Endometrium and Endometriosis to carry out ICSI method were enrolled in this study.
Follicular fluid was collected after retrieving the oocyte. In addition, semen samples
were collected and seminal plasma was used for determination of MMP2 and MMP9 activity. Gelatin zymography electrophoresis was applied to measure MMPs activities in follicular fluid and seminal plasma.
Results: In follicular fluid, there was a positive correlation between MMP-2 activity
with oocyte (r=0.27, p=0.021) or embryo quality (r=0.30, p=0.014), but no correlation was observed between MMP-2 activity and oocyte count or fertilization. Activity of MMP-9 showed positive correlation with oocyte morphology (r=0.29, p=
0.014). In addition, MMP-2 activity of seminal plasma had positive correlation with
sperm count (r=0.28, p=0.015), fertilization (r=0.28, p=0.02), and embryo quality
(r=0.28, r=0.026).
Conclusion: MMP2 and MMP9 activities in seminal plasma have a positive effect
on sperm count and motility. MMP-2 and MMP-9 activity in follicular fluid and seminal plasma could be important factors in embryo quality in patients undergoing
ICSI and may affect the outcome of ICSI.
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Introduction
MPs are present in human reproduction system and are related with reproductive system
functions. MMPs are classified into four main
groups including gelatinizes, collagenases, stromelysin and membrane type enzymes (MT-MMPs)
(1). MMPs need zinc ion for both their physiological and pathological roles. They play roles in cell
migration, tissue remodeling, cell proliferation and
destruction of extracellular matrix. MMP-2 and

MMP-9 are members of gelatinase group and are
able to degrade gelatin and collagen (2).
In male reproductive system, MMP-2 and MMP9 are detected in seminal plasma. A previous study
has shown that MMP-2 strongly affects the sperm
count and also the level of MMP-2 is higher in
normozoospermia rather than azoospermia. MMP2 and MMP-9 are released from prostate and seminal vesicles; however, there is less information
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about the function of this enzyme in male reproduction compared to female reproductive system
(3). It has also been shown that MMP-2 takes part
in penetration of sperm into oocyte and functions
as acrosin. Thus, probably this enzyme is located
on the inner acrosomal membrane of sperm (4).
MMP-2 and 9 help the movement of germ cells in
spermatogenesis by digesting of extracellular matrix (5). MMP-2, 9 are involved in the breakdown
of the oocyte membranes to allow sperm to enter
the oocyte.
In females, degradation of extracellular matrix
(ECM) is necessary for follicular development,
ovulation, and luteal formation (6). Gelatinase activity has been found in the theca cell of growing
follicles and the stroma of ovary (7). These enzymes help implantation by remodeling the uterus. Degradation and recycling of ECM of uterus
by MMP-2 and 9 is strongly regulated. In fact,
this regulation is necessary for embryo development (6). MMP-2 and MMP-9 activities increase
during the later period of follicular development
and these increments are along with follicular remodeling of granulosa and thecal cells (8).
In this study, the activity of MMP-2 and 9 was
measured in follicular fluid and seminal plasma.
Then, the correlation of activity of these enzymes
with parameters that are important in successful
ICSI was determined.
Methods
Seventy-four infertile couples admitted to the
Research Center for Endometrium and Endometriosis of Hamadan University of Medical Sciences to carry out ICSI method were enrolled in this
study. Subjects having disorders such as endometriosis, diabetes, polycystic ovary syndrome, varicocele, breast cancer, cigarette smoking, or chronic disease were excluded from the study. Age of
women and men was 23-35 and 25-40 years, respectively. All subjects were informed about the
study and written informed consent was obtained
from all participants. This study was approved by
ethical committee of Hamadan University of Medical Sciences.
Ovarian stimulation, oocyte retrieval and semen
analysis: All women underwent controlled ovarian

hyperstimulation (COH) along with well-known
GnRH agonist or antagonist protocol with recombinant FSH. When at least three follicles with 18
mm in diameter were detected, intramuscularly injection of human chorionic gonadotropin (hCG;
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10,000 IU) (Choriomon, IBSA, Lugano, Switzerland) was done. Approximately 34–38 hr after
administration of hCG and with ultrasound guidance, follicles with diameter greater than 15 mm
were aspirated using a 17-gauge cook needle and
oocytes were recovered (9). Cumulus cells of cumulus-oocyte complexes were removed from oocytes by gently pipetting with 0.1% hyaluronidase, and ICSI was performed. The fertilization
was evaluated around 16-18 hr post-ICSI as appearance of two pronuclei and two polar bodies.
The fertilization rate was calculated as the number
of fertilized oocytes per number of oocytes injected. Follicular fluid was collected after retrieving
the oocyte. Follicular fluid was centrifuged to exclude blood cells and impurities and stored at 80C for subsequent studies. Quality and quantity
of oocyte and embryo were determined by using
previous published guideline (10).
The semen samples from 74 infertile men at the
Research Center for Endometrium and Endometriosis were examined according to the World
Health Organization (2010) laboratory guidelines
(11). In the day of oocyte retrieval and after at
least 72 hr of sexual abstinence, semen was collected during masturbation into sterile containers.
Liquefaction was done at room temperature (For
30 min). Semen fluid were analyzed for macroscopic and microscopic parameters including
sperm count, motility, morphology and viability
according to the World Health Organization (WHO).
After centrifugation of semen samples, seminal
plasma was stored at -80C.
Zymography: Gelatin-specific zymography technique was used for determination of MMPs activities in follicular fluid and seminal plasma. In this
type of electrophoresis, polyacrylamide gel (10%)
containing 0.1% gelatin (1 mg/ml) as substrate
was used for determination of MMPs gelatinolytic
activity. This method was applied two times; first,
equal volume of samples (2 µl) was loaded to
electrophoresis gel and the activity of MMPs was
measured. Then, 1.5-2.5 µl of samples was loaded
containing equal protein content. Protein content
of samples was measured by Bradford assay (12).
After electrophoresis, gel was incubated twice in
Triton 1X, at pH=7.4 for 30 min and then washed
by distilled water. Triton removes the SDS from
gel and therefore the enzymes can be active. Then
gel was incubated overnight in zymography buffer, pH=7.4 (contain Tris base aminomethane,
NaCl, CaCl2, Na3N) at 37C. After incubation, gel
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was stained with coomassie brilliant blue R250
for 30 min and then destained in 5% methanol,
5% glacial acetic acid. Activity of MMP-2 and
MMP-9 was visualized as colorless bonds in a
blue background. Gels were digitalized and activity of enzymes was quantified by Total Lap120 software (Nonlinear Dynamics Ltd, Newcastle, UK).
Activity of enzymes was reported as Arbitrary
Unit (AU) (13). In the zymography gel, lytic bands
of MMP-2 and MMP-9 were observed. In a gel
zymography, four bands can be detected, which
correspond to the molecular weights of 92, 72, 62,
and 82. These bands are consistent with pro-MMP
-9, pro-MMP-2, MMP-2 and MMP-9 (14). Standards of gelatinases from R&D Company were also
used.
Statistical analysis: Kolmogorov–Smirnov test indicated that the sperm count, motility, morphology, and viability were not normally distributed,
but other parameters had normal distribution. Correlation between variables with normal and nonnormal distribution was assessed using parametric
Pearson’s coefficient (r) and non-parametric Spearman’s coefficient (r), respectively.
Results
Gametes and ICSI outcomes: The basic infor-

mation (n=74) of sperm parameters were motility
of 427 (%), count of 5113 (106/ml), morphology of 8211 (%) and viability of 849 (%). The
level of oocyte count and percentage of oocyte
morphology were 8.776 and 7126, respectively.
Oocytes qualities were evaluated according to the
growth stage and were reported as the percentage
of oocytes that were in the metaphase 2 stage. The
fertilization rate was 53.2929.30, and embryo
with grade A morphology was 54.5328 in comparison to total embryo.
MMP-2 and MMP-9 activity levels in follicular fluid
and seminal plasma: Zymography gel showed bands

at 62 kDa and 82 kDa which were considered as
MMP-2 and MMP-9, respectively. Levels of
MMP-2 and MMP-9 activities in follicular fluid
and seminal plasma are shown in table 1.
Correlation between MMP-2 and MMP-9 activity in

follicular fluid with ICSI outcome: Correlation be-

tween MMP-2 and MMP-9 activity in follicular
fluid with oocyte count, oocyte morphology, fertilization and embryo quality is shown in table 2. In
follicular fluid, there was a positive correlation
between MMP-2 activity with oocyte morphology
and embryo quality, but no correlation was observed between MMP-2 activity with oocyte
count and fertilization. Activity of MMP-9 showed positive correlation with oocyte morphology.
There was not any correlation between MMP-9
activity with oocyte count, fertilization, and embryo quality.
Correlation of MMP-2 and MMP-9 activity in seminal plasma with semen parameters ICSI outcome:

Correlation between MMP-2 and MMP-9 activity
in seminal plasma with semen parameters and
fertilization is shown in table 3. MMP-2 activity
in seminal plasma had positive correlation with
sperm count, fertilization and embryo quality. But
it did not correlate with sperm motility, sperm
morphology and sperm viability. MMP-9 activity
has positive correlation with sperm motility when
it has been measured in equal volume, but it was
not correlated with sperm count, sperm morphology and sperm viability, fertilization and embryo
quality.
Discussion
In this study, the correlation of MMP-2 and 9 activities in follicular fluid and seminal plasma with
oocyte quality, sperm parameters, embryo quality
and fertilization was determined. Components of
oocyte growing environment are important and
determination of follicular fluid components may
help to predict the success probability of ICSI
(15). Growth of follicles, number of oocytes, fertilization, embryo growth and implantation are factors that affect ICSI result. Ovary and specially
uterus undergo major changes during follicle
growth, ovulation and follicle atresia. These changes are dependent on the presence of the MMPs
confirming the necessity of MMPs for these processes. Also, MMPs release growth factors from
their inhibitory binding proteins, and hence increase cellular proliferative responses (16).

Table 1. Level of MMP-2 and MMP-9 activities in follicular fluid and seminal plasma of infertile couples (n=74)

Follicular fluid

MMP-2 activity (AU)
(Equal volume)
68.381.64

MMP-2 activity (AU)
(Equal protein)
67.601.66

MMP-9 activity (AU)
(Equal volume)
94.941.48

MMP-9 activity (AU)
(Equal protein)
86.031.80

Seminal plasma

45.031.12

42.811.28

61.981.25

62.451.37

AU is an arbitrary unit that is achieved by dividing the number of pixels of MMP band curved to number of pixel of MMP standard curve
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Table 2. Correlation of matrix metalloproteinase2 (MMP-2) and 9 (MMP-9) activity (AU) of follicular fluid
with oocyte and embryo quality (n=74)
MMP-2 activity in equal volume
MMP-2 activity in equal protein content
MMP-9 activity in equal volume
MMP-9 activity in equal protein content

Oocyte quality (%)

Embryo quality (%)

r=0.26, p=0.028
r=0.27, p=0.021
r=0.29, p=0.014
r=0.29, p=0.015

r=0.3, p=0.016
r=0.303, p=0.014
r=0.09, p=0.45
r=0.18, p=0.14

In our study, correlation between MMP-2 and
MMP-9 activity in follicular fluid and oocyte
growth showed that the increase of activity of
MMP-2 and 9 results in high quality oocytes. Previous studies have shown that decreasing MMPs
leads to imperfect growth of follicle or ovulation
defects (17). Growth of follicles and their regression need great changes and remodeling in the
ECM. Studies have shown that MMP-2 and
MMP-9 increase along with the growth of follicles and in some species it is higher in larger follicles (18). MMP-2 and 9 are found in theca cells
of follicles and ovary’s stroma. In animals, presence of MMPs is necessary for normal evolution
of oocyte. MMP-2 plays role in different steps of
follicle growing and may be a marker of good
follicles. Level of MMP-9 increases when follicles grow. MMP-2 is related with follicle evolution, and MMP-9 is related with rupture of the
follicles (17, 19, 20).
In a study by D’Ascenzo et al, the activity of
MMP-2 and MMP-9 in follicular fluid of infertile
patient undergoing in vitro fertilization (IVF) was
lower than control group. In addition, follicular
fluid MMP activity was not identified in a large
number of people who had IVF. The difference of
MMPs in infertile patients and control group
could indicate the important role of these enzymes
in IVF outcome (18).
In this study, the correlation between MMP-2
and MMP-9 activity was investigated in follicular
fluid with fertilization and embryo quality. Our
results showed there was not any significant correlation between MMP-2/MMP-9 activities with
fertilization rate of ICSI procedure. Since for

achieving fertilization in ICSI techniques, sperm
through membrane around oocyte was injected,
our results are predictable.
Another finding of the present study was a significant positive correlation between MMP-2 activity in follicular fluid with embryo quality.
Quality of embryo is very important to get successful implantation. In ICSI, embryo must be
exactly checked; the main criterion is the morphology of embryo in cleavage step (15, 21). Although follicular fluid does not exist in embryo
growth environment, it probably indirectly affects
through changing the oocyte quality. Our finding
is in agreement with Lee et al.’s findings that reported higher activity of MMP-9 in follicular fluid
in pregnant group compared to non-pregnant
group. They concluded that follicular fluid of
MMP-9 (But not MMP2) is necessary for successful outcome in IVF cycle (22).
There are a few studies available about the
MMP-2 and 9 activities in men reproductive system (3, 23). Results of our study showed a positive correlation between MMP-2 activity in seminal plasma and fertilization and embryo quality.
On the other hand, higher activity of MMP-2 of
seminal plasma results in higher fertilization rate
and embryo quality. In addition, it was observed
that MMP-2 activity is positively correlated with
sperm count, but not with other parameters. Importance of MMP activity in male fertility is indicated by some investigators. Baumgart et al. reported that concentration of MMP-2 in patients
with azoospermia was lower than normozoospermic individuals (3), although information
about how activity of MMP-2 in seminal plasma

Table 3. Correlation between matrix metalloproteinase 2 (MMP-2) and 9 (MMP-9) activity (AU) in seminal plasma with sperm count,
sperm motility, fertilization and embryo quality (n=74)
MMP-2 activity in equal volume
MMP-2 activity in equal protein content
MMP-9 activity in equal volume
MMP-9 activity in equal protein content

Sperm count
r=0.28, p=0.015
r=0.26, p=0.028
r=-0.05, p=0.36
r=-0.03, p=0.78

Sperm motility
r=0.10, p=0.37
r=0.09, p=0.4
r=0.24, p=0.040
r=0.193, p=0.1

Fertilization (%)
r=0.24, p=0.047
r=0.28, p=0.020
r=0.018, p=0.88
r=0.07, p=0.52

Embryo quality (%)
r=0.28, p=0.026
r=0.26, p=0.038
r=0.16, p=0.19
r=0.149, p=0.23

AU is an arbitrary unit that is achieved by dividing number of pixels of MMP band curved to number of pixel of MMP standard curve
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could affect fertilization rate and embryo quality
is very limited.

8. Liu D, Zhu C. Regulation of ovarian function by the
matrix metalloproteinase system. Chin Sci Bull.
2002;47(14):1145-9.

Conclusion
Our findings have shown direct correlations between activity of MMP2 and MMP9 in follicular
fluid with oocyte quality and fertilization rate.
MMP2 and MMP9 activities in seminal plasma
have a positive effect on sperm count and motility. MMP-2 and MMP-9 activity in follicular fluid
and seminal plasma could be important factors in
embryo quality in patients undergoing ICSI and
may affect the outcome of ICSI.

9. Hashemitabar M, Bahmanzadeh M, Mostafaie A,
Orazizadeh M, Farimani M, Nikbakht R. A proteomic analysis of human follicular fluid: comparison
between younger and older women with normal
FSH levels. Int J Mol Sci. 2014;29;15(10):1751840.
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