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Abstract
Purpose To assess levels of matrix metalloproteinases 2 and 9
(MMP-2 and MMP-9) in follicular fluids and sera of female
patients undergoing in vitro fertilization (IVF) treatment, and
discover the role of MMPs in IVF outcome prediction.
Methods Sera and follicular fluids were obtained from 58
female patients treated for infertility by IVF. Twenty-nine of
them became pregnant after the embryo-transfer; another 29
were not successful in IVF and did not conceive. Forty female
non-pregnant blood donors and 38 healthy pregnant patients
in the first trimester after the physiological conception were
examined as control groups. MMP-2 and MMP-9 were quan-
titively assessed using enzyme-linked immunosorbent assay.
Results IVF females successfully conceiving after the IVF
have shown the highest MMP-9 concentrations in sera
(833.5 {686.0;958.7} ng/mL) and follicular fluids (9.6
{6.0; 17.0} ng/mL) compared to all other examined cohorts.
Different behavior of MMP-2 and MMP-9 during the artifi-
cial ovulation was confirmed, because only MMP-9 has

shown a vast difference between serum and follicular
concentrations.
Conclusions MMP-9 could be a good predictor of the suc-
cessful IVF outcome (pregnancy), which was proven for
serum as well as follicular MMP-9 levels.
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Introduction

The main function of the human ovary is to produce fertil-
izable oocytes. Follicular development, the rupture of the
follicular wall, corpus luteum formation, and luteolysis re-
quire extensive tissue and extracellular matrix remodeling,
cell migration, and rapid angiogenesis [26]. A large number
of studies have implied that a critical role in these processes
belongs to matrix metalloproteinases (MMPs) [5,18,26].

The MMP family proteinases are zinc dependent and
degrade extracellular matrix at a physiological pH. Currently,
26 human MMPs have been identified, and these enzymes are
classified according to their substrate specificity and structural
similarities [21]. Numerous studies have documented the im-
portant role of the MMP-2 and MMP-9 in promoting follicles
and in the ovulatory process. MMP-2 and MMP-9 are local-
ized to the theca of developing follicles and in the stroma of
the ovary. Gelatinolytic activity corresponded with the local-
ization ofMMP-2 andMMP-9 around the developing follicles
and at the apex of pre-ovulatory follicles. In animal models,
decreased concentrations of MMPs in pre-ovulatory fluid
have been correlated with poor oocyte release and abnormal
follicular involution [20,23].

Since the role of MMPs in human female infertility and
in artificial ovarian hyperstimulation during the in vitro
fertilization (IVF) cycles in humans is not yet fully under-
stood, in the present study we attempted to assess levels of
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two MMPs, MMP-2 and MMP-9, in follicular fluid as well
as the serum of female patients in IVF treatment at the day
of the ovum pick-up.

Materials and methods

Subjects

The study group was composed of 136 female patients ages
20 to 44 years (median age 32.0, mean age 33.5 years,
interquartile range {IQR} 29.0–34.0).

Fifty-eight (58) women from our cohort were treated for
infertility by IVF. Twenty-nine (29) of these became preg-
nant after the embryo transfer; another 29 were not success-
ful in IVF and did not conceive.

Two control groups were included; first, 40 female non-
pregnant blood donors with a median age of 30.5 and IQR
(27.5;31.0). For another control group, 38 healthy pregnant
patients in the first trimester after physiological conception
were recruited, with a median age of 32.5 and IQR
(29.0;35.0). Individual subgroups did not differ significantly
by age (p00.115).

According to power calculation (Statistica CZ 9.0, Statsoft
Inc, Tulsa, USA), this sample size was enough to assess differ-
ences between serum and follicular concentrations of MMPs.

This study was reviewed and approved by the Institution-
al Review Board of the Charles University in Prague. All
participants were informed about the subject of the study
and gave informed consent.

Sample collection

From all subjects studied, blood was collected via puncture of
the cubital vein in tubes without additives. In patients under-
going IVF, blood was collected on the day of follicular punc-
ture and oocyte pick-up. A sample of follicular fluid was
obtained by trans-vaginal follicular puncture after the oocyte
retrieval.

Follicular and serum samples were centrifuged
(1,600 g, 20min), divided into aliquot parts, coded, and frozen
at −20 °C. Samples were processed within 3 months of
freezing.

Determination of MMPs

The concentrations of MMP-2 and MMP-9 in serum and in
follicular fluid were measured by enzyme-linked immuno-
sorbent assays (Quantikine®, R&D Systems, USA).

The MMP-2 assay recognizes recombinant (pro- and
mature) and natural human MMP-2, and the MMP-9 assay
measures recombinant and natural 92 kDa pro-MMP-9 and
the 82 kDa active MMP-9, and does not measure the 65 kDa
form. MMP concentrations were expressed in ng/mL.

Statistical analysis

The values of MMP concentrations were expressed as median
and interquartile ranges (IQR). Given a non-parametric distri-
bution of results, concentrations of markers were compared
using the Kruskal-Wallis test. Correlations between levels of
markers were examined with Spearman’s rank correlation co-
efficient via the online statistical software VassarStats (Vassar
College, NY, USA) and STATISTICA data analysis software
system version 9.0 (StatSoft, Inc., OK, USA). All tests were 2-
tailed, and p values <0.05 were considered statistically signif-
icant. Receiver operating characteristic (ROC) curve was cal-
culated by the web-based calculator of ROC curves from Johns
Hopkins University, Baltimore, Maryland, USA (Eng, [8]).

Results

The general characteristics of the IVF cohort are shown in
Table 1.

Table 2 shows the comparison of characteristics between
pregnant and non-pregnant women in IVF group. Pregnant
women were not significantly younger than of those

Table 1 Descriptive character-
istics of IVF female patients

IVF in vitro fertilization, SD
standard deviation.

Total number of IVF patients 58

- sterility with anovulatory cycles 10 (17 %)

- sterility with Fallopian tube damage or blockage 7 (12 %)

- male factor of sterility 27 (46 %)

- endometriosis 2 (4 %)

- idiopathic sterility 10 (17 %)

- others 2 (4 %)

Age, years (mean ± SD) 32±3

Number of stimulated follicles in the IVF cycles (mean ± SD) 14±8

Number of retrieved oocytes (mean ± SD) 8±6

Clinical pregnancy rate 29/58 (50 %)
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who failed to conceive. Number of retrieved oocytes
and embryos also did not differ between pregnant and
non-pregnant patients; however, pregnant patients re-
ceived significantly more embryos.

1. Serum concentrations of MMP-2
Serum concentrations of MMP-2 were significantly

different between groups (p<0.0001). In women under-
going IVF (irrespective of whether or not they became
pregnant after the IVF) as well as in non-pregnant blood
donors, low serum MMP-2 levels were seen. Pregnant
females have shown significantly higher MMP-2 con-
centrations in sera; see Fig. 1.

2. Serum concentrations of MMP-9
In serum MMP-9, a meaningfully different picture

was seen: IVF females successfully conceiving after

IVF have shown the highest concentrations compared
to all other examined cohorts; see Fig. 2.

3. MMP-2 and MMP-9 during IVF
In women undergoing IVF treatment, MMP-9 levels

were higher in sera and follicular fluids of women who
successfully conceived after IVF, whereas MMP-2 lev-
els did not show such association.

At the time of ovulation, IVF women have approximately
the same concentrations of MMP-2 in follicular fluid and in
serum; however, these women have multifold lower con-
centrations of MMP-9 in follicular fluid compared to serum
(p<0.0001). In serum and follicular MMP-2 levels, signifi-
cant positive correlation was shown (r00.287, p00.043). In
MMP-9, no relationship between high serum and low fol-
licular levels was observed.

Table 2 IVF patients with and without pregnancy

Pregnant, n029 Non-pregnant n029 P value*

Age, years (mean ± SD) 33±2 34±4 0.524, NS

D2 FSH, IU/L (median; IQR) 6.52 (4.31;8.95) 6.12 (5.02; 9.47) 0.672, NS

rFSH treatment duration, days (mean ± SD) 11±2 12±1.50 0.641, NS

Units of rFSH required to achieve follicular maturity (total rFSH dose, IU, mean ± SD) 2,548±874 2,497±739 0.394, NS

17-beta-estradiol, nMol/L (median; IQR) 11.82 (5.98;13.21) 14.71 (7.44;16.93) 0.102, NS

Number of retrieved oocytes, (mean ± SD) 8±4 7±5 0.690, NS

Fertilization rate per retrieved oocyte (% ± SD) 69.54±18.41 71.25±20.18 0.487, NS

Number of obtained embryos per patient (mean ± SD) 5±2 5±3 0.608, NS

Cleavage rate (% ± SD) 81.45±25.51 83.78±27.54 0.740, NS

Embryos transferred, (mean ± SD) 1.85±0.35 1.15±0.72 0.041

IVF in vitro fertilization, SD standard deviation, D2 Day 2 of the menstrual cycle, FSH follicle-stimulating hormone, rFSH recombinant follicle-
stimulating hormone, IQR interquartile range, NS non-significant.

*Mann–Whitney U-test

Fig. 1 Serum concentrations of MMP-2 in examined cohorts of
patients. The boxplot represents lower and upper quartile, the horizon-
tal line represents median, the whiskers represent sample minimum and
maximum

Fig. 2 Serum concentrations of MMP-9 in examined cohorts of
patients. The boxplot represents lower and upper quartile, the horizon-
tal line represents median, the whiskers represent sample minimum and
maximum
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A summary of the results and a comparison of the con-
centrations of MMPs in sera and follicular fluids with re-
spect to the IVF outcome are presented in Table 3.

For serum and follicular MMP-9 concentrations at the
day of ovum pick-up in the IVF cohort, ROC curves were
constructed and areas under curves (AUCs) were calculated.
Upon calculated values, serum MMP-9 levels have better
diagnostic performance compared to MMP-9 concentrations
in follicular fluid. See Fig. 3.

Discussion

In the present study, it is demonstrated that MMP-9 serum as
well as follicular concentrations are related to a successful
IVF resulting in pregnancy. Moreover, different behaviors
of MMP-2 and MMP-9 during the artificial ovulation were
confirmed; only MMP-9 has shown a vast difference be-
tween serum and follicular concentrations.

Currently, a limited number of studies have investigated
intrafollicular and serum MMPs, with inconsistent conclu-
sions [1,2,6,10,16,22]. However, MMPs theoretically could
be important players in IVF processes. These enzymes are
key for follicular development, ovulation, and the formation
of corpus luteum and its regression, and involve extensive
tissue remodeling. The development of ovarian follicles and
the breakdown of the follicular wall to release a mature
oocyte at the time of ovulation require extensive angiogen-
esis and remodeling [6].

MMP-2 is constitutively produced in the body; it is, there-
fore, not surprising that concentrations of MMP-2 in serum
and follicular fluid were in reciprocal correlation. The study
by Gottsch et al. [11] observed a regulatory role of MMP-2
relevant to the folliculo–luteal transformation in ewes. The
results of this intrafollicular immunoblockade research indi-
cate that MMP-2 plays a critical role in the biomechanics of
ovulation and the formation of the corpus luteum in ewes. The
study showed that MMP-2 degrades the fabric of basement
membranes, which are necessary for ovulatory ovarian rupture
to occur, and contributes to the reorganization of the thecal
connective tissue foundation into a web-like mesh, which
forms inroads into the granulosa compartment for endothelial
and thecal cell infiltration and provides a supportive structure

for capillary sprouting. Ovarian surface contiguous with fol-
licles injected with anti-MMP-2 was smooth and undisturbed,
which is indicative of a failure of ovulation (that is, there was
no morphological evidence of ovarian rupture). The walls of
unruptured follicles were luteinized. It is proposed that MMP-
2 is a mediator of ovulation and luteal development. Our study
has shown that the concentration of MMP-2 in pregnant and
non-pregnant post-IVF groups does not differ, which is in line
with research by Lee et al. This workgroup studied the serum
activity of MMP-2 in women undergoing IVF treatment, and
MMP-2 activity was proven in the follicular fluids and culture
media of all women. Furthermore, no difference in its expres-
sions was found between the pregnant and non-pregnant
groups [15].

The highest serum concentrations of MMP-2 were ob-
served in healthy pregnant women. It seems that MMP-2 is
involved in pregnancy, which corresponds with studies by
Bischof et al. This fact was explained by the placental
trophoblast’s proliferative and invasive properties with
MMP secretion [3]. Moreover, the importance of higher
concentrations of MMP-2 in the serum of pregnant women
was shown by Koucky et al., who confirmed that low serum
concentrations of MMP-2 in pregnant women lead to pre-
term labor and are connected with funisitis and elevated
umbilical concentration of IL-6 [14].

Table 3 Serum and follicular
levels of MMP-2 and MMP-9 in
of women undergoing IVF

Result of IVF p-value

Pregnant Non-pregnant

MMP-2 [ng/mL] Follicular fluid 179.1 (154.2;200.1) 161.2 (152.0;179.4) 0.106, NS

Serum 209.8 (187.6;246.4) 213.2 (190.2;237.2) 0.476, NS

MMP-9 [ng/mL] Follicular fluid 9.6 (6.0;17.0) 7.1 (4.6;10.7) 0.003

Serum 833.5 (686.0;9 58.7) 729.1 (544.7;922.7) 0.035

Fig. 3 ROC curve analysis for serum and follicular fluid concentra-
tions of MMP-9
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There is substantial evidence that the metalloproteinases
and their inhibitors play a role in the events associated with
the periovulatory and luteal periods [4]; however, little is
known about the cellular localization of this exquisite pro-
teolytic system. The increase in MMP-2 is involved in
degradation of the granulosa cell basement membrane or
in the development of the extensive vascularization of the
forming corpus luteum. An additional role for the gelati-
nases is associated with follicular luteinization and atresia.

A study by Ogiwara et al. [19] found that follicle rupture
in the medaka ovary involves the cooperation of at least
three matrix metalloproteinases (MMPs), together with the
tissue inhibitor of metalloproteinase-2b protein. We deter-
mined the discrete roles of each of these proteins during
follicle rupture. The results indicated that gelatinase A indu-
ces the hydrolysis of type IV collagen constituting the
basement membrane, membrane-type 2 MMP degrades type
I collagen present in the theca cell layer, and MT1-MMP
and the tissue inhibitor of metalloproteinase-2b are involved
in the production and regulation of gelatinase A. In a study
by Liu et al. (1998), in situ hybridization was used to study
the regulation and distribution of mRNA coding for MMP-2
(gelatinase A) and its cell surface activator membrane-type
MMP1 (MT1-MMP) during gonadotropin-induced ovula-
tion in the rat. The expression kinetics and tissue distribu-
tion support the notion that MT1-MMP may have dual
functions in the ovary. Initially, MT1-MMP may act as a
matrix-degrading protease inside the follicle during follicu-
lar development, and later, just prior to ovulation, as an
activator of pro-MMP-2 in theca-interstitial cells surround-
ing pre-ovulatory follicles. Naruse [17] demonstrated in situ
activity and localization of the MMPs, MMP-2 and MMP-9,
and their inhibitors in the placental bed during early preg-
nancy. This is the first comprehensive characterization of the
gelatinases and their inhibitors in the placental bed during
early pregnancy. MMP-2 and TIMP-2 were localized
strongly to uNK cells in the placental bed throughout early
pregnancy. Seval [24] observed that MMP-2, particularly in
the fourth week, appeared to be expressed more strongly in
extravillous trophoblasts (EVTs) and vascular endothelial
cells in the first trimester of pregnancy. Therefore, MMP-2
is likely to be the primary mediator in invasion of the
trophoblast into the decidual endometrium, as well as in
vascular remodeling and angiogenesis in the first trimester
of pregnancy. The high expression of TIMP-1 and TIMP-2
in EVTs and glandular epithelium suggests that a restricted
and balanced expression of these molecules is important for
matrix remodeling and controlled trophoblast invasion dur-
ing placentation. Seval et al. conclude that MMP-2 and
MMP-9 and their inhibitors determine the invasive behavior
of trophoblast into the endometrium and that MMP-2 may
be the key regulator of trophoblast invasion in early human
pregnancy. Isaka et al. [12] used purified cytotrophoblasts

(CTs) to examine the expression and activity of MMP-2 and
MMP-9, and their invasive ability. In first-trimester placen-
tal tissue, the MMP-2 expression was observed in extravil-
lous trophoblasts (EVTs), and MMP-9 mainly in villous
cytotrophoblasts (VCTs). In full-term placental tissue, the
MMP-2 expression was observed in the EVTs similar to that
in the first trimester, whereas the gelatinase activity in these
cells was decreased or completely lost. Using purified CTs,
the gelatinase activity was marked in early CTs, but not term
CTs. Invasive ability of early CTs was inhibited by tissue
inhibitor of metalloproteinase (TIMP)-2 and MMP-2 anti-
body in a dose-dependent manner. These suggested that the
invasive ability of trophoblasts may be regulated by the
enzyme activity of gelatinases, especially MMP-2.

The presence of MMP-9 in follicular fluid, which has
substrate specificities that include the basement membrane
constituent collagen, indicates that it is likely to be required
for tissue remodeling during follicle growth and develop-
ment. MMP-9 production must be induced in the body [25],
and there was no correlation between its concentrations in
serum and follicular fluid. Interestingly, the production of
MMP-9 in follicular fluid is significantly lower than in
serum; most important, in women who have managed to
become pregnant after the IVF, the follicular fluid and the
serum should have higher concentrations of MMP-9 starting
on the day of the ovum pick-up. This fact could supplement
the findings of Dubois et al. in animal models. The authors
of this study conducted experiments on gelatinase B–defi-
cient mice, and found that these mice had much smaller
litters and that the percentage of infertile breeding pairs was
elevated [7]. MMP-9 is likely to play a role in the break-
down in extracellular matrix during the follicle growth and
development, in follicle migration in ovulation, and in con-
trolling other cell functions, including the cell cycle [13].

It is known, that high-quality embryos lead to a high
pregnancy ratio [9], but a serum or follicular fluid biomarker
that directly indicates embryo quality has not yet been
discovered. The role of MMPs in relation to human repro-
duction remains unclear. However, in our study, serum and
follicular MMP-9 levels were significantly different in the
successful versus unsuccessful IVF subgroups. An important
point of practical importance of our study is that MMP-9 in
serum and follicular fluid could be an useful marker for IVF.

Nevertheless, our results have some limitations that need
to be addressed. The first of them is the composition of the
healthy non-pregnant reference group. Our results are
underscored by the need of prospectively recruited control
group with the proven information about the fertility of
recruited women. Secondly, this is a pilot study, so that the
sample size and the restriction of the data to one medical
centre only limits the generalisibility of the results. Our
findings are associative and cause and effect cannot be
determined. However, the results have biological plausibility,

J Assist Reprod Genet (2012) 29:1207–1212 1211



and provide a valid answer to the clinical question of whether
there are differences in the MMPs-2 and 9 behavior during the
assisted reproduction processes.

In conclusion, MMP-9 could be a predictor of the suc-
cessful IVF outcome (pregnancy), which was proven for
serum as well as follicular MMP-9 levels. More studies are
needed to determine the biological basis for the impact of
MMP-9 on normal and assisted human reproduction.
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