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Abstract
To investigate the levels of MMP9 and TIMP1 before and after acute maximal exercise and the role of
MMP9 -1562 C/T and TIMP1 372 T/C polymorphisms in athletes and sedentary individuals. The athlete
group (n = 43) and sedentary group (n = 43) performed the Yo-Yo intermittent recovery test level 1. A blood
sample was taken before and after the test. MMP9, TIMP1, MMP9/TIMP1 ratio, blood lipids, and
lipoproteins (total cholesterol, high and low-density lipoprotein cholesterol) and indicators of muscle
damage (creatine kinase, aspartate aminotransferase, alanine aminotransferase) were determined from
postprandial venous blood samples. Genetic polymorphisms were determined from DNA samples
obtained from peripheral blood. MMP9 levels were found higher in both groups after the YOYO IR-1 test
(exercise) (sedentary group, pre-exercise: 1771.15 ± 862.17 pg/mL, post-exercise: 2172.18 ± 680.93
pg/mL; athletic group, pre-exercise: 1373.57 ± 705.16 pg/mL, post-exercise: 1723.72 ± 733.88 pg/mL, p < 
0.05). TIMP1 levels were also found higher in both groups after exercise (sedentary group, pre-exercise:
4.63 ± 3.99 ng/mL, post-exercise: 5.3 ± 3.51 ng/mL; athletic group, pre-exercise: 3.26 ± 2.34 ng/mL, post-
exercise: 3.59 ± 1.99 ng/mL, p < 0.05). Basal serum MMP9 levels were signi�cantly higher in sedentary
individuals as compared with athletes (p = 0.046). MMP9 -1562 C/T and TIMP1 372 T/C polymorphisms
had no effect on MMP9 and TIMP1 levels (p > 0.05). As a conclusion acute exercise increases MMP9 and
TIMP1 levels in male athletes and sedentary individuals. Chronic anaerobic exercises performed by the
athletic group may caused lower MMP9 levels. MMP9 -1562 C/T and TIMP1 372 T/C genetic
polymorphisms are not associated with MMP9 and TIMP1 activation.

Introduction
Organs and tissues receive structural support from extracelluler matrıx (ECM) which has a quite complex
structure With hundred of proteins in the ECM, it takes part in the survival, differentiation, proliferation,
and migration of cells [1]. Matrix metalloproteinases (MMPs) and tissue inhibitor of metalloproteinases
(TIMPs) work together in ECM functions. MMPs have critical roles in degrading ECM components [2].
Among the 23 different MMPs found in humans [3], MMP2 and MMP9 have vital roles in ECM
remodelling and muscle regeneration, and they are also involved in in�ammatory reactions [4]. Because
of pathological conditions in remodelling process MMP9 activity also associated with certain disease
and many studies have been conducted investigating these relationships [5, 6]. Four TIMPs found in
humans are endogenous inhibitors of MMPs and all TIMPs have some speci�cities for their inhibition
function. They are effective in cellular behaviour, tissue remodelling, and the regulation of ECM turnover
[7]. The expression of TIMPS happens at the transcriptional level. MMPs interact with TIMPS by forming
1:1 complexes [8]. Balance in the operation of MMPs and TIMPs is required for ECM function [4],
especially after situations that can cause damage, such as acute exercise.

Exercise can affect the synthesis and degradation of collagen, which is found in large amounts in the
human body [9]. MMP9 is largely attendant in the degradation of type IV collagen and many other types
of collagen. Type IV collagen is the main ingredient of the basal lamina, which is a thin layer separating
the epithelium from connective tissue [2]. For these reasons, one of the most frequently investigated
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markers among MMPs in exercise and human studies can be speci�ed as MMP9. Many studies in the
literature examined MMP9 and TIMP1 activity together [10, 11] because TIMP1 is secereted in
association with MMP9 [12]. Expression of TIMP1 is actualized in numerous mammalian tissues [8] and
it can be regulated by different cytokines or soluble factors in respect of cell types [13].

Researchers have studied the effect of exercise on MMP9 and TIMP1 [14, 15]. Mackey, Donnelly [9]
investigated the effect of 10 km running and 50 minutes deep water running on healthy adults and found
no signi�cant change in serum MMP9 and TIMP1 levels after these exercises. In another study,
individuals who had training experience and sedentary individuals performed downhill running. They
found an increase in MMP9 levels in both groups and this increase remained in the sedentary individuals
for the next four days [16]. Koskinen, Höyhtyä [17] found higher MMP9 and TIMP1 concentrations at
different temperatures after eccentric exercise. Serum MMP9 concentrations increased after marathon
and half maraton race on amateur athletes. However, the increase in marathon athletes was signi�cantly
higher than in half marathon athletes [18]. The disparity between studies may be related to many reasons
such as exercise duration, exercise type, and the training history of the participants.

The MMP9 -1562 C/T polymorphism (rs3918242) is a single nucleotide polymorphism at position − 1562,
caused by the replacement of cytosine (C) with thymine (T) [19]. The TIMP1 gene is located on the X
chromosome and has 6 exons. The TIMP1 372 T/C (rs4898) polymorphism is located on exon 5 [20].
Both polymorphisms have been studied in different disease groups and researchers have found
relationships between these polymorphisms and some diseases [21, 22]. Investigating the polymorphism
of the speci�ed enzyme and its inhibitor may provide critical bene�ts to the literature while interpreting
the possible effects of exercise on MMP9 and TIMP1 concentrations. However, the role of these
polymorphisms in acute or chronic exercise-dependent MMP9 and TIMP1 concentration changes are
unknown. The aim of the study was to investigate the levels of MMP9 and TIMP1 before and after acute
maximal exercise and the role of MMP9 -1562 C/T and TIMP1 372 T/C polymorphisms in athletes and
sedentary participants.

Materials And Methods
There were two different groups in the study. The athletic group included 43 male basketball, volleyball,
and handball players (mean age: 20.65 ± 2.46 years, height: 189.8 ± 7.22 cm, bodyweight: 87.32 ± 14.1
kg), and the sedentary group included 43 healthy men (mean age: 22.49 ± 3.51 years, height: 178.63 ± 
7.46 cm, bodyweight: 76.77 ± 11.63 kg). The athletic group consisted of individuals aged 18–35 years
who had been training regularly for at least 3 months. They had been doing sport for a mean 9.87 ± 3.71
years. The sedentary group consisted of healthy individuals with similar physical characteristics to the
athletes and the same age range, but who had not peformed regular exercise for at least 3 months.

The criteria for inclusion in the study were that the participants were not obese [body mass index (BMI) < 
30 kg/m2] and did not use tobacco-related products, alcohol, drugs, and antioxidants. All athletes were
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instructed to stop training 2 days before the measurements. All participants were instructed to continue
their usual nutrition habits and to attend for measurements with four hours of fasting.

The research was approved by Ege University Faculty of Medicine Clinical Research Ethics Committee
(Approval number: 18 − 7.1/49).
All participants were informed about the study and written informed consent was obtained before taking
the measurements.

The height and body weight measurements of the participants were performed using a portable height
measuring device and digital scales (Seca, Germany). BMI was calculated using the following formula:
BMI = Weight (kg) / height (m2). All participants performed a standard warm-up procedure. The procedure
consisted of the �rst 4 speed levels of the Yo-Yo Intermittent Recovery Test level 1 (Yo-Yo IR1), dynamic
stretching, basic running, and change of direction exercises.

The Yo-Yo IR1 was applied to all participants as an acute maximal exercise after standard warming up. It
is a standard test that includes running periods (20 x 2 = 40 m) with gradually increasing speeds. Active
rest is performed by walking or jogging at a distance of 10 m (2x5) for 10 seconds after every 40 m run.
The Yo-Yo IR1 lasts 10–20 minutes depending on the ability level of the participants [23]. The test was
continued until the participants were exhausted. The distance that they could not continue and their heart
rate during this time were recorded. If the participants could not complete the 40 m distance despite the
auditory signal and this situation occurred twice consecutively, the test was ended for these participants
by the researchers.

A blood sample was taken 20–25 minutes before and 10 minutes after the Yo-Yo IR1. MMP9, TIMP1,
MMP9/TIMP1 ratio, blood lipids and lipoproteins [total cholesterol (TC), high and low-density lipoprotein
cholesterol (HDL-C and LDL-C)] and indicators of muscle damage [creatine kinase (CK), aspartate
aminotransferase (AST), alanine aminotransferase (ALT)] were determined from postprandial venous
blood samples. Blood samples were kept at room temperature for 20 minutes, then centrifuged at 2000 g
for 15 minutes and their serums were separated. Serum samples were stored at -82°C until required for
further analysis. CK, AST, and ALT activities, TC, HDL-C and LDL-C were assessed using standard
enzymatic-colorimetric methods with an autoanalyzer (Roche Cobas 8000, Switzerland). Serum MMP9
and TIMP1 levels were determined using enzyme-linked immunosorbent assay (ELISA) by measuring at
450 nm on a microplate reader (Dialab ELx800, Austria). Commercial kits (Human ELISA Kit Elabscience,
USA) were used for these procedures. The MMP9/TIMP1 ratio was calculated using the molecular weight
of MMP9 (92kDa) and TIMP1 (28kDa).

MMP9 -1562 C/T and TIMP1 372 T/C polymorphisms were determined from DNA samples isolated from
peripheral blood leukocytes using standard techniques according to the manufacturer’s (QIAGEN®-Hilden,
Germany) instructions. Polymerase chain reaction (PCR) and restriction fragment length polymorphism
(RFLP) was used for the determination of genotypes. The primers used were 5’-
GCCTGGCACATAGTAGGCCC-3’ (forward) and 5’-CTTCCTAGCCAGCCGGCATC-3’ (reverse) for the MMP9
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gene; 5’-GCACATCACTACCTGCAGTC-3’ (forward) and 5’-GAAACAAGCCCACGATTTAG-3’ (reverse) for the
TIMP1 gene. PCR components used per sample were as follows: 11.5 µL of DdH2O, 2.5 µL of 10X PCR
buffer, 1 µL of dNTP mix, 2 µL of MgCl2, 1.25 µL of forward primer, 1.25 µL of reverse primer, 0.5 µL of
Taq polymerase, 5 µL of DNA, 25 µL in total. The reaction conditions for ampli�cation were as follows:
95°C for 5 min; 30 cycles of 95°C for 45 s, primer annealing for 45 s, and 72°C for 45 s; and a �nal
extension at 72°C for 5 min. The primer annealing temperature was set to be 61°C for the MMP gene and
54.5°C for the TIMP1 gene. Following ampli�cation, the PCR products (MMP9’s 436 bp, TIMP1’s 175 bp)
were digested with the restriction endonuclease (MMP9- SphI, TIMP1- BssSI). Fragments were separated
through electrophoresis in 6% agarose gel at 100V for 120 min and visualized using ultraviolet
transillumination after ethidium bromide staining. A single band at 436 bp represented C homozygous,
two bands at 194–242 represented T homozygous, and three bands at 294-242-436 bp represented
heterozygous for MMP gene. For the TIMP1 gene, a single band at 175 bp represented T hemizygous, and
two bands at 20–155 bp represented C hemizygous. Additionally, 10% of the samples were sequenced
using a next-generation system (Nextseq) to con�rm the genotyping results.

Statistical analyses were performed using SPSS (IBM SPSS Statistics for Windows, version 24.0. Armonk,
NY). Results are presented mean ± standard deviation except in the tables, and p < 0.05 was considered
for signi�cant statistical difference. According to the results of the normality test (Shapiro-Wilk test),
comparisons of physical and physiologic characteristics and comparisons of the measurements of the
groups before acute exercise were performed using the Mann-Whitney U test. Comparisons of the
measurements before and after the acute exercise in the same group were performed using the Wilcoxon
test. Genotype and allele frequencies were calculated using the Hardy-Weinberg equation. Comparisons
of genotype frequencies of the sedentary and athletic groups were performed using the Pearson Chi-
square test. Comparison of the pre- and post-exercise measurements of the sedentary and athletic groups
according to MMP9 -1562 C/T and TIMP1 372 T/C polymorphism genotypes was performed using three-
way repeated-measures analysis of variance (ANOVA) [exercise (pre/post Yo-Yo IR1) x group
(sedentary/athlete) x polymorphism genotype/allele group].

Results
There was no statistically signi�cant difference in terms of BMI between the sedentary and athletic
groups (p>0.05). The BMI results of both groups were found within normal values (sedentary: 23.99±2.73,
athletic: 24.17±3.2). The mean VO2Max levels of the athletic group were signi�cantly better (45.54±4.06
mL/kg/min) compared with the sedentary group (43.37±2.3 mL/kg/min, p=0.037).

In the sedentary group, serum MMP9 levels were higher after acute exercise (pre-exercise:
1771.15±862.17 pg/mL 95% con�dence interval (CI): [1505.81-2036.48; post-exercise: 2172.18±680.93
pg/mL, 95% CI: [1962.62-2381.74]; p<0.001.  Serum TIMP1 levels were higher after acute exercise (pre-
exercise: 4.63±3.99 ng/mL, 95% CI: [3.41-5.86], post-exercise: 5.3±3.51 ng/mL, 95% CI: [4.22-6.38];
p=0.005). For the MMP9/TIMP1 ratio, no differences were found in pre-exercise and post-execise levels
(p>0.05).
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In the athletic group, serum MMP9 levels were higher after acute exercise (pre-exercise: 1373.57±705.16
pg/mL, 95% CI: [1156.55-1590.58], post-exercise: 1723.72±733.88 pg/mL, 95% CI: [1497.87-1949.58];
p<0.001). Serum TIMP1 levels were higher after acute exercise (pre-exercise: 3.26±2.34 ng/mL, 95% CI:
[2.54-3.98], post-exercise: 3.59±1.99 ng/mL, 95% CI: [2.98-4.21]; p=0.005). Regarding the MMP9/TIMP1
ratio, no differences were found in pre-exercise and post-execise levels (p>0.05).

According to the pre-exercise levels, serum MMP9 levels were higher in the sedentary group compared
with the athletic group (p=0.046). Serum TIMP1 and MMP9/TIMP1 ratio levels were not statistically
different in the sedentary and athletic groups (p>0.05).

No statistically signi�cant difference was found between the polymorphism and allelic frequencies of the
sedentary and athletic groups (p>0.05) (Table 1). For the MMP9 -1562 C/T polymorphism, it was
determined that genotype and any interaction with genotype had no statistically signi�cant effect on the
MMP9 and TIMP1 levels (p>0.05). It was determined that the effect of exercise, group, and genotype
interaction on AST was statistically signi�cant. The increase in post-exercise AST levels was higher in
athletes with the CT genotype than in sedentary individuals with the CT genotype. The comparison of all
parameters of sedentary individuals and athletes before and after the exercise belonging to the
MMP9 -1562 C/T polymorphism genotype groups are presented in Table 2. For the TIMP1 372 T/C
polymorphism, it was determined that the allele and any interaction with the allele had no statistically
signi�cant effect on MMP9 and TIMP1 levels (p>0.05). The TIMP1 372 T/C polymorphism had a
signi�cant effect on TC and LDL-C levels and individuals with C alleles had higher TC and LDL-C levels
than in individuals with T alleles. The effect of exercise and allele interaction on LDL-C was found
statistically signi�cant. The amount of increase of LDL-C was higher in individuals with C alleles than in
individuals with T alleles.  The comparison of parameters of the sedentary and athletic groups before and
after the exercise belonging to the TIMP1 372 T/C polymorphism allele groups are shown in Table 3.

Discussion
The main �ndings of this study showed that MMP9 and TIMP1 levels increased after acute exercise in
both the sedentary and athletic groups. The present �ndings also suggested that pre-exercise MMP9
levels of athletes were lower compared with the sedentary individuals. Our �ndings revealed that the
MMP9 -1562 C/T and TIMP1 372 T/C polymorphisms and the interaction of polymorphisms with other
parameters, i.e. exercise and group, did not signi�cantly affect MMP9 and TIMP1 levels.

In line with the current �ndings, Astill, Katsma [24] investigated the effects of acute resistance exercise on
certain parameters including MMP9 and TIMP1. They found signi�cantly higher MMP9 levels in male
participants two hours after exercise. TIMP1 levels increased in both male and female participants and
this increase in women’s results continued after 5 hours. In a study in which the participants were short-
and long-distance elite runners, participants were given a progressive step test that continued until
exhaustion before and after 6-month intensive training periods. Although not statistically signi�cant,
MMP9 levels were higher in the initial period in the short-distance group. Also, MMP9 levels were found
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signi�cantly higher immediately after acute exercise in the �nal period. Although there were increases
after exercise, the differences between the MMP9 results in both periods in the long-distance group were
not signi�cant [25]. It was observed that changes in MMP level responses to acute exercise were stronger
in the �rst few hours. The type and duration of exercise can also be an important factor that infuences
these changes. Although the exercise duration in the current study was not very long, the fact that the Yo-
Yo IR1 test continued until the participants were exhausted was effective in observing the activation in
MMP9 and TIMP1. Acute intense exercise has an in�ammatory effect, it may be possible to explain the
increases with the reaction caused by this effect.

Considering the chronic effects of exercise on enzyme activities, Filipović, Gopčević [26] investigated the
effects of a 12-week exercise program on serum MMP9 and TIMP1 activity in postmenopausal patients
with osteoporosis. This exercise program included aerobic, resistance and balance exercises. After 12
weeks, MMP9 enzyme activity and the MMP9/TIMP1 ratio decreased and TIMP1 enzyme activity
increased signi�cantly. The athletic group in the current study had lower MMP9 levels compared with the
sedentary group. It is possible to state that they had to do exercises for both the aerobic and anaerobic
system due to the training of their branch. In this case, it can be emphasized that the basal levels in this
study are compatible with the study of Filipović et al. Regular aerobic training can provide anti-
in�ammatory responses and decrease MMP9 levels [2]. However, in the present study, basal TIMP1 levels
and MMP9/TIMP1 ratios were not statistically different between the athletic and sedentary groups.
Buyukyazi, Ulman [27] found no signi�cant effect of 8-week walking (with approximately 62% maximum
heart rate reserve) on MMP9 and TIMP1 levels and MMP9/TIMP1 ratio in healthy postmenopausal
women. In studies investigating the chronic effects of exercise, factors such as the exercise history of the
participants, the components of the applied chronic exercise, and the nutrition habits of participants may
cause inconsistent results.

In the present study, no homozygous TT genotype group was created because none of the participants
had the TT genotype for the MMP9 -1562 C/T polymorphism. In a study conducted with 177 healthy men,
the allele frequencies were determined as 90% for the C allele and 10% for the T allele, similar to the
present study and plasma pro-MMP9 levels had no signi�cant differences among MMP9 -1562 C/T
polymorphism genotype groups in healthy men [28]. Fiotti, Deiuri [29] found that body composition and
strength parameters improved after long-term physical exercise applied to elderly women, and these
improvements were associated with certain MMP polymorphisms, including MMP9. In the current study,
the increase in AST level response to Yo-Yo IR1 was higher in athletes with the CT genotype than in
sedentary individuals with the CT genotype. This �nding suggests that athletes with the CT genotype are
affected more by the muscle damage consequences of acute exercise than sedentary individuals with the
CT genotype.

Studies on the MMP9 and TIMP1 gene polymorphisms in athletes are quite limited. Tabatabaee, Heidari
[30] studied Malaysian males with hypertension and healthy individuals and investigated speci�c gene
polymorphisms including TIMP1 372 T/C. Allele frequencies of this polymorphism showed a signi�cant
difference between the two groups. According to the �ndings of this study, the TIMP1 372 T/C
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polymorphism had a genetic role in hypertension. Polina, Araújo [31] studied 300 individuals with chronic
heart disease and 304 healthy individuals and found that the genotype and allele frequencies of the
TIMP1 372 T/C polymorphism in the patient group were not different from the healthy group. When the
�ndings of the current study were evaluated in terms of atherosclerosis risk factors, it can be stated that
the individuals with the C allele are in the higher risk group than individuals with the T allele as a result of
the differences in TC and LDL-C levels in the allele groups. At the same time, the C allele triggers the acute
LDL-C increase after acute exercise.

The number of participants in terms of the polymorphism may appear lower than in population studies in
the literature because this study is an experimental study. The TIMP1 gene was evaluated on a single
allele because all participants were male. However, to the best of our knowledge, this is the �rst study to
investigate these genetic polymorphisms’ roles on MMP9 and TIMP1 level responses to acute exercise in
speci�c groups of athletes and sedentary individuals. This research will serve as a basis for future
studies; further experimental investigations are needed to estimate the role of these polymorphisms on
MMPs and TIMPs. From this point of view, orienting individuals to sports branches that are genetically
suitable and thus preventing serious injuries could be provided.

Conclusion
The results of the current study show that MMP9 and TIMP1 are involved in remodelling steps after acute
exercise in sedentary and athletic males. Acute post-exercise responses of MMP9 and TIMP1 are similar
in athletes and sedentary individuals. Basal MMP9 levels are lower in atlhletic group and this result may
have been caused by the chronic training effects that the athletic group exposed to. MMP9 -1562 C/T and
TIMP1 372 T/C polymorphisms are not associated with this enzyme and its inhibitor.
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