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Abstract

Background: There are promising data that exercise training and dietary polyphenols intake may alter the tumor microenviron-
ment to facilitate conventional treatment.
Objectives: The purpose of this study was to investigate the effect of eight weeks of aerobic training (AT) and green tea extract
(GTE) consumption on matrix metalloproteinases-2 and -9 (MMP-2/-9) and vascular endothelial growth factor (VEGF) in normal and
prostate cancer tissue of rats.
Methods: Ninety Wistar rats were assigned to two healthy and cancer groups, then the healthy group was divided into four sub-
groups, including healthy control (Ctr), healthy AT (treadmill exercise for 5 days/week), healthy GTE (three times of week for eight
weeks by gavage) and healthy AT + GTE, and after tumor induction, the cancer group was divided into five subgroups, including
cancer control (CaCtr), cancer AT (CaAT), cancer GTE (CaGTE), cancer AT + GTE and sham groups.
Results: The results showed that there was no significant difference between healthy and CaCtr groups in the MMP-2 levels (P =
0.07), but MMP-2 levels in the CaAT group were lower than the healthy AT (P = 0.01). No significant changes were found in the levels
of MMP-9 and VEGF between the healthy and cancer groups (P = 0.23 and P = 0.08, respectively).
Conclusions: The present study demonstrated that low to moderate-intensity aerobic training and treatment with a low dose of
green tea extract did not change angiogenesis and metastasis markers. These results pave the way for further researches on modu-
lation approaches for tumor metastasis and vascularization in responses to exercise training and antioxidant supplementation.

Keywords: Aerobic Training, Polyphenol, Matrix Metalloproteinase, Vascular Endothelial Growth Factor

1. Background

Prostate cancer (PrCa) is the most dangerous and com-
mon cancer in men. The main problem arising from
prostate cancer is its tendency to metastasis. Metastasis
occurs to infiltrate surrounding tissue, which leads to lo-
cal invasion, extravasation and distal migration from the
primary site, followed by endothelial-dependent, transmi-
gration and the site-specific establishment of metastases
at the secondary site (1).

Exercise and cancer affect angiogenesis, angiogene-
sis can be viewed as a phenomenon linking exercise, and
cancer (2). It has been suggested that exercise training
and plant-derived phytochemicals could use as a poten-
tial supportive therapy to reduce the progression of can-
cer (3). However, exercise training in cancer patients has

always been cautious because it could increase metastasis
and angiogenesis factors (4). On the other hand, research
has demonstrated that moderate aerobic exercise training
compared to high-intensity training was more effective to
suppress angiogenesis markers in tumor tissue (5).

Matrix metalloproteinases (MMPs) are a series of zinc-
dependent endo-peptides, which play vital roles in cancer
cell invasion, tumor growth, and metastasis (6). Indeed,
MMPs can degrade many extracellular matrix (ECM) pro-
teins without a change in the formation of tumor blood
vessels (7). Many MMPs such as MMP-2/-9 can be protec-
tive in cancer and their up-regulation may be involved in
processes aimed at eliminating abnormal tumor cells. It is
demonstrated that endothelial cells are capable of differ-
entially expressing and activating MMPs (8). It has been
investigated that vascular endothelial cell growth factor
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(VEGF) as a critical angiogenic factor for angiogenic switch
is required that delivered into the tumor microenviron-
ment by the MMP-9 and release from tumor matrix by
MMPs (9).

One of the factors that may reduce the risk of PrCa
is the diet that it is a modifiable factor that may play
an important role in the prevention of several types of
cancer (10). There is convincing evidence from previous
studies that green tea has chemo-preventive effects (11).
Epigallocatechin-3-gallate (EGCG), the green tea compo-
nent is believed to be a major contributor to these ef-
fects (12). EGCG has been demonstrated to inhibit cell
growth via apoptotic cell death in human PrCa cells (13),
EGCG not only reduces secreted VEGF in cancer cell but
also inhibits tumor-associated macrophages (TAMs) in en-
dometrial cancer (14). Inhibition of tumor invasion (15)
and angiogenesis (16) as two critical steps for the growth
and metastasis of solid tumors has been attributed to the
chemopreventive activity of green tea extract (17).

2. Objectives

Exercise training in cancer patients has always been
cautious because it could increase metastasis and angio-
genesis factors (4). It is stated that endurance training with
moderate intensity, in particular, causes angiogenesis (3);
therefore, it is concerned that endurance training though
the angiogenesis can lead to metastasis in tumor tissue in
patients with cancer. On the other hand, exercise training
and plant-derived phytochemicals (green tea) could use as
a potential supportive therapy to reduce the progression
of cancer (3). However, the interaction of changes in angio-
genesis and metastasis with regular aerobic training and
green tea extract is not well defined. In the present study,
we evaluated the effects of eight weeks of aerobic train-
ing and green tea extract consumption on protein levels
of MMP-2, MMP-9, and VEGF in both experimental groups;
with and without prostate cancer Wistar rats.

3. Methods

3.1. Animals and Experimental Design

All procedures were approved by the Ethics Research
Committee of Kurdistan University of Medical Sciences,
Iran, IR.MUK.REC.1396.184. Ninety (8 weeks-old, body-
weight 250 ± 20 g) Wistar rats (obtained from Pasteur In-
stitute of Iran, Karaj, Iran) were used. The rats were housed,
accredited temperature (22 ± 2°C), light controlled facili-
ties (12:12 hours), and provided standard rat chow and wa-
ter ad libitum. The animals were randomly assigned to two

healthy and cancer groups and then the healthy group was
divided into four subgroups, including control (Ctr, n = 8),
healthy aerobic training (AT, n = 8), healthy green tea ex-
tract (GTE, n = 8), healthy aerobic training + green tea ex-
tract (AT + GTE, n = 8). The healthy rats were kept for five
months until cancer protocol was performed in the cancer
groups. Then the study simultaneously began after induc-
ing cancer in rats; afterward, the cancer group was divided
into five subgroups, including cancer control (CaCtr, n = 8),
cancer AT (CaAT, n = 8), cancer GTE (CaGTE, n = 7), cancer AT
+ GTE (CaAT + GTE, n = 8) and sham (n = 8) groups. It should
be noted that the first of all the number of cancer groups
was 10 rats, but during the intervention, two rats were lost
from each group except the GTE group that three rats died
and others remained as mentioned. The rats used in the
present study are a subset of the cohort in our recently pub-
lished paper (18). The flowchart and timeline of the study
are summarized in Figure 1.

It should be noted that initial weighting of rats was
measured after the onset of cancer and final weighing
was performed before anesthetized with using a Sartorius
ENTRIS 3202-1S with precision balance offers 3200 grams
weighing capacity with readability to 0.01 grams.

3.2. Tumor Induction

In the cancer groups, tumor induction was carried out
by a modified method described in the previous studies
(Ashe Stevens, Detroit, MI, Bosland and Prinsen) (19). For
this purpose, cancer group rats received daily cyproterone
acetate (Sigma-Aldrich, St Louis, MO, USA) (CA: 50 mg/kg
body weight in sesame oil) by intraperitoneal injection
for 18 consecutive days. Rats, one day after the final dose
of cyproterone acetate, received daily subcutaneous injec-
tions of testosterone propionate (TP) (Sigma-Aldrich, St
Louis, Mo, USA) (100 mg/kg body weight in sesame oil) for
three days. Rats received a single intravenous injection of
N-nitroso-N-methylurea (NMU: 50 mg/kg body weight in
sesame oil) on the day after of testosterone propionate ad-
ministration. The NMU was first wetted with 3% acetic acid
and then diluted with normal saline to prepare a final con-
centration of 10 mg/mL with pH = 5.5 for injection (17, 19).
To order control of stress due to injection we used the sham
group.

To ensure that the rats are cancer and, before conduct-
ing the research study, a pilot study was conducted to in-
duce prostate cancer, and after ensuring the induce can-
cer model (histological examination of prostate was used
for diagnosis, unwell-differentiated epithelium with local
invasion was observed for this purpose), the original re-
search was started. In the pilot study, fresh tissue of the
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                                         Pilot study (n = 10): 

� CA injection (18 days) 

� TP injection (3 days) 

� NMU injection (1 day) 

Assessed for eligibility (n = 90) 

Allocated to healthy groups (n = 40) 

� Healthy control (Ctr, n = 8) 

� Healthy aerobic exercise training (AT, n = 8) 

� Healthy green tea extract (GTE, n = 8), 

� Healthy aerobic exercise training + green tea 

extract (AT+GTE, n = 8). 

Allocated to cancerous groups (n = 50) 
� Cancer control (CaCtr, n = 8) 
� Cancer aerobic exercise training (CaAT, n = 8) 
� Cancer green tea extract (CaGTE, n = 7) 
� Cancer aerobic training + green tea extract 
(CaAT+CaGTE, n = 8) 
� Sham (n = 8) 

Intervention protocols 

Analysis

8-weeks aerobic exercise training and 8-weeks 
green tea extract 

Excluded ( n = 2 per groups) 

Sacrifice and measurements of biochemical 
variables 

8-weeks aerobic exercise training and 8-weeks 
green tea extract 

Excluded (n = 3 in CaGTE & n = 2 in other groups) 

Sacrifice and measurements of biochemical 
variables 

Figure 1. The flowchart and timeline of the study; CA, cyproterone acetate; TP, testosterone propionate; NMU, N-nitroso-N-methylurea.

prostate was fixed in 10% v/v phosphate-buffered forma-
lin (pH = 7.2) and embedded in paraffin. Sections (5 µm)
were prepared onto slides and stained with Harris hema-
toxylin, followed by 1% eosin (H&E). Then the slides were
dehydrated in 95% and 100% ethanol, cleared in xylene and
mounted with Permount. The results are shown in Figure
2 and histological images represent the method used to in-
duce prostate cancer in this study after 5 months (Figure
2A).

3.3. Aerobic Training Intervention

The aerobic training protocol was included training on
a treadmill for 5 days a week with 45 minutes in three 15-
minute work with two minutes of rest between each pe-
riod of work as previously described (18). Aerobic train-
ing intensity in order to achieve the target speed, in ev-
ery week, 1 m/min was added to the treadmill speed. The

intensity of the given exercise training is equal to 60% of
maximal aerobic capacity (low-to-moderate exercise inten-
sity domain) for animals with prostate cancer. Aerobic
training began with 30% VO2max intensity in the first of
four weeks and reached 40% VO2max in the eighth week in
healthy groups (18).

3.4. Preparation and Consumption of Green Tea Extract

Green tea extract was provided by Guilan’s green tea
leaves (250 g, Guilan Province, Islamic of Republic of Iran).
In brief, after green tea powdered with an electric mill
(JL-280, Zhengzhou Yize, China), 250 mL of 80% methanol
(200 mL methanol + 50 mL of water) was added. Then, it
was kept at the laboratory temperature (25°C - 28°C) for
24 hours. Finally, the extract was filtered (Whatman filter
No.1) and dried at a temperature of 28°C - 30°C. The treat-
ment groups received 1.34 mL GTE solution (10 mg GTE dis-
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Figure 2. A, It shows the cancer tissues of prostate with unwell-differentiated epithelium and filled lumen of acinus; B, the control group, which has a normal healthy epithe-
lium with distinct cell wall and empty lumen.

solved in 100 mL water) for each rat, three times per week
for eight weeks by gavage (18, 20).

3.5. Tissue Preparation and Determination of VEGF, MMP-
2/MMP-9 Proteins Levels

Rats were euthanized with ketamine (50 mg/kg) and
xylazine (4 mg/kg) 48 hours after the last intervention ses-
sion and subsequently, samples from prostate tissue were
quickly removed and frozen in liquid nitrogen and stored
at -80°C for further analyses. To extract total protein, 100
mg of prostate tissue was homogenized in microtubes con-
taining 0.5 mM of solution containing phosphate-buffered
saline (PBS) (pH = 7.4), anti-proteases PI cocktail (protease
inhibitor) (Cas number 535140, Calbiochem), and PMSF
(phenyl-methyl-sulfonyl fluoride) (CAS number 329-98-6;
Merk, Germany). The tissue debris was removed by cen-
trifugation at 1000 g for 12 min. Then the supernatant was
used for evaluation of MMP-2, MMP-9, and VEGF by ELISA
method according to the manual of the appropriate kits
(ZellBio CmbH, Ulm, Germany). The rat specific kits, with
the following specifications were used for this study: MMP-
2 (Cat number: ZB-10315-R9648; sensitivity: 0.08 ng/mL;
inter-assay precision: Cv% < 8%), MMP-9 (Cat number: ZB-
10321-R9648; sensitivity: 0.01 ng/mL; inter-assay precision:
Cv% < 8%) and VEGF (Cat number: ZB-10659-R9648; sensi-
tivity: 0.5 pg/mL; inter-assay precision. Cv% < 8%).

3.6. Statistical Analysis

As the data had a normal distribution (Shapiro-Wilk
and Levene’s tests), one-way ANOVA and Tukey post hoc
tests were used to determine the significance of differ-
ences between variables. All statistical analysis was per-
formed using SPSS version 20.0 software, and statistical sig-
nificance was set at P value < 0.05. Data are expressed as
mean ± standard deviation (SD).

4. Results

Changes in rats’ body weight during our study are pre-
sented in Table 1.

The results revealed that body weight in the CaCtr,
CaAT, CaGTE, and CaAT + GTE groups was lower than the
healthy Ctr group (P = 0.0001, P = 0.001, P = 0.02, and P =
0.0001; respectively) at the beginning of the intervention.
Also, body weight in the CaCtr, CaAT, CaAT + GTE groups and
healthy AT, and AT + GTE groups was lower than the healthy
Ctr group (P = 0.001, P = 0.01, P = 0.001, P = 0.001, and P =
0.006, respectively) after the end of the experimental pe-
riod. In addition, body weight in CaAT + GTE group was
lower than the CaGTE and CaAT groups after the interven-
tion period (P = 0.001, and P = 0.004, respectively) (Table
1).

Based on the results, there was no significant differ-
ence between the healthy and CaCtr groups in the MMP-2
levels (P = 0.07), but MMP-2 level in the healthy AT and GTE
groups was a tendency to increase compared to the healthy
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Table 1. Changes in Body Weight at the Beginning and the End of the Experimental Perioda

Time
Body Weight, g

Ctr AT GTE AT + GTE Sham P Value

Pre-test P = 0.01b

Healthy 331.71 ± 16.50 326.55 ± 4.52 350.05 ± 7.31 325.55 ± 4.91 325.59 ± 5.17

Cancer 306.28 ± 9.41 297.14 ± 14.00 287.85 ± 15.38 304.33 ± 17.33

Post-test P = 0.0001b

Healthy 410.25 ± 6.50 328.75 ± 2.18 380.35 ± 9.42 327.88 ± 6.14 405.20 ± 8.25

Cancer 346.07 ± 12.84 366.57 ± 28.80 376.57 ± 24.71 333.33 ± 20.65

Abbreviations: AT, aerobic training; AT + GTE, aerobic training + green tea extract; Ctr, control; GTE, green tea extract.
aValues are expressed as mean ± SD.
bsignificant difference between groups.

Ctr group (P = 0.11). However, the MMP-2 level in the CaAT
group was lower than the healthy AT group (P = 0.01) (Fig-
ure 3A).

In addition, there was no significant difference in lev-
els of MMP-9 (Figure 3B) and VEGF (Figure 3C) between the
healthy and cancer groups after eight weeks of aerobic
training and green tea extract consumption (P = 0.23 and
P = 0.08, respectively).

5. Discussion

The findings of this investigation showed that MMP-2,
MMP-9, and VEGF levels did not change after aerobic train-
ing and green tea extract consumption in the rats with
prostate cancer and healthy rats. Also, the MMP-2 level
had a trend to increase in the healthy aerobic training
group compared to the healthy control group. In addition,
the level of MMP-2 in the healthy aerobic training group
was significantly greater than the cancer aerobic training
group.

Exercise training through MMPs modulates the activa-
tion of cytokines, angiogenesis, and growth factors thus
facilitate physiological adaptions (21). A previous study
demonstrated that high-intensity interval exercise (HIIE)
significantly decreases the MMP-2 level in persons with
multiple sclerosis (22) and 12-weeks endurance training de-
creases MMP-9 concentration in persons at risk of coronary
events (23). Morgia et al. (24) showed no significant dif-
ference in circulating MMP-2/-9 between sedentary healthy
and participating in recreational physical activity subjects,
while the result showed a reduction of MMP-9 level in the
exercise breast cancer (BC) survivor group compared to
sedentary BC survivors and elevate in MMP-2 circulating
level in BC survivors. Giganti et al. (21) stated that the level
of MMP-2/-9 can be modulated by various physical activi-
ties, and an exercise program may induce a different ef-

fect on the healthy or cancer groups. Jones et al. (25) in-
vestigated the effects of voluntary wheel exercise in mice
with murine PrCa cells. Results showed that the expres-
sion of pro-metastatic genes in the exercise group was sig-
nificantly reduced, which indicates a decline in metasta-
sis and primary tumor growth rate. In pre-clinical mod-
els, PrCa proliferation was inhibited after four weeks of
exercise training on a treadmill (26). Some epidemiolog-
ical data, including in vitro and animal studies indicate
that exercise training inhibits metastasis, angiogenesis,
and prostate tumorigenesis in a dose-dependent manner
(27). It has been suggested that VEGF and certain MMPs can
be regulated by a mutually coordinated manner at a tran-
scriptional level (9). Thus, a hypoxia-inducible factor (HIF-
1) as a common master regulator causes simultaneously an
expression of both VEGF and MMP-9 (9). Isanejad et al. (28)
demonstrated that interval exercise training could down-
regulate the expression of VEGF and HIF-1α that led to re-
ducing angiogenesis. According to these results, exercise
training may reduce tumor angiogenesis by affecting HIF-
1α. On the other hand, Faustino-Rocha et al. (29) reported
higher levels of VEGF expression after long-term exercise
training in female rats with breast cancer. Based on previ-
ous studies, exercise training, especially endurance train-
ing has a dual effect on metastasis in both healthy and can-
cer patients. For instance, exercise training, especially en-
durance training increase angiogenesis factors in healthy
subjects (4), but angiogenesis was decreased in tumor tis-
sue in patients with cancer (30). Difference effects of exer-
cise training on the process of angiogenesis indicate the ef-
fectiveness of training by activating or inhabiting mecha-
nisms that influence the angiogenesis process in diseases.

In the present study, the MMP-2/-9 and VEGF levels
did not change after taking the green tea extract in the
healthy and cancer rats. It has been demonstrated an
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Figure 3. Effect of eight weeks aerobic training (AT) and green tea extract (GTE) on A: MMP-2 (matrix metalloproteinases-2); B: MMP-9 (matrix metalloproteinases-9); and C:
VEGF (vascular endothelial growth factor) in prostate tissue. *, Significant differences compared with the CaAT group (P < 0.05). Ctr, control; AT, aerobic training; GTE, green
tea extract; AT + GTE, aerobic training + green tea extract.

inhibitory effect of green tea on many types of cancer
cells (31). EGCG has potent antioxidant properties that
the maximum chemopreventive property of green tea has
mainly been related to it and is the major component
of green tea polyphenols (15). Previous studies demon-
strated EGCG possible cancer-preventive activity and inhi-
bition of multiple signaling pathways involved in metas-
tasis (32). It has been shown that the green tea component,
epigallocatechin-3-gallate, through inhibiting angiogene-
sis also exerts its antitumor activity (15, 33). Tumorigene-
sis for nourishing growing tumors and metastasis requires
the development of new blood vessels (15). It has been re-
ported that EGCG treated cells had decreased migration
and invasive in mice with carcinoma cells, also reduced tu-
mor sizes and inhibited angiogenesis (15). Demeule et al.
(31) demonstrated that green tea was the most potent in-
hibitor of MMP-2 and MMP-9 that these results are not con-
sistent with our findings. Another study also showed that a
significant reduction in MMP-9 and VEGF levels in immune-
impaired (athymic) male nude mice by supplementation
with 0.5% of the green tea (34). This inhibition may par-
tially be associated with the anti-angiogenic effect of EGCG.

It has been demonstrated a down-regulate of the expres-
sion of VEGF that is a potent angiogenic protein and has
chemotactic effects on vascular endothelial cells by EGCG
(15). These differences probably arise from the amount of
green tea consumption in the examined groups.

Alterations in MMP-2/-9 and VEGF concentrations may
be valuable biomarkers to reflect the influence of exercise
and anti-oxidant supplementation on metastasis and an-
giogenesis in prostate cancer. Nevertheless, the limited
evidence available regarding the effects of aerobic train-
ing and green tea on the MMP-2/-9 and VEGF is caused
that analysis of the current study’s findings is difficult. In
contrast, Gueritat et al. (26) demonstrated that combi-
nation antioxidant supplementation (pomegranate juice)
with exercise training prevented the antiproliferative ac-
tivity, whereas pomegranate juice or exercise training de-
creased prostate tumor proliferation through the mod-
ulation of extracellular-signal-regulated kinase phospho-
rylation. In this context, the association of two preven-
tive strategies may blunt the positive effects of single
treatment and interferes with important reactive oxygen
species (ROS)-mediated physiological processes such as
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anti-oxidant adaptations. Further studies must explore
the effect of exercise training and antioxidant supplemen-
tation on tumor metastasis and angiogenesis in prostate
cancer.

5.1. Conclusions

The present data demonstrated that low-to moderate-
intensity aerobic training and treatment with a low dose
of green tea extract did not change in angiogenesis and
metastasis markers. The results of the present study pave
the way for further research on modulation approaches for
tumor metastasis and vascularization in responses to exer-
cise training and antioxidant supplementation. However,
the results obtained from our in vivo study may not be gen-
eralized to other solid or nonsolid tumors, which need fur-
ther investigations.

Footnotes

Authors’ Contribution: Marziyeh Saghebjoo and Abbas
Khosravi developed the original idea and the protocol, an-
alyzed data, and wrote the manuscript. Zakaria Vahabzade
and Abbas Khosravi contributed to the development of the
protocol and acquisition of data. Marziyeh Saghebjoo crit-
ical revision of the manuscript for important intellectual
content.

Conflict of Interests: All authors declare no conflict of
interest.

Ethical Approval: The study protocol was approved by
the Ethics Research Committee of Kurdistan University of
Medical Sciences, Iran (code: IR.MUK.REC.1396.184).

Funding/Support: This research received no specific
grant from any funding agency, commercial or not-for-
profit sectors.

References

1. Clarke NW, Hart CA, Brown MD. Molecular mechanisms of
metastasis in prostate cancer. Asian J Androl. 2009;11(1):57–67.
doi: 10.1038/aja.2008.29. [PubMed: 19050684]. [PubMed Central:
PMC3735202].

2. Lahteenvuo J, Rosenzweig A. Effects of aging on angiogenesis. Circ
Res. 2012;110(9):1252–64. doi: 10.1161/CIRCRESAHA.111.246116. [PubMed:
22539758]. [PubMed Central: PMC4101916].

3. Delphan M, Agha Alinejad H, Delfan M, Dehghan S. Intratumoral ef-
fects of continuous endurance training and high intensity interval
training on genes expression of miR-21 and bcl-2 in breast cancer bear-
ing female mice. Iran Q J Breast Dis. 2017;10(2):49–57.

4. Wahl P, Jansen F, Achtzehn S, Schmitz T, Bloch W, Mester J, et al. Effects
of high intensity training and high volume training on endothelial
microparticles and angiogenic growth factors. PLoS One. 2014;9(4).
e96024. doi: 10.1371/journal.pone.0096024. [PubMed: 24770423].
[PubMed Central: PMC4000202].

5. Wiggins JM, Opoku-Acheampong AB, Baumfalk DR, Siemann DW,
Behnke BJ. Exercise and the tumor microenvironment: Potential
therapeutic implications. Exerc Sport Sci Rev. 2018;46(1):56–64. doi:
10.1249/JES.0000000000000137. [PubMed: 29166299].

6. Huang H. Matrix metalloproteinase-9 (MMP-9) as a cancer biomarker
and MMP-9 biosensors: Recent advances. Sensors (Basel). 2018;18(10).
doi: 10.3390/s18103249. [PubMed: 30262739]. [PubMed Central:
PMC6211011].

7. Xie T, Dong B, Yan Y, Hu G, Xu Y. Association between MMP-2 expres-
sion and prostate cancer: A meta-analysis. Biomed Rep. 2016;4(2):241–
5. doi: 10.3892/br.2015.553. [PubMed: 26893846]. [PubMed Central:
PMC4734094].

8. John A, Tuszynski G. The role of matrix metalloproteinases in tumor
angiogenesis and tumor metastasis. Pathol Oncol Res. 2001;7(1):14–23.
doi: 10.1007/bf03032599. [PubMed: 11349215].

9. Deryugina EI, Quigley JP. Tumor angiogenesis: MMP-mediated in-
duction of intravasation- and metastasis-sustaining neovascula-
ture. Matrix Biol. 2015;44-46:94–112. doi: 10.1016/j.matbio.2015.04.004.
[PubMed: 25912949]. [PubMed Central: PMC5079283].

10. Reale G, Russo GI, Di Mauro M, Regis F, Campisi D, Giudice AL, et al. As-
sociation between dietary flavonoids intake and prostate cancer risk:
A case-control study in Sicily. Complement Ther Med. 2018;39:14–8. doi:
10.1016/j.ctim.2018.05.002. [PubMed: 30012385].

11. Yang CS, Wang X, Lu G, Picinich SC. Cancer prevention by tea: Ani-
mal studies, molecular mechanisms and human relevance. Nat Rev
Cancer. 2009;9(6):429–39. doi: 10.1038/nrc2641. [PubMed: 19472429].
[PubMed Central: PMC2829848].

12. Saeki K, Hayakawa S, Nakano S, Ito S, Oishi Y, Suzuki Y, et al. In vitro and
in silico studies of the molecular interactions of epigallocatechin-3-O-
gallate (EGCG) with proteins that explain the health benefits of green
tea. Molecules. 2018;23(6). doi: 10.3390/molecules23061295. [PubMed:
29843451]. [PubMed Central: PMC6099932].

13. Paschka AG, Butler R, Young CY. Induction of apoptosis in
prostate cancer cell lines by the green tea component, (-)-
epigallocatechin-3-gallate. Cancer Lett. 1998;130(1-2):1–7. doi:
10.1016/s0304-3835(98)00084-6. [PubMed: 9751250].

14. Wang J, Man GCW, Chan TH, Kwong J, Wang CC. A prodrug of
green tea polyphenol (-)-epigallocatechin-3-gallate (Pro-EGCG) serves
as a novel angiogenesis inhibitor in endometrial cancer. Cancer Lett.
2018;412:10–20. doi: 10.1016/j.canlet.2017.09.054. [PubMed: 29024813].

15. Fang CY, Wu CC, Hsu HY, Chuang HY, Huang SY, Tsai CH, et al. EGCG in-
hibits proliferation, invasiveness and tumor growth by up-regulation
of adhesion molecules, suppression of gelatinases activity, and in-
duction of apoptosis in nasopharyngeal carcinoma cells. Int J Mol Sci.
2015;16(2):2530–58. doi: 10.3390/ijms16022530. [PubMed: 25625511].
[PubMed Central: PMC4346850].

16. Moyle CW, Cerezo AB, Winterbone MS, Hollands WJ, Alexeev Y, Needs
PW, et al. Potent inhibition of VEGFR-2 activation by tight bind-
ing of green tea epigallocatechin gallate and apple procyanidins to
VEGF: Relevance to angiogenesis. Mol Nutr Food Res. 2015;59(3):401–12.
doi: 10.1002/mnfr.201400478. [PubMed: 25546248]. [PubMed Central:
PMC4681316].

17. Guo Y, Zhi F, Chen P, Zhao K, Xiang H, Mao Q, et al. Green
tea and the risk of prostate cancer: A systematic review and
meta-analysis. Medicine (Baltimore). 2017;96(13). e6426. doi:
10.1097/MD.0000000000006426. [PubMed: 28353571]. [PubMed
Central: PMC5380255].

18. Saedmocheshi S, Saghebjoo M, Vahabzadeh Z, Sheikholeslami-Vatani
D. Aerobic training and green tea extract protect against NMU-
induced prostate cancer. Med Sci Sports Exerc. 2019;51(11):2210–6. doi:
10.1249/MSS.0000000000002054. [PubMed: 31157709].

Middle East J Rehabil Health Stud. 2020; 7(2):e99183. 7

http://dx.doi.org/10.1038/aja.2008.29
http://www.ncbi.nlm.nih.gov/pubmed/19050684
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3735202
http://dx.doi.org/10.1161/CIRCRESAHA.111.246116
http://www.ncbi.nlm.nih.gov/pubmed/22539758
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4101916
http://dx.doi.org/10.1371/journal.pone.0096024
http://www.ncbi.nlm.nih.gov/pubmed/24770423
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4000202
http://dx.doi.org/10.1249/JES.0000000000000137
http://www.ncbi.nlm.nih.gov/pubmed/29166299
http://dx.doi.org/10.3390/s18103249
http://www.ncbi.nlm.nih.gov/pubmed/30262739
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6211011
http://dx.doi.org/10.3892/br.2015.553
http://www.ncbi.nlm.nih.gov/pubmed/26893846
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4734094
http://dx.doi.org/10.1007/bf03032599
http://www.ncbi.nlm.nih.gov/pubmed/11349215
http://dx.doi.org/10.1016/j.matbio.2015.04.004
http://www.ncbi.nlm.nih.gov/pubmed/25912949
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5079283
http://dx.doi.org/10.1016/j.ctim.2018.05.002
http://www.ncbi.nlm.nih.gov/pubmed/30012385
http://dx.doi.org/10.1038/nrc2641
http://www.ncbi.nlm.nih.gov/pubmed/19472429
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2829848
http://dx.doi.org/10.3390/molecules23061295
http://www.ncbi.nlm.nih.gov/pubmed/29843451
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6099932
http://dx.doi.org/10.1016/s0304-3835(98)00084-6
http://www.ncbi.nlm.nih.gov/pubmed/9751250
http://dx.doi.org/10.1016/j.canlet.2017.09.054
http://www.ncbi.nlm.nih.gov/pubmed/29024813
http://dx.doi.org/10.3390/ijms16022530
http://www.ncbi.nlm.nih.gov/pubmed/25625511
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4346850
http://dx.doi.org/10.1002/mnfr.201400478
http://www.ncbi.nlm.nih.gov/pubmed/25546248
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4681316
http://dx.doi.org/10.1097/MD.0000000000006426
http://www.ncbi.nlm.nih.gov/pubmed/28353571
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5380255
http://dx.doi.org/10.1249/MSS.0000000000002054
http://www.ncbi.nlm.nih.gov/pubmed/31157709
http://jrehabilhealth.com


Khosravi A et al.

19. Bosland MC, Prinsen MK. Induction of dorsolateral prostate ade-
nocarcinomas and other accessory sex gland lesions in male Wis-
tar rats by a single administration of N-methyl-N-nitrosourea, 7,12-
dimethylbenz(a)anthracene, and 3,2’-dimethyl-4-aminobiphenyl af-
ter sequential treatment with cyproterone acetate and testosterone
propionate. Cancer Res. 1990;50(3):691–9. [PubMed: 2137026].

20. Gupta S, Hastak K, Ahmad N, Lewin JS, Mukhtar H. Inhibition
of prostate carcinogenesis in TRAMP mice by oral infusion of
green tea polyphenols. Proc Natl Acad Sci U S A. 2001;98(18):10350–5.
doi: 10.1073/pnas.171326098. [PubMed: 11504910]. [PubMed Central:
PMC56964].

21. Giganti MG, Tresoldi I, Sorge R, Melchiorri G, Triossi T, Masuelli L,
et al. Physical exercise modulates the level of serum MMP-2 and
MMP-9 in patients with breast cancer. Oncol Lett. 2016;12(3):2119–
26. doi: 10.3892/ol.2016.4887. [PubMed: 27602150]. [PubMed Central:
PMC4998658].

22. Zimmer P, Bloch W, Schenk A, Oberste M, Riedel S, Kool J, et al.
High-intensity interval exercise improves cognitive performance
and reduces matrix metalloproteinases-2 serum levels in per-
sons with multiple sclerosis: A randomized controlled trial. Mult
Scler. 2018;24(12):1635–44. doi: 10.1177/1352458517728342. [PubMed:
28825348].

23. Niessner A, Richter B, Penka M, Steiner S, Strasser B, Ziegler
S, et al. Endurance training reduces circulating inflamma-
tory markers in persons at risk of coronary events: Impact
on plaque stabilization? Atherosclerosis. 2006;186(1):160–5. doi:
10.1016/j.atherosclerosis.2005.06.047. [PubMed: 16084517].

24. Morgia G, Falsaperla M, Malaponte G, Madonia M, Indelicato M,
Travali S, et al. Matrix metalloproteinases as diagnostic (MMP-13)
and prognostic (MMP-2, MMP-9) markers of prostate cancer. Urol
Res. 2005;33(1):44–50. doi: 10.1007/s00240-004-0440-8. [PubMed:
15517230].

25. Jones LW, Antonelli J, Masko EM, Broadwater G, Lascola CD, Fels D, et al.
Exercise modulation of the host-tumor interaction in an orthotopic
model of murine prostate cancer. J Appl Physiol (1985). 2012;113(2):263–
72. doi: 10.1152/japplphysiol.01575.2011. [PubMed: 22604887]. [PubMed
Central: PMC3404704].

26. Gueritat J, Lefeuvre-Orfila L, Vincent S, Cretual A, Ravanat JL, Gratas-

Delamarche A, et al. Exercise training combined with antiox-
idant supplementation prevents the antiproliferative activity
of their single treatment in prostate cancer through inhibi-
tion of redox adaptation. Free Radic Biol Med. 2014;77:95–105. doi:
10.1016/j.freeradbiomed.2014.09.009. [PubMed: 25236740].

27. Barnard RJ, Leung PS, Aronson WJ, Cohen P, Golding LA. A mech-
anism to explain how regular exercise might reduce the risk for
clinical prostate cancer. Eur J Cancer Prev. 2007;16(5):415–21. doi:
10.1097/01.cej.0000243851.66985.e4. [PubMed: 17923812].

28. Isanejad A, Alizadeh AM, Amani Shalamzari S, Khodayari H, Khodayari
S, Khori V, et al. MicroRNA-206, let-7a and microRNA-21 pathways in-
volved in the anti-angiogenesis effects of the interval exercise train-
ing and hormone therapy in breast cancer. Life Sci. 2016;151:30–40. doi:
10.1016/j.lfs.2016.02.090. [PubMed: 26924493].

29. Faustino-Rocha AI, Silva A, Gabriel J, Gil da Costa RM, Moutinho M,
Oliveira PA, et al. Long-term exercise training as a modulator of mam-
mary cancer vascularization. Biomed Pharmacother. 2016;81:273–80.
doi: 10.1016/j.biopha.2016.04.030. [PubMed: 27261604].

30. Nasiri M, Peeri M, Matinhomaei H. Endurance training attenuates an-
giogenesis following breast cancer by regulation of MiR-126 and MiR-
296 in breast cancer bearing mice. Int J Cancer Manage. 2017;10(6).

31. Demeule M, Brossard M, Page M, Gingras D, Beliveau R. Matrix
metalloproteinase inhibition by green tea catechins. Biochim Bio-
phys Acta. 2000;1478(1):51–60. doi: 10.1016/s0167-4838(00)00009-1.
[PubMed: 10719174].

32. Xiang LP, Wang A, Ye JH, Zheng XQ, Polito CA, Lu JL, et al. Suppres-
sive effects of tea catechins on breast cancer. Nutrients. 2016;8(8).
doi: 10.3390/nu8080458. [PubMed: 27483305]. [PubMed Central:
PMC4997373].

33. Jung YD, Ellis LM. Inhibition of tumour invasion and angiogenesis by
epigallocatechin gallate (EGCG), a major component of green tea. Int
J Exp Pathol. 2001;82(6):309–16. doi: 10.1046/j.1365-2613.2001.00205.x.
[PubMed: 11846837]. [PubMed Central: PMC2517785].

34. Roomi MW, Ivanov V, Kalinovsky T, Niedzwiecki A, Rath M. In vivo anti-
tumor effect of ascorbic acid, lysine, proline and green tea extract on
human prostate cancer PC-3 xenografts in nude mice: Evaluation of
tumor growth and immunohistochemistry. In Vivo. 2005;19(1):179–83.
[PubMed: 15796171].

8 Middle East J Rehabil Health Stud. 2020; 7(2):e99183.

http://www.ncbi.nlm.nih.gov/pubmed/2137026
http://dx.doi.org/10.1073/pnas.171326098
http://www.ncbi.nlm.nih.gov/pubmed/11504910
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC56964
http://dx.doi.org/10.3892/ol.2016.4887
http://www.ncbi.nlm.nih.gov/pubmed/27602150
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4998658
http://dx.doi.org/10.1177/1352458517728342
http://www.ncbi.nlm.nih.gov/pubmed/28825348
http://dx.doi.org/10.1016/j.atherosclerosis.2005.06.047
http://www.ncbi.nlm.nih.gov/pubmed/16084517
http://dx.doi.org/10.1007/s00240-004-0440-8
http://www.ncbi.nlm.nih.gov/pubmed/15517230
http://dx.doi.org/10.1152/japplphysiol.01575.2011
http://www.ncbi.nlm.nih.gov/pubmed/22604887
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3404704
http://dx.doi.org/10.1016/j.freeradbiomed.2014.09.009
http://www.ncbi.nlm.nih.gov/pubmed/25236740
http://dx.doi.org/10.1097/01.cej.0000243851.66985.e4
http://www.ncbi.nlm.nih.gov/pubmed/17923812
http://dx.doi.org/10.1016/j.lfs.2016.02.090
http://www.ncbi.nlm.nih.gov/pubmed/26924493
http://dx.doi.org/10.1016/j.biopha.2016.04.030
http://www.ncbi.nlm.nih.gov/pubmed/27261604
http://dx.doi.org/10.1016/s0167-4838(00)00009-1
http://www.ncbi.nlm.nih.gov/pubmed/10719174
http://dx.doi.org/10.3390/nu8080458
http://www.ncbi.nlm.nih.gov/pubmed/27483305
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4997373
http://dx.doi.org/10.1046/j.1365-2613.2001.00205.x
http://www.ncbi.nlm.nih.gov/pubmed/11846837
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2517785
http://www.ncbi.nlm.nih.gov/pubmed/15796171
http://jrehabilhealth.com

	Abstract
	1. Background
	2. Objectives
	3. Methods
	3.1. Animals and Experimental Design
	Figure 1

	3.2. Tumor Induction
	Figure 2

	3.3. Aerobic Training Intervention
	3.4. Preparation and Consumption of Green Tea Extract
	3.5. Tissue Preparation and Determination of VEGF, MMP-2/MMP-9 Proteins Levels
	3.6. Statistical Analysis

	4. Results
	Table 1
	Figure 3

	5. Discussion
	5.1. Conclusions

	Footnotes
	Authors' Contribution: 
	Conflict of Interests: 
	Ethical Approval: 
	Funding/Support: 

	References

