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Summary

Purpose: Testicular cancer is the most frequent solid 
tumor in young male adults and a disease with elusive patho-
genesis. The purpose of this study was to determine the role 
of matrix metalloproteinases and angiogenic factors in the 
pathogenesis of testicular germ cell tumors (GCTs).

Methods: Between 2003 and 2006 we measured the 
serum levels of matrix metalloproteinase 2 (MMP-2), ma-
trix metalloproteinase 9 (MMP-9), tissue inhibitor of matrix 
metalloproteinase 2 (TIMP-2), vascular endothelial growth 
factor A (VEGF-A), basic fibroblast growth factor (bFGF), 
platelet derived growth factor BB (PDGF-BB) and angiopoi-
etin 2 (Ang-2) in 50 patients with testicular GCTs, at baseline, 
one month after the completion of the second cycle of chemo-
therapy and one year after the completion of chemotherapy, 
and in 16 male age-matched controls at baseline.

Results: At baseline, mean TIMP-2 value was lower 

in patients than controls, mean MMP-2/TIMP-2 ratio was 
higher in patients than controls and MMP9/TIMP-2 ratio was 
also higher. Ang-2 value was higher in patients than controls 
and bFGF value was also higher. Comparisons of the same 
parameters were also made among the 3 consecutive serum 
samples of the patients. All parameters normalized after che-
motherapy except Ang-2 which remained elevated.

Conclusion: The present study supports the hypothesis 
that tumor invasion and angiogenesis play a role in testicu-
lar GCTs pathogenesis. Also an interesting hypothesis was 
formed, concerning the role of elevated levels of Ang-2 found 
in testicular GCTs patients in the pathogenesis of the increased 
long term cardiovascular morbidity of these patients. Larger 
prospective studies are needed to confirm our results.

Key words: angiopoietin, germ cell tumors, matrix metallo-
proteinases, proangiogenic factors, testicular cancer

Introduction

Testicular GCTs are the most frequent solid tu-
mors in young male adults with increasing incidence 
over the last decades. Overexpression of cyclin D2, 
loss of regulators of germ cell totipotentiality and ge-
nomic imprinting are important pathways in GCTs de-
velopment [1], but despite advances in understanding 
molecular biology of testicular tumors, their pathogen-
esis remains obscure.

Angiogenesis, the recruitment of new blood ves-
sels from pre-existing ones, and local tissue invasion 
are key steps in tumor growth, progression, invasion 

and metastasis [2-4]. MMPs may play an important 
role in these steps by providing the capability of extra-
cellular matrix (ECM) proteolysis [5-7], and the most 
extended studied members of this protease family are 
gelatinases MMP-2 and MMP-9 [8,9]. The activities 
of MMPs are controlled by tissue inhibitors of metallo-
proteinases (TIMPs) [10]. Also several angiogenic fac-
tors have proven activity in the establishment of neo-
vascularization and among the better studied factors 
are VEGF-A, PDGF-BB, Ang-2 and bFGF [11,12]. Al-
though serum levels of gelatinases (MMP-2, MMP-9) 
and their inhibitors, as well as serum levels of various 
angiogenic factors, have been studied extensively in 
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Statistical analysis

Non-parametric tests were used to compare mean 
values, because values of the variables in patients did 
not follow normal distribution. All p-values were cal-
culated with two-sided tests. Mean values between 
patients and controls and between patient risk groups 
were compared. Means between patients with favor-
able and unfavorable outcomes were also compared. 
The results were verified by applying logarithmic 
transformations to all non-normally distributed vari-
ables to obtain near normal distributions and using 
Student’s t-test the results were virtually the same. All 
analyses were carried out using procedures available 
in the Statistical Package for Social Sciences software 
(SPSS version 16, Chicago, IL, USA).

Results

Patients and controls had similar baseline demo-
graphic characteristics, including age, height, weight, 
BMI, and BSA, as shown in Table 1.

As shown in Table 2, at baseline, the serum lev-
els of MMP-2, MMP-9, VEGF-A and PDGF-BB were 
similar between patients and controls. Mean TIMP-2 
value was lower in patients than controls (82.53±38.1 
vs. 106.94±27.9 ng/ml; p=0.01), mean MMP-2/TIMP-2 
ratio was higher in patients than controls (4.036±2.7 vs. 
2.755±2.76; p=0.04) and MMP9/TIMP-2 ratio was al-
so higher (15.55±11.93 vs. 8.39±5.95; p=0.036). Ang-2 
value was higher at baseline in patients than controls 
(4138.42±2987.2 vs. 2647.19±1186.1 pg/ml; p=0.045) 
and bFGF value was also higher (666.47±1720.46 vs. 
551.98±1373.98; p=0.035), although the latter result 
was not confirmed with Student’s t-test after logarith-
mic transformation of bFGF values.

other malignancies and have established prognostic 
and predictive role [13-17], only scant data are avail-
able for testicular GCTs [18-24].

Therefore, we determined the serum levels of the 
above factors in 50 patients with testicular GCT pri-
or to the initiation of chemotherapy, one month after 
the completion of the second cycle of chemotherapy 
and one year after the last cycle of it and in 16 healthy 
age-matched male controls. We compared the levels 
of these factors between patients and controls, be-
tween the various patient prognostic groups and be-
tween the 3 consecutive serum samples, in an effort 
to investigate the role of these factors in GCTs patho-
genesis [25].

Methods

Fifty men (mean age 35.1 ± 8.1 years) with histo-
logically confirmed testicular GCTs bound to undergo 
chemotherapy in “Theagenio Cancer Hospital” were 
enrolled in the study. Blood samples were drawn be-
tween 08:00 and 10:00 h after overnight fasting and af-
ter 10 min of rest. Three serum samples were collected: 
the first prior to the initiation of chemotherapy, the sec-
ond 20-30 d after completion of second cycle and the 
third 9-14 mo after completion of chemotherapy.

Serum samples from 16 healthy male, age-ma
tched volunteers were also collected at baseline and used 
as controls.

Patients were classified according to 3 risk groups. 
Low risk patients were those with stage I disease or 
stage II-III disease low risk patients based on the Inter-
national Germ Cell Cancer Collaborative Group (IGC-
CCG) risk stratification system [26,27]. Intermediate 
and poor risk patients were distributed based on IGC-
CCG stratification for stage II-III disease. Favorable 
outcome was considered a complete response of the dis-
ease without relapse, while failure to achieve this was 
regarded as unfavorable outcome. The protocol was ap-
proved by the local ethics committee and informed con-
sent was obtained from all participants in the study.

We measured serum MMP-2, MMP-9, TIMP-2, 
VEGF-A, bFGF, PDGF-BB and Ang-2, using quantita-
tive sandwich enzyme immunoassay technique (Quan-
tikine assay-RandD Systems, Minneapolis, USA for all 
the above except bFGF where we used Ray Biotech, 
Inc, RayBio, USA assay). We also calculated MMP-2/
TIMP-2 and MMP-9/TIMP-2 ratio. The intrassay and 
interassay coefficients of variations (CVs) were <10%. 
At baseline, height, weight, body mass index (BMI) 
and body surface area (BSA) were calculated and are 
summarized on Table 1.

Table 1. Demographic characteristics of patients and controls

Variables	 Patients	 Controls	 p- value
	 n=50	 n=16

Age (years)	 35.1±8.08	 34.3±6.43	 NS
Height (m)	 1.78±0.06	 1.79±0.05	 NS
Weight (kg)	 75.8±14.2	 80.1±13.3	 NS
BMI (kg/ m2)	 23.8±4.03	 25±3.75	 NS
BSA (m2)	 1.93±0.19	 1.99±0.17	 NS
Good risk	 32
Intermediate risk	 10
Poor risk	   8
Favorable outcome	 37
Unfavorable outcome	 13
Seminomas	   6
Non-seminomatous GCTs	 44

BMI: body mass index, BSA: body surface area, GCTs: germ cell tumors, 
NS: non significant
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all serum samples, retaining the higher values in pa-
tients than controls, even one year after the completion 
of chemotherapy.

We also compared mean values of the same para
meters between the various risk groups and between 
patients with favorable and unfavorable outcome (Ta-
ble 4). There was a trend for lower TIMP-2, higher 
MMP-2 and higher MMP-2/TIMP-2 ratio in patients 
with worse prognosis and also a trend for higher bFGF 
and Ang-2 values in these patients, but to get reliable 
statistical results a larger population is required.

Discussion

MMP are a family of zinc-containing proteases that 
have an established role in tumor invasion, angiogenesis 
and metastasis [28,29]. MMP-2 and MMP-9, called ge-
latinases, are among the better studied members of this 
family with established prognostic and predictive role in 
a variety of tumors [30-33]. The activity of this family 
of proteases is regulated at many levels. The activity of 
MMPs in the extracellular space is specifically inhibited 
by TIMPs, which bind to the highly conserved zinc bind-
ing site of active MMPs at molar equivalence. The TIMP 
gene family consists of 4 structurally related members, 
TIMP-1, -2, -3, and -4 [34]. Although MMPs have been 
extensively studied in other urological tumors there are 

Comparisons of the same parameters were also 
made among the 3 consecutive serum samples of the pa-
tients (Table 3), prior to onset of chemotherapy (sample 
1), after cycle 2 (sample 2) and 1 year after the comple-
tion of chemotherapy (sample 3). MMP-2 and MMP-9 
values were similar for all serum samples. TIMP-2 
values normalized gradually between first and second 
sample (85.25±39 vs. 109.38±56.3 ng/ml; p=0.013), 
between second and third sample (108.5±60.4 vs. 
171.7±88.4 ng/ml; p=0.03) and between first and third 
serum sample (83.61±32.1 vs. 171.7±88.4 ng/ml; p < 
0.001). MMP-9/TIMP-2 ratio normalized shortly after 
the beginning of chemotherapy, i.e. between the first and 
second sample (14.37±11.48 vs. 8.67±8.99; p=0.007). 
Thereafter, the results were similar between the second 
and third serum sample. The difference was also evident 
between baseline and one year after the completion of 
chemotherapy (13.7±9.33 vs. 8.54±8.61; p=0.014).

MMP-2/TIMP-2 normalized slower, as the results 
were similar between the first and second sample. The 
ratio normalized between the second and third sample 
(3.99±3.1 vs. 1.84±1.4; p < 0.001).

VEGF-A and bFGF values were similar for all 
serum samples. PDGF-BB values normalized shortly 
after the beginning of chemotherapy, between the first 
and second sample (11304±6426 vs. 7428±3519 pg/ml: 
p=0.001) and later remained stable between the second 
and third serum sample. Ang-2 values were similar for 

Table 2. Comparison of MMP-2, MMP-9, TIMP-2, MMP-2/TIMP-2 ratio, MMP-9/TIMP-2 ratio, VEGF-A, 
bFGF, PDGF-BB and Ang-2, between controls and patients at baseline

Variable	 Patients	 Controls	 Mann-Whitney	 Student’s
	 (n=50)	 (n=16)	 U-test	 t-test
			   p-value	 p-value

MMP-2 (ng/ml)	 295.4±163.39	 261.18±230.28	 0.12	 0.246
(mean values±SD)
MMP-9 (ng/ml)	 1132.1±875.1	 892.56±722.42	 0.338	 0.383
(mean values±SD)
TIMP-2 (ng/ml)	 82.53±38.1	 106.94±27.9	 0.01	 0.02
(mean values±SD)
MMP-2/TIMP-2	 4.036±2.7	 2.755±2.76	 0.04	 0.02
(mean values±SD)
MMP-9/TIMP-2	 15.55±11.93	 8.39±5.95	 0.036	 0.026
(mean values±SD)
VEGF (pg/ml)	 228.33±641.45	 158.94±179.53	 0.94	 0.81
(mean values±SD)
bFGF (pg/ml)	 666.47±1720.46	 551.98±1373.98	 0.035	 0.22
(mean values±SD)
PDGF-BB (pg/ml)	 10623.8±6375.98	 8726.13±4318.16	 0.342	 0.309
(mean values±SD)
Ang-2 (pg/ml)	 4138.42±2987.2	 2647.19±1186.1	 0.045	 0.013
(mean values±SD)

For abbreviations see text
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In this study mean VEGF-A serum level was sim-
ilar between patients and controls, did not change dur-
ing the 3 consecutive measurements in patients and was 
similar in all patient subgroups. PDGF-BB level was 
similar between patient and controls and between pa-
tient subgroups, but declined gradually during chemo-
therapy. The serum level of bFGF was higher in patients 
than controls and also higher in poor risk patient group. 
Ang-2 serum level was higher in patients than controls 
and in poor risk patient group and had not normalized 
even one year after the completion of chemotherapy.

Considering the role of angiopoietin pathway in 
ischemia [43,44] and the elevated long term cardiovas-
cular morbidity of testicular cancer patients [45], we 
can make the assumption that these two facts are relat-
ed, an assumption that needs large and long term pro-
spective epidemiological studies to be proven.

Our data support the hypothesis that tumor inva-
sion and angiogenesis, as reflected by serum concen-
trations of MMP-2, MMP-9, TIMP-2, VEGF-A, bF-
GF, PDGF-BB and Ang-2, play a role in testicular GCT 
pathogenesis. TIMP-2, bFGF and Ang-2 seem to have 
the greater impact. The small size of our study and the 
fact that all blood samples from the patients were drawn 
after orchiectomy, are potential limitations and make 
necessary the design and implementation of large pro-
spective studies in order to elucidate the role of events at 

no studies investigating the circulating levels of MMPs 
and TIMPs in testicular tumors [35,36].

In our study we found that mean TIMP-2 lev-
el was lower in patients than controls and that mean 
MMP-2/TIMP-2 and MMP-9/TIMP-2 ratios were 
higher in patients than controls. The serum level of 
these parameters normalized gradually during the 
course of chemotherapy and the 3 consecutive serum 
samples, with MMP-9/TIMP-2 ratio normalizing ear-
lier than MMP-2/TIMP-2 ratio. Also there was a trend 
for higher TIMP-2 value in poor risk patients, although 
the relatively low number of patients included in our 
study preclude any subgroup analysis. These results are 
in accordance with the role of MMPs system in tumor 
initiation, invasion, angiogenesis and metastasis.

Angiogenesis, the formation of new microvessels 
from preexisting ones, is normally under tight control of 
angiogenic mediators [37,38]. Although the serum level 
of angiogenic mediators have been extensively studied 
in other malignancies [39-42] there are only scant re-
ports for patients with testicular GCTs [21-25].

In these studies PDGF expression correlated with 
tumor progression in Leydig cell tumors, microvascu-
lar density of the tumor correlated with VEGF mRNA 
expression and occult metastasis in retroperitoneal 
lymph nodes and bFGF levels reflected disseminated 
disease in patients with testicular GCTs.

Table 3. Comparison of MMP-2, MMP-9, TIMP-2, MMP-2/TIMP-2 ratio, MMP-9/TIMP-2 ratio, VEGF-A, bFGF, PDGF-BB and 
Ang-2, between the three serum samples of patients

Variable	 Sample 1/	 Wilcoxon	 Sample 1/	 Wilcoxon	 Sample 2/	 Wilcoxon
	 /Sample 2	 test (p1)	 /Sample 3	 test (p1)	 /Sample 3	 test (p1)
	 (n=44)	 Student’s	 (n=33)	 Student’s	 (n=33)	 Student’s
		  t-test (p2)		  t-test (p2)		  t-test (p2)
		  p-values		  p-values		  p-values

MMP-2 (ng/ml)	 298.32±162/	 p1: 0.092	 319±170.8/	 p1: 0.057	 359.9±251.2/	 p1: 0.088
(mean values±SD)	 /336.6±236.3	 p2: 0.324	 /258.3±142	 p2: 0.093	 /258.3±142	 p2: 0.052
MMP-9 (ng/ml)	 1083.3±839/	 p1: 0.056	 1089±799/	 p1: 0.675	 813.5±613/	 p1: 0.122
(mean values±SD)	 /760.1±562.3	 p2: 0.077	 /1231±1017	 p2: 0.971	 /1231±1017	 p2: 0.254
TIMP-2 (ng/ml)	 85.25±39/	 p1: 0.013	 83.61±32.1/	 p1<0.001	 108.5±60.4/	 p1: 0.03
(mean values±SD)	 /109.38±56.3	 p2: 0.012	 /171.7±88.4	 p2<0.001	 /171.7±88.4	 p2: 0.01
MMP-2/TIMP-2	 3.99±2.7/	 p1: 0.455	 4.25±2.9/	 p1<0.001	 3.99±3.1/	 p1<0.001
(mean values±SD)	 /3.8±3.1	 p2: 0.119	 /1.84±1.4	 p2<0.001	 /1.84±1.4	 p2<0.001
MMP-9/TIMP-2	 14.37±11.48/	 p1: 0.007	 13.7±9.33/	 p1: 0.014	 9.55±10.36/	 p1: 0.41
(mean values±SD)	 /8.67±8.99	 p2: 0.01	 /8.54±8.61	 p2: 0.05	 /8.54±8.61	 p2: 0.527
VEGF (pg/ml)	 249.5±681.8/	 p1: 0.852	 295.7±784/	 p1: 0.33	 186.6±223.8/	 p1: 0.367
(mean values±SD)	 /184.7±210.7	 p2: 0.907	 /139±134.7	 p2: 0.198	 /139±134.7	 p2: 0.232
bFGF (pg/ml)	 721.6±1827/	 p1: 0.294	 915.3±2080/	 p1: 0.131	 381.2±643.3/	 p1: 0.893
(mean values±SD)	 /322.5±569	 p2: 0.149	 /310.8±397	 p2: 0.044	 /310.8±397	 p2: 0.558
PDGF-BB (pg/ml)	 11304±6426/	 p1: 0.001	 11316±7084/	 p1: 0.004	 6906±3294/	 p1: 0.979
(mean values±S.D)	 /7428±3519	 p2<0.001	 /6862±3889	 p2: 0.003	 /6862±3889	 p2: 0.587
Ang-2 (pg/ml)	 4259±3075/	 p1: 0.304	 4455±3292/	 p1: 0.228	 4048±2075/	 p1: 0.249
(mean values±S.D)	 /3966±1910	 p2: 0.827	 /4404±854	 p2: 0.341	 /4404±854	 p2: 0.053

For abbreviations see text
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A, bFGF, PDGF-BB and Ang-2, play a role in testicular 
GCT pathogenesis. Also, an interesting hypothesis was 
formed, concerning the role of elevated levels of angio-
poietin-2 in testicular GCT patients in the pathogenesis 
of the increased long term cardiovascular morbidity of 
these patients. Larger prospective studies are needed to 
confirm our results.
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