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Effects of Treatment on Angiogenic (Vascular Endothelial Growth
Factor-2 and Matrix Metalloproteinase-2) and Antiangiogenic
(Endostatin and Thrombospondin-1) Factors in Non-muscle
Invasive Bladder Carcinoma

Kas Invaziv Olmayan Mesane Kanserinde Tedavinin Anjiyogenik (Vaskiiler Endotelyal
Blyume Faktord-2 ve Matriks Metaloproteinaz-2) ve Antianjiyogenik (Endostatin ve
Trombospondin-1) Faktorler Uzerine Etkisi
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What’s known on the subject? and What does the study add?

The angiogenic factors in blood sample of patients with non-muscle invasive bladder carcinoma decrease after the treatment.

Abstract T

Objective: We aimed to investigate possible effects of treatment on angiogenic [vascular endothelial growth factor-2 (VEGF-2) and matrix
metalloproteinase-2 (MMP-2)] and antiangiogenic [endostatin (ES) and thrombospondin-1 (TSP-1)] factors in non-muscle invasive bladder
carcinoma (NMIBC).

Materials and Methods: Thirty NMIBC patients and 30 age-matched controls were included in the study. For the above-mentioned markers,
peripheral blood samples were drawn at three time points to be studied by enzyme-linked immunosorbent assay: before transurethral resection of
bladder tumor (TURBT), at first control (20 days after the operation) and second control (at the end of intravesical immunotherapy). The mean blood
levels obtained in the three measurements and those in patients and controls were compared statistically.

Results: The mean levels of VEGF-2 and MMP-2 in patients before TURBT were found to be statistically significantly higher than in controls (p=0.04
and p=0.01, respectively), while no significant differences were obtained between the mean ES and TSP-1 levels (p=0.95 and p=0.99, respectively).
It was also found that the VEGF-2 and MMP-2 levels were significantly decreased after TURBT (p=0.03 and p=0.01, respectively), but the tendency
of these decrease was not found to be statistically significant between the first and second controls.

Conclusion: Elevated VEGF-2 and MMP-2 levels in patients with NMIBC were significantly decreased after and probably due to the TURBT, which
leads to a conclusion that these angiogenic markers may be used for follow-up of NMIBC.
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Oz T
Amag: Kas invaziv olmayan mesane kanserinde (KIOMK) tedavinin anjiyogenik [vaskiiler endotelyal biiyiime faktorii-2 (VEGF-2) ve matriks
metaloproteinaz-2 (MMP-2)] ve antianjiyogenik [endostatin (ES) and trombospondin-1 (TSP-1)] faktérler tizerine etkilerini arastirmayr amagladik.

Gerec ve Yontem: KIOMK'li 30 hasta ve ayni yas grubundaki 30 kontrol galismaya dahil edildi. Hastalarin kan &rnekleri {i¢ defa alinarak yukarida
bahsedilen markerlar enzime bagli immiinosorbent testi ydntemiyle dlciildi. ilk kan drnegi transiiretral rezeksiyon-mesane tiimérii (TUR-MT) ncesi,
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ikinci 6rnek TUR-MT sonrasi 20. glinde ve son drnek intravezikal immunoterapi sonrasi alindi. Hasta ve kontrol grubunun marker dlclim ortalamalari
karsilastirildi. Ayrica hasta grubundan alinan ti¢ ayri dl¢iim de kendi arasinda karsilastirildi.

Bulgular: Hasta grubunun TRU-MT 6ncesi ortalama VEGF-2 ve MMP-2 degerleri kontrol grubununkinden anlamli olarak yiiksel bulunurken (sirasiyla
p=0,04 ve p=0,01), ortalama ES ve TSP-1 degerleri iki grup arasinda istatistiksel olarak benzerdi (sirasiyla p=0,95 ve p=0,99). VEGF-2 ve MMP-2
degerlerinin hasta grubunda TUR-MT sonrasi anlamli olarak azaldigi saptanirken (sirasiyla p=0,03 ve p=0,01), bu azalma intravezikal tedavi sonrasi
devam etmekle birlikte istatistiksel olarak anlamsizdi.

Sonug: KIOMK'li hastalardaki yiiksek VEGF-2 ve MMP-2 degerleri TUR-MT sonrasi muhtemel kitlenin alinmasina bagli olarak azalmaktadir. Bu
anjiyogenik markerlar KIOMK tedavi sonrasi takipte kullanilabilir.

Anahtar Kelimeler: Vaskiiler endotelyal biiylime faktorii-2, matriks metaloproteinaz-2, endostatin, trombospondin-1, kas invaziv olmayan mesane

kanseri

Introduction

With the rate of 3.2%, urothelial carcinoma of the bladder (UCB)
takes the ninth place among malignant tumors and twelfth
among deaths caused by them (1). Non-muscle invasive bladder
carcinoma (NMIBC) (pTa/pTis/pT1) incorporates 80% of UCBs,
while the remaining 20% invades the muscle [muscle-invasive
bladder cancer (MIBC); (pT2 or more)] (2). Transurethral resection
of bladder tumor (TURBT) is regarded as the gold standard
for the treatment of NMIBC, by far. Adjuvant intravesical
treatment depends on the risk groups. In intermediate-risk
patients, consecutive instillations with chemotherapy or
bacillus Calmette-Guérin (BCG) are required, and long-term
BCG treatment is needed in high-risk patients. Despite these
adjuvant treatments, NMIBC has a strong tendency to recur, and
therefore long-term and frequent follow-up is inevitable (3).
Some predictive markers for recurrence and/or progression in
patients with NMIBC have been investigated.

Angiogenesis, defined as formation of new vasculature and,
providing oxygen, nutrients and growth factors to the cancer
cells, plays a crucial role in tumor growth and metastasis.
It is a process regulated by angiogenic and antiangiogenic
factors and these factors have been found to be associated
with patients’ prognosis in various cancers (4). Two major
angiogenic factors are vascular endothelial growth factor
(VEGF) and matrix metalloproteinases (MMPs). MMPs, which
are essential for proliferation of endothelial cells, migration,
and differentiation, are stimulated to be released by the most
important angiogenic factor, i.e., VEGF (4,5). On the other hand,
two other markers dealing with this study are acting contrary.
As a natural antiangiogenic factor, thrombospondin-1 (TSP-1)
inhibits endothelial cell proliferation and migration and induces
apoptosis (6). As for endostatin (ES), it specifically blocks
angiogenesis. Blood levels of ES have been found to be elevated
in some human cancers except bladder cancer (7). Similar to
TSP-1, to inhibit endothelial cell migration and proliferation is
the antiangiogenic mechanism of ES. It induces apoptosis not
only in endothelial but also tumor cells, a property to be used as
an antitumor agent inhibiting vascularity and blood supply in
neoplastic tissues (8).
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The goal of this study was to investigate the possible effects
of treatment on the angiogenetic (VEGF-2 and MMP-2) and
antiangiogenetic (ES and TSP-1) factors in NMIBC.

Materials and Methods

Participants and Study Design

Forty-one NMIBC patients who applied to the Department of
Urology at Celal Bayar University Faculty of Medicine between
January and September 2014, and 30 age- and sex-matched
controls (group 1) comprised of patients with urolithiasis, who
had no malignancies, chronic diseases and infection, were
included in the prospective clinical study. TURBT operations in
all the patients were performed by urologists. The exclusion
criteria were as follows: pTa (in low grade) and >pT2 UCB,
another malignancy except bladder cancer and chronic diseases.
Six patients with pTa and 5 patients with pT2 were excluded
from the study. Only thirty patients with NMIBC, who received
intravesical therapy, were enrolled in the study. Blood samples
(n=30) were obtained from all the patients before TURBT
(group 2), twenty days after TURBT (group 3) and at the end of
intravesical immunotherapy (group 4). Eighteen of 30 patients
had Ta (intermediate or high risk), while the remaining 12
patients had T1 transitional cell carcinoma (TCC) of the bladder.
In these 12 patients, re-TURBT was performed before intravesical
immunotherapy. None of the patients received early intravesical
chemotherapy. Informed consent was obtained from all the
patients and controls who participated in the study and the
local ethics committee approved the study protocol (approval
number: 20478486-21).

Enzyme-linked Immunosorbent Assay for Vascular Endothelial
Growth Factor-2, Matrix Metalloproteinase-2, Endostatin and
Thrombospondin-1

The blood samples were stored at -80 °C until the assay, but
never for longer than two weeks. All of them were run in the
same assay by using enzyme-linked immunosorbent assay kits
(Millipore Corporation, Billerica, Massachusetts, USA) and the
results were recorded in nanograms per milliliter.
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Statistical Analysis

Differences in outcome measures among the treatment groups
were examined by repeated-measures ANOVA. The treatment
groups and control group were compared by using the student's
t-test and a p value of less than 0.05 was considered statistically
significant. Statistical analysis was done using SPSS software
package (15.0; SPSS, Chicago, Illinois, USA).

Results

Both the patient and control groups were comprised of 6 females
and 24 males. The mean age was found to be 67.27+8.44 in
patient group, while it was 65.74+7.22 in control group. There
were no statistically significant difference in mean age between
the groups (p=0.54). The mean levels of VEGF-2 and MMP-2
in the patients before TURBT were found to be statistically
significantly higher than in the controls (p=0.04 and p=0.01,

respectively), while no significant differences were obtained
between the mean ES and TSP-1 levels (p=0.95 and p=0.99,
respectively). It was also found that the VEGF-2 and MMP-2
levels were significantly decreased after TURBT (p=0.03 and
p=0.01, respectively), but these tendencies of decrease were
not found to be statistically significant between group 3 and
4. No significant differences between the mean levels of TSP-1
and ES before and after TURBT was found (p=0.93 and p=0.93,
respectively). The mean VEGF-2, MMP-2, TSP-1 and ES levels in
all the groups are summarized in Table 1 and Figure 1.

Discussion

Tumor invasion and progression in the bladder represent
a multifactorial process affected by imbalance between
angiogenic and antiangiogenic factors (9). VEGF and MMP are

two of the most important angiogenic factors, while TSP-1 and

Table 1. The mean vascular endothelial growth factor-2, matrix metalloproteinase-2, endostatin and thrombospondin-1 levels in

all the groups

Groups VEGF-2 (ng/mL) MMP-2 (ng/mL) ES (ng/mL) TSP-1 (ng/mL)
(Mean + SD) (Mean + SD) (Mean + SD) (Mean + SD)

Control (n=30)

Group 1* 3.28+1.85 62.53+32.12 43.77+20.47 38.86+28.54

Intervention group (n=30)

Group 2™ 5.38+2.26 81.54+38.13 42.66+27.83 38.19+27.89

Group 3" 2.67+1.62 62.39+£18.30 40.78+27.64 36.26+26.29

Group 4™ 2.61+2.25 58.92+29.56 34.92+27.30 27.57+19.46

Comparison of control and intervention groups (p value)

Group 1-Group 2 0.04 0.01 0.95 0.99

Group 1-Group 3 0.71 0.99 0.88 0.91

Group 1-Group 4 0.69 0.89 0.79 0.84

Comparison of intervention groups (p value)

Group 2-Group 3 0.03 0.01 0.93 0.93

Group 2-Group 4 0.03 0.01 0.78 0.85

Group 3-Group 4 0.97 0.87 0.90 0.86

*Group 1: Control
**Group 2: Before transurethral resection of bladder tumor
**Group 3: Twenty days after transurethral resection of bladder tumor

***Group 4: End of intravesical immunotherapy

VEGF: Vascular endothelial growth factor, MMP: Matrix metalloproteinase, ES: Endostatin, TSP: Thrombospondin, SD: Standard deviation
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Figure 1. The graphical view of the mean vascular endothelial growth
factor-2, matrix metalloproteinase-2, endostatin and thrombospondin-1
levels in all the groups

VEGF: Vascular endothelial growth factor, MMP: Matrix metalloproteinase, ES: Endostatin,
TSP: Thrombospondin

ES are acting conversely. Many studies have investigated VEGF
in bladder cancer. Nakanishi et al. (10) reported that muscular
invasiveness of bladder carcinoma was significantly correlated
with serum VEGF level, suggesting that VEGF stimulated
proliferation and invasion of tumor via VEGF-2. Bernardini et
al. (11) pointed out VEGF as a potential angiogenic marker for
discriminating metastatic bladder cancer. Unlike these studies,
we investigated serum levels of VEGF-2 in NMIBC and possible
effects of TURBT and intravesical immunotherapy on VEGF-2
levels. Our study indicated that VEGF-2 levels in patients with
NMIBC were higher than that in controls and this elevation
significantly decreased after TURBT. This decline seemed to be
continued after intravesical immunotherapy, but there were no
statistically significant differences between the levels of VEGF-
2 before and after intravesical immunotherapy, i.e., between
groups 3 and 4. Also, the VEGF-2 levels in control group were
statistically similar to the levels in group 3 and group 4. All
these findings may indicate that serum VEGF-2 level increases
due to the mass effect of bladder tumor, then decreases after
the removal of the tumor by TURBT and becomes steady after
intravesical immunotherapy which prevents from progression
and recurrence of bladder cancer.

As MMPs are known to be candidates for being biological
markers in bladder carcinoma, some of them have been
widely studied, especially the gelatinases MMP-2 and MMP-9
(12). Staack et al. (13) noticed that, compared to controls, all
patient groups with bladder cancer (43 NMIBCs and 25 MIBCs)
had elevated median MMP-2 concentration in blood plasma
(p<0.001). In their study analyzing MMP-2 in blood serum of
patients with bladder carcinoma, Gohji et al. (14) found elevated
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concentrations in patients with advanced TCC (pT2-T4, N+, M+)
in comparison to that in patients with NMIBC (Ta-T1, NO, MO).
Our study enrolled only superficial bladder tumor patients. We
found that serum MMP-2 levels in patients were significantly
higher than in controls and significantly decreased after
removal of the tumor. Like VEGF-2, this decline tended to be
continued after intravesical immunotherapy, but no statistically
significant differences were observed in the levels of MMP-2
between groups 3 and 4.

Szarvas et al. (7) evaluated serum ES levels in patients with
bladder cancer divided into groups according to the patients’'
characteristics. They found significantly higher mean ES levels
in patients (n=87) than in controls (n=20) (p<0.001). However,
they did not divide groups according to tumor stage. They also
compared ES levels between patients with NO/Nx (n=71) and
N+ (n=16) and found that the mean ES level was higher in N+
patients than in NO/Nx patients (p=0.006). In our study, there
was no significant difference in mean ES levels between controls
and patients. This discrepancy between these two studies may
be due to the patient selection. Although our study enrolled
only NMIBC patients, their study included patients with both
NMIBC and MIBC. All these findings indicate that serum ES
levels elevate in invasive or advanced stage bladder cancer, but
not in NMIBC. However, these results should be confirmed by
further studies comparing ES levels between NMIBC and MIBC.

Donmez et al. (5) investigated TSP-1 expression in bladder
cancer without including any control group. They found that
TSP-1 expression in patients with invasive or advanced stage
bladder carcinoma was lower than in patients with low grade
or superficial cancer. In our study, TSP-1 levels in patients with
NMIBC were not found to be statistically different from that
in controls and it was also observed that these levels did not
change significantly after NMIBC treatment.

Study Limitations

There are two important limitations of the present study. Firstly,
subgroup analysis according to tumor size and grade could not
be performed due to small sample size. Secondly, the progression
and recurrence situations of the patients were not evaluated in
the present study, thus, we did not discuss the subject with the
relationship between progression or recurrence and angiogenic
markers.

Conclusion

Elevated VEGF-2 and MMP-2 levels in patients with bladder
carcinoma were significantly decreased after and probably
due to the treatment, which leads to a conclusion that these
angiogenic markers may be used in follow-up of NMIBC.
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This study analyzes serum levels of VEGF-2, MMP-2, TSP-1 and
ES in NMIBC before and after TURBT and after intravesical
therapy. It is confirmed that elevated plasma VEGF-2 and MMP-
2 levels in patients with NMIBC were significantly decreased
after and probably due to the removal of the tumor, which
leads to a conclusion that these angiogenic markers may be
used in follow-up of NMIBC. Although this decrease seems to
be continued after intravesical therapy, it was not found to
be significant. Similarly, no significant results were obtained
from the data about antiangiogenic markers ES and TSP-1.
Further high-quality long-term studies are needed to confirm
these results and to investigate the effects of treatment,
progression and recurrence of bladder cancer on angiogenic and
antiangiogenic markers and vice versa.
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