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Abstract: Upper tract urothelial carcinoma (UTUC) associated with Balkan endemic nephropathy (BEN) is character-
ized by a number of aberrations in cell-cycle regulation and apoptosis. The aim of this study was to detect angio-
genesis-related marker(s) specific for BEN UTUC, and to examine the influence of HIF 1α upon angiogenesis and 
apoptosis in UTUC. Present investigation included 110 patients with UTUC, 50 from BEN region and 60 control 
tumors. Altered expression of VEGFR1 was more often present in control UTUC than in BEN tumors (p<0.005). It was 
associated with high grade, low and high stage, solid growth, and metaplastic change of control UTUC. Microvessel 
density assessed by CD31 (MVD CD31) was significantly higher in UTUC with lymphovascular invasion (p<0.05), and 
in BEN tumors with papillary growth (p<0.05). Discriminant analysis indicated that BEN and control tumors do not 
differ significantly in expression of angiogenesis related markers. The most important discriminant variable that 
determined control UTUC was expression of VEGFR1 (p=0.002). HIF 1α in UTUC significantly correlated with the low 
stage, papillary growth and expression of Bcl-2, Caspase-3 index, and MVD CD34 (p<0.001; 0.0005; 0.01; 0.005; 
0.01, respectively). HIF-1α may be helpful marker in evaluation of UTUC, especially when combined with angiogen-
esis and apoptosis.

Keywords: Balkan endemic nephropathy, upper tract urothelial carcinoma, angiogenesis, VEGF, VEGFR1, VEGFR2, 
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Introduction

Upper tract urothelial carcinoma (UTUC) is rare 
but deadly disease due to its aggressive bio-
logical behavior and a late stage diagnosis [1]. 
An increased number of UTUC has been 
observed in the foci of Balkan endemic 
nephropathy (BEN) [2, 3]. BEN is a bilateral 
chronic slow progressive tubulointerstitial dis-
ease with long evolution to terminal renal fail-
ure [4, 5]. Environmental factors that include 
toxicants, such as herbs containing aristolochic 
acid (AA) [6, 7], mycotoxins [8] and organic 
compounds leached from coal deposits [9], 
have influence in the pathogenesis of BEN [9, 
10]. Moreover, epidemiological and pedigree 
analysis revealed that genetic factors are 
important in BEN, and genetic factors interplay 
with the environmental factors [4]. Carcinomas 

may occur alone or in combination with BEN. 
Some authors suggest that the same factor 
have some influence in the development of the 
tubulointerstitial disease and UTUC [4]. We 
have demonstrated p53 pathway as the spe-
cific cell cycle marker involved in BEN related 
UTUC [11]. Our recent analysis of apoptosis 
related markers identified Bax as a specific 
marker of BEN-associated UTUC as well as 
alteration of Survivin. This finding may be indic-
ative for specific disturbances of an intrinsic 
apoptotic pathway in UTUC arising in endemic 
areas [12]. 

Various growth factors and molecules have 
been reported to be associated with tumor 
growth, progression, and survival in urothelial 
cancer [13, 14]. Urothelial cancer cells suffer 
aberrations in cell-cycle regulation, apoptosis, 
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signal transduction and angiogenesis, particu-
larly in BEN regions [10, 15]. The importance of 
angiogenesis in human tumors is reflected by 
recent studies that demonstrated that the 
angiogenic phenotype, as measured by micro- 
vessel density (MVD), is an indicator of survival, 
locally advanced disease, stage, lymphovascu-
lar invasion and lymph node metastasis in 
patients with various types of cancer [16]. To 
date, limited number of studies investigated 
angiogenesis in UTUC, especially in UTUC asso-
ciated with BEN. The aims of this study were to 
evaluate and correlate the expression of angio-
genesis related markers–VEGF, VEGFR1, 
VEGFR2, HIF 1α, MVD CD31, and MVD CD34 
with pathological characteristics of UTUC in 
BEN and control population; and to determine 
the influence of HIF 1α to angiogenesis and 
apoptosis in UTUC.

Materials and methods

Patient’s population

We studied 110 patients with UTUC who had 
undergone open type of nephroureterectomy 
with removal of bladder cuff as part of the 
nephroureterectomy procedure. Extended 
lymphadenectomy was not routinely performed. 
All cases of UTUC were diagnosed at the 
Institute of Pathology, Faculty of Medicine, Nis. 
The analysis included 80 transitional cell carci-
nomas with pelvic localization and 30 with ure-
teral. Patients were divided in two groups: 50 
patients were from endemic settlements, the 
villages along the South Morava River basin 
(BEN tumors) and 60 consecutive control sub-
jects, residents of rural and city areas free of 
BEN. 

Histological analysis

The histological sections were processed from 
tissue fixed in 10% formalin by standard tech-
niques, and stained with haematoxylin and 
eosin (H&E). H&E-stained slides were used to 
assess histological grade (low and high grade) 
[17], pathologic stage (pT) [18], growth of tumor 
(papillary/solid), lymphovascular invasion (LVI) 
and the presence of necrosis and metaplastic 
changes (squamous or glandular) within the 
tumor. The low stage non-muscle invasive 
tumors (pTa-pT1) and high stage muscle inva-
sive tumors (pT2-pT4) were compared [19]. The 
presence of tumor necrosis was evaluated on 

microscopic examination of tumor. According to 
the WHO criteria for the diagnosis of histologi-
cal variants of urothelial cancer squamous dif-
ferentiation was defined as the presence of 
intercellular bridges or keratinization [17]. The 
conventional criteria for squamous metaplastic 
change in UTUC include abundant eosinophilic 
cytoplasm, large oval nuclei with an open chro-
matin pattern and prominent nucleoli. Glandular 
differentiation was defined as the presence of 
true glandular spaces and gland-like lumina 
within tumor cell nests.

Immunohistochemistry and scoring

Tumors were analyzed using the mouse mono-
clonal antibodies against VEGF (A-20: sc-152/
Santa Cruz Biotechnology), anti-human VEGF 
R1 antibody (AF321, R&D sistem), anti-human 
VEGF R2 antibody (AF357, R&D sistem), mono-
clonal antibodies against CD31 (Clone JC70A, 
Dako), CD34 (Clone QBEnd Ready to use, Dako), 
and HIF1 alpha (H-206: sc-10790/Santa Cruz 
Biotechnology) at dilution 1: 250, 1: 20, 1: 6, 1: 
20, ready to use, 1: 250 respectively. Apoptotic 
activity was assessed with the following anti-
bodies: Bcl-2 (Clone 124, M 0887/Dako), 
Survivin (FL-142: sc-10811/ Santa Cruz 
Biotechnology), Bax (Code A 3533/ Dako), Fas 
(C-20: sc-715/ Santa Cruz Biotechnology) and 
Caspase-3 cleaved (ACR 229 A, B, C/ Biocare 
medical) at dilution of 1:50, 1:500, 1:1000, 
1:100, 1:200 respectively. Before quantifying 
the immunohistochemical results, the tech-
nique quality was assessed, and those areas 
with greater positivity were selected, avoiding 
peripheral area measurement, necrosis or arti-
fact. Slides were reviewed independently by 
three investigators (LJV, ARP, SS). Interobserver 
discrepancies were resolved using a double 
headed microscope. Nuclear expression was 
recorded for HIF1 alpha and Survivin, and cyto-
plasmic for VEGF, VEGF R1, VEGF R2, Bcl-2, 
Bax, and Fas [12].

Immunohistochemical reaction was scored as 
follows: negative if ≤10% of cells were stained, 
and positive if ≥10% were stained. Cytoplasmic 
staining intensity was scored using a scale of 0 
to 3 (0, no staining; 1, weak; 2, moderate; and 
3, intense). Tumor cell nuclear immunoreactivi-
ty for HIF-1alpha was scored in accordance 
with a previous study [20].

All markers were placed in one of two catego-
ries, altered or not altered (normal). Cytoplasmic 
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immunoreactivity was considered altered when 
samples demonstrated positivity in >10% of 
tumor cells with an intensity of 2 or 3 [20]. 
Microvessels were identified by immunostain-
ing of endothelial cells for CD31 and CD34. 
Active areas of angiogenesis (“hot spots”) were 
selected using low magnification. Images from 
five high power fields (400×) in the hot spot 
area were recorded for each sample. Any 
stained endothelial cell was considered to rep-
resent a single, countable microvessel if it was 
isolated from adjacent microvessels, tumor 
cells and other connective tissue elements. 
The total number of microvessels so obtained, 
was then divided by the number of the counted 
hotspots, and the result was used to denote 
the MVD [21]. Cleaved Caspase 3 index was 
calculated as number of positive cells x100 per 
total number of cells in ten random high power 
fields (x400) in each tumor. This index was 

established by counting at least 
2000 cells in fields distant from 
necrotic areas [12].

Statistical analysis

For purposes of analysis, patho-
logical tumor stage (low vs. high), 
grade (low vs. high), growth pattern 
(papillary vs. solid), LVI (yes vs. no), 
and clinical parameters-sex (M vs. 
F), localization (pelvis vs. ureter) 
were evaluated as dichotomized 
variables. The Fisher’s exact test 
and the χ2 test were used to esti-
mate the expression of VEGF, 
VEGFR1, VEGFR2, and HIF1α in 
regard to pathological parameters 
(stage, grade, growth, lymphovas-
cular invasion, necrosis, metaplas-
tic differentiation) of tumors, and 
Mann-Whitney U test in evalu- 
ation of MVD with investigated 
parameters. 

Discriminant analysis was used to 
investigate differences between 
examined groups. At the first step 
an F test (Wilks’ lambda) is used to 
test if the discriminant model as a 
whole is significant. At the second 
step, the covariance matrices, 
coefficients of canonical correla-
tion and the standardized canoni-
cal discriminant function coeffi-

cients were used to classify the dependent 
variable. The standardized canonical discrimi-
nant function coefficients were used to com-
pare the relative importance of the indepen-
dent variables (VEGF, VEGFR1, VEGFR2, CD31, 
CD34, HIF 1α).

The result was considered statistically signifi-
cant if p<0.05. All analyses were performed 
with the SPSS statistical package (SPSS ver-
sion 10.0 for Windows). 

Results

Clinical features in UTUC

The age in 110 patients with UTUC ranged from 
22 to 87 years, with a mean age of 64.4 ± 8.51 
years for tumors in BEN regions, and 64.02 ± 
11 years for control tumors. There were 23 
male (46%) and 27 female (54%) patients in 

Figure 1. The representative immunohistochemical staining of angiogen-
ic markers in upper tract urothelial carcinoma, with strong cytoplasmic 
VEGF activity in high grade (A); altered cytoplasmic expression of VEGFR1 
and (B); VEGFR2 in invasive tumors with (C), nuclear and cytoplasmic 
staining of HIF 1α (D). Immunostaining of endothelial cells for CD31 and 
(E). active areas of angiogenesis detected with CD34 in urothelial cancer 
(F) (original magnification: x400). 
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Table 1. Correlation of angiogenesis-related biomarkers expression with pathological characteristics 
in BEN and control UTUC

UTUC N
110

Altered expression of biomarker
VEGF p < VEGFR1 p < VEGFR2 p <

Low grade N.S. N.S. N.S.
BEN 20 14 11 5

Control 24 13 16 4
High grade N.S. 0.001 N.S.

BEN 30 20 14 10
Control 36 31 31 10

Low stage N.S. 0.05 N.S.
BEN 22 14 10 4

Control 18 11 14 5
High stage N.S. 0.05 N.S.

BEN 28 20 15 11
Control 42 33 33 29

Papillary growth N.S. N.S. N.S.
 BEN 16 11 8 4

 Control 26 18 20 8
Solid growth N.S. 0.01 N.S.

 BEN 34 23 17 11
 Control 34 26 27 6

LV invasion-yes N.S. N.S. N.S.
 BEN 11 8 7 4

 Control 20 17 16 5
Necrosis - yes N.S. N.S. N.S.

 BEN 19 13 13 6
 Control 25 19 19 4

Nonmetaplastic N.S. N.S. N.S.
 BEN 37 25 21 10

 Control 47 33 36 12
Metaplastic N.S. 0.005 N.S.

 BEN 13 9 4 5
 Control 13 11 11 2

BEN-associated UTUC group with ratio M: F = 
1:1.2 while in the control group there were 36 
men (60%) and 24 women (40%), with ratio M: 
F = 1.5:1. Tumor localization was more frequent 
on the left side in both BEN and control UTUC, 
however without any statistical difference 
between these two groups (32/18 versus 
37/23). 

Immunohistochemical evaluation of angiogen-
esis-related biomarkers and association with 
pathological characteristics in BEN and control 
UTUC 

The immunohistochemical staining of VEGF, 
VEGFR1, VEGFR2, and HIF 1α was detected in 
107 (97.3 %), 93 (84.5 %), 78 (70.9%), and 110 
(100 %) UTUC, respectively. Angiogenic mark-

ers - VEGF, VEGFR1, VEGFR2, and HIF 1α were 
altered in 78 (70.9%), 72 (65.5%), 29 (26.4 %), 
50 (45.45%) UTUC, respectively (Figure 1A, 1B, 
1C, 1D). Investigation of relationships between 
conventional pathological parameters and 
immunohistochemical staining of VEGF, 
VEGFR1, VEGFR2, HIF 1α, MVD CD34 and MVD 
CD32 in UTUC showed that VEGF significantly 
associated with presence of tumor necrosis in 
UTUC [yes 32/44 (72.7%) versus no 26/66 
(39.4%), χ2=11.66, p<0.001]; VEGFR2 with high 
stage [low stage 9/40 (22.5%) versus high 
stage 40/70 (57.1%), χ2=12.25, p<0.0005], 
and HIF 1α with stage and growth pattern of 
UTUC [low stage 25/40 (62.5%) versus high 
stage 25/70 (35.7%), χ2=7.30, p<0.001; papil-
lary 27/42 (64.3%) versus solid 23/68 (33.8%), 
χ2=9.63, p<0.0005]. MVD CD31 was signifi-
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Table 2. Correlation of angiogenesis-related biomarkers expression with pathological characteristics 
in BEN and control UTUC

UTUC N
110

Altered expression of biomarker
HIF 1α p < CD31 p < CD34 p <

Low grade N.S. N.S. N.S
 BEN 20 10 6.74±10.94 22.92±7.71

 Control 24 14 3.40±8.42 22.81±11.92
High grade N.S. N.S. N.S.

 BEN 30 15 4.60±7.21 21.77±10.32
 Control 36 11 5.50±9.87 22.55±11.87

Low stage N.S. N.S. N.S.
 BEN 22 13 5.97±9.31 21.63±7.01

 Control 18 12 1.97±5.85 20.96±9.62
High stage N.S. N.S. N.S.

 BEN 28 12 5.05±8.62 22.65±10.88
 Control 42 13 5.81±10.28 23.38±12.64

Papillary growth N.S. 0.05. N.S.
 BEN 16 12 8.63±11.70 22.44±5.68

 Control 26 15 1.90 ±5.12 20.46 ±9.49
Solid growth N.S. N.S. N.S.

 BEN 34 13 3.97±6.84 22.13±10.66
 Control 34 10 6.77±11.14 24.33±13.18

LV invasion-yes N.S. N.S. N.S.
 BEN 11 5 9.04±10.94 18.02±8.93

 Control 20 8 6.21±9.12 19.53±7.51
Necrosis - yes N.S. N.S. N.S.

 BEN 19 8 5.11±6.90 21.77±11.62
 Control 25 11 3.48±7.46 25.16±13.08

Nonmetaplastic N.S. N.S. N.S.
 BEN 37 19 4.78±8.38 22.37±9.35

 Control 47 19 4.50±9.20 21.36±11.38
Metaplastic N.S. N.S. N.S.

 BEN 13 6 7.38±10.18 21.81±9.52
 Control 13 6 5.25±10.03 27.33±12.51

χ2 test was performed. *Mann Whitney U test was performed. N.S. - no significance

cantly higher in UTUC with LV invasion (yes 
7.21±9.72 versus no 4.16±8.71, p<0.05) 
(Figure 1E). MVD CD34 was not significantly 
associated with investigated pathological char-
acteristics in UTUC (Figure 1F). 

Tables 1 and 2 display relationships between 
conventional pathological parameters in BEN 
and control UTUC and angiogenesis related bio-
markers. Control tumors have significantly 
higher cytoplasmic expression of VEGFR1, 
which is associated with high grade, stage - low 
and high, solid growth and metaplastic change 
in UTUC than BEN associated UTUC with the 
same pathological features (χ2=11.56, 
p<0.001; χ2=4.2, p<0.05; χ2=4.8, p<0.05; 
χ2=6.34, p<0.01; χ2=7.72, p<0.005, respective-

ly). Investigation of MVD CD31 showed that 
BEN tumors with papillary growth had a higher 
value than control tumors with the same growth 
(p<0.05). The other angiogenesis related mark-
ers- VEGF, VEGFR2, HIF 1α, and MVD CD34, 
were not significantly associated with the phe-
notypic characteristics of BEN and control 
associated UTUC.

Comparison of angiogenesis-related biomark-
ers in BEN and control UTUC

Comparing angiogenesis-related biomarkers 
and group, the significant difference in VEGFR1 
expression was detected (Table 3). BEN tumors 
had less frequent alteration of VEGFR1 than 
control tumors [25/25 (50%) vs. 47/13 (78.3%), 
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χ2=9.68, p<0.005]. In contrast to this marker, 
the expression of VEGF, VEGFR2, HIF 1α, MVD 
CD31, and MVD CD34 was not significantly 
associated with the groups (Table 3). 

Discriminant analysis of the following angiogen-
ic markers – VEGF, VEGFR1, VEGFR2, MVD 
CD31, MVD CD34, HIF 1α between BEN and 
control tumors, did not indicate statistically sig-
nificant difference (Wilks’ Lambda=0.892, χ2 = 
12.024, p= 0.061). Covariance matrices were 
not significantly different between them (Box›s 
M=20.446, F=0.915, p= 0.571) and coefficient 
of canonic correlation was low (0.329), indicat-
ing that those groups had similarity. The most 
important discriminant variable is the expres-
sion of VEGFR1, Wilks› Lambda=0.912, F= 
10.424, p=0.002 (Table 4). Standardized 
canonical discriminant function coefficients 
showed that VEGFR1 (0.935) was characteris-
tic that differ between groups (Table 4). 
Examined angiogenesis related variables bet-
ter defined control tumors than BEN tumors 
which indicated group centroids (0.315 versus 
–0.378). Classification results showed that 
UTUC in 63.6%, correctly classified (Table 5).

Correlation of HIF 1α and angiogenesis and 
apoptosis related markers in UTUC

Association of HIF 1α with expression of apop-
tosis (Survivin, Bcl-2, Bax, Fas and Caspase 3), 

and angiogenesis related markers showed that 
this marker is significantly connected with the 
expression of Bcl-2, Caspase-3 index, and MVD 
CD34 (χ2=7.19, p<0.01; Z= -2.89, p<0.005;  
Z= -2.61, p<0.01, respectively) (Table 6). 
Significant association of HIF 1α with other 
investigated markers - Survivin, Bax, Fas, VEGF, 
VEGFR1, VEGFR2 and CD31 were not found. 

Discussion

BEN is associated with dramatic kidney fibrosis 
and severe hypoxia [4,22]. It is well known that 
hypoxia promotes formation of new blood ves-
sels, especially in cancer [23]. According to the 
morphological characteristics of BEN, it is to be 
expected that tumor cells in UTUC arising in 
BEN starve for oxygen thus producing large 
amounts of VEGF. In fact, this assumption is 
strongly confirmed by significantly higher 
expression of VEGF in UTUC with prominent 
necrosis, however, statistically significant dif-
ference in the expression of the VEGF between 
BEN and control tumors was not detected in 
this study.

It has been reported that VEGF is produced by 
malignant cells that have undergone genetic 
changes, irrespective of hypoxia status [24,25]. 
Tumors that undergo neovascularization can 
enter a phase of rapid cell growth and may 
have increased metastatic potential. In the 

Table 3. Expression of angiogenesis-related biomarkers in UTUC associated with BEN and in control 
UTUC
Molecular marker BEN (N = 50) Control (N = 60)

p <
N 110 Expression N (%)

VEGF N.S.
Not altered 32 (29.1) 16 (32.0) 16 (26.7)

Altered 78 (70.9) 34 (68.0) 44 (73.3)
VEGFR1 0.005

Not altered 38 (34.5) 25 (50.0) 13 (21.7)
Altered 72 (65.5) 25  (50.0) 47 (78.3)

VEGFR2 NS
Not altered 81 (73.6) 35 (70.0) 46 (76.7)

Altered 29 (26.4) 15 (30.0) 14 (23.3)
MVD CD31* N.S.

  X± SD 5.02±9.06 5.46±8.85 4.66±9.3
MVD CD34* N.S.

  X± SD 22.46±10.68 22.23±9.30 22.65±11.79
HIF 1 α N.S.

Not altered 60 (54.5) 25 (50.0) 35 (58.3)
Altered 50 (45.5) 25 (50.0) 25 (41.7)

χ2 test was performed. *Mann Whitney U test was performed. N.S. - no significance
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Table 4. Discriminant analysis of UTUC

Parameters
Tests of Equality of Group Means Standardized Canonical Dis-

criminant Function CoefficientsWilks’ Lambda F Sig.
VEGF 0.997 0.370 0.544 0.133
VEGFR1 0.912 10.424 0.002 0.935
VEGFR2 0.994 0.617 0.434 -0.415
CD31 0.998 0.210 0.648 -0.175
CD34 1.000 0.043 0.836 0.004
HIF 1α 0.993 0.755 0.387 -0.130

absence of neovascularization, tumors become 
necrotic and/or apoptotic. Recently, Shariat 
with colleagues showed a strong association of 
VEGF expression and established clinicopatho-
logical features of aggressiveness in urothelial 
carcinoma of the bladder [26]. High VEGF 
expression in superficial bladder cancers is 
associated with early recurrence and progres-
sion to a more invasive phenotype and thereby 
can predict progression in Ta bladder tumors at 
first presentation [27]. Over expression of VEGF 
in high grade tumors may be an indicator of 
genetic instability and prone to early metasta-
sis [28]. 

Present investigation has revealed that VEGF- 
R1 expression was more frequently altered in 
control tumors than in BEN tumors, and it was 
associated with grade, stage, growth pattern 
and concomitant metaplastic changes in UTUC. 
Discriminant analysis of groups and angiogenic 
markers indicate that BEN and control tumors 
share similarity. The most important investigat-
ed discriminant variable was VEGFR1. In the 
current study, expression of VEGFR1 in malig-

nant cells defined control tumors better than 
BEN tumors.

Higher expression of VEGFR1 in control tumors 
was demonstrated in the present study, and 
BEN UTUC with papillary growth had significant-
ly higher MVD CD31 than control tumors. 
Therefore, during angiogenesis, high levels of 
pro-angiogenic factors, such as VEGFA and 
VEGFC, stimulate VEGFR2, principal receptor 
for VEGF signaling. These signals are essential 
to select ‘tip cells’ for sprouting [29]. Hence, 
VEGFA signaling induces the motility and inva-
siveness of the ‘tip cells’ and activates the 
angiogenic switch [30]. Expression of VEGFR1 
and activation of Notch pathway repress ‘tip 
cells’ behavior to maintain the hierarchical 
organization of sprouting endothelial cells [31]. 
By binding VEGF, soluble VEGFR1 reduce the 
angiogenic activity of VEGF, acting like indis-
pensable decoy receptor for VEGFA that limits 
its availability to activate VEGFR2. Finally, mol-
ecules, that initially induce angiogenesis, 
become angiogenic inhibitors, thereby provid-
ing a negative feedback [32]. In tumor tissue, 

Table 5. Classification results of discriminant analysis in UTUC 
   Predicted Group Membership Total
  GROUP 1 2  

Original Count 1 44 16 60
  2 24 26 50
 % 1 73.3 26.7 100,0
  2 48.0 52.0 100.0

Cross-validated Count 1 38 22 60
  2 24 26 50
 % 1 63.3 36.7 100.0
  2 48.0 52.0 100.0

a. Cross validation is done only for those cases in the analysis. In cross validation, each case is classified by the functions 
derived from all cases other than that case. b. 63.6% of original grouped cases correctly classified. c. 58.2% of cross-validated 
grouped cases correctly classified. Group 1 - Control tumor. Group 2 - BEN tumor
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failure of potential inhibitors to block angiogen-
esis allows transformed cells further nourish-
ment and spreading.

Birkhahn et al [33], demonstrated that over 
expression of VEGFR2, mediator for most of 
VEGF responses, was a determinant of nodal 
metastasis in bladder cancer, and predictor of 
progression in Ta tumors. In accordance with 
previous studies, in the present study UTUC 
with the high stage showed significantly higher 
immunoreactivity for VEGFR2, however, without 
significant difference between BEN and control 
tumors.

Hypoxia has a decisive impact in different 
molecular pathways, modulating several cellu-
lar functions, like proliferation, apoptosis, 
angiogenesis, pH balance and anaerobic gly-
colysis. The HIF-1 pathway, with its numerous 
downstream targets, is the key controller in this 
reaction [25, 34, 35]. Our study of HIF 1α in 
UTUC showed significant association with the 
low stage and papillary growth, but without dif-
ference between BEN and control tumors. In 
superficial bladder cancer overexpression of 
HIF 1α significantly correlated with recurrence, 
survival, and poor prognosis especially when 
combined with altered p53 expression [36]. 

The present research explored potential corre-
lation between nuclear accumulation of HIF 1α 
and apoptosis and angiogenesis in UTUC. 
Apoptotic markers were explored in our previ-
ous study [12], and in this research we found 
that cleaved caspase 3 index was higher in 
UTUC with altered expression of HIF 1α. In addi-
tion, HIF 1α expression inversely correlated 
with Bcl-2, main antiapoptotic protein, that con-

trols mitochondrial membrane permeability 
and inhibits caspase activation [37,38]. 
Moreover, altered expression of HIF 1α strongly 
correlated with higher MVD CD34 in investigat-
ed UTUC. These indicators closely relate to 
prognostic parameters in bladder urothelial 
carcinoma and may be helpful tool for providing 
reliable prognosis and the appropriate treat-
ment planning [39].

In conclusion, present study demonstrates 
resemblance in expression of angiogenic mark-
ers among BEN and control groups, highlighting 
the VEGFR1 as the best discriminant character-
istic of control UTUC. Accumulation of HIF-1α, 
together with apoptotic markers and MVD, 
could be used in the evaluation of UTUC, espe-
cially in the low stage, selecting the tumors that 
could require an intensive follow-up, or more 
aggressive therapy.
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