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Abstract Non muscle invasive bladder cancers recur fre-
quently and identification of biomarkers for predicting recur-
rence are necessary. The present study evaluated the individual
and synergistic effects of tumor suppressor (p53/p21wafl) and
angiogenesis [vascular endothelial growth factor (VEGF)/
endoglin (CD105)] markers. The study included 90 cases of
non muscle invasive bladder cancer. Cell spots were stained
with primary antibodies and Flourescein isothiocyanate
(FITC). Slides were observed under confocal laser scanning
microscope for protein expression. The association between
the markers individually and synergistically with recurrence
were assessed by a x2 and Fisher’s Exact test. Survival analysis
was performed to predict recurrence and test for significant
difference in recurrence free survival probability. Recurrence
[overall:39(43.3%) and low grade(L.G):26(54.2%)] was signif-
icant with p53 and VEGF expression and the profiles p53/
VEGEF, p53/CD105, VEGF/CD105, p53/p21/CD105, p53/
VEGF/CD105 and all four were significantly associated with
recurrence in both groups. In the multivariable model the [HR
(95%CI),p: overall and LG] profiles p21/VEGF [2.195(1.052-
4.582),0.036; 3.425(1.332-8.811),0.011], VEGF/CD105
[2.624(1.274-5.403),0.009 and 3.380(1.348-8.472),0.009],
p53/p21/CD105 [2.000(0.993-4.027),0.052 and 2.539(1.047-
6.157),0.039], p53/VEGF/CD105 [2.360(1.148-4.849),0.020
and 2.738(1.104-6.788),0.030], p21/VEGF/CD105 [2.611
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(1.189-5.731),0.017 and 3.946(1.530-10.182),0.005] and all
four [2.382(1.021-5.556),0.045 and 3.572(1.287-9.911),0.014]
significantly predicted the recurrence along with significant log
rank. In the pTa subset (n=33) the profiles p53/p21, p53/
CD105, p21/VEGF, VEGF/CD105, p53/VEGF/CD105, p53/
p21/CD105 and p21/VEGF/CDI105, significantly predicted
hazard for recurrence. The present study emphasizes an
underlying association between tumor suppressor (p21wafl)
and angiogenesis (VEGF/CD105) biomarkers. In addition
combination profiles appeared to indicate an aggressive nature
with high propensity for recurrence in LG and pTa tumours.

Keywords Non muscle invasive bladder cancer -
Biomarkers - Predictive role - Survival analysis -
Hazard ratio

Introduction

The incidence of non muscle invasive bladder cancers in
India ranges from 0.38% to 1.02% in females and 1.89%
to 5.8% in males as per the National Cancer Registry
programme (NCRP) report, 2006 [1]. These cancers
constitute more than 80% of bladder cancer and of these
more than 70% patients recur within the first 2 years of
diagnosis [2]. Hence it is imperative to treat these tumours
with Transurethral resection of bladder tumour (TURBT)
followed by adjuvant intravesical BCG in the intermediate
and high risk groups [3, 4]. Tumour suppressor genes
(p53) have been identified as potential predictors for
recurrence, but the estimated hazard rate seems variable
[5, 6]. Significant correlation between p53 mutations and/
or p53 expression with poor survival has been reported [7,
8]. The tumor suppressor gene, p21wafl, is regulated by
p53 to mediate cell-cycle control and is also induced by a
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p53 independent pathway [9]. p53 gene mutation results
in the loss of p21wafl expression leading to unregulated
cell growth [10]. Vascular Endothelial Growth Factor
(VEGF) is a family of polypeptides having a central role
in angiogenesis and enhanced expression is associated
with recurrence and progression [11]. Another angiogen-
esis marker CD105 (endoglin), independently influences
cell morphology, adhesion and angiogenesis [12]. The
present study was undertaken to evaluate the individual
and synergistic effects of markers in the p53 pathway
(p53, p2lwafl) and angiogenesis markers (VEGF and
CD105).

Materials and Methods

The study included 90 cases (77 males and 13 females) of non
muscle invasive transitional cell cancer of bladder followed up
for 2-55 months (median 23.5), aged 17-78 years (mean+SD,;
54.6+13.85). Informed consent from patients and Institutional
ethics committee was obtained. All patients had intermediate
and high risk and were treated with TURBT followed by BCG
[4]. Resected tumour tissue was divided into two parts, one
part for formalin fixed, paraffin embedded tissue and the
other part was minced and a cell spot was prepared for
immunoflourescent (IF) staining. The slide was air dried,

Fig. 1 The expression of the
three tumor markers is seen by
Immunoflourescence staining. a
p53 nuclear expression in cell
spots of bladder cancer b
p2lwafl nuclear expression ¢
cytoplasmic expression of
VEGF with propidium iodide
nuclear counterstain, d CD105
expression in cytoplasm of
bladder cancer cells
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Fig. 2 Immunohistochemical expression of CD105 in tumour cell
cytoplasm in a case of papillary transitional cell carcinoma of bladder

fixed in cold acetone for 10 min and incubated at room
temperature for 1 h after adding primary antibody. The
antibodies used were p53 & p21Wafl (DAKO), VEGF &
CD105 (Neomarkers) in a dilution of 1:50. Slides were
washed well and incubated with FITC (flourescein iso-
thiocyanate) conjugated secondary antibody in the dark for
30 min. Freshly prepared Propidium Iodide (1:10 dilution in
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PBS) was used as counterstain for cytoplasmic markers
(VEGF, CD105) and incubated in the dark for 15-30 min.
Slides were mounted in 50% glycerol and observed under
Confocal Laser Scanning Microscope. The cut off scores for
the expression of markers was obtained through ROC
analysis (>20% for p53, p21 and VEGF and >15% for
CD105). CD105 was also evaluated on paraffin section by
immunohistochemistry to confirm its expression in tumor
cells. The association of the IF markers, individually and in
combination, with recurrence was assessed by the x> and
Fishers’ Exact Test. Survival analysis (Cox Regression,
Kaplan Meier and Log Rank Test), involved recurrence of

non muscle invasive bladder cancer and time to first
recurrence as the dependent and time variable. The data was
analyzed overall, low grade and tumor stages (pTa and pT1).
The data analysis was performed using SPSS 17.0.

Results

Out of 90 patients [low grade: 66 (73.3%), high grade: 24
(26.7%), pTa: 33 (36.7%) and pT1: 57 (63.3%)], 39 (43.3%)
patients had recurrence [low grade: 26 (39.4%), high grade: 13
(54.2%), pTa: 13 (39.3%) and pT1: 26 (45.6%)]. Of the 33 pTa

Table 1 Clinicopathological characteristics of the study population and their association with recurrence

Characteristics Label Overall Low grade
n Rec (%)* X x*(Trend) n Rec (%)* X2 x*(Trend)

Age <40 12 4(33.3) 10 3(30.0)
41-60 40 17 (42.5) 0.687 0.400 29 11(37.9) 0.71 0.413
>61 38 18 (47.4) 27 12(44.4)

Gender Female 13 4 (30.8) 0.379 0.326 10 2(20.0) 0.293 0.176
Male 77 35 (45.5) 56 24(42.8)

p53 - 36 8(22.2) 0.001* 0.001* 34 8(23.5) 0.007* 0.007*
+ 54 31 (57.4) 32 18(56.3)

p21Wafl - 35 15 (42.9) 0.942 0.942 25 10(40.0) 0.937 0.938
+ 55 24 (43.6) 41 16(39.0)

VEGF - 58 19 (32.8) 0.006* 0.007* 46 13(28.3) 0.005* 0.005*
+ 32 20 (62.5) 20 13(65.0)

CD105 - 17 8 (47.1) 0.731 0.790 8 2(25.0) 0.464 0.378
+ 73 31 (42.5) 58 24(41.4)

p53p21 Others 30 22 (36.7) 0.070 0.070 49 17 (34.7) 0.185 0.188
(++) 60 17 (56.7) 17 9 (52.9)

p53vegf Others 64 21 (32.8) 0.002* 0.002* 53 15 (28.8) 0.001* 0.001%*
(++) 26 18 (69.2) 14 11 (78.6)

p53cd105 Others 53 16 (30.2) 0.003* 0.005* 42 10 (23.8) 0.001* 0.001*
(++) 37 23 (62.2) 24 16 (66.7)

p2lvegf Others 72 28 (38.9) 0.089 0.019* 55 19 (34.5) 0.071 0.095
(++) 18 11 (61.1) 11 7 (63.6)

p2lcd105 Others 46 20 (43.5) 0.977 0.977 30 11 (36.7) 0.679 0.681
(++) 44 19 (43.2) 36 15 (41.7)

vegfcd105 Others 67 23 (34.3) 0.003* 0.003* 49 14 (28.6) 0.004* 0.002*
(++) 23 16 (39.6) 17 12 (70.6)

p53p21vegf Others 76 30 (39.5) 0.085 0.140 59 21 (35.6) 0.067 0.069
(+++) 14 9 (64.3) 7 5(71.4)

p53p21cd105 Others 71 27 (38.0) 0.050* 0.051 54 18 (33.3) 0.050 0.034
++) 19 12 (63.2) 12 8 (66.7)

p53vegfed105 Others 73 25 (34.2) <0.001* <0.001* 55 16 (29.1) <0.001* <0.001*
(+++) 17 14 (82.4) 11 10 (90.9)

p2lvegfcd105 Others 77 30 (39.0) 0.067 0.043* 56 19 (33.3) 0.041 0.033
++) 13 9 (69.2) 10 7 (70.0)

p53p21vegfcd105 Others 81 32 (39.5) 0.037* 0.029* 60 21 (35.0) 0.031 0.022
(++++) 9 7 (77.8) 6 5(83.3)

# Recurrence

*p significant at <0.05
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tumours, 30(90.9%) were of low grade. The association of
grade with recurrence (p=0.211) and the distribution of tumor
stage with recurrence, both overall (»p=0.566) as well as in
low grade (p=0.679) were not found statistically significant.

The markers p53, p2lwafl, VEGF and CDI105 were
expressed in 60%, 61.1%, 35.5% and 81.1% respectively
(Fig. 1). Localization of CD105 was observed in the tumour
cells by immunohistochemistry on paraffin sections (Fig. 2).
Individually the association of p53 and VEGF with
recurrence was statistically significant (p=0.001, p=0.006).
Analysis of combination profiles was positive for expression

of markers compared to all other possible forms. Profiles
with simultaneous expression of two markers viz. pS3/VEGF
(0.002), p53/CD105 (0.003), VEGF/CD105 (0.003); three
markers p53/p21/CD105 (0.050), p53/VEGF/CD105
(<0.001); and all four markers p53/p21/VEGF/CD105 (p=
0.037) were significantly associated with recurrence. In low
grade (LG) cases the same two marker profiles and in
addition the three marker profile p21/VEGF/CD105 revealed
statistically significant (»=0.041) association (Table 1).

The evaluation of markers on tumor stages revealed that
the profiles p21; p53/CD105 and p53/VEGF/CD105 were

Table 2 Clinicopathological characteristics of the study population and the association with recurrence in various subgroups

Characteristics Category Overall (90) Low grade (66)
pTa (33) pTi (57) pTa (30) pT; (36)
n  Recurrence (%) x> n  Recurrence (%) x> n  Recurrence (%) x> n  Recurrence (%) x>
x? (trend) %2 (trend) %2 (trend) x* (trend)
Age <40 4 1(25.0) 0.772 8 3(37.5 0.568 3 0(0.0) 0.349 7 3429 0.530
41-60 11 5 (45.5) 0.807 29 12 (41.4) 0.319 11 5 (45.5) 0.491 18 6(33.3) 0.524
>61 18 7(38.9) 20 11(55.0) 16 6 (37.5) 11 6 (54.5)
Gender Female 6 1(16.7) 0.208 7 3(429) 0.876 6 1(16.7) 0.372 4 1(25.0) 0.626
Male 27 12 (44.4) 0.215 50 23 (46.0) 0.877 24 10 (41.7) 0.264 32 14 (43.8) 0.480
p53 - 19 5(26.3) 0.073 17 3 (17.6) 0.006* 19 5 (26.3) 0.238 15 3 (20.0) 0.041*
+ 14 8 (57.1) 0.078 40 23 (57.5) 0.006* 11 6 (54.5) 0.128 21 12 (57.1) 0.028*
p21Wafl - 13 1(7.7) 0.003* 22 14 (63.6) 0.030* 12 1(8.3) 0.018* 13 9 (69.2) 0.017*
+ 20 12 (60.0) 0.003* 35 12 (34.3) 0.032* 18 10 (55.6) 0.010%* 23 6 (26.1) 0.013*
VEGF - 26 9 (34.6) 0.279 32 10 (31.3) 0.014* 24 7(29.2) 0.094 22 6 (27.3) 0.028*
+ 7 4(57.1) 0.286 25 16 (64.0) 0.015% 4 (66.7) 0.156 14 9 (64.3) 0.030*
CD105 - 4 1(25.0) 0.530 13 7 (53.8) 0.498 2 0(0.0) 0.520 6 2(333) 0.650
+ 29 12 (41.4) 0.536 44 19 (43.2) 0.501 28 11 (39.3) 0.273 30 13 (43.3) 0.655
p53p21 Others 25 6 (24.0) 0.001* 35 16 (45.7) 0.985 24 6 (25.0) 0.008* 25 11 (44.0) 0.669
(++) 8 7(87.5) 0.002* 22 10 (45.5) 0.985 6 5(833) 0.016* 11 4 (36.4) 0.673
p53vegf Others 29 10 (34.5) 0.120 35 11 (31.4) 0.007* 27 8 (29.6) 0.041* 25 7 (28.0) 0.025*
(++) 4 3(75.0) 0.126 22 15 (68.2) 0.007* 3 3(100.0) 0.041* 11 8(72.7) 0.013*
p53cd105 Others 23 6 (26.1) 0.026* 30 10 (33.3) 0.050 21 5(23.8) 0.042* 21 5(23.8) 0.017*
(++) 10 7 (70.0) 0.011* 27 16 (59.3) 0.052 9 6(66.7) 0.028* 15 10 (66.7) 0.011*
p2lvegf Others 30 10 (33.3) 0.052* 42 18 (42.9) 0.484 27 8(29.6) 0.041* 28 11 (39.3) 0.694
(++) 3 3(100.0) 0.027* 15 8(53.3) 0.488 3 3(100.0) 0.018* 8 4(50.0) 0.593
p2lcdl05 Others 15 2(13.3) 0.011* 31 18 (58.1) 0.039* 13 1(7.7) 0.007* 17 10 (58.8) 0.090
+H 18 11 (61.1) 0.006* 26 8 (30.8) 0.041* 17 10 (58.8) 0.005%* 19 5(26.3) 0.051%*
vegfcd105 Others 27 9(33.3) 0.182 40 14 (35.0) 0.020 24 7(29.2) 0.156 25 7 (28.0) 0.025%*
(++) 6 4(66.7) 0.137 17 12 (70.6) 0.014 6 4 (66.7) 0.094 11 8 (72.7) 0.013*
p53p2lvegf Others 31 11 (35.5) 0.148 45 19 (45.2) 0.349 28 9 (32.1) 0.126 31 12 (38.7) 0.630
(+++) 2 2(100.0) 0.075 12 7(58.2) 0.324 2 2(100.0) 0.059 5 3(60.0) 0.377
p53p21cd105 Others 27 7(25.9) 0.002* 44 20 (45.5) 0.965 25 6 (24.0) 0.003* 29 12 (41.4) 0.942
(+++) 6 6 (100.0) 0.001* 13 6 (46.2) 0..965 5 5(100.0) 0.002* 7 3(429) 0.944
p53vegfcd105 Others 30 10 (33.3) 0.052* 43 15 (34.9) 0.006* 27 8(29.6) 0.041* 28 8 (28.6) 0.005*
(+++) 3 3(100.0) 0.027* 14 11 (78.6) 0.005* 3 3(100.0) 0.018* 8 7(87.5) 0.003*
p2lvegfed105 Others 30 10 (33.3) 0.052%* 47 20 (42.6) 0.486 27 8 (29.6) 0.041* 29 11 (37.9) 0.418
(+++) 3 3(100.0) 0.027* 10 6 (60.0) 0.319 3 3(100.0) 0.018* 7 4(57.1) 0.362
p53p2lvegfcd105 Others 31 11 (35.5) 0.148 50 21 (42.0) 0.228 28 9 (32.1) 0.126 32 12 (47.5) 0.287
(++++) 2 2(100.0) 0.075 7 5(71.4) 0.147 2 2(100.0) 0.059 4 3(75.7) 0.157

*p significant at <0.05
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statistically significantly associated with recurrence in all
the four subsets [p: overall/pTa, overall/pT1, LG/pTa, LG/
pT.], [p21(0.003, 0.030, 0.018, 0.017)]; [pS53/CD105
(0.026,0.050, 0.042,0.017)] and [pS3/VEGF/CDI105
(0.052,0.006,0.041,0.005)]. Among the pTa tumours a
statistically significant (p:overall,low grade) association was
found with p21(0.003,0.018) ; p53/p21(0.001,0.008), p53/
CD105(0.026,0.042), p21/VEGF(0.052,0.041), p21/CD105
(0.011,0.007), p53/p21/CD105(0.002,0.003), pS3/VEGF/
CD105(0.052,0.041), p21/VEGF/CD105(0.052,0.041) and in
addition, the profile pS3/VEGF (0.041) in LG/pTa only. As
pTa/high grade constitute only 3 cases no conclusion can be
drawn. The profiles p53(0.006,0.041), p21(0.030,0.017),
VEGF(0.014,0.028), p53/VEGF(0.007,0.025), p53/CD105
(0.050,0.017), VEGF/CD105(0.020,0.025), p53/VEGF/
CD105(0.006,0.005) in pT1 (p:overall, low grade) and in
addition the profile p21/CD105(0.039) in overall/pTI
were significant (Table 2). The association of concomitant
expression of all four markers with recurrence was
significant overall (p=0.037) and in low grade cases (p=
0.031) (Table 1) but not in pTa (p=0.148) cases (Table 2).
The proportion of recurrent cases increased with increase
in number of altered biomarkers in both overall [p
(trend):0.001) and pTa [p(trend):<0.001)] subset (Fig. 3).

The results of univariate and multivariate Cox regression
analysis are shown in Table 3. The multivariable analysis
(adjusted for age and gender) revealed marginally significant
hazard [HR (95% C.1.), p] for recurrence in VEGF positive
cases both overall [1.807 (0.909, 3.593), 0.092] and in low
grade [2.420 (0.977, 5.990), 0.056] cases in comparison to
VEGF negative cases. Tumors expressing the profiles p21/
VEGF, VEGF/CD105, p53/p21/CD105, p53/VEGF/CD105,
p21/VEGF/CD105 and p53/p21/VEGF/CD105 had signifi-
cantly greater hazard for recurrence in the entire study group
and low grade subset. Additionally, the profile p53/p21/
VEGF was also found predictive of significant hazard in the
low-grade cases. The associated Kaplan Meier plot for these

*

100

90
*
80
70
0 None
e oTwo
50 i
ree
40 X
30 | m Four
20
10
0

Overall LG Pta PT1 LGPta LGPTH

Fig. 3 Bar diagram representing increasing trend of recurrent
proportion with increasing number of altered biomarkers in overall
and pTa tumours

profiles exhibited significantly (Log Rank: p<0.05) de-
creased recurrence free survival probability (Figures not
shown) and the median time for first recurrence was lower
when these markers were expressed (Table 3).

The profiles that were found to predict significant hazard
in pTa overall and in low grade were viz., p53/p21, p53/
CD105, p21/VEGF, VEGF/CD105, p53/p21/CD105, p53/
VEGF/CD105 and p21/VEGF/CD105. In addition, VEGF
and p53/VEGF in the pTa low grade group predicted
statistically significant hazard for recurrence along with
significantly decreased recurrence free probability (Table 4).
The results were statistically not significant in the tumor
stage pT1 (Table 4).

Discussion

Tumor grade and stage are well established independent
risk factors for recurrence of non-muscle invasive bladder
tumors. Even then, 50% to 70% cases of low grade/low
stage tumors recur [13]. The stages of non muscle invasive
bladder tumors are: carcinoma in situ (TiS), papillary tumor
confined to epithelium (pTa) and invading lamina propria
(pT1). Ta, low grade papillary tumors progress in grade or
become invasive less than 5% of the time, and are high in
grade in only 1% to 3% of cases. In contrast, stage T1
tumors may be high grade in 30% to 50% of cases and are
rarely low grade [14]. Studies have shown that the
prognosis for recurrence, progression and survival is
considerably worse for patients with pT1 than for patients
with pTa tumours and our study also showed similar results
with higher recurrence in pT; (45.6%) tumors as compared
to pTa (39.3%). The cystoscopic follow-up of superficial
bladder cancer, while increasing the workload of the
urologist is also an invasive procedure with high costs. In
such a scenario the identification of additional parameters
as marker/s of aggressive behavior in lower tumor grades
and stages is of importance for instituting early therapy.
The analysis in our study revealed that the combined
expression of angiogenesis markers VEGF and CDI105
showed significant association with recurrence, increased
hazard for recurrence and decreased recurrence free survival
both in overall and low grade patients. Addition of pS3 or p21
to this profile showed significant association with recurrence,
predicted significant hazard for recurrence and decreased
recurrence free survival probability in LG and pTa groups.
The profile p53/CD105 showed significant association with
recurrence, increased hazard and shorter recurrence free
survival in overall, LG, and pTa tumors (Table 5). These
results suggest that angiogenesis markers VEGF and CD105
have significant potential for prediction of hazard for
recurrence, and hence can serve as targets for therapy. In this
study, p53, p21 and VEGF are observed to be individually
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Low grade

Overall

Low grade

Overall

Exp

Table 4 (continued)

Biomarkers
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PT,

PT,

PT,

PT,

PT,

PT,

PT,

PT,

Md

Md

Unadjusted(95%CTI),p
Adjusted(95%CI),p

Unadjusted(95%CI),p
Adjusted(95%CI),p

Unadjusted(95%CI),p
Adjusted(95%Cl),p

Unadjusted(95%CI),p
Adjusted(95%CI),p

3.621(0.928, 14.120), 0.064

1.000

1.863(0.668,5.198),0.234  5.134 (1.192, 22.107), 0.028*

1.000

4.740(1.146, 19.606),0.032*

1.000

0.048* 22 0330 * 0.030* 44 0.151

30

1.000

P53/P21wafl/VEGF/CD105  Others

12

18

2.503 (0.671, 9.327), 0.172 3
3.423 (0.816, 14.364),0.095

1.624(0.600,4.394),0.340  4.629 (0.957, 22.383), 0.057

3.916 (0.844, 18.175), 0.081

o

1.777(0.602,5.244),0.298  3.999 (0.731, 21.885), 0.110

3.722 (0.701, 19.766), 0.123

Md: Median Time (recurrence free survival), p: Log rank, *not estimated

*p significant at <0.05

associated significantly with recurrence in pT1 tumors but the
marker/s did not predict significant hazard for recurrence
implying that in an already invasive tumor the biomarkers
studied did not have a role to play in predicting recurrence.
Contrarily in pTa tumors many profiles predicted significant
hazard for recurrence (Table 4). The profile p53/p21/CD105
predicted maximum hazard for recurrence in pTa tumors and
may serve as a valuable biological variable to identify a
subgroup of Ta bladder cancer patients at high risk for the
development of recurrent disease.

P53, a tumour suppressor gene, is mutated in various
malignancies and is reported to be associated with high
tumour grade and stage, and thus phenotypically considered
aggressive [5, 7]. Numerous studies have confirmed the
role of p53 mutation and overexpression in aggressive
behavior of non muscle invasive bladder cancer [7, 15].
P53 also acts as a downstream regulator of another tumor
suppressor marker p21wafl. Mutation of p53 gene results
in the loss of p21wafl expression and function leading to
unregulated cell growth [9]. Furthermore, it has also been
observed that a p53 independent pathway can induce
p21lwafl and one of the factors implicated is TGF-3 [16].
The role of p2lwafl both in the p53 dependent and
independent pathways has been documented to be positive-
ly associated with recurrence, increased grade and stage
[17, 18]. Our study shows significant association of
recurrence with p53, but not with p2Ilwafl (+/-) individ-
ually or in combination with p53 [p53(+)/p21(-) & p53(+)/
p21(+)]. The available literature reports the positive as well
as negative association of p2lwafl (+/—) with regard to
grade, stage and recurrence in superficial TCC [17-20].
Owing to these divergent views the exact cause and effect
relationship of p21wafl with recurrence obviously needs to
be further investigated. These results may indicate the dual
pathway of p21wafl induction and also imply the role of
other factors, suggesting that study of these two markers
alone is insufficient for predicting hazard for recurrence.

Angiogenesis markers mainly VEGF and CD105 con-
stitute the propelling forces behind tumour growth and
metastasis, showing enhanced expression in malignancies
[11, 12]. VEGF is modulated by p53, which positively
regulates thrombospondin-1, an inhibitor of angiogenesis.
P53 mutations resulting in loss of its function lead to
overexpression of VEGF with enhanced angiogenesis and
tumor progression [21]. As p53 and VEGF were signifi-
cantly associated with recurrence individually, their com-
bined expression was expected to predict the significant
hazard for recurrence but the results were not supportive of
an independent role of VEGF.

CD105 (endoglin) is a hypoxia-inducible protein acting
as a receptor for the TGF3 family of growth factors and
also associated with angiogenesis and proliferation. Only a
small percentage of CD105 expressed on the cell surface is
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associated with TGFf receptors and the remaining acts
independently and its function is not well understood [12].
CDI105 has been found to be associated more with
proliferating vessels in neoplastic tissue and not in non-
neoplastic tissue [22], but in the present study the
association with recurrence was not significant. Though
neither angiogenesis marker was able to predict significant
hazard independently, their combined expression showed
significant association with recurrence, prediction of hazard
and shorter recurrence free survival. Furthermore, the
median time for recurrence was also significantly lower
among patients showing positive expression of these tumor
markers simultaneously. Similar results have been reported
in lung cancer by Mineo et al. [23], in prostatic cancer by
El-Gohary et al. [24] and in colorectal cancer by Saad et al
[22], breast by Kumar et al. [25]. In addition, as the
increased vascular supply may carry the tumor cells to
adjacent areas resulting in recurrence post-TURBT, future
strategic therapeutic approach could include targeting
CD105 [26] and VEGF [27].

The alteration of p53 and CD105 was observed to be
significantly associated with recurrence. As p53 is associated
with an aggressive phenotype [8] the clinical relevance of this
association in low grade/stage patients demands further
investigation on a larger group of non muscle invasive
bladder cancer. While the coexpression of p53 with VEGF/
CD105 predicted statistical significance hazard for recurrence
overall [2.360(1.148, 4.89), 0.020] and LG [2.738(1.104,
6.788), 0.030], this estimated hazard rate was lower in
comparison with the profile VEGF/CDI105 overall [2.624
(1.274, 5.403), 0.009] and LG [3.380(1.348, 8.472), 0.009].
Similarly the combination of p2lwafl/VEGF/CDI105 pre-
dicted statistically significant hazard, decreased recurrence
free survival probability, both overall [2.611(1.189, 5.731),
0.017] and in LG cases [3.946(1.530, 10.182), 0.005]. The
phenotype p21/VEGF/CD105 (all three positive) is found to
be the most significant profile for prediction of hazard rate
(HR) for recurrence in low grade and pTa subset. In the
tumor stage pTa the addition of either of tumor suppressor
markers (p53, p21) to the angiogenesis profile (VEGF/
CD105) increased the hazard for recurrence significantly.
The p53/p21/CD105 predicted the maximum hazard in pTa
subset (overall:6.745, low grade:9.171).

An improved predictive accuracy of tumor recurrence
and cancer specific mortality has been reported with
increase in number of altered biomarkers [28]. The
coexpression of all the four markers was associated with
recurrence both in overall and LG group and also predicted
significant hazard. The Log Rank Test with this profile was
found significant in low grade and pTa groups only.
Although, the proportion of recurrent cases increased with
the number of altered biomarkers (Fig. 3), the estimated
hazard was less than those observed by considering the

@ Springer

addition of either of the tumour markers to the angiogenesis
markers. This leads us to believe that complex cross-talks
are occurring between the markers in which the effects of
one are being modified by another. Studies conducted on a
larger cohort can help in exploring all possible combina-
tions of expression of the markers and their associated HR
for recurrence. In this context, identification of biomarker
profiles which can reliably predict tumor recurrence are of
critical importance for the efficacious management of non-
muscle invasive bladder cancer.

Conclusion

The study emphasizes mutually modulating effect of tumor
suppressor and angiogenesis markers, especially in low
grade pTa non muscle invasive bladder carcinoma, with
implication on change in therapeutic strategies. Hence it is
important to study the interactions between the biomarkers
along with the number of altered biomarkers. In addition it
is equally important to evaluate the markers in various
tumor grades and stages. Concomitant expression of
various markers in low grade pTa tumors could possibly
indicate the need for stringent follow-up and efficient
therapeutic management, in this subset of tumors which
are clinically accepted to be less aggressive. Focus on the
multiple pathways and their interactions may help in
identification of a combined profile and contribute signif-
icantly in enriching our knowledge regarding the biological
behavior of non muscle invasive bladder cancer in general
and low grade/pTa cases in particular.
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