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ABSTRACT

Background Urothelial bladder carcinoma (UBC) is a chemo-sensitive tumour, but the
response to treatment is heterogeneous. CD147 has been associated with
chemotherapy resistance. We aimed to define tumours with an aggressive phenotype

by the combined analysis of clinicopathological and biological parameters.

Methods 77 patients with T1G3 or muscle-invasive UBC treated by radical cystectomy
were studied. Immunohistochemistry was performed to detect CD147, heparanase,
CD31 (blood vessels identification) and D2-40 (lymphatic vessels identification)
expressions. The immunohistochemical reactions were correlated with the
clinicopathological and the outcome parameters. 5-year disease free survival (DFS) and
overall survival (OS) rates were estimated using the Kaplan-Meier method. Multivariate

analysis was performed by Cox proportional hazards analysis.

Results The 5-year DFS and OS rates were significantly influenced by the classical
clinicopathological parameters, and by the occurrence of lymphovascular invasion.
CD147 and heparanase immunoexpression did not affect patients’ outcome. However,
patients with pT3/pT4 tumours had a median OS time of 14.7 months (95% CI 7.1-
22.3, p=0.003), which was reduced to 9.2 months (95% CI 1.5-17.0, p=0.008) if the
tumours were CD147 positive. We developed a model of tumour aggressiveness using
parameters as stage, grade, lymphovascular invasion and CD147 immunoexpression,
which separated a low aggressiveness from a high aggressiveness group, remaining as
an independent prognostic factor of DFS (HR 3.746; 95% CI 1.244-11.285; p=0.019)
and OS (HR 3.247; 95% CI 1.015-10.388, p=0.047).

Conclusion CD147 overexpression, included in a model of UBC aggressiveness, may
help surgeons to identify patients who could benefit from a personalized therapeutic
regimen. Additional validation is needed.
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INTRODUCTION

Bladder cancer is the second most common tumour of the urogenital tract;
urothelial bladder carcinoma (UBC) comprises about 90% of all primary bladder
malignancies [1, 2]. The debate about the best treatment approach for T1G3 and
advanced urothelial carcinoma continually challenges all urologic surgeons and
oncologists [3, 4]. Chemo-responsiveness of UBC to several drugs has been proved
[5]. However, adjuvant systemic chemotherapy does not reveal benefits [6] and
neoadjuvant chemotherapy is not yet accepted as the best approach in invasive
bladder cancer [7, 8]. The treatment of UBC may be improved if we understand the
molecular events that occur in tumour progression, identifying potential targets to,
ultimately, achieve “personalized therapy”. In this line of investigation, Takata and
colleagues [9] observed that SLC16A3 (solute carrier family 16 — monocarboxylic acid
transporter 4 — MCT4, member 3) is up-regulated in patients that do not respond to
neoadjuvant M-VAC (methotrexate, vinblastine, doxorubicin and cisplatin) therapy.
SLC16A3 (MCT4) is closely associated with CD147 [10], a highly glycosylated cell
surface transmembrane protein which stimulates matrix metalloproteinases synthesis
and angiogenesis in tumour local environment [11]. CD147 seems to be related with
cisplatin resistance of bladder cancer [12]. Overexpression of CD147 in patients with
bladder cancer associates with poor prognosis [13, 14].

Heparanase is an endoglycosidase that can selectively degrade heparan sulfate
glycosaminoglycans and has been shown to play a role in tumour angiogenesis and
metastasis [15]. Previous studies have demonstrated that overexpression of
heparanase in human tumours, including bladder cancer, facilitates their invasive
activity [16]; heparanase and VEGF-C (vascular endothelial growth factor-C, a
lymphatic molecular player) co-expression is related with the occurrence of
lymphangiogenesis [17].

Angiogenesis and lymphangiogenesis are essential for tumour progression and
metastasis, by promoting oxygenation and fluid drainage, and establishing potential
routes of dissemination [18]. Lymphovascular invasion has been suggested as a
prognostic factor in several malignancies, including bladder cancer [19-21].

In order to define tumours with an aggressive phenotype, we evaluated the
expression of CD147, heparanase, and lymphovascular invasion in 77 UBC patients

admitted in our Institution and treated by radical cystectomy (RC).



MATERIALS AND METHODS

Patients and Tumour Samples

Data from patients who were clinically diagnosed with high risk of progression
non-muscle invasive, cT2 and cT3 (M0) bladder tumours, and treated by RC at the
Portuguese Institute of Oncology, Porto, from January 1996 to December 2005, were
reviewed retrospectively. During this period, 223 RCs were performed in our institution.
For our study we excluded patients diagnosed with squamous cell or adenocarcinomas,
patients who received radiation, neoadjuvant or adjuvant chemotherapy, and patients
who had an insufficient follow-up time and/or whose tumour samples were inadequate
for preparation purposes. Thus, the definitive analysis was based on 77 patients. Each
cystectomy specimen was examined according to the College of American Pathologists
[22]. Hematoxylin-eosin (H&E)-stained sections were reviewed according to standard
histopathological examination by two independent pathologists. Staging and grading
were conducted according to the American Joint Committee on Cancer [23] and to the
World Health Organization [24] classification systems, respectively. For statistical
analysis, tumours were divided into three groups based on T stage: group 1 (high risk
of progression non-muscle invasive bladder tumours, including pT1 and pTis stages),
group 2 (pT2 a and b) and group 3 (pT3 and pT4). Table 1 summarizes the
clinicopathological parameters.

Sixty-one patients had RC as their first treatment, while the non-muscle
invasive tumours (n=16) had previous therapeutic TUR and BCG; these patients were
treated by RC following disease progression. Mean and median follow-up were 35.5
and 21.1 months (range 1-132), respectively. During this period, seven cases were lost
to follow-up. Recurrence was defined as the reappearance of UBC (loco-regional
dissemination or distant metastasis) more than 3 months after RC. Disease-free
survival (DFS) was defined as the time from the RC until the recurrence. Overall-
survival (OS) was defined as the time from the RC until death by cancer or the last
clinical assessment.

Tumour samples were analysed for CD147 and heparanase expression, and for
occurrence of embolic blood vessel (highlighted by CD31 staining) invasion and
lymphatic vessel (highlighted by D2-40 staining) invasion by isolated malignant cells,
as previously described [21]. All immunohistochemical reactions were correlated with

the clinicopathological parameters and the outcome variables (5-year DFS and OS).



Immunohistochemistry

Immunohistochemical staining was carried out with the streptavidin-biotin-
peroxidase complex technique to detect CD147, heparanase and CD31, as previously
described for CD31 expression analysis [21], and with the avidin-biotin-peroxidase
complex assay to detect D2-40, as previously described [21]. The primary antibodies
were obtained from Zymed® Laboratories (CD147), Santa Cruz Biotechnology®
(heparanase) and DakoCytomation® (CD31 and D2-40). These were used in 1:500
dilution (CD147), 1:100 dilution (CD31 and D2-40) and 1:75 dilution (heparanase), and
incubated on the sections for 120 min (CD147) or 60 min (heparanase and CD31) at
room temperature, or overnight (D2-40) at 4°C.

Negative controls were carried out by omitting the primary antibodies. Sections
of positive controls were used as indicated by the manufacturers (invase ductal breast
carcinoma for CD147 and CD31 detection, gastric mucosa for heparanase detection
and tonsil for D2-40 detection).

Evaluation of Staining

The immunostained sections were examined by light microscopy and all
sections were evaluated without knowledge of clinical status by two independent
observers (T.A. and A.L.-F.).

The positive expressions of CD147 and heparanase were semi-quantitatively
assessed using x200 amplification, considering membrane and cytoplasmic staining of
urothelial malignant cells. The positive reactions were assessed in hotspot areas were
urothelial malignant cells were present and stained. For each case, 10 fields with at
least 100 malignant cells each were evaluated. The following grading system was used
for CD147 assessment: negative (-), expression in less than 5% of cells; and positive
(+) expression in over 5% of cells. For heparanase detection, samples were scored as
negative (-), expression in less than 50% of cells; and positive (+), expression in over
50% of cells.

The occurrence of BVI and LVI was evaluated based on CD31 (blood endothelial
cells marker) and D2-40 (lymphatic endothelial cells marker) positive vessels’
assessment, as previously described [21]. We only considered BVI by emboli of well-
characterized malignant cells surrounded by endothelial cells highlighted by specific
positive immunohistochemical expression for CD31; LVI was considered when at least
one well-characterized malignant cell was surrounded by endothelial cells highlighted

by specific positive immunohistochemical expression for D2-40.



Statistical analysis

Data were analyzed using the Statistical Package for Social Sciences (SPSS)
software, version 16.0. The relationship between the immunohistochemical markers
expression and the clinicopathological parameters was examined for statistical
significance using Pearson’s chi-square (X?) test and Fisher’s exact test (when n<5).
The Mann-Whitney test was used for continuous variables. 5-year DFS and OS were
evaluated using Kaplan-Meier curves and differences were analysed by Log-Rank or
Breslow tests. Variables that achieved statistical significance (p<0.05) in the univariate
analysis were entered in a multivariate analysis using Cox proportional hazards
analysis. The hazard ratios (HR) were estimated with their 95% confidence intervals
(95% CI).



RESULTS

Prognostic Significance of Clinicopathological Parameters

Table 2 shows the prognostic significance of the clinicopathological parameters.
T3/T4 pathologic stage, grade III, infiltrating type of lesion and occurrence of
lymphovascular invasion and/or loco-regional dissemination lowered significantly the 5-
year DFS and OS rates.

Clinical and Prognostic Significance of Biological Parameters

According to the grading system used for CD147 assessment, 18 cases were
negative and 59 were positive. A different pattern of expression was observed between
non-muscle invasive and invasive tumours (considering membrane staining) (Figure 1).
In the first group, the superficial malignant cells were preferentially stained; in the
second group, the inner layers were stained. CD147 immunoexpression did not
correlate with the clinicopathological parameters or patients’ outcome (Table 2).
However, it added predictive power of outcome to pathologic stage: patients with
pT3/pT4 tumours had a median OS time of 14.7 months (95% CI 6.9-22.6, p=0.004),
which was reduced to 9.2 months (95% CI 1.5-17.0, p=0.008) if the tumours were
CD147 positive.

All cases showed some degree of heparanase immunoexpression (Figure 1),
although 42 were graded as negative. Normal urothelium was not stained. Positive
cases (n=35) exhibited a heterogeneous pattern, with the invasive front being
significantly more intensely stained than the tumour core. No association was found
between heparanase immunoexpression and clinicopathological parameters or patients’
outcome (Table 2).

Although the occurrence of embolic BVI (11 cases) did not correlate with the
clinicopathological parameters, it affected significantly patients’ prognosis (p=0.004 for
5-year DFS and p=0.002 for 5-year OS) (Table 2). Occurrence of LVI by isolated
malignant cells (31 cases) was significantly correlated with pT3/pT4 stage (p=0.008)
and infiltrating type of lesion (p=0.007), and had a significant impact in outcome
(p=0.038 for 5-year DFS and p=0.044 for 5-year OS) (Table 2).

Development of a Tumour Aggressiveness Scoring System
We developed a scoring system of tumour aggressiveness as a categorical

variable using clinicopathological (stage and grade) and molecular (BVI and LVI)



factors closely related with disease recurrence and tumour-specific death, as
determined in the univariate analysis of 5-year DFS and OS. Additionally, we decided to
include CD147 immunoexpression in the model, due to its known biological relevance
as a prognostic factor probably associated with chemotherapy resistance [12-14], and
to the significant influence of the expression of this parameter in the OS of patients
with pT3/pT4 tumours included in our series. For statistical analysis, we considered
two groups: group 1 (low aggressiveness profile), in which cases with none, one or
two of the above mentioned parameters were present; group 2 (high aggressiveness
profile), which included cases with three to five positive parameters. The model
revealed a significant association with 5-year DFS (p<0.001) and OS rates (p<0.001)
(Table 2, Figure 2). The rate of CD147 immunoexpression was significantly different
between the low aggressiveness profile (60% of cases were CD147 positive) and the

high aggressiveness profile (87.2% of cases were CD147 positive) (p=0.012).

Multivariate Analysis

In multivariate analysis, we included the parameters that significantly
influenced the 5-year DFS and OS rates and that were entered in the tumour
aggressiveness scoring system proposed above (tumour stage, grade and occurrence
of BVI and/or LVI). The model of tumour aggressiveness also had a significant impact
on survival rates. Multivariate analysis of these data revealed that the high
aggressiveness profile remained as an independent prognostic factor of disease-free
survival (HR 3.746; 95% CI 1.244-11.285; p=0.019) and overall survival (HR 3.247;
95% CI 1.015-10.388, p=0.047) (Table 3).



DISCUSSION

In our study, we aimed to define urothelial bladder tumours with an aggressive
phenotype by the combined analysis of clinicopathological and biological parameters.
There were some limitations in the study. First, it included a population of bladder
cancer patients that did not receive neoadjuvant or adjuvant treatments, and only
some of the patients were treated with chemotherapy, in palliative setting, after
progression (this may not be representative of all patients). Second, the study had a
small sample size. However, despite these limitations, the classical prognostic factors,
as stage pT3/pT4, grade III, infiltrating type of lesion, loco-regional dissemination and
lymphovascular invasion were related to a worse outcome, as previously reported [21].
Heparanase immunorreactivity did not reveal any relevant prognostic information in
our series. In pT3/pT4 tumours, the median overall survival time was 14.7 months,
which was reduced to 9.2 months if the tumours were CD147 positive. In accordance
with our results, several authors have found that CD147 overexpression seems to be
correlated with a worse outcome and a cisplatin-resistant profile [12-14].

Using stage, grade and lymphovascular invasion as informative variables related
to prognosis, and CD147 immunoexpression as an informative variable related to
prognosis of patients with pT3/pT4 tumours, we attempted to organize a phenotype of
UBC aggressiveness. Therefore, we developed a scoring system that classified patients
with high grade superficial and invasive tumours in two aggressiveness profiles with
different outcomes (low and high aggressiveness). This score proved to be an
independent prognostic factor for 5-year disease-free survival and overall survival
(95% CI 1.244-11.285, p=0.019 for 5-year DFS; 95% CI 1.015-10.388, p=0.047 for 5-
year 0S). In the group of highly aggressive tumours, the rate of CD147
immunopositive cases was 87.2%. However, one of the limitations of our study is the
low number of cases involved, which is reflected in the wide confidence intervals. This
score needs to be validated with a larger sample, preferentially in a multicentre study.

Nevertheless, our results suggest that CD147 overexpression may be a
biological parameter related with worse prognosis. Xue et al have recently reported
that CD147 immunoexpression is as an independent prognostic factor for bladder
cancer patients, playing an important role in tumour progression [14]. Takata et al
identified, in non-responder patients with invasive bladder cancer treated by M-VAC
regimen, a gene (SLC16A3) that is closely associated with CD147 [9]. Als et al

identified CD147 as a strong independent prognostic factor for response and survival



after cisplatin-containing chemotherapy in patients with advanced bladder cancer
[12].Yang et al found that CD147 is overexpressed in multidrug resistant (MDR) cancer
cell lines, suggesting that during the development of a multidrug resistance phenotype,
the expression of CD147 stimulates matrix metalloproteinases activity in MDR cells
[25]. MDR1/P-glycoprotein or ABCB1 is one of the well characterized members of the
energy-dependent drug efflux pumps that reduce intracellular accumulation of
anticancer drugs, leading to the MDR phenotype [26]. Recent studies have
demonstrated the co-localization of CD147 with MDR1, highlighting the possible
cooperative roles of these molecules in cancer drug resistance and progression [27,
28]. In fact, increased expression of CD147 stimulates hyaluronan production, with
MDR being induced in a hyaluronan-dependent manner [29, 30]. The relationship
between CD147 and MDR1 needs to be clearly elucidated. In our laboratory, studies
are being conducted with bladder cancer cell lines that express CD147, in order to
assess cisplatin resistance.

In conclusion, CD147 overexpression seems to be an important biomarker of
prognosis that, when included in a scoring system of UBC aggressiveness, may help
surgeons to identify patients who could benefit from a personalized therapeutic
regimen. The definitive validation of this scoring system should be performed in a
larger sample, in order to evaluate its internal consistency and its content, convergent-

discriminant and construct validity.
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Table 1. Clinicopathological parameters

Male 64
Gender
Female 13
Age Median (range) 71 (41-83)
Group 1 16
Tumour stage Group 2 12
Group 3 49
II 20
Grade .................
111 57
Non-invasive papillary 12
Morphological .
type of lesion In situ 4 ____________
Infiltrating 61
Lymphovascular Yes 37
invasion
(H&E stain) No 40
Loco-regional = 22
dissemination No 55
Yes 58
Recurrence
No 19
Dead, bladder cancer 54
Clinical
Outcome Alive, lost to follow-up,

or dead, other causes

14



Table 2. Correlation between 5-year disease-free survival and overall survival rates,

and clinicopathological variables, biological parameters and tumour aggressiveness

scoring system

n 5-year DFS rate p* 5-year OS rate p*
Male 64 21.5% 30.7%
Gender ns ns
Female 13 34.6% 34.2%
< 71 years 41 27.0% 35.5%
Age ns ns
> 71 years 36 20.6% 30.3%
Group 1 16 33.7% 43.0%
Stage Group 2 12 27.8% 0.008 45.8% 0.004
Group 3 49 20.4% 23.7%
1I 20 42.7% 57.6%
Grade 0.006 0.001
I 57 17.2% 22.3%
Non-invasive papillary 12 27.8% 42.8%
Morphological
) In situ 4 50.0% 0.046 50.0% 0.039
type of lesion
Infiltrating 61 21.5% 28.1%
Lymphovascular Negative 40 29.4% 41.5%
invasion 0.031 0.003
(H&E stain) Positive 37 18.9% 21.0%
Loco-regional Negative 55 28.1% 0.042 40.1% 0.001
dissemination Positive 22 13.6% 10.0%
Negative 18 22.2% 23.9%
CD147 expression ns ns
Positive 59 24.3% 34.2%
Heparanase Negative 42 20.0% - 34.4% ,
expression Positive 35 28.6% 28.6%
Blood vessel Negative 66 26.5% 35.2%
invasion 0.004 0.002
(CD31 stain) Positive 11 9.1% 9.1%
Lymphatic vessel Negative 46 30.3% 36.2%
invasion 0.038 0.044
(D2-40 stain) Positive 31 14.0% 24.3%
Tumour 0-2 positive parameters 30 43.3% 54.8%
Aggressiveness <0.001 <0.001
Scoring System**  3-5 positive parameters 47 11.9% 17.0%

* Log-Rank or Breslow tests

** Includes T3/T4 pathologic stage, grade III, occurrence of blood vessel invasion by malignant emboli, occurrence

of lymphatic vessel invasion by isolated malignant cells and CD147 immunoexpression

DFS- disease-free survival, OS- overall survival, ns- not significant
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Table 3. Multivariate survival-time regression for predictors of 5-year disease-free

survival and overall survival after radical cystectomy for urothelial bladder cancer

5-year DFS rate

5-year OS rate

HR 95% CI p HR 95% CI p
Group 1 1.000 O O 1.000 O O
Stage Group 2 0.741 0.251-2.186 0.587 0.694 0.211-2.288 0.549
Group 3 0.672 0.230-1.961 0.467 0.783 0.243-2.524 0.682
II 1.000 O O 1.000 O O
Grade
111 1.183 0.462-3.030 0.725 1.598 0.557-4.585 0.383
Blood vessel Non-occurrence 1.000 O ad 1.000 O O
invasion
(CD31 stain) Occurrence 1.653 0.801-3.413 0.174 1.728 0.835-3.578 0.141
Lymphatic Non-occurrence 1.000 ad O 1.000 ad O
vessel invasion
(D2-40 stain) Occurrence 0.864 0.463-1.613  0.647 0.798 0.416-1.534 0.499
Tumour 0-2 posittive 1.000 O O 1.000 O O
Aggressiveness parameters
Scoring 3-5 positive
£ 3 - -
System parameters 3.746 1.244-11.285 0.019 3.247 1.015-10.388 0.047

* Includes T3/T4 pathologic stage, grade III, occurrence of blood vessel invasion by malignant emboli,
occurrence of lymphatic vessel invasion by isolated malignant cells and CD147 immunoexpression

DFS- disease-free survival, OS- overall survival, HR- hazard ratios, CI- confidence interval
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FIGURE LEGENDS

Figure 1: Immunohistochemical positive reactions for CD147 [(a), x200 amplification;
(b), x100 amplification] and heparanase [(c), x100 amplification] in urothelial bladder
carcinoma cells. (@) A non-invasive case showing superficial malignant cells positive for
CD147; (b) an invasive case showing the cytoplasmic membranes of the inner layers
of malignant cells stained for CD147; (c) an invasive case showing the strong

immunoreaction for heparanase in the invasive front of the tumour.

Figure 2: Kaplan-Meier curves demonstrating 5-year disease-free survival (@) and 5-
year overall survival (b) based on the tumour aggressiveness scoring system (includes
T3/T4 pathologic stage, grade III, occurrence of blood vessel invasion by malignant
emboli, occurrence of lymphatic vessel invasion by isolated malignant cells and CD147

overexpression) (n=77).
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