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Abstract

Background Urothelial carcinoma (UC) of the bladder is a major cause of morbidity and
mortality throughout the world. The present study was carried out to see the expression of
CD105 and CD34 as marker of angiogenesis in UC and study their relationship with grades
and muscle invasion.

Methods 50 cases of histopathologically diagnosed UC were included. CD105 and CD34
IHC staining was performed. Microvessel density (MVD) evaluation by CD105 and CD34 was
compared. The number of microvessels were counted in high power in three hot spots. The
highest value obtained amongst three fields were reported as MVD. Statistical analysis was
done by (SPSS 28.00 version for windows) using independent t-test.

Results There were 45 high grade cases UC 5 low grade cases of UC. Invasive papillary UC
was seen in 25 cases (50%) followed by invasive UC seen in 13 cases (26%). Both Lamina
propria (LP) invasion and muscularis propria invasion were noted in 16 cases of high-grade
urothelial carcinoma. Only LP invasion was seen in 3 cases of low grade and 25 cases of high-
grade UC respectively. Evaluation of MVD CD105 and MVD CD34 did not show any significant
association of MVD with grade with a p value of 0.214 & 0.429 respectively. Aso there was no
significant association of MVD CD105 (p=0.580) & CD34 (p=0.747) with muscularis propria
invasion. Overall mean CD105 and CD34 were similar with no statistical difference between
the two markers.

Conclusion Both CD105 and CD34 can be used as marker to assess angiogenesis. However,
there is no significant association of MVD with grade or muscle invasion in UC.
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Introduction

Urothelial carcinoma is the most common histologic type and
accounts for more than 90% of bladder tumours and is most
common in industrial areas (especially in those associated with
petrochemicals) and their incidence is increased with exposure
to cigarette smoking and arylamines [1]. The most common
presenting symptom is gross or microscopic hematuria. It is
classically divided into non-invasive and invasive urothelial
carcinoma. The non-invasive papillary tumour is approximately
75% of newly diagnosed primary urothelial tumors of the bladder
while 10% to 20% of these patients subsequently develop an
invasive tumor.

Bladder cancer is thought to be a genetically controlled process
affecting cell physiology and the host organism. A few studies
suggest that papillary and non-papillary urothelial carcinomas
may use different molecular pathways which could explain
their physiologic differences [2]. Angiogenesis is one of the
most essential components in tumour growth and metastasis.
It facilitates progressive tumour growth by giving adequate
oxygenation to the tumour through a multi-step process involving
endothelial cell proliferation, motility of endothelial cells
through the extracellular matrix towards angiogenic stimuli and
capillary differentiation. Hence, the intensity of angiogenesis is
considered to be a poor prognostic factor and has become one of
the major determinants for the development of various cancers [3].
Angiogenesis is measured by microvessel density. Quantification
of angiogenesis can be done by immunohistochemical staining
with vessel wall specific antibodies. Endoglin, also called CD105
is a 633 aminoacid, 180-Kda homodimeric transmembrane
glycoprotein that belongs to Transforming Growth Factor beta
family receptor (TGF-p), type III and plays an important role
in angiogenesis. It is mainly expressed on endothelial cells and
overexpressed on tumor-associated vascular endothelium. It is
also involved in vascular development and remodeling. Hence,
it is considered as a better immunohistochemical marker in
assessing microvascular density than any other endothelial marker
[4, 5]. CD34, a transmembrane glycoprotein, is a hematopoietic
progenitor cell antigen that is expressed in vascular endothelial
cells. It is a sensitive marker of endothelial differentiation that
stains endothelial cells in neoplasia more strongly than normal
endothelium [6]. This study was conducted to compare CD105
& CD34 as immunohistochemical marker of angiogenesis in
urothelial carcinoma by assessing microvessel density and find
their relationship with grades of urothelial carcinoma and muscle
invasion.

Material and methods
Study design

This study was an observational prospective study conducted
in the department of Pathology Shri Guru Ram Rai Institute of
Medical and Health sciences over a period of two years after
taking approval from the institutional ethical committe.

Collection of specimens

Inclusion Criteria: A total of fifty cases of TURBT chips
histopathologically diagnosed as urothelial carcinoma were
evaluated. Exclusion Criteria: The inadequate biopsies and
cases with marked inflammation obscuring the epithelium were
excluded.

Tissue Processing
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The tissue received in histopathology in neutral buffered was
grossed as per the standard protocol of the histopathology section.
The tissues were processed in an automated tissue processor,
paraffin-embedded, sectioned and stained with Hematoxylin
-Eosin.

IHC Procedure

One section each from a representative block was subjected to IHC
marker Endoglin (CD105) and CD34. Details of primary antibodies
used are in Supplementary Material 1. Representative sections of
2-3 microns were cut and taken on poly-L- lysine coated slides and
were processed for IHC as per departmental SOP.

IHC Result Interpretation

CD105 (endoglin) and CD34 positive brown stained endothelial
cell or endothelial cell cluster with or without lumen was
considered as single, countable microvessel. Slides were examined
at low power magnification to find high density areas of stained
vessels (hot spots). Then the number of microvessels was counted
in high power in three such hot spots. The highest value obtained
amongst three fields were reported as microvessel density (MVD).

Statistical Analysis

Data obtained was entered into MS Excel sheet. The means and
standard deviations of the measurements per group were used for
statistical analysis (SPSS 28.00 version for windows). Comparison
between two groups was determined using independent t-test. A
p-value < 0.005 was accepted as statistically significant.

Results
Gender & age distribution

Males (86%) were more commonly affected than females (14%).
The mean age and standard deviation was 60.14 £ 15.04. A
Majority of the cases seen were in the age group above 50 years
(74%) (Figure 1). Only one case was seen in the age group 21-30
years.

Histological analysis & case distribution

Amongst the 50 cases of UC, papillary urothelial carcinoma was
the most common subtype (27/50; 54%) as shown in Table 1. It
was found that the maximum numbers of cases were high-grade
urothelial carcinoma 90.0% (45/50). Only 10.0% (5/50) were low
grade. The cases were further categorized as invasive/non-invasive
based on invasion into lamina propria and muscularis propria
invasion. A Majority of the cases showed invasion (48/50; 96%).
Only 4% (2/50) were non-invasive. Amongst 48 invasive cases, 28
cases (58.4%) showed only lamina propria invasion and 16 (33.3%)
showed both lamina propria and muscularis propria invasion.
In addition, there were 4 cases (8.3%) where muscularis propria
presence/ invasion could not be determined due to marked cautery
artefact. It was also observed that all high-grade cases showed
lamina propria invasion (100%) whereas only 60% (3/5) low grade
urothelial carcinoma showed lamina propria invasion.

1HC analysis

IHC analysis with panel of two markers CD105 and CD34 were
performed. The mean MVD score of the two markers were similar
and there was no statistical difference between the two markers
and the p value was observed to be 0.773. The mean MVD CD105
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Figure 1. The peak incidence of urothelial carcinoma was in the age group 51-60 years (14/50, 28.0%) followed by age group 61-70 years

(11/50, 22.0%) as shown in the above figure.

score and CD34 score were 42.22 + 11.45 and 41.31 + 11.08
respectively in high-grade tumors. The mean MVD of CD105
score and CD34 in low-grade tumors were 35.40 + 11.86 and
36.80 + 19.32 respectively. No significant difference was observed
between the two markers in different grades (Figure 2). Thus,
there was no association of MVD with grades. The comparison of
mean MVD of CD105 and CD34 in cases showing lamina propria
invasion and muscularis propria invasion was also done and no
significant difference was observed in cases wth presence or
abscence of lamina propria or muscularis propria invasion (Figure
3,4).

Discussion

Urothelial carcinoma is the 9th most common form of cancer
worldwide and the second most common cancer of the
genitourinary tract. It has a variable natural history; frequently
recurs and metastasises despite adequately performed surgery.
Angiogenesis is one of the hallmarks of carcinogenesis that plays

an important role in progression and metastasis [7, §].

The world-wide incidence of urothelial carcinoma shows male
preponderance as reported in studies by Gupta et al and Biswas
et al. The present study also showed similar results. 86% of cases
were males and male:female ratio was 6.1 : 1. Most of the cases of
urothelial carcinoma occurs above the age of 50 years. Very rarely,
it can occur in children and young adults. Gupta et al. in their
study found mean age 60 years + 4.4 years at presentation. Biswas
et al. reported maximum number of cases above age group 60
years [9, 10]. The present study also showed similar results. There
was wide range of age distribution of cases but maximum numbers
of cases were seen in the age group above 50 years (74%). Several
classification systems for urothelial carcinoma have been proposed
over the past decades. The current WHO classification 2016 is
recommended for reporting urothelial carcinoma [11]. In the
present study, the most common histologic subtype of urothelial
carcinoma was found to be invasive papillary urothelial carcinoma
(25/50) followed by invasive urothelial carcinoma (13/50). Only two
cases were of non-invasive papillary UC which was comparable

Table 1. Distribution of histological subtypes of urothelial carcinoma.

1 Papillary urothelial carcinoma, non-invasive

2 Papillary urothelial carcinoma, invasive

3 Urothelial carcinoma, invasive

4 Urothelial carcinoma, lymphoepithelioma
variant

5 Urothelial carcinoma with squamous
differentiation

6 Urothelial carcinoma with glandular

differentiation.

2 00 2 (4%)
20 5 25(50%)
11 2 13(26%)
1 0 1(2%)
6 0 6(12%)
3 0 3(6%)
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Figure 2. CD105 and CD34 tissue expression in low and high grade urothelial carcinoma. (A) CD34 stained microvessels in hotspot
areas in low grade urothelial carcinoma (100X, IHC); (B) CD34 stained microvessels in hotspot areas in high grade urothelial carcinoma
(100X, THC); (C) CD105 stained microvessels in hotspot areas in low grade urothelial carcinoma (100X, IHC); (D) CD105 stained
microvessels in hotspot areas in high grade urothelial carcinoma (100X, IHC); (E) Comparison between Mean MVD of both markers in

different grades (a: p=0.214, b: p=0.429).

with the studies by Quinten et al. and Jhaveri et al. [12, 13].

The grading system of urothelial neoplasms of the bladder is
of great prognostic significance. On categorization of urothelial
carcinoma into high grade and low-grade, high-grade cases
were more frequent (90.0%) as compared to low grade cases
(10.0%). Haque et al in 2018 in their study found 72.0% patients
with high grade urothelial carcinoma and 28.0% with low grade
urothelial carcinoma [14]. It was observed in the current study
that amongst 48 invasive cases; 28 cases (58.4%) had only lamina
propria invasion (non-muscle invasive) and 16 cases (33.3%) had

both lamina propria invasion and muscle invasion while in the
remaining 4 cases (8.3%) muscularis propria presence/invasion
could not be determined. Gupta et al. found that only 26% patients
had muscle invasive disease whereas 34.5% of patients lacked
detrusor muscle in the biopsy specimen [9]. Chinnasamy et al.
reported relatively lesser high grade urothelial carcinoma cases
(63.4%) and higher number of non-muscle invasive urothelial
carcinoma (86.5%) compared to muscle invasive urothelial
carcinoma 13.5% cases [15]. The number of high-grade UC and
invasive UC was relatively more in the present study. Uttarakhand



S. Azad et al./Annals of Urologic Oncology 2023; 6: 13

Mean MVD according to Lamina

propria invasion

a
60
50
41.52 42
40
30
20
10
0
MVD CD105

M |nvasion

b

— 3

40.4

MVD CD34

B Non-Invasion

Figure 3. Comparison between both markers in Lamina propria invasive/non invasive cases (a: p=0.955, b: p=0.181).

being a hilly state, there are inadequate facilities for routine check-
up in peripheral hilly areas. In addition, late arrival at the hospital
due to lack of awareness, social as well as religious restrictions
might be responsible for patients presenting with high grade
tumors more frequently.

Although grade and stage are important prognostic markers
for bladder carcinoma and additional prognostic information
can be provided by certain biological markers. Microvessel
density, a measurement of angiogenesis has been found to be
strongly associated with tumor progression. However, its role as a
prognostic marker has not been firmly established. In the present
study assessment of MVD was done in 50 cases of urothelial
carcinomas of bladder using two different markers CD105 and
CD34 as IHC marker for angiogenesis. Mean MVD scores of
CDI105 and CD34 in high grade cases were found to be slightly

higher in comparison to the low grade cases. However, the
difference was not significant (p-value > 0.05).

The mean MVD CDI105 and CD34 were compared in cases
with the presence or absence of lamina propria invasion, Mean
MVD of CD105 was almost similar in lamina propria invasive
cases and lamina propria non-invasive cases. On the contrary,
the mean MVD of CD34 was higher in cases with the absence of
lamina propria invasion as compared to those with the presence
of lamina propria invasion. Lesser number of non-invasive cases
might be responsible for abberent results in this group. The Mean
MVD CD 34 was also higher in comparison to the MVD CDI105.
However, the difference was not significant (p-value > 0.05). The
mean MVD of CD105 and CD34 were almost similar in cases
showing lamina propria invasion. A comparison of these different
means revealed no significant difference between the two markers

Mean MVD according to Musularis propria invasion
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Figure 4. Comparison of Mean MVD according to invasion (a: p=0.580, b: p=0.747, c: p value was not calculated).



6

(P > 0.05). Mean MVD CDI105 and CD34 were also compared
in cases with presence or absence of muscularis propria invasion
and were found to be similar. On comparing the mean MVD of
individual markers in muscularis propria invasive versus non-
invasive cases, it was found that there was not much difference
in the individual mean MVD of CD105 and CD34. No statistical
significance was observed (p-value > 0.05). Stavropoulos et al
also showed no significant association of CD34 MVD or VEGF
with clinicopathologic features, progression and tumor recurrence
indicating MVD is not an independent prognostic factor in
superficial bladder carcinoma cases [16]. However, Ahmed et al.
observed mean MVD score of CD34 in relation to tumor grade
was higher in high grade cases (79.1 + 23.42) as compared to low
grade cases (59.8 £ 20.37) with a significant p-value 0.047. They
also showed that the mean MVD of CD34 (81.9 + 23.87) was found
to be higher with the pathological pT3-pT4 stage of tumor (muscle
invasive) but the relation was found to be not significant (p-value
> 0.05) [17]. Goddard et al. studied 180 cases of TCCs and found
significant correlation between MVD with stage and progression
of the tumour. In their study also, mean MVD was increased in
high grade tumours, however the association was not statistically
significant [18].

It has been mentioned in few studies that vessels undergoing
neoangigenesis are better stained by CD105 as compared to other
pan endothelial markers. In the present study, the overall mean of
MVD CDI105 and CD34 in 50 cases of UC were almost similar
(41.54 + 11.56 and 40.86 + 11.94 respectively) with no significant
difference between the two markers (p value = 0.773). The results
were in concordance with the study done by Hai-Bo wang et al.
In their study, although the mean values of CD105-MVD (139 +
41.8) and CD34-MVD (134.9 + 36.2) were much higher than those
in the present study, but no significant difference (p-value > 0.05)
was found between CD105-MVD and CD34-MVD [20]. The
difference in the mean MVD score of this study and the present
study could be due to different staining techniques, differences in
the choice of antibody, method of unmasking, tissue characterstics
or differences in the method of counting microvessels. Conflicting
results between different studies could be due to different staining
techniques, difference in the choice of antibody, techniques of
antigen retrieval, tissue characteristic or difference in the method
of counting microvessels etc.

Conclusion

Endoglin (CD105) and CD34 both stain microvessels within and
around the tumor. The Mean MVD obtained by both the markers
were similar indicating that either of them can be used to assess
angiogenesis. There is no association of microvessel density with
different grades of urothelial carcinoma or invasion into lamina
propria or muscularis propria invasion.
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