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Abstract  

Background:  The major prognostic factors in carcinoma  
of the bladder are the depth of invasion into the bladder wall  

and the degree of differentiation of the tumor. However, there  

is no reliable parameter predicting the risk of recurrence or  
progression. Molecular markers are, therefore, required to  

estimate the individual prognosis of patients as well as for  

effective treatment.  

Aim of Study:  To evaluate HER2/Neu & CD 10 immuno-
histochemical expression in urothelial carcinoma of the urinary  
bladder and to determine the correlation between immunohis-
tochemical expression and histopathologic parameters includ-
ing grade and stage, thus contributing as prognostic factors.  

Material and Methods:  HER2/Neu and CD 10 were as-
sessed by immunohistochemistry in 50 specimens of urinary  

bladder urothelial carcinoma, collected from Al-Azhar Faculty  
of Medicine Hospital labs during the period from January  

2019 to February 2020. Specimens were obtained by either  
transurethral resection (TUR) or radical cystectomy.  

Results:  There was a statistically significant difference  
in HER2/Neu and CD 10 expression in high grade urothelial  

carcinoma compared with low grade urothelial carcinoma,  
and in invasive urothelial carcinoma versus noninvasive  

urothelial carcinoma.  

Conclusion:  HER2/Neu and CD 10 immunohistochemical  
expression was directly related to grade and stage of urothelial  

carcinoma of the bladder and could be of valuable significance  

in the differentiation between high and low-grade urothelial  

carcinoma of the bladder.  

Key Words:  HER2/Neu and CD10 Expression – Urinary  
bladder urothelial carcinoma.  

Introduction  

URINARY  bladder cancer is the ninth most com-
mon malignancy worldwide and the most common  
malignancy involving the urinary system [1] , and  
the eighth leading cause of cancer death in men  

[2] . The most common type of bladder cancer is  

Correspondence to:  Dr. Mahmoud S. Abdelhalim Salem,  
E-Mail: mahmoud.salem711@gmail.com  

urothelial carcinoma, which accounts for about  
90% and 80% of bladder cancers in industrialized  

countries and other parts of the world, respectively  

[3] . Different parameters determine the prognosis  

of bladder carcinoma, including stage, grade, pa-
tient's age, and lymph node status. Prolonged  

survival in most patients with superficial cancers  

is achieved by transurethral resection (TUR) with  

or without intravesical chemotherapy. Nonetheless,  

these patients still have a high risk of recurrence  
following initial resection [4] . Bladder cancer has  
several molecular alterations and complex biolog-
ical pathways that regulate cellular processes, such  

as proliferation, differentiation, angiogenesis, me-
tastasis and apoptosis. The discovery of new bio-
logical markers, may lead to the improvement of  

clinical prediction and the personalization of ther-
apeutic approaches of bladder cancer patients with  

the purpose of reducing the risk of progression [5] .  

The human epidermal growth factor receptor-
2 (HER2/neu) is a glycoprotein with tyrosine kinase  
activity. It is encoded by c-erbB2 gene which is  
localized to chromosome 17q. Increased activity  

of this molecule by gene amplification or protein  

overexpression can occur in a variety of human  
carcinomas [6] . Cellular effects of HER2 / neusig-
nalling include cell growth, survival and migration.  

Abnormal activation of HER2/neu has been pro-
posed to lead to oncogenic transformation [7] .  
Targeting of the HER2/neu gene product by the  

monoclonal antibody trastuzumab (Herceptin) has  
led to advances in the treatment of certain carcino-
mas, including breast carcinoma [8] . Urothelial  
carcinoma has been extensively examined for  

expression of HER2/neu. Although there is varia-
bility in the reported percentage of urothelial car-
cinomas that overexpress HER2/neu, the consensus  

resides in the 35-40% range [9] . Increased protein  
expression of HER2/neu seems to correlate with  
earlier tumor recurrence [10] , worsened pathologic  
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stage and decreased survival [11] , although the  
prognostic role of HER2/neu has been controversial  

and may vary depending on associated chemother-
apeutic regimens [12] .  

CD 10 is a cell surface zinc dependent metal-
loprotease that inactivates various bioactive neu-
ropeptides [13] . In addition to its enzymatic function,  

CD 10 protein has a direct role in signal transduction  

pathways that regulate cell growth and apoptosis  
and because of its structural similarity to the matrix  

metalloproteases in the stroma, CD10 is also  

thought to affect invasion and metastatic potential  

of tumor cells by altering the cellular microenvi-
ronment [14] . This was initially discovered on the  
surface of acute lymphoblastic leukaemia cells,  

and considered to be a tumor-specific antigen [15] .  
This marker has a neutral endopeptidase activity  

and is known to regulate biological activities of  
peptide substrates. There are recent evidence dem-
onstrating a correlation between apoptosis and  
CD10 expression [16] .  

The aim of this study is to evaluate HER2/NEU  
& CD 10 immunohistochemical expression in  

urothelial carcinoma of the urinary bladder and to  

determine the correlation between immunohisto-
chemical expression and histopathologic parameters  
including grade and stage, thus contributing as  

prognostic factors.  

Material and Methods  

This work included 50 specimens of urinary  
bladder urothelial carcinoma, collected from Al-
Azhar Faculty of Medicine Hospital labs during  
the period from January 2019 to February 2020.  

Specimens were obtained by either transurethral  

resection (TUR) or radical cystectomy. All the  

specimens were formalin fixed, and paraffin em-
bedded. For all specimens, clinical data were avail-
able including clinical history and sex and age of  
the patients. Four micron thick sections were cut  

from paraffin blocks of all cases and stained with  

hematoxylin and eosin (H&E) for histological re-
evaluation. All cases were re-evaluated; graded  
and staged according to the classification of WHO  

2016 and TNM staging systemrespectively [17] .  

For immunohistochemical study; unstained  
positively charged slides were prepared from each  
paraffin block for immunostaining with mouse  

monoclonal antibodies against: HER2 and CD10  
[Dako, U.S.A]. Immunohistochemical reactions  
were carried out using Labeled Streptavidin-Biotin2  
System-Horseradish Peroxidase (LSAB2 System-
HRP) which is based on a modified labeled Avidin-
Biotin (LAB) technique in which a biotinylated  

secondary antibody forms a complex with peroxi-
dase-conjugated streptavidin molecules. The entire  

antibody complex is made visible by addition of  
an appropriate substrate chromogen reagent, which  
is converted by the peroxidase label to brown-
colored precipitate at the site of antigen localization  

in tissue. The chromogen used is diaminobenzidine  
(DAB) produced by Dako (U.S.A). For positive  
control, sections from normal endometrium were  

stained for CD 10, while sections of invasive ductal  

breast carcinoma positive for HER2/neu were  
considered as positive control for HER2.  

Evaluation of HER2/neu Expression:  Only  
membranous staining was regarded as positive.  
The interpretation score was as follows: (0), no  

staining or membrane staining observed in less  
than 10% of tumor cells; (1+), partial faint mem-
brane staining in more than 10% of tumor cells;  
(2+), circumferential weak to moderate staining  
observed in more than 10% of tumor cells; (3+),  
circumferential strong membrane staining observed  

in more than 10% of tumor cells. Scores 0 and +1  

were regarded as negative, while scores 2+ and 3+  

were regarded as positive [18] .  

Evaluation of CD10 Expression:  The cytoplasm  
and/or cell membrane staining was regarded as  

positive expression. The interpretation score was  

as follows: (0) or negative, <5% of tumor cells  

were positive; (1+), 5-50% of tumor cells were  
positive; (2+), >50% of tumor cells were positive  
[19] .  

Statistical analysis:  Results were statistically  
analyzed using Statistical Package for Social Sci-
ences, SPSS for windows. Data analysis was done  
using Chi-square test for Tables with frequencies.  

p-value <0.05 is considered statistically significant.  

Results  

This study involved 50 specimens of urinary  
bladder urothelial carcinoma. The age range of the  

studied patients was 29-85 years, and mean age  

was (59.74± 10.99) years. Forty-three cases (86%)  

were males, and seven cases (14%) were females.  

Thirty-three cases (66%) were diagnosed as inva-
sive urothelial carcinoma (Fig. 1), and seventeen  
cases (34%) were diagnosed as non-invasive urothe-
lial carcinoma (Fig. 2). Twenty-six of cases (52%)  

were low grade (Fig. 2) and twenty-four cases  
(48%) were high grade (Fig. 1). Seven cases (14%)  

showed associated bilharzial cystitis. Tissue spec-
imens were obtained by TUR in 32 cases (64%)  
and by radical cystectomy in 18 cases (36%). All  
cases were studied for of HER2/Neu, and CD10  

immunoexpression.  
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Immunohistochemical expression of HER2/Neu:  

Among the 50 cases of urothelial carcinoma,  
22 cases (44%) expressed positivity for HER2/Neu.  

There was a significant correlation between  
HER2/Neu expression and the grade of the tumor  

(p=0.000); where among low grade tumors, it was  
expressed in 3/26 (11.5%) cases showing score 2  
expression (Fig. 4), but negative in 23/26 (88.5%)  

cases (Fig. 3). In high grade urothelial carcinoma,  

it was positive in 19/24 (79.2%) of cases, with 15  
cases (62.5%) showing score 3 expression (Figs.  
5,6) (Table 1). As regard the stage, HER2/Neu was  

expressed in only 1 case out of 17 cases (5.9%) of  

non-invasive urothelial carcinoma showing score  
2 expression, while it was positive in 21/33 cases  
(63.6%) of invasive urothelial carcinoma with 15  

cases (45.5%) showing score 3 expression (Fig. 6)  

(Table 1), and there was a statistically significant  
difference between stages (p=0.000).  

In contrast, patient’s age and sex and associated  

bilharzial cystitis did not show any significant  
relationship with the expression of HER2/Neu ( p=  
0.099, 0.184, 0.474 respectively) (Table 2).  

Table (1): Relationship of tumor grade and stage with HER2.  

HER2 p - 

Negative Score 2 Score 3 
value  

Grade:  

Low (n=26)  23 (88.5%)  3 (11.5%)  0 (0.0%)  0.000  
High (n=24)  5 (20.8)  4 (16.7%)  15 (62.5%)  

Stage:  

Ta (n=17)  16 (94.1%)  1 (5.9%)  0 (0.0%)  0.000  
T1 (n=11)  8 (72.7%)  2 (18.2%)  1 (9.1%)  
T2 (n=10)  3 (30%)  3 (30%)  4 (40%)  
T3 (n=10)  1 (10%)  1 (10%)  8 (80%)  
T4 (n=2)  0 (0.0%)  0 (0.0%)  2 (100%)  

Immunohistochemical expression of CD10:  

Among the 50 cases of urothelial carcinoma,  

25 cases (50%) expressed positivity for CD10.  

There was a significant correlation between CD 10  

expression and the grade of the tumor ( p=0.000);  
where among low grade tumors, it was expressed  
in 5/26 (19.2%) cases, with one case only (3.8%)  
showing score 2 expression (Fig. 8), and it was  

negative in 21/26 (80.7%) cases (Fig. 7). In high  

grade urothelial carcinoma, it was positive in 20/24  

(83.3%) of cases, with 13 cases (54.1%) showing  
score 2 expression (Figs. 9,10) (Table 3). As regard  
the stage, CD10 was negative in 15/17 cases  
(88.2%) of non-invasive urothelial carcinoma,  

while it was positive in 23/33 cases (69.7%) of  
invasive urothelial carcinoma with 15 cases (45.5%)  

showing score 2 expression (Fig. 10), and there  
was a statistically significant difference between  

stages (p=0.000) (Table 3).  

In contrast, patient’s age and sex and associated  

bilharzial cystitis did not show any significant  

relationship with the expression of CD10 (p=0.282,  
0.623, 0.461 respectively) (Table 4).  

Table (2): Relationship of patient’s age and gender and bil-
harzial cystitis with HER2.  

HER2  p- 

Negative Score 2 Score 3 value  

Age:  
Mean ±  SD  61.79± 10.1  62.43±11.87  54.67±11.24  0.099  
Range  43-85  50-80  29-78  

Gender:  
Female (n=7)  3 (42.9%)  0 (0.0%)  4 (57.1%)  0.184  
Male (n=43)  25 (58.1%)  7 (16.3%)  11 (25.6%)  

Bilharzial cystitis:  
Absent (n=43)  25 (58.1%)  5 (11.7%)  13 (30.2%)  0.474  
Present (n=7)  3 (42.9%)  2 (28.55%)  2 (28.55%)  

Table (3): Relationship of tumor grade and stage with CD10.  

CD10  p - 
value  Negative  Score 1  Score 2  

Grade:  
Low (n=26)  21 (80.7%)  4 (15.4%)  1 (3.9%)  0.000  
High (n=24)  4 (16.7%)  7 (29.1%)  13 (54.2%)  

Stage:  

Ta (n=17)  15 (88.2%)  2 (11.8%)  0 (0.0%)  0.000  
T1 (n=11)  7 (63.6%)  2 (18.2%)  2 (18.2%)  
T2 (n=10)  3 (30%)  2 (20%)  5 (50%)  
T3 (n=10)  0 (0.0%)  3 (30%)  7 (70%)  
T4 (n=2)  0 (0.0%)  1 (50%)  1 (50%)  

Table (4): Relationship of patient’s age and gender and bil-
harzial cystitis with CD 10.  

CD10  p- 
value  Negative  Score 1  Score 2  

Age:  
Mean ±  SD  62.16±10.11  58.27±10.46  56.57±12.6  0.282  
Range  43-85  45-78  29-80  

Gender:  
Female (n=7)  3 (42.85%)  1 (14.3%)  3 (42.85%)  0.623  
Male (n=43)  22 (51.2%)  10 (23.2%)  11 (25.6%)  

Bilharzial cystitis:  
Absent (n=43)  23 (53.5%)  9 (20.9%)  11 (25.6%) 0.461  
Present (n=7)  2 (28.6%)  2 (28.6%)  3 (42.8%) 
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Fig. (1): High grade invasive urothelial carcinoma, showing  

clusters of markedly anaplastic urothelial cells infil-
trating the muscle. H&E (x200).  

Fig. (2): Low grade non-invasive urothelial carcinoma, showing  

branching papillary fronds with variations in archi-
tectural and cytologic features. H&E (x200).  

Fig. (3): Negative HER2 staining in low grade non-invasive  

urothelial carcinoma. (x100).  
Fig. (4): HER2 expression in low grade urothelial carcinoma,  

score (2). There is circumferential weak to moderate  
staining of more than 10% of tumor cells. (x200).  

Fig. (5): HER2 expression in high grade urothelial carcinoma,  

score (3). There is circumferential strong membrane  

staining of more than 10% of tumor cells (x200).  

Fig. (6): HER2 expression in high grade invasive urothelial  

carcinoma, score (3). There is circumferential strong  

membrane staining of more than 10% of tumor cells  

(x400).  
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Fig. (7): Negative CD10 staining in low grade non-invasive  
urothelial carcinoma. (x200).  

Fig. (8): CD10 expression in low grade urothelial carcinoma,  

score (2). More than 50% of tumor cells were posi-
tive. (x100).  

Fig. (9): CD10 expression in high grade urothelial carcinoma,  

score (2). More than 50% of tumor cells were posi-
tive. (x200).  

Discussion  

In the current study, 50 cases of urinary bladder  

urothelial carcinoma were studied, including 33  
invasive urothelial carcinomas versus 17 non-
invasive urothelial carcinomas, and 26 low grade  

urothelial carcinomas versus 24 high grade urothe-
lial carcinomas.  

The age of the patients ranged from 29 to 85  

years, and mean age was (59.74 ± 10.99). Forty-
three cases (86%) were males, and seven cases  

(14%) were females, with an average male to  

female ratio of (6.14:1). These results agree with  

those mentioned by Bahadir et al., [13] .  

In our study, we address HER2/Neu and CD10  

as important players in urothelial carcinoma pro-
gression. The present research illustrates the ex-
pression of these markers in urothelial carcinoma,  

followed by illustrating the association between  
their immunohistochemical expression and clinico-
pathological parameters.  

Fig. (10): CD10 expression in high grade invasive urothelial  
carcinoma, score (2). More than 50% of tumor cells  
were positive. (x200).  

In this study we found a statistically significant  
difference in HER2/Neu and CD10 expression in  
high grade urothelial carcinoma compared with  
low grade urothelial carcinoma, and in invasive  

urothelial carcinoma versus noninvasive urothelial  

carcinoma.  

The current study showed that 23 out of 26  

cases (88.5%) of low grade urothelial carcinoma  

were HER2 negative, and 3 out of 26 cases (11.5%)  

showed score 2 expression. In high grade urothelial  

carcinoma, HER2 was positive in 19/24 (79.2%)  
of cases, with 15 cases (62.5%) showing score 3  

expression, and 5/24 (20.8%) of cases were HER2  

negative. As regard the stage, HER2/Neu was  

expressed in only 1 case out of 17 cases (5.9%) of  

non-invasive urothelial carcinoma showing score  
2 expression, while it was positive in 21/33 cases  
(63.6%) of invasive urothelial carcinoma with 15  

cases (45.5%) showing score 3 expression.  

Our findings are similar to the reports of Jimen-
ez et al., [20] , Gandour-Edwards et al., [12] , Coogan  
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et al., [21] , Kruger et al., [10] , Atis et al., [22] , Skagias  
et al., [23] , Enache et al., [24] , Shawky et al., [18] ,  
and Abd El-Fattah et al., [25]  who found a statisti-
cally significant difference in HER2 protein ex-
pression in high grade urothelial carcinoma com-
pared with low grade and in invasive urothelial  

carcinoma versus noninvasive urothelial carcinoma,  
with overexpression detected only in the high grade  
and invasive tumors. Although numerous researches  

have detected a negative prognostic significance  

and an aggressive role of HER2/Neu expression  

in urothelial carcinoma, others have not found any  

poor prognostic association [26] .  

Opposite of our results; Ioachim et al., [27]  
found no relation between HER2/Neu overexpres-
sion and the grade and stage of urothelial carcino-
ma, while Korkolopoulou et al., [28]  and Vollmer  
et al., [29]  linked Her-2 expression in bladder  
carcinoma with a better clinical outcome. Also,  
Alexa et al., [26]  reported that HER2/Neu overex-
pression was not correlated with the tumor stage  

or lymph node status, but was significantly corre-
lated with the differentiation grade. This difference  

may be due to the heterogeneity between antibod-
ies, protocols and interpretations of HER2/Neu  

expression.  

In agreement with El Gehani et al. [30]  and  
Shawky et al., [18] , HER2 did not show any asso-
ciation with patient gender or age. As regard bil-
harzial cystitis our results are similar to those of  
Eissa et al., [31]  and Shawky et al., [18]  who found  
no significant difference in HER2 expression be-
tween the bilharzial and non bilharzial cancer  

groups.  

As regard CD10 expression, the current study  
showed that it was expressed in 5/26 (19.2%) cases  

of low grade urothelial carcinoma, with one case  
only (3.8%) showing score 2 expression, and it  
was negative in 21/26 (80.7%) cases. In high grade  
urothelial carcinoma, it was positive in 20/24  
(83.3%) of cases, with 13 cases (54.1%) showing  

score 2 expression. As regard the stage, CD 10 was  

expressed in 2 cases out of 17 cases (11.8%) of  

non-invasive urothelial carcinoma showing score  
1 expression, while it was positive in 23/33 cases  

(69.7%) of invasive urothelial carcinoma with 15  

cases (45.5%) showing score 2 expression. Thus,  
there was a strong correlation not only with histo-
logic grade but also with pathologic stage.Similar  
results were obtained by Bahadir et al., [13] , Kan-
demir et al., [32]  and Mohammad et al., [33] , and  
disagreed with other studies were done by Koiso  
et al., [34]  and Bircan et al., [35] .  

Koiso et al., [34]  were among the pioneers who  
studied CD 10 expression in bladder. They found  
that both enzyme activity and IHC expression were  

higher in superficial cancers than invasive cancers  

and normal urothelium. They concluded that CD 10  

was expressed at a certain stage of differentiation  

in the course of neoplastic process. Later, Chu and  

Arber [36]  showed positive cytoplasmic staining  

in 13 of 24 (54%) urothelial carcinomas, while  
there was no reaction in non-neoplastic tissues.  

However, they did not investigate any correlation  

of low and high grade or stage with CD 10 expres-
sion. These results suggest that neoplastic tissues  
rather than non-neoplastic epithelium have a pro-
pensity for CD 10 expression. Murali and Delprado  

[37]  demonstrated CD 10 expression in 80% of in-
vasive carcinomas and also proved that the staining  

intensity for the high grade group (including inva-
sive carcinoma, high-grade papillary urothelial  
carcinoma, and carcinoma in situ) was statistically  

higher than that of the low-grade group (including  
low-grade papillary urothelial carcinoma, papillary  

urothelial neoplasm of low malignant potential  
and normal urothelium).  

In another study by Bircan et al., [35] , they  
demonstrated CD10 staining in 34 of 79 (43%)  

urothelial carcinomas including only one case of  
non-neoplastic epithelium. They found an inverse  
correlation between CD10 expression and tumor  

stage, but no association with histologic grade or  

staining score was detected. The authors proposed  

that the higher level of CD10 expression in non-
invasive carcinomas appears to inhibit cell invasion.  

Abdou [38]  demonstrated CD10 expression in  
urothelial carcinoma and its correlation with pa-
rameters like advanced stage, tumor size, and  

shorter mean survival but not with grade. The  

authors suggested that CD 10 appears to be associ-
ated with tumor progression and that it could play  

a pivotal role in bladder cancer pathogenesis.  

Bahadir et al., [13]  assessed CD10 expression  
in urothelial carcinoma in urinary bladder and  

indicated strong correlation with high grade and  

stage of tumor and its association with tumor  

progression in bladder cancer pathogenesis.  

Such discrepancies can be explained by differ-
ence in sample size, moreover, improper staging  

of the specimens due to subjective errors in assess-
ing the stage or improper transurethral resection  

technique in which deeper tissues especially the  

muscular layer had not been taken, may contribute  

to under or over estimation of staging in these  

cases which in turn affects the number of cases in  
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each stage. CD10 immunohistochemical marker  

had used a different scoring method, such variations  
in scoring systems will definitely affect the number  

of positive cases and affecting the correlation  

significance.  

In agreement with Mohamed et al., [39] , CD 10  
did not show any association with patient gender  
or age. As regard bilharzial cystitis our results are  

similar to those of Abdou [38]  who found that  
presence or absence of bilharziasis made no sta-
tistically significant difference regarding CD 10  

expression.  

Conclusion:  
This study revealed that HER2-neu and CD 10  

expression was directly related to grade and stage  
of tumor and may be associated with tumor pro-
gression in bladder cancer pathogenesis. Therefore,  

HER2 and CD10 expression could be of valuable  
significance in the differentiation between high  
and low-grade urothelial carcinoma of urinary  

bladder and in determining the prognosis in such  
cases.  
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