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ABSTRACT 

BACKGROUND 

Low grade non-muscle invasive transitional cell carcinoma is associated with repeated recurrences and progression to high grade 

tumour. Non-muscle invasive transitional cell carcinoma is associated with poor oncological outcome. Therefore, this study was 

undertaken to evaluate the expression of HER-2 oncoprotein in transitional cell carcinoma and further to evaluate whether 

expression of this oncoprotein has relation with grade of tumour and invasion of muscle. 

The objective of this study is to evaluate the expression of HER-2 protein in low grade, high grade and muscle invasive 

transitional cell carcinoma using immunohistochemistry. 

 

MATERIALS AND METHODS  

It was a retrospective, descriptive study of duration of three years in which all cases of transitional cell carcinoma signed out in the 

Department of Pathology from January 2012 to December 2014 were included. All cases of transitional cell carcinoma signed out in 

the above-mentioned period were retrieved from surgical pathology files and consult files of Govt. Medical College, Jammu. Sample 

size was conveniently taken. In total, 104 cases were identified over a period of three years. Haematoxylin and eosin stained 

sections of 5 µm thickness were re-examined in all cases to confirm the diagnosis and grade the tumour. Immunohistochemistry 

for HER-2 protein was done in ten cases, each of low and high grade transitional cell carcinoma. Immunohistochemistry was also 

done in tumours invading muscle (18 cases). Clinical features and followup data was obtained from consult files and referring 

surgeons. Statistical analysis was performed using SPSS 10.0 for Windows student version (SPSS Inc., 233 South Wacker Drive, 

11th Floor, Chicago, IL 60606-6412). Statistical tool like Fisher exact test was applied. This study was approved by Institutional 

Ethics Committee of Govt. Medical College, Jammu. 

 

RESULTS  

Age of the patients ranged from 22 to 86 years and mean age was 59.28 years. The common clinical presentation was haematuria 

(96.7%). Of total 104 cases, 83 (79.8%) were papillary urothelial carcinoma low grade and 21 (20.19%) were papillary urothelial 

high grade. Eighteen cases (17.30%) showed muscle invasion; 8 (80%) of ten cases of low grade papillary urothelial carcinoma 

were positive for HER-2. Six (60%) cases of high grade papillary urothelial carcinoma were positive HER-2; 14 (77.77%) of the 18 

cases associated with muscle invasion showed HER-2 oncoprotein expression. 

 

CONCLUSION 

About three-quarters of urothelial carcinoma overexpress HER-2 and this is very promising for molecular targeted therapy and 

moreover HER-2 overexpression also has prognostic and diagnostic significance. We propose that immunohistochemistry for HER-

2 protein should be incorporated into the routine surgical pathology sign-out of urothelial carcinoma. 
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BACKGROUND 

Urinary bladder cancer accounts for approximately 7% of all 

cancers and 3% of mortality by cancer is because of cancers 

of urinary bladder.1 Malignancies of urinary bladder is the 

fourth most common cancer in men after carcinoma of 

prostate, lung and colon.1 Mortality wise malignancies of 

urinary bladder is the eighth leading cause of mortality in 

men.1  
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In females, malignancies of urinary bladder are quite 

common and male-female ratio is 3:1.1 Most common 

histologic type of bladder cancer is urothelial carcinoma or 

transitional cell carcinoma, which accounts for more than 

90% of bladder cancers. Papillary urothelial carcinoma is 

divided into low grade and high grade as per classification 

jointly proposed by World Health Organisation and the 

International Society of Urinary Pathology [WHO/ISUP].2,3,4 

Main features of this classification is the division of neoplastic 

lesions of bladder into papillary and flat and separate 

evaluation of papillary lesions for grade and invasiveness. 

These tumours are divided into low and high grade based on 

architecture and cytology. Invasiveness is evaluated whether 

tumour is invading into lamina propria or muscularis 

propria; 75% - 80% of urothelial carcinoma present as non-

muscle invasive disease.5 Low grade non-muscle invasive 

transitional cell carcinoma is characterised by repeated 

recurrences and progression to high grade transitional cell 
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carcinoma.6 Management of non-muscle invasive transitional 

cell carcinoma is a major problem in clinical practice. Non-

muscle invasive transitional cell carcinoma is associated with 

poor oncological outcome. Cormio et al7 in a study of 153 

patients with T1G3 disease stated, one-third of these patients 

are cured and does not show any recurrence or progression 

of disease. Another one-third show recurrence and undergo 

deferred radical cystectomy. Remaining one-third eventually 

die of disease. At diagnosis, 30% of all cases of transitional 

cell carcinoma of bladder present as muscle invasive disease.8 

Muscle invasive tumours may extend to prostate, seminal 

vesicle, ureters and retroperitoneum; 40% of muscle invasive 

tumours metastasise to regional lymph nodes and 

haematogenous dissemination can also occur.6,9 Despite 

advances in treatment over past decades, advanced urothelial 

carcinoma is frequently lethal and improvements in cytotoxic 

chemotherapy have plateaued.10,11 Management of advanced 

urothelial carcinoma along with outcome has remained 

largely unchanged for the past two decades.12,13 In recent 

years, molecularly targeted therapies have been integrated 

into the standard of care management of solid tumours like 

carcinoma breast and adenocarcinoma lung. However, 

targeted therapies have lagged behind in treatment of 

urothelial carcinoma.8 Preclinical and early clinical studies 

have demonstrated numerous potentially targetable 

molecular pathways in urothelial carcinoma. The Cancer 

Genome Atlas study revealed that there are numerous 

genomic aberrations in urothelial carcinoma of bladder such 

as TP53, ARID 1A, PIKCA, ERCC2, FGFR and HER-2.8 We 

therefore undertook this study to evaluate the expression of 

HER-2 oncoprotein transitional cell carcinoma using 

immunohistochemistry. 

 

MATERIALS AND METHODS 

It was a retrospective, descriptive study of duration of three 

years in which all cases of transitional cell carcinoma signed 

out in the Department of Pathology from January 2012 to 

December 2014 were included. All cases of transitional cell 

carcinoma signed out in the above-mentioned period were 

retrieved from surgical pathology files and consult files of 

Govt. Medical College, Jammu. Sample size was conveniently 

taken. In total, 104 cases were identified over a period of 

three years. Haematoxylin and eosin stained sections of 5 µm 

thickness were re-examined in all cases to confirm the 

diagnosis and grade the tumour. Immunohistochemistry for 

HER-2 protein was done in ten cases, each of low and high 

grade transitional cell carcinoma. Immunohistochemistry 

was also done in tumours invading muscle (18 cases). Clinical 

features and followup data was obtained from consult files 

and referring surgeons. 

Statistical analysis was performed using SPSS 10.0 for 

Windows student version (SPSS Inc., 233 South Wacker 

Drive, 11th Floor, Chicago, IL 60606-6412). Statistical tool 

like Fisher exact test was applied. This study was approved 

by Institutional Ethics Committee of Govt. Medical College, 

Jammu. 

 

Immunohistochemistry 

Immunohistochemistry was done using streptavidin biotin 

conjugate (LSAB) immunoperoxidase technique on formalin-

fixed, paraffin-embedded one representative cross-sectional 

slide per tumour, displaying a maximum of tumour mass. The 

monoclonal antibodies were obtained from M/S Novocastra 

Laboratories, Newcastle upon Tyne, UK. The LSAB kit was 

obtained from M/S DakoPatts, Denmark. Her-2 protein 

expression per cross-sectional slide was interpreted 

according to Lacombe et al; considered positive if more than 

20% of the tumour cells were positive and negative if less 

than 20% of tumour cells were positive. 

 

RESULTS 

The age of patients varied from 22 to 86 years and mean age 

was 59.28 years. The common clinical presentation was 

haematuria (97.7%). Of total 104 cases 83 (79.8%) were 

papillary urothelial carcinoma, low grade and 21 (20.19%) 

were papillary urothelial carcinoma of high grade. Eighteen 

cases (17.30%) showed muscle invasion; 8 (80%) of ten cases 

of low grade TCC were positive for HER-2. Six (60%) cases of 

high grade TCC were positive for HER-2; 14 (77.7%) of the 18 

cases associated with muscle invasion showed HER-2 

positivity. 

 

 
 

Figure 1. Microphotograph of Low-Grade Papillary 

Urothelial Carcinoma [H and E 200 x] 

 

 
 

Figure 2. Microphotograph of Low Grade Papillary 

Urothelial Carcinoma Infiltrating 

into Muscle [H and E 100 x] 
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Figure 3. Microphotograph of High Grade Papillary 

Urothelial Carcinoma [H and E 100 x] 

 

 

 
 

Figure 4. Microphotograph of High Grade Papillary 

Urothelial Carcinoma [H and E 100 x] 

 

 

 

 
 

 
 

Figure 5, Figure 6 and Figure 7. Immunohistochemistry for 

HER-2 in Case of Transitional Cell Carcinoma showing 

Strong Cell Membrane Positivity [100x] 

 

DISCUSSION  

HER-2 is a receptor tyrosine kinase that belong to Group I of 

20 families of receptor tyrosine kinases.14 Other members of 

this group are HER-1 (Erb-B1), HER-3 (Erb-B3) and HER-4 

(Erb-B4). These tyrosine kinases are encoded by gene Erb-B 

located on chromosome 17q2115 (Erb-B1, Erb-B2, Erb-B3 and 

Erb-B4). We know that receptor tyrosine kinases are 

transmembrane proteins with an extracellular ligand binding 

domain and a cytoplasmic domain. Receptor tyrosine kinase 

is activated transiently by binding of a specific growth factor 

to the extracellular domain, an event that induces homo- or 

heterodimerisation.16 This activation leads to downstream 

signaling via a number of pathways including RAS, PI3K, etc. 

This results in cellular proliferation and survival. Oncogenic 

changes in these receptors may be because of mutations, gene 

amplification or gene rearrangement leading to constitutive 

growth factor independent of tyrosine kinase activity. Hence, 

oncogenic tyrosine kinase receptor delivers continuous signal 

to the cell for cellular proliferation,17 inhibition of apoptosis18 

and promote angiogenesis.19  
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HER-1 or EGFR is over expressed in a subset of 

adenocarcinoma lung and mechanism involved is point 

mutation of Erb-B1 gene. Molecularly targeted therapy is 

available for this subset of adenocarcinoma, lung.20 

HER-2 is also overexpressed in malignancies of various 

other organs, which are characteristically very aggressive.20 

For the first time, HER-2 overexpression was described in 

carcinoma breast21 and mechanism underlying this 

overexpression is amplification of Erb-B2 gene. Anti-HER-2 

therapy is well established in treatment of carcinoma breast22 

and this has assumed more significance with molecular 

classification of carcinoma breast. Incidence of HER-2 

expression in urothelial carcinoma and carcinoma stomach23 

are not well established. HER-2 protein overexpression seen 

in transitional cell carcinoma of bladder varies in different 

studies from 9% - 81%.24,25,26,27,28 In our study the incidence 

of HER-2 overexpression was 74%, 80% in low grade, 60% in 

high grade and 78% in muscle invasive urothelial tumours. 

The number of cases are very few in each group. Reason for 

this wide range of HER-2 positivity [9% - 81%] is that studies 

which include new freshly diagnosed cases show high 

incidence, whereas studies which included recurrent, 

advanced and metastatic cases show low overexpression of 

HER-2.29,30,31 Therefore, HER-2 overexpression is more in low 

grade TCCs as compared to high grade, recurrent tumours 

and this expression is variable in muscle invasive tumours. 

Morgan et al32 reported that BCG adjuvant therapy in non-

muscle invasive urothelial carcinoma reduced the incidence 

of HER-2 expression. 

HER-2 overexpression in high grade recurrent tumours 

implicates poor prognosis, as these tumours are more 

aggressive, have higher likelihood of lymph node metastases, 

this will alter surgical treatment and have greater probability 

of disease progression.33 

HER-2/Neu overexpression can also be used to 

distinguish reactive atypia from carcinoma in situ.34 Flat 

urothelial lesions like urothelial dysplasia, flat urothelial 

hyperplasia, reactive urothelial atypia of unknown 

significance and urothelial carcinoma in situ are at times 

difficult to distinguish. HER-2/neu can be added to a panel of 

CK20 and p53 to help to differentiate reactive atypia from 

carcinoma in situ in difficult cases. Positive staining for at 

least two of the three antibodies [CK 20, P53 and HER2/Neu] 

is strongly associated with carcinoma in situ (CIS). However, 

the histologic findings should be a primary determinant in 

the diagnosis of flat urothelial lesions with 

immunohistochemistry playing a supportive confirmatory 

role. Carcinoma in situ and low grade urothelial carcinoma 

express HER-2 and as the tumour progresses to high grade 

HER-2 expression loses/decreases. 

HER-2 overexpression alteration may be associated with 

particular morphological features as seen in carcinoma breast 

and colon.35,36 The morphological features seen in HER-2 

amplified tumours are micropapillary growth pattern, 

morphological heterogeneity and intratumoural and 

peritumoural inflammatory infiltrate.37,14 Micropapillary 

urothelial carcinoma is a unique variant of urothelial 

carcinoma that comprises 0.7% - 6% of all cases of urothelial 

cancers.38,39,40 What proportion of micropapillary urothelial 

carcinoma express HER-2 is not well established, perhaps 

three-quarters of them, the range varying widely in different 

studies.37,33 Another feature exhibited by these tumours is a 

significantly higher morphologic heterogeneity reflected by a 

higher number of subtype components per tumour. For 

molecular targeted therapy, pathologists will have to identify 

HER-2 overexpressing tumours in near future. This may be by 

morphology, immunohistochemistry (IHC) or by fluorescent 

in situ hybridisation (FISH). There are numerous studies 

available, which have used anti-HER-2 drug trastuzumab 

alone or in combination with other chemotherapeutic 

agents.41,42,43 Several phase II and even phase III trials are 

currently investigating the possible benefit of HER-2 targeted 

therapies for patients with urothelial carcinoma. But role of 

this drug in treatment of urothelial carcinoma is not well 

established.8 

 

CONCLUSION 

In conclusion about three-quarters of urothelial carcinoma 

overexpress HER-2 and this is very promising for molecular 

targeted therapy and moreover HER-2 overexpression also 

has prognostic and diagnostic significance. We propose that 

immunohistochemistry for HER-2 protein should be 

incorporated into the routine surgical pathology sign out of 

urothelial carcinoma. 
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