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Introduction  
Bladder cancer is the tenth most common 
cancer worldwide. Consistent rising in its 
incidence is recorded globally, especially in 
developed nations.1, 2 Incidence rate is also 
rising in Iraq,3 a survey in Sulaymaniyah, 
Kurdistan revealed that the bladder cancer 
is among the top ten major cancers in both 
sexes within all age groups with an                
incidence rate of 2.2%.4 Men are more 
commonly affected by bladder cancer and 
among them it ranked as the sixth in most 
commonly diagnosed cancers and ninth 
leading cause of cancer fatality.1 

The major risk for urothelial carcinoma 
(UC), which constitutes about 90% of  
bladder cancer cases, is tobacco smoking, 
followed by exposure to chemical             
carcinogens at particular occupations.5 
These risk factors may have contributed     
to male predominance in bladder cancer 
incidence.1 
In pathogenesis of UC, two molecular  
pathways have been identified (FGFR3 
and P53 mutations). FGFR3 mutation is 
mostly observed in papillary non-invasive 
and low-grade tumors, whereas the p53 
mutation is remarkably correlated with          

Background and objective: GATA3, an emerging immunohistochemical marker, is a zinc 
finger transcription factor that is expressed in normal urothelial epithelium and its               
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related immunohistochemical marker. This study aimed to detect the frequency of GATA3 
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expression in association with urothelial cancer progression and metastasis. 
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non-papillary, muscle invasive and higher-
grade carcinomas.6-8 
GATA binding protein 3 is a zinc finger 
transcription factor, encoded by GATA3 
gene located on chromosome 10p14, it  
has an essential role in regulating the         
proliferation and differentiation of diverse 
normal tissues and it is expressed in these 
tissues and their derived neoplasms.9-11 

Primarily, GATA3 was recognized as               
a T-cell lineage specific factor, and it has 
been identified to have a significant role       
in T-cell development.12, 13 Furthermore, 
originally it has been detected by             
complementary DNA microarray as a 
marker for transitional epithelium and 
urothelial carcinoma in 2007 by Higgins        
et al.14 
Additionally, it has been reported that          
GATA3 is likely to becrucialin preventing 
urothelial tumorigenesis,15 as when       
compared to normal urothelial tissues; its 
expression is reduced in UC.16 As well, it 
has been suggested that GATA3 has            
a preventive role in UC progression, and its 
decreasing in expression might anticipate 
progression in non-muscle invasive UC. In 
addition, GATA3 down-expression was  
recorded in muscle invasive UC and          
high-grade UC.16,17 
Promisingly, modern diagnostic surgical 
pathology has identified GATA3 as a 
urothelial-related immunohistochemical 
marker and recognized it as one of               
the most reliable urothelial markers.            
There have been few studies on GATA3                  
expression in urothelial carcinoma, as well 
as in its various grades and stages with 
different results.9, 11, 18-21 
This study aimed to assess the frequency 
of GATA3 expression in urothelial              
carcinoma of urinary bladder by using        
immunohistochemistry, in addition to          
investigate its association with some          
clinicopathologic parameters, such as the 
age, gender of patients, as well as              
tumor pattern (papillary and non-papillary), 
tumor grade, lympho-vascular invasion and 
tumor stage.  

Methods 
Study design and setting 
Seventy-nine formalin fixed paraffin             
embedded blocks of transurethral resection 
of bladder tumor and cystectomy             
specimens diagnosed as urothelial            
carcinoma were randomly selected from        
a private laboratory in Erbil city during      
October 2019 to October 2021. Two           
sections were prepared from each             
block; one was stained with Hematoxylin & 
Eosin for the purpose of histological           
analysis while the other was used              
for immunohistochemical evaluation of  
GATA3 expression. Normal urothelium was               
included along with tumor wherever              
possible. 
The microscopical classification & grading 
of the urothelial carcinoma cases                  
were performed according to the 2016               
World Health Organization classification               
system,22 and the pathological staging was 
performed according to the eighth edition 
of the American Joint Committee on           
Cancer (AJCC).23 

Ethical consideration 
Ethical approval was obtained from the 
Ethics Committee of Kurdistan Board for 
Medical Specialties. 
Immunohistochemical method: 
Sections with a thickness of four               
micrometers were cut and mounted on 
charged slides. After drying at 60 °C for 
one hour, the slides were deparaffinized 
and rehydrated at room temperature          
(20-25 °C). The slides were placed in         
a xylene bath and after 5 minute incubation 
put in ethanol for next 3 minutes.             
Lastly, immersion in distilled water was 
done for 30 seconds. Epitope retrieval was 
carried out by using a specific method in 
10 mmol/L citrate buffer 1:10 ratio with         
distilled water. IHC staining was performed 
using (DakoEnVision FLEX+) system.         
GATA3 antibody, a rabbit monoclonal         
antibody (Clone: EP368; catalog no: BSB 
3332; 0.5ml concentrated; dilution 1:200) 
was applied on tissue sections. 
The reactivity for GATA3 was considered 
as positive when nuclear staining was            
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Seventy-nine cases of urothelial carcinoma 
were included in the study. The patients’ 
age ranged from 40-91 years, the mean 
age (SD) was 68.1 (10.9) years and the 
median age was 70 years. The majority of 
the patients (77.2%) were more than 60 
years. There were 61 males and 18          
females, i.e. majority of the patients
(77.2%) were males as shown in Table 1.  
The data for pathologic characteristics        
of the studied cases are summarized in  
Table 2. 
No significant association was detected 
between GATA3 expression with age        
(P = 0.613) and gender (P = 0.154), but it  
is evident in Table 3 that the proportions of 
cases with strongly positive expression 
were higher among those aged more than 
60 years. No significant association was       
detected between the GATA3 expression 
with tumor grade (P = 0.061), and Lympho-
vascular invasion (P = 0.337). Although 
there was no significant association             
between GATA3 expression with tumor 
stage (P = 0.107), but it appears that 
37.5% of cases with Ta (non-invasive UC) 
and 22.2% of T1 (Lamina propria (LP)      
invasive UC) had strongly expressed         
GATA3, as presented in Table 3, Figure 1. 

Results 

observed and scoring of GATA3                
immunoreactivity was done and reviewed 
by two expert pathologists. Positive and 
negative control slides were involved with 
each run of staining. Negative controls 
were obtained by omitting the primary         
antibody and by using N-Universal negative 
control, normal urothelium was used as 
positive control for GATA3 expression. 
Scoring system: 
For scoring of the GATA3 expression, the 
immunoreactive score (IRS) was used, 
which multiplies both the percentage of  
immunoreactive cells and the staining        
intensity as follows: The percentage of       
immunoreactive cells was scored as:              
0% (0), 1%-10% (+1), 11%-50% (+2),             
51%-80% (+3), 81%-100% (+4).  
The staining intensity was scored as: 
Negative (0), weak (+1), Moderate (+2), 
and Strong (+3). GATA3 IHC scoring           
results ranged from (0-12),from (0-1): 
Negative, from (2-4): Weakly positive, from 
(5-8): Moderately positive, from (9-12): 
Strongly positive. All three groups which 
exhibit different positive expressions were 
regarded as GATA3 positive.18, 24 
Statistical analysis: 
Data were analyzed using the Statistical 
Package for Social Sciences (SPSS,          
version 26). Chi square test of association 
was used to compare proportions of two or 
more groups. Fisher’s exact test was used 
when the expected frequency (value) was  

less than 5 of more than 20% of the cells   
of the table. A P value of ≤ 0.05 was        
considered as statistically significant.  
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Table 1 Age and gender distribution of the studied cases 

  No. (%) 

Age (years)     

≤ 60 18 (22.8) 

> 60 61 (77.2) 

Mean (SD)  68.1  (10.9) 

Gender     

Male 61 (77.2) 

Female 18 (22.8) 

Total 79 (100.0) 
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Table 2 Pathologic characteristics of the studied cases 
  No. (%) 
Tumor pattern     
Papillary 69 (87.3) 
Non-papillary 10 (12.7) 
Tumor grade      
Low grade 20 (25.3) 
High grade 59 (74.7) 
Lymphovascular invasion     
Positive 7 (8.9) 
Negative 72 (91.1) 
Tumor stage     
Ta 8 (10.1) 
T 1 54 (68.4) 
T 2 15 (19.0) 
T 3 2 (2.5) 
GATA3 expression score     
Negative 4 (5.1) 
Weakly positive 23 (29.1) 
Moderately positive 36 (45.6) 
Strongly positive 16 (20.2) 
Total 79 (100.0) 

 GATA3 expression was significantly associated with tumor pattern, (P = 0.034). 

Figure 1 GATA3 immuno-expression. A: Strong intensity GATA3 expression (IHCx400).  
B: Moderate intensity GATA3 expression (IHCx400). C: Weak intensity GATA3 expression 
(IHCx400). D: Negative GATA3 expression (IHCx400).  
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Table 3 The correlation between GATA3 expression and clinicopathologic parameters  

    GATA3 expression score   

    Negative Weakly 
positive 

Moderately 
positive 

Strongly 
positive 

  

  N No. (%) No. (%) No. (%) No. (%) P –Value 

Age (years)             

≤ 60 years 18 1 (5.6) 7 (38.9) 8 (44.4) 2 (11.1)   

> 60 years 61 3 (4.9) 16 (26.2) 28 (45.9) 14 (23.0) 0.613* 

Gender             

Male 61 4 (6.6) 16 (26.2) 31 (50.8) 10 (16.4)   

Female 18 0 (0.0) 7 (38.9) 5 (27.8) 6 (33.3) 0.154* 

Tumor pattern             

Papillary 69 2 (2.9) 18 (26.1) 34 (49.3) 15 (21.7)   

Non-papillary 10 2 (20.0) 5 (50.0) 2 (20.0) 1 (10.0) 0.034* 

Tumor grade             

Low grade 20 0 (0.0) 2 (10.0) 13 (65.0) 5 (25.0)   

High grade 59 4 (6.8) 21 (35.6) 23 (39.0) 11 (18.6) 0.061† 

Lymphovascular invasion 

Positive 7 1 (14.3) 3 (42.9) 2 (28.5) 1 (14.3)   

Negative 72 3 (4.2) 20 (27.8) 34 (47.2) 15 (20.8) 0.337* 

Tumor stage             

Ta 8 0 (0.0) 1 (12.5) 4 (50.0) 3 (37.5)   

T 1 54 1 (1.9) 17 (31.5) 24 (44.4) 12 (22.2)   

T 2 15 2 (13.3) 4 (26.7) 8 (53.3) 1 (6.7)   

T 3 2 1 (50.0) 1 (50.0) 0 (0.0) 0 (0.0) 0.107* 

Total 79 4 (5.1) 23 (29.1) 36 (45.6) 16 (20.2)   

*By Fisher’s exact test. †By Chi square test. 
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GATA3, a member of GATA family               
transcription factors, is expressed in normal 
urothelial epithelium and urothelial              
carcinoma,16, 19 and it has been recognized 
to have diagnostic and prognostic               
implications in bladder cancer patients. 
Along years, the value of GATA3                  
immunohistochemical expression in UC 
has been investigated by researchers, and 
has been concluded that it is a useful 
marker for urothelial carcinoma, as it has 
been valuable in confirming the urothelial 
origin of metastatic UC, as being a             
significant marker for primary UC.11,14,21,25,26 

In various studies , variable expressions of 
GATA3 for UC were reported, ranged from 
77% to up to 99%.18-21, 25-27In the present 
study, GATA3 was expressed  in 94.9% of 
cases, Comparable results were obtained 
by other studies, as Abdullah et al.               
from Iraq20 recorded GATA3 expression in 
96% of their studied cases, Leivo et al.    
and  Clark et al.26, 27 in 99% and 95%,           
respectively. While GATA3 expressed in 
77% of cases in a study was done by 
Agrawal et al,18 80% by Chang et al,21 

80.15% by Naik et al,19 and 83.5% by 
Hoang et al.25 This discrepancy in results 
can be explained by the differences in        
sample size, variable antibody sources, 
and different properties of antibodies. 
This study showed reduction in GATA3  
expression in UC in comparison to normal 
urothelium, as in the cases in which normal 
urothelium was presented in the sample, 
GATA3 expressed in all (100%) those       
normal urothelium, this result was in         
alignment with that observed by Naik             
et al.19 and Miyamoto et al,16 who revealed 
GATA3 positivity in 100% and 98% of         
normal urothelium respectively. Whereas, 
in the studied UC cases, GATA3 showed 
positivity in 94.9% of cases, this down-
expression of GATA3 in UC in comparison 
to normal urothelial tissue was also         
recorded by other studies.12, 16, 17, 19 
The study revealed that  the mean age of 
the patients (SD) was 68.1 (10.9) years, 
majority (77.2%)  were aged more than 60  

Discussion years, similar to what has been reported by 
Abdullah et al.20 There was no significant 
association between GATA3 expression 
and patients’ age, this result was in          
alignment to that observed by Wang             
et al.12 Sixty-one males and eighteen        
females were included in this study,           
majority (77.2%) were males, comparable 
to what was recorded by Abdullah et al.20 
and others,26, 28 this male predominance 
may be attributed to the more prevalence 
of tobacco smoking and occupational        
exposure to chemical carcinogens among 
males, which are major risk factors for UC. 
No significant association was detected 
between GATA3 expression and gender of 
the patients; this coincides with a study 
was done by Wang et al.12 
This study showed higher expression of 
GATA3 in papillary UC than in non-
papillary UC cases, as GATA3 positivity 
was recorded in 97.1% of papillary UC 
cases, whereas 80% of non-papillary UC 
cases expressed GATA3, this result was  
in harmony with what was obtained by  
Naik et al,19 who recorded GATA3 positivity 
in 97.5% and 76.27% of papillary UC       
and non-papillary UC cases respectively.        
Additionally, in this study, the majority 
(71%) of papillary UC cases were              
moderate to strongly immunoreactive for 
GATA3, while half of non-papillary UC 
cases showed weak immunoreactivity for 
GATA3, and 20% did not show any              
reactivity for the antibody. Results showed 
that there was a statistically significant       
association between GATA3 expression 
and the tumor pattern, comparable to that 
observed by other studies.12,17, 19 
In the present study, all low-grade UC 
cases expressed GATA3, while high-grade 
UC cases showed a decrease in                 
expression, the down-expression of            
GATA3 in high-grade cases were also          
recorded by other studies.16, 18, 19 Moreover, 
among the studied cases, 90% of              
low-grade UC cases showed moderate          
to strong immunoreactivity for GATA3, 
whereas, more than one third of high-grade 
UC cases were weakly immunoreactive      
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for GATA3. There was no significant          
association between GATA3 expression 
and tumor grade, similar to what was       
obtained by other studies.12,20 
This study revealed reduction in GATA3 
immunoreactivity in those cases which 
have lympho-vascular invasion (LVI), as 
more than half of the cases which have 
LVI, were weakly immunoreactive for          
GATA3 or did not show any reactivity. This 
result was not found to be statistically      
significant, similar to what was obtained by 
Agrawal et al.18 
Furthermore, when GATA3 positivity         
compared in non-invasive UC to invasive 
UC cases (LP invasive UC and muscle       
invasive UC), the results of this study 
showed that GATA3 expressed in all 
(100%) cases of non-invasive UC, whereas 
its expression reduced in invasive UC 
cases, as 94.36% of cases were positive 
for GATA3, this reduction in GATA3         
expression in invasive UC in comparison      
to non-invasive UC cases was also               
recorded by other studies.18-20 As well, in                    
comparing GATA3 expression in non-
invasive UC to LP invasive UC to muscle 
invasive UC individually, results of this 
study showed higher GATA3 expression in 
non-invasive UC than in LP invasive UC, 
and higher expression in LP invasive UC 
than muscle invasive UC, as GATA3           
expressed in 100%, 98.1% and 82.35%        
of non-invasive UC, LP invasive UC and     
muscle invasive UC cases respectively, 
similar results were obtained by other         
studies.18, 19  

Additionally, this study showed decrease 
GATA3 immunoreactivity in muscle               
invasive UC in comparison tonon-muscle 
invasive UC (non-invasive UC, LP invasive 
UC), as two third of non-muscle invasive 
UC cases showed moderate to strong        
immunoreactivity for GATA3, while nearly 
half of the muscle invasive UC cases 
showed only weak positivity for GATA3, or 
did not show any reactivity, these findings 
were in concordance with those obtained 
by others.18 No significant association was 
found between GATA3 expression and          

tumor stage, which was similar to what was 
observed by Abdullah et al.20  

Conclusion 
This study concluded that GATA3 is               
a useful diagnostic immunohistochemical 
marker for urothelial carcinoma, as this 
marker was expressed in 94.9% of UC 
cases with a significant association            
with tumor pattern. Further studies are           
required to evaluate GATA3 expression       
in association with urothelial cancer               
progression and metastasis.  
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