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ABSTRACT

Background Urothelial neoplasms are among the most common tumors affecting the urinary tract and are known for their
high recurrence rates and variable clinical behavior. The prognosis and management of these tumors depend on
histomorphological parameters like tumor grade and invasion into the muscularis propria mainly. However, assessment
based only on morphology may be limited in certain cases. GATAS3, a transcription factor expressed in urothelial cells has
gained importance as an immunohistochemical marker. Studying its expression and its correlation with histomorphological
parameters will help in better characterization of tumors and their prognostication. Materials and Methods This cross-
sectional study was carried out in the Department of Pathology, Ramaiah Medical College, Bengaluru, over a period from
March 2024 to February 2026. A total of 68 cases of urothelial neoplasms from cystoscopic biopsies, TURBT, and radical
cystectomy specimens. Using light microscopy, the tumor morphology was examined. The evaluation of GATA3
expression was done by immunohistochemistry. The scoring was done using and immunoreactivity scoring system based
on the intensity of staining and the proportion of positive tumor cells. Descriptive statistics and Chi-square test were used
for statistical analysis and for the analysis of the association between GATA3 expression and histomorphological
parameters respectively. Results A total of 68 cases of urothelial neoplasms were studied and evaluated, of which majority
showed GATAS positivity. The correlation between GATAS3 expression and various histomorphological parameters was
found to be statistically significant. Most low grade tumors with mild nuclear pleomorphism, low mitotic activity, no
invasion, absence of necrosis and increased TILs showed strong expression of GATAS3. The high grade tumors
comparatively showed weak GATAS3 expression. These findings indicate that GATA3 may serve not only as a diagnostic
marker but also has prognostic significance. Conclusion The present study confirms that GATAS is a highly sensitive
immunohistochemical marker in urothelial neoplasms and demonstrates significant association with multiple
histopathological prognostic parameters. The findings further strengthen the role of GATA3 as a marker of tumor
differentiation and biological behavior. Importantly, the study expands the existing knowledge by demonstrating
associations with mitotic activity, necrosis and TILs, suggesting a broader role of GATA3 in tumor biology.
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1. INTRODUCTION

Urothelial carcinoma (UC) is a common urinary tract cancer with high global incidence and mortality. Its classification
into non-invasive and invasive types particularly the presence of muscle invasion is critical, as muscle-invasive UC is
aggressive and life-threatening. Prognosis and treatment decisions depend on the cancer’s extent, highlighting the need for
reliable biomarkers to enable early detection, risk stratification, and personalized treatment for better clinical outcomes.1-
3

Bladder cancer is among the top ten cancers globally, with approximately 550,000 new cases reported annually.4 Urothelial
carcinoma is the most common subtype, being 3—4 times more frequent in males than females and more prevalent in
individuals over 60.5 In India, the gender disparity is even more pronounced, with incidence 8.6 times higher in males. It
ranks 17th in incidence and 19th in mortality within the Indian population.6,7

Approximately 75% of bladder cancers are pure conventional urothelial carcinomas (CUC), while the remaining 25%
contain histological subtypes (HSs). Histological subtypes of urothelial carcinoma are often associated with conventional
urothelial carcinoma (CUC), but may occur in pure form occasionally. In some cases, more than one histological subtype
can be seen within the same tumor8. Urothelial carcinomas with any histological subtypes are generally more aggressive
than pure CUCs9. Hence such tumors are classified as high risk (even in the absence of muscle invasion) by the European
Association of Urology and Japanese Urology Association. Therefore it is very important to recognize and report these
histological subtypes for risk stratification, prognostic evaluation and treatment planning10-12. At the time of initial
diagnosis, most urothelial tumors are superficial and 70% of these tumors follow a prolonged clinical course with frequent
recurrences even after local excision, but without any significant progression. In contrast, a small proportion of tumors
rapidly progress and show aggressive behavior. This unpredictable clinical course necessitates long-term surveillance,
thereby making urothelial carcinoma one of the costliest cancers to managel3,14.

Histopathology is very much essential for guiding treatment and assessing prognosis in urothelial tumors, but it is limited
by subjectivity and poor specificity in certain situations. Various immunohistochemical markers including p63, cytokeratin
7, cytokeratin 20, uroplakin, S100P, and thrombomodulin have been investigated to improve staging, grading, and
metastatic site specificity. However, none have proven clinically useful, as they are also expressed in other epithelial
cancers like breast, ovary, and lung, limiting their diagnostic value at metastatic sites.15-17

The identification of reliable biomarkers for invasive urothelial carcinoma (UC) is essential for early detection, risk
stratification, and personalized treatment. GATA-binding protein 3 (GATAS3) has emerged as a promising biomarker for
UC.2,3,18 It is a transcription factor involved in cell differentiation and proliferation, commonly expressed in urothelial
and breast epithelial cells. GATA3 regulates luminal differentiation in breast tissue and may also play a role in the
development or maintenance of skin, hair, and vascular endothelial cells.19,20

The management and prognostication of urothelial carcinoma patients largely depend on the histomorphological
parameters. This study is designed to assess the hypothesis that GATA-3 expression intensity and proportion show
significant association with the histomorphological parameters and may play an important role in stratifying high-risk
patients. Hence, this study aims to explore the utility of GATA-3 expression in urothelial neoplasms arising along the
urinary tract and its correlation with histomorphological parameters.

2. MEHTODOLOGY

This cross-sectional study included patients with urothelial neoplasms who underwent TURBT, cystoscopic biopsy, or
radical cystectomy at the Department of Pathology, Ramaiah Medical College and Hospitals, Bengaluru, over a period of
two years. Written informed consent was obtained from all participants, who were enrolled based on the predefined
inclusion and exclusion criteria. A total of 68 subjects were included in the study based on the predetermined sample size.
Inclusion Criteria:

Cystoscopic biopsies, TURBT, and radical cystectomy from patients aged more than 18 years with urothelial neoplasms
were included in the study.

Exclusion Criteria:
Cases with extensive tumor necrosis without sufficient viable tumour cells for accurate evaluation of the
immunohistochemical results were excluded from the study.
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3. METHOD OF DATA COLLECTION

The cystoscopic biopsies, TURBT and radical cystectomy specimens of urothelial neoplasms were received in the
Pathology Department in 10% formalin. After a detailed gross specimen examination, multiple representative tissue bits
were taken from the tumor and processed as per standard protocol. Five micrometer thick sections were cut from the
formalin fixed paraffin embedded blocks and stained with hematoxylin and eosin (H&E) stain. The H&E stained slides
were evaluated and reported as per WHO / International Society of Urologic Pathology (ISUP) classification of bladder
tumors, 2022. Special emphasis was laid on tumor grade, nuclear pleomorphism, muscle invasiveness, mitosis, necrosis
and TILs.

4. PROCESSING FOR IMMUNOHISTOCHEMISTRY (IHC)

Sections of 3 um thickness were mounted on coated glass slides, deparaffinised in three changes of xylene for 10 minutes
each and rehydrated through descending grades of alcohol (100%, 90%, 70% and 50%). The sections were rinsed in running
tap water, distilled water and Tris buffer.

Endogenous peroxidase activity was blocked using peroxidase blocking solution for 15 minutes, followed by Tris buffer
washes. Antigen retrieval was performed using Tris-EDTA buffer by microwave heating for four cycles of 8 minutes of
boiling followed by 5 minutes of cooling. After washing, protein blocking was performed for 15 minutes, followed by
incubation with the primary antibody for 45-60 minutes in a moist chamber.

Following Tris buffer washes, post-primary block was applied for 30 minutes, followed by Poly-HRP secondary antibody
for 30 minutes. Immunoreactivity was visualised using DAB chromogen for 5 minutes. The sections were counterstained
with haematoxylin for 20 seconds, washed, dehydrated, cleared and mounted using DPX. Positive and negative controls
were included with each staining batch.

Evaluation of IHC Staining:

A positive immunoreaction was defined by brown nuclear staining of tumour cells. Expression was assessed using the
immunoreactivity score (IRS), calculated by multiplying the proportion of positively stained tumour cells (score 0—4) by
staining intensity (score 0-3). Tumours were categorised as having negative, weak, moderate or strong expression based
on the IRS.

5. RESULTS
The majority of cases belonged to the 61-70 years age group (39.7%), followed by 51-60 years (27.9%) and >70 years
(22.1%). Only 2.9% of cases were below 40 years of age, indicating that urothelial carcinoma in the present study

predominantly affected older adults.

Males constituted 73.5% of the study population, whereas females accounted for 26.5%. Thus, a clear male predominance
was observed, with an approximate male: female ratio of 2.8:1.

Table 1. Distribution according to GATA3 expression

Frequency (n) Percentage (%)
Negative 1 1.5
Mild 36 52.9
Strong 31 45.6

Mild GATAS3 expression was observed in 52.9% of cases, strong expression in 45.6%, and negative expression in only
1.5%. Hence, most urothelial tumors in the present study were GATAS3 positive.

Table 2. Association of GATA3 expression with tumor grade

Negative n (%) Mild n (%) Strong n (%)
High 1(2.2) 33 (73.3) 11 (24.4)
Low 0 (0.0) 2 (9.5) 19 (90.5)
Not applicable 0 (0.0) 1 (50.0) 1 (50.0)
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Study of Gata-3 Expression in Urothelial Neoplasms and its Correlation with

Histomorphological Parameters

There was a statistically significant association between GATA3 expression and tumor grade (Pearson chi-square test, p =
<0.001). High-grade tumors showed predominantly mild GATAS3 expression (73.3%), whereas low-grade tumors showed

predominantly strong expression (90.5%). This indicates that stronger GATA3 expression was associated with lower-grade
tumors.

Graph 1. Graph showing Association of GATAS3 expression with tumor grade
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Table 3. Association of GATA3 expression with nuclear pleomorphism

Negative n (%)  |Mild n (%) Strong n (%)
Mild 0 (0.0) 2 (11.7) 15 (88.3)
Moderate 0 (0.0) 18 (60.0) 12 (40.0)
Severe 1(4.8) 16 (76.2) 4 (19.0)

A statistically significant association was noted between GATAS3 expression and nuclear pleomorphism (Pearson chi-
square test, p = 0.002). Tumors with mild pleomorphism showed predominantly strong expression (88.3%), whereas tumors

with severe pleomorphism showed mainly mild expression (76.2%) with occasional negativity (4.8%). This suggests that
GATAZ3 expression decreases as pleomorphism becomes more severe.

Graph 2. Graph showing Association of GATA3 expression with nuclear pleomorphism
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Table 4. Association of GATAS expression with invasion
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Study of Gata-3 Expression in Urothelial Neoplasms and its Correlation with

Histomorphological Parameters

Negative n (%) Mild n (%) Strong n (%)
Lamina propria invasion
0 (0.0) 11 (64.7) 6 (35.3)
Muscle invasion 1(2.9) 23 (65.7) 11 (31.4)
No invasion 0 (0.0) 2 (12.5) 14 (87.5)

There was a statistically significant association between GATAS3 expression and invasion (Pearson chi-square test, p =
0.004). Tumors without invasion showed predominantly strong GATAS3 expression (87.5%), while both lamina propria

invasive tumors (64.7%) and muscle-invasive tumors (65.7%) predominantly showed mild expression. This indicates lower
GATAZ3 expression in more invasive tumors.

Graph 3. Graph showing Association of GATAS3 expression with invasion

B Naogativve®

Mil#&

o ©ON O OV

T amina nranria

Mucrla
Nn

Table 5. Association of GATA3 expression with mitotic activity

Negative n (%) [Mild n (%) Strong n (%)
<5/10hpf 0 (0.0) 19 (40.4) 28 (59.6)
5-10/10hpf 1(4.8) 17 (81.0) 3 (14.3)

p value: 0.001 A statistically significant association was observed between GATA3 expression and mitotic activity
(Pearson chi-square test, p = 0.001). Tumors with

<5/10hpf mitosis more often showed strong expression (59.6%), whereas tumors with 5-10/10hpf mitosis predominantly
showed mild expression (81.0%). Thus, higher mitotic activity was associated with reduced GATA3 expression.

Graph 4. Graph showing Association of GATAS3 expression with mitotic activity
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Table 6. Association of GATA3 expression with necrosis
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Negative n (%) Mild n (%) Strong n (%)
/Absent 1(2.1) 19 (39.6) 28 (58.3)
Present 0 (0.0) 17 (85.0) 3 (15.0)

p value: 0.003

Necrosis showed a statistically significant association with GATA3 expression (Pearson chi-square test, p = 0.003). In
tumors without necrosis, strong GATA3 expression was more common (58.3%), whereas tumors with necrosis
predominantly showed mild expression (85.0%). Therefore, presence of necrosis was associated with lower GATA3
expression

Graph 5. Graph showing Association of GATAS3 expression with necrosis
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6. DISCUSSION

The present study evaluated GATA-3 expression in urothelial neoplasms and demonstrated that it is strongly expressed in
the majority of cases, with significant associations observed with tumor grade, invasion, nuclear pleomorphism, mitotic
activity, necrosis, and tumor infiltrating lymphocytes. These findings support the idea that GATA3 is not just a diagnostic
marker, but also reflects tumor differentiation and overall biological behavior. The results of the present study are discussed
below in comparison with previously published studies.

Age Distribution

In the present study, most patients belonged to the sixth and seventh decades of life with peak incidence in the 61-70 years
age group. This is in line with global epidemiological data reported by Antoni et al. [1] and Sung et al. [21], which show
that the incidence of bladder cancer increases with age.

Similar findings were reported by Gupta et al. [6], who observed that bladder cancer commonly affects individuals in the
6th to 7th decades and that older patients tend to present with more aggressive disease. The findings of the present study
closely match with these findings suggesting that the study population follows the typical age pattern seen in urothelial
carcinoma.

This age distribution can be explained by prolonged exposure to carcinogens such as tobacco and occupational chemicals
over time [23-25]. In addition, molecular studies have shown that urothelial carcinogenesis occurs due to gradual
accumulation of genetic alterations [21]. Hence, the findings of this study are consistent with both epidemiological and
molecular evidence.

Gender Distribution

The present study showed a clear male predominance, which is consistent with previous studies. Burger et al. [23] and
Cumberbatch et al. [26] have reported that bladder cancer is more common in males mainly due to higher exposure to
environmental and occupational risk factors.

Similarly, Gupta et al. [6] also observed male predominance and attributed it to smoking and occupational exposure. The
findings of the present study are in agreement with these observations.

This male predominance may be due to a combination of factors like greater exposure to carcinogens, hormonal influences
and genetic susceptibility [23-25]. Overall, the gender distribution in this study follows the well-established

© 2026 Journal of Carcinogenesis | Published for Carcinogenesis Press by Wolters Kluwer-Medknow

pg. 708



epidemiological pattern.

Histopathological Spectrum:
In the present study, papillary urothelial carcinoma was the most common histological type. This is in accordance with the
WHO 2016 classification [12], which identifies conventional urothelial carcinoma as the most common subtype.

Studies by Lopez-Beltran et al. [9] and Lobo et al. [8] have also reported that conventional urothelial carcinoma constitutes
the majority of cases while those with histologic subtypes are less common but clinically significant due to their aggressive
nature. In this study, only a small proportion of variant histologies were seen.

Thus the histopathological findings of this study are in keeping with the known spectrum of urothelial neoplasms.

GATA-3 Expression:
GATA3 is a transcription factor that plays an important role in cellular differentiation and lineage specification [17]. Its
role in urothelial differentiation has been well documented by Higgins et al. [15] and Chou et al. [17].

In the present study, a high overall positivity (approximately 98%) was observed. This is similar to the findings of Liu et
al. [38], Chang et al. [39], and Miettinen et al. [42], who also reported high sensitivity of GATA3 in urothelial carcinoma.
Plage et al. [41] have shown that reduced or loss of GATA3 expression is associated with tumor progression. This supports
the findings of the present study where lower expression was noted in more aggressive tumors.

Therefore, both high positivity and variation in staining intensity seen in this study are well supported by previous research.
GATA-3 Positivity in Urothelial Carcinoma — Present study in comparison with previous studies

Tumor Grade and GATA-3:

This study showed a statistically significant association between GTA3 expression and tumor grade. Strong expression was
mainly seen in low grade tumors whereas reduced expression was noted in high grade tumors. This finding is consistent
with Agarwal et al. [37], who reported that GATAS expression correlates with tumor differentiation and can be used in
grading. Similar observations were made by Chandra et al. [43] and Hussain et al. [44], who also reported decreased
expression in high grade tumors.

The meta-analysis by Yoo et al. [40] further confirmed the prognostic significance of GATA-3, demonstrating better
outcomes in tumors with higher expression.

At the molecular level, studies have shown that low-grade tumors follow a luminal differentiation pathway, characterized
by expression of markers such as GATA-3 [63-65]. In contrast, high-grade tumors exhibit genomic instability and loss of
differentiation markers [23].

Therefore, the findings of the present study not only corroborate previous studies but also align with current molecular
understanding of bladder cancer.

GATA-3 Expression vs Tumor Grade - Present study in comparison with previous studies

Tumor Invasion:

The present study demonstrated reduced GATA-3 expression in invasive tumors, with significant association.

This is consistent with Yoo et al. [40], who reported higher expression in non-muscle-invasive bladder cancer compared
to muscle-invasive tumors. Similarly, Plage et al. [41] demonstrated that loss of GATA-3 is associated with tumor
progression.

Molecular studies have shown that invasive tumors are associated with basal-like phenotype and epithelial-mesenchymal
transition [29, 28]. These tumors typically show reduced expression of luminal markers such as GATA-3.

Thus, the present findings strongly align with both histopathological and molecular evidence.

GATA-3 Expression vs Tumor Invasion - Present study in comparison with previous studies

Nuclear Pleomorphism:

The present study showed that tumors with mild pleomorphism had strong GATA-3 expression, whereas those with severe

pleomorphism showed reduced expression.

Although specific studies on nuclear pleomorphism and GATA-3 are limited, this finding is consistent with the general
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observation that poorly differentiated tumors exhibit loss of lineage-specific markers [22]. Thus, the present study provides
additional evidence linking GATA-3 expression with cytological differentiation.

Mitotic Activity:

The present study demonstrated a significant inverse relationship between GATA-3 expression and mitotic activity. While
Hussain et al. [44] did not find a significant association, the present study showed a clear correlation. This difference may
be due to variation in sample size and tumor characteristics.

Studies on proliferative markers such as Ki-67 [34, 35] have shown that increased proliferation is associated with
aggressive tumor behavior. The reduced expression of GATA-3 in highly proliferative tumors observed in the present study
supports this concept.

Tumor Necrosis: Comparative Analysis

A significant association between reduced GATA-3 expression and tumor necrosis was observed. Necrosis is a known
indicator of aggressive tumor biology and is associated with hypoxia and rapid tumor growth. Molecular pathways such as
p53 mutation and PI3K/AKT activation contribute to this phenomenon [33, 30].

Although Hussain et al. [44] did not find a significant association, the present study suggests that GATA-3 expression may
reflect tumor aggressiveness more comprehensively.

Tumor Infiltrating Lymphocytes (TILs):
The present study demonstrated a significant association between GATA-3 expression and TILs.

Recent studies have emphasized the role of tumor immune microenvironment in bladder cancer [31, 32]. GATA-3 is known
to regulate T-cell differentiation [36], suggesting a possible link between tumor biology and immune response.

However, limited literature is available on this specific association, making this an important contribution of the present
study.

When all findings are considered together, a consistent pattern emerges:
Strong GATA-3 expression — well-differentiated, less aggressive tumors
Reduced expression — poorly differentiated, aggressive tumors

7. CONCLUSION

The present study demonstrates that GATA-3 is a highly sensitive immunohistochemical marker for urothelial neoplasms,
supporting its utility in establishing urothelial origin, particularly in morphologically challenging and metastatic cases.
Reduced GATA-3 expression showed an inverse association with adverse histopathological features, including higher
tumour grade, increased mitotic activity, nuclear pleomorphism and necrosis, suggesting a potential association with
tumour dedifferentiation and aggressive biological behaviour.

The association between GATA-3 expression and tumour-infiltrating lymphocytes (TILs) further highlights its possible
relationship with the tumour microenvironment and warrants further investigation.

Overall, GATA-3 is a valuable diagnostic marker with potential prognostic significance in urothelial neoplasms. Further
studies incorporating molecular analysis are required to elucidate its role in tumour progression and biology.
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Figure 1. Radical cystectomy specimen showing a solid, grey white mass measuring 3.8x3x2cm
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Study of Gata-3 Expression in Urothelial Neoplasms and its Correlation with
Histomorphological Parameters

Figure 2. Photomicrograph showing Papillar Architecture in Low-Grade Urothelial Carcinoma (H&E, 4x)
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Figure 3. Photomicrograph Demonstrating Lamina Propria Invasion by Urothelial
Carcinoma (H&E, 10x)
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Figure 4. Photomicrograph of Low-Grade Papillary Urothelial Carcinoma Showing Strong Nuclear GATA3
Positivity in >90% Tumor Cells (10x)
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Study of Gata-3 Expression in Urothelial Neoplasms and its Correlation with
Histomorphological Parameters

Figure 5. Photomicrograph of Low Grade Paplllary Urothelial Carcinoma Showmg Strong Nuclear GATA3
Positivity in >90% Tumor Cells (40x)

Figure 6. Photomlcrograph of ngh Grade Paplllary Urothellal Carcinoma Showmg Moderate Nuclear GATA3
Positivity in 40% Tumor Cells (40x)
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