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Abstract
Urothelial carcinoma has a varied and wide histological spectrum posing a diagnostic challenge in H&E examination
alone. Immunohistochemical markers like GATA-3 along with other appropriate panel of IHC can be used. However,
the percentage positivity and its intensity may vary in different variants and grades of primary and metastatic urothelial
carcinoma. To observe the GATA-3 expression patterns in all the grades and different variants of primary and
metastatic urothelial carcinomas. It is a prospective and retrospective observational study. All the clinically suspected
urothelial carcinoma (UC) during January 2016 to December 2017 were included in the study. Depending on the
differential diagnosis considered, immunohistochemistry (IHC) markers including CK7, CK20, p63, AMACR, CDX2,
and p16 were done to differentiate UC from other primary carcinomas. The tumors confirmed as UC were analyzed
further for GATA-3 expression by Chi-square test. The number of UC in the present study was 126 including 122
(bladder in 107, ureter in 7, renal pelvis in 5, and urethra in 3) primary and 4 metastatic UC (3 in lung and 1 in liver).
Age of the patients ranged from 29 to 80 (mean 61.28) years with male/female ratio 4:1. GATA-3 showed positivity in
97 (79.5%) primary UC. GATA-3 was positive in all normal urothelium and non-invasive UC (100%), while it was
positive in 69/94 (73.4%) invasive UC including variants. GATA-3 was positive in 35/39 LP invasive (89.74%) and
34/55 (61.81%) MP invasive UC. GATA-3 was positive in 39/40 papillary cases (97.5%) and 45/59 (76.27%) cases of
non-papillary UC. GATA-3 showed strong expression in all metastatic UC (100%). GATA-3 expression was seen in
101/126 (80.15%) of UC including primary and metastatic carcinomas and hence was a useful marker in diagnosing
UC. The GATA-3 positivity decreased from normal urothelium to UC; low-grade UC to high-grade UC; non-invasive
to invasive UC; lamina propria invasive to muscle invasive UC; papillary to non-papillary UC.
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Abbreviations
UC Urothelial carcinoma
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Introduction

Majority of invasive urothelial carcinomas (UC) are high
grade. Invasive UC has a wide histological spectrum and has
a pronounced ability for divergent differentiation, which poses
diagnostic challenge [1, 2]. However, characterization of the
tumors has diagnostic, therapeutic, or prognostic implications,
significantly impacting the management [2]. Invasive high-
grade UC can be difficult to differentiate from other high-
grade carcinomas because morphology alone is not always
specific. In such situations, immunohistochemistry (IHC)
plays a vital role in the diagnosis and differential diagnosis
of UC [3, 4]. A large number of IHC markers may be
expressed by these tumors but there is no ideal marker or
established panel to confirm urothelial differentiation [5].
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GATA-3 is a zinc finger transcription factor which is impor-
tant in the differentiation of urothelium, breast epithelium, and
subsets of T-lymphocytes [6]. It was discovered as a UC marker
by CDNA expression microarray [7]. It is down-regulated in
invasive bladder cancer, and hence useful in the distinction be-
tween urothelial and prostatic adenocarcinoma.GATA-3 is
expressed in 67% to 90% of UC [6, 8]. However, GATA-3 is
multi-specific; hence, it has to be interpreted in the context of
clinical and morphological features. There are very few studies
on the expression of GATA-3 in the different grades of UC [6,
9–15].

In this study, we aim to study GATA-3 expression patterns
in all the grades and variants of UC to determine its efficacy
for the diagnosis.

Subjects and Methods

This was both a prospective and retrospective observational
study done during the period of January 2016 to December
2017. All the patients with clinically suspected UC and whose
samples were obtained from either primary (by transurethral
resection of bladder tumor (TURBT), cystectomy, cysto-pros-
tatectomy, cystoprosto-ureterectomy, radical nephrectomy
with ureterectomy), or metastatic sites were included in the
study. Samples with inadequate tissue/no available paraffin
blocks were excluded. The demographic details and clinical
presentation were collected from medical records. Imaging
details and cystoscopy findings were obtained and the location
of the tumor was noted. The samples were fixed in 10% buff-
ered formalin and processed for paraffin-embedded sections
and stained with hematoxylin and eosin (H&E). Normal
urothelium was included along with tumor wherever possible.
The tumors were diagnosed as UC or its variants and were
graded according toWHO 2016 criteria [8]. Depending on the
differential diagnosis considered, other IHC markers includ-
ing CK7, CK20, p63, AMACR, CDX2, and p16 were done to
differentiate from other primary carcinomas from adjacent
structures like prostate, cervix, vagina, rectum, and others.
The tumors confirmed as UC based on imageology (for the
predominant site of the tumor), morphology, and IHC were
analyzed further for GATA-3 expression.

IHC was done either on Leica Bond III or Ventana.
Sections were prepared on poly-L-Lysine-coated slide af-
ter de-paraffinization followed by antigen retrieval. IHC
was performed with GATA-3 antibody which was mouse
monoclonal antibody (PathinSitu, US; test clone L50-
823; catalog no: CM199; 0.1 ml concentrated; dilution:
1:75). The reactivity of GATA-3 was considered as pos-
itive when there was nuclear staining. This expression
was based on the proportion of positive cells and the
intensity of the color.

Scoring: The intensity of nuclear positivity was scored from 0
to 3 as follows: score 0: not-stained; score 1: weak; score 2:
moderate; score 3: strong. The percentage of positively
stained cells for each staining-intensity was estimated in the
respective lesions and recorded as: negative: (0) (< 5% of
tumor cells stained); 1+ (5–25%); 2+ (26–50%); 3+ (51–
75%), 4+ (> 75%).

Statistical Methods

The Student’s Chi square test was calculated to know whether
GATA-3 expression correlates with morphological pattern,
histological grade, and muscle invasion. p value of < 0.01
was considered statistically significant.

Results

The number of UC in the present study was 126 including 122
primary and 4 metastatic UC. Age of the patients ranged from
29 to 80 (mean 61.28) years with majority (38.88%) in the age
group of 61–70 years. There was male predominance (80.8%)
with male/female ratio was 4:1.

The site of primary UC was bladder in 107, ureter in 7,
renal pelvis in 5, and urethra in 3. In the bladder, the most
common site was lateral wall (22.4%). Metastatic UC was
present in the lung in 3 and in the liver in one.

The primary UC was classified histologically as non-inva-
sive/invasive; lamina propria (LP) invasive/muscularis
propria (MP) invasive; papillary/non-papillary/UC variants;
high grade/low grade UC.

Primary Urothelial Carcinoma (n = 122) The primary UC in-
cluded 28 non-invasive and 94 invasive carcinoma.

Non-invasive UC (n = 28) It included 22 (5 low grade and 17
high grade) papillary and 6 (1 low grade and 5 high grade) non
papillary carcinoma (Fig. 1).

Invasive UC (n = 94)

In primary invasive UC, 39 were LP invasive and 55 wereMP
invasive.

There were only 6 low grade UC, while 116 cases were
high grade. All the low-grade UC were non-invasive UC
(Table 1; Fig. 2).

GATA-3 Immunohistochemistry in UC (Table 2; Fig. 3)

GATA-3 Expression in Primary UC (n = 122) The primary UC
on IHC with GATA-3 showed positivity in 97(79.5%).
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Comparison of GATA-3 Expression in Normal
Urothelium, Non-invasive UC, LP Invasive UC, and MP
Invasive UC

GATA-3 was positive in all normal urothelium and non-
invasive UC (100%), while it was positive in 69/94 (73.4%)
invasive UC including variants. GATA-3 was positive in 35/
39 LP invasive (89.74%) and 34/55 (61.81%) MP invasive
UC.

Comparison of GATA3 Expression in Non-invasive UC
and Invasive UC Including Variants

GATA-3 was positive in all 28 cases of non-invasive UC
(100%), whereas it was positive in 69/94 (73.4%) of invasive
UC including variants.

Comparison of GATA-3 Expression in Invasive UC
and Invasive UC Variants

GATA-3 was positive in 56/71 (78.87%) of invasive UC
whereas it was positive in 13/23 (56.52%) variants. The UC
variants with GATA-3 positivity included 2 UC with neuro-
endocrine differentiation and 11 UC with squamous
differentiation.

Comparison of GATA-3 Expression in Papillary
and Non-papillary UC Excluding Variants

GATA-3 was positive in 39/40 papillary cases (97.5%),
whereas it was positive in 45/59 (76.27%) cases of non-
papillary UC.

Comparison of GATA-3 Expression in Low-Grade
and High-Grade UC

In 122 primary UC cases, 6 cases were low grade and 116
were high grade UC. GATA-3 was strong positive in all low-
grade UC (100%), while it was positive in 91 (78.44%) high–
grade UC. The expression was strong to moderate in 83
(91.2%) and weak in 8 (8.79%).

GATA-3 Expression in Metastatic UC (n = 04)GATA-3 showed
strong nuclear expression in all metastatic UC (100%).
GATA-3 expression between the TURBT and the subsequent
cystectomy specimens in recurrent cases was not studied.

Fig. 1 Non-invasive UC. a
Photomicrograph: non-invasive
UC, low grade, H&E, 40×. b
Photomicrograph: non-invasive
UC, high grade, H&E, 40×. c
Photomicrograph: non-invasive
papillary UC, low grade, H&E,
4×. d Photomicrograph: non-
invasive papillary UC, high
grade, H&E, 4×

Table 1 Primary UC-morphological distribution (n = 122)

Non-invasive UC
(n = 28)

Number

Papillary 22 (low grade-5, high grade-17)

Non-papillary 06 (low grade-1, high grade-5)

LP-invasive UC (39) Number (all high grade)

Papillary 12

Non-papillary 18

UC with squamous
differentiation

9

MP invasive UC (55) Number (all high grade)

Papillary 06

Non-papillary 35

Variants 14
UC with squamous differentiation: 10. UC

with neuro-endocrine differentiation: 02,
UC with micro-papillary pattern: 01,
sarcomatoid carcinoma: 01
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GATA-3 expression correlation with the survival outcomes
was not done.

Statistical Analysis

GATA-3 was done in all 126 cases. The primary UC (n = 122)
on IHC with GATA-3 showed positivity in 97 (79.5%). All
metastatic UC (n = 4) were GATA-3 positive (100%).

GATA-3 positivity was higher in normal urothelium
(100%), non-invasive UC (100%), and in low grade UC
(100%) than invasive UC including variants (73.4%) and
high-grade UC (78.44%), also it was higher in invasive UC
(78.87%) than in variants (56.52%). The p value was 0.03499
which was not significant at p < 0 .01.

GATA-3 positivity was higher in papillary lesions (97.5%)
compared to non-papillary (76.27%). The p value was 0
.003843. This result was significant at p < 0.01.

GATA-3 positivity was higher in LP invasive UC com-
pared to muscle invasive UC. By using Chi-square test, the
p value was 0 .002535. This result was significant at p < 0.01.

Discussion

In the present study, the clinicopathological features and
GATA-3 expression in the different morphological subtypes
of UC were studied. Urothelial carcinomas constitute 90% of
urinary bladder tumors and majority occur in men over
50 years and present with hematuria [16, 17]. There was male

Fig. 2 Invasive UC. a
Photomicrograph: invasive
papillary UC, high grade, LP
invasive, H&E, 4×. b
Photomicrograph: invasive
urothelial carcinoma,
micropapillary variant, H&E, 4×.
c Photomicrograph: invasive UC
with neuroendocrine
differentiation, H&E, 10×. d
Photomicrograph: invasive UC
with squamous differentiation,
H&E, 10×

Table 2 GATA-3 immunohistochemistry in UC (n = 126)

GATA-3 expression Number of strong
positive cases

Number of moderate
positive cases

Number of weak
positive cases

Number of
negative cases

Papillary non-invasive UC-low grade (05) 3 2 0 0

Papillary non-invasive UC-high grade (17) 13 4 0 0

Non-papillary non-invasive UC-low grade (01) 1 0 0 0

Non-papillary non-invasive UC-high grade (05) 3 2 0 0

Papillary LP invasive UC (n = 12) 6 5 1 0

Non-papillary LP-invasive UC (n = 18) 8 5 2 3

Variants LP invasive UC (n = 9) 2 4 2 1

Papillary MP invasive UC (n = 6) 3 2 0 1

Non papillary MP invasive UC (n = 35) 9 12 3 11

Variants MP invasive UC (n = 14) 3 2 0 9

Metastatic UC (n = 04) 4 0 0 0
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predominance with the mean age of 61.28 years, and the most
common presentation was hematuria in the present study.
Urothelial carcinomas can occur from renal pelvis to distal
urethra with most common site being urinary bladder, and
the lateral walls of bladder being the commonest site (37%)
[18, 19]. In the present study, urinary bladder was the most
common site for primary UC in 107(87.7%), followed by
ureter in 7 (5.73%), renal pelvis in 5 (4.09%), and urethra in
3 (2.45%). In urinary bladder, most common site was lateral
wall (22.4%). Imaging was helpful in identifying the primary
or predominant site of involvement as well as metastatic or
contiguous site involvement in the present study. Metastatic
UC was detected in four patients in the present study, three in
lung and one in liver similar to earlier reports [1, 17]. In the
present study, no significant association of the GATA 3 ex-
pression with symptoms (hematuria) or any other clinical pa-
rameter was found.

Primary UC (n = 122)

In the present study, primary UC included 28 (22.95%) non-
invasive and 94 (77.04%) invasive UC. In invasive UC (n =
94), 55 cases (58.51%) were muscle invasive and 39 (41.48%)
were lamina propria invasive tumors. Non-invasive tumors
were predominantly papillary (78.57%) and high grade
(78.57%). The invasive tumors (including variants) were pre-
dominantly muscularis propria invasive (58.5%), non-
papillary (56.38%), and high grade (100%). These observa-
tions were in agreement with other studies [7, 20]. Higgins
et al. reported 208 invasive tumors versus 113 non-invasive

tumors [7]. Hasan et al. reported 17.85% of lamina propria
invasive and 64.28% of muscle invasive UC [20].

GATA-3 Expression in Urothelial Carcinoma

In the present study, GATA-3 was positive in 101/126 UC
(80.15%) including97/122 (79.5%) primary, 4 (100%) meta-
static UC. These results were comparable to those from other
studies [6, 15, 21].

GATA-3 Expression in Normal, Low–Grade,
and High-Grade UC

Mienittien et al. reported strong GATA-3 positivity in the
urothelium of renal pelvis, ureter, and urinary bladder. They
observed strong positivity of GATA-3 in 49/54 (90.74%)
cases of UC and negative in high grade, poorly differentiated,
and UC with squamous differentiation [6]. Miyamato et al.
showed that GATA3 was positive in 98% of non-neoplastic
urothelial tissues [10]. In the present study, all the cases, where
normal urothelium was included in the sample (n = 08), were
positive for GATA-3. Miyamato et al. showed GATA3 posi-
tivity in 86% of urothelial neoplasms including 98% of low-
grade and/or non-muscle-invasive tumors versus 72–80% of
high-grade and/or muscle-invasive tumors [10].

In the present study of 122 primary UC including 6 low
grade and 116 high grade, 97 cases(79.5%) were positive for
GATA-3 with moderate to strong nuclear positivity in 89
(91.75%) and weak nuclear positivity in 8 (8.24%). GATA-3
was positive in all low-grade UC (100%). In high-grade UC,

Fig. 3 GATA-3 immunohistochemistry in UC. a Strong positive in non-invasive UC, 10×. bModerate positive in invasive UC, 40×. cWeak positive in
invasive UC, 10×. d Negative in invasive UC with micropapillary pattern, 10×
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GATA-3 was positive in 91 (78.44%) including 83 with strong
to moderate expression (91.2%) and 8 (8.79%) with weak
expression. The results of the present study were comparable
with the study by Clark et al., who showed GATA-3 positivity
in 62/72 (86%) high-grade UC. Diffuse and strong nuclear
staining was noted in 65% of UC [22]. Hence, a decreasing
positivity pattern was seen between the GATA 3 expression
and the histopathological high-grade tumors which include
parameters of nuclear pleomorphism, mitosis, and necrosis.
Tumor-infiltrating lymphocytes correlation with GATA-3 ex-
pression was not done.

Chang et al. reported that 80% of primary high-grade UC
which showed GATA-3 positivity. All GATA-3 staining was
non focal and it was moderate to strong staining in 25 (89%)
and weak in 3 (11%) cases [21].

Agarwal et al. reported 77% GATA-3 positivity in UCwith
moderate to strong GATA-3 expression in low-grade and non-
invasive tumors while weak or no expression in high-grade
and invasive tumors [15].

GATA-3 Expression Invasive and Non-invasive UC

In the present study of122primary UC, 94 were invasive and
28 were non-invasive. GATA-3 was strong to moderate posi-
tive in all 28 (100%) non-invasive UC, whereas GATA-3 ex-
pression was seen in 69/94 (73.4%) invasive UC with inten-
sity of expression varying from strong to moderate in 61
(88.4%) and weak in 8 (11.59%) cases.

GATA-3 positivity was 61.81% in muscle invasive versus
89.74% lamina propria invasive UC. GATA-3 was positive in
13/23 (56.52%) variants UC. These results were comparable
with the results by Liu et al. who showedGATA-3 positivity in
62 of 72 UC (86%). Seventy-two cases were high-grade with
muscularis propria invasion. Diffuse (3+ or 4+) and strong
nuclear staining was noted in 65% of cases [11].

Higgins et al. observed GATA-3 positivity in 67% of 321
UC of the bladder including 208 invasive and 113 non-
invasive tumors [7].

Expression of GATA-3 in Metastatic UC

There were six cases in our study which had suspicion of meta-
static UC. After IHC, four cases were resolved as metastatic UC
(3 lung, 1 liver) and two cases were metastatic non-UC. In all the
four cases, GATA-3 was strong positive (100%). The most com-
mon problem is differentiating spread of UC to the lung versus a
primary pulmonary SCC. Chang et al. performed GATA-3 IHC
in on 15 pulmonary UCmetastases and 25 SCCs of the lung and
5 pulmonary non small cell cancer with squamous features.
Twelve (80%) of the metastatic UC to the lung were positive
for GATA3 with 11 cases showed diffuse moderate or strong
staining and one case showed focal moderate staining. None of

the pulmonary SCC or non small cell cancers with squamous
features were GATA3 positive [21].

GATA-3 expression between the TURBT and the subse-
quent cystectomy specimens in recurrent cases was not
studied.

GATA-3 expression correlation with the survival outcomes
was not done.

Conclusion

GATA-3 expression was seen in 101/126 (80.15%) of UC
including primary and metastatic carcinomas and hence was
a useful marker in diagnosing UC. The GATA-3 positivity as
well as intensity decreased from normal urothelium to UC;
low grade UC to high grade UC; non-invasive to invasive
UC and invasive UC to variants of UC (statistically not sig-
nificant). The expression decreased from lamina propria inva-
sive to muscle invasive UC and papillary to non-papillary UC
(statistically significant). GATA-3 expression could help in the
diagnosis of UC in metastatic sites in lung and liver.
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