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Abstract
BACKGROUND: Urothelial carcinoma (UC) with squamous differentiation (SD) is the most common histologic variant 
of bladder carcinoma and its presence is associated with poor prognosis which may need early radical cystectomy to 
avoid progression and recurrence. It is difficult to detect few foci of SD, especially nonkeratinizing or early switch from 
urothelial to squamous epithelium on only morphological basis. Combination of GATA3 and Cytokeratin 14 (CK14) 
could be helpful in differentiating pure UC, UC with SD and pure squamous cell carcinoma (SCC).

AIM: Assessment of GATA3 and CK14 expression in urinary bladder carcinoma and correlation with clinical and 
histopathological variables, for both diagnostic and prognostic purposes.

MATERIALS AND METHODS: Sixty cases of archived paraffin blocks of urinary bladder carcinoma were tested for 
GATA3 and CK14 expression by immunohistochemistry using a rabbit monoclonal antibody against human CK 14 
and mouse monoclonal antibody against GATA3, respectively.

RESULTS: There is a significant correlation between GATA3 immunohistochemical expression and histological 
tumor subtypes of bladder carcinoma (p < 0.001), i.e. the GATA3 is a useful marker for urothelial origin especially 
in papillary UC. There is a significant correlation between GATA3 immunohistochemical expression and UC grade 
(p < 0.001). CK14 showed positive cytoplasmic staining in 9/14 (64.3%) cases of UC with SD and (13/13) (100%) 
cases of pure SCC and negative in 33/33(100%) cases of UC other than UC with SD. CK14 had sensitivity (64.3%) 
and specificity (100%) for areas of SD.

CONCLUSION: GATA3 is a specific immunohistochemical marker for urothelial origin. CK14 is a highly specific and 
sensitive immunohistochemical marker of squamous cell carcinoma.
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Introduction

Bladder cancer is common in the developed 
world and it is about 3% of global cancer diagnoses [1]. 
In Egypt, bladder cancer accounts for approximately 
19% of the total incidence of cancers, and it is one of 
the common types of cancer in men and the second 
most common in females [2].

The urothelium of the bladder has a remarkable 
ability for divergent differentiation resulting in many 
histologic variants of urothelial cell origin. The variant 
histology carries worse prognosis than pure UC. These 
tumors present at a higher stage and are more likely to 
develop metastatic disease [3]. The outcomes varied 
with divergent histologies and appropriate treatment 
should be based on the histological finding [4].

The presence of squamous differentiation (SD) 
in bladder urothelial carcinoma (UC) was associated 
with high risk of recurrence, poor clinicopathological 
features, and worse clinical outcome for disease-
free survival. SD should be considered as a marker 
for treatment and prognosis for patients with bladder 
cancer [5].

GATA binding protein 3 is 1 of 6 members of zinc 
finger transcription factor family, was primarily recognized 
as a T-cell lineage-specific factor, and identified as an 
important transcription factor in hematopoiesis. It was 
then discovered that GATA3 has a significant role in the 
regulation of proliferation and differentiation in various 
nonhematopoietic tissues as mammary epithelial, bone, 
and parathyroid gland  [6]. GATA3 mutations, loss of 
expression, or overall expression of GATA factors have 
all been associated with different types of cancers in 
humans. GATA3 is one of the most recently recognized 
urothelial-associated immunohistochemical markers 
which has been reported to be useful for assisting in the 
differential diagnosis of UCs [7]. It is also recognized as 
a marker of luminal subtype in bladder cancer [8].

Cytokeratin 14 (CK14) is a type I acidic keratin 
which is expressed in mitotically active basal cells of 
the stratified epithelium, as it promotes proliferation and 
differentiation and supports structural integrity. It was 
defined as the most primitive/least differentiated basal-
type UC. CK 14 positive UC might have a tendency to be 
chemoresistant [9]. CK14 immunostaining is sufficiently 
sensitive to identify early squamous metaplasia which 
is not yet evident in the examined routine H  and  E 
stained sections [10].
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The present work aimed to evaluate the 
immunohistochemical expression of GATA3 in UC and 
its sensitivity in distinguishing pure UC from UC with 
SD, investigation of CK14 as a diagnostic marker for 
detection of squamous cell carcinoma (SCC) and SD of 
UC of the urinary bladder and correlation of GATA3 and 
CK14 expressions with available clinicopathological 
data.

Material and Methods

Retrieval of cases

The material of this retrospective study 
was collected as 60 archived cases of malignant 
epithelial neoplasm of urinary bladder at the Pathology 
Department, Faculty of Medicine, Cairo University, 
between January 2016 and November 2017. The 
cases were as follows: 42 cases obtained from radical 
cystectomies and 18 cases obtained from transurethral 
resection of tumor. The authors obtained the approval 
of the ethical committee in the faculty of Medicine, Cairo 
University.

Inclusion criteria included cases of urinary 
bladder carcinoma that underwent either radical 
cystectomy or cystoscopic biopsy. Exclusion criteria 
included cases of other malignant bladder neoplasm as 
sarcoma and lymphoma, cases of inadequate muscle 
proper, or cases with missed data.

Histopathological examination

•	 Each paraffin block was cut by rotatory 
microtome at 4  µm thickness then mounted 
on glass slide and stained by hematoxlyin and 
eosin for histopathological examination and on 
charged slide for immunostaining

•	 Histological classification according to the World 
Health Organization recommendations [11].

•	 Histological grading according to the World 
Health Organization recommendations [12].

•	 Extent of tumor invasion and nodal 
involvement were staged according to the 
American Joint Committee on Cancer’s AJCC 
Cancer Staging [13].

•	 Associated schistosomal (Bilharzial) infestation 
based on detection of schistosoma ova in 
tissues.

Immunohistochemical staining and 
evaluation

Immunohistochemical staining using 
BenchMark XT (Ventana) autostainer for

•	 Rabbit monoclonal concentrated antibody 
against human Cytokeratin 14, clone EP61, 
Cat. #RM0075, 1 ml. To confirm CK14 immuno-
specificity, a case of CK14 positive basal layer 
of prostatic tissue was used as a positive control 
which appears as brown cytoplasmic staining.

•	 Mouse monoclonal concentrated antibody 
against GATA binding protein 3, clone L50-823, 
Cat. #CM 405 A, 0.1  ml. To confirm GATA3 
immuno-specificity, a case of GATA 3 positive 
breast cancer tissue was used as a positive 
control which appears as brown nuclear staining.

GATA3 immunostaining interpretation

Nuclear staining for GATA3 was graded as 
weak, moderate, or strong, and focal (≤20% of cells) or 
non-focal (>20% of cells) [14].

CK14 immunostaining interpretation

Positive CK14 immunostain appears as 
brown cytoplasmic staining. The assessment included 
the following: Total immunostaining score (TIS) was 
calculated by multiplying percentage score (PS), and 
intensity score (IS): PS: 0 = no positive cells, 1 = any 
positive cell up to 10%, 2 = 10–50%, 3 = 51–80%, and 
4 = more than 80%.

IS: 0 = no color reaction, 1 = mild intensity, 2 = 
moderate intensity, and 3 = strong intensity.

TIS: 0–1 = negative, 2–3 = mild, 4–8 = 
moderate, and 9–12 = strong [15].

Statistical analysis

•	 Data management and analysis were 
performed using Statistical Package for Social 
Sciences (SPSS) vs. 21.

•	 Numerical data were summarized using means 
and standard deviations or medians and 
ranges. Categorical data were summarized 
as percentages. Comparisons between the 
2 groups with respect to normally distributed 
numeric variables were done. For categorical 
variables, differences were analyzed with 
(Chi-square) test.

•	 All p-values are two-sided. p < 0.05 were 
considered significant.

Results

Sixty studied cases ranging from 25 to 82 years 
old with mean age 58 years ± 11 years. The majority 
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Forty-two cases (70%) showed negative 
GATA3 expression while 18  cases (30%) showed 
positive GATA3 expression. Of the positive cases, 
38.9% demonstrated mild positive staining, 38.9% 
demonstrated strong positive staining and 22.2% had 
moderate staining. 77.8% of the positive cases showed 
nonfocal staining. One hundred percent (n = 13) of 
SCC cases, 100% (n = 14) of UC with SD cases and 
85.7% (n = 12) of pure UC cases showed negative 
GATA3 expression while 88.2% (n = 15) of papillary 
UC cases and 14.3% (n = 2) cases of pure UC showed 
positive GATA3 expression. The relation between the 
histological subtype and GATA3 expression intensity 
was statistically significant (p < 0.001) Figure 3.

There was statistically significant correlation 
between tumor stage and GATA3 expression, 55.6% 
of stage Ta cases showed strong positive GATA3 
expression and 100% of stage 4a cases showed 
negative expression (p < 0.001). A significant inverse 

of studied cases were males, with a percentage of 
81.7%, while females represented 18.3% of cases. 
Male: female ratio was 4.4:1. The tumor was present as 
single mass in most (91.7%) of the cases. The studied 
cases were classified as Ta; T1; T2a; T2b; T3a; T3b 
and T4a were 15%; 15%; 3.3%; 15%; 5%; 33.3% and 
13.3% respectively. T3b stage was the most common 
encountered in the studied cases (20 cases; 33.3%).

The histological types were 13 SCC cases and 
47 UC cases (78.3%), classified into 17 papillary UC 
cases, 14 pure UC cases, 14 cases of UC with SD, and 
only two cases UC with glandular differentiation Figure 1.

Figure  1: (a) Invasive pure urothelial carcinoma, hematoxylin and 
eosin (H and E) (×400 original magnification. (b) Non invasive papillary 
urothelial carcinoma, H and E (×400 original magnification. (c) Invasive 
urothelial carcinoma with squamous differentiation, H and E (×400 
original magnification). (d) Invasive urothelial carcinoma with glandular 
differentiation, H and E (×400 original magnification). (e) Invasive 
squamous cell carcinoma, H and E (×400 original magnification)

Thirty-three cases out of total of 47 cases of UC 
were high grade (70.2%) and fourteen cases were low 
grade (29.8%). All (13) cases of SCC were moderately 
differentiated Figure 2.
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Figure  3: (a) Non-Invasive papillary urothelial carcinoma showing 
strong nonfocal GATA3 expression (×100 original magnification). 
(b) Invasive papillary urothelial carcinoma showing strong nonfocal 
GATA3 expression (×100 original magnification). (c) Invasive 
papillary urothelial carcinoma showing moderate nonfocal GATA3 
expression (×100 original magnification). (d) Invasive papillary 
urothelial carcinoma showing weak nonfocal GATA3 expression 
(×100 original magnification). (e) Invasive papillary urothelial 
carcinoma showing weak focal GATA3 expression (×400 original 
magnification). (f) Invasive pure urothelial carcinoma showing weak 
focal GATA3 expression (×400 original magnification). (g) Invasive 
pure urothelial carcinoma showing negative GATA3 expression 
(×400 original magnification). (h) Invasive urothelial carcinoma with 
squamous differentiation showing negative GATA3 expression (×400 
original magnification). (i) Invasive squamous cell carcinoma showing 
negative GATA3 expression (×400 original magnification)
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Figure 2: (a) Non invasive papillary urothelial carcinoma, low grade, 
hematoxylin and eosin (H and E) (×200 original magnification). 
(b) Non nvasive papillary urothelial carcinoma, high grade, H and E 
(×200 original magnification)
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detected. All GATA3 positive cases showed negative 
CK14 expression and near half of CK14 positive cases 
showed negative GATA3 expression (p < 0.001) Figure 5.

Figure 5: Correlation between GATA3 expression and Cytokeratin 14 
expression in the studied cases

Details of the relation of GATA3 expression 
with clinicopathological variables of studied cases are 
summarized in Table 1.

Table  1: Relation of GATA3 intensity expression with 
clinicopathological variables

Negative Positive p value
Count % Count %

Size categories
≤3.6 cm 17 50.0 17 50.0 <0.001*
>3.6 cm 25 96.2 1 3.8

Histological type
Papillary urothelial carcinoma 2 11.8 15 88.2 <0.001*
Pure urothelial carcinoma 12 85.7 2 14.3
Urothelial carcinoma with squamous 
differentiation

14 100.0 0 0.0

Urothelial carcinoma with glandular 
differentiation

1 50.0 1 50.0

Squamous cell carcinoma 13 100.0 0 0.0
Grade

Low 1 7.1 13 92.9 <0.001*
High 28 84.8 5 15.2
Moderate 13 100.0 0 0.0

Invasion
Invasive 41 80.4 10 19.6 <0.001*
Non-invasive 1 11.1 8 88.9

Tumour Stage (T)
Ta 1 11.1 8 88.9 <0.001*
T1 2 22.2 7 77.8
T2a 2 100.0 0 0.0
T2b 8 88.9 1 11.1
T3a 3 100.0 0 0.0
T3b 18 90.0 2 10.0
T4a 8 100.0 0 0.0

*Statistically significant.

Details of the relation of CK14 expression 
with clinicopathological variables of studied cases are 
summarized in Table 2.

Details of the relation of histologic subtype 
with tumor invasion and stage of studied cases are 
summarized in Table 3.

Details of the correlation between GATA3 
expression and CK14 expression in the studied cases 
are summarized in Table 4.

Discussion

In our study, we analyzed the association 
between percentage of SD and tumor stage and found 
it presented usually at advanced stage, which is in 
agreement with meta-analysis done by Lin et al. (2019) 

correlation between tumor histological grade and 
GATA3 expression intensity was detected where 50% 
of low-grade cases showed strong positive GATA3 
expression and 84.8% of high-grade cases showed 
negative expression (p < 0.001).

In the current study, 22  cases (36.7%) 
showed positive CK14 expression, while 38  cases 
(63.3%) showed negative CK14 expression. 
Among the positive group, 15  cases (25%) showed 
strong positive expression, 4  cases (6.7%) showed 
moderate  positive expression and three cases (5%) 
showed mild positive expression. One hundred percent 
of SCC cases showed strong positive CK14 expression 
as well as (100%) of all types of UC other than UC with 
SD showed negative expression while 64.3% cases 
of UC with SD showed positive CK14 expression. 
A  statistically significant correlation between the 
histological subtype and CK14 expression was detected 
(p < 0.001) Figure 4.

Figure 4: (a) Invasive squamous cell carcinoma showing strong positive 
Cytokeratin 14 (CK14) expression (×100 original magnification). 
(b) urothelial carcinoma with squamous differentiation showing strong 
positive CK14 expression (×200 original magnification). (c) Invasive 
urothelial carcinoma with squamous differentiation showing moderate 
positive CK14 expression (×100 original magnification). (d) Invasive 
urothelial carcinoma with squamous differentiation showing weak 
positive CK14 expression (×100 original magnification). (e) Invasive 
urothelial carcinoma with squamous differentiation showing negative 
CK14 expression (×200 original magnification). (f) Non-invasive 
papillary urothelial carcinoma showing negative CK14 expression 
(×100 original magnification)

A statistically significant correlation between 
tumor stage and CK14 expression was detected. 
Seventy-five percentage of stage T4a cases showed 
strong positive CK14 expression (p < 0.001). There was 
significant correlation between CK14 expression and 
the tumor size as 50% of tumors with a size > 3.6 cm 
showed strong positivity for CK14, while only 5.9% of 
tumors ≤ 3.6 cm showed strong positivity (p = 0.003).

A statistically significant inverse correlation 
between CK14 expression and GATA3 expression was 
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Table 2: Relation of CK14 expression with clinicopathological 
variables

CK14 p value
Negative Positive
Count % Count %

Size categories
≤3.6 cm 27 79.4 7 20.6 0.003*
>3.6 cm 11 42.3 15 57.7

Histological type
Papillary urothelial carcinoma 17 100.0 0 0.0 <0.001*
Pure urothelial carcinoma 14 100.0 0 0.0
Urothelial carcinoma with squamous 
differentiation

5 35.7 9 64.3

Urothelial carcinoma with glandular 
differentiation

2 100.0 0 0.0

Squamous cell carcinoma 0 0.0 13 100.0
Grade

Low 14 100.0 0 0.0 <0.001*
High 24 72.7 9 27.3
Moderate 0 0.0 13 100.0

Invasion
Invasive 29 56.9 22 43.1 0.020*
Non-invasive 9 100.0 0 0.0

Tumour Stage (T)
Ta 9 100.0 0 0.0 <0.001*
T1 9 100.0 0 0.0
T2a 2 100.0 0 0.0
T2b 5 55.6 4 44.4
T3a 2 66.7 1 33.3
T3b 11 55.0 9 45.0
T4a 0 0.0 8 100.0

*Statistically significant.

Table 3: Relation of histologic subtype with tumor invasion and stage 

Urothelial carcinoma with 
squamous differentiation

Squamous cell carcinoma Urothelial carcinoma other than urothelial carcinoma 
with squamous differentiation

P value

Count % Count % Count %
Invasion

Invasive 14 27.5 13 25.5 24 47.1 0.012*
Non-invasive 0 0.0 0 0.0 9 100.0

Tumour Stage (T)
Ta 0 0.0 0 0.0 9 100.0 <0.001*
T1 0 0.0 0 0.0 9 100.0
T2a 0 0.0 0 0.0 2 100.0
T2b 2 22.2 2 22.2 5 55.6
T3a 2 66.7 1 33.3 0 0.0
T3b 7 35.0 5 25.0 8 40.0
T4a 3 37.5 5 62.5 0 0.0

*Statistically significant.

who showed patients with UC with SD were associated 
with the unfavorable clinicopathological characteristics 
of tumor, such as high percentage of pT3/T4 and high 
tumor grade [5].

In the present work, 42 cases (70%) showed 
negative GATA3 expression, while 18  cases (30%) 
showed GATA3 expression. Of the UC cases, 38.3% 
demonstrated positive staining.

The incidence in this study is lower 
than obtained by Agarwal et al. (2019), 
Mohammad et al. (2016), and Wang et al. (2019) in 
which positive GATA3 expression is (77%), (70.8%), 
and (87.9%), respectively [7], [16], [17].

The discrepancies observed in these results 
may be related to patient selection bias and lack of 
standard immunohistochemical assays, including 
different properties of the antibodies.

The results in the present study revealed that 
13  cases (100%) of SCC specimens and 14  cases 
(100%) of UC with SD specimens showed negative 
GATA3 staining. While 18  cases (54.5%) of UC 
specimens other than UC with SD showed positive 
expression and most of the positive cases (83.3%) 
were papillary UC.

Nearly similarly GATA3 expression was 
reported by Liang et al. (2014) showed that 13 cases 
(93%) of SCC showed negative GATA3 and (70%) of 
pure UC cases showed positive expression. On the 
other hand, Helmy et al. (2015) found that (95%) of SCC 
cases showed negative GATA3 expression, while 70% 
of UC with SD and (100%) of pure UC cases showed 
positive expression [18], [19].

A significant correlation between GATA3 
immunohistochemical expression and histological 
tumor subtypes of bladder carcinoma (p < 0.001) was 
found in this work, i.e.  the GATA3 is useful marker 
for urothelial origin especially in papillary UC and 
can be used in differentiating between UC and SCC. 
This is in concordance to results reported by Liang 
et al. (2014), who found that GATA3 expression in 
SCC was significantly lower than that of pure UC. 
This was also in agreement with study done by 
Helmy et al. (2015) [18], [19].

In this study, there was an inverse relationship 
between GATA3 immunohistochemical expression and UC 
grade (p < 0.001) i.e. the GATA3 expression decreased or 
lost with high tumor grade. It was seen that (71.4%) of low-
grade tumors showed moderate to strong immunoreactivity 
for GATA3 expression as compared to (84.8%) of high-
grade tumors which didn’t show any reactivity.

This inverse association is consistent with 
that reported by Agarwal et al. (2019) who found a 
statistically significant correlation (p < 0.001) between 
histological grade and GATA3 expression pattern, 
where 100% of low-grade tumors showed moderate-
to-strong GATA3 expression and 70% of high-grade 
tumors showed weak expression. Rest of the high-
grade tumors showed negative expression [7].

This was also in agreement with studies done by 
Miyamoto et al. (2012), Kamel et al. (2019), and Li et al. 
(2014) who reported that GATA3 was down-regulated in 
high-grade invasive bladder tumors [20], [21], [22].

There was a statistically significant association 
between GATA3 expression and the tumor stage in 
the current study (p < 0.001) where high stage tumor 
(pT4a) showed loss of GATA3 expression. The same 
finding reported by Miyamoto et al. (2012) [20].

Results of the studies done by Abdullah et al. 
(2018) and Liang et al. (2014) were different as they 
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reported that GATA-3 expression was not significantly 
associated with tumor stage. This incompatibility may 
be explained by the difference in sample size of the 
subgroups [18], [23].
Table  4: Correlation between GATA3 expression and CK14 
expression in the studied cases

CK14 p value
Negative Positive
Count % Count %

GATA3
Negative 20 47.6 22 52.4 <0.001*
Positive 18 100.0 0 0.0

*Statistically significant.

In the present study, the tumor size had 
significant correlation with GATA3 expression (P 
value<0.001) i.e. the larger tumor size showed loss of 
GATA3 expression. These findings were different from 
that reported by Mohammad et al. (2016) who found 
high GATA3 expression was associated with larger 
tumor size in invasive UC. While Agarwal et al. (2019) 
had seen no association between tumor size and 
GATA3 expression [7], [16].

The present study showed a statistically 
significant correlation between the histological subtype 
and CK14 expression (p < 0.001) detected as CK14 
showed positive cytoplasmic staining in 9/14  (64.3%) 
cases of UC with SD and 13/13 (100%) cases of pure 
SCC and negative in 33/33(100%) cases of UC other 
than UC with SD. CK14 had sensitivity (100%) in SCC, 
sensitivity (64.3%), and specificity (100%) in UC with 
SD. CK14 staining appeared only in areas of SD and 
not in areas of UC. It showed strong expression in 
2/14 cases (14.3%), moderate expression in 4/14 cases 
(28.6%), and mild expression in 3/14 cases (21.4%).

This is in agreement with El-Nashar et al. 
(2016) who showed CK14 expression in 100% of 
cases with SCC, but showed CK14 expression in 
(7/7) cases of invasive UC with SD, in addition to 
4/24  (16.7%) of cases of pure UC, and Moselhy 
et al. (2018), who reported positive expression in 
23/31  (74.2%) cases of UC with SD, 5/26  (19.2%) 
cases of pure UC, and in all cases (16/16) of SCC. 
Also, Helmy et al. (2015) reported CK14 expression 
in 100% of cases with SCC and 100% of cases with 
invasive UC with SD, and negative in 100% of cases 
of pure UC [10], [15], [19].

Gulmann et al. (2013) showed CK14 
expression in 100% of cases with SCC, 74% of cases 
of invasive UC with SD, and 27% of cases of pure UC. 
Hammam et al. (2014) reported that CK14 was positive 
in all the pure SCCs and also was positive in 58% of 
UCs [24], [25].

The discrepancies observed in these results in 
the positivity of some cases of pure UC may be related 
to probable foci of early squamous phenotypic switch. 
Other different findings can be explained by the fact 
that they used a larger number of cases.

In the current study, CK14 expression showed 
significant statistical association with tumor stage 

(p = 0.001) and this was in agreement with Jangir et al. 
(2019) who reported muscle-invasive bladder cancer 
expressing only basal markers (CK14 and CK5/6) 
presented at an advanced stage with frequent SD and 
showed a trend towards shorter overall survival [26].

Conclusion

The results of this study conclude that GATA3 
is a potential immunohistochemical marker for urothelial 
origin, especially for papillary UC. The intensity of 
expression decreased and lost with high-grade tumors. 
and thus it constitutes a potentially promising novel 
prognostic marker in patients with UC.

This study confirms that CK14 is a highly 
specific and sensitive immunohistochemical marker 
indicative of SCC and SD in UC suggesting the possible 
role of CK14 as diagnostic marker for them. It can be 
used to differentiate UC with SD from pure UC.

Combination of GATA3 and CK14 could be 
very helpful in detecting pure primary SCC, pure UC, 
and UC with SD.

Wider scale studies using larger sample sizes 
and long-term follow-up are further needed to establish 
the prognostic significance of GATA3 expression. 
Further studies are needed to detect the value of CK14 
and GATA3 immunohistochemistry expression in the 
molecular classification of bladder carcinoma.
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