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ABSTRACT

Objective: Some histological basal cell carcinoma (BCC) types demonstrate more aggressive behavior than others. They are known as high-risk
BCC and are more challenging in therapy, contrary to indolent (low-risk) BCC types. Identifying novel protein markers to predict aggressiveness
and potential therapeutic targets in challenging cases is recommended. GATA3 is a transcription factor critical for epithelial and lymphocytic
differentiation. This study investigated the immunohistochemical expression of GATA3 in indolent and aggressive BCC and its association with
BCL2 expression.

Material and Methods: Retrospectively collected indolent and aggressive BCC groups (24 cases each) were immunohistochemically stained with
anti-GATA3 and BCL2 antibodies. The mean expression score (by area percentage) and TIL counts were determined and compared using Image]
analysis. Stromal tumor-infiltrating lymphocytes (TIL) were counted per high-power field (HPF) on hematoxylin and eosin (H&E) staining.

Results: GATA3 and BCL2 expressions were significantly higher in the indolent group than in the aggressive group. GATA3 expression
significantly correlated with BCL2 score and TIL counts. Higher GATA3 expression was significantly associated with a more indolent BCC

histological type, higher BCL2 expression, and higher TIL count.

Conclusion: GATA3 is a possible target for immunomodulation experiments to improve BCC immunotherapy outcomes.
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INTRODUCTION

Basal cell carcinoma (BCC) is the most common non-mel-
anoma skin cancer worldwide, and its annual incidence is
increasing (1,2). Despite its low mortality and extremely
low metastatic rates, it has a high morbidity rate with local
destruction and recurrence (3). Recently, there has been an
investigation into the use of adjuvant and alternative local
and systemic treatments for challenging BCC cases, includ-
ing multiple, locally advanced, and metastatic tumors (1,4).

The likelihood of aggressive tumor behavior, including
depth of invasion, recurrence, and local and distant metas-
tases, determines the classification of the BCC histopatho-
logical subgroups. BCCs with a low risk of aggressiveness
(i.e., indolent behavior) include nodular, superficial, pig-
mented, infundibulocystic (BCC with adnexal differentia-

tion), adenoid, and fibroepithelial types. In contrast, mi-
cronodular, infiltrating, sclerosing/morphoeic, basosqua-
mous, and BCC with sarcomatoid differentiation have a
significant risk of aggressive behavior (1).

Identifying new BCC protein targets will open the door to
investigate new treatment modalities. Some immunobhis-
tochemical (IHC) markers have been associated with BCC
behavior. In many studies, reduced BCL2 expression has
been associated with more aggressive BCC types; BCL2
is an essential modulator of the mitochondrial apoptotic
pathway, which promotes cell survival without increasing
cell proliferation (5,6).

GATAS3 is a zinc finger nuclear transcription factor. It ac-
tivates or inhibits the activity of target genes by binding to
G-A-T-A nucleotide sequences in the promoter regions
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(7). It plays a pivotal role in T lymphocyte development
and differentiation as well as in epithelial tissue differentia-
tion (8). Breast, urothelial, and BCC cancers have the high-
est GATA3 expression; the limited expression of GATA3
in specific tissues has made it useful as a diagnostic IHC
marker in cancers in these tissues (9).

An association between GATA3 expression and cancer ag-
gressiveness has also been previously reported. As a tumor
suppressor, high expression is associated with promis-
ing prognostic findings in some cancers, including breast
and urothelial (10). However, it acts as an oncogene and
is associated with poor prognosis in other cancers, such as
esophageal squamous cell carcinoma (SCC) (11). GATA3
expression positively correlates with BCL2 expression in
some tumors (12). Many reports have investigated GATA3
expression in BCC as a possible diagnostic marker and have
reported strong expression (7,9). However, no published
studies have investigated the association between GATA3
expression and BCC aggressiveness or BCL2 expression.

Understanding the role of GATA3 in BCC by studying
its association with BCC aggressiveness will help to un-
derstand BCC pathogenesis further and open the door to
further research areas and possible new treatment oppor-
tunities involving the modulation of the GATA3 pathway.
Therefore, in this study, we aimed to investigate GATA3
expression in indolent and aggressive histological BCC and
its correlation with BCL2 expression. We hypothesized that
GATA3 is associated with BCC behavior and BCL2 expres-
sion.

MATERIALS and METHODS
Study Design, Data, and Specimen Collection

The study was a retrospective, comparative, and cross-
sectional study, in which IHC GATA3 and BCL2 co-ex-
pression was compared between two BCC groups: histo-
logically indolent and aggressive. Surgically excised BCC
specimens were retrospectively collected from the Pathol-
ogy Laboratory at the Specialized Medical Center, Faculty
of Medicine, Beni-Suef University, Egypt, between January
2019 and December 2022. The collected specimens were
formalin-fixed and paraffin-embedded. Available clinical
and pathological data, including the patient’s age at diag-
nosis, sex, tumor site, and tumor size, were recorded from
the cases’ pathology requests and reports.

The sample size was calculated using the STATA program,
setting the type-1 error (a) at 0.05 and the power (1-p) at
0.9. A pilot study on ten patients per group showed that
the mean GATA3 among indolent cases was 10.9£2.6 com-
pared to 8.3+2.4 in aggressive cases. Calculations based on
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these values yielded a sample size of 21 cases per group. The
study included 24 cases in each group to compensate for
tissue dropouts during the processing of slides (48 cases in
total). All surgically excised BCC cases retrieved during the
specified specimen collection duration of the study were
included. Samples were excluded if there was insufficient
or over-fixed material or artifacts in the process.

Histopathologic Evaluation

Two consultant pathologists independently examined the
H&E-stained BCC slides to confirm the diagnosis, deter-
mine the histological type, and report any other positive,
relevant histological findings like the presence/absence of
perineural and surgical margin invasion. The cases were
grouped into indolent and aggressive groups according to
histological BCC types. In tumors with mixed histological
subtypes, predominant components were recorded. In ad-
dition, quantitative image analysis (Image J 1.53t, Wayne
Rasband and contributors, National Institutes of Health,
USA) was used on H&E slides to count the TIL in BCC
stroma and calculate the mean count for ten randomly se-
lected high-power (400x) fields in each section. Stromal
TILs are lymphocytes scattered in the stroma between can-
cer cells, without direct contact with cancer cells (13).

Immunohistochemical Examination

Four pum thick sections from each representative tumor
block were mounted on positively charged slides using
the avidin-biotin-peroxidase complex (ABC) method and
subjected to IHC staining with monoclonal rabbit GATA3
antibody (Cell Signaling Technology Cat# 13411, RRID:
AB_2798212), dilution 1:1600, and polyclonal rabbit BCL2
antibody (Novusbio, Cat# NBP2-30108), dilution 2 ug/
ml. The staining protocols for the anti-GATA3 and BCL2
products were performed according to the manufacturer’s
instructions. The reagents required for the ABC method
were added (Vectastain ABC-HRP Kit; Vector Laborato-
ries). Marker expression was labeled with peroxidase and
stained with diaminobenzidine (DAB, Sigma) to detect the
antigen-antibody complex. All slide-processing procedures
included both positive and negative controls. The omission
of the primary antibody was used as a negative control for
non-specific staining with a secondary antibody (14). Ton-
sils were used as a negative control for GATA3 and BCL2
markers, with non-stained B-cell areas for GATA3 and
non-stained germinal centers for BCL2.

Positivity was determined by observing all slides at a low
power (40x) and then randomly selecting ten fields at a
high power (400x) to estimate the average percentage of
immunolabel-positive cells. Several areas were examined



ELKHAMISY FAA et al: GATA3 Expression in Basal Cell Carcinoma

to increase the reproducibility of the results (14). Stained
sections were scored as positive if > 0% of malignant cells
showed nuclear staining for GATA3 and cytoplasmic or
nuclear BCL2 staining.

The THC-stained sections were visualized under an Olym-
pus microscope (BX-53). Automated quantitative scoring
of marker expression was performed to avoid the reported
shortcomings of manual scoring regarding reproducibility
(14,15). Image analysis was used to score the selected foci
based on automatic analysis of the color staining intensity
and reaction area, giving a percentage area score. The IHC-
stained slides were scored independently by two different
pathologists using the threshold method, and the mean of
the two pathologists’ scores/10 HPFs/slide was reported.
The inter-scorer difference between the two pathologists’
scores was statistically insignificant.

Statistical Analysis

The collected data were revised, coded, tabulated, and in-
troduced to a PC using Statistical Package for Social Sci-
ence (IBM Corp. Released 2017. IBM SPSS Statistics for
Windows, Version 25.0. Armonk, NY: IBM Corp). Shapiro
Wilk’s test was used to evaluate the normal distribution
of quantitative variables, expressed as mean and SD. For
univariate analysis, Student’s t-test was used to compare
a Quantitative variable between two study groups. Cat-
egorical variables were compared using the Chi-square and
described in frequency (count) and percentage. Pearson’s
Correlation analysis was used to assess the strength of the
association between two variables. Multivariate linear Re-
gression (MLR) analysis was used to determine factors asso-
ciated independently with the outcome variable (GATA3).
A P-value <0.05 was considered statistically significant, and
<0.001 was considered highly statistically significant.

Quality Measures

We followed the recommendations in the methodology for
increasing the reproducibility of scoring results in tissue
stains (14). Moreover, we used the Reporting Recommen-
dations for Tumor Marker Prognostic Studies (REMARK)
guidelines (16) to assess the quality of our article and en-
hance the possibility of comparing results among studies
investigating molecular biomarkers.

Compliance with Ethical Standards

The study received approval from the Faculty of Medicine
Ethics Committee, Beni-Suef University, Egypt, IRB num-
ber: FMBSUREC/09072023. Formal written informed con-
sent was not required with a waiver by the IRB research
ethics committee. All work was carried out in compliance
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with the Helsinki Declaration of 1964 and its later amend-
ments. All personal data of the cases were deidentified, and
all cases were coded before further inclusion in the study.

RESULTS

Table I shows the clinicopathological features of the BCC
cases in the indolent and aggressive groups. The aggressive
BCC group appeared at a younger age, had a larger size
evaluated by the mean diameter, and had a higher propen-
sity to affect the scalp than the indolent group. However,
there were no statistically significant differences in the
mean age, sex, tumor size, or site of the BCC tumor be-
tween the indolent and aggressive groups (Table I).

The most prevalent histological subtype in the indolent
group was nodular (n=12, 50%), followed by an equal num-
ber of pigmented, adenoid, and superficial subtypes (n=4,
16.7% each). Among the aggressive group, basosquamous
(metatypical) carcinoma was the most prevalent (n=14,
58.3%), followed by morphea (n=7, 29.2%) and micronod-
ular subtypes (n=3, 12.5%). All specimens were margin-
free and negative for perineural invasion.

All BCC cases showed positive GATA3 and BCL2 expres-
sions. The expression was higher at the advancing edges
of the tumor nodules. Highly statistically significant mean
GATA3 and BCL2 scoring was observed in the indo-
lent BCC group (12.95+3.26%/HPF, 18.42+3.22%/HPF),
compared to the aggressive group (9.61+4.82%/HPF,
6.86+1.68%/HPF) (p=0.007, 0.0001) for GATA3 and BCL2,
respectively (Table I and Figure 1).

The peritumoral BCC stroma showed an invariable mix-
ture of mononuclear inflammatory cellular infiltrate. Com-
pared to the stromal tumor-infiltrating lymphocyte (TIL)
count in both BCC groups, the indolent group showed a
significantly higher (p=0.0001) mean count (378.97+70.59
cells/HPF) than the aggressive group (246.33+93.45 cells/
HPEF), as shown in Table I and Figure 2.

Pearson’s correlation showed a statistically significant posi-
tive correlation between GATA3 expression and the mean
TIL count (R=0.5, p=0.000) and between BCL2 expression
and the mean TIL count (R=0.604, p=0.000). Furthermore,
a statistically significant positive correlation existed be-
tween BCL2 and GATA3 expression (R=0.409, P=0.004).

Multivariate backward linear regression with adjustment
for all studied variables showed that age, sex, tumor site,
tumor size, TIL count, and BCL2 score were independent
variables affecting GATA3 expression. An increase in age,
female sex, and increasing tumor size were associated with
lower GATA3 levels (p<0.001, p<0.05, p<0.001, respec-
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Table I: Clinicopathological characteristics and GATA3 and BCL2 expression in the indolent and aggressive BCC groups in the

study.
Indolent Aggressive P-value
Age (years) 0.157°
Range 36-76 52-69
Mean (£SD) 63.83 (£12.77) 59.75 (+5.51)
Sex, n (%) 1.00°
Male 12 (50) 12 (50)
Female 12 (50) 12 (50)
Site, n (%) 0.182°
Face 20 (83.3) 16 (66.7)
Scalp 4(16.7) 8(33.3)
Size (cm) 0.096°
Range 1.00-3.60 1.30-4.10
Size by Largest Diameter Mean (+SD) 2.36 (+0.82) 2.76 (£0.83)
Tumor-infiltrating lymphocyte count mean/HPF 0.0001*
Range 189.70-440.60 87.30-374.10
Mean (+SD) 378.97 (£70.59) 246.33 (£93.45)
GATA3 mean expression score/HPF 0.007¢
Range 8.73-21.67 3.27-21.01
Mean (+SD) 12.95 (+£3.26) 9.61 (+4.82)
BCL2 mean expression score/HPF 0.0001*
Range 13.55-23.18 4.20-9.50
Mean (+SD) 18.42 (£3.22) 6.86 (£1.68)
Total 24 (100%) 24 (100%)

“Student t-test; *Chi-Square Test; HPF: High Power Field

B: adenoid types) and BCL2 (C: nodular & D: adenoid types) expression in the indolent group. GATA3 (E: basosquamous & F: morphea
types) and BCL2 (G: basosquamous & H: morphea types) expression in the aggressive BCC groups (X200).

v
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Figure 2: Stromal mononuclear inflammatory cellular infiltrate in BCC: Lymphocytes are higher in the indolent (A: nodular type)
compared to the aggressive (B: basosquamous type) BCC on Hematoxylin and Eosin stain (X200)

Table II: The multivariate backward linear regression analysis to detect the independent variables affecting the GATA3 expres-

sion score.
Regression P 95% Confidence Interval for B
Coefficients (B) Lower Bound Upper Bound
Age -0.164 0.0001 -.244 -.084
Female (Gender) -4.587 0.0001 -6.137 -3.037
Scalp (Site) 9.565 0.0001 7.341 11.788
Size -1.909 0.002 -3.101 -.716
Tumor-Infiltrating Lymphocytes 0.011 0.015 .002 .020
BCL2 0.280 0.001 129 431

tively). While scalp tumors, the increase in stromal TILs
and the increase in BCL2 expression were associated with
higher GATA3 levels (p<0.001, p<0.001, p<0.001, respec-
tively) (Table II).

DISCUSSION

Some BCCs behave aggressively, with deep invasion, recur-
rence, and potential regional and distant metastases. More
aggressive behavior is linked to several factors, including
the histological BCC phenotype with higher subclinical
extension, leading to management difficulties and a worse
prognosis than other types (17). Specific expression pat-
terns of IHC markers can indicate indolent and aggressive
BCC behavior, aiding in the prediction of the prognosis as
well as acting as possible therapeutic targets (1,6,18). Our
study showed significantly higher GATA3 expression in
the histologically indolent BCC compared to the aggres-
sive group, with a significant positive correlation between
GATA3 expression and BCL2 expression and TIL counts
in BCC stroma, supporting our study hypothesis.

Many studies have reported high and robust GATA3 ex-
pression in BCC cases, reaching up to 97% and 98% in
cases (7-9). Similarly, our study showed high positivity for
GATA3, which reached 100% of the cases. This variation
may be attributed to differences in staining protocols be-
tween studies and the relatively small number of cases in our
study. In this study, higher GATA3 expression was associ-
ated with less aggressive (indolent) BCC. Higher GATA3
expression has been reported to be associated with good
prognostic criteria in urothelial cancer, such as a lower tu-
mor grade and stage (19), and in breast cancer, with better
tumor differentiation and suppressed metastasis (20). Loss
of GATAS3 expression in breast cancer has been linked to
poor prognosis with a higher tumor T stage, HER2 over-
expression, estrogen and progesterone receptor negativity,
and reduced survival (9). This association with good tumor
behavior, including in BCC, can be explained by the crucial
role played by GATA3 in developing epithelial structures
in both embryonic and adult tissues and in promoting cell
differentiation in many tissues, including skin (8).
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Understanding the effect of GATA3 expression on the BCC
TME can open doors to immunomodulation and improve
the treatment results of immunotherapy. Cutaneous BCC
is an immunologically cold tumor (21,22). Local treatment
of BCC with immunotherapy is a novel line of treatment
with conflicting results (1). In the past few years, studies
have investigated BCC TME with a focus on the pattern
of inflammatory cell infiltration to understand the factors
that affect BCC prognosis and response to immunotherapy
(22,23). We reported a significant positive correlation be-
tween GATAS3 expression score and TIL count in the BCC
stroma. GATA3 is crucial for early T-cell commitment,
the P-selection checkpoint before expressing a functional
cell-surface pre-TCR, and CD4* T-cell development (24).
GATA3 is a master regulator of T-helper 2 (Th2)-cell dif-
ferentiation (8).

In contrast to our results, high GATA3 expression is as-
sociated with low scores of infiltrating lymphocytes in the
tumor microenvironment (TME) of bladder cancer (25).
The varying composition of stromal lymphocytes in tu-
mors can explain this difference. The composition of BCC-
TILs is still poorly understood. Some studies have shown a
dominant downregulation of the CD4 and CD8 immune
response (23) and a dominant Treg suppressor cell com-
ponent (26). In some reports, in cases of spontaneous BCC
regression, the BCC stroma has shown very high TILs that
reached above 950 cells/cm?/HPF (27). In these cases, TIL
cells dominated inflammatory Th or T Cytotoxic (Tc) types
(27,28), with a low percentage of Treg phenotype (27). Fu-
ture research comparing the TIL composition in aggressive
and non-aggressive BCC and its relation to GATA3 expres-
sion is required to understand better GATA3’s role in the
BCC TME and BCC response to immunotherapy.

Similar to other studies, we reported significantly higher
BCL2 expression in histologically indolent BCC than in ag-
gressive BCC groups (5,6). Although BCL2 is an oncogene,
it prolongs epithelial cell lifespan and reduces apoptosis
without stimulating cell proliferation (5). This survival
advantage permits differentiation potential and morpho-
genesis, and explains its high expression in some low-grade
neoplasms, including BCCs (5).

GATA3 expression was significantly positively correlated
with BCL2 expression in our study, and both were higher
in the indolent group. Similarly, GATA3 expression was
positively correlated with BCL2 expression in breast cancer
(12). The interplay between BCL2 and GATA3 expression
has still not been fully explained in the literature, and fur-
ther studies are needed to investigate the precise common
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pathways. Some authors have suggested that GATA3 might
regulate BCL2 transcription and, hence, its expression di-
rectly by binding to the promoter region of BCL2 or might
indirectly affect its transcriptional regulatory effect on oth-
er genes and pathways (12,29).

In conclusion, higher GATA3 expression was significant-
ly associated with a more indolent BCC histological type,
higher BCL2 expression, and a higher stromal tumor-infil-
trating lymphocyte count. GATA3 may serve as a potential
target for immunomodulation experiments to enhance the
outcomes of BCC immunotherapy.

This study is the first to investigate GATA3 expression in
histologically aggressive and indolent BCC groups and the
first to investigate its association with BCL2 expression.
Strengths also include using quantitative scoring through
image analysis to eliminate subjectivity and to produce a
higher dynamic range of captured data for better analysis
than visual and quantitative categorical scores (15). In ad-
dition, selecting an increased number of HPFs (ten) in each
section to score IHC marker expression results in higher
accuracy for the marker’s mean score (16).

Study limitations included a cross-sectional study of avail-
able BCC cases; therefore, not all histological BCC variants
were sampled. In addition, the limited number of cases
and the fact that this was a single-institutional study might
have affected the generalizability of the findings. Further
research with more BCC cases and subtypes is required to
validate the reported results. In addition, future research
is recommended to investigate GATA3 expression in BCC
with clinicopathological factors associated with higher ag-
gressive behavior - other than the histological type - includ-
ing different BCC locations and perineural invasion status.
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