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Abstract

Objective: Head and neck squamous cell carcinoma (HNSCC) constitutes over 90% of malignancies in the head and
neck region and remains a significant clinical burden due to high mortality and resistance to therapy. Cisplatin is a
commonly used chemotherapeutic agent in HNSCC treatment; however, its effectiveness is often limited by resistance.
This study aimed to evaluate the impact of cisplatin on GATA2 and GATA6 expression in two HNSCC cell lines.

Materials and Methods: The HNSCC cell lines, HSC3 and SCC47, were exposed to varying concentrations of cisplatin
to assess cytotoxic effects, with cell viability evaluated using the MTS assay. Based on the results, the half-maximal
inhibitory concentrations (ICs,) were determined as 2.18 uM for HSC3 and 5.6 uM for SCC47 at 48 hours post-treat-
ment. Subsequent experiments involved treating each cell line with its corresponding ICs, dose for 48 hours. Total RNA
was then isolated using the TRIzol reagent, and complementary DNA (cDNA) was synthesized for downstream anal-
ysis. Quantification of GATA2 and GATA6 gene expression was performed via quantitative PCR (QPCR) using TagMan
probes, with ACTB as the housekeeping gene. Relative gene expression levels of GATA2 and GATA 6 were calculated
using the comparative AACt method.

Results: GATA6 expression was significantly upregulated (approximately 3-fold) following cisplatin treatment, where-
as GATA2 levels remained unchanged compared to untreated controls in HSC3 cells. In contrast, SCC47 cells showed a
modest increase in both GATA2 and GATA6 expression; however, these changes did not reach statistical significance.

Conclusion: Cisplatin modulates the expression of GATA2 and GATAS6 in a cell line-dependent manner in HNSCC. The
observed upregulation of GATA6 in the more cisplatin-sensitive HSC3 line may be associated with treatment response.
However, this association remains correlative, and further functional studies are required to establish causality. These
preliminary findings warrant additional investigation to clarify whether GATA2 and GATA6 could serve as potential
biomarkers or therapeutic targets in cisplatin-treated HNSCC.
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INTRODUCTION

ccounting for over 90% of malignancies in the
Ahead and neck region, head and neck squamous
cell carcinoma (HNSCC) poses a substantial glob-
al burden, marked by high morbidity and mortality rates.

According to 2022 data, approximately 946,456 new cases
and over 482,001 deaths occur annually (1).

The most frequently affected anatomical regions include
the oral cavity, larynx, and pharynx. The development
of HNSCC is commonly associated with factors such as
alcohol and tobacco consumption, exposure to environ-
mental carcinogens, and high-risk human papillomavi-
rus (HPV) infections (2). In the treatment of head and
neck cancers, surgical resection is frequently comple-
mented by radiotherapy and chemotherapy (3). Among
the most common chemotherapeutic agents used in
these combination therapies is cisplatin. Cisplatin func-
tions by forming intra-cellular DNA cross-links, which
subsequently block replication and trigger apoptosis (4).
However, while cisplatin demonstrates efficacy in some
patients, a significant proportion develop either primary
or acquired resistance to the treatment (5,6). Elucidating
these resistance mechanisms is crucial for the develop-
ment of targeted therapies.

GATA transcription factors are a family of zinc finger
DNA-binding proteins that regulate the development of
various tissues by modulating gene transcription, either
through activation or repression. This tightly coordinat-
ed regulation enables GATA factors to couple cellular
differentiation with the cessation of proliferation and the
enhancement of cell survival. Given their critical roles in
maintaining tissue homeostasis, it is not surprising that
dysregulation of GATA genes has been implicated in the
pathogenesis of several human cancers (7).

In recent years, transcription factors have been exten-
sively investigated in cancer biology due to their criti-
cal roles in regulating processes such as cell prolifera-
tion, differentiation, metastasis, and drug resistance (8).
In this context, the GATA family of transcription factors
has garnered significant attention due to its wide-rang-
ing biological functions, spanning embryonic develop-
ment, regulation of immune responses, and involvement
in cancer pathogenesis (9). This family comprises six
members, GATA1 through GATA6, each characterized by
tissue-specific expression patterns and functions (10).

While GATA2 is classically known for its crucial role in
the differentiation and maintenance of hematopoietic
cells (11), recent reports indicate its expression in epi-
thelial-derived tumors and its potential to regulate cell
proliferation and metastasis (12). GATA6 is expressed in
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epithelial tissues such as the digestive system, lung, and
pancreas, where it can act as either a tumor suppressor or
a tumor promoter in tumor development (13,14).

The effects of GATA family members on head and neck
cancer are not yet fully understood. However, prelimi-
nary data suggest that alterations in the expression levels
of these genes may influence tumor cell behaviors, in-
cluding proliferation, invasion, and drug response (15).
This study investigated the effect of cisplatin treatment
on the expression levels of GATA2 and GATA6 genes in
two distinct HNSCC cell lines, namely HSC3 and SCC47.
This research is expected to contribute to the under-
standing of whether GATA2 and GATAG6 are associated
with treatment response in head and neck cancers and
may support their future consideration as potential bio-
markers.

MATERIALS AND METHODS

Cell Culture

The HNSCC cell lines, HSC3 and SCC47, were acquired
from the American Type Culture Collection (ATCC,
Manassas, VA, USA). These cell lines were maintained
in Dulbecco’s Modified Eagle Medium (DMEM; high gly-
cose) supplemented with 10% fetal bovine serum (FBS;
Sigma-Aldrich, St. Louis, MO, USA) and 1% penicil-
lin-streptomycin (Invitrogen, Carlsbad, CA, USA). Cells
were incubated at 37°C in a humidified atmosphere con-
taining 5% CO,. Routine screening for mycoplasma con-
tamination was performed on all cell lines using a PCR-
based detection kit (Mycoplasma PCR Detection Kit;
Applied Biological Materials, Richmond, BC, Canada).

Cytotoxicity Assay

Cytotoxicity of cisplatin was evaluated using the MTS
assay. HSC3 and SCC47 cells were seeded into 96-well
plates at a density of 2500 cells per well and incubated
overnight to allow for cell adhesion. After that cells were
treated with varying concentrations of cisplatin (0-20
puM). Untreated cells served as negative controls, while
wells containing medium only were used as blanks. Fol-
lowing incubation periods of 24 to 72 hours, 12 pL of MTS
reagent (CellTiter 96® AQueous One Solution; Promega,
Madison, WI, USA) was added to each well, followed by 2
hours of incubation in the dark at 37°C. Absorbance was
measured at 490 nm using microplate reader,

RNA Isolation After Cisplatin Treatment

HSC3 and SCC47 cells were seeded into 6-well plates at a
density of 80,000 cells per well and incubated overnight
to allow for adhesion. The next day, cells were treated
with cisplatin at their respective ICs, concentrations and
incubated for 48 hours. Following treatment, cells were
harvested by trypsinization and centrifugation. Total
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RNA was extracted from the resulting cell pellets using
TRIzol™ reagent (Invitrogen, Carlsbad, CA, USA) accord-
ing to the manufacturer’s instructions. RNA concentra-
tion and purity were measured using a NanoPhotometer
(Implen, Munich, Germany).

Quantitative Real-Time PCR (qPCR)

Complementary DNA (cDNA) synthesis was performed
using 1000 ng of total RNA with the High-Capacity
cDNA Reverse Transcription Kit (Applied Biosystems,
Foster City, CA, USA), following the manufacturer’s in-
structions. Quantitative real-time PCR (qPCR) was sub-
sequently conducted on the StepOnePlus™ Real-Time
PCR System (Applied Biosystems, Foster City, CA, USA)
using TagMan® probes specific for GATA2 and GATAS6.
B-actin (ACTB) served as the endogenous control for
normalization. All reactions were carried out in technical
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triplicates, and relative gene expression levels were de-
termined using the comparative AACt method.

Statistical Analysis

Statistical analyses were performed using GraphPad
Prism, version 8.0 (GraphPad Software, San Diego, CA,
USA). Results are presented as mean + standard devia-
tion (SD). A p-value <0.05 was considered statistically
significant.

RESULTS

Cisplatin-Induced Cytotoxicity in HSC3 and SCC47
Cells

Cisplatin treatment induced a dose- and time-depen-
dent reduction in cell viability in both HSC3 and SCC47
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Figure 1. Effect of cisplatin on cell viability in HSC3 and SCC47 cells. Cells were treated with increasing concentrations of cisplatin
(0-20 pM) for 24, 48, and 72 hours, and cell viability was measured using the MTS assay. Data represent the mean + SD of three
independent biological replicates (p<0.05, p<0.01, p<0.001).
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Figure 2. Relative expression of GATA2 and GATAG6 following cisplatin treatment in HSC3 and SCC47 cells. HSC3 cells were
treated with cisplatin at 2.18 pM for 48 hours, whereas SCC47 cells were treated at 5.6 uM for 48 hours (corresponding to their
respective ICs, values). Gene expression was quantified by qRT-PCR, normalized to ACTB, and calculated using the 2”22t method.
Data represent the mean + SD from three independent biological replicates, each performed in technical triplicates. Statistical
significance was determined using an unpaired two-tailed Student’s t-test compared with untreated controls (p<0.05, p<0.01,

p<0.001).

HNSCC cell lines. In HSC3 cells, significant cytotoxicity
was observed at concentrations of =4 pM. Specifically,
at 10 pM, cell viability decreased to below 20% after 72
hours of treatment (p<0.001) (Figure 1). The half-maxi-
mal inhibitory concentration (ICs,) of cisplatin in HSC3
cells was calculated as 2.18 pM at 48 hours. For SCC47
cells, a more gradual decline in viability was observed,
with the ICs, determined to be 5.6 pM at 48 hours. At the
highest tested concentration (19.98 uM), cell viability
dropped below 15% after 72 hours (Figure 1).

Differential Effects of Cisplatin on GATA2 and GATA6
Expression in HSC3 and SCC47

To assess the impact of cisplatin, gene expression anal-
ysis was performed 48 hours after treatment with the
respective ICs, doses, revealing distinct expression pat-
terns of GATA2 and GATA6 between the two cell lines. In
HSC3 cells, GATA6 expression was markedly upregulat-
ed, showing an approximately 3-fold increase compared
to untreated controls, while GATA2 levels remained
largely unchanged (Figure 2). In contrast, SCC47 cells
exhibited a slight increase in both GATA2 and GATA6
expression following cisplatin exposure; however, these
changes were not statistically significant (Figure 2).

DISCUSSION

In this study, we demonstrated that cisplatin induces a
time and dose-dependent cytotoxic effect on the HN-
SCC cell lines HSC3 and SCC47, with ICs, values of 2.18
uM and 5.6 pM, respectively. These results align with pre-

vious reports highlighting variability in cisplatin sensi-
tivity among HNSCC cell lines. This variability may be
attributed to intrinsic molecular factors such as p53 sta-
tus, DNA repair capacity, apoptotic threshold, and HPV
status. Notably, SCC47 is HPV-positive, whereas HSC3 is
HPV-negative, a difference that may contribute to their
differential responses to cisplatin (16).

Beyond its direct cytotoxic effects, cisplatin modulated
the expression of GATA2 and GATA®, transcription fac-
tors involved in cell differentiation, proliferation, and
stress response (17). In HSC3 cells, GATAZ2 expression re-
mained largely unchanged following cisplatin exposure,
while GATA6 was significantly upregulated, suggesting a
possible role in the cellular response to DNA damage. In
SCC47 cells, both GATA2 and GATA6 showed a modest
increase in expression; however, these changes did not
reach statistical significance. This may reflect a less pro-
nounced transcriptional response or differences in regu-
latory sensitivity compared to HSC3.

These findings demonstrate that cisplatin reduces cell vi-
ability in a cell line-dependent manner and differentially
modulates the expression of key transcription factors.
Notably, GATA6 exhibited a substantial increase in the
more cisplatin-sensitive HSC3 cells, suggesting a possi-
ble role in stress adaptation or the cellular response to
DNA damage. An alternative interpretation is that GATA6
upregulation may reflect the activation of pro-apoptotic
pathways or an attempt to drive differentiation, there-
by sensitizing HSC3 cells to cisplatin. Based on this, we
propose two testable hypotheses: first, GATA6 may fa-
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cilitate the transcription of apoptotic regulators in re-
sponse to cisplatin-induced DNA damage, lowering the
apoptotic threshold in HSC3. Second, GATA6 may pro-
mote partial differentiation programs that reduce cellu-
lar plasticity and survival capacity, thereby enhancing
cisplatin cytotoxicity. In contrast, GATA2 expression
remained unchanged in HSC3, while both GATA2 and
GATA6 showed modest, non-significant upregulation in
SCC47 cells. These distinct expression patterns point to
a cell-specific transcriptional response to cisplatin and
underscore the potential of GATA2 and GATAG6 as bio-
markers or therapeutic targets in HNSCC.

Previous studies have implicated GATA2 in both tumor
suppression and progression, contingent on the cellular
context. Notably, previous research in colorectal can-
cer has shown that high GATA2 expression is signifi-
cantly correlated with poor disease-free survival and
increased recurrence risk, highlighting its potential role
as a prognostic biomarker (18). In contrast to findings
in colorectal cancer, reduced expression of the hemato-
poietic transcription factor GATAZ2 has been associated
with poor prognosis in hepatocellular carcinoma (HCC)
patients following surgical resection (19). This suggests
that the prognostic role of GATA2 may vary depending
on tumor type and tissue context.

GATA6 is a member of the evolutionarily conserved
GATA transcription factor family, which regulates gene
expression by binding to GATA-specific motifs located
within promoter regions (20). GATA6 has been implicat-
ed in many cancer types, exhibiting context-dependent
functions. In certain malignancies, such as gastric, col-
orectal, and breast cancers, as well as cutaneous T-cell
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lymphoma, it acts as an oncogenic driver, contributing to
tumor progression (21-24).

In line with our findings that cisplatin induces differen-
tial GATA6 expression in HNSCC, recent studies in oral
squamous cell carcinoma (OSCC) provide mechanistic
insights into GATA6’s oncogenic roles. Notably, GATA6
has been shown to bind the FN1 promoter and upregu-
late fibronectin-1 expression, thereby promoting prolif-
eration, invasion, and migration in OSCC models; these
effects were reversed upon FN1 overexpression follow-
ing GATA6 knockdown (25).

Conversely, in other tumor types, including astrocytoma
and HCC, GATA6 has been shown to exert tumor-sup-
pressive effects (26,27). Collectively, our findings indicate
that GATA2 and GATA6 show differential expression in
response to cisplatin in a gene and cell line-dependent
manner. While these observations highlight a potential
association between GATA factors and treatment sen-
sitivity, further functional validation is required before
they can be considered reliable biomarkers or therapeu-
tic targets in HNSCC.

This study has several limitations. Only two HNSCC cell
lines (one HPV-positive and one HPV-negative) were
analyzed, which limits generalizability, particularly giv-
en the known differences in p53 pathway status. The
study is correlative and lacks functional validation, and
although ACTB was used as a housekeeping gene, in-
clusion of additional reference genes would strengthen
the gPCR analyses. Finally, the mechanisms underlying
GATA modulation remain unclear and warrant further
investigation.
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