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P2Y Purinergic Receptor Signaling in Oral Squamous Cell Carcinoma Cell Lines
and Its Role in Proliferation and Cisplatin-Mediated Apoptosis

(Isyarat Reseptor Purinergik P2Y dalam Titisan Sel Oral Skuamus Sel Karsinoma dan Peranannya dalam Proliferasi
dan Apoptosis Didorong Cisplatin)
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ABSTRACT

Treatment of advanced stage oral squamous cell carcinoma (OSCC) often involves the use of chemotherapeutic agents,
such as cisplatin. However, its use often results in therapeutic failure due to chemoresistance. This study focused
on a class of purinergic receptors, namely P2Y, which are activated via interaction with extracellular nucleotides. The
functional effects of P2Y receptor activation in OSCC cell lines as well as the signaling pathways involved were
investigated. The expression of P2Y, receptors in histological sections of OSCC was studied due to its association
with cancer. Activation of MAPK pathways via extracellular nucleotides were studied in OSCC cell lines, along with
downstream effects such as proliferation and cisplatin-mediated apoptosis. Immunohistochemical staining of OSCC tissue
samples showed loss of P2Y, expression as the disease progressed. Western blotting identified different MAPK signaling
pathways were activated by extracellular nucleotides. Bromodeoxyuridine proliferation assays showed increased cellular
proliferation in the OSCC cell lines H400 (p < 0.001) and SAS (p < 0.001) after 24 h treatment with ATP. However, the
ability of extracellular nucleotides to activate multiple P2Y receptor subtypes may indicate the involvement of other
subtypes aside from P2Y, Cisplatin-mediated apoptosis was enhanced in SAS cells co-treated with ATP (p < 0.001),
while H376 (p < 0.001) showed reduction in the number of apoptotic cells and no significant changes were observed
in H103. This study concluded that extracellular nucleotide on OSCC cell lines with different characterizations had
varied downstream effects, which suggests the use of targeted therapy to specific individuals.
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ABSTRAK

Rawatan karsinoma sel skuamus mulut (OSCC) peringkat lanjut selalunya melibatkan penggunaan agen kemoterapi
seperti cisplatin. Akan tetapi, rawatan sering kali gagal disebabkan oleh kerintangan terhadap agen kemoterapi
tersebut. Kajian ini menumpukan perhatian pada satu kelas reseptor purinergik iaitu P2Y kerana ia diaktifkan oleh
interaksi dengan nukleotida ekstrasel. Pengekspresan reseptor P2Y, pada OSCC ditentukan dalam kajian histologi
kerana ia sering dikaitkan dengan kanser. Pengaktifan tapak jalan MAPK oleh nukleotida ekstrasel juga dikaji
dalam titisan sel OSCC, bersama dengan kesan hiliran seperti proliferasi dan apoptosis oleh cisplatin. Pewarnaan
imunohistokimia menunjukkan penurunan pengekspresan P2Y, dengan perkembangan penyakit. Pemblotan Western
Jjuga menunjukkan pengaktifan tapak jalan MAPK yang berlainan dengan nukleotida yang digunakan. Ujian proliferasi
Jjuga menunjukkan peningkatan kadar proliferasi pada titisan sel OSCC H400 dan SAS selepas 24 jam rangsangan oleh
nukleotida ekstrasel. Akan tetapi, kebolehan nukleotida ekstrasel untuk berinteraksi dengan golongan subjenis
reseptor P2Y berkemungkinan menunjukkan kesan yang dikaji melibatkan reseptor selain daripada P2Y, Apoptosis
oleh cisplatin ditingkatkan dalam titisan sel SAS selepas rangsangan nukleotida ekstrasel, manakala titisan sel H376
pula menunjukkan penurunan bilangan sel apoptosis. Hasil kajian ini mendapati bahawa titisan sel OSCC yang berlainan
dari segi penciriannya mempunyai kesan hiliran yang berbeza dan ini mencadangkan rawatan khusus yang disasarkan
terhadap individu.

Kata kunci: Adenosina trifosfat; karsinoma sel skuamus mulut; nukleotida ekstrasel; P2Y; reseptor purinergik

INTRODUCTION development of OSCC include the use of tobacco and

0OSCC is the most common subset of head and neck  ¢€xcessive alcohol consumption (Rivera 2015). Despite
cancer (Wang et al. 2013). The major risk factors for the ~advances in therapeutic treatment, the mortality rate
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of patients with advanced disease has not improved
significantly, with a 5-year survival rate of not more
than 12% (Markopoulos 2012). Late-stage diagnoses
occur more frequently as early-stage OSCCs are generally
painless and may go unnoticed (Wang et al. 2014).
Treatment of advanced stage OSCC involves the use
of chemotherapeutic agents such as cisplatin (Sacco
& Cohen 2015). However, one major drawback is the
development of resistance to cisplatin in secondary
malignancies, which presents a clinical challenge (Chinn
& Myers 2015; Florea & Busselberg 2011).

This study focused on the role of nucleotide adenosine
triphosphate (ATP) as it functions as an extracellular
signaling molecule. Extracellular nucleotides were found
to play a role in physiological functions such as apoptosis,
proliferation, migration, differentiation, secretion of
growth factors and inflammatory mediators (Di Virgilio &
Adinolfi 2017). An in vivo study conducted by Pellegatti
et al. (2008) showed vast differences in concentrations
of ATP around the extracellular matrices of healthy and
tumor-bearing sites, with micromolar concentrations
being detected at tumor-bearing sites (Falzoni et al. 2013;
Yegutkin 2014). Such high levels at tumor sites may be
explained by the presence of a necrotic tumor core which
releases intracellular ATP (Xu et al. 2016).

Previous studies have described contradictory roles
of extracellular ATP as a signaling molecule, with both
anti-tumor and pro-tumor properties being reported.
One study showed extracellular ATP capable of acting
as damage-associated molecular pattern (DAMP), which
activated the anti-tumor immune response (Krysko
et al. 2013). This signal was detected by and caused
the recruitment of monocytes (Elliott et al. 2009).
Extracellular ATP signaling molecules could also be
recognized by dendritic cells, which results in the
activation of inflammasome NALP3-ASC, causing the
section of interleukin-1f (IL-1B) (Ghiringhelli et al.
2009). Together with antigen presentation, cytokine
IL-1P was able to induce an immune response towards
cancer cells (Krysko et al. 2012). In contrast, another
study showed that extracellular ATP induced proliferation
of hepatocellular carcinoma HepG2 and BEL-7404
cells (Xie et al. 2014). In addition, ATP was capable of
enhancing the immunosuppressive ability of regulatory
CD4" T cells (Tregs) (Trabanelli et al. 2012). Thus, it is
imperative to study the effects of extracellular ATP in
the tumor microenvironment in different malignancies.
Receptors with extracellular nucleotides as ligands are
known as purinergic receptors and are classified into
two separate categories, namely P2X and P2Y receptors.
Although extracellular ATP is capable of stimulating

both classes of purinergic receptors, one major difference
that dictates the class of receptor to be stimulated is
the level of extracellular ATP present. P2Y is activated
by ATP in micromolar range, while P2X is activated in
the millimolar range (James & Butt 2001). The present
study focused on the role of P2Y receptors in OSCC as
the level of extracellular ATP found around the tumor
microenvironment was reported to be in the micromolar
range (Puchalowicz et al. 2014). Firstly, the expression
of P2Y, in OSCC patient samples was examined and then
we investigated which MAPK signaling pathways were
activated via purinergic receptors, and the downstream
effects of ATP on cell proliferation and cisplatin-mediated
apoptosis were studied.

MATERIALS AND METHODS

CULTURE OF OSCC CELL LINES

The derivation and culture of the OSCC cell lines
H103, H376, and H400 was described previously
(Prime et al. 1990). The OSCC cell line, SAS, was
obtained from Institute for Research, Development &
Innovation, International Medical University Malaysia.
Briefly, the H-series OSCC cell lines H103, H376, and
H400 were routinely grown in DMEM/Ham’s F-12
supplemented with 10% fetal bovine serum and 0.5 ng/
mL hydrocortisone sodium succinate, while SAS cell
line was cultured in DMEM/Ham’s F-12 supplemented
with only 10% fetal bovine serum. Cultured cells were
maintained in a humidified atmosphere containing 5%
CO, at 37 °C. All cell culture media were acquired from
Nacalai Tesque, Kyoto, Japan.

IMMUNOHISTOCHEMISTRY

Paraffin-embedded tissue samples (n = 60) were obtained
from the Oral Cancer Research and Coordinating Centre,
University Malaya (OCRCC). A rabbit polyclonal anti-
P2Y, antibody (Alomone, Jerusalem, Israel) was used
to assess P2Y, receptor expression on these sections.
All participants provided written informed consent
for retrieval of biopsy samples. Ethical approval for
this study was obtained from the Medical Ethics
Committee, Faculty of Dentistry, University of Malaya
(DFOC1701/0012U). Immunohistochemical analysis was
performed using the peroxidase/3,3’-diaminobenzidine
(DAB) EnVision detection system (Dako, CA, USA).
Staining was performed and optimized in accordance to
the manufacturer’s instructions. Briefly, the sectioned
samples were deparaffinized and rehydrated. Heat-
induced epitope retrieval was then performed and slides



were subsequently blocked with peroxidase-blocking
solution for 5 min in the dark. The sections were incubated
with P2Y, primary antibody for 1.5 h. Slides were then
incubated with EnVision/HRP anti-rabbit/mouse (Dako,
CA, USA) for 30 min followed by incubation with DAB+
chromogen (Dako, CA, USA). Next, sections were
washed and counterstained with hematoxylin before
they were dehydrated and mounted with DPX mounting
medium. Qualitative analysis of slides was conducted
by a pathologist.

CELL LYSIS, PROTEIN EXTRACTION AND WESTERN BLOT
ANALYSIS

0SCC cell lines (1 x 10° cells/well) were seeded onto
12-well culture plates. Cells were either untreated,
treated with ATP (100 uM) or uridine triphosphate (UTP;
100 uM) at different time points. Cells were detached
from plates with trypsin/EDTA buffer and collected for
lysis. RIPA lysis buffer (S0 mM Tris-hydrochloric acid
buffer pH = 7.6, 150 mM NaCl, 1% w/v Nonidet P40
substitute, 0.5% w/v sodium deoxycholate, 0.1% w/v
sodium dodecyl sulfate (SDS), protease and phosphatase
inhibitor, 1 mM dichlorodiphenyltrichloroethane
(Nacalai Tesque, Kyoto, Japan) was prepared and then
added to the pellets. Supernatants were collected and
protein concentrations were determined with Bradford
assay. Lysates were heated in Laemmli buffer and
were separated in 10% SDS-PAGE and transferred onto
nitrocellulose membranes (Pall Corporation, NY, USA).
Membranes were blocked by incubation with NATT
buffer (20 mM Tris (pH=7.4), 150 mM NaCl and 0.03%
Tween-20 v/v) containing 5% non-fat dry milk. After
blocking, the membranes were washed in NATT buffer and
then probed with primary antibody in NATT containing
0.3% bovine serum albumin (BSA) at 4 °C overnight. The
next day, membranes were washed with NATT buffer and
incubated with secondary antibody in NATT containing
0.3% BSA at 4 °C for 1.5 h. Finally, membranes were
developed with enhanced chemiluminescence substrate,
followed by imaging with Fusion FX7 Imaging System
(Vilber Lourmat, Collégien, France).

APOPTOSIS ASSAY

Concentrations of cisplatin that reduced the percentage
of viable cells significantly were predetermined in
respective cell lines. Due to the differences in sensitivity
of OSCC cell lines towards cisplatin, the concentrations
used in this study ranged from 10 to 100 pM. The
apoptotic cell distribution was determined using FITC
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Annexin V apoptosis detection kit (BD Biosciences,
CA, USA) in accordance to the manufacture’s protocol.
Briefly, OSCC cell lines (2 x 10° cells/well) were seeded
onto 6-well culture plates. 30 min prior to treatment with
cisplatin, cells were either untreated, treated with ATP
(100 uM) or suramin (50 uM) and the cells then cultured
for 24 h with cisplatin. The cells were then trypsinized
and collected by centrifugation. Cell pellets were washed
2 times with PBS before resuspending with Annexin V
binding buffer. FITC Annexin V and propidium iodide
were then added to the cells and incubated in the dark
for 15 min. Cells were analyzed with flow cytometer (BD
FacsCanto II, CA, USA). Data from at least 10,000 single
cell events were acquired from each sample.

PROLIFERATION ASSAY

The proliferation rate of OSCC cells was determined
with a colorimetric bromodeoxyuridine (BrdU) cell
proliferation ELISA kit (Roche, CA, USA). Cells (5 x 10°
cells/well) were seeded onto 96-well culture plates. Cells
were either untreated, treated with ATP (100 uM) or UTP
(100 uM) for 24 h. After that, the wells were incubated
with BrdU labeling solution for 24 h. The cells were
then fixed with ethanol, followed by incubation of
monoclonal antibody from mouse-mouse hybrid cells
conjugated with peroxidase (anti-BrdU-POD) for 1.5
h. Wells were washed with washing solution provided
in the kit. Finally, tetramethyl-benzidine substrate
solution was added and cells were incubated in the dark
for 30 min. Plates were read with the Infinite M200
Pro microplate reader at 370 and 492 nm, respectively
(Tecan, Ménnedorf, Switzerland). Stimulation index was
calculated using (1) and (2):

BrdU labeling index = (Absorbance at 370 nm - Absorbance
of blank at 370 nm) - (Absorbance at (1)

492 nm - Absorbance of blank at 492 nm)

SI=  Mean BrdU labeling index of treated group

2

Mean BrdU labeling index of untreated group

STATISTICAL ANALYSIS

Data were presented as mean + SEM from three
independent experiments and were analyzed using
GraphPad Prism 5 software. Statistical analysis was done
by analysis of variance (ANOVA), followed by Dunnett
post-hoc test for Western Blot analysis and Tukey post-
hoc test for proliferation and apoptosis assays.
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RESULTS AND DISCUSSION

P2Y, RECEPTORS IN OSCC PATIENT SAMPLES

Due to the prevalence of OSCC within the Indian
community in Malaysia, it is imperative to develop
a novel therapeutic approach to improve its current
treatment (Ab Manan et al. 2015). This study looked at
the effects of extracellular nucleotides on OSCC cells
as concentrations of nucleotides are often found to be
elevated around the tumor microenvironment (Pellegatti
et al. 2008).

P2Y, protein expression was examined in OSCC
patient samples as it was the first P2'Y purinergic receptor
associated with gastrointestinal (GI) cancer (Bellefeuille et
al. 2019; Hopfner et al. 1998). In addition to P2Y, protein
being found ubiquitously expressed throughout the GI
tract, its expression was also increased in pathological

No primary antibody control

conditions such as cancer of the liver, pancreas, and
colon (Bellefeuille et al. 2019). We therefore anticipated
a similar trend to be observed in OSCC samples.
Qualitative analysis of patient samples found that normal
squamous epithelium generally showed expression of
P2Y, receptors at the membrane as well as cytoplasm.
However, the expression of P2Y, receptors varied in
different disease stages. In areas of keratinization, strong
staining was observed in the cytoplasm (samples D227
and D586; Figure 1). For poorly differentiated as well
as non-keratinizing OSCCs, however, staining was weak
which indicated a downregulation of P2Y, (sample
D123; Figure 1). In addition, a loss of P2Y expression
was observed during the transition from normal
epithelium to epithelial dysplasia (sample D365; Figure
1). Nevertheless, quantitative analysis of P2Y, staining
should be included in future study to confirm this finding.
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FIGURE 1. Immunohistochemical staining of OSCC patient tissues with P2Y?2 antibody.
HER?2 positive breast cancer tissue was used as positive control for P2Y2 receptor
expression. Cell nuclei were stained with hematoxylin and appeared blue, while regions
with P2Y?2 receptors were stained brown

ROLE OF P2Y, RECEPTOR AGONISTS IN MITOGEN-
ACTIVATED PROTEIN KINASES (MAPKS)

As MAPK signaling pathways play a role in a
wide range of cellular activities such as proliferation,
differentiation and survival, it is unsurprising that
activation of these pathways has been associated with

the pathogenesis of many human diseases (Kim & Choi
2010). Notably, it was previously reported that ERK1/2
MAPK as well as p38 MAPK pathways are involved in the
invasive phenotype of various types of cancers including
melanoma (Ge et al. 2002), vascular smooth muscle
cells (Graf et al. 1997), breast epithelial cells (Kim et



al. 2003) and endothelial cells (Matsumoto et al. 1999).
Thus, MAPK signaling pathways were included in the
present study. Stimulation of H376 cells with 100 pM
ATP resulted in a 4.225 + 1.279-fold increase of ERK1/2
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MAPK which peaked at 15 min (p <0.05, Figure 2(A)) and
a4.998 + 1.757-fold increase of p38 MAPK which peaked
at 15 min was observed when H376 cells were treated with
100 uM UTP (p < 0.01, Figure 2(B)). Treatment of H400
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FIGURE 2. Activation of MAPK signaling pathways ERK1/2, p38 MAPK and SAPK/JNK on OSCC cell
lines upon treatment with extracellular nucleotide in a period of 24 h. Fold activation was obtained by
normalizing with an untreated control: (A) H376, (C) H400, and (E) SAS cells were treated with 100 uM

ATP. Additionally: (B) H376, (D) H400, and (F) SAS cells were treated with 100 uM UTP. All experiments
were independently repeated three times. Data are represented as mean + SEM. * p < 0.05, ** p <0.01, and
*#% p < 0.01 compared with corresponding negative control
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cells with 100 uM ATP resulted ina 3.317 &+ 0.4077-fold
increase of ERK1/2 MAPK (p < 0.001, Figure 2(C)) as
well as a 7.293 + 4.308-fold increase of SAPK/INK (p <
0.05, Figure 2(C)) at the 15 min time point. On the other
hand, 100 puM UTP activated all three MAPKs studied.
ERK1/2 MAPK was found to peak at 30 min (3.967 +
1.079-fold; p < 0.05, Figure 2(D)), whereas p38 MAPK
and SAPK/JNK peaked at 15 min post treatment (2.584
+ 0.6554-fold and 2.288 + 0.5504-fold respectively; p <
0.05, Figure 2(D)).

Stimulation of OSCC cell line SAS with 100 uM ATP
only showed an activation of p38 MAPK pathway which
peaked at the 15 min time point (3.250 = 0.2256-fold, p <
0.001, Figure 2(E)) while stimulation with 100 pM UTP
caused the activation of ERK1/2 MAPK pathway which
also peaked at 15 min (2.445 + 0.7318-fold increase; p
< 0.05, Figure 2(F)). Studies were conducted for a total
period of 24 h and that no signification detection of
MAPK phosphorylation was detected after more than 30
min, except for p38 MAPK activation in SAS stimulated
with 100 uM ATP (Figure 2(E)).

In summary, stimulation of OSCC cells with ATP
resulted in phosphorylation of ERK1/2 in H376 cells,
whilst H400 cells showed activation of ERK1/2 and
SAPK/INK pathways. A different MAPK pathway, p38
MAPK, was activated in SAS cell line. It is possible that
the results observed were due to other P2Y receptors
being activated, as ATP is able to activate a range of P2Y
receptors (Jacobson et al. 2009). In addition, the use of
UTP, which is equipotent in P2Y, receptor activation,
resulted in the activation of different MAPK pathways
within the same cell line. This could be attributed to
the presence of multiple purinergic receptors on the
cell membrane, which indicated that P2Y, receptor
may not be the only receptor subtype expressed in these
cells. The presence of ectonucleoside triphosphate
diphosphohydrolases and ectonucleotidases further adds
complexity to the signaling network, as the degradation
products of ATP may also be contributing to the pathways
observed (Bellefeuille et al. 2019). In order to address
this issue, a follow-up study which utilized a selective
P2Y, agonist MRS2768 was carried out on OSCC cell
lines H376 and H400 to confirm whether activation of
P2Y, by itself contributed to the MAPK signaling pathway
activation observed with extracellular ATP. Notably, the
levels of phosphorylation of ERK1/2, SAPK/JINK and p38
MAPK seemed negligible compared to their unstimulated
groups, indicating that P2Y, itself was not sufficient to
induce the MAPK signaling pathway and that different
receptor subtype(s) may be activated (Supplementary

Figure S1). Considering the complexity of the purinergic
signaling network, it is not unreasonable to suggest
that an array of purinergic receptors contribute towards
tumorigenesis (Bellefeuille et al. 2019).

Transient activation of MAPKs observed throughout
the study may possibly be due to degradation of
nucleotides by ectonucleotidases C39 and CD73 (Allard
et al. 2017; Stagg & Smyth 2010). To confirm whether
hydrolysis of ATP was causing such a phenomenon,
a poorly hydrolysable ATP analogue ATPYS was used
(Kauffenstein et al. 2004). However, transient activation
of MAPK pathways was also observed with this
analogue, indicating that it was not due to degradation of
nucleotides (Supplementary Figure S2). Interestingly, it
is also worthy to note that ATPyS is a selective agonist
of P2Y |, (Gruenbacher et al. 2019; Jacobson et al. 2006),
suggesting a possibility of the involvement of P2Y | in
MAPK signaling activation in these cells. A study that
utilized P2Y | antagonist NF157 was able to suppress
the activation of p38 MAPK in human primary aortic
endothelial cells, further illustrating the role of P2Y, in
MAPK activation (Kuang et al. 2019).

PROLIFERATIVE EFFECT OF P2Y, AGONISTS IN OSCC
CELL LINES

Contrasting effect of P2Y, receptor activation on cell
proliferation has previously been demonstrated in various
malignancies (Li et al. 2013). Specifically, its activation
was found to induce cell proliferation in lung cancer
and melanoma, whereas a reduction in cell proliferation
was reported in esophageal and colorectal cancer (Li
et al. 2013; Maaser et al. 2002). Therefore, it would be
interesting to measure cell proliferation of OSCC cells in
the presence of extracellular ATP.

In H400 cells, ATP treatment increased the rate
of cell proliferation with a stimulation index (SI) of
1.065 + 0.011 (p < 0.001, Figure 3). Similarly, SAS
cells also showed increase in SI of 1.102 + 0.018 (p <
0.001). However, H376 did not show significant increase
in proliferation rate (SI of 1.106 + 0.022, Figure 3).
Treatment with UTP, another P2Y, agonist, resulted in
an increase in SI only in SAS cells (1.066 + 0.017; p <
0.05), while the proliferation of H376 and H400 was
not increased (SIs of 1.131 + 0.066 and 1.022 + 0.009,
respectively), as shown in Figure 3.

In the present study, the effect of P2Y, agonists
on OSCC cell proliferation was variable across different
cell lines. H376 did not show any changes in cell
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FIGURE 3. Stimulation indices (SIs) of OSCC cell lines H376, H400 and SAS after being treated with either
100 uM ATP or 100 uM UTP for 24 h. All experiments were independently repeated three times. Data are
represented as mean £ SEM. * p <0.05, ** p <0.01, and *** p <0.01

proliferation rate after treatment with ATP, whereas
H400 and SAS cell lines showed increased proliferation.
This further emphasized that extracellular ATP exhibited
different effects even within cells derived from the same
malignancy. This may possibly be explained by the
multiple purinoceptors expressed within each respective
cell line (Bellefeuille et al. 2019). The treatment of cells
with UTP also did not show similar effects as ATP in the
cell lines studied, which further indicates the involvement
of a different P2Y receptor subtypes, if not multiple
purinoceptors. In addition, the rise in proliferation rate
may be attributed to degradation products of ATP such as
adenosine. Therefore, experiments involving the use of
specific P2Y agonists should be conducted to determine
the proliferative effects observed. Additionally, further
study utilizing short interfering RNA to knockdown the
expression of P2Y, may also be considered to ascertain
its role in proliferation (Li et al. 2013).

IMPLICATION OF P2Y RECEPTOR ACTIVATION/
INHIBITION IN CISPLATIN-MEDIATED APOPTOSIS

As drug resistance poses as a major drawback for patients
undergoing chemotherapy, this study also looked at the
possible role of extracellular ATP as a contributing factor
towards drug resistance (Khoo et al. 2019). Due to the
high concentration of extracellular ATP accumulating at
tumor sites in contrast to healthy sites (Li et al. 2013), its
presence may have an impact in OSCC gaining resistance

towards the commonly used chemotherapeutic drug
cisplatin. In the present study, H376 cells treated with 100
UM ATP showed an increased in the viable cell population
(96.5 £ 0.273%) as compared to untreated group (80.4
+ 1.53%; p < 0.001). Treatments of 10uM and 20uM
of cisplatin both resulted in a reduction of viable cells
(55.6 £ 1.01% and 30.3 + 24.3%, respectively; both p
< 0.001). When compared with cells treated with ATP
alone, it was observed that a combination of ATP and
cisplatin increased the percentage of viable cells (81.5
+ 3.80% for 10 uM cisplatin and 38.2 + 0.851% for 20
uM cisplatin, respectively; p <0.001). At the same time,
the population of early apoptotic cells was found to be
reduced with a combination of ATP and cisplatin (8.57 +
2.57% for 10 uM cisplatin and 20.4 + 2.12% for 20 uM
cisplatin; both p < 0.001) compared to cells treated with
cisplatin alone (27.5 £ 0.491% for 10 pM cisplatin and
34.0 £ 2.25% for 20 puM cisplatin) (Figure 4(A)). The
protective effect of ATP was also observed in a previous
study on lung cancer cells (Song et al. 2016). When cells
were treated with suramin in place of ATP, it was found
that combination treatment of 50 uM suramin with 20
UM cisplatin showed a shift in cell population from early
apoptosis (7.83 + 1.77%; p < 0.05) to late apoptosis (79.7
+ 1.53%; p < 0.01) compared to cells treated with only
20 uM cisplatin as shown in Figure 4(B).

The results of the present study are consistent with
the findings of a recent study where the addition of ATP
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FIGURE 4. Cisplatin-mediated apoptosis of OSCC cell lines: (A) H376, (C) H103, and (E) SAS
cells were treated with predetermined cisplatin concentrations or with a combination of 100 uM
ATP and cisplatin. Suramin was used to inhibit P2Y receptors: (B) H376, (D) H103, and (F)
SAS cells were treated with predetermined cisplatin concentrations or with a combination of 50
UM suramin and cisplatin. All experiments were independently repeated three times. Data are
represented as mean £ SEM. * p <0.05, ** p <0.01, and *** p <0.01

increased the chemotherapy resistance of breast cancer
cells (Yang et al. 2020). Furthermore, the inhibition of
P2Y receptor with antagonist suramin showed decrease
in early apoptotic cell population and increase in late
apoptotic cell population simultaneously when compared
with group treated with only cisplatin. Thus, by blocking
P2Y receptors, H376 cells were more sensitive towards
cisplatin treatment. The possibility of the involvement
of P2Y receptors in cisplatin-mediated apoptosis is also
demonstrated in a study on nasopharyngeal carcinoma
cells, whereby the use of P2Y antagonist elicited an effect
on cisplatin-mediated apoptosis (Yang et al. 2015).

In H103 cells, similar cisplatin concentrations were
used to induce cell death. However, no significant shifts

in apoptotic cell populations were observed following
combined treatment with ATP and cisplatin compared
with cells treated with cisplatin alone as shown in Figure
4(C). Nonetheless, treatment with suramin resulted in
a decrease in viable cell numbers (91.8 + 0.115%) as
compared to untreated cells (94.1 £0.551%; p <0.05). It
was also observed that combined treatment with 50 pM
suramin and 20 pM cisplatin caused a shift in the cell
population from early apoptotic stage (8.73 = 1.78%) to
late apoptotic stage (12.7 + 0.437%) when compared to
group treated with only 20 uM cisplatin (14.2 + 0.681%
for early apoptotic population and 7.83 + 0.845% for
late apoptotic population; both p < 0.001, as shown in
Figure 4(D).



In H103 cells, combined treatment of cells with
ATP and cisplatin did not result in any differences in
cell populations when compared to groups only treated
with cisplatin. When suramin was used in place of ATP,
a decrease of viable cell population was observed when
compared to the untreated group. It was also observed
that a combination of suramin and cisplatin shifted the
cells from early to late apoptotic stage. This indicates that
by preventing the extracellular purine from activating
the receptors, suramin may have a synergistic effect in
the treatment of OSCC when combined with cisplatin
(Bhargava et al. 2007).

For SAS cells, the concentrations of cisplatin used
to induce changes in viable cell population after 24 h
were 80 and 100 pM which were higher compared to the
concentrations used in H376 and H103. When compared
with the untreated group (87.5 £ 0.808%), cells treated
with 80 uM cisplatin did not show significant changes in
viable cell population (83.1 £ 0.953%; p > 0.05), while
cells treated with 100 uM cisplatin showed decrease
in viable cell population (78.7 £ 1.22%; p < 0.001).
However, viable cell populations decreased in cells
treated with a combination of ATP and cisplatin (75.3 £
0.742% for 80 uM cisplatin and 66.5 + 2.37% for 100
uM cisplatin; both p < 0.001). It was also observed that
the population of necrotic cells increased in group having
combination treatment with 100 uM ATP and 100 puM
cisplatin (20.7 £+ 3.27%) compared to cells treated with
only 100 uM cisplatin (10.6 £ 0.984%; p <0.001, Figure
4(E)). When suramin was used instead of ATP, it was
noted that treatment of suramin prior to cisplatin reduced
the population of early apoptotic cells for both cisplatin
concentrations used (6.33 + 0.219% for 80 uM cisplatin
and 8.70 £+ 0.208% for 100 uM cisplatin) compared to
groups only treated with cisplatin (22.0 = 1.43% for 80
uM cisplatin and 24.1 £ 1.74% for 100 uM cisplatin, both
p <0.05, as shown in Figure 4(F).

When SAS cells were treated with a combination
of ATP and cisplatin, the viable cell count decreased,
whilst the non-selective P2 receptor antagonist,
suramin, induced an opposite effect. This implied that
the presence of extracellular ATP caused the cells to be
more susceptible to treatment with cisplatin, whereas
blocking of P2Y receptors with suramin reduced the
effectiveness of chemotherapeutic treatment with
cisplatin. A recent review on the role of P2Y receptors
in an array of gastrointestinal cancers further implies the
use of selective antagonist of P2Y receptor subtype as
a promising target for the treatment of gastrointestinal
cancers (Bellefeuille et al. 2019).
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CONCLUSION

In conclusion, this study found that OSCC cell lines with
varied origins and characteristics behaved differently
in both the MAPK signaling pathways involved as
well as the downstream effects studied. This indicated
the possibility of different P2Y subtypes at play in
respective cell lines. Nevertheless, P2Y, which is often
associated with proliferation may not be responsible in
the purinergic signaling observed in this study, and that
future research is needed to determine the P2Y receptor
subtypes involved in respective cell lines.
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SUPPLEMENTARY FIGURE S1. Activation of MAPK pathways ERK1/2, p38 MAPK and SAPK/JNK upon treatment
with 10 uM MRS2768 across a period of 24 h in OSCC cell lines (A) H376 and (B) H400. Experiments were
independently conducted once.
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SUPPLEMENTARY FIGURE S2. Activation of MAPK pathways ERK1/2, p38 MAPK and SAPK/INK
upon treatment with 100 uM ATPyS across a period of 24 h in OSCC cell lines (A) H376 and (B) H400. All
experiments were independently repeated three times. Data are represented as mean + SEM. * p <0.05, **
p <0.01, and *** p <0.01 compared with corresponding negative control



