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Background: The lack of early diagnostic tools and the development of chemoresistance have made ovarian
cancer (OC) one of the deadliest gynaecological cancers. The tumour microenvironment is characterised by the
extracellular release of high levels of ATP, which is followed by the activation of P1 adenosinergic and P2 purinergic
signalling systems. The sequential hydrolysis of ATP by the ectonucleotidases CD39 and CD73 generates adenosine,
which creates an immune suppressive microenvironment by inhibiting the T and NK cell responses via the A2A

Main body of the abstract: In OC, adenosine-induced pAMPK pathway leads to the inhibition of cell growth and
proliferation, which offers new treatment options to prevent or overcome chemoresistance. The activation of P2V,
and P2Y, purinergic receptors expressed in the platelets promotes epithelial-mesenchymal transition (EMT). The
inhibitors of these receptors will be the effective therapeutic targets in managing OC. Furthermore, research on
these signalling systems indicates an expanding field of opportunities to specifically target the purinergic receptors

Short conclusion: In this review, we have described the complex purinergic signalling mechanism involved in the
development of OC and discussed the merits of targeting the components involved in the purinergic signalling
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Background

Ovarian cancer (OC) is one of the most lethal malignan-
cies among all gynaecological cancers. Life expectancy of
women with OC is no more than 5 years, which is mainly
due to the increased number of chromosomal alterations
in the circulating lymphocytes [1, 2]. In India, OC has the
sixth-highest incidence rate among all feminine diseases,
and the age-standardised incidence rate has raised by
28:6% (95% UI 19-2—-41:6) from 1990 to 2016 [3]. OC pre-
dominantly metastasizes via the physiological movement
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of the peritoneal fluid or the circulating tumour cells in
the blood [4, 5]. During this metastatic progression, the
ovarian surface epithelial cells undergo epithelial-
mesenchymal transition (EMT) induced by adenosine tri-
phosphate (ATP) in the extracellular milieu [6]. ATP pro-
vokes the activation of specific purinergic receptors in the
plasma membrane (Fig. 1.) [7]. Those responsible for cell
communication, proliferation, differentiation, motility and
cell death are mainly differentiated into the P1 receptors
for adenosine and P2 receptors for ATP [8]. The latter can
be further subdivided into the G-protein-coupled P2Y re-
ceptors (P2YRs) and the ionotropic P2X receptors
(P2XRs) [9]. The adenosine receptors play a significant
role in cancer progression and metastasis by inhibiting the
immune triggering cells [10]. Another factor that helps
the purinergic receptors in the progression of OC is the
platelet, which mediates the circulation of tumour cells
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Fig. 1 General outline of purinergic signalling in ovarian cancer. In a tumour cell, ATP is released into the extracellular milieu either through
connexion or pannexin hemichannel or by ABC (ATP binding cassette) transporter proteins. Presence of ATP in the extracellular milieu activates
the P2X and P2Y purinergic signalling cascade. Extracellular ATP is soon hydrolysed by ectonucleotidases CD39 (conversion of ATP/ADP to AMP)
and CD73 (conversion of AMP to adenosine) generate adenosine; it will activate the purinergic P1 adenosine receptors. This extracellular
adenosine is transported into the cell through nucleoside transporter proteins. P2X purinoceptor is activated by the presence of ATP and that of
P2Y purinoceptor is activated by the presence of ATP, UTP, ADP, UDP and UDP-GLUCOSE

[11]. This platelet-tumour cell interaction is facilitated by
the P2Y;, purinergic receptors, which leads to the forma-
tion of tumour cell-induced platelet aggregates (TCIPA)
and promotes EMT during cancer progression [12]. Vari-
ous agonists and antagonists are involved in the inhibition
and induction of purinergic signalling, which causes alter-
ations in the responsive cells. It has also been established
that this signalling pathway, mainly the P2Y receptors, has
a key function as it alters the drug pathways in the OC
cells [13]. In the present biological era, many genetic mu-
tations affecting the cell signalling pathway have been im-
plicated in OC tumourigenesis [14]. Thus, signalling
pathways are crucial in regulating specific molecular
mechanisms after activation of the target molecules, such
as ATPs, in treating the OC patients [15]. In this review,
we aim to summarise the correlative role of ATPs, ectonu-
cleotidases, platelets and adenosine in the purinergic sig-
nalling pathway. Further, we also intend to highlight
purinergic signalling as a novel therapeutic target in treat-
ing OC.

Main text

ATP, the major component in the tumour
microenvironment

Each cell in the body has a storage factory for ATP,
which is the universal signalling molecule in the intersti-
tial region [16]. In the resting cells, the concentration of

ATP is very low; however, in damaged or excited tissues,
it becomes elevated [17]. The high levels of ATP in the
damaged or infected cells are considered as warning sig-
nals that prompt the activation and release of inflamma-
tory cytokines into these cells [18, 19]. Ca®*-mediated
exocytosis, membrane transporter proteins and plasma-
lemmal channels are mainly responsible for the release
of ATP in the interstitium. Presence of ATP in the
tumour microenvironment (TME) triggers the activation
of cytosolic Ca®* channels and the purinergic receptors
such as P2X and P2Y. ATP either activates the P2X; ion
channel to induce the extracellular Ca®* influx or turns
on the P2Yy, P2Y, and P2Y;; receptors to cause intracel-
lular Ca** influx from the endoplasmic reticulum (ER).
Simultaneous stimulation of both P2X and P2Y results
in abnormally elevated levels of Ca®* in the cancer cells
[20]. Besides, ATP also has a role in provoking the acti-
vation of various immune cells via the P2 purinergic re-
ceptors in the TME [21]. The excess ATPs in the cancer
cells are quickly degraded by ectonucleotidases such as
CD39 and CD73 [22]. Adenosine generated by the deg-
radation of ATP stimulates the P1 adenosine receptors,
which favours tumour cell progression [7].

Adenine nucleotides and adenosine coupled to the
purinergic receptors result in a cross-talk among several
other signalling systems related to cell proliferation, dif-
ferentiation, migration, apoptosis, growth arrest and
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motility [23]. The purinergic receptors regulate different
signalling systems through the activation of effectors, in-
cluding adenylyl cyclase (AC), phosphatidyl inositol-
specific phospholipase (PLC), phospholipase D (PLD),
phospholipase A (PLA), Src and GTPases, by the pro-
duction of second messengers such as cyclic AMP
(cAMP), inositol trisphosphate (Ins3P), prostaglandin
(PG) and nitric oxide (NO). This process in turn leads to
the activation of protein kinases such as mitogen-
activated protein kinases (MAPK), protein kinase C
(PKC), Akt, protein kinase A (PKA), glycogen synthase
kinase (GSK), calcium/calmodulin protein kinase
(CaMK) and Rho-dependent kinase (RhoK), ultimately
leading to gene expression in the responding cells [8].

Effect of ectonucleotidases CD39 and CD73 in ovarian
cancer

Ectonucleotidases, which are expressed in almost every
cell, are responsible for the hydrolytic conversion of nu-
cleotides into various nucleosides [22]. Overexpression
of these enzymes is the major cause of cell proliferation
and metastasis in OC [24]. The ectonucleotidases are
categorised into four major groups, namely ectonucleo-
side triphosphate diphosphohydrolases (NTPDases),
ectonucleotide pyrophosphatase/phosphodiesterases
(ENPPs), alkaline phosphatases (APs) and ecto-5'-nucle-
otidase (e5NT)/CD73 [25]. Among these, NTPDasel/
CD39 and CD73 are critical for the regulation of im-
mune homeostasis in cancer cells. CD39 is involved in
the catalytic conversion of ATP to AMP, while CD73 de-
phosphorylates AMP into adenosine [26, 27]. Under
hypoxic conditions, tumour-associated macrophages ex-
press elevated levels of CD39 and CD73 owing to the in-
fluence of transcription factors such as Spl, Stat3 and
Gfi-1, which results in the mass generation of immuno-
suppressive adenosine [28]. This stimulatory effect of ad-
enosine can be diminished by CD39 inhibitors such as
POM-1 and adenosine deaminase (ADA), which convert
adenosine into inosine and decrease immunoregulatory
IL-10 secretion by TAM [29]. In OC-derived spheres,
upregulation of CD73 triggers a rise in the extracellular
adenosine level, which potentially supresses the T and
NK cells and causes tumour progression [9]. Another in-
teresting study revealed that CD73 influences the ovar-
ian cancer-initiating cells (OCICs) by regulating the
expression of stemness and EMT-related genes, thereby
resulting in tumour initiation, metastasis and chemore-
sistance [24]. Hence, the ectonucleotidase CD73 has a
potential role in the purinergic signalling related to the
initiation and metastasis of OC.

Role of purinergic receptors in ovarian cancer
Many cellular and biological responses, right from
growth stimulation to apoptosis, chemotaxis to cell
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differentiation and even cytokine release, come under
the control of purinergic signalling. This process is of
two types, namely short-term and long-term. The former
employs neuromodulation, neurotransmission, secretion
and platelet aggregation, while the latter encompasses
cell proliferation, differentiation and cell death. The re-
ceptors are differentiated into P1 and P2. The P1 adeno-
sine receptors are G-protein-coupled receptors that
consist of four subtypes, namely Al, A2A, A2B and A3.
These adenosine receptors control various cellular activ-
ities by triggering the AMPK signalling pathway [30].
The P2 receptor, on the other hand, is further sub-
divided into P2X and P2Y. The P2X receptor comprises
seven subtypes, P2X;_;, which exhibit 30-50% amino
acid sequence similarity (Table 1). The receptor has
intracellular C and N terminals and two membrane-
spanning regions, TM1 and TM2. While TM1 acts as
the gate, TM2 serves as the lining of the ion pore. Adja-
cent to these regions, a large exterior loop with an ATP
binding site exists. The G-protein-coupled receptors in
association with the heterotrimeric G-proteins such as
Gq/11, Gs and Gi are meant to regulate the calcium
Ca® and cAMP levels in the cell by influencing
phospholipase C adenylyl cyclase [37].

Purinergic receptors are considered to be the
causative agents of cancer as they are implicated in
various tumourigenic functions. For instance, it was
asserted that P2X; is responsible for cell differenti-
ation, P2X, for apoptotic death of the tumour cells
and both P2Y; and P2Y, for tumour cell prolifera-
tion [35]. Activation of P2X; by the agonist 2,3-O-
(4-benzoylbenzoyl)-ATP (BzATP) was proven to in-
fluence cell progression in SKOV-3 and CAOV-3 in
the OC cell lines [38]. The tumour cells, under hyp-
oxic conditions, activate the P2X7 receptor, which
leads to the phosphorylation of extracellular signal-
regulated kinase (ERK) and serine/threonine-specific
protein kinase (AKT) pathway and in turn results in
enhanced cell invasion and nuclear accumulation of
NF-kB [39]. Similarly, another study also established
that the activation of P2X, receptor leads to the
phosphorylation of ERK in the SKOV-3 and CAOV-
3 cell lines of OC. Furthermore, it was identified
that the use of P2X7R inhibitor AZ10606120 re-
duces cell viability in OC cell lines [38]. Just like
the earlier study, this work also reported that over-
expression of P2X; in the ovarian surface epithelium
(OSE) causes the phosphorylation of ERK and trig-
gers the AKT pathway, ultimately increasing the in-
flux of Ca®* in the OC TME [40]. Interestingly, it
was stipulated that the P2X; receptor was an onco-
gene mainly because of its versatile effects such as
aerobic glycolysis, hypoxia-inducible factor 1-alpha
(HIF-1a) activation of PI3K/AKT pathway and
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Table 1 Purinergic receptors in cancer
S. no. Receptor subtypes Preferred natural ligand Role of purinergic receptors in ovarian cancer References
P1 Adenosine receptors [G protein coupled receptor]
1. ATR Adenosine Immune activation and tumour suppression [31,32]
2 A2AR Adenosine Immune suppression and pro-tumour effects [33, 34]
3. A2BR Adenosine Immune suppression and pro-tumour effects [33, 34]
4 A3R Adenosine Immune activation and tumour suppression [31,32]
P2 Purinergic receptors
1. P2X receptors [ligand-gated ion channel receptor]
1. P2X4 ATP NA NA
2 P2X5 ATP NA NA
3 P2X3 ATP NA NA
4. P2X4 ATP NA NA
5 P2Xs ATP Cell differentiation [35]
6 P2Xs ATP NA NA
7 P2X5 ATP Cell differentiation [35]
2. P2Y receptors [G-protein-coupled receptor]
1. P2Y, ADP Tumour cell proliferation [35]
2 P2Y, ATP = UTP Tumour cell proliferation [35]
3 P2Y,4 UTP NA NA
4. P2Ys ubp NA NA
5 P2Y14 ATP NA NA
6 P2Y15 ADP EMT during cancer progression [36]
7 P2Yq3 ADP NA NA
8. P2Y14 UDP - glucose NA NA

ADP adenosine diphosphate, ATP adenosine triphosphate, EMT epithelial mesenchymal transittion, UDP uridine diphosphate, UMP uridine monophosphate, UTP

uridinetriphosphate

release of VEGF, which result in OC progression
and metastasis [41, 42].

In OC, progression of the disease is also linked to
tumour cell-induced platelet activation (TCIPA),
which is regulated by the stimulation of the P2
(ATP) type of purinergic receptors such as P2Y; and
P2Y;,. In the OC cells, the activation of P2Y; recep-
tor coupled with the heterotrimeric G-protein Gq
results in the phosphorylation of phospholipase Cf
and the release of Ca®*. Finally, the activation of
protein kinase C initiates a change in the normal
shape of the platelets [43]. Many studies demon-
strated that P2Y;, receptors coupled with Gi activate
phosphatidylinositol-3-kinase, which results in plate-
let degranulation inside the cancer cells and facili-
tates tumour progression [44]. These degranulated
platelets release several cytokines such as TGEF-
CXCL5 and CXCL7, which results in the control of
cell pro-proliferation and pro-metastasis effects in
OC [45]. Thus, focusing on the TCIPA mechanism
along with purinergic signalling would enlighten the
researchers on the early detection of OC.

Platelet-induced tumour progression in ovarian cancer

In OC, thrombocytosis and thrombosis are the major
challenges and may be viewed as the prognostic bio-
markers of the disease. These have emerged as import-
ant factors in the field of cancer pathology [46]. Almost
every cancer cell exhibits high levels of platelet angio-
genesis regulators such as VEGF, ANGPT-1, MMP-2,
PF-4 and PDGF [47]. In OC patients, the platelets dis-
play some structural changes when compared with the
controls, which are responsible for the epithelial-
mesenchymal transition [48]. This alteration is initiated
by the activation of P2 purinergic receptors under the el-
evated levels of ATP or ADP released from the platelets
[49]. In cancer cells, ADP instigates P2Y; followed by
P2Y,, to create a temporary change in the shape of the
platelets and their aggregation [50]. The tumour cell-
derived IL-6 enhances the rate of megakaryopoiesis,
which increases platelet production in the ovarian TME
[51]. Interaction between the platelets and the tumour
cells activates the NF-kB and TGF-f signalling pathway
in the cancer cells, which results in epithelial mesenchy-
mal transition (EMT) and induces metastasis in the
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tumour cells [36]. The activated platelets may cause ex-
travasation of the tumour cells by augmenting the endo-
thelial permeability and the signals for tumour
progression via the P2Y, receptor [52]. The P2Y;, puri-
nergic receptor is the core factor that activates the plate-
let glycoprotein IIb/IIla receptor, and it is the hotspot
for the treatment of OC [53]. Another study also re-
vealed that the inactivation of the P2Y;, receptor may
lead to a marked reduction in tumour progression [54].
Cancer-associated platelets have a significant role in li-
quid biopsy, and platelet-based analytics serves as a
major diagnostic tool and a potent biomarker in cancer
[55]. Thus, high platelet counts can be used as a predict-
able marker to detect chemoresistance and tumour pro-
gression in the OC cells.

Role of adenosine in chemoresistance
Chemoresistance is one of the major problems observed
while treating the OC patients. Thus, creating drugs
based on the reprogramming of cells into iPSCs using
adenosine can serve as a platform for therapeutic treat-
ment [56]. The nucleoside regulates various metabolic
activities by binding with the receptors AIR, A2AR,
A2BR and A3R in the extracellular membrane [33],
thereby controlling the inherent functions of tumour
cells such as proliferation, apoptosis, angiogenesis, me-
tastasis and chemoresistance [30]. This effect of adeno-
sine is concentration-dependent, wherein low levels are
responsible for cytostatic effects, while high levels lead
to cytotoxic effects [34]. Adenosine is a downstream sig-
nalling factor for adenylyl cyclase (cAMP) and sup-
presses the immune system in the cancer cells [57, 58].
The receptors activate the ERK1/2 pathway concerned
with the regulation of cell proliferation and cell death in
response to different stimuli in the cancer cells [59].
ERK1/2 expression increases in the cancer stem cells
(CSCs) in various human tumours [60]. In a colorectal
study, it was observed that adenosine receptors induce
the activation of ERK1/2 or MEK pathway, which results
in the enhanced expression of multi-drug resistance-
associated protein 2 (MDRP2) [61]. MDRP2 belongs to
the ABC superfamily governing the efficiency of drug
treatment and is involved in drug export from the cells
[62]. In OC, platinum- and Taxol-based treatment is
most commonly used, but resistance to these drugs
limits the effectiveness of the treatment [63]. The mes-
enchymal nature of the OC cells is also an important
reason for the potent drug resistance and tumour pro-
gression [64]. Besides, several other mechanisms may
lead to cisplatin resistance, such as variations in the
transport and trafficking of the drug and disturbance in
the apoptosis pathway [65].

Adenosine can induce apoptosis externally via recep-
tors Al, A2A, A2B and A3 in various cancers. In
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OVCAR-3 OC cells, the nucleoside mediates cell cycle
arrest in the G1 phase and induces apoptosis in a
caspase-3-dependent manner. Presence of the molecule
in the cell may cause the downregulation of CDK4, cyc-
lin D1 and anti-apoptotic Bcl-2 proteins. Adenosine also
induces a significant increase in the level of pro-
apoptotic Bax protein. Overall, adenosine induces cell
cycle arrest and apoptosis, which could be determined
by the increased concentration of apoptotic sub-G1
population [66]. Besides, the chemical inhibits the
mTOR growth stimulatory pathway via the AMPK-
dependent pathway. After conversion of adenosine to
AMP by adenosine kinase, AMP-activated protein kinase
(AMPK) is stimulated owing to the presence of AMP
and downstream pathways, finally resulting in
adenosine-induced cell growth arrest and apoptosis in
the OC lines [30]. Uptake of this purine nucleoside by
the intracellular nucleoside transporters activates the
pAMPK signalling in an LKBl-dependent manner.
AMPK phosphorylates the Raptor at S792 to inhibit
mTORI1. This will result in reduced phosphorylation of
pS6K, leading to cell growth arrest (Fig. 2). Application
of adenosine prior to cisplatin treatment may lead to in-
duced drug cytotoxicity in the OC cells. Moreover, the
inhibitors of A1 and A2B receptors, such as SLV320 or
PSB603, may be unable to suppress these effects of ad-
enosine, thereby providing an emerging therapeutic tar-
get to eliminate chemoresistance [67]. Thus, adenosine
pathways provide new treatment options to prevent or
overcome chemoresistance.

Conclusion

This research is still in its infancy, and the possibil-
ities are limitless [68]. Purinergic signalling plays an
important regulatory role in the development of can-
cer. In OC, phenomena such as epithelial mesenchy-
mal transition, platelet-induced tumour progression
and chemoresistance are controlled by this cell com-
munication system. It involves several extracellular
messengers in the form of ATP, ADP, AMP and ad-
enosine. The purinergic receptors P2Y,, P2Xs and
P2X, involved in high-grade bladder cancer are re-
sponsible for the antitumuor effect of ATP. The P2X,
receptors, upon activation, allow Ca®* influx to stimu-
late the mitochondrion-dependent apoptotic machin-
ery [31, 69]. Ectonucleotidases CD39 and CD73
degrade this extracellular ATP into adenosine, which
creates an immunosuppressive microenvironment. Ad-
enosine present in the tumour microenvironment may
cause the induction of cisplatin cytotoxicity in OC
cell lines through Al and A2BR receptors. Adenosine
uptake by the intracellular nucleoside transporters ac-
tivates pAMPK signalling, which leads to the inhib-
ition of growth stimulatory mTORI1, which in turn
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Fig. 2 Adenosine induced cytotoxicity in ovarian cancer. Adenosine generated by the presence of ectonucleotidases CD39 and CD73 activate the
adenosine receptors in tumour cells. Nucleoside transporter transports this extracellular adenosine into the cell. Inside, the cell adenosine
promotes apoptosis through the caspase-3-dependent pathway. Adenosine downregulates the expression of the anti-apoptotic protein Bcl-2 and
Glphase cyclin D1 and CDK4 and also, it induce the expression of pro-apoptotic Bax protein. Adenosine inhibits the cell growth by the AMPK-
dependent pathway. Adenosine kinase phosphorylate the adenosine and converted into AMP results in the phosphorylation of AMPK by the
upstream kinase LKB1. Activation of AMPK results in the inhibition of growth stimulatory mTOR pathway and also by decreased phosphorylation
of S6K. Reduced pSeK leads to the inhibition of cell growth arrest and proliferation
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results in cell growth arrest and enhanced cytotox-
icity. Resistance to platinum-based chemotherapy is
one of the major problems faced while treating the
OC cases. Platelets are involved in the induction of
tumour progression and chemoresistance. Platelet-
tumour cell interaction through P2Y;, may lead to
EMT during cancer progression. This reveals the im-
portance of using P2Y;, receptor antagonists in the
treatment of cancer. Purinergic molecules are dynam-
ically positioned in cancer immunity, and targeting
this pathway could efficaciously suppress tumour pro-
gression and metastasis and can be used as the best
therapeutic target in OC.
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