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World Health Organization’s (WHO’s) report of GLOBOCAN 
2018 placed lip and oral cavity cancer at 15th position for 177384 
deaths in the year 2018 among all cancers. According to many re-
ports it is also considered as 3rd most prominent cancer in devel-
oping countries. In India oral cancer ranks 1st among men and 3rd 

among women [1]. It is reported that oral cancer rate (age adjust-
ed) in India is 20 per 100,000 and it represents 30% of cancer pa-
tients in the [2]. According to the report of GLOBOCAN 2018 for the 
cancer of lip and oral cavity, 246420 new cases of male and 108444 
females have been diagnosed worldwide in 2018. The mortality 
from oral cancer was about 119693 in male and 57691 in female 
worldwide in the year 2018. Five-year survival rate was found 
close to 62% for oral cancer whereas 89% and 99% for breast can-
cer and prostate cancer respectively [3]. In spite of all improve-
ments in diagnostic techniques and new management strategies 
the age standardized mortality rate of lip and oral cavity cancer in 
India for male and female is still 6.7 and 3 out of 100000 for male 
and female respectively [4]. There is a wide variation in the geo-
graphical distribution of the disease. Approximately two-thirds of 
oral cancer patients have been reported in Southeast Asia, Eastern 
Europe and Latin America [1]. Complete cure of oral cancer is pos-
sible only if diagnosed early but the unfortunate and miss-leaded 
diagnoses followed by wrong management result in high mortal-

ity rates [5]. Roughly 400 anticancer drugs are now in the pipeline 
of developmental process, out of which 25% is formulated to fight 
against oral cancer as estimated by NCCN (National Comprehensive 
Cancer Network) [3,6]. In India the most favorable sub-site for can-
cer of the oral cavity is the gingival–buccal complex which includes 
alveolar ridge, gingival–buccal sulcus and buccal mucosa whereas 
tongue is the most common sub-site in the western world (Curado 
MP, Shin HR, and Heanue M 2009) [1]. Smoking, smokeless tobacco 
(i.e. chewing tobacco which includes mainly betel quid, nut and to-
bacco leaves) and alcohol are the chemical risk factors for oral car-
cinomas. Biological factors include human papilloma virus (HPV), 
herpes simplex virus (HSV), Syphlis and Candida. There are reports 
that dental hygiene and nutritional habits also show some risk to-
wards oral cancer [7]. Several oncogenes are found to be associated 
with oral carcinoma [8]. HER1 or EGFRI or c-erb1 (i.e. epidermal 
growth factor receptor-1) proto-oncogene, an important member 
of ras family, along with c- myc, int-2, hst-1, PRAD-l and bel have 
been shown to play a significant role in the development of oral 
cancer [9-11].
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Oral cancer incidences increased to 354864 and death became 177384 according to GLOBOCAN 2018 but in India it is the com-
monest cancer in men and third commonest in women. With the recent development in the field of ion channel, they are becoming 
hot targets for treating various diseases including cancers. Arguably, the most important ion controls most of the cell signaling pro-
cesses in almost all mammalian cells from division and differentiation to secretion and apoptosis is calcium (Ca2+). While there are 
many types of calcium ion management mechanisms are present in any given cell, one of the most important pathways of calcium 
movement, calcium permeable ion channels are discussed broadly in this review. We summarized the published literature on the role 
of calcium channels and pumps in oral cancer pathophysiology. We found most of the oral cancer work was in the areas of SERCA, 
PMCA and TRPs. DNA methylation leads to down regulation of human SERCA2 gene and PMCA1 gene which is considered as early 
events in case of oral squamous cell carcinoma (OSCC). Recently, role of TRPV1 and TRPA1 was reported in oral cancer pain where 
as TRPM8 in migration and invasion. This review starts with a short introduction on oral cancer and calcium handing mechanisms. 
Then we give in depth review of calcium channels, especially store operated calcium channels. Further, we summarize the recent 
literature on calcium channel regulation in oral cancer and briefly discuss the future research prospects in this area. 

Introduction

The environment around the cell is always changing so the cell 
needs a messenger which can signal about the changing environ-
ment. Here comes the role of calcium (Ca2+) and phosphate ion 
(PO-4). These two ions control most of the cell signaling processes 

Ca2+ Regulation
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Figure 1: Ca2+ transfer mechanism of mammalian cells.

leading to various responses from the cell in the changing envi-
ronment [10]. These two ions are capable of changing the electro-
static environment and protein conformations which can be used 
as a signal transduction tool [10]. There are less calcium ions in 
the cytosol (~100nM) than in the extracellular space (in low mM) 
[11,12]. This means that there are more positive Ca2+ on the extra-
cellular side of the plasma membrane. Cells always try to maintain 
low concentration of Ca2+ in cytoplasm by using any of the methods 
such as pumping out, chelation using calcium binding protein or 
storage of the extra calcium into intracellular organelles like endo-
plasmic reticulum (ER). In the course of evolution cells developed 
many tools to handle the Ca2+ based signaling components for 
regulation of cellular processes on the basis of their contribution 
in the Ca2+ signaling systems (Berridge, Lipp, and Bootman 2000; 
Berridge, Bootman, and Roderick 2003) [13,14]. (Figure 1).

Although the entire tools play a key role in cell regulation, pro-
liferation and various functions this review is focused on Ca2+ ion 
channels. On the basis of their primary activation mechanisms, 
Ca2+ channels can be broadly divided into different categories.

Hagiwara., et al. in 1975 first reported about the possibility of 
VGCCs in starfish egg cell membrane (Hagiwara, Ozawa, and Sand 
1975) [15]. They proposed different types of Ca2+ channels which 
can be activated by different voltage thresholds and follow differ-
ent mechanism for opening and closing of the gate. VGCC were first 
divided into two major groups: 1) High voltage activated (HVA) 
and 2) Low voltage activated (LVA) Ca2+ channels. HVA Ca2+ chan-
nels get activated at -40 ~ -10 mV whereas LVA channels need only 
-60 ~ - 70 mV across membrane. Later on, HVA Ca2+ channels were 
again divided into L-type, N- type, P/Q-type, and R-type channels 
LVA Ca2+ channels possess only T-type channels. R-type channels 
are classified as intermediate-voltage-activated (IVA) channels 
[16].

Voltage-gated Ca2+ channels (VGCC)
Ca2+ Channels

The ligand gated Ca2+ channels gets activated when a ligand (a 
specific molecule) bind to the receptor [17]. This LGCC’s super-

Ligand-gated Ca2+ channels (LGCC)

family is also known as inotropic receptors. There are three main 
types of LGCC which have Ca2+ permeability for cellular and physi-
ological activities. Those are NMDA (N-methyl-D-aspartate) recep-
tor, P2X (or Purinergic) receptors and nACh (Nicotinic acetylcho-
line) receptors [18].

Now it is well established that endoplasmic reticulum/sarco-
plasmic reticulum (ER/SER) is as the primary intracellular stor-
age organelle for Ca2+. When the rate of Ca2+ entry through plasma 
membrane was compared with ER lumen calcium ion concentra-
tion it was found to be reciprocal which simplified the concept 
behind store-operated calcium entry (SOCE) [19]. The mechanism 
of SOCE was experimentally resolved by using reagents like thap-
sigargin which inhibits calcium entry into ER through Ca2+ pump 
or ionomycin which is a calcium ionophore [20,21]. Many inves-
tigators observed that when the calcium store gets depleted by 
SERCA inhibitors like thapsigargin, it activates store operated cal-
cium channels (SOCCs) present on plasma membrane [20]. These 
channels can also be activated by Ca2+ release from stores, there-
fore called as CRAC (i.e. calcium release activated channel) and the 
current is written as Icrac which was studied extensively and docu-
mented as store operated current [22,23]. However, the essential 
constituents of the CRAC channels those are stromal interaction 
molecule (STIM) of ER/SER and Orai of plasma membrane were 
only recently been discovered. Another superfamily of proteins 
which can have important role in SOCE is Transient receptor po-
tentials (TRPl).

Store-operated Ca2+ channels (SOCC)

In year 2005 Roos J., et al. and Liou J., et al. independently discov-
ered STIM1 [24,25] and in the year 2006 Orai1 [26-28] from mam-
malian ER and CRAC channels respectively. STIM (approx. 77kDa) 
protein act as a sensor molecule for ER Ca2+ and STIM1 and STIM2 
are the isoforms reported in mammalian cells [24,25,29]. The oth-
er important protein of CRAC channel, Orai (approx. 33kDa) is a 
plasma membrane protein with four trans-membrane domains and 
has three different isoforms known in mammalian system namely, 
Orai1/CRAM1, Orai2 and Orai3 [27,28]. After identification of these 
molecules people understood their mechanism by knockdown ap-
proach by using RNAi technology in various cell lines like HeLa or 
Drosophila S2 cells [29,30]. Two extensive reviews published in 
2007 and 2011 which gave a clear picture on SOCE through STIM1 
and Orai1 (Lewis 2007, 2011). In his second review he represented 
the SOCE using a model which is based on Park., et al. (2009) article. 
In short when ER, the store for Ca2+, gets depleted by the utilization 
of Ca2+ in various cellular processes, STIM1 senses this emptiness 
of ER lumen through its EF sensor domain. Now it starts accumu-
lating near to the Orai1 puncta of PM to form the CRAC channel and 
allow the extracellular Ca2+ to enter into the cytoplasm [29,31].

STIM and Orai major players in SOCE

TRPs have promiscuous permeability characteristics to divalent 
cations like calcium and magnesium. First TRP was discovered in 
Drosophila in 1989 [32]. As of now there are at least 28 TRPs found 
in various animals. On the basis of their homology in the amino acid 

Transient receptor potentials (TRP) and SOCE–still an unclear?
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Cells normally maintain approximately 20000-fold higher gra-
dient of free Ca2+ in extracellular space (~1.2 mM) in comparison 
with cytosol (~100 nM) in resting condition [10]. The intracel-
lular Ca2+ increases up to (or more than) 1μM depending on the 
stimulus given to the cell. This stimulus induced changes in the 
free Ca2+ concentration can control many cellular functions which 
include tumor initiation, cancer cell proliferation, metastasis and 
angiogenesis [37]. Cancerous cells use the same calcium refiling 
machineries as Ca2+ channels, ATPase-pumps and Ca2+-exchangers 
which are used by non-cancerous cells of same tissues but there 
are some observable alterations. Such changes may include gene 
expression localization on cells, post-translational modification 
and activation/inhibition characteristics which may further leads 
to development of some cancerous properties in the host cell [38].

Ca2+ and cancer

Our primary aim behind this review is to bring the attention 
of research community on Ca2+ transport mechanisms in oral can-
cer. Our literature search on this topic gave disappointing results. 
Whatever little work has been done and published, here we sum-
marized them in a table (Table 1). We found that most of the oral 
cancer work was around ATPase pumps (PMCA1 and SERCA2) 

Oral cancer and Ca2+ channel

sequences they were divided into seven subfamilies- TRPC (canon-
ical), TRPM (melastatin), TRPV (vanilloid), TRPA (ankyrin), TRPP 
(polycystin), and TRPML (mucolipin) and TRPN (NOMP, NO-mech-
ano-potential) [33]. Although various investigators, as summa-
rized by Parekh and Putney [30], have described the role of TRPs 
in SOCE based on Drosophila experiments. However, many believe 
that most of the TRPCs as well as TRPV6 are store operated.

There are two class of ATPas pumps associated with Ca2+ - one 
is present on plasma membrane (PMCA pump- plasma membrane 
Ca2+ -ATPase pump) and the other is on ER membrane (SERCA- 
sarco/endo- plasmic reticulum Ca2+ -ATPase pump) which con-
trols the Ca2+ level in cytoplasm and ER lumen respectively [14]. 
One more ATPase pump, Secretory Pathway Ca2+-ATPase (SPCA), is 
also reported to play a role in Ca2+ entry but is store-independent 
[34].

Ca2+ transport machineries associated with SOCE
ATPase pumps

This heteromeric protein is responsible for release of Ca2+ from 
the internal store. RyR channel opens when it’s Ca2+ binding EF 
hand motif like Ca2+ binding domain binds to Ca2+ leading to a con-
formational change [35].

Ryanodine receptor (RyR)

The location of IP3 receptor is ER/SER membrane where it gets 
activated by inositol 1, 4, 5-trisphosphate (InsP3 or IP3) in the 
downstream mechanism of ligand gated GPCR or tyrosine kinase 
domain activation. IP3 binds to its receptor and allow the cytoplas-
mic Ca2+ to be moved into and stored in ER lumen [36].

IP3 receptors

[39-41] and some TRPs (TRPA1, TRPV1 and TRPM8) [41-43]. Till 
August 2015 PubMed search for the title with “cancer AND calcium 
channel” gave only 82 hits whereas no publication was found for 
oral cancer. When we modified our search with “TRP AND oral can-
cer” we got few articles. This shows the need of research in this 
area because after more than a decade of identification of various 
novel Ca2+ channels like TRPs, Orai etc, very little work was done 
in cancer research with respect to them. Readers can refer many 
excellent reviews on role of Ca2+ channels and pumps in cancer [44-
52].

Ca2+  
Channels/

Pumps in OC
Findings References

SERCA2 The deletion of one allele of mice 
SERCA2 gene (Atp2a2) caused 

less expression of SERCA2 pump 
which was found to be responsi-
ble for tumors of squamous cells 

such as oral mucosa, skin, fore 
stomach and esophagus.

Liu., et al. 
2001

SERCA2 The down regulation human 
SERCA2 gene (ATP2A2) is an 
early event probably by DNA 

methylation induced gene inacti-
vation in case of OSCC.

Endo., et al. 
2004

PMCA1 pump Due to DNA methylation in 
OSCC the early event occurred 

is inactivation of PMCA 1 (down 
regulated).

Saito., et al. 
2006

TRPV1 and 
TRPA1

Oral cancer pain is found to be 
controlled by TRPV1 and TRPA1.

Ruparel.,  
et al. 2015

Vanilloids  
an-
dTRPV1 

The apoptosis mechanism, in-
duced by vanilloid, is found to 

be independent of TRPV1  
activation.

Gonzales.,  
et al. 2014

TRPM8 The role of TRPM8 in migra-
tion and invasion of oral cancer 
cell lines (HSC3 and HSC4) by 
observing enhanced MMP-9 

activity.

Okamoto., 
 et al. 2012

Orai1 Orai1 play some role in OSCC 
through promoting cancer  

stemness.

Lee., et al. 
2016, 1

Table1: The role of Ca2+ channels and pumps in oral cancer.

Oral cancer is one of the most important cancers because of its 
large prevalence worldwide including India. Essentially, Ca2+ regu-
lation in any cell is very important for its physiological functions 
like cell division, invasion, migration and secretion etc. Our litera-
ture survey suggests that in the early stage of oral cancer there is 
some modification in SERCA2 and PMCA1 genes which may lead 
to alteration in the Ca2+ entry. TRPs also may play role as reported. 
In cancer induced pain, migration and invasion. Although there are 
not many reports on oral cancer and Ca2+ channels or pumps to 
make a general statement but when we combine it with all other 
cancer research related to this area, based on the literature avail-
able, there must be some unknown active role of calcium channels 
in oral cancer development and progression. Most of the oral can-

Conclusion and Future Direction
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