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Abstract

	 Oral cancer, which includes malignancies of the lip, tongue, and mouth, ranks as the 
sixth most prevalent cancer globally, with approximately 355,000 new cases and 177,000 deaths 
annually. Over the past 25 years, its incidence has risen significantly among young individuals and 
women, while the decline in mortality rates remains minimal. Among these cases, oral squamous 
cell carcinomas (OSCCs) account for nearly 90%, originating primarily from squamous cells in 
the oral cavity and lips. Nutritional deficiencies, particularly inadequate levels of vitamins D, C, 
B, and A, along with protein-energy malnutrition (PEM), have been associated with various oral 
health issues, including enamel hypoplasia and periodontal disease. A lack of calcium, in particular, 
weakens alveolar bone density and compromises oral mucosal resistance, making tissues more 
vulnerable to carcinogenic agents. Recent studies suggest a link between calcium deficiency and 
the overexpression of the ORAI1 gene, which regulates store-operated calcium entry (SOCE) and 
plays a crucial role in tumorigenesis. Elevated ORAI1 expression in OSCC has been linked to 
prolonged calcium influx, disruptions in ion homeostasis, and increased cancer cell proliferation, 
migration, and pain modulation. The oncogenic activation of ORAI1 and its associated calcium 
channels (Orai-2 and Orai-3) interferes with key signalling pathways such as Akt, NF-κB, and 
mTOR, thereby promoting tumour progression. Furthermore, tobacco-derived carcinogens like 
4-NQO and NNN have been shown to upregulate ORAI1 and Orai-2 expression in oral cancer 
cell lines. A deeper understanding of the connection between calcium deficiency and ORAI1 
overexpression in OSCC may offer valuable insights for developing targeted therapies aimed at 
regulating abnormal calcium signalling in oral cancer cells.
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Background of the study
	 Oral cancer presents a substantial global 
health concern, especially for dental surgeons1, 
with 48% of all head and neck cancer cases being 
attributed to it. Histologically, 90% of oral cancer 
cases are oral squamous cell carcinomas (OSCCs), 
mainly from squamous cells in the mouth or lip2,3. 
Deficiencies in vitamins D, C, B, and A, along with 
Protein Energy Malnutrition (PEM), are linked to 
oral tissue diseases, including enamel hypoplasia4. 
Diet profoundly influences periodontal health, with 
calcium deficiency impacting the density of the 
alveolar bone5. Dentists explore plant properties 
for their potential analgesic, antioxidant, and 
antimicrobial benefits6. In oral cancer, heightened 
ORAI1 expression leads to prolonged calcium 
influx7. The main intention of this work is to explore 
the relationship between calcium shortage and high 
ORAI1 gene expression in oral cancer.

The connection between oral cancers and 
calcium deficiency
	 Calcium is necessary for the healthy 
development and upkeep of calcified oral tissues, 
including jaw bones, bony sockets, and complex 
dental tissues. Mineralized tooth structures are 
not made of the same bone components, including 
cementum, dentin, and enamel. The coronal section 
of the tooth's enamel layer comprises giant, closely 
spaced hydroxyapatite crystals with a unique 
structure8. A decrease in bone mineralization 
exacerbates pathological periodontal changes, 
which provide less support for the teeth. Reduced 
dietary calcium and calcium-phosphorus intake may 
worsen both disorders' symptoms by promoting 
bone resorption9. The jaw bones (mostly the 
alveolar bones), cranial bones, ribs, vertebrae, and 
long bones are the bones affected by this form of 
bone loss in decreasing order. Studies have shown 
that increased calcium consumption reduces 
inflammation-related pain in gingivitis patients and 
improves tooth mobility-inadequate dietary calcium 
intake results in gingival and periodontal disease 
that is more severe10. Low calcium levels can 
compromise the function of the oral mucosa and 
its resistance to carcinogenic agents. Furthermore, 
oxidative stress and inflammatory reactions can be 
made worse by a calcium deficit, which accelerates 
the carcinogenic process.

Correlation of ORAI1 to OSCC
	 One of the leading causes of cancer 
development is oncogenic transformation-induced 
abnormal expression of ion channel-coding 
genes. This is happening because channels 
like these regulate ion concentrations, which 
have an impact on key processes in biology 
such as cancer cell growth11. More specifically, 
changes in Ca2+ homeostasis have been linked 
to the development of tumor phenotypes and the 
epithelial-to-mesenchymal transition (EMT)12. The 
Ca2+ release-activated Ca2+ (CRAC) channels 
control store-operated Ca2+ entry (SOCE) and have 
been connected to some diseases, including the 
advancement of cancer11. The Ca2+ channel ORAI1 
is a crucial regulator of pain associated with mouth 
cancer. Significant expression of ORAI1 was seen 
in tumour samples from oral cancer patients, and 
ORAI1 activation resulted in prolonged Ca2+ influx 
in human oral cancer cells. RNA analysis from 
earlier research showed that ORAI1 regulated a 
large number of genes, including metalloproteases 
(MMPs) and pain modulators, that encoded markers 
of oral cancer. Mouth cancer cells lacking-ORAI1 
produced primary tumours and less allodynia 
when injected into mice's feet than control cells. 
Trigeminal ganglion neurons' action potentials grew 
after being exposed to MMP1. These imply that 
MMP1 abundance is regulated by ORAI1, which 
may be important in the development of mouth 
cancer and pain13.

Fig. 1. Mechanism of ORAI1Gene in oral cancer and 
its role in the growth and pain of the tumour formed

Overexpression of Gene in Oral Oncology
	 Store-operated calcium entry (SOCE) is 
triggered by SOCE channels (SOCC) in a variety 
of cells from mammals as a survival strategy in 
response to ER calcium depletion. Orai-1, Orai-2, 
and Orai-3 are found on the plasma membrane, and 
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two proteins called stromal interaction molecules 
(STIM-1 and STIM-2) detect calcium in the ER 
membrane and regulate SOCC. Cancer of the 
mouth tissues and cell lines (SAS) expressed more 
Orai-1 and Orai-2 proteins than normal epithelial 
tissues and cell lines. Furthermore, Orai-1 and 
Orai-2 silencing using pharmacological SOCE 
regulators and siRNAs reduced calcium absorption 
and decreased mouth cancer cell proliferation, 
growth of colonies, and motility. Moreover, the Akt, 
NF-κB, and mTOR pathways were inhibited in mouth 
cancer cells when Orai-1 and Orai-2 were silenced. 
Remarkably, the carcinogens 4-NQO and NNN from 
tobacco enhanced the expression of Orai-1 and 
Orai-2 in SAS cells14.

Conclusion

	 Calcium is vital for the growth and 
maintenance of calcified oral structures like 
jaw bones and dental t issues. Compar ing 
tissues and cell lines (such as SAS) to regular 
epithelial counterparts in oral cancer revealed 
heightened expression of Orai-1 and Orai-2 
proteins. Orai-1 governs extracellular calcium 
inf lux in cancer cel ls, thereby modulat ing 
various signalling pathways. This dysregulation 
suggests a potential role of calcium signalling in 
oral cancer progression. Understanding these 

mechanisms could pave the way for targeted 
therapeutic interventions to disrupt aberrant 
calcium signalling and its downstream effects in 
oral cancer cells.
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