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ABSTRACT 

 

     On the basis of worldwide ranking, oral cancer is the eighth most prevalent cancer. Oral 

squamous cell carcinoma is a cancer that occurs following dysplasia of the mucosa of the oral 

cavity and oropharynx. There are different inflammatory pathways involved in the 

pathophysiology of oral squamous cell carcinoma. Melatonin (N-acetyl-5-methoxytryptamine), a 

well documented anticancer agent, exhibits numerous functions including induction of apoptotic 

pathways and controlling of oxidative stress. In the in vivo and in vitro studies the results have 

demonstrated that melatonin supplementation is an appropriate therapeutic approach for oral 

squamous cell carcinoma. Melatonin might inhibit cancer cells through the regulation of 

molecular pathways including AKT/mTOR pathway, ERK/AKT signaling, LSD1 expression and 

tumor-associated neutrophils releasing. Limited clinical studies; however, have evaluated the 

role of melatonin in oral squamous cell carcinoma. This review summarizes current knowledge 

and evidence regarding the effects of melatonin on oral squamous cell carcinoma and the 

mechanisms involved.  

 

Keywords: Melatonin; oral squamous cell carcinoma; metastasis; neutrophils; oxidative stress, 

antioxidant. 

 

 

1. INTRODUCTION 

 

     Oral cancer is the eighth most common cancer worldwide, with varied incidence among 

different geographic regions (1). More than 90% of the oral cancers are squamous cell 

carcinomas (OSCC). Oral squamous cell carcinoma arises from the mucosa of the oral cavity and 

oropharynx (2). This cancer is mostly seen in elderly males. Tobacco smoking and alcohol 

consumption are the most important risk factors; however, chewing betel nut, radiation exposure, 
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infections or immune-incompetency are commonly associated with cancerous cases (3). Many 

lifestyle-related, environment and genetics factors might also play the important roles in oral 

squamous cell carcinoma (3). Patients with oral lichen planus have an increased risk of oral 

squamous cell carcinoma, irrespective of the clinical type of the disease and therapy. Hepatitis C 

virus infection may increase the risk of oral squamous cell carcinoma (4). Oral infection with 

high-risk genotypes of human papillomaviruses also is a significant independent risk factor for 

oral squamous cell carcinoma (5). Oxidative stress (6-9) and inflammation (10-12) are the two 

important factors related to the pathophysiology of oral squamous cell carcinoma. 

Overexpression of Ki-67 and p53 in a deeply invasive oral tumor is associated with higher 

histological grading of malignancy (13). Moreover, the higher immune-expression of Ki-67 is 

associated with a worse survival rate, suggesting that this marker might be useful in predicting 

the prognosis of OSCC (14). The expression of Ki67, ERK1/2 and cyclin D1 was significantly 

upregulated in OSCC compared to the normal oral mucosa. Positive correlations were observed 

between ERK1/2 and cyclin D1, and ERK1/2 and Ki67, indicating that the mitogen-activated 

protein kinase pathway is involved in the formation of oral squamous cell carcinoma (15).  

     Glucose transport and metabolism determine the glycolytic tumor phenotype, which is a 

significant negative biomarker of prognosis and low overall survival rate in patients with oral 

squamous cell carcinoma (16). In addition, the combination of epidermal growth factor receptor 

(EGFR), HER-2/neu, and HER-3 is a stronger predictor for the outcome of OSCC (17). Regular 

screening of OSCC for high-risk populations is suggested and early treatment is the key to 

increase the survival rate of patients with OSCC (18).  

     Recently, there is an increased interest in use of supplements such as selenium (19) and 

melatonin (20-22) in patients with OSCC. Melatonin (N-acetyl-5-methoxytryptamine) is released 

into the blood nightly by the pineal gland. The circadian pattern of its secretion is regulated by 

the biological clock in the hypothalamic suprachiasmatic nucleus (23). Melatonin biosynthesis is 

increased during the night as long as the subjects are in darkness with a peak near the middle 

night (24). Moreover, melatonin is mainly produced in the mitochondria of every cell and its 

function, as an autocrine or paracrine factor, protects cells from oxidative stress (25). Melatonin 

is considered a safe molecule and there is no report of short-term use adverse effects, even in 

extreme doses, in animal and human studies. Although, some mild side effects, such as dizziness, 

headache, nausea and sleepiness have been reported, but these effects are usually similar to those 

of controls (26). Melatonin induces apoptosis in tumor cells (27), has anti-inflammatory effects 

(28, 29), regulates the immune system (30, 31) and maintains redox homeostasis (32, 33). These 

properties have rendered melatonin as an important agent for adjuvant therapy of different 

cancers such as pancreatic cancer (34), hepatocellular carcinoma (35), breast cancer (36) and 

squamous cell carcinoma (37, 38). To date, few studies have been examined the effects of 

melatonin on oral squamous cell carcinoma. This review has assessed the current knowledge 

related to the role of melatonin in treatment of oral squamous cell carcinoma and its potential 

mechanisms.  

 

2. MELATONIN AND ITS EFFECTS ON DIFFERENT MECHANISMS INVOLVED IN 

ORAL SQUAMOUS CELL CARCINOMA 

 

     The mechanisms involved in cancer formation are incorporated into the complex aberrations 

which activate critical cellular signaling pathways in tumorigenesis. 

 

https://www.sciencedirect.com/topics/medicine-and-dentistry/high-risk-population
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2.1. Melatonin and receptor-TFE3-dependent autophagy. 

 

     Current evidence demonstrates that inhibition of TFE3-dependent autophagy may be a 

therapeutic strategy for a number of cancers (39, 40). Pharmacological or genetic blockade of the 

autophagy enhanced by melatonin-induced apoptosis, illustrates a cyto-protective role of 

autophagy in melatonin-treated Cal27 cells. Melatonin induces TFE3 (Ser321) de-

phosphorylation and subsequently activation of TFE3 nuclear translocation, and increases TFE3 

reporter activity, which may finally contribute to the expression of autophagy-related genes and 

lysosomal biogenesis. Melatonin and TFE3-siRNA synergistically inhibit autophagy in cancer 

cells and have synergistical antitumor effect. Blocking receptor-TFE3-dependent autophagy to 

enhance the activity of melatonin warrants further attention as a treatment strategy for TSCC 

(41). 

 

2.2. Melatonin and AKT/mTOR pathway involved in oral squamous cell carcinoma. 

 

     The phosphatidylinositol-3-kinase (PI3K)/Akt and the mammalian target of rapamycin 

(mTOR) signaling are essential pathways in both physiological and pathological conditions such 

as in cancer cells (42, 43). PI3Ks constitute a lipid kinase family characterized by a 

phosphorylate inositol ring 3′-OH group in inositol phospholipids (44). Akt kinases belong to the 

AGC kinase family including AMP/GMP kinases and protein kinase C. They consist of three 

domains, an N-terminal PH domain, a central kinase CAT domain, and a C-terminal extension 

(EXT) containing a regulatory hydrophobic motif (HM) (45). PI3K/AKT/mTOR signaling 

pathway regulates cell proliferation, differentiation, cellular metabolism, and cytoskeletal 

reorganization and might lead to apoptosis and cancer cell survival. Activation of the 

PI3K/AKT/mTOR signaling pathway, mediated by molecular aberrations, is crucial in promoting 

tumor development and resistance to anticancer therapies (46, 47). Mutations in 

PI3K/AKT/mTOR signaling can cause hereditary disorders associated with a high incidence of 

cancers (48). To treat cancers, there have been many efforts to develop PI3K/AKT/mTOR 

targeted therapies (49, 50). Meta-analysis conducted by Li et al. (51) showed that adding PI3K 

pathway inhibitors to a therapy regimen for advanced solid tumors significantly improved 

regression-free survival rate.  

     PI3K/AKT/mTOR have important roles in the pathophysiology of SCC (52-54). Several 

studies reported that the inhibition of this pathway might be an appropriate strategy to treat oral 

squamous cell carcinoma (55-57). Shen et al. (58) noted that melatonin combined with 

rapamycin blocked the negative feedback loop related to the downstream effector of mTOR 

activation S6K1 to Akt signaling, which decreased cell viability, proliferation and clonogenic 

capacity. Combined treatment with rapamycin and melatonin changed mitochondrial function, 

and was associated with increased ROS production, elevating apoptosis and mitophagy. This led 

to increased cell death and cellular differentiation (58). 

 

2.3. Melatonin and inhibition of Erk/Akt pathway involved in oral squamous cell 

carcinoma. 

 

     ERK/AKT signaling has an essential role in pathophysiology of different cancers (59-63). 

Knocking down AGR2 was shown to inhibit the ERK/AKT axis, to reduce cancer cell viability, 

chemotherapy resistance, migration and invasion, yet to increase cell apoptosis in pancreatic 



Melatonin Research (Melatonin Res.)                                    http://www.melatonin-research.net 

Melatonin Res. 2019, Vol 2 (1) 94-105; doi: 10.32794/mr11250013                                       97 

 

cancer cells (64). Also, it was reported that metastasis-associated protein 2 (MTA2) silencing 

might significantly inhibit the growth and aggressiveness of NSCLC cells. The mechanism 

involved in the incorporation of MTA2-mediated invasive potential into NSCLC cells has been 

explained through the activation of ERK/AKT and VEGF signaling pathways, which may be 

potential therapeutic targets for the treatment of NSCLC (65). Inhibition of ERK/AKT signaling 

pathway might also suppress cancer tumors including SCC (55, 66-69). Following melatonin 

supplementation showed that the expressions of pMEK, pErk, pGSK3β and pAkt were 

significantly suppressed in SCC (70). ERK is a regulator of NF-κB (71). NF-κB as a 

transcription factor regulates the different gene expression involved in inflammatory responses, 

differentiation, proliferation, cell adhesion and apoptosis which have important roles in the 

progression of cancer (72). NF-κB and ERK participate in a loop-like signaling network in cell 

defense system (73). Melatonin inhibits NF-κB/COX-2 and Akt/ERK signaling pathways that 

can be a potential strategy for cancer treatment (74). Melatonin has anti-proliferative effect 

through suppression of the ERK1/2 pathway (75). More studies are required to explore the 

treatment potential of melatonin for squamous cell carcinoma. 

 

2.4. Melatonin and suppression of lysine-specific demethylase (LSD1) in oral squamous cell 

carcinoma. 

 

     Lysine-specific demethylase (LSD1), known as AOF2 or KDM1A, is the first identified 

histone demethylase capable of specifically demethylations mono- and dimethylated lysine 4 of 

histone H3 (H3K4me1 and H3K4me2). LSD1 has been typically associated with a 

transcriptional repressor complex that includes HDAC1/2, CoREST and BHC80 (76-78). 

Histone deacetylase5 (HDAC5) plays a critical role in regulating LSD1 protein stability through 

post-translational modification, and the HDAC5-LSD1 axis might promote cancer development 

and progression (79).  

     LSD1 is also an integral component of the SIN3A/HDAC complex. The LSD1/SIN3A/HDAC 

complex targets several cellular signaling pathways that are critically involved in cell 

proliferation, survival, metastasis, and apoptosis, especially the p53 signaling pathway. LSD1 

cooperates with SIN3A/HDAC complex in inhibiting a series of genes some of which are 

oncogenic such as CASP7, TGFB2, CDKN1A(p21), HIF1A, TERT, and MDM2. LSD1 and 

SIN3A are required for survival and growth of breast cancer cells, while they are also essential 

for the maintenance of epithelial homoeostasis and chemo-sensitivity (80). LSD1 

phosphorylation at serine-111 (LSD1-s111p), by chromatin anchored protein kinase C-theta 

(PKC-θ), is critical for its demethylation and LSD1-s111p is enriched in chemo-resistant cells in 

vivo. LSD1 couples to PKC-θ on the mesenchymal gene epigenetic template promotes LSD1-

mediated gene induction. In vivo, chemotherapy reduced tumor volume, and when combined 

with an LSD1 inhibitor, abrogated the mesenchymal signature and promoted an innate, M1 

macrophage-like tumouricidal immune response (81).  

     LSD1 decreases the stability of p62 protein via its demethylation. Inhibition of LSD1 reduces 

both tumor growth and p62 protein degradation in vivo. The combination of LSD1 inhibition and 

p62 knockdown might have synergistic anticancer effects. LSD1 destabilizes p62 and inhibits 

autophagy in gynecologic cancers. LSD1 inhibition reduces malignant cell growth and activates 

autophagy. The combinations of LSD1 inhibition and autophagy blockade promotes synergistic 

inhibitory effects on cancer cell viability (82). Inhibition of this pathway may be a strategy for 

the treatment of different cancers (83-87).  
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     Moreover, LSD1 has important role in the pathophysiology of oral squamous cell carcinoma 

(88, 89). Inhibition of this pathway can be an appropriate strategy for treatment of SCC (88, 89). 

Aberrant activation of histone LSD1 was shown to increase tumorigenicity. Therefore, LSD1 is 

considered a therapeutic target for various human cancers. The beneficial effects of melatonin in 

reducing oral cancer cell proliferation are associated with reduced LSD1 expression in the in vivo 

and in vitro conditions (37). Melatonin has potential therapeutic effect through LSD1-

overexpressing oral cancer; however, the detailed LSD1-related mechanism of melatonin in 

squamous cell carcinoma needed further detailed investigation. 

 

2.5. Melatonin and inhibition of oral squamous cell carcinoma metastasis. 

 

     Recent evidence suggests the role of tumor cells in inducing epigenetic changes in local 

neutrophils to promote tumor progression. Tumors might induce pro-cancer phenotypes among 

innate immune system cells (90). Neutrophil is a myeloid cell that has been ignored in tumor 

biology. Recent studies indicate that neutrophil infiltration may modulate tumor prognosis, by 

exerting either a pro- or an anti-tumoral effect. Tumor-associated neutrophils (TANs) may be 

involved in tumor regression through inducing tumor cell death via ROS production, and the 

expression of the apoptotic ligand from the tumor necrosis factor superfamily, TRAIL, and their 

capacity to mediate antibody-dependent cell cytotoxicity (91). TANs transcribe higher amounts 

of mRNAs of cytokine and chemokine compared with naïve neutrophils (92). TAN promotes 

metastasis in squamous cell carcinoma (93). Intensive infiltration of TANs was positively 

associated with advanced stage, lymphatic metastasis, and poor prognosis of oral squamous cell 

carcinoma. On the other hand, melatonin reduced the survival and migration of oral squamous 

cell carcinoma-associated neutrophils. Melatonin suppressed the TAN release of C-X-C motif 

chemokine ligand 8, C-C motif chemokine ligand 2 (CCL2), CCL4, and matrix 

metalloproteinase-9 by blockade of p38 MAPK and Akt signaling. Melatonin may be benefit for 

treatment of squamous cell carcinoma by decreasing migration, inflammatory factors, apoptosis 

resistance, pro-angiogenesis and pro-motility effects of TANs (38). However, the detailed a 

TANs -related mechanism of melatonin in squamous cell carcinoma needed further detailed 

investigation. 

 

3. CONCLUSION 

 

     Current evidence supports the likely therapeutic impact of melatonin in the treatment of oral 

squamous cell carcinoma. Melatonin influences multiple pathways including AKT/mTOR 

pathway, ERK/AKT signaling, LSD1 expression and tumor-associated neutrophil releasing 

pathway, which more studies are needed for evaluating role of these mechanisms in anti-cancer 

effects of melatonin (Fig.1). Melatonin exerts its beneficial properties on oral squamous cell 

carcinoma by induction of tumor cell’s apoptosis and oxidative stress. Additional in vivo studies 

and clinical trials are required to evaluate the therapeutic potential of melatonin in the treatment 

of patients with oral squamous cell carcinoma and evaluating different mechanisms involved 

such as cell proliferation, invasion, angiogenesis and inflammation. 
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Fig.1. Schematic representation of targeting different signaling pathways using melatonin 

as a novel therapeutic strategy in the treatment of squamous cell carcinomas. 

      

     AKT, protein kinase B; ERK, extracellular regulated protein kinase; GSK3β, glycogen 

synthase kinase 3β; LSD1, lysine-specific demethylase; MEK, mitogen-activated protein kinase; 

TAN, tumor-associated neutrophil; TFE3, transcription factor binding to IGHM enhancer 3  
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