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Introduction
Laryngeal squamous cell carcinoma (LSCC), an epithelial tumor that originates from 

larynx, is highly aggressive and more than 150.000 new cases are diagnosed each year [1,2]. 
Alcohol consumption, tobacco use and human papilloma virus (HPV) infections are the 
main risk factors for these types of cancer [3,4]. The main treatment options are surgery, 
radiotherapy, targeted therapy, and chemotherapy [1,2]. Despite significant progress in 
finding potential therapeutic targets to improve survival, mortality is still high. Several 
studies have focused on the discovery of new molecules, obtained from natural compounds, 
that demonstrate anticancer and anti-proliferation effect and can be used in combination 
with conventional chemotherapy agents for LSCC treatment. Among natural compounds, 
our research group focused its interest on S-adenosyl-L-methionine (AdoMet), a naturally 
occurring sulfur-containing nucleoside found ubiquitously in all living cells where it functions 
as the main biological methyl donor. The role of AdoMet in various cellular processes, such 
as proliferation, differentiation, cell cycle regulation, cell migration and apoptosis has been 
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amply elucidated [5-9]. In recent years the potential of AdoMet as 
antiproliferative agent has attracted growing scientific interest in 
identifying the biological mechanisms and the signal transduction 
pathways related to the antitumoral activity of this physiological 
compound alone or in combination with other drugs [10-13]. 
Nowadays, the major drug used for LSCC treatment is the cisplatin 
(cDDP), a platinum-based antitumor preparation. The mechanism 
of action of cDDP is linked to its ability to interact with DNA to 
form DNA adducts, primarily intrastrand crosslink adducts, which 
activate several signal transduction pathways and culminate in the 
activation of apoptosis [14]. The clinical application of this drug is 
limited because intrinsic or acquired drug resistance during the 
treatment [15]. Recently our research group have studied the effect 
of AdoMet/cDDP combination in Cal-33 head and neck squamous 
cell carcinoma (HNSCC), demonstrating that AdoMet enhances the 
therapeutic efficacy of cDDP and reduces its resistance mechanisms 
[16]. We found that the best combination of the two drugs leading 
to a highly synergistic apoptotic effect at CalcuSyn calculation 
corresponded to 200μM AdoMet and 0.18μM cDDP after 72 
hours of treatment. Noteworthy, the cDDP concentration used in 
combination with AdoMet, is the lowest effective concentration 
used so far in anticancer combination treatments of cDDP with 
natural compounds.

Here, in order to test whether this AdoMet/cDDP combination 
resulted in a synergistic cytotoxic effect also in LSCC, we evaluated 
the apoptosis occurrence in JHU-SCC-011 cells demonstrated that 

the combined treatment with the AdoMet and cDDP sensitizes LSCC 
cells to the antiproliferative effects of cDDP by enhancing intrinsic 
apoptotic cell death.

Result and Discussion
cDDP has in widespread use to treat several forms of cancer, 

mostly LSCC [17]. In order to improve the pharmacological 
approaches for the treatment of LSCC we have used AdoMet in 
combination with cDDP on JHU-SCC-011 cell line and we have 
analyzed apoptosis occurrence after double labelling with Annexin 
V-FITC and propidium iodide (PI). Annexin V-FITC was used in 
conjunction with the vital dye PI to distinguish apoptotic (Annexin 
V-FITC-positive, PI positive) from necrotic (Annexin V-FITC negative, 
PI positive) cells [18]. JHU-SCC-011 cells were treated with 200µM 
AdoMet and 0.18μM cDDP alone or in combination for 72 hours 
and apoptotic process was evaluated by flow cytometry. As shown 
in Figure 1, JHU-SCC-011 cells treated with AdoMet showed about 
13% of apoptotic cells, while about 9% of cell population underwent 
to apoptosis after 0.18 cisplatin treatment. Notably, the effect of the 
combined treatment was significantly greater compared to control 
or to the individual compounds, with apoptosis percentage values 
of about 31%. The obtained results indicated that, when used 
together, AdoMet and cDDP were more effective in induction of 
apoptosis than individual agents confirming that AdoMet was able 
to synergistically potentiate the cytotoxic effects of cDDP on LSCC 
cells.

Figure 1: Pro-apoptotic effects of AdoMet and cDDP on JHU-SCC-011 cells. Cells were cultured in medium 
supplemented or not (control) with AdoMet 200µM and/or 0.18µM cDDP for 72 hr. Annexin V-FITC/PI flow 

cytometry analysis of JHU-SCC-011 cells. The different quadrants reported the percentage of cells: viable cells, lower 
left (Q4); early apoptotic cells, bottom right (Q3); late apoptotic cells, top right (Q2); and non-viable necrotic cells, 
upper left (Q1). Drug combination is more effective on JHU-SCC-011 if compared to single treatments. On the top 
right, the histograms reported the percentage of apoptotic cells obtained in Annexin V-FITC/PI assay shown in the 

representative dot plots.
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In recent years, several natural compounds have been used 
in combination with cDDP in order to sensitize cancer cells 
to platinum compounds and overcome the related resistance 
mechanisms. Among these, flavonoids based on their ability 
to affect cancer cells at multiple levels and, thus, to potentially 
circumvent the development of resistance, emerged as the ideal 
candidates for cancer chemoprevention. Quercetin, a natural 
flavonoid found in various plants and foods with well-recognized 
anti-cancer effect, when used in combination with platinum 
compound, reduces the effective cDDP concentration to 16.6µM 
and promotes caspase-dependent extrinsic and intrinsic apoptosis 
of oral squamous cancer cell lines by inhibiting the activation 
of NF-κB [19]. Curcumin, the principal compound of turmeric 
extracted from the plant Curcuma longa, exerts its anticancer 
effects acting on different pathways involved in the processes of 
growth, apoptosis and in the different stages of carcinogenesis. 
This natural compound supports the apoptotic process induced 
by 10µM of cDDP on two HNSCC lines, through the ERK1/2 and/
or p53 activation [20]. Finally, piperlongumine a natural alkaloid 
phytochemical and thymoquinone one of the active components of 
a medicinal plant Nigella sativa were reported as the more efficient 
molecules used in combination with cDDP in HNSCC until the use 
of AdoMet [21,22]. In both cases combined treatment experiments 
reduced the concentration of cDDP to 5µM, however operating 
with distinct synergistic mechanisms. It has to be noted that the 
effective cytotoxic cDDP concentration utilized in combination with 
AdoMet in LSCC is to the best of our knowledge the lowest effective 
dose never used in combination with natural compounds also in 
comparison with other types of human cancer [23]. This finding 
appears particularly interesting since such extremely low sub-toxic 

concentration of cDDP would result, when in combination with 
AdoMet, in much greater efficacy than its effective dosage allowing 
to minimize drug toxicity without affecting its antitumor potency.

In LSCC lines AdoMet in addition to sensitize cells to cDDP-
induced apoptosis also synergized with cDDP to inhibit the in 
vitro migration of Cal-33 and JHU-SCC-011 cells thus providing the 
basis for including this physiological compound in the therapeutic 
management of metastatic LSCC [24]. In order to define the 
mechanisms underlying the apoptotic effect of AdoMet/cDDP 
combination on JHU-SCC-011 cells, we have analyzed by Western 
blotting the expression levels of key enzymes involved in the 
apoptotic cascade, such as caspase-6, caspase-9, PARP-1, Bax, and 
Bcl-2 proteins and the main MAPK involved in cDDP response 
including JNK and ERK1/2, at 72 hours from the beginning of 
the treatment. As shown in Figure 2 AdoMet treatment modified 
only slightly the levels of apoptotic proteins, while no significant 
changes were induced by cDDP. On the contrary, the AdoMet/
cDDP combination strongly decreased the levels of uncleaved 
isoforms of caspase-9, caspase-6 and their target PARP-1 with a 
concomitant increase of Bax/Bcl-2, pJNK/JNK and pERK/ERK1/2 
ratio. On the basis of the literature evidence indicating that the 
activation of MAPK pathways [25,26], and the downregulation of 
Bcl-2 expression [27] are involved in cDDP-mediated cytotoxicity, 
our results strongly support the hypothesis that the activation of 
ERK-1/2 and JNK and the downregulation of Bcl-2 could represent 
the main strategies utilized by AdoMet to potentiate the therapeutic 
effectiveness of cDDP. Altogether our results indicate that the 
combination of AdoMet and cDDP greatly sensitizes JHU-SCC-011 
cells to the antiproliferative effects of cDDP by enhancing intrinsic 
apoptotic cell death.

Figure 2: Effects of AdoMet and cDDP on proteins involved in the apoptotic process in JHU-SCC-011 cells. 
Immunoblot for p-JNK, JNK, p-ERK 1/2, ERK 1/2, pro-caspase 9, pro-caspase 6, PARP-1, Bcl-2 and Bax 
expression levels, detected by total cell lysates of JHU-SCC-011 cells after 72 hours from the beginning of 

treatment. The housekeeping protein β-actin was used as loading control. On the bottom right, the graphs showed 
the densitometric intensity of p-JNK/JNK, p-ERK/ERK 1/2 and Bax/Bcl-2 bands ratio. The intensities of signals 

were expressed as arbitrary units. Bars indicated the standard deviations (SDs). *p <0.05 versus control untreated 
cells. The images are representative of three immunoblotting analyses obtained from at least three independent 

experiments.
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Conclusion
The anti-proliferative power of AdoMet has been widely 

demonstrated in literature, and the current research focuses on 
the identification of the biological mechanisms and the signal 
transduction pathways through which the sulfonium compound 
exerts its chemo-preventive activity. The present mini-review 
summarizes the recent studies on the anticancer effect of AdoMet 
in combination with cDDP in LSCC cells and provides information 
on the mechanisms of action underlying the antitumor effect 
of this physiological compound that is an approved nutritional 
supplement and can be used for therapeutic purposes without the 
common contraindications of chemotherapy drugs. Overall, the 
data indicated that the combination of AdoMet and cDDP exerted 
a synergistic proapoptotic effect on LSCC cells and provided 
further experimental evidence supporting the potential role of 
this versatile and multifaceted natural compound as an effective 
adjuvant in conventional cancer chemotherapy. 
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