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Mesenchymal conversion occurring in malignant epithelial neoplasms is undesirable in tumors since it promotes more

aggressive tumor behavior. This phenomenon is not exclusive to head and neck carcinomas, and it is likely to be found in

most neoplasms, as carcinomas are frequently aggressive. Mesenchymal conversion depends on different molecular

interactions, signaling pathways, and tumor microenvironments that are related to the activation of several growth factors

and diverse matrix metalloproteinases that promote ideal environments for the progression of tumor cells that are primarily

associated with metastasis.
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1. Introduction

Head and neck squamous cell carcinomas (HNSCCs) are particularly aggressive neoplasms with a poor prognosis due to

their high rates of local recurrence and metastasis. Approximately 850,000–900,000 cases of this epithelial neoplasm are

diagnosed worldwide each year, causing an average of 450,000 deaths per year . The most strongly associated risk

factors are alcohol and tobacco intake, viral infections (human papillomavirus and Epstein–Barr virus), and diverse

genetic factors .

The EMT phenomenon describes the development of nonmobile polarized epithelial cells into fibroblast-like mesenchymal

cells with a great migratory ability, in which several molecular complexes and reversible processes are involved. EMT is

defined as cell regulatory events that are related to a phenotypic transformation of epithelial cells into mesenchymal cells,

characterized by changes in apicobasal polarity, mobility, and cell adhesion, which provide the modified cell with a greater

ability for migration, invasion, and distant colonization. It is also characterized by the alteration of epithelium-specific

adhesion proteins and the induction of mesenchymal proteins, as well as the overexpression of matrix metalloproteinases

(MMPs) in the tumor microenvironment . Several oncogenic pathways, the induction of hypoxia, and viral infection

play significant roles in EMT progression through the activation of several transcription factors (EMT-TFs), such as Snail,

Slug, Twist, and other molecules related to EMT-TFs . The plasticity phenomena, inflammatory response, and epigenetic

regulation in EMT have also been described, which have an important role in the development of this phenomenon.

2. Inhibition of EMT Is Important in the Treatment of HNSCC

As described above, EMT-TFs and mesenchymal markers can interact with several signaling pathways associated with

EMT that are related to the MMP stimulus, tumor budding, invasion, metastasis, and resistance to treatment. Different

therapies have been studied for inhibiting EMT by focusing on the inhibition of signaling pathways and EMT-TFs.

MicroRNAs (miRNAs) were identified in 1993 as a class of endogenous small non-coding RNAs related to the regulation

of several roles through the union to mRNAs for cleavage or translational repression and with a potential function as

oncogenes or tumor-suppressive genes in cancer . Novel therapies with microRNAs have been proposed that are

capable of inducing negative or positive interactions with EMT. In this regard, the miR-200 family acts as a tumor

suppressor . This family has properties related to epithelial and mesenchymal phenotypes and is closely related to

EMT phenomena. In HNSCCs, miR-200a/b/c can inhibit EMT by the repression of ZEB1 and ZEB2 (transcription factors

that repress E-cadherin and promote EMT in HNSCCs). The most important feature of the relationship between miR-200

and ZEB is that ZEB1 can repress the transcription of miR-200 by inducing a double-negative feedback loop, promoting

EMT in HNSCCs . A study by Kim et al. evaluated the relationship of an RNA-binding protein called quaking (QKI)

related to miR-200a/b and found that the knockdown of QKI in CAL27 (tongue squamous cell carcinoma, cultured cells)

promoted cancer cell growth and EMT in relation to an increase in ZEB1, vimentin, and N-cadherin. Moreover, they

observed that the overexpression of miR-200 in cells induces the migratory ability induced by ZEB1, while the

overexpression of QKI impairs this .
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Therefore, the overexpression of QKI and miR-200 is capable of inhibiting EMT in HNSCCs, despite the migratory

capacity induced in miR-200 by ZEB1. Another important miRNA related to the tumor microenvironment is miR-149-3p,

whose overexpression has been associated with a reduction in tumor neovascularization and a decrease in fibroblast

growth factor-2 (FGF-2) signaling, playing an important role in the tumor microenvironment and the reduction in hypoxia,

inhibiting the proliferation of OSCC cells, inducing apoptosis via the activation of caspase 3 , and possibly acting

against EMT. Li et al. observed that the overexpression of miR-625 is capable of inducing the inhibition of EMT by the

increase in the expression of E-cadherin and the decrease in the levels of N-cadherin and Vimentin. It is also capable of

blocking the sex-determining region Y-box 4 (SOX4) in HNSCC . SOX4 is considered as the main regulator of EMT,

which is related to the induction of tumorigenesis and metastasis . The presence of CSCs in HNSCC has been

reported in several studies that are related to tumor progression, metastasis, and treatment resistance. The presence of

CSCs and Wnt/β-catenin signaling is related to the resistance to treatment due to the receptors of Wnt (frizzled relate

proteins) that promote resistance in several tumors . Secreted frizzled-related protein-4 (sFRP4) is involved in the

regulation of apoptosis, proliferation, and tumor growth . As previously described, the loss of E-cadherin

releases β-catenin into the cytosol and activates the Wnt signaling pathway to promote nuclear translocation. Warrier et

al. evaluated an increase in the expression of E-cadherin following sFRP4 treatment associated with the induction of MET

and observed the downregulation of Twist and Snail. They observed that sFRP4, an endogenously expressed Wnt

antagonist, is capable of inhibiting CSC growth .

Hyperthermia is a modality of treatment related to an increase in the efficacy of conventional treatment approaches, which

has been adopted as a minimally invasive treatment of some metastatic tumors in different organs . Hyperthermia is

related to the inhibition of tumor growth and contributes to the enhancement of therapy against cancer. It is also related to

tumor cell killing and the sensitization of these cells to radio and chemotherapy . Tang et al. studied the effect of

hyperthermia on EMT, especially with Twist2, which is associated with EMT and metastases in HNSCC. They found that

hyperthermia can reduce the expression of Twist2 by decreasing the capability of cell migration and increasing the levels

of mRNA of E-cadherin expression in tongue squamous cell carcinoma cells .

The use of isothiocyanates (ITCs), which are natural compounds found in crucifer vegetables, has been proposed. These

ITCs are related to anti-proliferative and apoptotic activity, as they are capable of destabilizing the mitochondrial

membrane and inducing apoptosis by the increase in Bax and the inhibition of Bcl-2 and Bcl-XL . Ma et al. evaluated

the activity of Benzyl isothiocyanate and found that this ITC is capable of promoting apoptosis by the induction of

caspase-3 and inhibiting the expression of MMP9, which is related to the induction of EMT .

The use of propofol has been proposed, although its use is still controversial. Propofol is an intravenous short-action

anesthetic in which anti-neoplastic properties have been described, associated with the inhibition of cell proliferation,

invasion, and angiogenesis, and is related to the inhibition of MMPs 2 and 9 in esophagus carcinoma cells . Studies

conducted by Li et al. established the association of the use of propofol with the increase in Snail and the promotion of

EMT in tongue squamous cell carcinoma cells .

3. Conclusions

EMT is an important phenomenon capable of inducing aggressiveness, invasion, metastasis, proliferation, recurrence,

and resistance to treatment via the interaction of several molecules and tumor microenvironments. The papers analyzed

in the current review provide evidence that EMT can induce several interactions between cells and stromal tumors at the

intracellular and extracellular levels. These interactions provide cells with greater capabilities for mesenchymal

transformation, proliferation, invasion, angiogenesis, and metastasis, and they can be enhanced by inflammation and

hypoxia, conferring resistance to conventional treatment. Head and neck tumors associated with EBV and HPV may show

greater potential for EMT, aggression, and resistance to treatment. In tumors infected with HPV, it is important to detect

homogeneity through molecular techniques in HNSCCs to establish therapeutic strategies focused on this phenomenon.

Studies have recently been conducted regarding miRNA, QKI, hyperthermia, and the use of ITC as therapeutics to inhibit

EMT to reduce tumor aggressiveness and improve treatment responses. However, the use of hyperthermia, ITC requires

further studies to evaluate its capacity to inhibit EMT, and the use of propofol requires further studies focusing on

HNSCCs with EMT phenotypes to evaluate their efficacy in these tumors.
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