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A biological process called epithelial-mesenchymal transition (EMT) allows epithelial cells to change into mesenchymal

cells and acquire some cancer stem cell properties. EMT contributes significantly to the metastasis, invasion, and

development of treatment resistance in cancer cells. Current research has demonstrated that phytochemicals are

emerging as a potential source of safe and efficient anti-cancer medications. Phytochemicals could disrupt signaling

pathways related to malignant cell metastasis and drug resistance by suppressing or reversing the EMT process.
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1. Introduction

Cancer has become a significant global public health problem with the continuous aging of the population. Although

advancements in the treatment of cancer have been achieved due to the discovery of new targets and technologies,

tumor metastasis remains the primary cause of mortality for cancer patients, and more than 90% of cancer-related deaths

occur as a result of cancer metastasis . Even if early detection and intervention can greatly increase the survival rate of

patients with metastatic cancers, the development of treatments targeting metastatic cancers is still urgent .

Epithelial-mesenchymal transition (EMT) is a well-defined, reversible process in which epithelial cells lose their epithelial

phenotype and acquire mesenchymal-like features . The origin of EMT is associated with the loss of apical-basal polarity

in epithelial cells. During the EMT program, epithelial cells gradually lose their cell-cell contacts due to the disassembly

and deconstruction of cell junctions, and then they gain certain characteristics of mesenchymal cells . These

mesenchymal cells display enhanced migratory ability and resistance to cell death signals. EMT is a necessary

physiological process in embryonic development, tissue repair, and cellular stemness maintenance. However, in a

pathological process, improperly regulated EMT is hijacked by cancer cells and plays an important role in carcinogenesis

and fibrosis . Cancer cells undergoing EMT change in both morphology and motion, accompanied by increased

invasion and metastasis potential as well as therapy resistance . Therefore, EMT has emerged as a prospective target

for the treatment of cancer in recent years. Preventing the EMT process of cancer cells has become an attractive strategy

in cancer therapy.

Some phytochemicals, especially those that originate from plants, have been demonstrated as EMT modulators targeting

multiple stages of the process. As a consequence, these phytochemicals provide advantages for controlling cancer cells

spreading throughout the body and overcoming treatment resistance. This makes phytochemicals valuable candidates for

novel anti-cancer drugs.

2. The Regulation of the EMT Process and Its Roles in Cancer Progression

2.1. The Regulation of the EMT Process

EMT is a dynamic process in which epithelial cells go through multiple biochemical changes leading to their conversion

into a mesenchymal phenotype . During this process, cells undergo morphological changes associated with the

repression of epithelial markers and the acquirement of mesenchymal marker proteins. The most notable marker of

epithelial cells is E-cadherin, while N-cadherin is the most representative marker of mesenchymal-type cells . The switch

from E-cadherin to N-cadherin is often used for the identification of EMT processes. Downregulation of E-cadherin

destabilizes adherens junctions, resulting in a loss of affinity for epithelial cells; upregulation of N-cadherin mediates a

greater affinity for mesenchymal cells. Other epithelial markers, including claudins and occludins, and mesenchymal

markers, including vimentin and fibronectin, participate in altering cell-cell affinity together . These markers can also be

used for the identification of EMT processes.
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The exchange of gene expression from epithelial to mesenchymal phenotypes is initiated by at least four layers of

regulation: transcriptional control, small non-coding RNAs, differential splicing, translational control, and post-translational

control . Undoubtedly, transcriptional control is the most extensively studied network. EMT-inducing transcription factors

(EMT-TFs) are the core of the transcriptional control network of EMT, and multiple signaling pathways lead to the

regulation of EMT-TFs.

EMT-TFs directly or indirectly contribute to the regulatory network of the EMT process. Some TFs, including SNAIL1,

SNAIL2, ZEB1, ZEB2, E47 (also known as transcription factor-3, TCF-3), kruppel-like factor 8 (KLF8), and Brachyury,

repress the expression of E-cadherin through direct binding to the CDH1 promoter, which encodes E-cadherin.

Simultaneously, these TFs also repress other junctional proteins, such as claudins. Some other TFs, including TWIST1,

hepatocyte nuclear factor 3 (FOXC2), gooseciod, E2-2, SIX1, and paired mesoderm homeobox protein 1 (PRRX1),

regulate the EMT process without direct binding to the CDH1 promoter. Among these TFs, some are very common in most

studies about EMT, particularly the nuclear factors of the SNAIL, ZEB, and TWIST families. This collection of TFs seems

to be enough for the regulation of EMT . Most of the other TFs, which have only been mentioned in a few studies, may

just have an assisting role .

A variety of signaling pathways collaboratively regulate EMT progression, mainly including the transforming growth factor

β (TGF-β), wingless-type MMTV integration site family (Wnt), Hedgehog, and epidermal growth factor receptor (EGFR)

pathways. Some other signaling pathways, such as Notch, Hippo, and nuclear factor kappa-B (NF-κB), also regulate EMT

in certain kinds of cancer. All of these pathways eventually converge at the level of transcription factors such as ZEB,

SNAIL, and TWIST to regulate the EMT process .

TGF-β, a multifunctional cytokine, is the best-known EMT inducer. When TGF-β ligands bind to TGF-β receptors, signals

are transmitted into cells through its intracellular transducers, Smads, or factors other than Smads, such as

phosphoinositide 3-kinase (PI3K), mitogen-activated protein kinases (MAPKs), and c-Jun N-terminal kinase (JNK). Both

the Smads-dependent and Smads-independent pathways are involved in the regulation of EMT . The Wnt signaling

pathway is another multifunctional pathway to induce EMT. β-Catenin is the downstream factor of the Wnt receptor. The

Wnt signaling pathway induces EMT through the interaction of β-catenin with some transcription factors . The

hedgehog signaling pathway exerts its role by terminating at a transcription factor, glioma-associated oncogenes (GLI),

and aberrant activation of Hedgehog/GLI induces EMT . EGF is also a well-known EMT inducer. Through binding to

its receptor EGFR, EGF-induced signals are transmitted by PI3K, focal adhesion kinase (FAK), or rat sarcoma (RAS)

pathways  (Figure 1).

Figure 1. Signaling pathways involved in the regulation of EMT.

2.2. EMT Modulates Cancer Progression

Because abnormal activation of EMT gets involved in many stages of cancer progression, it is easy to conclude that the

pathways and molecular targets of EMT are related to the poor prognosis of cancers. Generally, metastasis and

chemotherapeutic resistance in cancer are major consequences of EMT activation.
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At the initial stage of EMT, malignant epithelial cells in the primary tumor obtain the ability to lose their cell-cell

connections and detach from the primary tumor. The detached cells or cell clusters acquire characteristics of

mesenchymal-like cells, break through the basement membrane, invade surrounding tissue, and gain access to blood

vessels to achieve spread and dissemination . The acquired mesenchymal properties assist the survival of cancer cells

in the circulation and, in addition, provide resistance to cell death signals. When the circulating tumor cells arrive in a

distant position of the body with a suitable micro-environment, the spreading cells pass through the blood vessels again

and colonize to form metastases  (Figure 2). As a consequence, suppressing EMT in cancer cells or developing anti-

EMT adjuvants emerge as attractive strategies for cancer treatment.

Figure 2. Role of EMT in the metastasis of cancer progression.
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