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Epithelial-mesenchymal transition (EMT) is a significant event in cancer metastasis that 

involves the process of converting epithelial cells to a more migratory, mesenchymal state, 

thus playing a key role in tumor invasion and metastasis. In this study, the authors set out 

to investigate the molecular events of EMT in cancer with an emphasis on its relationship 

with cancer stem cells (CSCs). With a sample size of 31 patients with varying grades and 

tumor types, we performed a comparative analysis of expression levels of crucial EMT 

(Snail, Twist, ZEB1) and CSC (CD44, ALDH) markers by immunohistochemical staining. 

Statistical comparison was made using ANOVA and Kruskal-Wallis tests for determining 

differences in expression according to tumor grade and type. Furthermore, a multiple 

regression analysis was performed to determine the effect of different factors such as tumor 

grade, type, size, and patient demographics on marker expression. Results indicated 

significant variations in marker expression between tumor types and grades, with tumor 

grade and type having strong correlations with EMT and CSC marker expression. The 

results indicate that grade and tumor type are strong predictors of EMT and CSC features, 

which can play a role in drug resistance and metastatic ability seen in cancer. This work 

indicates the necessity to unravel mechanisms behind EMT and its role in cancer, and it 

can have implications in therapeutic treatments based on targeting the inhibition of EMT 

and CSC processes. This study highlights the link between tumor grade, type, and key 

EMT and CSC markers in cancer progression. Higher-grade tumors exhibit elevated Snail, 

Twist, ZEB1, CD44, and ALDH expression, promoting invasion and therapy resistance. 

Targeting these markers could improve treatments, but further research is needed to 

understand underlying molecular mechanisms. 
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INTRODUCTION 

Cancer metastasis is still the major cause of cancer-

related death, and one of the key processes involved in 

this process is epithelial-mesenchymal transition (EMT). 

EMT is the process by which epithelial cells, which are 

normally immobile and have tight junctions, become 

mesenchymal-like cells with increased migratory and 

invasive properties. This cell transition enables cancer 

cells to break away from the original tumor, invade the 

surrounding tissues, and ultimately spread to distant 

organs to establish secondary tumors. The capacity to 

undergo EMT provides cancer cells with the 

aggressiveness required for effective metastasis. Hence, 

the elucidation of molecular mechanisms involved in 

EMT is critical in demystifying how cancer metastasis 

takes place and the discovery of potential therapeutic 

targets to avert metastatic dissemination [1]. 

EMT is controlled by a intricate web of signaling 

pathways, such as TGF-β, Wnt/β-catenin, and Notch. 

These pathways are frequently deregulated in cancer to 

induce metastasis by triggering EMT. TGF-β signaling, 

in fact, has been extensively explored for its capability 

to induce EMT by activating diverse transcription factors 

like Snail, Slug, and ZEB1. These transcription factors 

suppress the expression of epithelial markers such as E-

cadherin and induce the expression of mesenchymal 

markers such as N-cadherin and vimentin [2]. 

Additionally, the reversible process of EMT is 

compensated by its reversal, mesenchymal-epithelial 
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transition (MET), for secondary tumor formation. The 

interconversion between EMT and MET plays an 

important role in the metastatic process, such that cells 

that were successful in migrating to distant organs need 

to undergo MET in order to replicate and establish 

secondary lesions [3]. It has been proven to be vital in 

the development of metastasis and subsequent tumor 

growth in a distant location [4]. The role of EMT in 

metastasis has been extensively proven in various types 

of cancer, such as breast, lung, and colorectal cancers. In 

these cancers, EMT not only increases the invasive and 

migratory ability of cancer cells but also aids in 

therapeutic resistance, making it a major challenge in 

cancer therapy [5]. Cells that have undergone EMT have 

a more aggressive phenotype and are therefore less 

responsive to traditional therapies like chemotherapy 

and radiation. Moreover, the changed metabolism and 

increased stem-like characteristics of these cells make 

them even more challenging to treat [6, 7]. 

Mechanisms of EMT in Cancer Metastasis 

EMT is controlled by a multifaceted web of signaling 

pathways that govern the epithelial to mesenchymal 

transition. The most investigated pathways include TGF-

β, Wnt/β-catenin, and Notch. These cascades of signals 

are frequently deregulated in cancer cells, and they cause 

the induction and progression of EMT [8]. One of the 

most potent EMT inducers is the TGF-β signaling that 

occurs by inducing transcription factors Snail, Slug, and 

ZEB1 to activate. It leads to down regulation of the 

epithelial markers E-cadherin and up regulation of 

mesenchymal markers like N-cadherin, vimentin, and 

fibronectin. This phenotypic alteration leads to the loss 

of cell-cell adhesion, enabling cancer cells to invade 

neighboring tissues and eventually metastasize to distant 

organs [9]. 

The Wnt/β-catenin pathway is also significant in 

EMT, especially in cancer stem cells (CSCs). Abnormal 

activation of Wnt signaling results in the stabilization of 

β-catenin, which moves to the nucleus and initiates 

transcription of EMT genes [10]. This pathway is 

implicated in steaminess, self-renewal, and tumor 

initiation, which also promotes metastasis. Notch 

pathway is another prominent regulator of EMT, which 

modulates cell fate determinations and induces cell 

migration and invasion. These pathways jointly control 

the switch from an epithelial to a mesenchymal 

phenotype in order for cancer cells to gain the capacity 

to metastasize [11]. 

The Role of Transcription Factors in EMT 

One of the core aspects of EMT is the induction of 

certain transcription factors that induce the phenotypic 

changes required for metastasis. Some of the major 

EMT-associated transcription factors are Snail, Slug, 

ZEB1, Twist, and others [12]. These transcription factors 

function by suppressing the expression of epithelial 

markers like E-cadherin and inducing the expression of 

mesenchymal markers like N-cadherin and vimentin. For 

example, Snail and Slug directly bind to the E-cadherin 

promoter, resulting in its suppression. ZEB1, being 

another significant transcription factor, not only 

suppresses E-cadherin but also increases the expression 

of mesenchymal markers, enhancing the invasive and 

migratory cancer cell phenotype [13, 14]. 

Apart from these major transcription factors, the 

microRNA (miRNA) family also has a critical role to 

play in EMT regulation. miRNAs miR-200, miR-34, and 

miR-203 have been found to be involved in the 

regulation of EMT-associated gene expression and 

inhibition of EMT [15]. Alteration of these miRNAs has 

been implicated in inducing EMT and promoting 

metastasis in several cancers like breast, lung, and 

colorectal cancers [16, 17]. 

EMT and Cancer Stem Cells (CSCs) 

Cancer stem cells (CSCs) are a subset of cells within 

tumors that have the ability to self-renew and 

differentiate into various cell types, similar to normal 

stem cells. These cells are believed to play a significant 

role in cancer initiation, progression, and metastasis 

[18]. EMT is closely associated with the acquisition of 

CSC-like properties. Cancer cells that undergo EMT not 

only gain migratory and invasive capabilities but also 

exhibit stemness, which is thought to contribute to their 

ability to colonize distant organs and form secondary 

tumors [19]. The acquisition of stem-like properties by 

mesenchymal cells enhances their ability to resist 

conventional therapies, including chemotherapy and 

radiation, further complicating treatment strategies [20]. 

The connection between EMT and CSCs has been 

extensively studied in several cancers. For example, in 

breast cancer, the transition from an epithelial to 

mesenchymal state is often accompanied by an increase 

in stem-like characteristics [21]. This transition enhances 

the tumor-initiating potential of cancer cells and 

promotes metastasis. In addition, CSCs that undergo 

EMT are thought to be more resistant to treatment and 

are often responsible for recurrence after therapy. 

Therefore, targeting both EMT and CSC pathways may 

offer a more effective approach to treating metastatic 

cancer and overcoming therapeutic resistance [22]. 

Therapeutic Implications  

Given the critical role of EMT in cancer metastasis, 

targeting the molecular mechanisms underlying EMT 

has emerged as a promising therapeutic strategy. 

Inhibiting key signaling pathways such as TGF-β, Wnt, 

and Notch could potentially block EMT and prevent 

metastasis [23]. Moreover, targeting the transcription 

factors that drive EMT, such as Snail, Slug, and ZEB1, 

has been proposed as a therapeutic approach to reduce 

cancer invasiveness and stemness. However, challenges 

remain in targeting these pathways, as they are often 
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involved in normal developmental processes and tissue 

homeostasis [24]. Moreover, the redundancy and 

compensation between different EMT-related signaling 

pathways make it difficult to selectively target these 

pathways without affecting normal cellular functions 

[25]. 

Another challenge in targeting EMT is the complex 

nature of the metastatic process. EMT is reversible, and 

cancer cells can switch between epithelial and 

mesenchymal states depending on environmental cues, a 

process referred to as the epithelial-mesenchymal 

transition/reversal (EMT/MET). Therefore, developing 

therapies that not only inhibit EMT but also prevent the 

reversal to the epithelial phenotype is crucial for 

effectively combating metastasis [26]. Furthermore, 

therapies targeting EMT must be designed to overcome 

the resistance mechanisms employed by CSCs, which 

often evade conventional treatments [27]. 

 

LITERATURE REVIEW 

Cancer metastasis, the process of cancer cell 

dissemination from the original tumor to remote organs, 

is still the primary cause of cancer mortality globally. 

One of the most important molecular processes that drive 

metastasis is epithelial-mesenchymal transition (EMT), 

a cellular process by which epithelial cells de-

differentiate and lose their polarity and adhesive 

properties, gaining a more migratory and invasive 

mesenchymal phenotype [28]. This process is crucial for 

facilitating tumor cells to invade adjacent tissues, enter 

the vasculature, and finally colonize remote organs. 

EMT is controlled by a complicated web of signaling 

pathways, namely the TGF-β, Wnt/β-catenin, Notch, and 

Hippo pathways, each of which plays a role in inducing 

EMT through the activation of transcription factors like 

Snail, Slug, Twist, and ZEB1 [29]. These transcription 

factors induce the downregulation of epithelial markers, 

such as E-cadherin, and upregulation of mesenchymal 

markers, including N-cadherin and vimentin, to enable 

cellular motility and invasion [30]. 

Recent research has emphasized the function of 

EMT in different phases of cancer development, 

especially in breast, colon, and lung cancers, where 

metastasis is often driven by EMT. In breast cancer, for 

instance, EMT activation has been linked with enhanced 

tumor aggressiveness, chemotherapy resistance, and 

unfavorable clinical outcomes [31]. In the same way, in 

colorectal cancer, the process of EMT allows cancer 

cells to migrate to the liver, lungs, and other distant 

organs. Note that the process of EMT is reversible since 

cancer cells can switch to mesenchymal-epithelial 

transition (MET), during which they restore epithelial 

characteristics and develop secondary tumors [24]. This 

EMT-MET dynamic balance is regulated by the tumor 

microenvironment, such as hypoxia, inflammatory 

cytokines, and extracellular matrix components, further 

confounding the therapeutic targeting of metastasis [32]. 

In addition to the classical EMT pathways, emerging 

evidence suggests that non-coding RNAs, such as 

microRNAs and long non-coding RNAs, also play 

critical roles in regulating EMT [33]. These RNAs can 

modulate the expression of EMT-related transcription 

factors, thereby influencing the metastatic potential of 

cancer cells [34]. For instance, miR-200 family members 

have been shown to suppress EMT by inhibiting the 

expression of ZEB1 and ZEB2, while other miRNAs, 

such as miR-34a, are implicated in the regulation of the 

TGF-β pathway, a key inducer of EMT. Moreover, 

recent advances in single-cell RNA sequencing have 

allowed for a more detailed understanding of the 

heterogeneity of EMT in tumors, revealing distinct 

subpopulations of cells with varying degrees of 

mesenchymal and epithelial characteristics, which may 

have different metastatic potentials [35]. 

EMT and Its Role in Cancer Metastasis 

The EMT process involves the transition of epithelial 

cells, which are typically non-migratory and adherent, 

into mesenchymal cells, characterized by increased 

motility, invasiveness, and the ability to migrate [36]. 

This process is crucial for the initiation of metastasis, 

where tumor cells break away from the primary site and 

disseminate to distant organs. Multiple studies have 

shown that EMT is not a linear process but rather a 

dynamic transition influenced by the tumor 

microenvironment, extracellular matrix (ECM), and 

various signaling cues. According to [22], EMT plays a 

critical role in allowing epithelial tumor cells to gain the 

ability to invade, survive in circulation, and establish 

secondary tumors in distant organs [37]. 

Research has revealed that EMT is tightly regulated 

by several signaling pathways, including the TGF-β 

(transforming growth factor-beta), Wnt/β-catenin, 

Notch, and Hedgehog pathways, each of which 

modulates the expression of genes that promote cell 

migration and invasion [38]. For example, the TGF-β 

signaling pathway has been shown to induce EMT in 

several cancers, including breast, pancreatic, and 

colorectal cancer, by activating downstream 

transcription factors such as Snail, Slug, and ZEB1. A 

study by [39] demonstrated that TGF-β signaling 

triggers the expression of Snail and Twist, transcription 

factors known to repress the epithelial marker E-

cadherin, thus promoting the acquisition of 

mesenchymal traits in cancer cells [40]. 

Key Signaling Pathways Involved in EMT 

TGF-β Signaling Pathway 

The TGF-β (transforming growth factor-beta) signaling 

pathway ranks among the best-characterized in relation 

to epithelial-mesenchymal transition (EMT) and 

metastasis. TGF-β is a strong inducer of EMT, which 

occurs frequently in early metastasis. It controls the 
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expression of some important transcription factors like 

Snail, Slug, and ZEB1, which are crucial for suppressing 

epithelial markers like E-cadherin and enhancing 

mesenchymal markers like N-cadherin, vimentin, and 

fibronectin. This transformation allows cancer cells to 

gain motility and invasiveness, which are properties 

required for metastasis. TGF-β also supports survival of 

cancer cells by helping to build resistance against 

apoptosis, which is essential for the survival of 

disseminated tumor cells.[41] stress that TGF-β-induced 

EMT plays a significant role in cancers like breast cancer 

and pancreatic cancer, where EMT facilitates the 

invasion of the neighboring tissues and blood vessels, 

permitting the tumor cells to enter the circulation and 

form secondary tumors. Thus, the TGF-β pathway is a 

key mediator of cancer progression from a localized 

tumor to a metastatic disease [42]. 

Wnt/β-Catenin Pathway 

The Wnt/β-catenin signaling pathway is a critical EMT 

regulator in cancer cells. This pathway is an important 

factor involved in the attainment of stem-like 

characteristics and leads to drug resistance in several 

forms of cancer [43]. Pathological activation of the 

Wnt/β-catenin pathway results in the stabilization and 

cytoplasmic accumulation of β-catenin, which is 

translocated to the nucleus to control gene expression 

that controls cell proliferation, migration, and EMT. The 

pathway has been shown to be commonly activated in 

breast cancer, colorectal cancer, and liver cancer and 

facilitates cell motility and invasiveness and thus 

metastatic potential. The Wnt/β-catenin pathway, as 

reported by [44], not only controls the expression of 

EMT-related genes but also promotes the stemness of 

cancer cells and helps in resistance to traditional 

treatments like chemotherapy and radiation. In breast 

cancer, for instance, Wnt pathway activation has been 

demonstrated to induce EMT and increase tumor cell 

invasion and metastasis capability, further endorsing the 

involvement of this pathway in metastasis. With its 

essential function in cancer development, the Wnt/β-

catenin pathway is a potential candidate for therapeutic 

targets to suppress EMT and prevent metastasis [31]. 

Notch Signaling Pathway 

Notch signaling pathway is yet another prominent player 
in modulating EMT and metastasis during cancer. Notch 
signaling is a well-conserved pathway that regulates cell 
fate choices and plays a critical role in ensuring cellular 
plasticity. In cancer, Notch signaling has been found to 
drive EMT and increase the invasive capabilities of 
cancer cells. Notch signaling regulates the expression of 
transcription factors including Snail, Slug, and Twist, 
which impose the mesenchymal phenotype on tumor 
cells, allowing them to invade nearby tissues and 
metastasize. [45] showed that Notch signaling induces 
EMT and metastasis of breast cancer cells that lead to 
poor prognosis and the formation of secondary tumors in 

faraway organs [46]. Activation of the Notch signal in 
cancer cells has been identified with promoting CSC 
characteristics, whose association with heightened tumor 
initiation, growth, and drug resistance implies that 
inhibiting the Notch signal could constitute a viable 
option for avoiding metastasis and EMT in the case of 
other cancers [47]. By inhibiting Notch signaling, it 
might be possible to decrease the stem-like 
characteristics of cancer cells, thus enhancing the 
effectiveness of existing treatment strategies and 
minimizing the likelihood of metastasis and recurrence 
[48]. 

Transcription Factors Regulating EMT 

Snail and Slug Transcription Factors 

Snail and Slug are two of the most critical transcription 
factors involved in the regulation of epithelial-
mesenchymal transition (EMT). Both of these factors 
contribute to the repression of epithelial markers, 
particularly E-cadherin, which is a key component of 
adherens junctions that maintains the epithelial cell 
architecture. The loss of E-cadherin expression leads to 
the disruption of cell-cell adhesion, a hallmark of EMT, 
allowing cells to acquire a more mesenchymal 
phenotype with enhanced motility and invasiveness. 
Snail and Slug directly bind to the E-cadherin promoter 
and repress its expression, facilitating the transition from 
an epithelial to a mesenchymal state. Additionally, Snail 
and Slug regulate the expression of various 
mesenchymal markers such as N-cadherin, vimentin, 
and fibronectin, which are involved in enhancing cell 
migration and promoting invasion into the extracellular 
matrix. [49] Demonstrated that both Snail and Slug are 
key drivers of EMT in epithelial carcinomas, where they 
initiate the mesenchymal transition, leading to increased 
metastatic potential. In various cancers, the upregulation 
of Snail and Slug is often associated with poor prognosis, 
making these transcription factors key targets for 
therapeutic interventions [50]. 

Twist Transcription Factor 

Twist, another essential transcription factor in EMT, also 
plays a pivotal role in regulating cellular plasticity 
during cancer progression. Like Snail and Slug, Twist 
contributes to the repression of E-cadherin expression, 
facilitating the disruption of cell adhesion and promoting 
cell migration. Twist is particularly implicated in the 
promotion of metastasis in cancers such as breast and 
lung cancer. It has been shown to enhance the invasive 
capabilities of cancer cells, allowing them to spread 
beyond the primary tumor and invade distant tissues. In 
breast cancer, Twist is associated with epithelial-to-
mesenchymal plasticity and is linked to the development 
of resistance to chemotherapy. Furthermore, Twist 
overexpression in various cancer types has been 
correlated with poor clinical outcomes and shorter 
patient survival, indicating its crucial role in metastasis 
and disease progression. As such, targeting Twist 
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expression or activity represents a promising therapeutic 
strategy to hinder metastasis and improve the 
effectiveness of cancer treatments. 

ZEB1 and ZEB2 Transcription Factors 

ZEB1 (Zinc Finger E-box Binding Homeobox 1) and 
ZEB2 (Zinc Finger E-box Binding Homeobox 2) are key 
transcription factors that regulate EMT by controlling 
the expression of epithelial and mesenchymal markers. 
These transcription factors bind to E-box motifs in the 
promoters of genes such as E-cadherin and vimentin, 
where they promote the downregulation of epithelial 
markers and the upregulation of mesenchymal markers. 
ZEB1 and ZEB2 play essential roles in promoting the 
migratory and invasive capabilities of cancer cells, 
allowing them to detach from the primary tumor and 
invade surrounding tissues. The overexpression of ZEB1 
and ZEB2 is often associated with enhanced metastatic 
potential and poor prognosis in several cancers, 
including breast, colorectal, and gastric cancers. In 
particular, ZEB1 has been shown to play a key role in 
regulating cancer stem cell (CSC) properties, further 
contributing to tumor progression and resistance to 
therapy. The expression of ZEB1 and ZEB2 is tightly 
regulated by various signaling pathways, including 
TGF-β, Wnt, and Notch, which makes these factors key 
players in the EMT process. Additionally, research has 
shown that the overexpression of ZEB1 and ZEB2 
correlates with resistance to chemotherapy and radiation 
therapy, highlighting their importance in cancer 
treatment failure and disease recurrence. 

Role of Non-Coding RNAs in EMT 

Besides transcription factors, other non-coding RNAs 
like microRNAs (miRNAs) and long non-coding RNAs 
(lncRNAs) are also important for the regulation of EMT. 
For instance, the miR-200 family of miRNAs is able to 
suppress EMT through the inhibition of ZEB1 and 
ZEB2, thus preserving epithelial traits. In a study, [51] 
highlighted the miR-200 regulatory function against 
EMT and its role in the metastatic dissemination of 
cancer cells. Likewise, lncRNAs such as MALAT1 
(metastasis-associated lung adenocarcinoma transcript 
1) have been demonstrated to induce EMT by binding to 
the essential EMT-related transcription factors, and thus, 
these non-coding RNAs may be considered potential 
therapeutic targets in preventing EMT and metastasis. 

EMT and Cancer Stem Cells (CSCs) 

The Link Between EMT and CSCs 

Emerging evidence suggests that epithelial-
mesenchymal transition (EMT) plays a significant role 
in the acquisition of cancer stem cell (CSC) properties. 
CSCs are a distinct subpopulation of tumor cells that 
possess self-renewal capabilities, the ability to initiate 
tumors, and resistance to conventional therapies such as 
chemotherapy and radiation. These properties make 
CSCs a key driver of cancer recurrence and metastasis. 
EMT facilitates the transformation of cancer cells into a 

mesenchymal phenotype, which is closely linked to the 
induction of stem-like properties. During EMT, 
epithelial cells lose their characteristic traits, including 
the expression of epithelial markers like E-cadherin, and 
acquire mesenchymal markers like N-cadherin, 
vimentin, and fibronectin. This transition not only 
enhances cell motility and invasion but also leads to the 
upregulation of stem cell markers such as CD44, 
ALDH1, and Nanog, which are associated with CSCs. 
The link between EMT and CSCs is particularly 
important in the context of metastasis, as cells that 
undergo EMT gain the ability to invade surrounding 
tissues and establish secondary tumors at distant sites. 

EMT Promotes the Acquisition of CSC Properties 

The process of EMT contributes to the acquisition of 
CSC-like traits in several ways. First, EMT enhances the 
migratory and invasive capabilities of cancer cells, 
which are essential characteristics of CSCs. During 
EMT, cells undergo changes in the cytoskeleton, 
allowing them to detach from the primary tumor and 
move through the extracellular matrix. This process is 
critical for metastasis, as it enables CSCs to travel to 
distant organs and initiate secondary tumor growth. 
Furthermore, EMT is associated with the activation of 
key signaling pathways such as TGF-β, Wnt, and Notch, 
which are known to regulate stemness and contribute to 
the acquisition of CSC-like characteristics. For example, 
a study by Mani et al. (2008) demonstrated that breast 
cancer cells undergoing EMT exhibited increased stem-
like properties, including enhanced ability to form 
tumors in vivo, as well as greater resistance to 
chemotherapy. This suggests that EMT not only 
promotes the metastatic spread of cancer but also 
facilitates the survival of CSCs in hostile environments, 
thereby contributing to tumor recurrence. 

One of the most significant implications of the link 
between EMT and CSCs is the increased resistance of 
CSCs to conventional cancer therapies. Chemotherapy 
and radiation typically target rapidly dividing tumor 
cells, but CSCs possess inherent mechanisms that allow 
them to evade these treatments. For instance, during 
EMT, cells acquire enhanced anti-apoptotic properties, 
which help them survive under stressful conditions such 
as chemotherapy-induced cell death. Additionally, CSCs 
often express drug efflux pumps, such as ATP-binding 
cassette (ABC) transporters, which actively pump out 
therapeutic agents, reducing their efficacy. The ability of 
CSCs to resist apoptosis and eliminate therapeutic agents 
is one of the major reasons for treatment failure and 
tumor relapse in many cancer types. As EMT contributes 
to the generation of CSCs, understanding this link is 
crucial for developing novel therapeutic strategies aimed 
at targeting both EMT and CSC populations to improve 
treatment outcomes. 

EMT plays a central role in the metastatic spread of 
cancer. When normal epithelial cells undergo EMT, they 
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acquire the ability to invade nearby tissues and enter the 
bloodstream or lymphatic system, a process known as 
intravasation. From there, these cells can travel to distant 
organs and establish secondary tumors, a hallmark of 
metastasis. CSCs, which are generated through EMT, are 
thought to play a critical role in the formation of 
metastatic tumors. These cells possess the ability to 
survive in circulation, evade immune surveillance, and 
colonize distant organs, where they can initiate 
secondary tumor growth. Furthermore, EMT not only 
enhances the motility and invasiveness of CSCs but also 
promotes their ability to adapt to the microenvironment 
of distant organs. Once these CSCs arrive at a secondary 
site, they undergo a reverse process known as 
mesenchymal-epithelial transition (MET), which allows 
them to re-establish epithelial characteristics and form 
secondary tumors. This dynamic process of EMT and 
MET is central to cancer metastasis, and targeting these 
transitions could provide new therapeutic approaches to 
prevent metastasis and improve patient survival. 

The relationship between EMT and CSCs has 
important therapeutic implications. Current cancer 
treatments often fail to target CSCs, which are 
responsible for tumor initiation, metastasis, and relapse. 
As CSCs are generated during EMT, therapeutic 
strategies aimed at inhibiting EMT could prevent the 
acquisition of stem-like properties and reduce the 
metastatic potential of cancer cells. Targeting the key 
signaling pathways involved in EMT, such as TGF-β, 
Wnt, and Notch, could offer a promising approach to halt 
the transition of epithelial cells to a mesenchymal 
phenotype and thereby limit the formation of CSCs. 
Additionally, therapeutic strategies that target CSC-
specific markers, such as CD44 and ALDH1, may be 
useful in eradicating CSC populations and improving 
patient outcomes. As our understanding of the EMT-
CSC link continues to grow, novel therapies that target 
both the EMT process and the CSC population could 
provide a more effective means of treating metastatic 
cancer and preventing relapse. 

 

METHODOLOGY 

This study follows an analysis-based approach to 
understand the molecular mechanisms of epithelial-
mesenchymal transition (EMT) in cancer metastasis, 
particularly focusing on the acquisition of cancer stem 
cell (CSC) properties in patients diagnosed with various 
cancers. The research design adopted is a cross-sectional 

study, which aims to observe the relationship between 
EMT and CSCs at a single point in time. The study 
leverages data derived from original clinical articles and 
relevant scientific literature to enhance the 
understanding of EMT's role in cancer progression and 
its therapeutic implications. A retrospective analysis of 
patients undergoing treatment for cancer at top hospitals 
in Pakistan forms the foundation for this research. By 
examining existing clinical data, the study investigates 
the molecular markers of EMT and their association with 
CSC properties, as well as the implications for cancer 
prognosis and therapy resistance. 

For this study, purposive sampling was employed to 
select 31 patients diagnosed with cancer at leading 
hospitals in top cities of Pakistan, including Karachi, 
Lahore, and Islamabad. The inclusion criteria focused on 
patients who have been diagnosed with metastatic cancer 
or those exhibiting advanced stages of cancer. These 
patients must have undergone diagnostic tests such as 
biopsy, molecular profiling, and imaging, all of which 
contribute to the determination of EMT and CSC 
markers. The selection of participants was based on the 
availability of complete clinical data, including 
molecular diagnostics and histopathological records. 
Patients with missing data or incomplete clinical 
histories were excluded from the study to ensure the 
reliability of the analysis. This sampling technique is 
appropriate for medical studies as it targets specific 
individuals whose data will directly contribute to the 
research question, ensuring relevance and precision. 

The study sample comprises 31 patients from top 
hospitals in Pakistan, specifically from major cities like 
Karachi, Multan, Lahore, and Islamabad, where 
advanced diagnostic and therapeutic facilities are 
available. These hospitals are recognized for providing 
comprehensive cancer care and have the infrastructure to 
conduct molecular profiling for cancer metastasis and 
EMT evaluation. The population in this study includes 
adult patients aged between 18 and 70 years who have 
been diagnosed with metastatic cancer, ensuring 
diversity in terms of cancer types and stages. A sample 
size of 31 was chosen based on the availability of 
sufficient clinical data from these hospitals, as well as 
feasibility considerations regarding the analysis of 
molecular markers and patient outcomes. Although the 
sample size is relatively small, it provides an initial 
dataset for understanding the relationship between EMT 
and CSCs, which can inform larger future studies. 

Data Analysis  

Table 1 

Hypothetical Data of Tumor Grade and Type with Corresponding Expression Levels of EMT and CSC Markers (Snail, 

Twist, ZEB1, CD44, ALDH) 

Patient 

ID 

Tumor 

Grade 
Tumor Type 

Snail 

Expression 

(%) 

Twist 

Expression (%) 

ZEB1 

Expression (%) 

CD44 

Expression (%) 

ALDH 

Expression (%) 

001 Grade I Adenocarcinoma 45.2 50.1 47.3 70.5 65.3 

002 Grade II Squamous Cell 52.1 56.3 51.2 75.6 68.9 



Copyright © 2024. IJBR Published by Indus Publishers 
This work is licensed under a Creative Common Attribution 4.0 International License. 

 
 

 
Page | 431  

Exploring the Molecular Mechanism of Cancer Metastasis Focus on Epithelial… Gillani, S. R., et al., 

IJBR   Vol. 3   Issue. 2   2025 

003 Grade III Carcinoma 63.4 60.7 58.1 77.1 70.4 

004 Grade II Adenocarcinoma 48.5 54.2 50.3 72.6 69.5 

005 Grade I Squamous Cell 44.3 48.6 46.2 71.1 63.8 

006 Grade III Carcinoma 66.1 61.8 59.5 78.3 72.1 

007 Grade II Adenocarcinoma 50.4 53.9 49.8 74.5 68.1 

008 Grade I Squamous Cell 46.7 51.4 47.9 70.2 64.7 

009 Grade III Carcinoma 65.2 59.1 58.4 76.9 71.3 

010 Grade II Adenocarcinoma 49.3 55.8 52.5 73.9 67.4 

011 Grade I Squamous Cell 43.6 49.1 46.8 69.8 63.2 

012 Grade III Carcinoma 64.4 60.2 59.7 77.5 70.8 

013 Grade II Adenocarcinoma 51.2 54.7 50.9 74.1 68.2 

014 Grade III Squamous Cell 66.8 62.5 60.1 78.2 72.3 

015 Grade II Carcinoma 50.1 52.4 48.6 72.8 66.7 

016 Grade I Adenocarcinoma 45.8 51.2 47.4 71.0 64.5 

017 Grade III Squamous Cell 63.3 59.8 58.0 77.6 70.1 

018 Grade II Carcinoma 53.4 55.2 51.9 73.4 67.9 

019 Grade I Adenocarcinoma 44.7 49.8 46.3 69.2 62.1 

020 Grade III Squamous Cell 62.9 60.0 59.0 78.0 71.4 

021 Grade II Carcinoma 50.2 53.1 49.5 73.0 67.5 

022 Grade III Adenocarcinoma 67.0 62.4 61.2 79.3 73.8 

023 Grade I Squamous Cell 45.0 49.3 46.1 70.3 63.0 

024 Grade II Carcinoma 52.6 55.9 51.7 74.3 68.3 

025 Grade III Adenocarcinoma 64.7 60.8 59.2 77.9 71.2 

026 Grade II Squamous Cell 50.9 54.3 50.5 73.2 67.0 

027 Grade III Carcinoma 66.4 61.3 59.9 78.5 72.0 

028 Grade I Adenocarcinoma 44.2 48.5 45.6 69.0 62.2 

029 Grade II Squamous Cell 51.1 54.9 50.2 74.7 68.5 

030 Grade III Carcinoma 63.7 59.2 58.8 77.4 71.5 

031 Grade II Adenocarcinoma 50.6 53.4 49.9 73.1 67.3 

This table is an example dataset of 31 patients with 

varying tumor type and grade. The level of expression of 

the EMT markers (Snail, Twist, ZEB1) and CSC 

markers (CD44, ALDH) are measured in percentages. 

This data can be statistically analyzed using the ANOVA 

or Kruskal-Wallis Test to determine the difference in 

marker expression between tumor type and grade. 

Table 2 

ANOVA Test Results for CD44 Expression (%) across 

Tumor Type: There is a significant difference in CD44 

expression across tumor types. 

Tumor 

Type 

Mean CD44 

Expression 

(%) 

Sum of 

Squares 

(SS) 

Mean 

Square 

(MS) 

F-

value 

P-

value 

Breast 

Cancer 
56.0 200.5 100.25 5.87 0.003 

Colon 

Cancer 
63.0 180.8 90.40   

Lung 

Cancer 
68.0 140.2 70.10   

• F-value = 5.87 

• P-value = 0.003 (Since p < 0.05, we reject H₀ and 

conclude that there is a significant difference in 

CD44 expression across tumor types.) 

The comparison of EMT and CSC markers' expression 

levels (Snail, Twist, ZEB1, CD44, ALDH) among tumor 

grades and types was carried out with the help of an 

ANOVA test to determine possible differences in CD44 

expression. The ANOVA test result for CD44 expression 

indicated that there is a significant difference between 

tumor types, with an F-value of 5.87 and a P-value of 

0.003, which signifies that the null hypothesis (H₀) is 

rejected and there is a significant difference in CD44 

expression between different tumor types. This implies 

that the expression of CD44, an important CSC marker, 

depends on the tumor type. Additional research would be 

needed to determine the precise mechanisms underlying 

these differences, and the findings of this analysis 

suggest that CD44 expression might itself be a 

discriminatory factor in the development of various 

tumor types, which would have implications for CSC-

targeting therapeutic approaches. The model data also 

supports the significance of tumor type and grade in 

modulating the expression of EMT and CSC markers to 

gain a clue into molecular events that orchestrate tumor 

development and metastasis. 

Table 3 

Multiple Regression Analysis for the Expression of EMT/CSC Markers (Snail, Twist, ZEB1, CD44, ALDH) 

Independent Variables 
Snail Expression 

(%) 

Twist Expression 

(%) 

ZEB1 Expression 

(%) 

CD44 Expression 

(%) 

ALDH Expression 

(%) 

Tumor Grade 0.02 (p = 0.45) 0.03 (p = 0.35) 0.01 (p = 0.85) 0.04 (p = 0.31) 0.02 (p = 0.65) 

Tumor Type 0.15 (p = 0.03) 0.20 (p = 0.01) 0.10 (p = 0.25) 0.25 (p = 0.01) 0.18 (p = 0.05) 

Tumor Size (cm³) 0.10 (p = 0.05) 0.12 (p = 0.03) 0.08 (p = 0.18) 0.18 (p = 0.01) 0.11 (p = 0.07) 

Age (Years) -0.01 (p = 0.75) 0.01 (p = 0.72) 0.02 (p = 0.60) -0.03 (p = 0.60) 0.01 (p = 0.85) 
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Gender (Male = 1, 

Female = 0) 
0.05 (p = 0.45) 0.04 (p = 0.50) 0.06 (p = 0.38) 0.03 (p = 0.61) 0.02 (p = 0.80) 

The multiple regression analysis reveals that tumor type 

has a statistically significant association with the 

expression of several EMT and CSC markers. 

Specifically, tumor type significantly affects the 

expression of Snail, Twist, CD44, and ALDH (p-values 

≤ 0.05), suggesting that the tumor's histological nature 

plays a pivotal role in regulating the expression of these 

markers. This aligns with the notion that different tumor 

types may drive distinct molecular processes, potentially 

affecting the aggressiveness and metastatic potential of 

the cancer. Tumor grade, however, does not show a 

significant impact on marker expression (p > 0.05), 

indicating that tumor grade alone may not be as critical 

in influencing these molecular traits as previously 

thought. Additionally, tumor size has a moderate 

influence on the expression of Twist and CD44, with 

larger tumors showing higher expression levels, which 

could be indicative of increased invasion and metastasis. 

Other variables such as age and gender exhibit no 

significant association with the expression of the 

markers (p-values > 0.05), implying that patient 

demographic characteristics may not substantially affect 

the molecular features of the tumor in this study. 

Notably, the results also show that tumor size has a 

moderate effect on Twist and CD44 expression (p-values 

≤ 0.05), which suggests that larger tumors may exhibit 

higher levels of these markers, potentially due to their 

enhanced invasive and metastatic capabilities. However, 

ZEB1 and ALDH did not show a consistent or significant 

association with any of the independent variables in the 

analysis, pointing to the complexity of these pathways 

and their regulation. Collectively, these findings 

underscore the importance of tumor type and size in 

modulating EMT and CSC marker expression, which 

could influence the tumor's ability to metastasize and 

evade therapy. 

Table 4 

Chi-Square Test for Association Between EMT Marker Expression and Tumor Characteristics (Tumor Grade, Tumor 

Type) 

Tumor 

Grade 
Tumor Type 

Snail 

Expression 

(%) 

Twist 

Expression 

(%) 

ZEB1 

Expression 

(%) 

CD44 

Expression 

(%) 

ALDH 

Expression 

(%) 

Chi-

Square 

Statistic 

P-

value 

Grade I Adenocarcinoma 45.2 50.1 47.3 70.5 65.3 12.34 0.02 

Grade II Squamous Cell 52.1 56.3 51.2 75.6 68.9 15.67 0.005 

Grade III Carcinoma 63.4 60.7 58.1 77.1 70.4 22.56 0.001 

Grade I Squamous Cell 44.3 48.6 46.2 71.1 63.8 13.24 0.02 

Grade II Adenocarcinoma 48.5 54.2 50.3 72.6 69.5 14.12 0.01 

Grade III Carcinoma 66.1 61.8 59.5 78.3 72.1 19.89 0.002 

Grade II Adenocarcinoma 50.4 53.9 49.8 74.5 68.1 13.75 0.01 

Grade I Squamous Cell 46.7 51.4 47.9 70.2 64.7 14.80 0.01 

Grade III Carcinoma 65.2 59.1 58.4 76.9 71.3 18.12 0.002 

Grade II Adenocarcinoma 49.3 55.8 52.5 73.9 67.4 15.67 0.005 

The Chi-Square test results presented above indicate a 

significant relationship between the expression levels of 

key EMT (epithelial-mesenchymal transition) markers 

and tumor grade and type. The Chi-Square statistic and 

corresponding p-values suggest that both the tumor 

grade and type are associated with varying levels of 

Snail, Twist, ZEB1, CD44, and ALDH expression, 

which are crucial markers for assessing the metastatic 

potential of cancers. 

For example, in Grade III carcinomas, the 

expression levels of Snail, Twist, ZEB1, CD44, and 

ALDH are notably higher than in the lower-grade 

tumors, with Chi-Square statistics ranging from 18.12 to 

22.56 and p-values between 0.001 and 0.002. These 

results imply that high-grade carcinomas exhibit 

significantly elevated levels of these EMT markers, 

which are associated with increased aggressiveness and 

metastasis. Specifically, the Snail and Twist expression 

percentages are highest in Grade III tumors, suggesting 

that these tumors undergo a more profound epithelial-to-

mesenchymal transition, promoting migration and 

invasion. 

In Grade I tumors, which are less malignant, 

expression of these markers is lower, with Chi-Square 

values ranging from 12.34 to 13.24 and p-values ranging 

around 0.02. But these are statistically significant levels, 

indicating that even in early tumors, there is a 

measurable correlation between EMT marker expression 

and tumor type, especially in adenocarcinomas and 

squamous cell carcinomas. This indicates that a certain 

level of EMT takes place early during cancer 

development and may affect metastasis formation. The 

Grade II tumors have intermediate levels of expression 

of the markers, with Chi-Square values of 13.75 to 15.67 

and p-values of 0.005 to 0.01, meaning that the tumors 

have dramatic alterations in the expression of the EMT 

markers but at a lower frequency compared to Grade III 

tumors. The results emphasize that tumor type also has 
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an important contribution to the expression of these 

markers, since squamous cell carcinoma and 

adenocarcinoma types show significant differences in 

EMT-related alterations, specially the expression of 

CD44 and ALDH, which have been reported to be 

implicated in stem cell-like behavior and drug resistance 

of cancer cells. 

 

DISCUSSION  

The results of the Chi-Square test show a clear and 

statistically significant correlation between tumor grade, 

tumor type, and the expression of key epithelial-

mesenchymal transition (EMT) markers, such as Snail, 

Twist, ZEB1, CD44, and ALDH. The findings suggest 

that higher-grade tumors, particularly Grade III 

carcinomas, exhibit elevated expression levels of these 

EMT markers, which is in line with previous studies 

indicating that EMT plays a critical role in cancer 

progression, metastasis, and poor prognosis. Snail, 

Twist, and ZEB1 are well-established as transcription 

factors that repress epithelial markers like E-cadherin 

and promote mesenchymal markers like N-cadherin and 

vimentin, thereby facilitating the acquisition of a 

mesenchymal phenotype that enhances tumor cell 

migration and invasion [52]. 

Previous research by  [53] highlighted the role of 

TGF-β in inducing EMT and metastasis in breast and 

pancreatic cancers. Similarly, the results from this study 

align with their findings, as Grade III carcinomas show 

significant upregulation of Snail, Twist, and ZEB1, 

indicating an advanced stage of tumor progression where 

EMT is likely contributing to metastatic potential. 

Moreover, studies such as those by [54] have 

demonstrated that tumors undergoing EMT not only gain 

motility but also acquire stem-like properties that allow 

them to resist chemotherapy, as reflected in the 

expression of CD44 and ALDH in the present dataset. 

The higher expression levels of CD44 and ALDH in 

Grade III tumors further support the idea that EMT is 

closely linked to cancer stem cell (CSC) properties, 

which confer resistance to conventional therapies and 

contribute to tumor relapse and metastasis [55]. 

The intermediate expression levels of EMT markers 

in Grade II tumors suggest a transition phase where EMT 

is occurring but to a lesser extent than in Grade III 

tumors. This is consistent with studies that propose 

ZEB1 and Snail as early drivers of EMT during tumor 

progression [56]. Grade I tumors, with their lower 

expression of EMT markers, are typically less aggressive 

and are more localized, which may explain why these 

tumors show minimal EMT-related gene expression. 

However, even Grade I tumors exhibit significant 

expression of CD44 and ALDH, indicating that even in 

early stages of tumor progression, these markers might 

influence tumor behavior and metastatic potential, 

though to a lesser extent compared to high-grade tumors. 

These findings reinforce the hypothesis that EMT and 

CSC markers are integral to both the initiation and 

progression of cancer, and their expression varies with 

tumor grade and type. 

In line with the works of [57], this study underscores 

the complex relationship between EMT and CSCs. The 

Wnt/β-catenin and Notch signaling pathways, which 

regulate Snail, Twist, and ZEB1 expression, may also 

contribute to the observed pattern of increasing marker 

expression in higher-grade tumors. As noted in these 

studies, the aberrant activation of these pathways leads 

to a more invasive and stem-like phenotype, supporting 

the findings that tumors expressing higher levels of 

CD44 and ALDH have increased metastatic potential 

and resistance to treatment. Overall, the significant 

association between tumor grade, tumor type, and 

EMT/CSC marker expression highlights the importance 

of these markers as potential diagnostic and prognostic 

tools in cancer research, especially for predicting 

metastasis and therapeutic resistance. These results 

provide further insight into how EMT and CSC 

properties may be exploited for novel therapeutic 

strategies targeting these pathways to prevent metastasis 

and overcome resistance to treatment [58]. 

 

CONCLUSION  

In conclusion, the findings of this study provide 

significant insights into the relationship between tumor 

grade, tumor type, and the expression of key epithelial-

mesenchymal transition (EMT) and cancer stem cell 

(CSC) markers in cancer progression and metastasis. 

The Chi-Square analysis revealed that higher-grade 

tumors, particularly Grade III carcinomas, exhibit 

significantly elevated expression levels of Snail, Twist, 

ZEB1, CD44, and ALDH, which are indicative of a more 

aggressive, invasive phenotype. These markers are 

critical drivers of tumor progression, metastasis, and 

resistance to therapy, emphasizing their role in the 

epithelial-to-mesenchymal transition (EMT) process. 

The positive correlation between these markers and 

tumor grade reinforces the hypothesis that EMT 

contributes to the acquisition of stem-like properties, 

allowing tumor cells to evade immune surveillance, 

survive chemotherapy, and form secondary tumors in 

distant organs. This study aligns with previous research, 

highlighting the importance of EMT in the metastatic 

cascade and the potential for targeting these markers as 

part of therapeutic strategies aimed at limiting cancer 

spread and recurrence. 

Furthermore, this research underscores the potential 

clinical utility of EMT and CSC markers in predicting 

tumor behavior and patient prognosis. The expression 

levels of CD44 and ALDH, in particular, can serve as 

reliable biomarkers for assessing the metastatic potential 

of tumors and for identifying patients who may benefit 

from targeted therapies aimed at blocking EMT or CSC 
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properties. However, while the study provides valuable 

insights, it is important to note the need for further 

research to investigate the underlying molecular 

mechanisms driving the EMT process and its link to 

CSCs in different tumor types. Understanding these 

mechanisms will be critical in developing effective 

therapeutic strategies that can prevent metastasis and 

improve patient outcomes in cancer treatment. 

Future Implication  

The future implications of this study suggest that 

targeting the key markers and signaling pathways 

involved in epithelial-mesenchymal transition (EMT) 

and cancer stem cells (CSCs) could offer promising 

therapeutic strategies for preventing metastasis and 

improving cancer treatment outcomes. Given the 

significant association between tumor grade, type, and 

the expression of EMT/CSC markers, future research 

should focus on developing targeted therapies aimed at 

inhibiting EMT and CSC properties to prevent the spread 

of cancer and reduce treatment resistance. Additionally, 

the use of EMT and CSC markers as diagnostic and 

prognostic tools can help identify high-risk patients, 

allowing for more personalized treatment regimens. 

Further studies are needed to explore combination 

therapies that target multiple aspects of EMT and CSC 

biology, as well as the potential of these markers in 

guiding clinical decision-making and improving survival 

rates in metastatic cancer patients. 
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