
INTRODUCTION

Despite the advances in cancer diagnosis and surgical de-
velopment, the survival rate of lung cancer patients is 19% for 
all stages combined, with a large proportion of patients (57%) 
diagnosed with metastasis and having a 5% survival rate in 
2020 (Sung et al., 2021). Chemotherapy and drug adminis-
tration are still the major strategies of treatment. However, 
some patients show resistance to chemotherapy or drugs, 
and metastasis is one of the leading causes of failure in can-
cer treatment (Wu and Wang, 2015). Epithelial-mesenchymal 
transition (EMT) is a conversion of epithelial cells to mesen-
chymal cells, where cells lose their epithelial properties and 
acquire invasiveness and migratory abilities (Hay, 2005). EMT 
is proposed to be one of the main causes of embryonic de-
velopment, neural crest formation, and gastrulation (Thiery et 
al., 2009). EMT naturally occurs in many tissue types showing 

phenotypical changes. This transition makes epithelial cells 
exhibit increased motility and spindle-like morphology (Zhang 
and Weinberg, 2018). The key mechanism of EMT is the dis-
sociation of the epithelial cells to cell junctions which leads to 
loss of pical-basal polarity and degrade extracellular matrix 
(ECM) to make them invade (Lamouille et al., 2014). How-
ever, EMT is more strikingly involved in tumor progression, 
with the presence of EMT being reported in numerous meta-
static cancers (Lee et al., 2006b; Hugo et al., 2007). During 
EMT, epithelial cells lose the properties of cell-cell adhesion 
and cell polarity, with altered gene expressions. For example, 
one of the epithelial markers Epithelial-cadherin (E-cadherin) 
is decreased, whereas Neural-cadherin (N-cadherin), vimen-
tin, and fibronectin are overexpressed (Thiery and Sleeman, 
2006). Likewise, many transcription factors are involved in 
EMT. There are master regulators, for instance, Snail, TWIST, 
and ZEB are activated early in EMT. These transcription fac-
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Although there have been advances in cancer therapy and surgical improvement, lung cancer has the lowest survival rate (19%) 
at all stages. This is because most patients are diagnosed with concurrent metastasis, which occurs due to numerous related 
reasons. Especially, lung cancer is one of the most common and malignant cancers in the world. Although there are advanced 
therapeutic strategies, lung cancer remains one of the main causes of cancer death. Recent work has proposed that epithelial-
mesenchymal transition (EMT) is the main cause of metastasis in most cases of human cancers including lung cancer. EMT 
involves the conversion of epithelial cells, wherein the cells lose their epithelial abilities and become mesenchymal cells involved 
in embryonic development, such as gastrulation and neural crest formation. In addition, recent research has indicated that EMT 
contributes to altering the cancer cells into cancer stem cells (CSCs). Although EMT is important in the developmental stages, 
this process also activates lung cancer progression, including complicated and diverse signaling pathways. Despite the numerous 
investigations on signaling pathways involved in the progression of lung cancer, this malignancy is considered critical for treat-
ment. EMT in lung cancer involves many transcription factors and inducers, for example, Snail, TWIST, and ZEB are the master 
regulators of EMT. EMT-related factors and signaling pathways are involved in the progression of lung cancer, proposing new ap-
proaches to lung cancer therapy. In the current review, we highlight the signaling pathways implicated in lung cancer and elucidate 
the correlation of these pathways, indicating new insights to treat lung cancer and other malignancies.
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tors also often correlate the expression of each other target 
genes to induce EMT (Peinado et al., 2007). Over the past 
decades, numerous studies in lung cancer have investigated 
the signaling pathways and factors involved in EMT. Since 
these features are complicatedly connected, an easy system-
atization is required to provide an insight into the association 
between EMT and lung cancer (Barbera et al., 2004; Hodge 
et al., 2005; Zhou et al., 2016; Pires et al., 2017). However, it 
remains unclear how such signaling pathways influence other 
pathways to induce EMT. These other pathways also need to 
be organized and combined with new findings related to EMT. 
In the current review, we highlight the correlation between 
factors and signaling pathways involved in EMT (especially 
in lung cancer cells), and organize the recent findings in EMT 
and lung cancer. The importance of organizing the pathways 
with inducing factors is related to future studies focused on 
investigating the extent to these factors or pathways contrib-
ute to EMT in lung cancer. Therefore, it is imperative to have 
a thorough knowledge of what factors and pathways are in-
cluded in the process.

DEVELOPMENTAL PROGRESS WITH EMT

EMT and gastrulation
Gastrulation comprises the formation of the gut, which in-

cludes EMT. When epithelial cells convert into mesenchymal 
cells, the cells obtain an irregular morphology and lose the 
features of epithelial cells (Hugo et al., 2007). EMT is a pro-
cess of development, such as egg cleavage or cellularization 
(Fazilaty et al., 2019). It is also involved in blastula formation, 
where cells undergo reorganization to establish the three pri-
mary germ layers, viz., ectoderm, mesoderm, and endoderm 
(Acloque et al., 2009). Before EMT, the epithelial cells acquire 
plasticity (Chin and Lim, 2019), and are subsequently able 
to remodel through various processes such as cell intercala-
tion, invagination, evagination, branching, and multi-layering. 
Cells can also reversibly or irreversibly alter into mesenchymal 
cells through EMT (Thiery and Sleeman, 2006). For example, 
when cellularization ends in drosophila, the mesoderm precur-
sor cells start to invaginate, which seems like a topological 
rearrangement of an intact epithelium. Mesoderm cells show 
a mesenchymal morphology after the invaginated mesoderm 
precursors obtain some epithelial characteristics. This impor-
tant process often allows the formation of the three-layered 
embryo during gastrulation (Leptin, 1999; Leptin and Affolter, 
2004). The EMT commences with a convergence of secreted 
signals like Wingless-related integration site (Wnt), nodal, fi-
broblast growth factor (FGF), bone morphogenetic protein 
(BMP), and some transcription factor expressions. The base-
ment membrane collapses when the EMT works on during 
gastrulation after apical constriction (Arnold and Robertson, 
2009). Also, research involving mouse Crumbs2 (CRB2) re-
vealed that cell ingression is induced during gastrulation. 
Studies have validated the role of CRB2 during gastrulation 
in directing stochastic actomyosin-dependent cell ingression 
(Tepass et al., 1990; Tepass, 1996). Thus, it has been deter-
mined that during gastrulation, EMT plays a key role to form 
a three-layered embryo, and gastrulation is the first step in 
embryonic development.

EMT and neural crest formation 
The first step of EMT occurs during early embryonic devel-

opment. After the formation of the mesoderm through gastru-
lation, neural crest (NC) formation is the primary process in 
EMT, which has an ability to differentiate into various cell types 
(Buckingham et al., 2003). Formation of the NC during EMT 
takes place in the early embryo, and its precursors undergo 
EMT to migrate to distant parts and differentiate into various 
derivatives such as schwannomas and gliomas (Boutet et al., 
2007; Acloque et al., 2009; Thiery et al., 2009). For example, 
NC is evidently the source of mesectodermal derivatives in the 
vertebrate head and neurons, glia, pigment cells of the skin, 
and chromaffin (Weston, 1970; Basch et al., 2006; Bronner, 
2012). The NC is induced by a few signaling factors, and the 
induction of NC is initiated with a combination of BMP, Wnt, 
and FGF signaling, which set up the neural plate border terri-
tory during the gastrula stage (Monsoro-Burq et al., 2005; Ezin 
et al., 2009). Wnt is one of the main factors in NC formation. 
The canonical Wnt signaling pathway induces and stabilizes 
the NC cell precursors, and the subsequent expression of BMP 
activates the EMT via inducing c-Myb, which activates Snail2 
(Karafiat et al., 2005, 2007). A group of essential transcrip-
tion factors (neural plate border specifier genes) regulated by 
extracellular signals is believed to turn on the EMT program in 
the dorsal neural tube (Sauka-Spengler and Bronner-Fraser, 
2008). A complicated series of cellular events which control 
regulators in the NC, permit the NC cells to emigrate from 
the neural tube. Another example of EMT is the generation 
of the NC during embryogenesis. Neural crest migrating over 
a long distance is ruled out from the neural epithelium, and 
development is at the boundary between the neural plate and 
the epidermal ectoderm. During this process, the NC loses 
N-cadherin-mediated cell-cell adhesion (Tucker et al., 1988; 
Duband et al., 1995; Bronner-Fraser, 2002). Hence, a harmo-
ny of transcription factors and signaling pathways involved in 
EMT is required for the formation of NC cells after gastrulation. 
Among the various processes during embryonic development, 
gastrulation and the formation of NC are associated with EMT.

EMT and fibrosis
EMT is also involved in fibrosis, and the role of EMT leading 

to organ fibrosis in tissue injury is now getting defined. Suf-
ficient evidence indicates that EMT is related to progressive 
kidney disease (Kalluri and Neilson, 2003), and probably in the 
lung (Chilosi et al., 2003) and liver afflictions. For example, the 
fibrosis of bleomycin-induced lung was induced by the Wnt1 
signaling pathway which initiates EMT (Otsuki et al., 2018). 
Progressive fibrotic diseases of the lung involve EMT. Eric 
Neilson has investigated fibroblast specific protein 1 (FSP1), 
which is a marker for EMT (Okada et al., 1996). The expres-
sion of FSP1 can disaggregate organ tissues which leads to 
avoiding differentiating during fibrogenesis (Iwano et al., 2002; 
Kalluri and Neilson, 2003). FSP1 contributes to fibrosis, and 
upregulation of FSP1 correlates with the prognosis and extent 
of fibrosis (Nishitani et al., 2005). The reduction of FSP1 cells 
weakens the fibrosis and collagen deposition, which is a caus-
al role for these cells in fibrotic diseases (Iwano et al., 2001). 
Kidney FSP1-positive cells originate from the bone marrow, 
and EMT has been detected at sites of renal fibrosis (Iwano 
et al., 2002). In renal tubular epithelial cells, the transform-
ing growth factor-β (TGF-β) induces EMT and expression of 
FSP1 (Fan et al., 1999; Strutz et al., 2002). The upregulation 

Biomol  Ther 30(3), 213-220 (2022) 



www.biomolther.org

Nam et al.   EMT Factors Establish Complex Networks in Lung Cancers

215

of TGF-β is induced by (TBM) disintegration (Zeisberg et al., 
2001). One in vitro study has also reported that E-cadherin, 
in a SMAD-dependent manner, leads to an event wherein the 
tubular epithelial cells can be reversed by BMP7 in TGF-β-
induced EMT (Kalluri and Neilson, 2003). BMP7 is one of the 
BMP family of TGF-β growth factors, and acts as a morpho-
gen in liver development. Kalluri and Neilson (2003) reported 
that EMT may play an important role in TGF-β1-mediated 
cardiac fibrosis. Kalluri and Neilson (2003) also demonstrated 
that cardiac fibrosis can be inhibited by an inhibitor of TGF-β 
signaling, viz., BMP7. BMP7 is an endogenous antagonist of 
TGF- β-induced EMT and it increases the expression of E-
cadherin induced by TGF- β (Kalluri and Neilson, 2003; Lee 
et al., 2006a). Also, several studies have demonstrated that 
EMT is related to the expression of FSP1 during renal fibrosis 
(Strutz et al., 1995; Okada et al., 1997). The presence of FSP1 
has been determined in tubular epithelial cells undergoing a 
transition in damaged nephrons (Okada et al., 1997, 2000). 
Increasing numbers of unhealthy fibroblasts were shown to be 
accumulated in the intermediate layer of the kidney through 
the damaged tubular basement membrane (TBM) (Okada et 
al., 1996). These FSP1 epithelia eventually lose their epithelial 
markers, indicating that EMT contributes to fibrosis, which is 
increasing rapidly.

EMT AND CANCER PROGRESSION

In lung cancer, evidence supports a critical role for EMT 
in cancer progression and metastasis. For example, TGF-β 
induces EMT in lung cancer cells, and subsequently activates 
SMAD, phosphatidylinositol 3-kinase (PI3K)-AKT, and Ras-
mitogen-activated protein kinase (MAPK) pathways (Shaw 
and Solomon, 2011). Those transcription factors have been 
investigated and determined to result in the development of 
lung cancer, including metastasis (Shih et al., 2005; Wang et 
al., 2011). Conversion of lung cancer cells into mesenchymal 
cells acquiring mesenchymal properties activates proteolysis 
and motility, resulting in metastasis of tumor cells and forma-
tion of a secondary tumor at distant sites. Numerous genes 
regulate EMT in lung cancer, such as the Snail family tran-
scriptional repressor (SNAI1). SNAI1 regulates the expression 
of numerous genes related to EMT in colorectal cancer cells 
(De Craene et al., 2005) indicating that EMT is regulated by 
several signaling pathways which are connected complicat-
edly (Seo et al., 2021). Additionally, many EMT-inducing tran-
scription factors such as Snail, Slug, δEF1, SMAD interact-
ing protein 1 (SIP1), twist family bHLH (basic helix-loop-helix) 
transcription factor 1 (TWIST1), and forkhead box protein C2 
(FOXC2) have been correlated with lung cancer progression, 
and expression of these genes has also been determined in 
certain invasive human and mouse tumor cell lines.

Upregulated genes related to EMT are associated with 
poorly differentiated tumors in breast cancer (Teschendorff et 
al., 2007). The loss of E-cadherin and expression of N-cad-
herin are examples indicative of prostate cancer progression 
(Gravdal et al., 2007). However, considering lung cancer and 
its progression with EMT remains complicated. For example, 
despite the overexpression of EMT-associated genes in lung 
cancer, neither E-cadherin nor N-cadherin is related to non-
small lung cancer cells (Prudkin et al., 2009). Further investi-
gations are required to define the association of each signaling 

pathway, and to characterize the role of EMT in lung cancer.

EMT AND INDUCING FACTORS IN LUNG CANCER

TWIST, Goosecoid, and FOXC2
One research team reported that TWIST, Goosecoid, and 

FOXC2 are transcription factors that regulate developmental 
EMT and have a critical role in metastasis. These genes are 
highly expressed, and the gene products facilitate metastasis 
in mouse models and human tumors. The TWIST is a basic 
helix-loop-helix transcription factor that was identified as an 
EMT activator (Castanon and Baylies, 2002). In recent find-
ings of TWIST, the recent study found that long noncoding 
RNAs in TWIST1 were heightened in lung cancer metastatic 
tissues. This was caused by activating the Wnt/β-catenin sig-
naling pathway (Pan et al., 2020). The research team showed 
that the expression of TWIST induces an in vitro EMT in breast 
cells. When TWIST is inactivated, the development of metas-
tasis is inhibited in vivo (Yang et al., 2004). Goosecoid is a 
homeobox transcriptional inhibitor that controls the Spemann 
organizer in vertebrate gastrulation, and is one of the first 
identified embryonic pattern modulators (De Robertis et al., 
2001). Both TWIST and Goosecoid regulate FOXC2, one of 
the FOX family of forkhead helix-turn-helix DNA-binding pro-
teins, which manipulates EMT and development in many tis-
sues (Carlsson and Mahlapuu, 2002). TWIST, Goosecoid, and 
Snail1 suppress E-cadherin, induce FOXC2, and improve cell 
migration. However, there has been no investigation clarifying 
whether pathways of these three genes are correlated. Impor-
tantly, the upregulation of mesenchymal gene transcription is 
directly induced by FOXC2.

All the above genes are expressed in certain invasive 
mouse and human cancer cell lines, and especially TWIST1 is 
reported to be crucial for metastasizing in mouse breast can-
cer cells, from the mammary to the lung (Yang et al., 2004). 
The human carcinoma cells also gain the ability to dissemi-
nate with overexpression of FOXC2 or Goosecoid (Hartwell et 
al., 2006; Mani et al., 2007). Induction of EMT signal involves 
TGF-β signaling in multiple human cancer cell lines. When the 
tumor enters the later stage, the cells begin to activate EMT 
and spread to other organs. TGF-β induces Snail, slug, and 
SIP1, and also induces a loss of cell-cell adhesion by sup-
pressing the expression of E-cadherin (Lander et al., 2011).

GSK3β, PAK1, and SNAI1
Another example of an EMT regulator in lung cancer is gly-

cogen synthase kinase 3β (GSK3β). GSK3β is inhibited by the 
protein kinase B (AKT/PKB), Wnt, and Hedgehog pathways 
(Polakis, 2000; Grille et al., 2003). GSK3β phosphorylates 
several transcription factors including Snail, p53, Myc, and 
nuclear factor of activated T cells (NFAT), which induce its 
nuclear export (Beals et al., 1997; Zhou et al., 2004). GSK3β 
phosphorylates two Ser residues on Snail, one of which in-
duces SNAI1 for ubiquitination and degradation, whereas the 
other induces its nuclear export. The inhibition of GSK3β leads 
to increased cellular levels of SNAI1 with downregulation of 
E-cadherin. SNAI1 also receives a signal from the epidermal 
growth factor (EGF) through p21-activated kinase-1 (PAK1) 
(Yang et al., 2005). PAK1 induces phosphorylation of SNAI1 
on a different Ser residue of GSK3β, resulting in accumula-
tion of SNAI1 in the nucleus and subsequent SNAI1-mediated 
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transcriptional repression of target genes. When the phos-
phorylation site of SNAI1 is mutated or the expression of PAK1 
is downregulated, the SNAI1 is accumulated in the cytoplasm 
and its transcriptional-repressor activity is reduced. Taken to-
gether, these results indicate how several different signaling 
pathways communicate to manipulate EMT under the influ-
ence of SNAI1 and its activity (Thiery and Sleeman, 2006).

TGF-β
A number of signal factors involved in EMT have been 

identified, including FGF, Wnt, and Notch proteins. Several 
studies revealed that some signaling pathways involved in 
EMT are able to communicate with each other (Timmerman 
et al., 2004). TGF-β is one of the most studied inducers of 
EMT. The recent study investigated the effect of TGF-β on 
the expression levels of EMT through next-generation se-
quencing. They found that TGF-β causes the demethylation 
of H3K27me3 in the Snail1 promoter and increases the ex-
pression of Snail1 leading to EMT (Kim et al., 2020). Another 
example, TGF-β2 and TGF-β3 control the atrioventricular ca-
nal and palate-fusion EMT, respectively (Wang et al., 2005). 
When the TGF-β binds to its receptors, Smad2 and Smad3 
are activated through C-terminal phosphorylation. Activated 
Smad2 and Smad3 then bind to Smad4 to form trimers, and 
this complex subsequently migrates into the nucleus where 
it interacts with the DNA binding transcriptional factors. This 
results in regulating the expressions of TGF-β target genes 
(Fuxe et al., 2010). To get high affinity and selectivity for the 
target gene, SMAD transcriptional factors must correlate with 
cofactors like Snail and zinc finger E-box binding homeobox 
(ZEB) factors because of their low affinity to DNA. In TGF-β in-
duced EMT, Smad3, Smad4, and TGF-β receptors are critical 
factors (Valcourt et al., 2005). TGF-β is also involved in other 
signaling pathways such as Wnt (Eger et al., 2004; Shin et al., 
2010), Notch (Timmerman et al., 2004), and Ras-MAPK (Xie 
et al., 2004), leading to EMT.

Furthermore, receptor-mediated signaling in response to 
these ligands activates intracellular effector molecules. For 
example, the small GTPase family (Ras, Rho, and Rac) are 

members of the Src tyrosine kinase family. These factors 
are involved in altering the organization of the cytoskeleton 
and disassembling junctional complexes during EMT (Unge-
froren et al., 2018). The induced signaling pathways lead to 
activation of transcriptional regulators such as snail (SNAI1) 
and slug (SNAI2), which are involved in managing the gene-
expression patterns. The main role of SNAI1 in EMT has been 
studied, and it has been determined that the stability, subcel-
lular localization, and function via different phosphorylation 
events are controlled by complicated regulations as seen in 
Fig. 1 (Barrallo-Gimeno and Nieto, 2005; Lim et al., 2013).

Other EMT-inducing factors
In certain carcinoma cells, overexpression of E-cadherin 

represses the invasive and metastatic ability; conversely, sup-
pressing the E-cadherin function in noninvasive tumor cells 
induces invasion and metastasis (Frixen et al., 1991; Perl et 
al., 1998). The expression of E-cadherin ceases at the early 
stage of tumor development, resulting in tumors reflecting a 
mesenchymal phenotype. The formation of the E-cadherin-
mediated adherent junction is downregulated by several tyro-
sine kinases in cancer cells (Guilford et al., 1998). Additionally, 
E-cadherin is also phosphorylated and binds to Hakai E3-li-
gase. The phosphorylated E-cadherin-Hakai complexes are 
then internalized to endosomes and degraded in lysosomes. 
Thus, cell adhesion in tumor cells is disrupted by activating 
tyrosine kinase (Fujita et al., 2002; Pece and Gutkind, 2002). 
Additionally, subsequent to the loss of cell-cell adhesion, the 
cells must modulate the integrin-mediated contacts with the 
extracellular matrix (ECM). Recent work has shown an ex-
tensive correlation between integrin signaling and pathways 
that control EMT. For example, MAPK-p38 induces TGF-β 
signaling and relies on signaling by β1 integrin. Conversely, 
the expression of disabled-2 (DAB2) induced by TGF-β binds 
to β1 integrin, leading to integrin activation and the formation 
of focal adhesions (Bhowmick et al., 2001). Several research 
teams have reported that the downregulation of E-cadherin 
promotes integrins, as endocytosis of E-cadherin activates 
the small GTPase Rap1 which is a protein that modulates 
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Fig. 1. Overview of the signaling pathways during EMT in lung cancer. Several signaling pathways which induce epithelial-mesenchymal 
transition (EMT) are selected. Transforming growth factor-β (TGF-β) plays a key role in lung cancer cells during EMT, activating mitogen ac-
tivated protein kinase (MAPK), SMAD2, and SMAD3 to induce EMT. It also induces the phosphoinositide 3-kinase-protein kinase B (PI3K-
Akt) pathway which subsequently suppresses the glycogen synthase kinase-3β (GSK-3β). GSK-3β then represses the expression of the 
snail family transcriptional repressor 1 (SNAI1). Conversely, the expression of SNAI1 and SNAI2 is activated by MAPK. This derives EMT 
by suppressing the expression of epithelial-cadherin (E-cadherin). E-cadherin is also downregulated by the twist family bHLH transcription 
factor (TWIST) and forkhead box protein C2 (FOXC2). Ras is activated by tyrosine kinase, which subsequently induces PI3K-AKT and 
MAPK, and eventually leading to EMT.
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integrins to activate, and is needed to form focal adhesions 
(Balzac et al., 2005). Interestingly, integrins can downregulate 
E-cadherin in various ways; e.g., integrin-linked kinase (ILK) 
interacts with the cytoplasmic domain of β1 and β3 integrins 
so that ILK can suppress the expression of E-cadherin (Li et 
al., 2003; Oloumi et al., 2004).

EMT AND CANCER STEM CELLS

Recent evidence suggests that EMT is involved in acquir-
ing cancer stem cell (CSC) features, such as the capacity for 
self-renewal (Sato et al., 2016). CSCs account for a minimal 
portion of tumor cells, and can differentiate into heteroge-
neous lineages of cancer cells. Cells that originate in EMT 
have cancer stem cell-like features. Subsequent to the cancer 
cells undergoing metastasis in lung cancer, the secondary tu-
mor requires the abilities of CSCs. However, the correlation 
between EMT and CSC remains unclear. Studies reveal that 
several transcription factors are involved in CSCs (Maiuthed 
et al., 2018). One research team identified that mammary 
epithelial cells initiate EMT by upregulating Snail, Twist, or 
TGF-β. Further investigations revealed that the mesenchymal 
cells induced by EMT are able to differentiate into osteoblast, 
adipocytes, and chondrocytes. The study also ascertained a 
correlation between cancer stem cells and EMT (Hao et al., 
2014).

Conversely, studies have reported the transcriptional regu-
lation of EMT. For example, the transcriptional repressor ZEB1 
and miR-200 family of miRNAs are reported to modulate EMT 
by intervening in a negative feedback loop (Bracken et al., 
2008). ZEB1 suppresses the expressions of miR-200 and 
miR-203 which inhibits stemness. These features suggest the 
interaction between cancer stem cells and EMT (Zhang et al., 
2015). Besides, miR-200, miR-203, and miR-183 contribute 
to the downregulation of stem cell factors in tumor cells (Well-
ner et al., 2009), and especially, the candidate factors of miR-
200 are known to participate in stem cells such as Sox2 and 
Klf4 (Wang et al., 2013). Recent work has shown that AT2, 
cell-specific marker surfactant apoprotein-C (SP-C), and CCA 
(Clara cell-specific marker) are found in normal lung and lung 
cancer cells (Kim et al., 2005). Since ZEB1 regulates cancer 
cells at the transcriptional level, it is also involved in cell motil-
ity, which is one of the main characteristics of cancer cells. In 
the early phase of tumorigenesis, ZEB1 activates the Kirsten 
rat sarcoma virus (KRAS) mutation in the PI3K-Akt signaling 
pathway by suppressing the expression of the phosphatase 
and tensin homolog (PTEN) (Liu et al., 2014). Given that there 
have been more advances in studies of ZEB1, regulation of 
ZEB1 might be useful to treat lung cancer. However, further 
studies are required to identify the correlation between lung 
cancer stem cells and EMT.

CONCLUSION

The conversion of epithelial cells to mesenchymal cells is 
a crucial step for cell heterogeneity when considering the po-
tential fates during embryonic development. Numerous genes 
are involved during the development stage. We first focused 
on what factors are related to EMT during the process of gas-
trulation, which leads to the formation of the three germ lay-

ers capable of differentiating into all tissue types. This process 
includes several transcription factors including Wnt, FGF, and 
BMP. EMT is initiated after gastrulation, leading to the subse-
quent formation of the NC. NC loses the property of cell-cell 
adhesion, and converts into mesectodermal derivatives in the 
vertebrate. The EMT is involved not only during development, 
but also in fibrosis. FSP1 plays a key role in fibrosis. During 
fibrosis, EMT is associated with the expression of FSP1. As 
presented above in the previous sections, several studies 
have proposed that fibrotic diseases of the lung include EMT.

EMT is also associated with tumorigenesis and metastasis. 
Excessive proliferation of epithelial cells can be the origin of 
a primary tumor. When this tumor attains the ability to change 
into mesenchymal cells which can migrate to other organs, the 
tumor cells undergo EMT. In the case of lung cancer progres-
sion, the cancer cells convert into mesenchymal cells to acti-
vate proteolysis and motility. Consequently, the cancer cells 
metastasize and establish a secondary tumor at distant sites. 
SNAI1 is one of the EMT-inducing factors which regulate the 
expression of genes related to EMT. However, various com-
plicated signaling pathways are involved in EMT; hence, we 
have accumulated the characteristics and pathways of EMT to 
rearrange and introduce their correlation. It is well recognized 
that cancer cells undergo EMT which leads to metastasis, and 
this can be associated with cancer stem cells. Despite discov-
ery of the many pathways of EMT, the extent of participation of 
the inducing factors and the pathways in lung cancer cells with 
EMT remains unclear. The contribution of each pathway dur-
ing EMT needs to be investigated to understand the level of 
contribution. In addition, we propose that manipulating the ef-
ficacy of EMT-inducing factors can be a new approach in lung 
cancer treatment. Increasing studies are now indicating that 
targeting EMT-related signaling pathways is a new approach 
to treat lung cancer and other malignancies. Our review was 
undertaken to suggest insights into how we might increase 
the efficacy of cancer therapy. In recent cancer treatments, 
the therapies are targeting not just one factor or signaling 
pathway, but rather multiple targets. Thus, understanding how 
factors and signaling pathways are associated with EMT is 
important to treat cancer effectively, and this review might give 
an insight in conjunction with other EMT-targeted treatments. 
Future studies need to uncover the correlation between EMT 
and lung cancer, with unidentified or identified factors. Since 
one pathway or inducing factor might be influenced by another 
factor during EMT, researchers need to study not only factors 
that participate in EMT, but also the degree of their contribu-
tions.
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