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ABSTRACT

Epithelial Mesenchymal Transition (EMT) is a crucial process in embryogenesis, however it also
plays an important role in pathologies including inflammation, wound healing and cancer. EMT is a
determining step in cancer metastasis as tumour cells utilise the process of EMT for invasion,
migration and colonization at distant sites. The transforming growth factor-B (TGF-B) is a
pleiotropic inflammatory cytokine belonging to the TGF-B super family of growth and
differentiation factors secreted by immune, non-hematopoietic and tumour cells. Three TGF-p
isoforms, TGF-B1, TGF-B2, and TGF-B3 are recognized in mammals. TGF-B induced signalling
pathways remains the most prominent among other pathways inducing EMT. The TGF- induced
signaling pathways are inducted in all three types of EMT including the physiological
embryogenesis process and pathological process such as wound healing and tumorogenesis.
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squamous cell carcinoma.

TGF-B acts via the SMAD and Non-SMAD pathways and plays major roles in tumour infiltration
and metastasis. This article aims to briefly review the role of TGF- B induced signalling pathways
and its role in tumour progression in human cancers such as lung cancer, breast cancer and oral

Keywords: Epithelial mesenchymal transition; TGF- B, cancer.

1. INTRODUCTION

The development of a multicellular organism
from a single cell into multiple cells which gets
organized into tissues and organs are piloted by
processes such as cell proliferation,
differentiation, cellular interactions and cell
movements. During embryogenesis, the cells
undergo phenotypical changes and differentiates
into specialized cells for structural and functional
adaptations. One of the very early divergence in
cellular phenotype are seen with the
development of epithelial and mesenchymal cell
populations during early embryonic stage. The
epithelial tissue gets assembled as a sheet of
epithelial cells which abuts each other. The
epithelial cells maintain an apico-basal polarity,
internal skeletal framework through
cytoskeletons and adheres to one another
through cell—cell junctions. They line the external
and internal surface of organs and act as a
barrier to the external environment. The
mesenchymal cells, unlike epithelial cells do not
possess a rigid framework, they provide support
and forms the structural framework of the
organism by producing the extra cellular matrix

[1].

The epithelial and mesenchymal cellular
phenotypes are dynamic and the transition
between epithelial and mesenchymal cell
population is known as Epithelial Mesenchymal
Transition (EMT). It is a transition process where
the epithelial cells loose their cell polarity, inter
cellular adhesion, shape and turn into more
mesenchymal like shape. The resultant more
mesenchymal like cell can revert back to
epithelial like cell through a reversible process
known as Mesenchymal Epithelial Transition
(MET). Initially it was described as ‘epithelial-
mesenchymal transformation’ and later the term
‘transformation’ was replaced with ftransition’
indicating the reversibility of the process. While

EMT is a crucial normal process in
embryogenesis, studies suggest that it plays an
important  role in  pathologies including

inflammation, wound healing and cancer. EMT is
a determining step in cancer metastasis as
tumour cells utilise the process of EMT for
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invasion, migration and colonisation at distant
sites [2].

The transforming growth factor-B (TGF-B) is a
pleiotropic inflammatory cytokine belonging to

the TGF-B super family of growth and
differentiation factors secreted by immune, non-
hematopoetic and tumour cells [3]. The

prominent family members includes TGF-3
isoforms, TGF-B1, TGF-2, and TGF-f3 and
Activins, Nodal and Bone morphogenetic
proteins (BMPs), all of which play major roles in
physiological process like developmental
patterning, tissue differentiation, and
maintenance of homeostasis and pathological
process like cancer progression [3]. In
tumorogenesis, the TGF-B signalling pathway is
significant for the driving of EMT process. TGF-3
secreted by tumour cells, cancer-associated
fibroblasts (CAFs), or immune cells, is capable of
inducing new extracellular matrix (ECM)
synthesis  remodelling by secretion  of
metalloproteases (MMPs-2, 9) that promote cell
invasion. [4]

2. EPITHELIAL-MESENCHYMAL
TRANSITION

The epithelial mesenchymal transition (EMT) is a
reversible process of transition of epithelial cells
into a quasi- mesenchymal state (Fig. 1).
However, the plasticity of this transition is
revealed by the conversion of mesenchymal cells
to epithelial cells by a process known as
mesenchymal-epithelial  transition [5]. The
classification of EMT was proposed by an expert
panel meeting on EMT in Poland in 2007,
followed by a further meeting in Cold spring
harbour Laboratories in 2008. EMT is classified
according to the three different biological settings
namely EMT Type 1, 2 and 3. EMT1 occurs in
embryogenesis, type 2 in wound healing and
tissue regeneration and type-3 in cancer
progression. A variety of biomarkers are used to
demonstrate all three subtypes of EMT which are
shown in Table 1. [6].

Studies suggest that activation of EMT process is
critical for the acquisition of malignant
phenotypes by epithelial cancer cells. EMT plays
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major role in cancer progression, tumour
invasion and distant metastasis. Various
epithelial mesenchymal transition transcription
factors such as Zinc-finger E-box binding
homeobox factors ZEB1 and ZEB2, SNAIL
(SNAI1), SLUG (SNAI2) and basic helix-loop-
helix factors TWIST1 and TWIST2 induces the
expression of genes that promotes the transition
of epithelial cells into mesenchymal cells and
suppresses the genes responsible for the
maintenance of epithelial state [7]. E-cadherin,
epithelial cell adhesion molecules (E-CAM),
occludins, claudins and &gB, integrins are down
regulated which leads to the dissolution of
epithelial cell and apico-basal polarity. Snail,
Zeb, and Twist (E-cadherin repressors) pathways
induces E-cadherin  silencing by hyper
methylation of E-cadherin promoter region. This

leads to weakening of adhering junctions and
loss of epithelial integrity. The tight junction
integrity is lost by down-regulating molecules
like claudins and occludins. Subsequently
desmosomes and tight junctions are
disrupted. As the transition progresses the
junctional proteins are transcriptionally
reversed resulting in permanent loss of epithelial
junctions which in turn affects the apico-
basal polarity of the epithelial cells due to
disruption of hemidesmosomes and d&s Pa
integrins. There is simultaneous up-regulation of
mesenchymal  characteristics induced by
proteins such as N-cadherin, Vimentin,
Fibronectin, B, and B; integrins. Additionally the
activation  of proteinases (MMPs-2, 9)
facilitates basement degradation and cell
migration. [7]

Table 1. Biomarkers of EMT

CATEGORY /FUNCTION Biomarker EMT associated change
Cell surface protein E-cadherin, Desmoplakin, Down regulated
molecules Z0-1,0occludins,Claudins

Transcriptional factors

Cytoskeletal molecules B-catenin, Cytokeratins

Vimentin, d-smooth muscle actin
Collagen | and Il, fibronectin

Extracellular matrix proteins
Collagen IV

Snail, Slug (Snail 2),Twist, LEF-1,ZEB,NF-kB

Up regulated
Down regulated
Up regulated
Up regulated
Down regulated

Epithelial cells

[E—

Transition state Mesenchymal cells

>
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>
>
>

Fig. 1. Epithelial- Mesenchymal Transition
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2.1 Transforming Growth Factor-f (TGF-
B)

The members of the Transforming growth factor
(TGF) super family encompasses multifunctional
growth and differentiation factors which play
major roles in physiological cellular functions
such as growth, differentiation, and apoptosis
and in pathological conditions such as
inflammation and tumerogenisis [3]. The term
Transforming growth factor is derived from the
transforming ability of the cytokines to induce
anchorage-independent  growth  on  cells
irrespective of the action of Epidermal growth
factor (EGF). In mammals they are encoded by
33 genes. The TGF super family is classified into
several subgroups based on their structure and
sequence of the encoded polypeptides. Three
TGF-B isoforms, TGF-B1, TGF-f2, and TGF-B3
were recognised in mammals. TGF-$ is a 25-kd
disulphide-linked dimeric pleotropic cytokine
secreted by immune, nonhemotopoietic and
tumour cells. It is synthesised as a large
precursor molecule consisting of 390 amino acid
chain and it consist of three segments: an amino
terminal segment, a carboxy terminal segment
and a proterminal segment (Fig. 2a). The
prosegments are known as latency-associated
peptides (LAPs) and they vary in length from 150
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Fig. 3b. Noncanonical (Non-SMAD) Pathway

to 450 residues. These prosegments remain
noncovalently linked to the mature TGF-B dimer
in complexes called “small latent complexes” and
makes it unable to bind to the receptors (Fig. 2b).
The prosegment of TGF-B1 contains a proline-
rich loop, or latency lasso, which surrounds a
TGFB1 monomer like a straitjacket. Activation of
TGF ligand is brought about by proteolytic
cleavage of proteinases (MMP-9, MMP-2),
interaction with & 48 5 or by the pH changes in
local microenvironment [8]. Thus, tumour cells
are well equipped to activate TGF-B locally by
secretion of MMPs (MMP-9, MMP-2) [8].

3. TGF-B SIGNALING PATHWAYS IN EMT

EMT is initiated by numerous pathways such as
resident fibroblast induced hypoxic pathways and
inflammatory cytokine induced pathways (TGF-f3,

MMP-2, MCP-1 and type Il collagen) out of which

the TGF-B induced signalling pathways remains
the most prominent [9]. The TGF-f induced
signalling pathways are inducted in all three

types of EMT including the physiological
embryogenesis process and pathological
process such as wound healing and

tumorogenisis. The TGF-Bf can activate cell
signalling pathways via canonical pathway also
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known as SMAD (SMA from ‘Caenorhabditis
elegans Sma gene’ and MAD from ‘Mothers
against decapentaplegic’) related proteins
pathway and the non-canonical pathway known
as non SMAD pathway. TGF-B is secreted as an
extracellular inactive dimeric protein. Upon
secretion of proteases (MMPs-9, 2) the inactive
precursor molecule undergo cleavage and
structural transformation as active ligands which
binds to its transmembrane receptors [10]. TGF-
B signalling pathway is intervened by three TGF
ligands namely TGF-f1, B2, B3 via acting on
their receptors namely TGF- Type-1 (TGFBR1)
and Type-2 receptors (TGFBR2). Hyaluronan is
found to be a cofactor which aids the TGF-B
ligands to bind to its receptors [11].

3.1 Canonical Pathway (SMAD) Pathway

In the canonical pathway (SMAD) pathway the
TGF-B ligands binds with the Type-2 receptor
monomers which induces the dimerization of the
Type-2 receptor monomers. This dimerized
Type-2 receptors will recruit the Type 1 receptors
to their proximity and exhibits kinase activity and
phosphorylates the Type 1 monomers at serine
residues and a hetromeric tetra complex of both
Type-1 and Type-2 receptors along with the
signalling ligands are formed. This activates the
Type-1 receptor. This activated hetromeric tetra
receptor complex attracts regulatory SMADs
(SMAD 2 and SMAD 3) which are cytosolic
receptors responsible for down streaming of
pathway [12]. The regulatory SMADs (R-SMADS
2 and 3) are phosphorylated directly by typel
receptor, which enables them to bind to SMAD4
which is a co regulatory SMAD and SMAD
anchor for receptor activation (SARA) [13] .This
activated complex gets transferred to the nucleus
where it binds to the DNA and regulates gene
expression. The down streaming of the signalling
pathway is co-piloted by Co-Smad and regulated
by the inhibitory activity of inhibitory SMAD
(SMAD7). SMADY7 acts as a negative regulator of
TGFBR1 by recruiting SMURF2 (SMAD
ubiquitination regulatory factor 2), an E3 ubiquitin
ligase, to the receptor, and mediates its
degradation, and thereby attenuates the
signalling. This negative feedback loop prevents
prolonged pathway activation [14]. (Fig. 3a)

3.2 Non-canonical Pathway (non-SMAD)
Pathway

The non-canonical pathway, also known as non-
SMAD pathway activates the Erk/MAPK pathway
and the phosphoinositide 3 kinase (PI3K)/Akt
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pathway. These non-Smad pathways work
independently or together with Smad complexes
(Fig. 3a). In the non-canonical pathway, the
activated TGF-B receptor complex conveys
signals through a number of factors such as
tumor necrosis factor (TNF), receptor associated
factor 4 (TRAF4), TRAF6, TGFpB-activated kinase
1 (TAK1), p38 mitogen-activated protein kinase
(p38 MAPK), p42/p44 MAPK, phosphoinositide
3-kinase PI3K/AKT, extracellular signal regulated
kinase (ERK), JUN N-terminal kinase (JNK), or
nuclear factor-kB (NF-kB) to reinforce or
attenuate downstream cellular responses. The
TGF-B pathway cross talks with several
pathways associated with tumor progression
such as TNF-alpha pathway, Notch pathway,
Hedgehog pathways, WNT pathway, Hippo
pathway and Ras pathway [15]. (Fig. 3b)

TGF - signalling pathways controls the gene
expression of several extracellular matrix
components [16]. They up regulate the
production of proteases and paves ways for cell
signalling, cell migration and tumour metastasis.
The TGF —B signalling pathway down regulates
the epithelial cell surface molecule such as E-
cadherin thereby accelerating the EMT process.
TGF-B also down regulates epithelial cell polarity
proteins such as Crumbs3 (CRB3) and RhoA
small GTPase, by inducing Snaill, culminating in
the loss of tight junctions [17]. The TGF-3 Type 2
receptor phosphorylates Par6, a polarity adaptor
protein, which in turn binds to Smad
ubiquitylation regulatory factor 1 (Smurfl) and
degrades RhoA. The canonical and non-
canonical signalling pathways also induces the
expression of the salt-inducible kinase 1 (SIK1)
which along with Smad7 recruits Smurf 2 to the
TGFB type | receptor and promotes lysosomal
degradation [13]. SIK1 promotes phosphorylation
and proteosomal degradation of Par3 and
facilitates the TGFB-induced EMT [17]. TGFB
also induces SOX5 expression, which binds to
Twist-1 promoter and activates its expression to
induce the EMT [18].

3.3 Dual Role of TGF-f Signalling in
Tumorogenesis

Studies in knockout mice suggests that TGF-p
acts a tumour suppressor in the initial stages of
tumorogenesis. However, in later stages they
promote cellular proliferation and migration by
initiating the process of EMT [19]. The role of
balance effect of the TGF-B induced signalling
pathways in normal and tumour cells is of utmost
importance as they may serve as therapeutic
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targets in epithelial malignancies. Studies have
shown that TGF- signalling arrests the cell cycle
in G1 phase, up regulates cyclin-dependent
kinase (CDK) inhibitors and down regulates Myc
expression for inhibition of cell growth.
Smad3/Smad4 complexes interact with forkhead
box O (FoxO) to increase the expression of CDK
inhibitors, namely p15 and p21. In the presence
of  co-repressors, Smad3/Smad4 complex
interacts with a cell cycle regulator gene (Myc
promoter) [20]. Smads induces apoptosis in
epithelial cells through the activation of P53, Bcl-
2-like protein 11 and death-associated protein
kinase, and the repression of Akt. TGFBRI also
induces apoptosis in normal epithelial cells
through TGF-B-activated kinase 1 (TAK1)-p38/c-
Jun N-terminal kinase, independent of Smads
[19].

Among the various proposed mechanisms of its
dual role, the imbalance between the canonical
(SMAD) and the non-canonical pathways (non-
SMAD) has been suggested as major playback
mechanism (Fig. 3b) [20]. Oncogenic Ras down
regulates Smad4 and the resultant low levels of
Smad4 activate Ras-dependent ERK signalling,
leading to the progression of undifferentiated
carcinoma in keratinocytes [21]. Another possible
mechanism is the suppression of SMAD2 by
Disabled homolog 2 (DAB2), a putative tumour
suppressor gene. Hannigan et al reported that in
oral squamous cell carcinoma the epigenetically
down regulated DAB2 negatively regulates
Smad2 and its downstream pathway [22].
Therefore, down regulation of DAB2 leads to the
conversion of TGF-f as a tumour promoter.
Additionally, the suppressive effect of Smad7 on
the canonical TGF-B signalling pathway is
greater than that on non-canonical pathways
involving TAK1 signalling, such as TAK1-NF-kB
signalling, which favours malignant progression.
The TGF-B-mediated growth inhibition and
progression is currently an important focus of
carcinogenesis research [23-25].

4. ROLE OF TGF-B IN LUNG CANCER

TGF-B signalling plays critical roles in the lung
epithelium and mesenchyme, and is required for
epithelial-mesenchymal interactions to achieve
lung alveologenesis via SNAI2/ZEB pathway.
The alveolar epithelium includes basal, ciliated
and neuro endocrinal cells and the alveoli is lined
by type 1 and type 2 epithelial cells [26]. TGF-
induces EMT process in alveolar epithelial cells
to configure a mesenchymal phenotype, which is
a crucial process in lung differentiation and

79

development. TGF-B induced EMT-related
transcriptional repressors (SNAI1/SNAI2 and
ZEB1/ZEB2) inhibits the action of NKX2-1, a
homeodomain transcription factor which is
essential for lung epithelial cell differentiation
[26]. TGF-B promotes transdifferentiation of
surfactant protein C (SPC)-positive type I
alveolar epithelial cells to type | alveolar epithelial
cells that express podoplanin. It also promotes
transdifferentiation of lung fibroblasts to
myofibroblasts by up regulating a-smooth muscle
actin (a-SMA), and down regulating TBX4, a T-
box family transcription factor unigque to lung
fibroblasts. TGF- B signalling induced EMT via
canonical pathway by phosphorylation of SMAD
2 and induction of SMAD 7 was observed in
human small cell lung carcinoma cells and non-
small cell lung carcinoma which includes
histological subtypes such as adenocarcinoma,
squamous cell carcinoma [27]. In lung
carcinoma, the TGF-B pathway cross talks with
other pathways such as oncogenic KRAS
pathways. Oncogenic KRAS significantly
enhances TGF-B-mediated SNAI1 expression in
cancer cells harbouring constitutively active
KRAS mutations. [28]

5. ROLE OF TGF-B IN BREAST CANCER

Studies suggests that decreased TGFBR2 is
associated with an increased risk of developing
invasive breast cancer, and that TGFBR2 is a
marker of poor prognosis in breast cancers [29-
31]. In the TGF-B signalling pathways, TGFBR2
is critical for transcription. Tumour cells are less
sensitive to TGF-B-mediated growth inhibitory
responses upon TGFBR2 down-regulation [32].
Epigenetic reprogramming of cells has been
attributed to the development of a wide range of
cancers, including breast cancer [33]. An intricate
relationship between epigenetic regulators and
TGF-B signaling has been established in breast
cancers. TGF-B induced SNAI2 promotes EMT
by repressing miR-203. Although miR203
targeted SNAI2, SNAI2 induced by TGF-$ could
directly bind to the miR-203 promoter to inhibit its
transcription. SNAI2 and miR-203 formed a
double negative feedback loop to inhibit each
other’s expression, thereby controlling EMT. [34]

6. ROLE OF TGF-B IN ORAL SQUAMOUS
CELL CARCINOMA

Oral squamous cell carcinoma (OSCC) accounts
for 90% of head and neck cancers and the
common risk factors include tobacco, areca nut
and human papilloma virus infection [35].
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Evidence suggests that deregulation of TGF-8
signaling is of great importance in OSCC [36].
Expression of Smad4 and Smad2 is frequently
lost in OSCC, while increased TGF-B1
expression has been reported [36]. In the initial
stages of OSCC TGF-B acts a tumour
suppressor while in later stages it acts a tumour
promoter. In keratinocytes TGF-B up regulates
the expression of cyclic AMP-dependent
transcription factor-3, which serves as a cofactor
for binding of Smad3/Smad4 complexes to the
ID1 promoter [36]. This in turn down regulates
the IDI leading to cell differentiation. Over
expression of TGF-B1 was reported which results
in hyperproliferation of cells at the head and neck
epithelium enhancing inflammation and
angiogenesis. The TGF-f1 promotes cell
proliferation by the formation of an extracellular
microenvironment that favours tumour formation
[36]. Loss of TGFBRI or TGFBR2 partly subverts
TGF-B1-induced cell cycle arrest, and this effect
along with the increased production of TGF-p1
may result in its accumulation in the extracellular
microenvironment. The loss of TGFBRI or
TGFBR2 has also been proven to lead to
increased cell proliferation and inhibit the
apoptosis of head and neck squamous cell
carcinomas [37]. In OSCC, TGF-p signalling has
been implicated in EMT through Snail and up
regulation of MMP-9 levels [36]. Yu et al has
demonstrated that the TGF-B1 expression in
HNSCC was correlated with decreased E-
cadherin level through the phosphorylation of
Smad2/3 and subsequent involvement of Smad4,
which bound to the Snail promoter and also via
non smad pathways such as extracellular signal-
regulated kinase (ERK) [38]. In addition, MMP-9
degradation of the extracellular  matrix
components and basement membrane is
regulated by TGF-B1 through Smad2/3 and
myosin light chain kinase in OSCC leading to
tumour invasion and metastasis. [36]

7. CONCLUSION

TGF-B is a multifunctional inflammatory cytokine
secreted by immune and tumour cells and it
regulates cell proliferation, differentiation and
apoptosis by the TGF-B mediated pathways.
TGF-B plays dual role in tumourogenesis as a
tumour suppressor in the initial stage of
oncogenesis and as a promoter in later stages.
TGF-B signalling is reported to balance the
proliferation and apoptosis in the epithelium and
defective TGF-f signalling in tumour cells leads
to the resistance in TGF-B-induced growth
inhibition and undergo EMT process. The factors

80

responsible for controlling the molecular and
cellular consequences of TGF-f signalling has to
be identified. Many transcription factors, like
delta EF1/ZEB1, SIP1/ZEB2, and Snail/SNAIL,
are induced by TGF-beta-Smad signaling and
play critical roles in TGF-beta-induced EMT [39].
Several epigenetic regulators have been shown
to directly control certain components of TGF-3
signalling, which might plausibly offer a route to
successfully targeting this pathway. A novel
EMT-based approach to neutralize the oncogenic
activities of EGF and TGF-B in aggressive of
breast cancer has been identified [40]. With the
advent of novel target based therapeutics in
human cancers, further researches in the context
of cancer cell lines are required.
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