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Abstract

The transforming growth factor‐β (TGF‐β) signaling pathway plays an important role

in cancer cell proliferation, growth, metastasis, and apoptosis. It has been shown that

TGF‐β acts as a tumor suppressor in the early stages of the disease, and as a tumor

promoter in its late stages. Mutations in the TGF‐β signaling components, the TGF‐β
receptors and cytoplasmic signaling transducers, are frequently observed in colorectal

carcinomas. Exploiting specific TGF‐β receptor agonist and antagonist with

antitumor properties may be a way of controlling cancer progression. This review

summarizes the regulatory role of TGF‐β signaling in the pathogenesis of colorectal

cancer.
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1 | INTRODUCTION

Colorectal cancer (CRC) is one of the most common causes
of morbidity and mortality globally.1 A high prevalence of
CRC is observed in particular regions that include: Eastern
Europe, Latin America, and Asia.2 Several studies have
shown that the risk of colon cancer is increased in patients
with inflammatory bowel disease, such as ulcerative colitis

and Crohn’s disease.3,4 Other risk factors are increasing age,
a high body mass index, lifestyle including diet, and the
accumulation of genetic and epigenetic alterations are
responsible for the transformation of a normal colonic
mucosa to carcinoma.5,6 Genetic mutations and epigenetic
modifications in the human genome lead to the oncogenic
process by altering the signaling pathways that regulate cell
behavior.7

The transforming growth factor‐β (TGF‐β) family mem-
bers secrete growth regulatory proteins that activate the TGF‐
β signaling pathway by interacting with two transmembrane
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serine/threonine receptors (type I [TβRI] and type II
receptors [TβRII]).8 TGF‐β ligands are regulatory cytokines
that play an important role in different tumorigenic
processes.9-11 TGF‐β plays a critical role in immune cell
differentiation, leading to increased inflammation.12

It has been shown that TGF‐β signaling elicits both pro‐
and anti‐oncogenic effects. Cancer cells and their micro-
environment are modulated by TGF‐β through its para-
crine and autocrine effects.13 TGF‐β regulates the
initiation, development, and invasiveness of diverse
carcinomas.14 It has been shown that TGF‐β is involved
in the metastasis of breast tumor cells to bone,15 and also
contributes to lung cancer cell proliferation and progres-
sion.16 Moreover, TGF‐β is involved in the metastasis of
ovarian17 and cervical cancer cells.18 Stromal expression of
TGF‐β is recognized as a prognostic marker for patients
with gastric cancer.19 The aim of this review was to
summarize the role of the TGF‐β signaling pathway in the
pathogenesis of CRC (Figure 1 and Tables 1 and 2).

1.1 | TGF‐β signaling pathway

Secretion and activation of TGF‐β are partially regulated
by carrier molecules latent TGF‐β binding proteins
(LTBPs).20,21 TGF‐β is released as large latent complexes,
which generally contain LTBP, TGFβ, and its latency‐
associated propeptide (LAP). Initially, these complexes
are formed inside the cells. LTBPs as part of the
extracellular matrix (ECM) bind to fibrillin microfibrils,
eliciting different roles in microfibril biology.22 LTBPs
contain four isoforms including, LTBP‐1, LTBP‐2,
LTBP‐3, and LTBP‐4, which are considered as local

regulators of TGF‐β signaling pathway and also TGF‐β
tissue deposition. Of them, LTBP‐1 anchored to ECM,
and LAP traction is initiated via binding to cell‐surface
integrins. After the traction, the LAP structure changes
and subsequently active TGF‐β released from the secreted
complex.23 Moreover, it has been noticed that reduction
of TGF‐β deposition in the extracellular space and
deformed structure of elastic fiber in some abnormalities
including CRC is associated with disruption of LTBP‐4.24

The TGF‐β signaling pathway is regulated by both
positive regulators such as Smad2, 3, and 4, and negative
regulators such as Smad6 and Smad7.25 Hence, the TGF‐
β signaling pathway is dependent on several signaling
mediators including TGFβ family ligands (TGF‐β1‐5),
two dimeric transmembrane serine/threonine TGFβ
receptors (TβRI and TβRII), and cytoplasmic signaling
transducers (Smads).26 The TGF‐β signaling pathway is
classified into two pathways; the canonical TGF‐β/Smad
and TGF‐β/non‐Smad signaling pathways, respectively.27

The canonical TGF‐β/Smad signaling pathway is
initiated after binding of TGF‐β ligands to TβRII, and
the recruitment of TβRI to the ligand‐TβRII complex.28

Then, receptor‐regulated Smads (Smad2 and 3) are
phosphorylated by the TβRII‐TβRI complex. The phos-
phorylated Smad2 and 3 bind to another cytoplasmic
transducer, coSmad, Smad4. Next, the Smad2/3/4 com-
plex is translocated to the nucleus, where this complex
directly binds to transcription factors and transcriptional
coactivators to regulate the expression of TGFβ‐down-
stream target genes.29 The inactivation of canonical TGF‐
β/Smad signaling through the expression of Smad7 leads
to the activation of TGF‐β/non‐Smad signaling.30 Smad7

FIGURE 1 The dual role of TGF‐β signaling in the pathogenesis of colon cancer. TGF‐β, transforming growth factor‐β
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and Smad6 are negative regulators of TGF‐β signaling,
and compete with regulatory Smads for binding to
activated TβRI,31,32 leading to the activation of TGF‐β/
non‐Smad signaling pathways including p38 and c‐Jun
N‐terminal kinases.33

In addition to TGF‐β type I/II receptors, other
membrane‐bound proteins contribute to TGF‐β ligand
binding and signaling pathway. Of these, TGF‐β type III
receptor, betaglycan, as a coreceptor recruits TGF‐β to
the TβRII and enhances their binding, and elevates the
ligand efficacy in biological assays. Depending on the
tumor cells properties, betaglycan can serve as tumor
suppressor or enhancer.34 It has been shown that ectopic
expression of TβRIII can suppress tumor growth,
metastasis, and angiogenesis in human colon HCT116
cells. Consistently, administration of recombinant TβRIII
reduces carcinogenesis in vivo. Furthermore, inconsistent
with oncogenic effects of betaglycan, Gatza et al showed
that overexpression of betaglycan enhanced ligand‐
mediated activation of TGF‐β signaling, switched TGF‐β
superfamily members (TGF‐β and bone morphogenesis
protein 2 from suppressors to stimulators of colon cancer
cell proliferation, induced anchorage‐independent
growth, increased chemotherapy resistance, downregu-
lated p21 and p27 expression, and increased tumorigeni-
city, supporting the role of betaglycan in regulating
cancer development.35 It has been shown that posttran-
slational alteration of betaglycan is important for its
function. An oncogenic molecule Ras, which is involved
in cancer development, participates in posttranslational
modification of betaglycan, elevating proliferative re-
sponse to TGF‐β and reduce the level of P21 in CRC
cells.36

Moreover, another type III coreceptor, endoglin, which
shares a high homology with betaglycan, modulates TGF‐β
signaling by interplaying with TGF‐β type I and II
receptors.37 It has been shown that endoglin is involved

in angiogenesis and its expression correlates with vascular
endothelial growth factor (VEGF) in CRC, supporting the
prognostic value of this molecule in CRC progression.38

Moreover, Paauwe et al showed that elevated level of
endoglin on a key component of CRC tumor microenvir-
onment, cancer‐associated fibroblasts, is associated with
increased invasion and metastasis in CRC cells. Consis-
tently, administration of endoglin neutralizing antibody,
TRC105, suppressed invasion properties of CRC and
decreased infiltration of these cells to the liver.39

1.2 | Role of TGF‐β as a tumor
suppressor

TGF‐β ligands inhibit the proliferation of normal cells and
promote apoptosis of tumor cells by increasing expression
of cyclin‐dependent kinase inhibitors (CDK‐Is) such as
p15INK4b,40 p21CIP1,29 and p27KIP1.41 P21 gene is upregulated
in cells‐containing DNA damage via activation of canonical
TGF‐β/Smad signaling. This protein prevents cell cycle
progression through interaction with CDK2‐cyclinA‐cy-
clinE complexes and inhibition of CDK2 activity.42 It has
been reported that p21 expression is highly expressed in
TGF‐β‐stimulated human colon cancer cells.43 Further
studies have shown that TGF‐β can inhibit cell proliferation
and tumor growth via activation of Smad‐dependent and ‐
independent signaling pathways in normal and tumor cell
lines.44,45 Boulay et al46 showed that TGFβ, is a tumor
suppressor that stimulates apoptosis and inhibits cell
growth through Smad7 overexpression. Another study
conducted by Wang et al47 showed that aspirin exerts its
antitumor effects and stimulates apoptotic cell death, while
suppresses cells proliferation through enhancement of
TGF‐β1 secretion.47

Furthermore, it has been shown that TGF‐β1 stimu-
lates apoptosis through enhancing the expression of Bax
protein and caspase‐3 by activating Smad‐dependent

TABLE 1 The TGF‐β signaling effects on drug resistance

Chemotherapy drug Resistance reason Adverse effects References

Oxaliplatin (OXA) Mir‐34a‐regulated TGF‐β/Smad4 axis Suppressing macroautophagy activation 68

OXA‐induced TGF‐β1 Increased in EMT, followed by reducing the
DNA damage levels and OXA‐promoted
apoptotic death

69

5‐Fluorouracil (5FU) Promoting the TGF‐β pathway Smad3 activation 70

Activation of the transcription of the gene
such as TGF‐β1, ACVRL1, and FN1

Doxorubicin (Dox) Increased in the activity of TGF‐β signaling
and the levels of multidrug‐resistant plasma
membrane glycoprotein

Inducing EMT process 71

Rapamycin TGF‐β Inhibiting apoptosis 72

Abbreviations: ACVRL1, activin A receptor‐like type 1; EMT, epithelial‐mesenchymal transition; FN1, fibronectin 1; TGF‐β, transforming growth factor‐β.
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pathway.48 Jang et al have demonstrated that TGF‐β‐
induced apoptosis is mediated by the expression of death‐
associated protein kinase (DAP‐kinase), which is also
mediated by activation of Smad‐dependent pathway.

DAP‐kinase inactivation suppresses TGF‐β‐induced
apoptosis by inhibiting release of cytochrome c from
mitochondria and loss of mitochondrial membrane
potential.49

TABLE 2 Therapeutic potency of TGF‐β signaling inhibitors in colorectal cancer

Inhibitor/drug Mechanism Effect References

SD‐208 Inhibition of TGF‐β receptor I Reduces the miR‐135b expression, and
neutralizes its related oncogenic activity

73

Resveratrol Affecting TGF‐/Smad signaling and decrease
in of TGF‐β‐induced EMT

Decreases the Snail and vimentin, while
enhances the E‐cadherin expression

75

Decreases the metastatic and invasive behavior
of tumor cells

Dexamethasone Interfering with AKT and ERK
phosphorylation reduces the expression of
CYR61 protein and abolishes the TGF‐β1‐
induced process

Suppresses the EMT‐promoted cell motility 76

Interferes with collagen I enhancement and
MMP‐1 reduction

Reduction of cell migration and EMT

5‐ASA Abolishes the TGF‐β1 cascade Disrupts the phosphorylation and nuclear
translocation of Smad3, and fibroblast
trans‐differentiation reduce the PAI‐1
activity

7

Lithium Inhibition the expression of TGF‐β1 protein
through inhibiting the pSmad3

Suppress tumor metastasis and
lymphangiogenesis

78

HDW Modulating the TGF‐β signaling pathway Suppresses cells migration, invasion, adhesive,
and viability

79

Decrease in TGF‐β, Smad4, and N‐cadherin
and increase in E‐cadherin

Oxymatrine Inactivation of the TGF‐β1/Smad signaling
pathway

Reverses the expression patterns of
E‐cadherin, TGF‐β1, Smad4, pSmad2, pP38,
α‐SMA, and FN

80

Alleviates the P38‐induced PAI‐1 expression,
reducing EMT

Tanshinone IIA Inhibiting the TGF‐β1 Reduces the HIF‐1α levels, and blocks the
VEGF, angiogenin, bFGF secretion

81

EESB Inhibition of TGF‐β/Smad and PI3K/AKT
signaling pathways

Neutralize the metastatic features of CRC cells
and reduces the levels of MMP‐1, MMP‐2,
MMP‐3/10, MMP‐9, and MMP‐13

83

JPJD Regulating the expression of Snail/E‐cadherin Suppresses TGF‐β‐promoted EMT 82

Elevates the levels of E‐cadherin and Smad2/3,
while reduces the levels of vimentin, Snail,
and pSmad2/3

Reduces the lung and hepatic metastasis and
improves survival time in tumor‐bearing
nude mice

Pien Tze Huang (PZH) Targeting the phosphorylation of Smads, and
TGF‐β

Shows therapeutic efficacy against tumor
metastasis and EMT

84

Interfering with two TGF‐β1 axis target genes,
ZEB1 and ZEB2

Induces the E‐cadherin and reduces N‐
cadherin expression

85

Elevates the expression of miR‐200a/b/c
WJ1376‐1 and

WJ1398‐1
Inhibition of the TGF‐β RI phosphorylation

and blockage of Smad2, as well as PI3K/
AKT, signaling

Hinders the invasion and migratory of tumor
cells

86

Abbreviations: 5‐ASA,5‐aminosalicylic acid; ACVRL1, activin A receptor like type 1; AKT, protein kinase B; bFGF, basic fibroblast growth factor; CRC,
colorectal cancer; EMT, epithelial‐mesenchymal transition; EESB, ethanol extract of Scutellaria barbata D. Don; ERK, extracellular signal–regulated kinase;
HDW, Hedyotis diffusa Willd; HIF‐1α, hypoxia‐inducible factor‐1α; JPJD, JianPi JieDu; MMP‐1, matrix metalloproteinase 1; PAI‐1, plasminogen activator
inhibitor‐1; PI3K, phosphatidylinositol 3‐kinase; TGF‐β, transforming growth factor‐β; VEGF, vascular endothelial growth factor.
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TGFβ1 is a member of the TGFβ family that plays an
important role in various cellular processes that include
angiogenesis.50 Xiong et al51 found a positive correlation
between the expression of TGFβ1 and the development of
CRC, which appears to be mediated by expression of
angiogenesis markers such as VEGF and microvascular
density.51 In addition, Geng et al52 have reported that the
suppression of TGFβ signaling stimulates angiogenesis
and metastasis by enhancing expression of VEGF‐A at
early stage in colon cancer cell lines.

1.3 | Role of TGFβ signaling in CRC
progression

Mutations in constituent proteins of the TGF‐β signaling
pathway impair the antiproliferative and proapoptotic
activities of TGF‐β, resulting in uncontrolled cell
proliferation and cell growth. Previous studies have
shown that mutations in Smads are found in colon
cancer cells.53 Due to the regulatory effects of TGFβ/
Smad signaling pathway on cell growth inhibition and
apoptosis, Smad4 deletion is thought to be a marker for a
poor response to chemotherapy whereas a Smad7
deletion is a good prognostic marker in patients with
CRC. Furthermore, Smad7 enhances hepatic metastasis
by preventing canonical TGF‐β/Smad signaling pathway‐
induced apoptosis and growth inhibition in colon
adenocarcinoma (FET) cells.54 Mutations in the Mad
homology domains (MH1 and MH2) of Smad2 or Smad4
augment the MH1 domain affinity for the MH2 domain
and maintain the Smad protein in an inactive conforma-
tion, promoting tumor development. One of these
mutations (Arg133Cys) affects the function of Smad2 in
colon carcinoma. Moreover, Smad4 mutations have been
frequently seen in patients with CRC.55,56 Loss of Smad4
function, associated with mutations permits the progres-
sion of undifferentiated carcinomas and overactivation of
the TGFβ‐stimulated the extracellular signal–regulated
kinase (ERK) signaling pathway.57

Furthermore, mutations in the TGF‐β receptors are
commonly found in cancers that progress.58 TβRII gene
mutations have been found in 6% to 36% of colitis‐
associated CRC.59,60 Biswas et al examined the effect of
TβRII inactivation on azoxymethane (AOM)‐induced
colon cancer formation in a mouse model. They showed
that in the absence of this receptor, TGFβ signaling
cannot suppress AOM‐induced colon cancer progres-
sion.61 Moreover, it has been reported that oncogenic
micro‐RNA 21 (miR‐21) stimulates stemness via down-
regulation of TβRII signaling pathway in colon cancer
HCT116 cells.62

It has been shown that a TβRI polymorphism,
TβRI*6A, is increased in CRC.63 In further support of

the role of TGFβ1 in the progression of colon cancer,
Gulubova et al showed that overexpression of TGFβ1 and
its receptor, TGFβRǀǀ, induce the development of colon
cancer via activation of TGF/Smad signaling and activa-
tion of Smad4 and Smad7 in patients with CRC. They
also reported that TGFβ1 and TGFβRǀǀ expressions affect
tumor environment of low infiltration of immune cells
with cluster of differentiation (CD) 68+ and CD83+ and
aggressive tumor cells.64

1.4 | Drug resistance

Resistance to chemotherapy is one of the leading causes
for tumor recurrence.65 There is an association between
the expression of TGF‐β with drug resistance against
antitumor agents in cancer cells.66 Tang et al have
reported that hypoxic tumor microenvironment triggers
intrinsic chemoresistance and tumor sell stemness via the
expression of hedgehog transcription factor GLI2 in cancer
stem cells by recruiting hypoxia‐inducible factor‐1α
(HIF‐1α) and TGF‐β. Moreover, there is a relationship
between high levels of HIF‐1α/TGF‐β2/GLI2 and relapse
after chemotherapy, indicating that these factors may be
therapeutic targets for chemoresistance in patients with
CRC.67 Sun and colleagues showed that Mir‐34a mod-
ulates resistance to oxaliplatin (OXA) by suppressing
macroautophagy activation via TGF‐β/Smad4 axis in
CRC.68 Another study has reported that TGF‐β 1
contributes to OXA resistance by increasing epithelial‐
mesenchymal transition (EMT), followed by reducing the
DNA damage levels and OXA‐promoted apoptotic death.69

5‐Fluorouracil (5FU) treatment can stimulate the
TGF‐β pathway via Smad3 activation and also activates
the transcription of TGF‐β 1, activin A receptor like type
1, and fibronectin 1 genes, leading to drug resistance in
CRC cells. Other studies have demonstrated that
suppression of the TGF‐β receptor I is accompanied by
suppression of 5FU‐promoted gene transcription, inhibit-
ing the drug resistance properties.70 The administration
of 50 nmol/L doxorubicin (Dox) induces the EMT process
and also increases TGF‐β signaling and the levels of
multidrug‐resistant plasma membrane glycoprotein in
HCT116 human colon cancer cells. Further studies
showed that Smad4 inactivation reverses the EMT
process and significantly enhances HCT116 cell sensitiv-
ity to the chemodrugs. According to this study, Dox
treatment in combination with TGF‐β downregulation is
suggested as a novel therapeutic method during CRC
treatment.71 Moreover, It has been shown that CRC cells
with attenuated TGF‐β pathways such as SW‐480 are
much more sensitive to rapamycin,72 supporting the
regulatory role of TGF‐β signaling pathway in drug
cytotoxicity in cancer cells.
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1.5 | Therapeutic potency of TGF‐β
Because the TGF‐β signaling pathway is responsible for
primary tumor development and metastasis, interfering with
this cascade via an inhibitor can be potentially a valuable
strategy in CRC therapeutic methods. Akbari et al investi-
gated the antitumor activity of SD‐208, a TGF‐β receptor I
inhibitor, and showed that SD‐208 reduced the expression of
oncogenic miR‐135b in SW‐48 colon cells and in nude mice
orthotopic transplantation. It has been suggested that SD‐208
can regulate the downstream targets of miR‐135b and
neutralizes its related oncogenic activity,73 without inhibitory
effects on SW‐48 cell proliferation and angiogenesis in
CRC.74 Resveratrol, an antioxidant, was reported to decrease
the metastatic and invasive behavior of tumor cells,
enhanced the E‐cadherin levels, and inhibit the expression
of vimentin, which is induced by TGF‐β/Smad signaling. In
addition, resveratrol was found to decrease the EMT‐induced
Snail function in vitro. Moreover, in vivo experiment
demonstrated that resveratrol has inhibitory effects on lung
metastasis of LoVo cells and also on the rate of lung and liver
metastasis of tumors orthotopically implanted in mice.75

Similarly, it has been reported that dexamethasone sup-
presses the EMT‐promoted cell motility by affecting TGF‐β1.
Because TGF‐β1 is responsible for collagen I enhancement
and matrix metalloproteinase 1 (MMP‐1) reduction, these
proteins can be reversed by dexamethasone treatment. This
study reported that the negative effects of dexamethasone on
TGF‐β1 is by interfering with phosphorylation of protein
kinase B (AKT) and ERK, which subsequently reduces the
expression of CYR61 protein, abolishing TGF‐β1‐induced
migration and EMT.76 Koelink et al demonstrated that 5‐
aminosalicylic acid abolishes the TGF‐β1 cascade in HCT116
CRC cells and colonic fibroblasts, consequently disrupts the
phosphorylation and nuclear translocation of Smad3, and
reduce the plasminogen activator inhibitor‐1 (PAI‐1) activ-
ity.77 Lithium was found to suppress tumor metastasis and
angiogenesis via inhibition of the expression of TGF‐β1
protein through inhibiting the phosphorylation of Smad3 in
CRC.78

Furthermore, several kinds of Chinese herbs have
been reported to have antitumor activity. Hedyotis diffusa
Willd (HDW) has been reported as a medical compound
in cancer treatment and inflammation‐related diseases.
Lai et al used the drug‐resistant CRC cell line, to assess
the effects of HDW on the growth and invasive properties
of CRC. HDW suppressed cell migration, invasion,
adhesion, and viability via modulating the TGF‐β
signaling pathway.79 Western blot analysis and reverse
transcription semiquantitative polymerase chain reaction
assays showed a reduction in TGF‐β, Smad4, and neural
(N)‐cadherin expression and increase in E‐cadherin
expression.80 Moreover, an alkaloid rooted from the

Sophora flavescens Ait, a Chinese herb, named Oxyma-
trine has been reported to reverse the expression patterns
of E‐cadherin, TGF‐β1, Smad4, phosphorylated Smad2,
phosphorylated P38, α‐smooth muscle actin and
fibronectin through inactivation of the TGF‐β1/Smad
signaling pathway. Inhibition of this cascade inhibits the
P38‐induced PAI‐1 expression, reducing the EMT in CRC
cells.80 Sui et al81 showed that tanshinone IIA reduces the
levels of HIF‐1α , and blocks the VEGF, angiogenin, and
basic fibroblast growth factor secretion via inhibiting the
TGF‐β1. Another traditional Chinese compound termed
as JianPi JieDu (JPJD) suppresses TGF‐β‐induced EMT
through regulating the expression of Snail/E‐cadherin in
CRC. Administration of JPJD elevates the levels of E‐
cadherin and Smad2/3 while reduces the levels of
vimentin, Snail and phosphorylated Smad2/3 in tumor
tissues. In addition, in vivo data showed that lung and
hepatic metastasis is reduced while survival time is
enhanced in tumor‐bearing nude mice treated with
JPJD.82 In another study conducted by Jin and collea-
gues83, it is suggested that ethanol extract of Scutellaria
barbata D. Don can neutralize the metastatic features of
CRC cells and reduces the levels of MMP‐1, ‐2, ‐9, and ‐13
through inhibition of TGF‐β/Smad and phosphatidylino-
sitol 3‐kinase (PI3K)/AKT signaling pathways. Consis-
tently, Pien Tze Huang (PZH), a traditional Chinese
formula, elicits therapeutic efficacy against tumor me-
tastasis and EMT via targeting the Smad2/3 and Smad4
phosphorylation and TGF‐β.84 Further studies showed
that PZH interferes with two TGF‐β1 axis target genes,
ZEB1 and ZEB2, leading an induction of epithelial
marker (E‐cadherin) and reduction of mesenchymal
marker (N‐cadherin) expression. Moreover, the expres-
sion of miR‐200a, miR‐200b, and miR‐200c are elevated
in PZH‐treated cells.85 Similarly, new synthetic com-
pounds derivatives of Chinese herbal medicine osthole,
WJ1376‐1 and WJ1398‐1 are able to inhibit the phos-
phorylation of TGF‐βR1 and block Smad2 as well as
PI3K/AKT signaling, hindering the invasion and migra-
tory of tumor cells.86 Furthermore, genistein, as a
soybean isoflavone’s component, inhibits colon cancer
through elevating the TGF‐β/Smad signaling activity in
mouse colon cancer MC‐26 cells. Genistein enhances the
messenger RNA levels of TGF‐β in a dose‐dependent
manner, triggers the formation of Smad‐DNA complexes,
and induces the Smad2/3 phosphorylation.87

2 | CONCLUSION

Discovery of TGF‐β and its role in cell signaling
mechanisms is a substantial step to understanding
several physiological and pathological processes. It has
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been recognized that alteration and aberrant regulation
of TGF‐β pathway plays a crucial role in the initiation,
proliferation, inflammation, and invasiveness of CRC.
Moreover, various studies represented that TGF‐β is
responsible for reducing drug sensitivity and recurrence
in patients with cancer, supporting the therapeutic
potency of TGF‐β inhibitors either alone or in combina-
tion with standard chemoagents.

In line with this, several clinical studies are currently
evaluating the toxicity and therapeutic response to TGF‐β
inhibitors in different tumors. Targeting the TGF‐β
receptors with specific inhibitors can be a potent novel
treatment strategy for tumor progression. Preclinical
studies are currently evaluating a number of promising
chemical compounds. Although the efficacy of these
drugs has not yet been shown in patients with CRC, it has
been reported from animal models that metastasis and
EMT inhibition, and can potentially progress our
therapeutic strategies for treating patients with CRC.
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