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Abstract

Objective: This research focuses on molecular screening of mRNA by targeting EMT regulator genes in the TGF-f3/
SMAD pathway to determine the difference in EMT mechanisms between non-metastatic and metastatic primary
tumor cells. Methods: The method uses Real time/quantitative Polymerase Chain Reaction (RT-qPCR) to measure
the expression levels of target genes in colon tissue samples from non-metastatic and metastatic patient groups.
Differences in target gene expression between the two groups were analyzed using t-tests. Results: The results of this
study show significance differences in the expression of EMT-inducing genes on the TGF-f/Smad pathway between
non-metastatic colorectal cancer groups and metastases. TGF-f1 (p-value : 0.041), Smad2 (p-value : 0.020), Snaill
(p-value : 0.028), Tvist! (p-value : 0.036), and ZEBI (p-value : 0.045) gene expression was higher in the metastatic
tumor group. In contrast to these genes, the expression of the Smad4 (p-value : 0.022), E-cadherin (p-value : 0.036),
and vimentin (p-value : 0.048) genes was lower in the metastatic tumor group. Conclusion: The observed alterations in
gene expression related to EMT within the TGF-f/Smad pathway in metastatic colorectal cancer are likely associated
with the partial processes of EMT and MET. These alterations may contribute to further metastatic potential and increase
the malignancy of the cancer.
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Introduction

Colorectal cancer is one of the malignant cancers
that ranks 4th highest incidence and fifth for highest
mortality based on late WHO’s Global Burden Cancer
datain 2022 [1]. CRC occurs as a result of disorders in the
colon or rectum and is caused by abnormal proliferation
of glandular epithelial cells in the colon or rectum
[2]. Colorectal cancer is generally asymptomatic and
symptomatic, such as bleeding, anemia, and abdominal
pain appearing when the patient is already in an advanced
stage. At this stage, the cancer has been aggressive,
malignant, and metastasizes [3]. The global prevalence
of colorectal cancer has been reported to have increased
in recent years. Increased incidence of colorectal cancer
associated with increased exposure to risk factors resulting
from lifestyle and dietary shifts toward Westernization [4].

The leading cause of death in colorectal cancer
patients is metastasized. The most common colorectal

cancer metastasis site is the liver, which is present in
70% of patients. Compared to the lungs, lymph nodes,
and peritoneal [5]. Another study showed that 60%
of colorectal cancer patients staged IV develop liver
metastases; the liver is the most important place common
for the spread of colorectal cancer metastases [6].
Reported only 20% of patients have metastatic colorectal
cancer that persists more than 5 years after diagnosis [7].
The presence of metastases increases the aggressiveness of
tumor cells and decreases the survival rate and prognosis
of patients [8].

The main contributor to the development of CRC is
the tumor microenvironment including fibroblasts, non-
mutant cells, and the extracellular matrix (ECM) [9].
One of the characteristics of the tumor is extracellular
matrix deposition and remodeling; this triggers fibrosis,
stiffening the stroma and promoting tumor severity.
However, chronic fibrosis is a risk factor for cancer,
and tumors are defined as “fibrotic wounds that do not
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heal.”’[10]. One of the main factors in the pathophysiology
of fibrosis is epithelial-mesenchymal transition (EMT), a
process that converts epithelial cells into mesenchymal
cells over time [11]. Significantly, it has been determined
that pathogenic EMT production largely depends on the
chronic inflammatory microenvironment. Research also
shows that excessive TGF-f expression leads to EMT,
ECM deposition, and formation of cancer-associated
fibroblasts, which can trigger fibrosis and cancer. TGF-f
and its downstream molecules play an important role in
the progression of fibrosis and cancer; therefore, targeting
TGFB signaling as therapeutic is a promising strategy
[12].

Studies show overexpression of the TGF-f gene is
associated with the formation of neoplastic stem cells
in the tumor stroma, decreased immune response, and
triggers EMT that supports the formation of metastases
[13]. Interference in the 7GF-f/Smad signaling path is
one of the factors associated with the development of
colorectal cancer [14]. In the canonical signaling path,
TGF-f induces Smad binding to promoters of various
transcription factors of EMT regulators such as Snail,
Slug, Twistl, and ZEBI [15]. Regulatory transcription
factor EMT causes decreased expression of epithelial
markers, namely E-cadherin and B catenin, and increased
mesenchymal markers, such as N-cadherin and vimentin
[16]. Studies show that the expression of genes that
redundancy of various transcription factors of EMT
regulators related to invasion, metastasis, and poor
prognosis in colorectal cancer patients [17].

Metastasis in colorectal cancer is the toughest challenge
for the success of treatment. The need to find biomarker
candidates for metastasis and prognosis of colorectal
cancer is increasingly important [18]. Measurement of
EMT markers in primary tumors with identifying patients
who have the potential to have metastases may improve 4
risk stratification and appropriate treatment selection [19].
Profile Expression of metastatic genes in the early stages
of colorectal cancer is also indispensable to prevent the
development of colorectal cancer and increase the rate of
patient survival [20].

Materials and Methods

Ethics and Sample Preparation

Ethics are obtained from the Medical and Health
Research Committee, Faculty of Medicine, Gadjah Mada
University, RSUP dr. Sardjito Yogyakarta. The Ethics
code numbers are KE/FK/0938/EC/2021. The patient was
diagnosed with colorectal cancer based on the results of
clinical examination and CT scan conducted by a team of
doctors at RSUP dr Sardjito Yogyakarta Hospital. Colon
samples and baseline characteristic patient data were
obtained from a team of doctors at RSUP Dr. Sardjito.
This study used as many as 10 colon tissue samples from
metastatic colorectal cancer patients and 18 colon tissue
samples from non-metastatic colorectal cancer patients.

RNA Extraction
The total RNA extraction procedure was carried out
based on the QIAzol Lysis Reagent (QIAGEN) kit protocol
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as follows: Trizol 500 pL was added in each microtube
containing 0.01 g of tissue sample, homogenized with a
sonicator for +30 seconds, centrifuged at 12,000 xg for
10 minutes at 4°C. The supernatant was transferred to a
microtube containing 200 uL of chloroform and inverted,
then left on ice for 10 minutes and centrifuged at 12,000 xg
for 10 minutes. Transferred colorless supernatant + 200uL
to a microtube containing 600 pL isopropanol, inverted,
and left at room temperature for 10 minutes. Centrifuge
at 12,000 xg for 10 minutes. Furthermore, the supernatant
was discarded, 200 uL 70% ethanol was without mixing
and centrifuged at 7,500 xg for 5 minutes, discard the
supernatant was dried in the tube containing the pellets
for + one hour, and 50uL RNAse Free Water, and stored
the results of RNA isolation at - 4°C.

Reverse Transcription quantitative PCR (RTqPCR)

The cDNA (Reverse Transcription) synthesis procedure
is carried out based on the ReverTrace qPCR-RT Master
Mix (TOYOBO) kit manufacturing protocol as follows
using the RNA that has been obtained: RNA template
incubated at 65°C for 5 minutes with a thermal cycler
machine, prepared a mixture of 4X DN Master Mix and
gDNA remover with a ratio of 88 uL: 1.8 uL, prepared
DNAse I cocktail (4X DN Master Mix =2 puL, Template
RNA = 2 pL, Nuclease Free water = 4 pL), incubated
DNAse I cocktail at 37°C for 5 minutes, prepared
cocktail reverse transcription (cocktail DNAse I = 8 pL,
5X RT Master Mix = 2 L, inserted the cocktail into
the GeneAmp® PCR System 9700 (Thermo Scientific)
machine with an incubation program at 37°C for 5
minutes, stored cDNA results at -4°C. The Real-time PCR
procedure is based on the SYBR Green Real-time PCR
Reagents (Bioline) kit manufacturing protocol using the
qtower3 G (Analytik Jena) qPCR tool. The procedure
is performed as follows: Prepared mixture of 2x Syber
Green (5 pL), RNA template (1 pL), forward gene primer
(0.8 uL), reverse gene primer (0.8 pL), RNAse free water
(2.4 puL) in PCR White strip tube, then programmed
and run qPCR (Analytic Jena qtower3) with a cycle
(Pre-denaturation = 2 minutes at 95°C, Denaturation =
5 seconds at 95°C, Annealing/extension = 30 seconds at
60°C) (Table 1).

Data Analysis

The relative expression of the target gene is obtained
based on the calculation of 2ACt with ACt in the form
of the difference in the Ct value of the target gene and
housekeeping gene in relative quantification. Differences
in target gene expression between the two groups were
analyzed using t-tests. Significance is indicated by p<0.05.
The data obtained is then visualized with graphs using
GraphPad Prism software and then analyzed descriptively.

Results

In this study, there were two groups, namely
non-metastatic and metastatic tumor groups. This study
utilized 10 colon tissue samples from colorectal cancer
patients with metastasis and 18 samples from patients
without metastasis. We acknowledge that the limited
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Table 1. List of Primer Sequences Used

Genes Sequences References
Forward (5°-3”) Reverse (5°-3%)
p-actin CATGTACGTTGCTATCCAGGC CTCCTTAATGTCACGCACGAT 21
TGF-p1 AAGTGGACATCAACGGGTTC GTCCTTGCGGAAGTCAATGT 21
Smad2 TCATAGCTTGGATTTACAGCCAG TTCTACCGTGGCATTTCGGTT 22
Smad4 AAGGCCTAGCACCACCTTAG AGCCTTAAACTCTGACCTGT 23
Snail ACTGCAACAAGGAATACCTCAG GCACTGGTACTTCTTGACATCTG 24
Twist1 GTCCGCAGTCTTACGAGGAG GCT TGA GGG TCT GAATCTTGCT 25
ZEBI TTACACCTTTGCATACAGAACCC TTTACGATTACACCCAGACTGC 26
E-cadherin AAAGGCCCATTTCCTAAAAACCT TGCGTTCTCTATCCAGAGGCT 21
Vimentin AGTCCACTGAGTACCGGAGAC CATTTCACGCATCTGGCGTTC 27

sample size represents a constraint of the study and
may influence the robustness and generalizability of the
findings. Although the sample size is limited, this study
represents an important step toward understanding the
underlying processes contributing to cancer severity in
patients.

Patients in the non-metastatic tumor group are in
stages I-III C, along with tumors that have not spread
elsewhere (metastases). In the group of metastatic tumors,
patients are entirely at stage IVB, which indicates that
they have developed metastases. All patients in this
group had the development of metastases in the liver. This
study measured the expression of the target gene and also
recorded baseline data such as age in the two research
groups. In this study, there were 13 out of 18 patients
in the non-metastatic tumor group aged between 50-70
years. Meanwhile, in that age range, there were 8 out of
10 patients in the metastatic tumor group. This aligns
with the fact that older age is a major risk factor for CRC

TGF-
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incidence. Individuals over 50 years old are generally at
high risk, and 90% of colorectal cancer cases consist of
individuals in that age group. Advanced age and aging are
closely related to the risk of cancer. Aging causes a gradual
loss of function or degeneration at the molecular, cellular,
tissue, and bodily levels. One characteristic of aging is
hyperplasia, which can develop into cancer.

Target gene expression in this study was obtained
through a real-time PCR method using B-actin as a
housekeeping gene. The TGF-f1 target gene is upstream
of'the fibrogenesis and Epithelial-Mesenchymal Transition
(EMT) regulatory pathway, while the Smad?2, Smad4,
Snail, Twistl, ZEB1, Vimentin, and E-cadherin genes are
downstream of the TGF-f1 pathway. TGF-f is widely
recognized as the main mediator of fibrogenesis [28].
Based on the study’s results, the expression of TGF-f1,
Smad?2, Snail, Twistl, and ZEBI genes in the metastatic
tumor group was higher than in non-metastatic tumors
(Figure 1). The expression of Smad4, E-cadherin, and
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Figure 1. Expression of Genes in the Fibrogenesis Related Pathway (TGF-f/SMAD) in non-metastatic and metastatic
tumor groups; a) EMT Regulator Upstream Genes; b) EMT Transcription Factor genes; ¢) Cell Adhesion Regulator

Genes. *Significant result with p < 0.05.
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vimentin genes in the metastatic tumor group was lower
than in the non-metastatic tumor group (Figure 1).

Discussion

This study showed an increase in the expression
of TGF-p1, Smad2, Snail, Twistl, and ZEBI genes
in the metastatic colorectal cancer group compared
to non-metastatic (Figure 1). TGF-f is upstream of
Epithelial-Mesenchymal Transition (EMT) transcription
regulation through the TGF-f/Smad (Smad dependent
pathway) pathway. Increased expression of 7GF-f1 and
its signaling through Smad indicates the activation of
various processes that result in cancer metastasis, one
of which is the EMT process. TGF-f1 affects colorectal
cancer metastases through normal colon transition to
cancer, triggering EMT, formation of pre-metastatic
niches, formation of fibrotic environment, suppression of
immune function, angiogenesis, and tumor cell adaptation
[29]. The increase in TGF-f1 expression is also influenced
by pro-oncogenic signaling of 7GF-f1 that does not go
through Smad (Smad independent pathway). TGF-fS1
expression was reported to be significantly increased in
metastatic tumor tissue of colorectal cancer [30].

In response to TGF-f, Smad2, and Smad3 became
active and interacted with Smad4. The Smad2/Smad3/
Smad4 complex then accumulates in the nucleus to
regulate the target gene of TGF-f, namely the EMT
regulator gene [31]. Increased expression of TGF-f1 as
upstream triggers activation and increased expression
of transcription factors of EMT regulators (Snail,
ZEBI, Twistl). These three transcription factors are
downstream targets of TGF-f1 canonical signaling in
the nucleus through Smad2, Smad3, and Smad4. Smad
is an intracellular downstream effector of TGF-f1. The
downstream factor of TGF-f, namely Smad2/Smad3, is
an important mediator of TGF-f signaling in fibrosis and
tumorigenesis [12]. Increased expression of 7TGF-f1 in the
metastatic tumor group affected the increased expression
of Smad?2 as a downstream mediator of TGF-f. The main
function of Smad is to control gene regulation and signal
transduction that regulates Notch, ERK/MAPK, Hippo,
JAK/STAT, and TGF-p/Smad signaling [32]. This study
showed significantly increased expression of Smad?2
in the metastatic tumor group. The increase in Smad2
expression was triggered by increased expression of
TGF-f1 upstream in the metastatic tumor group. Increased
expression of TGF-f1 via Smad?2 in late-stage tumors
activates the tumorigenesis process by triggering the
activation of the epithelial-to-mesenchymal transition
(EMT). The epithelial-to-mesenchymal transition causes
cells to have a phenotype capable of migrating and
invading, thus supporting the process of metastasis in
colorectal cancer [17]. Other studies have shown that
increased expression of Smad?2 in colorectal cancer
patients correlates with a higher tumor stage [33]. In
contrast to the results of this study, other studies showed
that low expression of Smad?2 correlated with clinical
malignancies and affected immune regulation in tumor
microenvironment [34].

In contrast to Smad?2, the expression of Smad4 in this
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study decreased in the metastatic tumor group. Smad4 is
an important downstream regulator in 7GF-f signaling.
The TGF-p-activated Smad4 complex moves into the
nucleus and regulates the transcription of genes associated
with the downstream target of TGF-f. Smad4 has a central
role in TGF-f signaling by influencing tumorigenesis on
various mechanisms such as EMT, apoptosis, immune
regulation, induction of cell cycle stopping, and so on
[35]. Mutation, inactive function, and loss of Smad4
expression are commonly found in advanced colorectal
cancer progression. The decrease in Smad4 expression in
the metastatic tumor group is due to a change in 7GF-f
signaling from tumor suppressor to tumor progression
trigger [36]. Smad4 is a tumor suppressor gene involved in
TGF-f signaling. The decrease in Smad4 expression in the
metastatic tumor group is thought to be related to the role
of Carcinoembryonic antigen (CEA). The results of this
study showed that the serum level of CEA in the metastatic
tumor group far exceeded the normal limit (>250 pg/L).
CEA is known to play a role in suppressing downstream
tumor suppressor signaling in 7GF-f, namely Smad4,
thereby triggering colorectal cancer metastasis [37].
Based on the results of this study, the increase in
the expression of the three transcription factors (Snail,
Twist, ZEBI) led to a decrease in the expression of the
epithelial marker E-cadherin in the metastatic tumor
group compared to non-metastatic tumors (Figure 1b).
Increased expression of EMT regulator transcription
factors (Snail, Twist, Zeb) is reported to trigger tumor
invasion in cell lines and mouse xenograft models and
is associated with a poor clinical prognosis in cancer
[38]. The three groups of transcription factors, namely
Snail, Twist, and ZEBI, are reported to play a role in
activating EMT by directly or indirectly suppressing
E-Cadherin expression and increasing mesenchymal
marker expression [39]. In contrast to the characteristic
of EMT, which is characterized by increased expression
of mesenchymal markers, the results of this study show
that the expression of E-cadherin in both research groups
is much higher than the expression of mesenchymal
markers, namely vimentin (1c). The results of this study
also showed a decrease in the expression of E-cadherin
and Vimentin in the metastatic tumor group compared
to the non-metastatic tumor group. Vimentin in the
metastatic tumor group compared to the non-metastatic
tumor group. The increased expression of EMT regulatory
transcription factors in metastatic tumors of this study
did not trigger an increase in Vimentin expression.
These results contradict EMT characterized by increased
transcription factors (Snail, Twist, Zeb) that increase the
expression of mesenchymal markers such as vimentin.
The results of this study also showed that the expression
of E-cadherin was higher than vimentin in both research
groups. High expression of E-cadherin can be caused by
Snail acetylation, which changes the function of the Snail
which initially suppresses the transcription of junctional
genes (E-Cadherin) into E-cadherin activators [40].
Increased expression of EMT regulator transcription
factors (Snail, Twist, Zeb), high expression of epithelial
markers, and low vimentin expression found in metastatic
tumor groups are suspected to indicate a partial state or
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Hybrid EMT/MET. The contradiction of the results of
various studies has shown the limitations of applying
the EMT theory to cancer metastasis. EMTs are
reportedly involved in forming metastases, while METs
contribute to metastases of cancer cells that have been
disseminated. Cells that undergo partial EMT/MET have
epithelial phenotypes (have adhesions between cells)
and mesenchymal (capable of migration), thus causing
cells to migrate collectively. Cancer cells are reported to
undergo MET (opposite EMT) to form secondary tumors
or macrometastases. The EMT/MET process causes tumor
cells that are 90% epithelial characteristics to be able to
disseminate and colonize in metastatic target organs [41].

EMT/MET is an intermediate state when the cell
simultaneously expresses the spectrum of epithelial and
mesenchymal markers. EMT and MET programs have
been involved in balancing invasive and proliferative
states and also in the acquisition of stem cell properties
in cancer [42]. Cells that underwent partial EMT/MET
had the highest plasticity and could evenly produce
epithelial and mesenchymal subpopulations. Other results
showed that cells that underwent hybrid EMT/MET
showed metastatic potential that significantly exceeded
the metastatic tendency of complete EMT or MET [43].
The presence of partial EMT/MET indicates that tumor
cells may not lose E-cadherin expression completely.
Although EMT plays a role in cancer development, most
metastatic carcinomas have well-differentiated epithelial
characteristics. Identifying cells that have undergone EMT
in carcinoma tissue in vivo is difficult. Various recent
studies have shown that cancer cells in primary tumors,
cell lines, and circulating tumor cells have supported the
concept of partial EMT [41, 44].

Although the study provides valuable insights into
gene expression patterns in cancer patients, the small
sample size restricts broader interpretation. Future studies
with larger cohorts are needed to validate these findings
and explore additional gene expression differences. The
limitation of this study is its focus solely on measuring
the expression levels of genes previously identified as
being associated with metastatic progression. While
this provides valuable insights into potential molecular
drivers of metastasis, the study does not include functional
analyses to confirm the biological relevance of these gene
expression changes. Specifically, key characteristics of
malignancy such as cell migration and invasion were
not assessed using in vitro functional assays, such as
migration and invasion assays. Although gene expression
analysis offers insight into transcriptional activity, it is not
sufficient on its own to evaluate protein function, pathway
dynamics, cellular heterogeneity, or behavioral changes
over time. As such, a comprehensive understanding of
cancer cell behavior requires the integration of proteomic,
single-cell, spatial, and functional analyses alongside
gene expression data [45]. This study, however, is
limited to gene expression analysis at the mRNA level.
As a result, the actual contribution of the identified
genes to the metastatic potential of cancer cells remains
speculative within the scope of this study. Future research
incorporating these assays would be necessary to establish
a more direct correlation between gene expression and

metastatic behavior. Gene expression analysis provides
an overview of the transcriptional process, which does not
directly reflect the level of protein expression, whereas this
expression plays a role in cellular function. It is known
that changes in mRNA levels do not always translate
directly into changes in protein levels, due to various
factors such as mRNA stability, translation efficiency,
and post-translational modifications. Therefore, here is
the limitation of our research which only measures the
level of gene expression at the mRNA level, not reaching
the protein level.

In conclusion, the results of this study show differences
in the expression of EMT-inducing genes on the TGF-f/
Smad pathway between non-metastatic colorectal cancer
groups and metastases that are allegedly involved in
supporting metastases by triggering aggressive phenotypes
in cancer cells. TGF-f1, Smad2, Snail, Twist, and ZEB]
gene expression were higher in the metastatic tumor
group. In contrast to these genes, the expression of the
Smad4, E-cadherin, and vimentin genes was lower in
the metastatic tumor group. The increased expression of
EMT regulator transcription factors (Snail, Twist, Zeb) and
the higher expression of E-cadherin markers compared
to vimentin expression in the metastatic tumor group
showed a contradiction with EMT characterized by an
increase in vimentin as a mesenchymal marker. Based
on the results of this study, the increase and decrease in
gene expression involved in EMT on the 7GF-f/Smad
pathway in metastatic colorectal cancer is allegedly related
to the partial process of EMT/MET, which increases the
potential of further metastases and malignancy of cancer.

Author Contribution Statement

AA, HS, SRL, MS, AYH, AL conceptualised and
designed the study. AYH and AL conducted the sample
collection. AA, HS, SRL, and MS analyzed the data and
wrote the manuscript.

Acknowledgements

We also extend our appreciation to the clinical team at
Dr. Sardjito Central General Hospital for their invaluable
clinical support. Furthermore, we acknowledge the
Biotechnology Laboratory of Universitas Negeri Malang
and the Central Laboratory of Biological Sciences at
Universitas Brawijaya (LSIH-UB) for providing the
laboratory facilities that made this study possible.

Ethics approval

This research has received approval from the ethical
committee of the Faculty of Medicine, Gadjah Mada
University, Dr. Sardjito General Hospital in Yogyakarta,
with the number: KE/FK/0938/EC/2021.

Conflict of interest

The authors declare that there are no conflicts of
interest related to the publication of this study.

Asian Pacific Journal of Cancer Prevention, Vol 26 3243



Ainul Mardiah et al
References

1. Bray F, Laversanne M, Sung H, Ferlay J, Siegel RL,
Soerjomataram I, et al. Global cancer statistics 2022:
Globocan estimates of incidence and mortality worldwide
for 36 cancers in 185 countries. CA Cancer J Clin.
2024;74(3):229-63. https://doi.org/10.3322/caac.21834.

2. Hossain MS, Karuniawati H, Jairoun AA, Urbi Z, Ooi J, John
A, et al. Colorectal cancer: A review of carcinogenesis,
global epidemiology, current challenges, risk factors,
preventive and treatment strategies. Cancers (Basel).
2022;14(7). https://doi.org/10.3390/cancers14071732

3. Yue X, Pengfei X. Global colorectal cancer burden in
2020 and projections to 2040. Translational Oncology.
2021;14(10):101174. https://doi.org/https://doi.
org/10.1016/j.tranon.2021.101174

4. Keum N, Giovannucci E. Global burden of colorectal cancer:
emerging trends, risk factors and prevention strategies. Nat
Rev Gastroenterol Hepatol. 2019;16(12):713-32. https://
doi.org/10.1038/s41575-019-0189-8

5. Pretzsch E, Bosch F, Neumann J, Ganschow P, Bazhin A,
Guba M, et al. Mechanisms of Metastasis in Colorectal
Cancer and Metastatic Organotropism: Hematogenous
versus Peritoneal Spread. J Oncol. 2019;2019:7407190.
https://doi.org/10.1155/2019/7407190

6. Oki E, Ando K, Nakanishi R, Sugiyama M, Nakashima Y,
Kubo N, et al. Recent advances in treatment for colorectal
liver metastasis. Ann Gastroenterol Surg. 2018;2(3):167-75.
https://doi.org/10.1002/ags3.12071

7. Biller LH, Schrag D. Diagnosis and Treatment of Metastatic
Colorectal Cancer: A Review. JAMA. 2021;325(7):669-85.
https://doi.org/10.1001/jama.2021.0106

8. Sabouni E, Nejad MM, Mojtabavi S, Khoshduz S, Mojtabavi
M, Nadafzadeh N, et al. Unraveling the function of epithelial-
mesenchymal transition (EMT) in colorectal cancer:
Metastasis, therapy response, and revisiting molecular
pathways. Biomed Pharmacother. 2023;160:114395. https://
doi.org/10.1016/j.biopha.2023.114395

9. Crotti S, Piccoli M, Rizzolio F, Giordano A, Nitti D,
Agostini M. Extracellular Matrix and Colorectal Cancer:
How Surrounding Microenvironment Affects Cancer Cell
Behavior? J Cell Physiol. 2017;232(5):967-75. https://doi.
org/10.1002/jcp.25658

10. Piersma B, Hayward MK, Weaver VM. Fibrosis and
cancer: A strained relationship. Biochim Biophys Acta Rev
Cancer. 2020;1873(2):188356. https://doi.org/10.1016/j.
bbcan.2020.188356

11. Sisto M, Ribatti D, Lisi S. Organ Fibrosis and Autoimmunity:
The Role of Inflammation in TGFB-Dependent EMT.
Biomolecules. 2021;11(2):310. https://doi.org/10.3390/
biom11020310

12. Peng D, Fu M, Wang M, Wei Y, Wei X. Targeting TGF-f
signal transduction for fibrosis and cancer therapy. Mol
Cancer. 2022;21(1):104. https://doi.org/10.1186/s12943-
022-01569-x

13. Wodzinski D, Wosiak A, Pietrzak J, Swiechowski R, Kordek
R, Balcerczak E. Assessment of the TGFB1 gene expression
and methylation status of the promoter region in patients
with colorectal cancer. Sci Rep. 2022;12(1):1-12. https://
doi.org/10.1038/s41598-022-15599-4

14. Soleimani A, Pashirzad M, Avan A, Ferns GA, Khazaei M,
Hassanian SM. Role of the transforming growth factor-f3
signaling pathway in the pathogenesis of colorectal
cancer. J Cell Biochem. 2019;120(6):8899-907. https://doi.
org/10.1002/j¢cb.28331

15. Hua W, ten Dijke P, Kostidis S, Giera M, Hornsveld M.
TGFp-induced metabolic reprogramming during epithelial-

3244 4sian Pacific Journal of Cancer Prevention, Vol 26

to-mesenchymal transition in cancer. Cell Mol Life Sci.
2020;77(11):2103-23. https://doi.org/10.1007/s00018-
019-03398-6

16. Zhang N, Ng AS, Cai S, Li Q, Yang L, Kerr D. Review Novel
therapeutic strategies : targeting epithelial — mesenchymal
transition in colorectal cancer. 2021;200(figure 1):358-68.
https://doi.org/10.1016/S1470-2045(21)00343-0

17. Vu T, Datta PK. Regulation of EMT in colorectal cancer:
A culprit in metastasis. Cancers (Basel). 2017;9(12):1-22.
https://doi.org/10.3390/cancers9120171

18. Wang M, Wu Q, Jiang Y, Liu Y, Ou Y. The correlation of
KATIl, Slug and vasculogenic mimicry in the prediction of
metastasis and prognosis in colorectal carcinoma. Int J Clin
Exp Pathol. 2018;11(10):5034—43.

19. Busch EL, McGraw KA, Sandler RS. The potential for
markers of epithelial-mesenchymal transition to improve
colorectal cancer outcomes: A systematic review. Cancer
Epidemiol Biomarkers Prev. 2014;23(7):1164-75. https://
doi.org/10.1158/1055-9965.EPI-14-0017

20. Susanto H, Handaya AY, Putra WE, Anggraeni NN, Zakiah
BUS, Hadayani F, et al. The expression of metastasis-related
protein among Indonesian colorectal carcinoma patients: A
preliminary clinical study. In: AIP Conference Proceedings.
AIP Publishing LLC; 2023. p. 20005.

21. Zhang X, Yang M, Shi H, Hu J, Wang Y, Sun Z, et al.
Reduced E-cadherin facilitates renal cell carcinoma
progression by WNT/B-catenin signaling activation.
Oncotarget. 2017;8(12):19566-76. https://doi.org/10.18632/
oncotarget.15361

22. LuF, Chen S, Shi W, Su X, Wu H, Liu M. GPC1 promotes
the growth and migration of colorectal cancer cells through
regulating the TGF-f1/SMAD2 signaling pathway. PLoS
One. 2022;17(6 June):1-14. https://doi.org/10.1371/journal.
pone.0269094

23.MaY, Yan F, Li L, Liu L, Sun J. Deletion and down-
regulation of SMADA4 gene in colorectal cancers in a Chinese
population. Chinese J Cancer Res. 2014;26(5):525-31.
https://doi.org/10.3978/j.issn.1000-9604.2014.09.02

24.Ji Q, Liu X, Han Z, Zhou L, Sui H, Yan L, et al. Resveratrol
suppresses epithelial-to-mesenchymal transition in colorectal
cancer through T7GF-f1/Smads signaling pathway mediated
Snail/E-cadherin expression. BMC Cancer. 2015;15(1):1—
12. https://doi.org/10.1186/s12885-015-1119-y

25. Zhan J, Niu M, Wang P, Zhu X, Li S, Song J, et al. Elevated
HOXB9 expression promotes differentiation and predicts
a favourable outcome in colon adenocarcinoma patients.
Br J Cancer. 2014;111(5):883-93. https://doi.org/10.1038/
bjc.2014.387

26. Li H, Lin Z, Bai Y, Chi X, Fu H, Sun R, et al. Sinomenine
inhibits ovarian cancer cell growth and metastasis by
mediating the Wnt/B-catenin pathway via targeting MCM2.
RSC Adv. 2017;7(79):50017-26. https://doi.org/10.1039/
C7RA10057D

27. Zhang X, Hu F, Li G, Li G, Yang X, Liu L, et al. Human
colorectal cancer-derived mesenchymal stem cells promote
colorectal cancer progression through IL-6 / JAK2 /
STAT3 signaling. Cell Death Dis. 2018;9(2):25. https://doi.
org/10.1038/s41419-017-0176-3

28. Biernacka A, Dobaczewski M, Frangogiannis NG. TGF-f
signaling in fibrosis. Growth Factors. 2011;29(5):196-202.
https://doi.org/10.3109/08977194.2011.595714

29.Marvin DL, Heijboer R, ten Dijke P, Ritsma L. TGF-f signaling
in liver metastasis. Clin Transl Med. 2020;10(7):e160.
https://doi.org/10.1002/ctm2.160

30. Chiavarina B, Costanza B, Ronca R, Blomme A, Rezzola S,
Chiodelli P, et al. Metastatic colorectal cancer cells maintain
the TGFp program and use TGFBI to fuel angiogenesis.



DOI:10.31557/APJCP.2025.26.9.3239
Differences in Expression of Epithelial-Mesenchymal Transition (EMT) Induction Genes TGF-B Pathway Transition

Theranostics. 2021;11(4):1626—40. https://doi.org/10.7150/
thno.51507 @ @ @

31. Bertrand-Chapel A, Caligaris C, Fenouil T, Savary C,
Aires S, Martel S, et al. SMAD2/3 mediate oncogenic This work is licensed under a Creative Commons Attribution-
effects of TGF-f in the absence of SMAD4. Commun Non Commercial 4.0 International License.
Biol. 2022;5(1):1068. https://doi.org/10.1038/s42003-022-
03994-6

32. Luo K. Signaling Cross Talk between 7GF-f/Smad and
Other Signaling Pathways. Cold Spring Harb Perspect Biol.
2017;9(1). https://doi.org/10.1101/cshperspect.a022137

33. He Y, Ding N, Luo H, Zhang T, Peng T, Yao Y. Correlation
between SMADs and Colorectal Cancer Expression,
Prognosis, and Immune Infiltrates. Int J Anal Chem.
2023;2023:1-13. https://doi.org/10.1155/2023/8414040

34. Ding N, Luo H, Zhang T, Peng T, Yao Y, He Y. Correlation
between SMADs and Colorectal Cancer Expression,
Prognosis, and Immune Infiltrates. Int J Anal Chem.
2023;2023:8414040. https://doi.org/10.1155/2023/8414040

35. Zhao M, Mishra L, Deng CX. The role of tgf-pf/smad4
signaling in cancer. Int J Biol Sci. 2018;14(2):111-23. https://
doi.org/10.7150/ijbs.23230

36. Goswami RS, Patel KP, Singh RR, Meric-Bernstam F,
Kopetz ES, Subbiah V, et al. Hotspot mutation panel testing
reveals clonal evolution in a study of 265 paired primary and
metastatic tumors. Clin cancer Res. 2015;21(11):2644-51.
https://doi.org/10.1158/1078-0432.CCR-14-2391

37. Li Y, Cao H, Jiao Z, Pakala SB, Sirigiri DNR, Li W, et
al. Carcinoembryonic antigen interacts with TGF-{beta}
receptor and inhibits TGF-{beta} signaling in colorectal
cancers. Cancer Res. 2010;70(20):8159-68. https://doi.
org/10.1158/0008-5472.CAN-10-1073

38. Sanchez-Valle V, Chavez-Tapia NC, Uribe M, Mendez-Sanchez
N. Role of Oxidative Stress and Molecular Changes in Liver
Fibrosis: A Review. Curr Med Chem. 2012;19(28):4850—-60.
https://doi.org/10.2174/092986712803341520

39. Cao H, Xu E, Liu H, Wan L, Lai M. Epithelial-mesenchymal
transition in colorectal cancer metastasis: A system
review. Pathol Res Pract. 2015;211(8):557-69. https://doi.
org/10.1016/j.prp.2015.05.010

40. Hsu DSS, Wang HJ, Tai SK, Chou CH, Hsieh CH, Chiu
PH, et al. Acetylation of snail modulates the cytokinome
of cancer cells to enhance the recruitment of macrophages.
Cancer Cell. 2014;26(4):534-48. https://doi.org/10.1016/j.
ccell.2014.09.002

41. Jolly MK, Boareto M, Huang B, Jia D, Lu M, Onuchic JN,
et al. Implications of the hybrid epithelial/mesenchymal
phenotype in metastasis. Front Oncol. 2015;5(JUN):1-19.
https://doi.org/10.3389/fonc.2015.00155

42. Akhmetkaliyev A, Alibrahim N, Shafiee D, Tulchinsky E.
EMT/MET plasticity in cancer and Go-or-Grow decisions
in quiescence: the two sides of the same coin? Mol Cancer.
2023;22(1):1-16. https://doi.org/10.1186/s12943-023-
01793-z

43. Pastushenko I, Blanpain C. EMT Transition States
during Tumor Progression and Metastasis. Trends Cell
Biol. 2019;29(3):212-26. https://doi.org/10.1016/j.
tcb.2018.12.001

44. Liao TT, Yang MH. Hybrid Epithelial/Mesenchymal State
in Cancer Metastasis: Clinical Significance and Regulatory
Mechanisms. Cells. 2020;9(3):623. https://doi.org/10.3390/
cells9030623

45. Moreno-Sanchez R, Saavedra E, Gallardo-Pérez JC,
Rumjanek FD, Rodriguez-Enriquez S. Understanding the
cancer cell phenotype beyond the limitations of current
omics analyses. FEBS J. 2016;283(1):54-73. https://doi.
org/10.1111/febs.13535

Asian Pacific Journal of Cancer Prevention, Vol 26 3245



