A New Generation of Cancer Therapy — Review

Technology in Cancer Research &
Treatment

Volume 21: 1-10

© The Author(s) 2022

Article reuse guidelines:
sagepub.com/journals-permissions
DOI: 10.1177/15330338221081219
journals.sagepub.com/home/tct

®SAGE

Research Progress of Epithelial-mesenchymal
Transition Treatment and Drug Resistance in
Colorectal Cancer

Qianyang Ni, MD' (2, Meng Li, PhD"", and Suyang Yu, PhD'

Abstract

Colorectal cancer (CRC) is one of the most common malignancies in the world that seriously affects human health. Activation of
epithelial-mesenchymal transition (EMT) is a physiological phenomenon during embryonic development that is essential for cell
metastasis. EMT participates in various biological processes associated with trauma repair, organ fibrosis, migration, metastasis,
and infiltration of tumor cells. EMT is a new therapeutic target for CRC; however, some patients with CRC develop resistance to
some drugs due to EMT. This review focuses specifically on the status of treatments that target the EMT process and its role in
the therapeutic resistance observed in patients with CRC.
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Introduction

Colorectal cancer (CRC) is one of the most common malignant
tumors of the gastrointestinal tract and can be divided into colon
and rectal cancer components. The incidence and mortality of
CRC both rank second among all cancers that occur globally.'
Recent statistics from the USA reveal that between 2000 and
2013, the incidence of CRC in individuals younger than 50
years old increased by 22% and the five-year relative survival
rate after diagnosis was 65%.> The early diagnosis methods
for CRC have gradually improved in recent years; however,
because of the atypical clinical symptoms in its initial stages
of development, such as abdominal pain, bloating, and altered
bowel habits, CRC is often undiagnosed and does not receive
sufficient attention until it causes bowel obstruction or systemic
symptoms such as anemia, weight loss, and other obvious
symptoms. This underdiagnosis reduces the effect of treatments
available to patients with now middle or late stage CRC, as well
as the high mortality of the disease. Surgery alone or combined
with radiotherapy, chemotherapy, or emerging targeted therapy

remain the cornerstones of CRC treatment. However, CRC
recurrence and metastasis during the treatment process cannot
be effectively controlled using these traditional methods and
recent studies have shown that epithelial-mesenchymal transi-
tion (EMT) plays a key role in the infiltration, metastasis, and
drug resistance of CRC.
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EMT is a reversible cellular process that temporarily trans-
forms an epithelial cell into a mesenchymal cell,® characterized
by the loss of apical-basal polarity and tight junctions that keep
epithelial cells in touch with their neighboring cells and base-
ment membranes. EMT is developmentally necessary, and its
underlying processes are reactivated during wound healing,
fibrosis, and cancer progression.* The resulting mesenchymal
cells can be restored to an epithelial state in an opposite
process called mesenchymal-epithelial transition (MET). EMT
plays an important role in specific stages of embryogenesis,
such as gastrula formation, tissue morphogenesis during develop-
ment, and wound healing in adults.® However, as these cells rear-
range their cytoskeleton, reprogram metabolism and gene
expression, and alter the signaling pathways that define cell
shape, individual cell viability can increase and develop an aggres-
sive phenotype. In addition, the malignant progression of many
types of cancer may depend on EMT activation in tumor cells.””
7 The process of EMT is accompanied by aberrant expression of
molecules, including the reduced expression of epithelial
markers, increased expression of mesenchymal markers, and
EMT-related transcription factors that involve multiple signaling
pathways and molecular regulatory mechanisms.®*

Academics have found that not all cancer development pro-
cesses are related to EMT. For example, Fischer et al.'” found
that EMT was not necessary for the development of breast
cancer in the MMTV-PyMT mouse model, and Chen et al.'’
found that EMT was not essential for the metastasis of pancreatic
ductal carcinoma under certain conditions. EMT can mediate
treatment resistance in tumors, but most tumors develop resis-
tance to only one or two clinical treatments. For example,
gastric cancer is resistant to chemotherapeutic agents,'* while
non-small cell lung cancer is resistant to chemotherapy and tar-
geted therapy under EMT."*!'* In contrast, CRC can simultane-
ously develop resistance to chemotherapy, radiotherapy, and
targeted therapy and therefore, we hypothesize that the associa-
tion between CRC and EMT is stronger than that in other tumors.

With the development of modern medicine, therapies for
CRC have flourished and this wider variety of treatment raises
the hope for better patient care and survival. However, with the
diversification of CRC therapies, a series of challenges have
arisen in modern clinical medicine practice, the most prominent
of which is drug therapy resistance. In this review, we summarize
the salient features of CRC and EMT, with a particular focus on
effective therapies for CRC and treatment resistance, describing
effective treatments for EMT versus EMT-mediated drug resis-
tance and its associated molecular mechanisms.

Characteristics of EMT

Concept of EMT within CRC Development and
Treatment Strategies

The concept of epithelial-mesenchymal transition (EMT) was
first proposed by Greenberg and Hay in 1982, who reported
how crystalline epithelial cells lost their original polarity
when cultured in gels, extended pseudopods, and exhibited a

mesenchymal cell phenotype.'> EMT refers to the process by
which epithelial cells are transformed into mesenchymal cells in
response to physiological or pathological factors and is widely
known as the process during which epithelial cells lose their polar-
ity and connectivity with adjacent cells, which promotes the acqui-
sition of migration, invasion, proliferation, and antiapoptotic
effects'® (Figure 1). Depending on the biological context, EMT
can be classified into three different sub-types by the
International Conference on Tumor Invasion and Metastasis,
Poland, 2007'": Type 1 EMT is associated with implantation,
embryogenesis, and organ development,'® and mediates the trans-
formation of epithelial cells into mesenchymal cells, resulting in a
greater diversity of cell types during embryogenesis. Type 2 EMT
is associated with wound healing, tissue regeneration, and organ
fibrosis by promoting fibroblast proliferation, which leads to
repair of damaged tissues or organs. However, this process often
results in local fibrosis in organs.'**® Type 3 EMT is associated
with tumorigenesis in which epithelial malignant tumor cells of
epithelial origin formed through EMT are prone to migration
and metastatic mesenchymal cells and contribute to the develop-
ment of tumor infiltration and metastasis.*'**

Relationship between EMT and Tumor Cell Metastasis

The E-calcium adhesion protein (E-cadherin) is an important
molecule in the formation of cellular adhesion links and is a
key factor in the formation of intercellular contacts.”®> At the
onset of EMT in malignant tumors, the expression of
E-cadherin is down-regulated or lost, resulting in decreased
adhesion among tumor cells and elevated invasion, infiltration,
and metastasis of tumor cells.”* The lower the expression of
E-cadherin, the worse the patient prognosis can be; therefore,
the downregulation or loss of E-cadherin is considered a hall-
mark event of EMT.> However, it has also been hypothesized
that EMT is not required during tumor metastasis, and that
downregulation or loss of E-cadherin expression does not nec-
essarily occur at the time of EMT or tumor metastasis.”® The
transcription factor Snaill enables cells to produce the Snail
protein, which can repress E-cadherin transcription by
binding to the E-box element proximal to the E-cadherin pro-
moter. Because the downregulation or loss of E-cadherin
expression is a hallmark event of EMT, Snail is considered an
important switch that controls this process.”’ In the KPC
mouse model of pancreatic ductal carcinoma, knockdown of
the Snail gene did not effectively inhibit tumor metastasis®®;
whereas in the MMTV-PyMT breast cancer mouse model, the
same knockdown of Snail resulted in a significant reduction
in lung metastasis.”> Therefore, many scholars believe that
this may be due to differences in the different tumor microenvi-
ronments leading to differences in the EMT process promoting
tumor metastasis occurrence.”

EMT-Mediated Tumor Treatment Resistance

In recent years, it was found that EMT confers tumor cells the
ability to adapt to the changing microenvironment during
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Figure 1. Epithelial cells lose their polarity and connectivity with adjacent cells, acquire the ability of migration, invasion, proliferation and

antiapoptotic effects, and transform into mesenchymal cells.

secondary tumor formation,®' which leads to further enhance-
ment of tumor cell resistance. In general, the occurrence of
EMT in tumor cells can simultaneously make them much
more resistant to apoptosis, creating a form of apoptotic resis-
tance that can directly reduce the efficacy of radiotherapy, che-
motherapy, targeted therapy, and immunotherapy.’> For
example, Mirone et al.>® found that Notch-1, HESI, and
HEYI were significantly upregulated in tumor cells resistant
to regorafenib, and that silencing Notch-1 in resistant cells par-
tially restored sensitivity to regorafenib treatment in vitro.
Moreover, Wnt signaling is an important pathway for CRC pro-
gression and is also one of the progression factors of EMT, as
berrant activation of Wnt/p-catenin signaling is an important
cause of CRC development.>* The Wnt/p-catenin pathway is
a classical pathway of the Wnt signaling pathway that consists
of a variety of secreted glycoproteins and has an important regulatory
role in cell proliferation, differentiation, and migration. Thus, aberrant
activation of Wnt/p-catenin signaling can promote EMT activity in
CRC cells and tolerance of some cisplatin-based drugs.>>>® Zhou
et al* examined miR-506 levels in colon cancer patients to
analyze colon cancer cells with different resistance to oxaliplatin.
They found that overexpression of miR-506 in HCT116-OxR cells
inhibited MDRI1/P-gp expression by downregulating the Wnt/
[-catenin pathway, which enhanced oxaliplatin sensitivity and indi-
cated that the Wnt/B-catenin pathway can promote EMT occurrence
in CRC cells through the expression of MDR1/P-gp and drug resis-
tance, thus providing a theoretical basis for miRNAs-based strategies
to reverse oxaliplatin resistance in colorectal cancer cells. In this way,
EMT reversal or killing of tumor cells that have already undergone
EMT via inhibition or activation of certain signaling pathways, such
as the Notch signaling pathway’’ has become a trending topic in
modern clinical medicine (Figure 2).

Treatment and Drug Resistance of CRC
Associated with EMT

Treatment and Drug Resistance in EMT-Associated CRC
During Chemotherapy

Chemotherapy kills cancer cells through the application of che-
motherapeutic agents. Chemotherapy is currently one of the

most effective means of treating cancer and, along with
surgery and radiotherapy, is a primary choice for cancer treat-
ment strategies. Chemotherapy is a systemic treatment option
because regardless of the route of administration (oral, intrave-
nous, and body cavity administration, etc), chemotherapeutics
spread throughout most organs and tissues through blood circu-
lation. Therefore, chemotherapy is the primary treatment for
tumors that tend to disseminate systemically and for mid- to
late-stage tumors that have metastasized.

Currently, 5-Fluorouracil (5-Fu) is one of the most effective
chemotherapeutic agents for the treatment of CRC. It has been
shown that 5-Fu is first converted to 5-fluorouracil nucleoside
monophosphate (5-FUMP) and 5-fluorouracil deoxynucleoside
monophosphate (5-FAUMP) in vivo. When 5-FAUMP is com-
bined with thymidylate synthase (TS), it forms a stable triplet
complex that inhibits TS activity and inhibits TS from effi-
ciently synthesizing deoxythymidine monophosphate (dTMP).
In turn, when dTMP is not effectively synthesized, DNA
strands cannot replicate properly and DNA repair functions
are greatly impaired, leading to the inhibition of cell growth
and enhanced tumor cell-killing effects.*®

The molecular mechanisms of chemoresistance are complex,
including reduced intracellular drug accumulation, apoptosis
inhibition, overexpression of DNA repair enzymes, and activa-
tion of DNA damage checkpoint responses. There is growing
evidence that EMT enhances 5-Fu resistance in CRC, but the
mechanism is unknown. The Snail transcription factor is an
important switch that controls EMT; Wang et al.>* found that
CRC cells overexpressing Snail had significantly increased
5-Fu resistance and that Snail could directly bind to the pro-
moter of the ATP-binding cassette transporter protein family
B member (ABCBI1) and upregulate its transcription. They
also found Snail-induced drug resistance to 5-Fu in CRC cells
could be significantly attenuated by knocking down the
ABCBI gene, revealing a potential mechanism for EMT and
chemoresistance, as well as providing a potential target for clin-
ical treatment of CRC.

Because the induction of EMT promotes the development of
conventional chemotherapy resistance in CRC, eliminating or
reversing the EMT process is the key to addressing chemore-
sistance in CRC. Increasing evidence supports the hypothesis
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Figure 2. Wnt/p-catenin signaling pathway: After activation of the representative protein Wnt, the signal is forwarded through the cytoplasmic
protein (GSK-3p, Axin, APC, f-catenin and etc) to activate the nuclear transcription factor(TCF-LEF). Thus, the level of E- cadherin in the cells
was downregulated. TGF-f signaling pathway: The TGF-p ligand binds to the type II receptor dimer to form a heterotetramer complex. SARA
recruits R-SMAD protein and binds R-SMAD protein to type I receptor. The type I receptor phosphorylates the serine residue of R-SMAD and
separates it from the receptor complex and SARA. Phosphorylated R-SMAD binds to CoOSMAD(SMAD4) and enters the nucleus, causing the
level of E- cadherin in the cells was downregulated. PI3K/Akt signaling pathway: PI3K/Akt signaling pathway can directly induce EMT, mainly
by up regulating the expression of transcription factors (Snail, Slug, Twist, ZEB, etc), so as to down regulate the level of intracellular E-cadherin.
Notch pathway: Notch signal is cleaved by y-secretase during activation, releasing the activated form of Notch protein NICD. NICD enters the
nucleus and binds to CSL protein to promote downstream gene expression, thereby promoting EMT.

that curcumin may inhibit EMT in CRC cells.** Toden et al.*!
evaluated the effects of curcumin and 5-Fu alone and in combi-
nation on parental and 5-FU-resistant CRC cells. They found
that the combined treatment 5-Fu increased apoptosis and inhib-
ited proliferation in both parental and resistant cells; whereas,
5-Fu alone was ineffective in resistant cells. Thus, curcumin

has the potential as a new adjuvant chemotherapeutic agent to
prevent CRC progression and metastasis. Additionally,
Mendoza-Rodriguez et al.** found that 5-Fu combined with a
transcription activator (STAT-6) inhibitor AS1517499 and tri-
methylglycine enhanced the effect of chemotherapy. This com-
bination therapy resulted in reduced STAT-6 phosphorylation
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and increased expression of the epithelial marker E-cadherin
and reduced expression of the mesenchymal markers
B-catenin and Snaill, which induced apoptosis and increased
sensitivity to 5-FU.

Hypoxia-inducible factor-lae (HIF-1ax) is closely associated
with tumor metastasis, chemotherapy, and poor prognosis.
Zhang et al.** found that overexpression of HIF-la promoted
EMT during adenovirus infection, facilitating cell invasion and
migration in vitro and in vivo. At the molecular level, the o
domain of HIF-1 binds directly to the proximal promoter of
ZEBI through the hypoxia response element, thereby increasing
ZEBI trans-activity and expression. In addition, ZEB1 inhibition
blocked HIF-la-induced epithelial mesenchymal transition and
cell invasion. Thus, the expression of HIF-1a was highly corre-
lated with ZEB1 expression in normal colorectal epithelial,
primary, and metastatic colorectal cancer tissues. Additionally,
both HIF-1a and ZEB1 were positively correlated with vimentin,
an important mesenchymal marker of EMT, and negatively corre-
lated with E-cadherin expression. These results suggest that
HIF-1a promotes endodermal metastasis and tumor metastasis in
CRC by binding to the ZEBI promoter. In contrast, Guo et al.**
found that ZEBI expression was significantly increased in colon
cancer tissues and correlated with lymph node metastasis and
depth of infiltration. Compared with parental colon cancer cells
(HCT116), oxaliplatin-resistant HCT116/OXA cells exhibited an
EMT phenotype characterized by upregulated expression of
ZEBI1, vimentin, MMP2, and MMP9, and downregulated expres-
sion of E-cadherin. Transfection of Si-ZEB1 into HCT116/0XA
cells significantly reversed the EMT phenotype and enhanced oxa-
liplatin sensitivity both in vitro and in vivo. ZEB1 knockdown was
effective in restoring oxaliplatin sensitivity by reversing EMT,
which demonstrated that ZEB1 is a potential therapeutic target
for the prevention of OXA resistance in colon cancer.

The Wnt pathway can promote EMT in CRC cells by acti-
vating MDR1, which in turn increases CRC resistance to oxali-
platin, but is there a targeted therapeutic agent for the Wnt
pathway? Wu et al.** reported the synergistic effects of cinna-
maldehyde and L-OHP inhibited hypoxia-activated Wnt/
B-catenin signaling, reversed EMT, activated CsC, and
reduced the development of L-OHP resistance. CRC patients
with KRAS mutations are insensitive to cetuximab and panitu-
mumab,*® and the potent and selective Wnt/p-catenin inhibitor
KYA1797K activates GSK3p and degrades small f-catenin and
RAS molecules to increase the sensitivity of tumors with KRAS
mutations to cetuximab and panitumumab. These results sug-
gested that Wnt signaling leads to chemoresistance in CRC
and that the use of Wnt inhibitors affects cellular chemosensi-
tivity to other drugs, providing a new avenue for the clinical
treatment of colorectal cancer.

Radiotherapy Treatment and Resistance in CRC is
Associated with EMT

Radiation therapy (RT) for tumors is a local or regional treat-
ment that uses radiation to destroy tumor cells. Radiation
includes alpha, beta, and gamma rays produced by

radioisotopes and x-rays, electrons, proton beams, or other par-
ticle beams produced by several types of x-ray therapy
machines or accelerators. Approximately 70% of patients
with cancer require radiation therapy to varying degrees,
which can be administered radiation alone or in combination
with surgery, chemotherapy, or targeted therapy, in the treat-
ment of cancer. Approximately 40% of cancers can be cured
radically with radiation therapy. The fundamental goal of radio-
therapy is to kill tumor cells by focusing the maximum amount
of radiation on the target area (ie, lesion) while sparing the sur-
rounding normal tissues or organs as much as possible from
unnecessary exposure. The role and status of radiotherapy as
a tumor treatment is becoming increasingly prominent and
one of the three major tools of tumor treatment (ie, chemother-
apy, radiotherapy, and surgical treatment).

The mitochondrial pyruvate carrier (MPC) is found in the
inner membrane of mitochondria and is a membrane protein
that transports pyruvate into the mitochondria. As the only
entry point for pyruvate into the mitochondrial matrix, MPC
is important for coordinating glycolysis and mitochondrial
activity and critical in the regulation of cellular energy produc-
tion and metabolism.*” Recent studies have shown that MPC1
is usually lowly expressed, while MPC2 is more highly
expressed in tumors compared to normal cells; however, the
survival of colon, kidney, and lung cancers with low MPC1
expression tend to be poor.*® Yuji Takaoka et al.* found that
EMT was induced by glutamine (GLS) in cells with inhibited
MPCI1 cultured in a medium lacking glutamine, suggesting
the metabolization of glutamine into glutamate increased mito-
chondrial intake.*® In addition, MPC1 expression induced EMT
in pancreatic cancer (PC) and contributed to their acquisition of
therapeutic resistance to radiotherapy.

Wang et al.> found that the tumor-associated non-coding RNA
microRNA-310A (miR-130a) could further induce EMT and CRC
radiotherapy resistance by affecting the related proteins NBS1,
p-ATM, and YH2AX and their associated signaling pathways by
inhibiting the target protein SOX4. This finding provides a poten-
tial therapeutic target and preoperative prognostic marker for CRC
radiotherapy. In addition, the bioactive form of vitamin D,
1,25-dihydroxyvitamin D3 (VD3), can also act as a sensitizer of
CRC to radiotherapy.® VD3 not only has antitumor effects on
CRC, but also enhances the sensitivity of CRC cells to ionizing
radiation (IR). VD3-induced recovery of radiosensitivity is associ-
ated with a range of phenotypes, including apoptosis, autophagy,
and EMT. Studies suggest that VD3 can act synergistically with IR
both in vitro and in vivo, as well as enhance radiosensitivity by
modulating EMT, thus providing a new direction for improving
the efficacy of CRC radiation therapy.

Targeted Therapy for Treatment and Drug Resistance in
EMT-Associated CRC

Targeted therapy is a treatment modality that treats an already
defined oncogenic site at the cellular level. In addition to con-
ventional chemotherapy, radiotherapy, and surgery, various tar-
geted therapies can be used to treat tumors at the organ-tissue



Technology in Cancer Research & Treatment

and molecular levels. The targets of molecular targeted therapy
are phenotypic molecules associated with malignant tumor cells
that often act on specific cellular receptors, signaling, and other
channels that promote tumor growth and metastasis, neovascu-
larization, and cell cycle regulation to inhibit tumor cell growth
or promote apoptosis. Unlike traditional chemotherapy, which
is toxic to cells, targeted therapy has specific anti-tumor
effects and significantly reduced toxicity that have pioneered
the field of tumor therapy.

The TGF-p signaling pathway mediates tumor suppression
during the initial stages of tumor growth, but it can also
promote tumor progression by inducing tumorigenic EMT in
mid- to late-stages of tumor development. A current study
found that inhibition of endogenous TGF-f cytokine levels
induced by Smad4 gene expression can lead to enhanced
TGF-p signaling and EMT development.’! Several receptor
kinase inhibitors are effective in blocking the downstream
effectors of the TGF-p signaling pathway, such as
LY2109761, a small molecule that inhibits TBR I and TBR II
kinase activity, which inhibits CRC transfer in a mouse
model.**>* The Notch signaling pathway is associated with
development and differentiation in all postnatal animals; it con-
trols proper germ layer formation and embryonic segmentation
and controls the timing and duration of differentiation events in
a dynamic manner.>* Studies have shown that the Notch
pathway can lead to the loss of epithelial cell polarity and
induces the onset of EMT in CRC.’> The Notch pathway
reduces the adhesion between epithelial cells by downregulat-
ing E-cadherin expression, which enhances the metastatic
ability of CRC.>® Non-selective GSIs are often referred to as
Notch inhibitors because they can inhibit tumor metastasis
and EMT development by the suppressing the Notch
pathway.”’ Currently, GIS has demonstrated antitumor effects
in a number of preclinical models.*®

Cetuximab (Erbitux, C225) is a closed monoclonal antibody
for the epidermal growth factor receptor (EGFR)’® that compet-
itively blocks the EGFR signaling pathway and inhibits the pro-
liferation of tumor cells; therefore, it is an effective targeted
therapeutic agent for the treatment of CRC. The exogenous
expression of a tumor non-coding small RNA molecule
(miR-141-3p) can increase the expression of E-cadherin, but
decrease the expression of N-cadherin, Snail, and vimentin in
CRC cells. The downregulation of miR-141-3p decreased the
expression levels of E-cadherin in colorectal cancer cells and
increased the expression levels of expression levels of
N-cadherin, Snail, and Vimentin. Therefore, miR-141-3p is
thought to be an important miRNA that affects EMT because
it can inhibit the expression of EGFR in CRC cells. As a
target drug used to inhibit the EGFR pathway, miR-141-3p
can also effectively enhance the sensitivity of CRC cells to
cetuximab.®® Thus, miR-141-3p could be a potential biomarker
for enhancing the efficacy of cetuximab and inhibiting the
occurrence of EMT in CRC.

Misale et al.®! found that continuous administration of cetux-
imab induced mutations in the KRAS gene in CRC cells. When
KRAS is mutated, aberrant KRAS proteins are produced, which

are permanently activated and cannot be regulated by the ligand
EGFR; therefore, downstream pathways are continuously
active and can stimulate unregulated CRC cell growth.
B-elemene is a bioactive compound isolated from one herb
with broad-spectrum anticancer effects.®” Chen et al.*> found
that B-elemene in combination with cetuximab was effective
in reducing the growth of CRC cells because it decreased
the expression of the mesenchymal markers vimentin,
N-cadherin, Slug, Snail, and MMP-9, as well as promoted the
expression of E-cadherin to inhibit EMT. These processes, in
turn, inhibited tumor metastasis, growth, and lymph node
metastasis and reduced cetuximab resistance in CRC with
KRAS mutations. Thus, B-elemene is potentially a novel tar-
geted therapeutic adjuvant for KRAS-mutated tumors.

AXL is a tyrosine kinase receptor associated with chemo-
therapy resistance. Studies suggest that AXL is associated
with the development of resistance to anticancer drugs, includ-
ing paclitaxel,®* doxorubicin,®® and vincristine.*® Its down-
stream signaling is mediated by Twistl, which activates
the expression of gene programs that may lead to PLK1 inhib-
itor resistance via EMT and activates the transcriptional regu-
lation of ABCBI, which encodes the multidrug resistance
protein MDRI1, also known as P-glycoprotein (P-gp).
Solanes-Casado et al.®” further confirmed the EMT process
in drug-resistant colorectal cancer cells is driven by AXL sig-
naling and Twistl as part of their acquired drug resistance
mechanism by assessing the expression levels of Ax/, Twistl,
E-calmodulin, vimentin, ABCB1, and MDRI in colorectal cancer
cell lines that are PLK inhibitor BI2536-resistant and parental
cell lines without detectable mutations in HT29, SW837, and
HCT116. In addition, Solanes-Casado et al.%” found that
mdrl expression was significantly higher in BI2536-resistant
cell lines than in parental cell lines at both the mRNA and
protein levels. The wvariation in protein increased 6- to
50-fold, while mRNA expression was 200-fold in the
BI2536-resistant lines compared to the parental lines. The cor-
relation of AXL with MDR1 upregulation in BI2536-resistant
cell lines has been previously reported, and these results are
consistent with the significant role MDR1 plays in the acqui-
sition of resistance to PLK inhibitors.

During EMT, tumor cells meet their increased bioenergetic
demands during metastasis by regulating their metabolic cir-
cuits.®® Therefore, understanding the metabolic regulatory pro-
cesses of EMT would provide a novel therapeutic target for the
treatment of tumors. As mentioned, activation of signaling path-
ways such as TGF-p, Wnt, and Notch, can induce and mediate
EMT by rewiring metabolic circuits within tumor cells; TGF-f
can increase 3-hydroxy-3-methylglutaryl coenzyme A
(HMG-CoA) reductase to promote the development of EMT.
Simvastatin is a competitive inhibitor of HMG-CoA reductase
and an FDA-approved drug used to treat hyperlipidemia.
Some studies®®’® have found that simvastatin silences the
TGF-p-induced EMT process and there are clinical trials’' dem-
onstrating that the inhibition of this signaling pathway in
advanced rectal cancer, which provides a promising potential
treatment option for patients with colorectal cancer.
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Immunotherapy Strategies for Treatment and Drug
Resistance Associated with EMT

Immunotherapy is a treatment that artificially enhances or sup-
presses immune function in response to low or hyperactive
immune status to treat disease. Unlike the previous surgeries
mentioned above, the target of immunotherapy is not tumor
cells, but the body’s own immune system.

The expression of the waveform protein, which is an associ-
ated protein of EMT, is associated with poor prognosis.’?
Phosphorylation of waveform proteins promotes the growth
of metastatic tumors and the high expression of waveform pro-
teins indicates the activation of EMT in malignant tumors.
Ohara et al.”® reported that a novel phosphorylated helper
peptide epitope in the waveform protein could induce sufficient
T cell responses, suggesting that immunotherapy targeting
phosphorylated waveform proteins could be a promising treat-
ment strategy for patients with metastatic colorectal cancer.

Conclusion and Outlook

CRC is one of the most prevalent neoplasms that occurs world-
wide and has been explored and innovated in the past decades.
Currently, targeted therapy has been added to the three conven-
tional therapeutic tools (chemotherapy, radiotherapy, and
surgery) as a potential treatment option. However, as with the
other treatments, there is the challenge of drug resistance. The
mechanisms of drug resistance in CRC are very complex and
differ from person to person, including EMT, autophagy, apo-
ptosis, and self-repair of DNA damage. In the future, there is
a greater need to comprehensively explore the molecular mech-
anisms by which CRC generates drug resistance.

EMT is an important mechanisms that mediating drug
resistance in CRC that has been uncovered by researchers.
Although EMT can enhance the resistance of CRC to
various treatments through different molecular mechanisms
(eg, Snail gene expression, MPC effects, KRAS gene muta-
tions, etc), there are new therapeutic agents or potential
targets that can counteract these mechanisms (eg, curcumin,
VD3, p-elemene, etc). However, these therapeutic agents or
potential targets have not yet been put into clinical use and
it is therefore, still unknown if they can inhibit EMT
without affecting other normal tissues and organs in
humans. Exploring the mechanisms of EMT resistance and
innovative therapeutics is not only limited to the efficacy
of a treatment method on CRC cells outside the human
body or individual, it also needs to combine basic research
conclusions with its clinical applicability. To provide new
options for CRC treatment, the priority should be to trans-
form the molecules or compounds of effective treatment we
found in experiments into treatments that are clinically avail-
able and less toxic.
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