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Abstract

Colorectal cancer (CRC) is the third most common cancer and a
common cause of cancer-related mortality globally. In spite of the
improvements in the early diagnosis of CRC, approximately one-third
of patients develop metastasis and then have a very poor survival
rate. The mesenchymal-epithelial transition factor (c-MET) is a tyro-
sine kinase cell surface receptor activated by hepatocyte growth
factor (HGF). Activation of c-MET/HGF signaling pathway regulates
a variety of biological processes including cell motility, cell proliferation,
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angiogenesis, the epithelial-to-mesenchymal transition, and the
development and progression of cancer cells. Recent studies have
suggested that the c-MET/HGF signaling pathway is involved in the
carcinogenesis of CRC. In this review, we summarize the main find-
ings of recent studies investigating the role of c-MET/HGF signaling
pathway in CRC and the potential of the c-MET/HGF signaling
pathways in the diagnosis and treatment of CRC. © 2019 IUBMB Life,
71(7):802-811, 2019

INTRODUCTION

Colorectal cancer (CRC) is the third most common malignant
neoplasm and one of the most common causes for cancer-related
mortality globally, accounting for about 600,000 death annually
(1). More than one million new cases are diagnosed worldwide
per year (2). Although the incidence rate of CRC is not uniformly
common globally, both genders have a similar incidence rate (3, 4).
The survival rate in patients with CRC is dependent on the stage at
diagnosis and treatment. In spite of extensive efforts and advances
made in early diagnosis of CRC and timely and appropriate treat-
ment of CRC, approximately one-third of patients developed distant
metastasis inspite of chemoradiotherapy and surgery (5). Less than
10% five-year survival is expected for CRC patients in advanced and
metastatic stages (2).

CRC carcinogenesis is a multistep process and is often a conse-
quence of genetic and epigenetic alteration (6). Furthermore, in
the carcinogenesis of CRC, several signaling pathways had been
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reported to be involved during transition from normal colorectal
epithelium to cancerous and also in CRC progression, including
the toll-like receptor signaling pathway (7), the Wnt/B-catenin sig-
naling pathway signaling pathway (8), the death receptor signaling
pathway (9), the rat sarcoma viral oncogene homolog (RAS) sig-
naling pathway (10), and the TGF-p/SMAD4 (mothers against
decapentaplegic homolog 4) signaling pathway (11). Furthermore,
the c-MET/HGF signaling pathway is another pathway that has
been reported to be involved in CRC carcinogenesis. Consequently,
targeting the c-MET/HGF signaling pathway has become a focus of
interest either for efficient targeted therapy of CRC or for using to
predict CRC patient’s prognosis.

¢-MET (mesenchymal-epithelial transition factor) is a tyrosine
kinase cell surface receptor that upon binding of its ligand, hepato-
cyte growth factor (HGF), activates downstream effector pathways
(12). Activation of the c-MET/HGF signaling pathway regulates a
variety of biological processes including cell motility and prolifera-
tion, angiogenesis, the epithelial-to-mesenchymal transition, and
also the development and progression of cancer cells (13). The
c-MET receptor and HGF are expressed in normal epithelial cells;
however, upregulation in ¢c-MET and HGF expression has been
found during carcinogenesis (14-16). In this regard, in several
human malignancies such as bladder cancer, breast cancer, cervi-
cal cancer, esophageal cancer, gastric cancer, and also CRC, it has
been reported that aberrant expression of c-MET triggers a series
of signaling cascades and is associated with higher proliferation,
prevention apoptosis, loss of intercellular junctions, cell dissocia-
tion, and poor prognosis (17-23). Involvement of the c-MET/HGF
signaling pathway in several carcinogenetic processes and its inter-
action with other signaling pathways suggest that pharmacological
manipulation of the c-MET/HGF signaling pathway may serve as a
potential target for therapeutic management of CRC patients
to avoid CRC progression and metastasis. The aim of this review is
to summarize recent studies in exciting field of prognostic role of
c-MET/HGF signaling pathway in CRC patients and using c-MET/HGF
signaling pathways as a novel therapeutic target in CRC.

c-MET/HGF SIGNALING PATHWAY
AND ITS INTERACTION WITH OTHER
SIGNALING PATHWAYS

Signaling pathways of HGF and its receptor (HGFR or c-MET) are
important in regeneration, organ protection, and tumor malig-
nancy. c-MET is a receptor tyrosine kinase that has glycosylate
alpha and transmembrane subunit beta in its mature form.
Cytosine-rich MET-related sequence domain, Sema domain, and
four immunoglobulin-like domains are other extracellular compo-
nents of c-MET. The C-terminal regulatory tail, a tyrosine kinase
domain, and a juxtamembrane domain form the intracellular por-
tion of ¢c-MET. The mature HGF is a heterodimer of alpha and beta
chains. The alpha chain has one N-terminal hairpin and four
kringle domains. The beta subunit also has an enzymatically inac-
tive serine protease-like domain (24). The c¢-MET proto-oncogene
is expressed by epithelial cells of many organs. Y1234 and Y1235
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are tyrosine residues in the catalytic domain of ¢c-MET, which
becomes phosphorylated and homodimerized after binding of HGF
to ¢c-MET. Tyrosine 1356 and 1349 are two other tyrosines that
can be phosphorylated later in the signaling pathways. Stereotypi-
cal signaling modulators are responsible for downstream response
to c-MET activation. These responses include cell survival, trans-
formation, motility, proliferation, and cell cycle progression (25).
Mitogen-activated protein kinase cascade is an important cascade
in cell proliferation and cell cycle proliferation. Activation of this
cascade is regulated via activation of RAS. Cell survival response
is related to phosphatidylinositol-3-kinase (PI3K) signaling acti-
vated by c-MET signaling. Invasion, branching morphogenesis,
and tumorigenesis related to c-MET signaling activation are medi-
ated by STAT3 activation in a tissue-dependent manner (26, 27).
Also, cellular migration and adhesion are mediated by c-MET-SRC-
FAK (focal adhesion kinase) interaction (17). Many other receptors
such as neurophilins can also activate c-MET signaling and other
downstream pathways. Stimulation of cells with different ligands
such as epidermal growth factor receptor (EGFR) or platelet-
derived growth factor receptor may result in c-MET signaling acti-
vation in the absence of c-MET ligand (28).

ROLE OF c-MET/HGF SIGNALING
PATHWAY IN CARCINOGENESIS

Along with the roles in carcinogenesis described above, mutations
and rearrangements are also responsible for the development of
some cancers. Chromosomal rearrangements that place c-MET
adjacent to a translocation promoter may result in the develop-
ment of epithelial tumors. The overexpression of c-MET has been
reported in some cancers in the absence of mentioned gene
amplifications. ¢-MET amplification can be seen as a first-tire
genetic aberration or acquired during carcinogenesis (25). Muta-
tion of the MET gene can activate MET tyrosine kinase and induce
carcinogenesis. A well-known mutation in MET gene can be seen
in hepatocellular carcinoma of childhood. This cancer is caused
because of a somatic mutation in the kinase domain of MET (29).
Despite the presence of activating mutations, some MET muta-
tions are considered to be inhibitors of downregulation. Deletion
of the juxtamembrane domain is responsible for this down-
regulation delay (30). Even in the presence of intact MET, the acti-
vation of c-MET signaling pathway will occur by transactivation in
some cancers. CD44 stimulation and MET expression are an
example of transactivation in colon cancer. CD44 stimulation will
result in MET expression and therefore amplification of integrins
that mediate cancerous cell adhesion to adjacent epithelial cells
(31). However, a recent study has shown that c-Met activation is
independent of CD44 expression in HT29 LM3 cell lines (C27).

ROLE OF microRNAs IN TARGETING
c-MET/HGF SIGNALING PATHWAY

microRNAs (miRNAs or miRs) are small, single-stranded, nonprotein-
coding ribonucleic acids (RNAs) composed of approximately
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19-22 nucleotides long (32). miRNAs can be found in different
body fluids (33). These short-fragment RNAs acting as post-
transcriptional regulators of gene expression play pivotal
roles in many biological processes and cellular pathways
including cell cycle progression, proliferation, differentiation, apo-
ptosis, and angiogenesis (34, 35). Alteration of miRNAs’ expression
has been observed to result in dysregulation of these processes,
and also there is increasing evidence that aberrant expression of
miRNAs correlated with a number of cancers’ initiation and pro-
gression including CRC (35). It has been found that miRNAs can
play a role in cancer biology as tumor suppressors or oncogenes
are associated with c-MET/HGF signaling pathway. Some miRNAs
including miR-1, miR-34, miR-141, miR-199, and miR-206 have
been identified to be able to affect the c-MET/HGF signaling path-
way (12). Reid et al. investigated miRNAs’ expression in untreated
CRC patients (36). Forty CRC tissues matched with their adjacent
normal colorectal tissues were obtained. They found that the
expression of miR-1 was downregulated in CRC compared to non-
cancerous colorectal tissue. Furthermore, they observed that miR-
1 acts as tumor suppressor and can directly downregulate c-MET
expression. In cell line investigation in this study (HT29, HCT116,
and DLD-1 cells), Reid et al. also revealed that re-expression of
miR-1 resulted in decrement in CRC cells’ proliferation and their
motility by inhibition of c-MET/HGF signaling pathway. Long et al.
in an experimental study, evaluated the role of miR-141 as one of
common cancer-associated miRNA in CRC cell line (SW480 cells).
They found that overexpression of miR-141 resulted in cell cycle
arrest and therefore a significant decrease in proliferation of CRC
cells. Long et al. also reported that miR-141 inhibition led to
increased c-MET phosphorylation. Finally, they concluded that
miR-141 acts as a tumor suppressor by targeting HGF receptor,
also known as c¢-MET, and zinc finger E-box-binding homeo-
box (37). Bleau et al. in an attempt to identify novel targets for
treatment of CRC patients with liver metastasis used mouse model
of CRC liver metastasis. In this experimental analysis, they showed
that the expression of c-MET was upregulated while miR-146a
expression was reduced in metastatic models. They found that
miR-146a directly targets c-MET, and the overexpression of miR-
146a in metastatic clones resulted in prevention of colonization of
the metastatic cells in liver and reduces primary tumor growth.
Bleau et al. evaluated a total of 21 metastatic samples and 52 pri-
mary tumors, and in spite of experimental assay, in CRC patients
no significant differences were observed in c-MET and miR-146a
between primary tumors and CRC patients with liver metastasis
(38). The expression of miR-206 and its role in CRC progression
were evaluated by Ren et al. in 40 CRC tissue samples matched
with their adjacent normal colorectal tissues (39). They observed
significant reduction in miR-206 expression compared with adja-
cent normal tissue. Furthermore, in CRC cell lines (SW620, LOVO,
LS174T, SW480, HT29, and HCT116 cells), they found that miR-
206 inhibited the proliferation of CRC cells and induced apoptosis
and also prevented invasion and metastasis by directly targeting
c-MET.

In addition to this role of miRNAs, some studies have also
evaluated the possible therapeutic role of miRNAs altering c-MET
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pathways in CRC. Takeyama et al. studied miR-340 expression in
bone marrow of CRC patients with liver metastasis. By transient
miRNA transfection, they have shown that miR-340 and miR-
542-3p can inhibit CRC cell proliferation. Also, low miR-340 and
high c-MET levels in contrast to high miR-340 and low c-MET
expression have been reported to have better prognosis (40). Chen
et al. studied the role of miR-137 effect on tumor growth and
metastasis and reported that mice with miRNA overexpression
have smaller tumors and less metastasis. Also, they reported that
miR-137 could affect tumor progression by downregulating c-MET
expression. An interesting finding was observed in relation to the
epigenetic regulation of miR-137. Mecp-2 can regulate epigenetic
silencing of miR-137 and cause tumor progression by awaking the
suppressed c-MET (41).

THE THERAPEUTIC TARGETING
c-MET/HGF SIGNALING PATHWAY
IN CRC

The effect of c-MET/HGF expression and its targeting in CRC is
under active research. It has been reported that c-MET expression
increases gradually during progression from normal epithelium to
adenoma, to carcinoma, and to metastasis (42) (Table 1). Various
treatment options have been reported for targeting c-MET/HGF
signaling. HGF antagonists, such as NK4, have been tested in
patients with metastatic CRC. This drug will successfully inhibit
angiogenesis (53). Humanized molecular antibodies are another
therapeutic choice for targeting c-MET pathway. Monoclonal anti-
bodies have been developed that can bind to ¢c-MET and inhibit
receptor activation (onartuzumab) or even prevent phosphoryla-
tion of c-MET (rilotumumab) (54, 55). Tabernero et al. have evalu-
ated the safety and tolerability of ficlatuzumab in advanced CRC
patients and reported this drug as a favorable choice for altering
c-MET pathway safely. The most common side effects were edema
and gastrointestinal adverse events (44). Sun et al. have evaluated
the effect of cabozantinib as a c¢-MET inhibitor of angiogenesis and
tumor growth in a mouse model. They reported that cabozantinib
can effectively suppress VEGF expression by modulating sonic
hedgehog pathway (56). Lee et al. (51) had recently conducted the
first clinical trial of SAIT301 as a human igG2 antibody targeting
c¢-MET in CRC patients. The patients who have not responded to
chemotherapy and overexpressed MET have responded dramati-
cally to SAIT301 and alkaline phosphatase elevation or hyper-
phosphatemia as the dose-limiting toxicities. There are other
drugs available that affect c-MET signaling. Quinazolinone has
proven to possess antimalarial, antibacterial, and also antitumor
activities. Quinazolinone can affect matrix metalloproteinases
expression and inhibit metastasis. Chen et al. have evaluated the
antimetastatic effect of a quinazolinone derivate and MJ-56
(6-pyrrolidinyl-2-(3-bromostyryl)quinazolin-4-one) in CRC
cell lines. They have proven that MJ-56 can inhibit invasion
and migration of HT29 cells by targeting EGFR and c-MET,
and therefore ERK and PI3K/AKT/mTOR signaling. The
blocking of matrix metalloproteinases is due to inhibition of

c-MET/HGF SIGNALING IN CRC



TABLE'1

Author and year

Sample/cell line

Therapeutic agent

Summary of the most relevant studies investigating c-MET/HGF signaling pathways as therapeutic factors in CRC

Chief findings

Chen et al., 2013 (43)

Takeyama et al., 2014 (40)

Tabernero et al., 2014 (44)

Hu et al., 2016 (45)

Bessudo et al., 2011 (46)

Eng et al., 2016 (47)

Pineda et al., 2017 (48)

Su et al., 2017 (49)

Zhi et al., 2018 (50)

Lee et al., 2018 (51)

Lev et al., 2017 (52)

Human CRC samples/HT29
cell line

Normal and tumor
tissue/HCT116 and SW480
cell lines

15 patients with advanced
unresectable CRC
(phosphorylated c-MET)

DU145 cell line

9 patients with previously
treated metastatic CRC

122 locally advanced or
metastatic CRC

27 metastatic CRC

HCT116 cell line

Human CRC cell lines RKO
andHT29 (BRAFV600E
mutant)

15 patients with metastatic
CRC

26 MSI-high and 558
non-MSlI-high CRC tumors

MJ-56

miR-340
miR-542-3p

Ficlatuzumab

Curcumin and
dimethyl sulfoxide

Tivantinib and
CPT-11 plus C

Tivantinib and CETIRI

CAPOX-bevacizumab
Andrographolide

PHA-665752
andvemurafenib

SAIT301

Crizotinib with
mitomycin C

Inhibition of invasion and migration

Inactivation of ERK and
PIBK/AKT/mTOR signaling pathways
and blockade of NF-kB

Inhibition of CRC cell proliferation
after administration of miR-340

Association of higher miR-340
expression and better survival

Ficlatuzumab was well tolerated and
safe in advanced CRC
Ficlatuzumab modulate HGF/c-MET
pathway, and the recommended
dose was 20 mg/kg
once/14 days cycles

Curcumin reduced HGF-induced
invasive cells and blocked HGF
stimulation

Suppression of HGF-induced
E-cadherin downregulation and
vimentin expression upregulation

360 mg of RPTD twice daily was well
tolerated with preliminary antitumor
activity

No improvement in OS and PFS by
adding tivantinib to CETIRI

Increase sSVEGFR1 and decrease
VEGF-A achieved by bevacizumab
and chemotherapy

Andrographolide will enhance
antitumor effect of 5-FU in CRC

c-MET targeting plus vemurafenib is
more efficient in BRAF-positive CRC

Dramatic response to SAIT301 in
overexpressed MET CRC

Combination therapy resulted in
increased apoptosis and anticancer
effect

CRC: colorectal cancer, c-MET: mesenchymal—-epithelial transition factor, HGF: hepatocyte growth factor, OS: overall survival, PFS: progression-free sur-
vival, 5-FU: 5-fluorouracil, miR: microRNA, VEGF-A: vascular endothelial growth factor-A.

the NF-kB signaling pathway (43). Hu et al. used curcumin
on DU145 cell lines, and have shown that curcumin can suppress
HGF-induced effects that included upregulation of vimentin and
downregulation of E-cadherin. Curcumin attenuated HGF-induced
metastasis and migration as well as exhibited inhibitory effects
on snail expression and MET/HGF signaling in the DU145 cell

line (45).

PARIZADEH ET AL.

THE PROGNOSTIC IMPACT OF
c-MET/HGF SIGNALING PATHWAY

IN CRC

High levels of c-MET expression have been reported to be asso-
ciated with aggressive proliferation, invasion, and metastatic
spread of CRC tumors in both early-stage CRC (stages I and II)
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which are important during normal or cancer cell function.

and advanced stage CRC (stages IIl and IV). Therefore, c-MET
could be a useful biomarker in molecular staging and predicting
CRC prognosis (Table 2).

Lee et al. (57) investigated the incidence and prognostic sig-
nificance of c-MET expression in 255 metastatic CRC (stage IV)
patients treated with bevacizumab. c-MET immunohistochemis-
try (IHC) was undertaken. They found c-MET overexpression in
15.3% of patients, and that c-MET expression was not signifi-
cantly correlated with the response to chemotherapy. Further-
more, survival analysis showed that overexpression of c-MET
was significantly associated with poorer overall survival (0OS) and
progression-free survival (PFS) irrespective of primary tumor
sites. A retrospective tumor study was conducted by Resnick
et al. on 134 CRC tissue specimens from stage II CRC patients
who did not undergo adjuvant chemoradiotherapy. Standard IHC
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was used for evaluation of c-MET expression. In contrast with
the previous study, they found no significant correlation between
the expression level of c-MET and CRC patient’s prognosis in stage
IT (60). With respect to limitation of conventional IHC in measuring
the membranous, cytoplasmic, or nuclear c-MET expression (61),
Ginty et al. evaluated the membranous, cytoplasmic, and nuclear
levels of c-MET using an automated IHC in 583 patients including
stage I-IV CRC (61). At the end of the study, the membranous level
of c-MET was not found to be associated with prognosis in all dis-
ease stages. However, a lower level of membranous relative to
cytoplasmic MET was a significant predictor of CRC patient’s sur-
vival in stage I and II diseases. c-MET expression in 16 patients
with colorectal adenoma, 123 patients with primary CRC, and
25 CRC patients with liver metastasis was determined by Di Renzo
and colleagues. Despite overexpression of c-MET that was seen in

c-MET/HGF SIGNALING IN CRC



TABLE 2

Author and year

Population

Method

Summary of the most relevant studies investigating c-MET/HGF signaling pathways as prognostic factors in CRC

Chief findings

Lee et al., 2018 (57)

Kim et al., 2018 (58)

Lorenzon et al., 2017 (59)

Resnick et al., 2004 (60)

Ginty et al., 2008 (61)

Di Renzo et al., 1995 (62)

Liu et al., 1992 (63)

Garouniatis et al., 2013 (64)

Abou-Bakr et al., 2013 (65)

Takeuchi et al., 2003 (66)

Zeng et al., 2004 (67)

Kishiki et al., 2014 (68)

Van Cutsem et al., 2014 (69)

Inno et al., 2011 (70)

Shoji et al., 2014 (71)

255 metastatic CRC

379 stage I-IV CRC

53 metastatic CRC

134 stage Il CRC

583 stage I-IV CRC

16 colorectal adenoma and

148 stage |-V CRC

183 stage I-IV CRC

238 stage I-IV CRC

36 early-stage CRC

130 stage |-V CRC

91 metastatic CRC

142 metastatic CRC

73 metastatic CRC

108 metastatic CRC

IHC

IHC

IHC

IHC

Automated IHC

RNA isolation and
Northern blotting

mMRNA expression

IHC
IHC
Quantitative

real-time PCR

IHC

IHC

IHC

IHC

Significant association between c-MET
overexpression and poor OS and PFS

Significant association between c-MET
overexpression and high expression of
VEGF-C and VEGFR-3, but no significant
association between c-MET expression
and CRC prognosis was seen

Association between the presence of
c-MET overexpression in CRC patients
with wild-type KRAS and poor outcomes

No significant correlation between the
expression level of c-MET and CRC
prognosis

Level of membranous relative to
cytoplasmic MET was a significant
predictor of CRC prognosis in stages |
and Il

No significant association between c-MET
overexpression and tumor grade or
disease stage

Significant higher expression of c-MET in
cancerous tissues

Significant association between c-MET
expression and CRC tumor progression
and patient survival

Significantly higher DFS in low level
compared with high level of c-MET

Association between increased c-MET
expression and depth of invasion and
metastasis to lymph nodes

Association between increasing CRC stage
and an increase in the level of c-MET
expression

Association between the presence of
wild-type KRAS c-MET overexpression
and decreased disease control rate and
shorter PFS

Higher anticancerous effect and also
higher PFS and OS by using a
combination of panitumumab
(anti-EGFR) and rilotumumab
(anti-c-MET)

c-MET overexpression significantly
associated with poor OS and PFS

Association between increased c-MET

overexpression and shorter RFS after
hepatic metastasectomy

PARIZADEH ET AL.

(Continues)
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A
TABLE 2 (Continued)
Author and year Population Method Chief findings
c-MET gene amplification significantly
correlated with CRC progression and
247 primary CRC and 147 metastasis and associated with poor
Zeng et al., 2008 (72) metastatic CRC qPCR-LDR prognosis
Meta-analysis (six studies
that included 1,284 c-MET overexpression significantly
Gao et al., 2015 (73) patients) - associated with poor OS and DFS
Association between c-MET
Voutsina et al., 2013 (74) 83 stage |I-IV CRC IHC, gPCR overexpression and shorter OS
Meta-analysis (11 studies
that included 1895 ¢c-MET overexpression significantly
Liu et al., 2015 (75) patients) - associated with poor OS and PFS
Significant association between c-MET
overexpression and OS and CRC-related
mortality. However no significant
association was seen between c-MET
De Oliveira et al., 2009 (76) 286 stage I-IV CRC IHC and DFS and tumor recurrence
High expression of MET and RON
significantly associated with poor
Lee et al., 2008 (77) 135 stage |-V CRC IHC survival and risk of tumor recurrence

Kammula et al., 2007 (19)

Umeki et al., 1999 (78)

60 stage |I-IV CRC

43 stage |I-IV CRC

Quantitative
real-time PCR

Southern blot,
RT-PCR

Significant association between lower
expression of c-MET and/or HGF and
fewer metastasis and better OS

No significant association between ¢c-MET
gene amplification and disease stage
and OS

CRC: colorectal cancer, c-MET: mesenchymal-epithelial transition factor, OS: overall survival, PFS: progression-free survival, DFS: disease-free survival,
RFS: relapse-free survival, IHC: immunohistochemistry, PCR: polymerase chain reaction, qPCR-LDR: quantitative polymerase chain reaction/ligase detec-
tion reaction, RT-PCR: reverse transcription-polymerase chain reaction, RON: recepteur d’origine nantais, HGF: hepatocyte growth factor, VEGF: vascular

endothelial growth factor, VEGFR-3: vascular endothelial growth factor receptor-3, anti-EGFR: anti-epidermal growth factor receptor.

several patients with colon adenoma or CRC, no significant associ-
ation was found between c-MET overexpression and tumor grade
or disease stage (62). In an earlier study of Liu et al., a significant
higher level of expression of c-MET in cancerous tissues was
found compared with normal colorectal mucosa (63). Garouniatis
et al. aimed to identify new biomarkers for prediction of tumor
progression and survival in CRC patients. They assessed the
expression of four receptor molecules including c-MET, EGFR,
CD44v6, and focal adhesion kinase (FAK) using the ITHC method
in 183 postoperative patients at different stages of CRC, which
were followed for up to 72 months. None of these patients under-
went preoperative treatment. The authors reported that the
expression of these receptors did not correlate with the tumor
size or cell differentiation; however, they were associated with
CRC tumor progression and patient survival (64). The results of
this study are consistent with the results of Abou-Bakr et al. who
evaluated c-MET expression in 238 CRC patients (65). These find-
ings are in part corroborated by Takeuchi et al. who evaluated
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the expression level of c-MET and vascular endothelial growth
factor (VEGF)-C in 36 early-stage CRC patients using quantita-
tive real-time polymerase chain reaction (PCR). They found sig-
nificantly higher ¢-MET and VEGF-C expression in colorectal
cancerous tissues compared with normal colorectal mucosa.
Furthermore, they reported that despite VEGF-C, the increased
expression of ¢c-MET was associated with depth of invasion in
colorectal wall and also metastasis to regional lymph nodes in
the early-stage CRC (66). Similarly, Zeng et al. confirmed that
with an increase in the CRC stage, the level of c-MET expres-
sion significantly increases. In this study, they revealed that
there was significant correlation between cancerous cells’ inva-
sion into small vessels and c-MET levels in the early stage of
CRC (67). Zeng et al. also reported that poorly differentiated
tumors had higher levels of ¢-MET in comparison with well-
differentiated CRC; however, it was not statistically significant. It
has been seen that there is a correlation between KRAS gene muta-
tion and resistance to anti-EGFR receptor (79). The responsiveness

c-MET/HGF SIGNALING IN CRC



to anti-EGFR in advanced CRC was assessed by Kishiki and
colleagues (68). Ninety-one patients with metastatic CRC were
selected and treated with anti-EGFR monoclonal antibodies. Results
of this study showed that in patients with wild-type KRAS, c-MET
overexpression had decreased disease control rate and shortened
PFS, suggesting that c-MET expression can be used as a predictive
marker in CRC patients with metastasis and wild-type KRAS.
Van Cutsem et al. reported that the effect of treatment with
panitumumab alone or combination of panitumumab with
rilotumumab or ganitumab in patients with cytologically or
histologically confirmed metastatic CRC and wild-type KRAS
was evaluated (69). Panitumumab is an anti-EGFR monoclo-
nal antibody. On the other hand, rilotumumab (also called
AMG 102) and ganitumab (also called AMG 479) are inhibitors
of ¢c-MET and insulin-like growth factor 1 receptor, respectively.
Finally, Van Cutsem et al. reported that a combination of pan-
itumumab plus rilotumumab resulted in higher anticancerous
effect in treatment of metastatic CRC patients and also higher PFS
and OS.

CONCLUSION AND FUTURE
PROSPECTIVE

c-MET signaling pathway has been studied for a long time in
different cancer types. This signaling pathway is well known
because of its interactions with other signaling pathways that
are important in tumorogenesis or even normal cellular func-
tions. Although one can find various drug names in the present
study that are used in managing CRC, these drugs are not widely
used in clinics. Despite many ongoing clinical trials, there seems
to be some important drawbacks for drugs’ targeting of c-MET
pathway. The c-MET signaling pathway is complex and has
many overlaps with other cellular pathways. This complexity has
made use of this pathway as a therapeutic target is more diffi-
cult. Despite the number of c-MET inhibitors available, it has to
be clarified which of these options is preferable in which patient
according to their CRC molecular and epigenetic profiles.
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