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MyD88 Regulates LPS-induced NF-kB/MAPK
Cytokines and Promotes Inflammation
and Malignancy in Colorectal Cancer Cells
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Abstract. Background/Aim: Inflammation may play a role
in cancer initiation and progression. The molecular
mechanisms by which inflammation causes colorectal cancer,
remains unclear. The present study investigated a signaling
pathway that affects inflammation in colorectal cancer.
Materials and Methods: SW480 cells, HCTI116 cells, and
cells with knockdown of myeloid differentiation 88 (MyD88),
and forced expression of MyD8S were treated with
lipopolysaccharide (LPS; 1 ug/ml). Inflammation-related
mRNA expression was analyzed by the quantitative reverse
transcription polymerase chain reaction and inflammatory
cytokines were detected by western blotting. The enzyme-
linked immunosorbent assay (ELISA) was used to quantify
inflammation-related cytokines in colorectal cancer cells.
Cancer cell properties were evaluated using the wound-
healing assay, transwell migration assay, transwell invasion
assay, colony-formation assay, and CCK-8 assay. Results:
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LPS up-regulated mRNA and protein levels of inflammatory
factors in colorectal cancer cells. Knockdown of MyD88
inhibited LPS-induced mRNA expression and inflammatory
protein expression in colorectal cancer cells. Similarly,
silencing of MyD88 expression suppressed LPS-induced
changes in the biological behavior of colorectal cancer cells.
Silencing of MyD88 expression down-regulated expression
of proteins of the LPS/nuclear factor kappa-light-chain-
enhancer of activated B-cells (NF-kB)/mitogen-activated
protein kinase (MAPK) signaling pathway. Restoration of the
expression of MyD8S reversed the effects in LPS-treated
HCTI116 cells. Conclusion: MyD88-regulated LPS/NF-
kB/MAPK signaling pathway affects the inflammatory and
biological behavior of LPS-induced colorectal cancer cells.

Colorectal cancer is the fourth leading cause of cancer-
related death in the world and the fifth in China, with
increasing incidence and mortality (1, 2). For more than two
centuries, it has been known that inflammation and coexist.
Some studies have indicated that inflammation promotes the
progression of cancer (3-5). Long-term microbial infection
may cause colorectal mucosa metaplasia, atypical
hyperplasia and carcinoma in situ, finally leading to
colorectal cancer (6, 7). However, the mechanisms by which
inflammation promotes cancer progression remain unclear.
Lipopolysaccharide (LPS) is present in the cell wall of
Gram-negative bacteria (6, 7). Gram-negative bacterial
infection leads to release of LPS in colorectal tumors in situ.
Previous studies have reported that LPS can promote cell
migration, invasion and the epithelial-mesenchymal
transition and contribute to the progression of cancer (8-10).
LPS may contribute to metastasis by accelerating cell
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Figure 1. Knockdown of expression of MyDS88 with small interfering RNA (si-MyDS88) down-regulated the mRNA expression of inflammatory factors
induced by lipopolysaccharide (LPS) in SW480 cells (left panel) and HCT116 cells (right panel). A: mRNA expression of tumor necrosis factor-a
(TNF-a), interleukin 6 (IL-6), cyclo-oxygenase-2 (COX-2), matrix metallopeptidase-7 (MMP-7), MMP-10, and vascular endothelial growth factor-
C (VEGFC) in parental cells treated with 1 ug LPS in culture medium for 24 h compared to untreated cells. B: Western blot analysis of the expression
of MyD88 protein in the negative control (NC) and SW480 and HCTI16 cells with si-MyD88. C: Quantitative reverse transcription polymerase
chain reaction analysis of mRNA expression of TNF-a, IL-6, COX-2, MMP-7, and VEGF-C in parental and si-MyD88 SW480 and si-MyD88 HCT116
cells treated with 1 ug LPS for 24 h compared to untreated cells. *Significantly different at p<0.05.
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motility, invasiveness and survival (11, 12). Infection can
trigger a cascade of inflammatory responses mediated by
various inflammatory cell types that are involved in cancer
progression, these includes tumor necrosis factor-o. (TNF-a),
interleukin 6 (IL-6), cyclooxygenase-2 (COX-2), matrix
metallopeptidase-7 (MMP-7), MMP-10,
endothelial growth factor-C (VEGF-C).

LPS binding to toll-like receptor-4 can activate myeloid
differentiation 88 (MyD88)-dependent and MyDS§8-
independent signaling pathways, which promote the
production of inflammatory factors (13). MyD88-deficient
mice were shown to be resistant to LPS-induced septic
shock, and MyD88-deficient macrophages failed to produce
pro-inflammatory cytokines after LPS stimulation (14).
Signaling by nuclear factor kappa-light-chain-enhancer of
activated B-cells (NF-kB) promotes inflammation and cell
proliferation through induction of inflammatory cytokines
(15). The ability of MyD88 to signal through NF-xB
suggests that NF-kB-dependent signaling is also important
in inflammation.

In the present report, we investigated MyD88 regulation
of LPS-induced inflammatory cytokines in migration and
invasion of colorectal cancer cells.

and vascular

Materials and Methods

Cell culture. The human colon cancer cell lines SW480 and
HCT116 were obtained from cell bank of the Chinese Academy of
Sciences (Shanghai, PR China). Both cell lines were cultured in
RPMI 1640 (GIBCO-BRL, Grand Island, New York, NY, USA)
supplemented with 10% fetal bovine serum (FBS) (Hyclone, Logan,
UT, USA) at 37°C in 5% CO, saturated humidity. si-MyD88 SW480
cells and si-MyD88 HCT116 cells, in which the expression of
MyD88 protein is low, were provided by the Key Laboratory of
Ministry of Education for Gastrointestinal Cancer, Fujian Medical
University (Fuzhou, PR China).

pcDNA3.1-MyD88mut plasmid construction. To rescue MyD88
expression in the MyD88-knockdown (si-MyD88) HCT116 cells,
synonymous point mutations were introduced into the shRNA target
regions in the full-length MyD88 cDNA. The shRNA-targeted
sequence in MyD88 included replacement of a codon for siRNA
identification location site. The replacement codon did not change the
amino acid that was translated. The sShARNA cDNA was subcloned into
a pcDNA3.1 vector for translation. The primers were as follows: MyDS88
forward: 5’-GGCTAGCGCCACCATGGCTGCAGGAGGTCCC-3’,
5’-GACTCGAGTCAGGGCAGGGACAAGGCCTTG-3’,
which contained the Nhel and Xhol digestion sites, respectively.

reverse:

RNA preparation, reverse transcription, and quantitative reverse
transcription PCR (RT-gPCR). Parental and si-MyD88-transfected
SW480 and HCT116 cells were treated with LPS (1 pg/ml) for 48 h.
RNA was then extracted by TRIzol Reagent (Invitrogen, Carlsbad,
CA, USA) according to the manufacturer’s instructions and quantified
by UV 260/280 nm at an absorption ratio of >1.8. RNA was reverse
transcribed to cDNA in a final concentration of 500 ng/pl using the
AVM First Strand cDNA synthesis kit (Invitrogen) according to the
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Figure 2. Knockdown of expression of MyD88 with small interfering
RNA (si-MyD88) inhibited the protein expression of inflammatory
factors induced by lipopolysaccharide (LPS). Expression of tumor
necrosis factor-a. (TNF-a), interleukin-6 (IL-6), cyclo-oxygenase-2
(COX-2), matrix metallopeptidase-7 (MMP-7), MMP-10, and vascular
endothelial growth factor-C (VEGF-C) proteins was assessed in SW480
(A) and HCT116 (B) cells with with/without si-MyD88 after treatment
with 1 ug LPS for 24 h and compared to untreated cells. *Significantly
different at p<0.05.
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Figure 3. Continued
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Figure 3. Knockdown of expression of myeloid differentiation 8 with small interfering RNA (si-MyD88) suppressed the growth, migration and invasion
of colorectal cancer cells treated with lipopolysaccharide (LPS). Cell migration was assessed by a wound-healing assay at 24 h (A) and transwell
migration assay at 48 h (B) in SW480 and HCT116 cells with with/without si-MyD88. C: The cell invasion was detected in the transwell invasion
assay (48 h) in SW480, si-MyD88 SW480, HCT116 and si-MyD88 HCT116 cells. CCK-8 cell proliferation assay (D) and colony-formation assay
(E) were used to detect the proliferative capacity of n parental and si-MyD88-carrying SW480 and HCT116 cells. *Significantly different at p<0.05.

manufacturer’s instructions. PCR was performed in a 20 pl reaction
volume with SYBR-Green (Bio-Rad Laboratories, Inc., San Diego,
CA, USA) according to the manufacturer’s protocols. PCR conditions
were 95°C for 2 min, 95°C for 15 s, and 60°C for 30 s for 40 cycles
(16). The primer sequences for inflammatory cytokines were as
follows: Tumor necrosis factor (TNF-a) forward: 5°-
CGAGTGACAAGCCTGTAGCC-3, reverse: 5’-TGAAGAGGAC
CTGGGAGTAGAT-3’; interleukin-6 (/L-6): forward: 5’-G GAGAC
TTGCCTGGTGAA-3’, reverse: 5’-GCATTTGTGGTTGGGTC A-3’;
cyclo-oxygenase 2 (COX-2): forward: 5’-CCGTCTGAACTATCC
TGC -3, reverse: 5’-CGTAGTCGGTGTACT CGTAG-3’; matrix
metallopeptidase-7 (MMP-7): forward: 5’-GACTCCTACCCAT
TTGATG-3’, reverse: 5-AAGTTAATCCCTAGACT GCTA-3’;
vascular endothelial growth factor C (VEGF-C): forward: 5’-GGGG
AAGGAGTTTGGAGT-3’, reverse: 5-GGTAGCTCGTGCTGG
TGT-3’. Glyceraldehyde 3-phosphate dehydrogenase (GAPDH) was
used as an endogenous control (primer sequences: forward: 5’-
ACCAGGGCTGCTTTTAAC-3’ and reverse: 5’-ACGGTGCCA
TGGAATTTG -3’). Data were calculated as —2AACt, Experiments
were repeated three times.

Western blot analysis. Cells were lysed with western IP cell lysis
buffer (Beyotime Institute of Biotechnology, Shanghai, PR China)
containing phenylmethylsulfonyl fluoride (Amresco, LLC, Cochran
Solon, OH, USA) on ice for 30 min. Equal amounts of protein (25
ug/ lane) were separated by sodium dodecyl sulfate polyacrylamide
gel electrophoresis on 10% gel electrophoresis and transferred onto
0.45 um polyvinylidene membranes (GE Healthcare Life Sciences,
Pittsburgh, PA, USA). Bovine serum album (0.5%; Amresco, LLC)
was used at room temperature for 2 h to block the membranes (17,
18). The following monoclonal primary antibodies were used for
western blot analysis overnight at 4°C: anti-MyD88 (1:1000; Affinity,
Biosciences, OH, USA), anti-GAPDH (1:1000; Abcam, Cambridge,
MA, USA), anti-NF-xB (1:1000; Affinity), anti-phosphorylated
(p)NF-kB (1:1000; Abcam), anti-inhibitor of nuclear factor-kB o

(IxkBa) (1:1000; Abcam), anti-pIkBa (1:1000; Abcam), anti-phospho-
extracellular regulated kinase (pERK) (1:1000; Bioss, Beijing, China)
and anti-phosphorylated c-Jun N-terminal kinase (pJNK) (1:1000;
Bioss). The membranes were washed three times with Tris-buffered
saline with 0.1% Tween 20 for 10 min each at room temperature. The
membranes were incubated with anti-rabbit immunoglobulin IgG and
mouse IgG (both 1:4000; both from Santa Cruz Biotechnology, Inc.,
Santa Cruz, CA, USA) horseradish peroxidase-conjugated secondary
antibodies at room temperature for 1 h. The signal was visualized
with chemiluminescence kit (BeyoECL Plus; Beyotime Institute of
Biotechnology). The intensities of band signals were quantified using
Quantified One densitometric software (Bio-Rad Laboratories, Inc.).
The relative intensity of the target bands was normalized to that of
GAPDH. Experiments were repeated three times.

Enzyme-linked immunosorbent assay (ELISA). SW480, HCT116, si-
MyD88 SW480 and si-MyD88 HCT116 cells were seeded in 6-well
plates and incubated in RPMI 1640 with 10% FBS. The colorectal
cancer cells were treated with 1 ug LPS (Escherichia coli 055:B5)
for 48 h. The amounts of TNF-a, IL-6, COX-2, MMP-7, and
VEGF-C in colorectal cancer cell culture supernatants were
quantified with ELISA (Wuhan Boster Biological Technology, Ltd.,
Wuhan, PR China) according to the manufacturer’s instructions.
Each plate test was repeated three times.

Wound-healing assay. Cells (si-MyD88 SW480, si-MyD88 HCT116
and si-MyD88-MyD88mut cells) were seeded onto 6-well plates
with 1 ug LPS added when cell convergence reached 100%.
Wounds were scratched on the monolayer cells using 20 pl pipette
tips. The plates were photographed 24 h after seeding in FBS-free
RPMI 1640. Experiments were repeated three times.

Cell migration and invasion assay. Transwell chambers (24-well

format; FALCON) with Matrigel-coating chambers (BD Bioscience,
Franklin Lake, NJ, USA) were inserted into 24-well cell culture plates
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Figure 4. Knockdown of expression of MyDS88 with small interfering RNA (si-MyDS88) down-regulated the protein expression of the
lipopolysaccharide (LPS)/nuclear factor kappa-light-chain-enhancer of activated B-cells (NF-xB)/mitogen-activated protein kinase (MAPK) signaling
pathway. Expression of NF-kB, phospho-(p)NF-kB, inhibitor of nuclear factor-kB a (IkBa), pIkBa., phospho-extracellular regulated kinase (pERK)
and phospho-c-Jun N-terminal kinase (pJNK) protein was assessed in parental and si-MyD88-carrying SW480 (A) and HCT116 (B) cells by western
blot (left panel) and the results were quantified (right panel). *Significantly different at p<0.05.
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to measure migration and invasion with addition of 1 ug LPS. Cells
(105 in 0.3 ml serum-free medium) were added to the upper chamber,
with 800 pl of RPMI 1640 containing FBS (10%) added to the lower
chamber. Colorectal cancer cells were cultured for 48 h. Then cells
in the transwell chambers were fixed in methanol for 5 min and
stained with crystal violet and counted in three random fields under
a microscope. Experiments were repeated three times.

Colony formation assay. Colorectal cancer cells were seeded onto
6-well plates at a density of 500 cells per well with 1 pg LPS and
cultured for 2 weeks. Methanol was used to fix the cells for 10 min
and crystal violet was used to stain the cells. Colonies of 50 or more
cells were then counted. Experiments were repeated three times.

Cell proliferation assay. Colorectal cancer cells were seeded in 96-
well plates at a density of 1,500 per well, with three replicates for
each experimental group. The cells were cultured in FBS-containing
medium with 1 pg LPS and placed in an incubator with 5% CO, at
37°C for 1, 2, 3, 4, 5 days, and CCK-8 (Cell Counting Kit-8,
Dojindo, Kumamoto, Japan) after the old medium was replaced with
serum-free medium, cells were counted with microplate reader (Bio-
Tek, Winooski, VT, USA). Experiments were repeated three times.

Statistical analysis. All statistical analyses were performed using
GraphPad Prism 5 software (GraphPad Software, Inc., La Jolla, CA,
USA). Data were analyzed by ANOVA with Tukey’s post-hoc test
when more than two groups were compared or Student’s t-test when
two groups were compared. The data are expressed as the
meanzstandard deviation. A value of p<0.05 indicates a statistical
significance.

Results

Knockdown of MyDS88 expression down-regulated the mRNA
expression of inflammatory cytokines induced by LPS.
SW480 and HCT116 cells were used to investigate the effect
of LPS on the mRNA expression of inflammatory cytokines.
Using RT-qPCR, the mRNA expression of TNF-a, IL-6,
COX-2, MMP-7, and VEGF-C in the SW480 and HCT116
cells, which were treated with 1 pg LPS in the culture
medium for 24 h was quantified. The TNF-a, IL-6, COX-2,
MMP-7 and VEGF-C mRNA expression in the LPS-treated
SW480 and HCT116 cells was higher than the untreated
control SW480 and HCT116 cells (p<0.05; Figure 1A).
Western blot analysis of MyD88 protein expression levels
showed that MyD88 protein expression was inhibited in the
si-MyD88-carrying SW480 and HCT116 cells compared
with in the control cell lines (p<0.05; Figure 1B). For cells
not treated with LPS, TNF-a, IL-6, COX-2, MMP-7 and
VEGF-C mRNA expression was significantly lower
compared with SW480 and HCT116 cells that were treated
with 1 pg LPS (p<0.05; Figure 1C).

Knockdown of MyD88 expression inhibited the protein
expression of inflammatory cytokines induced by LPS. Using
an ELISA assay, TNF-a, IL-6, COX-2, MMP-7 and VEGF-C
protein expression in SW480 and HCT116 cells treated with
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Figure 5. Expression of inflammatory factors after restoration of expression
of myeloid differentiation 88 (MyD88 mut) in lipopolysaccharide (LPS)-
treated HCTI116 cells with MyD88-knockdown (si-MyD88). A: MyDS88
protein expression as detected by western blot analysis. B: Tumor necrosis
factor-a (TNF-a), interleukin-6 (IL-6), cyclo-oxygenase-2 (COX-2), matrix
metallopeptidase-7 (MMP-7), and vascular endothelial growth factor-C
(VEGF-C) protein expression as assessed by enzyme-linked immunosorbent
assay (ELISA).
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LPS was higher than that in the untreated cells. Cytokine
expression was significantly suppressed in the si-MyD88-
carrying SW480 and HCT116 cells compared with parental
cells (p<0.05; Figure 2).

Knockdown of MyD88 expression suppressed the growth,
migration and invasion of colorectal cancer cells treated
with LPS. Wound healing and migration of LPS-treated si-
MyD88-carrying cells was significantly lower than LPS-
treated parental SW480 and HCT116 cells (p<0.05; Figures
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Figure 6. Effect of restoration of MyD88-mut-expression on migration,
invasion, proliferation, and colony formation of lipopolysaccharide
(LPS)-treated HCT116 cells with MyD88-knockdown (si-MyDS88). A:
Wound-healing assay at 24 h. B: Transwell migration assay at 48 h. C:
Invasion was assessed by transwell invasion assay at 48 h. D: Colony-
formation E: CCK-8 cell proliferation assay of HCTI116 cells.
*Significantly different at p<0.05.

3A-C). The effect of si-MyD88 knockdown on cell growth
was assessed by cell colony formation and cell proliferation.
Cell proliferation and colony formation LPS-treated si-
MyD88 SW480 and si-MyD88 HCTI116 cells was
significantly reduced compared to LPS-treated parental cells
(p<0.05; Figures 3E and D).

Knockdown of MyD88 expression down-regulated the protein
expression of members of the LPS/NF-kB/mitogen-activated
protein kinase (MAPK) signaling pathway. To investigate the
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Figure 7. Expression of proteins of the lipopolysaccharide (LPS)-myeloid differentiation 88 (MyD88) signaling pathway after restoration of MyD88
(MyD88 mut) in HCT116 cells with MyD88-knockdown (si-MyD88). A: Expression of nuclear factor kappa-light-chain-enhancer of activated
B-cells (NF-kB), phospho-(p)NF-kB, inhibitor of nuclear factor-kB a (IkBa), pIkBa, phospho-extracellular regulated kinase (pERK) and phospho-
c-Jun N-terminal kinase (pJNK) proteins was assessed in LPS-treated si-MyD88 and si-MyD88-MyD88mut HCT116 cells by western blot.
B: Quantification of the results from (A). GAPDH: glyceraldehyde 3-phosphate dehydrogenase. *Significantly different at p<0.05.

effect of LPS on the MyD88 signaling pathway, we assessed
the protein expression of NF-kB, pNF-xB, IkBa, plkBa,
pERK and pJNK, which are vital to the LPS-MyD88
signaling pathway. Western blot analysis demonstrated that
pNF-xB, pIxBa, pERK and pJNK protein levels in LPS-
treated si-MyD88-carrying SW480 and HCT116 cells
decreased in comparison to LPS-treated parental cells
(p<0.05; Figure 4).

Restoring the MyDS88 expression increased the expression
of inflammatory factors, migration, invasion and
proliferation of si-MyD88 HCTI116 cells. To confirm the
specificity of the effect of MyD88 knockdown on the
biological behavior of HCT116 cells, MyD88 expression
was restored in the si-MyD88 HCT116 cells by transfecting
them with a pcDNA3.1-MyD88mut vector expressing
MyD88 mRNA that had been mutated to prevent the
shRNA from causing knockdown (p<0.05; Figure 5A). As
expected, re-expression of MyD88 in the si-MyD88
HCT116 cells increased the expression of inflammatory
factors including TNF-a, IL-6, COX-2, MMP-7, and
VEGF-C proteins (p<0.05; Figure 5B). Re-expression of
MyDS88 in the si-MyD88 HCT116 cells increased the cell
migration (p<0.05; Figure 6), invasion (p<0.05; Figure 5C)
and proliferation (p<0.05; Figure 5D and E).

Restoring MyD88 expression in si-MyD8S HCTI116 cells
restored the protein expression of the LPS/NF-kB/IMAPK
signaling pathway. To investigate the LPS-MyD88 signaling
pathway changes in the si-MyD88 HCT116 and si-MyD8&8-
MyD88mut HCT116 cells after LPS treatment, we assessed
the protein expression of NF-kB, pNF-kB, IkBa, plkBa,
pERK and pJNK in these colorectal cancer cells. Western
blot analysis indicated that the pNF-xB, pIkBa, pERK and
pJNK proteins levels in LPS-treated si-MyD88-MyD88mut
HCT116 cells increased in comparison to LPS-treated si-
MyD88 HCT116 cells (p<0.05; Figure 7).

Discussion

LPS is a strong stimulator of microglial activation, which
can increase the expression of inflammatory factors such as
MyD88, IL-6 and IL-10 in cancer cells thus causing an
inflammatory response. Previous studies also found LPS
increased the expression of inflammatory factors in cancer
cells (19, 20). The LPS-MyD88-dependent signaling
pathway comprising pro-inflammatory genes which encode
regulators promoting tumorigenesis (21, 22). MyD88 is an
essential adaptor molecule for IL-1 and toll-like receptor
signaling (23). In this study, we demonstrated that LPS can
increase the expression of TNF-a, IL-6, COX-2, MMP-7, and
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VEGF-C mRNA and protein, and that MyD88 can regulate
this signaling pathway of inflammatory factors induced by
LPS in colorectal cancer cells.

Yu et al. demonstrated that LPS can recruit MyD88
causing changes in its downstream signaling pathway (24).
Yang et al. found that LPS can trigger the activation of
MyD88 subsequently triggering NF-kB and MAPK signaling
pathways (25). To explore whether MyD88 can cause
changes in LPS-induced pathways, we performed a series
experiments to detect the changes. Silencing of MyD88 in
SW480 and HCT116 cells inhibited the increased migration,
invasion and proliferation after treatment with LPS. These
studies indicated that LPS-MyD88 signaling-induced
inflammation may participate in the progression of human
colorectal cancer cells, consistent with Zhang et al. (26),
who had reported that knockdown of MyD88 can reduce
LPS-induced expression of inflammatory factors (26). We
further demonstrated the role of MyD88 in LPS-promoted
expression of inflammatory cytokines and migration,
invasion, and proliferation in colorectal cancer cells. By
restoring MyD88 expression in si-MyD88 HCT116 cells, we
found that LPS-promoted expression of inflammatory
factors, and cell migration and cell invasive ability and
proliferative capacity were also restored. These results
indicate MyD88 plays an important role in the LPS-induced
pathway, which can affect the biological behavior of
colorectal cancer cells.

How LPS-induced pathways react is not fully understood.
Previous studies have reported that NF-xB/MAPK is very
important in the MyD88 signaling pathway induced by LPS
(26-28). The NF-xB/MAPK signaling pathway plays
important roles in inflammatory responses. Therefore, we
performed experiments to confirm whether MyD88 causes
changes in the expression in LPS/NF-xB/MAPK signaling
pathway (25). Western blot analysis indicated that pNF-xB,
plxBa, pERK and pJNK protein levels in LPS-treated si-
MyD88 SW480 and si-MyD88 HCT116 cells decreased in
comparison to LPS-treated parental cells. In addition, we
restored MyD88 in si-MyD88 HCT116 cells and found that
the pNF-xB, pIxBa, pERK and pJNK protein levels were
also restored.

In conclusion, the present study revealed that LPS can
promote the expression of inflammation-related genes in
SW480 and HCTI116 cells. Knockdown of MyD88
expression reduced this expression and reduced the
malignant behavior of SW480 and HCT116 cells. Our study
suggests that MyD88 may regulate the LPS-induced NF-
kB/MAPK signaling pathway and might be used as a novel
biomarker in the treatment of colorectal cancer.
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