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Abstract: Activation of multiple signal pathways is necessary for cancer initiation, maintenance and

metastasis. MiRINA-143 can regulate several signal pathways and decreased miRINA-143 is associated with

many cancers including colon cancer. In this review, we summarise the role of miRINA-143 in colon cancer

and therapeutic implications. Several studies have shown that miRNA-143 is reduced in colon cancer.
This could result in activation of multiple signal pathways including PI3K/Akt, MAPK and HGF/MET as
miRNA-143 acts on signal molecules Ras, Erk5, Akt and MCCI1 to reduce their translation. Introduction of

miRNA-143 into colon cancer cells induced apoptosis and slower growth in a xenograft model. Therefore

miRNA-143 could be developed for the treatment of colon cancer. Molecular markers to identify the suitable

cases for the implication of miRNA-143 may be necessary to increase the response rate. We propose that

obesity-associated cancer could be a good candidate as it is characterised by activation of multiple signal

pathways that are targets of miRNA-143.
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Introduction

Colon cancer is the second most common cancer in males
and third in females according to a recent epidemiological
study (1). The 5 year survival rate of colon cancer has
less than 10% if the cancer has metastasized (2). Both
environmental factors and genetic defects have been
identified to be involved in the initiation and progression
of the disease. The environmental factors include obesity
and dietary factors such as intake of red meat, high fat and
alcohol (3). The genetic defects include activating mutations
of oncogenes such as K-Ras, Cox-2, EGFR, PTEN and
PIK3CA and inactivating mutations of tumor suppressor
genes such as APC, TP53 and TGF-B (4,5). These factors
can alter multiple intracellular signal pathways which in
turn decrease apoptosis and increase cell proliferation to
cause cancer (4,6).
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Recently microRNAs (miRNAs), which are non-
coding, single stranded small RNAs, have been found
to act on a large number of human genes as a fine-
tune regulation mechanism of gene expression (7,8).
MiRNAs bind to 3-untranslational regions (3-UTR)
of mRNAs to decrease translation to regulate cellular
processes such as proliferation and apoptosis. Therefore,
it is not surprising that dysregulation of miRNNAs have
been found in many cancers and are associated with
carcinogenesis and cancer treatment responses (9-11).
MiRNA-143 is a tumour suppressor and has been found
to be reduced in many types of cancer cells including
colon, gastric, ovarian, esophageal, bladder cancers,
osteosarcoma, liposarcoma and B-cell leukemia (12-20).
This reduction is associated with increased incidence
of these cancers and the expression of miRINA-143 in
organs can prevent carcinogenesis (18,21). MiRNA-143
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Figure 1 Signal molecules targeted by miRNA-143. MiRNA-143
can target several molecules to decrease their translation. It binds
to Ras mRNA as well as mRNAs for Akt and Erk 5, which are
downstream target protein of Ras. MiRNA-143 also decreases
MACCI expression. Abbreviation: Rat, rat Sarcoma protein; MekS5,
extracellular signal-regulated kinase 5; ErkS, Extracellular signal-
regulated protein kinase 5; PI3K, phosphoinositide 3-kinase; Akt,
protein kinse B; MACCI, Metastasis-associated in colon cancer-1;
NF-kB, nuclear factor kapp-light-chain-enhancer of activated B
cells; bel-2, B-cell lymphoma 2; mTOR, mammalian target of

rapamycin

affects cancer development through its inhibitory effect
on multiple signal pathways such as mitogen-activated
protein kinase (MAPK), phosphoinositide 3-kinase/protein
kinase B (PI3K/Akt) and hepatocyte growth factor/Met
tyrosine kinase (HGF/Met). Therefore, introduction
of miRNA-143 into cancer cells could be a potential
approach for the treatment of cancer. In this review we
summarise the role of miRNA-143 in colon cancer and
therapeutic implications, especially in obesity-associated
colon cancer, which is difficult to treat due to activation of
multiple signal pathways.

MiIiRNA-143 in colon cancer

MiRNA-143 is found to be down-regulated in colon
cancer (12,18,19,22). Gao et al. showed that miRNA-143
is four fold less in colon cancer compared to surrounding

tissues (18). The decreased levels of miRNNA-143 could
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lead to activation of survival signal pathways and increase
carcinogenesis. For example, miRNA-143 has been
demonstrated to mediate ecotropic viral integration site
1 oncoprotein (Evi 1) to-cause colon cance (18). Evi is
a retroviral gene inserted into human genome and its
encoding protein can interact with miRNA-143 to down-
regulate miRNA-143, resulting in activation of PI3K/Akt
pathway and decreased apoptosis (23).

MiRNA-143 is also involved in colon cancer progression
and decreased miRNA-143 is a marker for poor prognosis
of colon cancer (24). MiRNA-143 is associated with both
metastasis of the colon cancer and drug resistance to
chemotherapy. It has been demonstrated that introduction
of miRNA-143 into colon cancer cell line SW620 decreased
cell migration and invasion, indicating its important role in
colon cancer metastasis (25). Introduction of miRNA-143
into HCT116 also increased their sensitivity to 5-FU (26).
Decreased miRNA-143 is correlated with decreased
progression-free survival in colon cancer patients treated
with anti-EGFR therapy, which is commonly used in colon
cancer patients with wild-type of K-ras (24,27).

Siganal molecules targeted by miRNA-143

MiRNA-143 has been demonstrated to decrease protein
translation of several signal molecules including Rat
Sarcoma protein (Ras), Extracellular signal-regulated
protein kinase 5 (Erk5) and Akt and Metastasis-associated
in colon cancer-1 (MACCI1) (Figure I). The decreased
expression of these proteins by miRNA-143 results in
decreased activities of MAPK, PI3K/Akt and HGF/Met
pathways which play key roles in cancer progression.

Ras is a major oncogene and its activation can increase
carcinogenesis, cancer progression and metastasis (28,29).
There are three isoforms of Ras: K-Ras, H-Ras and N-Ras.
K-ras is mutated in a subset of colon cancers, leading
activation of its downstream signalling pathways including
PI3K/Akt and MAPK pathways (28). A recent study showed
that inhibition of K-ras by siRNA also lead to decreased
Wnt signalling pathway (30). Ras can increase BMP
signalling, which causes TAK1 (MAP3K?7) activation and
increases Wnt pathway. Activating mutation of K-ras is well
known to cause the drug resistance to EGFR inhibitors
and thus affects treatment outcome (27). MiRNA-143 has
been shown to target Ras and inhibit the activity of MAPK
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pathway (18). Five miRNA-143 binding sites have been
identified in the 3-UTR of Ras and vilidated by luciferase

assay, in which a reporter protein is used to indicate the

function of 3-UTR of ras (18).

Erk5

Erk5 is a member of MAPK family, which also includes
ERK1/2, ¢-JUN and p38 MAPK (31-33) ErkS$ is
activated in response to growth factor stimulation or
environmental stresses to mediate cell proliferation and
migration (34). The biological effect of Erk5 is mediated
by several downstream target proteins including myc
and sap 1 (35). Erk5 is involved in cancer initiation and
metastasis and inhibition of Erk5 by small molecules
has therapeutic effect (34,36-38). MiRNA-143 has been
demonstrated to decrease Erk5 protein translation
(39,40). There are inverse relationships between
miRNA-143 and ErkS5 in both cancer tissues and
cancer cell lines (40). Introduction of MiRNA-143 into
cancer cells reduced Erk5 expression. This is further
demonstrated by luciferase assay and introduction of the
mutation in the 3-UTR of Erk5 abolished the effect of
miRNA-143 (40).

Akt

PI3K/Akt is a survival pathway and plays an important
role in cell proliferation, differentiation and apoptosis.
Its abnormal activation has been found in many cancers
including colon cancer (41,42). Inhibition of the PI3K/Akt
pathway has been implicated in cancer therapy (43-46). Akt
is a major component of the PI3K/Akt pathway mediating
most biological effects of PI3K through a broad range of
downstream target proteins (20). MiRNA-143 has been
shown to decrease the level of Akt at translational level (39).
Introduction of miRNA-143 into T24 cancer cells resulted in
decreased levels of Akt protein but not mRNA.

MACC1

Metastasis-associated in colon cancer-1 (MACC1) was
identified in 2009 as a gene involved in the metastasis
of colon cancer (47,48). MACCI regulates HGF-MET
signalling pathway, which is known to promote colon cancer
proliferation and invasion (49,50). MACCI1 may also regulate
other proteins to increase colon cancer progression (51). In
cancer patients, increased levels of MACCI in colon cancer
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has been shown to decrease survival rate (52,53). In mouse
models shRNA against MACCI reduced tumor growth
and metastasis(54). MiRNA-143 can target MACCI1 to
decrease its expression level (25). The direct interaction
of miRNA-143 and MACCI has been demonstrated by
luciferase assay (25).

Therapeutic implications

The therapeutic effect of miRNA-143 has been tested
in both cancer cell lines and an animal model. A study
showed that the introduction of miRNA-143 in the
colon cancer cell line HCT116 lead to decreased
proliferation and increased apoptosis (55). Transfection
of miRNA-143 into colon cancer cell lines DLD-1
and SW480 inhibited the growth of these cells (12). In
animal model, the HCT-116 cells with over-expression
of miRNA-143 grew slower in the xenografted mice
than control HCT116 cells, indicating the cancer cells
were weakened by the introduction of miRNA-143.
MiRNA-143 was also shown to decrease colon cancer
cell invasion and metastasis (25).

The effect of miRNA-143 has been tested in
combination with chemotherapeutic agents. It has been
shown that addition of miRNA-143 increased the effect
of 5-FU in colon cancer cell line (26). The miRNA-143
has been shown to have an additive effect with cisplatin
in the bladder cancer cell line T24 cells (39). It will
be interesting to test if miRNA-143 increases the
effectiveness of oxaliplatin which is also a first line anti-
colon cancer drug (56).

The possible implications for obesity-associated
colon cancer

Obesity has been associated with many cancers and affects
the incidence, metastasis and therapeutic outcome of colon
cancer (57). The main cause for the association of obesity
and colon cancer is the increase of cancer risk factors in
obesity such as insulin/IGF1, leptin, adiponection, estrogen
and IL-6, IL-17 and TNF-alpha (57,58). These factors
play important roles in cancer by activating multiple signal
pathways including PI3K/Akt, MAPK and Stat3 pathways
(56-61). Activation of these signal pathways can increase
carcinogenesis, metastasis and drug resistance (62,63).
Therefore, inhibition of these pathways has preventive and
therapeutic implications (46,64). A recent study showed
that high-fat diet-induced obesity increased azoxymethane-
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induced colon polyps by two-folds and the activation of Akt
and MAPK pathways in the early stage is critical for the
carcinogenesis (65). In animal experiments, inhibition of
the PI3K/Akt pathway by small molecules or reduction of
PI3K/Akt through food restriction can abolish the obesity-
increased colon cancer incidence (66,67). As miRNA-143
can inhibit several pathways activated in obesity-associated
colon cancer, it therefore could be a good candidate for
prevention or treatment of obesity-associated colon cancer.
It will be interest to investigate the effect of miRNA-143
for drug resistance in obesity-associated colon cancer.

Potential side effects, such as unwanted insulin resistance
that can be caused by increased miR-143, have to be
minimised. The PI3K/Akt pathway is also important for
insulin signalling in glucose metabolism, and inhibition
of the pathway could lead to increased insulin resistance.
Jordan ez al. found that miRNA-143 is increased in the
livers in obese mice resulting in reduced activity of the Akt
pathway (68). This effect of miRNA-143 has been regarded
as a cause for insulin resistance in obesity. A recent paper
has shown that orally administered miRNA-143 could be
stable and may also enter the blood stream (69). Therefore,
when introducing miRNA-143 to prevent and treat obesity-
associated colon cancer, the miRNA-143 may enter the
circulation system to affect the function of Akt required
for the regulation of glucose homeostasis. Preventing
miRNA-143 from leaking into the circulation system could
be the key for the successful implication of miRNA-143
in treating obesity-associated colon cancer. This could be
achieved by introducing synthetic miRINA-143 specifically
in colon cancer cells instead of delivering systemically.

Conclusions

MiRNA-143 can decrease translation of multiple signal
molecules to regulate MAPK, PI3K/Akt and HGF/Met
pathways. Decreased levels of miRNA-143 in colon cancer
at least partially account for increased activation of these
pathways. Therefore, introduction of miRNA to cancer cells
may be used for treatment of the disease. Obesity-associated
colon cancer could be a good candidate for the implication
of miRNA-143 as multiple signal pathways including PI3K
and MAPK are activated in obesity-associated colon cancer
and cause the resistance to chemotherapeutic treatment,
MiRNA-143 could be delivered to the site of colon cancer
after oral administration. However, it could enter into
adipose tissue via blood and cause insulin-resistance. This
side effect needs to be minimised, probably by specific
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delivery of miRNA-143 to colon cancer cells.
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