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MicroRNA Regulatory Network in Human Colorectal Cancer

Jie-Ting Tang and Jing-Yuan Fang’

Shanghai Jiao-Tong University School of Medicine Renji Hospital, Department of Gastroenterology, Shanghai

Institution of Digestive Disease, Shanghai 200001, China

Abstract: Epigenetic modifications include DNA methylation, histone modifications, and noncoding RNAs containing
microRNAs (miRNA). miRNAs are small noncoding RNAs that are 21 to 25 nt in length; they downregulate gene expres-
sion during cell development, cell proliferation, cell differentiation, and apoptosis. They play a critical role in human car-
cinogenesis. Presently, evidences show that miRNAs participate as oncogenic miRNAs or tumor suppressors in the devel-
opmental and physiological processes of human colorectal cancer (CRC). Disturbed miRNA expression may be attribut-
able to a mechanism involving multiple factors. In this review, we focus on the colorectal miRNA expression profile and
further discuss the miRNA regulatory network involved in the tumorigenesis of human CRC. We, thus, hope to open up
new avenues for anticancer therapy based on the epigenetic regulation of miRNA.
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INTRODUCTION

Over the past 10 years, there have been significant devel-
opments in the research on small RNAs. Previous studies
have heavily focused on gene silencing induced by small
noncoding RNAs. In 1998, Dr.Fire and Dr.Mello discovered
the mechanism of interference RNA (RNAi) and subse-
quently won the Nobel Prize in Physiology or Medicine [1].
Similar to siRNAs in some aspects, microRNAs (miRNAs)
are approximately 22 nt noncoding RNAs that regulate gene
expression in animals, plants, and viruses. The accumulating
knowledge on miRNAs has opened a new era in cancer re-
search [2].

Currently, cancer is recognized as both a genetic and an
epigenetic disease. Epigenetics is defined as the study of
mitotically and meiotically heritable changes in gene expres-
sion without changes in the DNA sequence. Epigenetic
changes include alterations in DNA methylation, histone
modifications, and changes induced by noncoding RNAs,
including miRNAs [3]. Due to the high incidence of colorec-
tal cancer (CRC), the pathogenesis, prevention, and treat-
ment of CRC have received considerable attention. There is
accumulating evidence that the miRNA expression profile in
CRC is abnormal and may contribute to the diagnosis and
prognosis of this disease.

In this study, we review recent work on miRNAs in CRC,
with particular emphasis on the miRNA regulatory network,
in order to identify new avenues for anticancer therapy based
on the epigenetic regulation of miRNAs.

miRNA BIOGENESIS

In 1993, the Caenorhabditis elegans heterochronic gene
lin-4 was the first miRNA to be reported. This gene encodes

*Address correspondence to this author at the 145 Middle Shandong Rd,
Shanghai Institute of Digestive Disease, Renji Hospital, Shanghai 200001,
China; E-mail:;jingyuanfang@yahoo.com

1389-5575/09 $55.00+.00

small RNAs with antisense complementarity to lin-14 [4].
The number of miRNA hairpin loci in the miRNA sequence
database, namely, miRBase (http://microrna.sanger.ac.uk/),
continues to grow rapidly, from 2909 (June 2005; release
7.0) to 9539 (March 2009; release 13.0) in the past 4 years.
Over 500 miRNA sequences of the human genome have
been annotated in the latest version of the miRBase [5].
miRNAs are involved in cell proliferation, cell differentia-
tion, apoptosis, and organ development, and play a critical
roles in the development of infectious diseases, genetic dis-
orders, adipocyte and hematopoietic cell differentiation, in-
sulin secretion, and even heart disease. Certain miRNA have
been proven to function as tumor suppressors or proto-
oncogenes during tumorigenesis [6-9]. Despite the growing
evidence of their significant involvement in cancer, little is
known about the exact function and regulation of miRNA
expression.

In animals, miRNA genes are transcribed by RNA po-
lymerase II (Pol II) into primary miRNAs (pri-miRNAs)
containing a 5’ cap and a poly(A) tail, and subsequently
processed in the nucleus by the Rnase III endonuclease
Drosha and the double-stranded RNA-binding protein Pa-
sha/DGCRS into ~70-nt hairpin precursor miRNAs (pre-
miRNAs). Next, the pre-miRNAs are exported into the cyto-
plasm by exportin 5, and subsequently recognized and proc-
essed by the RNAse III enzyme Dicer into mature ~22-nt
miRNAs. The mature miRNAs are incorporated into an
RNA-induced silencing complex (RISC); these mature
miRNA strands guide the complex to its mRNA targets.
miRNAs induce the degradation of mRNAs and downregu-
late the target genes with perfect or near-perfect complemen-
tarity to the 3'-untranslated regions (UTR) of mRNAs [10-
12].

miRNAS IN COLORECTAL CANCER

In 2003, the first study was undertaken to identify changes
in miRNA levels in human colorectal neoplasia sample [13].
microRNA expression profile analysis approaches have been
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developed in recent years, and the first profile of miRNA in
CRC was published in 2006 using miRNA serial analysis of
gene expression (miRAGE) [14,15]. Evidences have shown
that miRNAs may function as tumor suppressors or proto-
oncogenes during tumorigenesis and may contribute to the
diagnosis and prognosis of CRC.

PROTO-ONCOGENIC AND TUMOR-SUPPRESSOR
miRNAS IN CRC

mir-21

Presently, the only miRNA found to be overexpressed in
any type of solid tumor, including colon, breast, lung, pros-
tate, stomach, and endocrine pancreatic tumors, is mir-21.
This gene is located in the 3’-UTR region of the gene encod-
ing vacuole membrane protein 1 (VMP1) at chromosome
17q23.2, a region frequently observed to be amplified in
colon cancer [16]. miRNA expression profiles revealed high
levels of mir-21 expression in colon adenocarcinoma. A high
expression level of mir-21 was associated with lymph node
positivity and the development of distant metastases. There-
fore, such a high expression level correlated with the metas-
tasis (TNM) stage, poor survival rate and poor therapeutic
outcome [17,18]. The mechanism of the mir-2/-mediated
tumorigenesis of CRC needs to be elucidated. Asangani [A
et al. argued that mir-21 may posttranscriptionally down-
regulate the tumor suppressor programmed cell death 4 gene
(Pdcd4) and stimulate invasion, intravasation, and metastasis
in CRC [19].

mir-17-92

Among the miRNAs with oncogenic potential, mir-17-92
is the best-studied one. Tumors induced by the Myc and mir-
17-92 clusters were more aggressive than those induced only
by Myc. Lanza G et al. reported the existence of differences
in miRNA expression between CRC showing microsatellite
stability (MSS) and those showing high microsatellite insta-
bility (MSI-H). They found that a molecular signature, in-
cluding 8 miRNAs, could correctly distinguish the MSI-H
from the MSS colon cancer samples. Among the differen-
tially expressed miRNAs, various members of the oncogenic
miR-17-92 family were upregulated in MSS cancers. The
analysis of the combination of mRNA/miRNA expression
signatures may represent an approach for improving bio-
molecular classification of colon cancer [20]. miR-17-92 was
observed to downregulate the important cell cycle regulators
E2F] and RBI and subsequently cause deregulation of the
expression of the downstream targets involved in cell-cycle
control that favor cell proliferation over apoptosis. The on-
cogenic action of the miR-17-92 cluster is believed to be
partially attributable to a defective apoptotic program [21].

miR-143 and miR-145

The transfection of miR-143 or miR-145 precursors into
cells demonstrated a significant growth inhibition in the hu-
man CRC cell lines DLD-1 and SW480 [22]. Real-time PCR
examination in CRC tissue revealed that miR-145 was sig-
nificantly deregulated and the miR-143 and miR-145 expres-
sion levels were significantly lower in tumors with maximal
diameters > 50 mm [18,23]. miR-145 has been suggested to
target mitogen-activated protein 3 kinase 3 (MAP3K3) and
mitogen-activated protein 4 kinase 4 (MAPK4K4) and cer-
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tain genes with oncogenic functions, such as those encoding
MYCN, FOS, YES, and FLI, and cell-cycle promoters such
as cyclin D2 and L1. Further, miR-145 has been demon-
strated to inhibit the growth of colon cancer cells by target-
ing insulin receptor substrate-1. Erk5 was reported to be the
target gene of miR-143 in DLD-1 cells. Thus, low expression
of miR-143 and miR-145 could result in an unbalanced sig-
naling cascade, even in the case of MAPK, which could lead
to sustained cell proliferation [24,25] (Fig. 1).

let-7

miRNAs belonging to the let-7 family of miRNAs may
be considered to be candidate tumor suppressors [2]. The
growth of DLD-1 human colon cancer cells that express low
levels of /e-7 miRNA was found to be inhibited after trans-
fection with let-7a-1 precursor miRNA; simultaneously, the
levels of Ras and c-Myc proteins were lowered. Meanwhile,
reduced let-7 miRNA expression was detected in approxi-
mately 30% of human colon cancer tissues and cells [26].
Besides, all-frans retinoic acid (ATRA) downregulation of
Ras and Bcl-2 was demonstrated to correlate with the let-7a
miRNA activation [27] (Fig. 1). These detections suggested
possible tumor suppressor roles of /ez-7 miRNA.

mir-34a

The introduction of mir-34a into the CRC cell lines
HCT116 and RKO induced a marked inhibition of cell pro-
liferation; this indicates its possible function as a tumor sup-
pressor in CRC. However, miR-34a over- expression has
been reported to support cell proliferation in certain cases of
cancer. Different molecular mechanisms of carcinogenesis
were considered to be the cause for the cell type-dependent
association of miR-34a overexpression and proliferation. Its
regulation has been reported to be associated with several
signaling pathways, including E2F-3, RAS, and p53 signal-
ing pathways; therefore, E2F-3 proteins could be candidate
targets for miR-34a. However, the inhibitory effect of miR-
34a on cell proliferation is not mainly caused by the apop-
totic response [28,29].

Besides, miRNAs may contribute to the diagnosis and
prognosis of CRC. A systematic expression analysis of
miRNAs from more than 300 samples of various human can-
cers, including CRC, revealed the possibility of successfully
classifying poorly differentiated tumors by using miRNA
expression profiles [30]. The in vivo significance of miRNAs
was evaluated using clinical samples of colorectal neo-
plasms. The result of the evaluation indicated that Asa-miR-
200c was significantly associated with patient survival (P =
0.0122) and may be a potential prognostic factor in CRC
[31]. The data from quantitative real-time RT-PCR of miR-
NAs in 110 colon cancer patients showed that miR-106a
deregulation could be a marker of disease-free survival
(DFS) and overall survival (OS) independent of tumor stage
[32].
miRNA and Chemotherapeutics in CRC

Given the oncogenic or tumor-suppressor role of miR-
NAs in CRC, it is essential to investigate whether or not an-

tineoplastic drugs can alter the miRNA gene expression pat-
tern. /n vitro experiments performed on colon cancer cells
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Fig. (1). Simplified scheme showing the probable mechanism of tumor suppressor miRNAs in CRC: The 3 miRNA in red have been identi-
fied to be tumor suppressors in CRC. “|,” activation; “L.” repression/silencing. BCL2, B-cell CLL/lymphoma 2; RAS, Ras oncogene;
ERKS, extracellular signal-related kinase 5; MAPK, mitogen-activated protein kinase; Cyc D2, cyclin D2. Ras and Bcl 2 were demonstrated
to be downregulated by let-7a . miR-143 and miR-145 could affect the MAPK signaling cascade. miR-145 might target cell-cycle promoters

such as cyclin D2.

showed that S-fluorouracil (5-FU), a conventional antime-
tabolite largely used in clinical settings, was able to bring
about at least a twofold upregulation or downregulation of
miR-19 and miR-3 gene expression, respectively. The anti-
neoplastic drugs appeared to influence the expression of
miRNA genes in a direction that was opposite to that in-
duced by neoplastic transformation [33]. Adriamycin, a
DNA-damaging agent, was demonstrated to induce miR-34a
expression in a pS3-dependent manner. Following treatment
with adriamycin, the miR-34a expression in HCT 116 was
upregulated in a time-dependent manner; however, no
changes in gene expression were observed in HCT 116
pS37/ cells [28]. Besides, in DLD-1 cells, the level of mir-
143 gradually increased following treatment with alpha-
mangostin, a xanthone from the pericarps of mangosteen
[34]. These findings supported the hypothesis that antineo-
plastic drugs could alter miRNA gene expression, and miR-
NAs may play synergistic roles during chemotherapy for
CRC.

CAUSES OF DISTURBED miRNA EXPRESSION

To date, little is known about the causes of disturbed
miRNA expression. Such a disturbance may be involved in a
mixed mechanism that involves epigenomics, processing,
chromosomal abnormalities, and so on.

Proto-Oncogenes and Tumor Suppressors

Mounting evidence has shown that miRNA is controlled
by proto-oncogenes and tumor suppressors. The regulation
of miRNAs by p53 is one of the most important discovery in
recent years. The three-member miRNA-34 family was re-

ported to be directly regulated by p53 and involved in p53
tumour suppressor network [28,35,36]. miR-34b/c cooperate
with p53 in suppressing proliferation and adhesion-indepen-
dent growth of human ovarian carcinoma cells [37]. In CRC
cells, the transcription driven from the miR-34b/c CpG island
could be stimulated by p53 [38]. Besides, the expression
levels of a number of miRNAs in human CRC cell line were
affected by wt-p53. Global sequence analysis revealed that
over 46% of the miRNA promoters contain potential p53-
binding sites; this suggested that these miRNAs might poten-
tially be directly regulated by wt-p53 [39]. Recently, studies
have shown a direct role of c-Myc in activation of the
miR-17-92 cluster [40].

Epigenomics

Changes induced by noncoding RNAs, including miR-
NAs, are recognized as epigenetic alterations. Interestingly,
recent evidence has suggested that other epigenetic altera-
tions such as DNA methylation and histone modifications
regulate miRNA expression during tumorigenesis. On com-
paring the miRNA expression profiles of the HCT 116 cell
line and DNA methyltransferase 1 and 3b (DNMT1 and
DNMT3b) double knockout cell line, Han ef al. found that
approximately 10% of all miRNAs were regulated by DNA
methylation [41]. The silencing of miR-342 in CRC was
achieved through CpG-island methylation upstream of the
host gene evl [42]; miR-124a was proven to undergo tran-
scriptional inactivation by CpG-island hypermethylation in
human tumors with different cell types [43]. As the targets of
p53 mentioned before, miR-34b/c were epigenetically si-
lenced in CRC, which was associated with CpG island meth-
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Fig. (2). Simplified scheme showing the probable causes for disturbed miRNA expression: (1) Conventional tumor suppressors such as p53
may bind to the potential p53-binding sites in miRNA promoters and directly regulate their transcription. (2) Several miRNAs in CRC may
undergo transcriptional inactivation by CpG-island hypermethlyation. (3) Chromosome translocation or heterozygous deletion may lead to
the down- or upregulation of miRNA. (4) Changes in any of the processing steps may result in deregulated miRNA expression in CRC.

ylation [38]. However, it should be noted that not all
miRNAs are regulated by epigenomics. For instance, the
treatment of CRC with chromatin remodeling drugs were
previously reported to alter the expression level of tumor
suppressor genes in the CRC cell lines, Colo320 and
SW1116 [44]. B-cell lines did not show an upregulation of
the expressions of miR-143 and miR-145. Thus, an epige-
netic change does not seem to be responsible for the low
expression levels of miR-143 and miR-145 in the B cells
[24]. Since the regulation of miRNA expression by DNA
methylation is complex, further studies on the methylation
patterns of miRNA in CRC are warranted in the near future.

Chromosomal Abnormalities

Chromosome translocation between chromosome 22 and
chromosome 9 results in the production of a fusion protein
tyrosine kinase known as BCR-ABL; the miR-17-92 cluster
is one of the BCR-ABL expression-dependent genes [45].
Recently, it was reported that heterozygous deletion of
chromosome 1p36 in human primary neuroblastomas led to
the down-regulation of miR-34a. Further, the same genomic
region is frequently deleted in colon cancers [46].

Processing

As previously mentioned, the long primary transcripts
transcribed by RNA polymerase II are processed by Drosha
and Dicer to form mature miRNAs. Therefore, changes in
any step or enzyme during tumorigenesis in CRC may result
in deregulated miRNA expression (Fig. 2).

Extensive research on the regulatory network of miRNAs
in colorectal cancer is essential.

CLINICAL SIGNIFICANCE AND FUTURE DIREC-
TIONS

miRNA could be a good candidate as biomarkers of CRC
diagnosis and prognosis. Meanwhile, miRNA-based cancer
therapies could be new strategies for CRC treatment. Patient-
specific therapeutic “drugs” for individuals could be de-
signed according to the specific abnormalities in the miRNA
genes in their colorectal tumors. Knocking down the overex-
pressed oncogenic miRNA or restoring the activity of si-
lenced tumor suppressor miRNAs in cancer cells might con-
tribute to tumor killing. In addition, an attempt could be
made to identify new avenues for anticancer therapy based
on the epigenetic regulation of miRNA. Further, it would be
necessary to investigate if this could be a novel antiCRC
strategy for restoring the activity of hypermethylation-
silenced miRNA genes with tumor-suppressor functions in
CRC. To date, therapy with epigenetic drugs has been based
on the conventional protein-coding tumor-suppressor genes.
With the identification of a greater number of epigenetically
silenced tumor-suppressor miRNA genes in human cancer,
the epigenetic silencing of these miRNAs will become a pro-
spective target for the development of novel epigenetic
drugs. We expect further research and development in this
direction of epigenetic drug development to happen in the
near future.
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