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provide new insights in the biological process of metas-
tasis and in the potential targets for colorectal cancer 
therapies and for diagnosis of recurrent and metastatic 
colorectal cancer.
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Core tip: MicroRNA is one of the most important epi-
genetic regulators by targeting mRNAs post-transcrip-
tionally. This article has reviewed the new evidence 
that has supported the significant role of microRNAs in 
the metastasis of colorectal cancer. Better understand-
ing of the complex network of microRNAs in colorectal 
cancer metastasis provide new insights in the biological 
process of metastasis and in the potential targets for 
colorectal cancer therapies and for diagnosis of recur-
rent and metastatic colorectal cancer.
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INTRODUCTION
Colorectal cancer is the third most common cancer in 
both males and females worldwide. The major cause of  
death from colorectal cancer is the development of  meta-
static diseases. For those patients who have metastatic 
diseases at the time of  diagnosis, five-year survival rate is 
only 12%[1,2]. However, the molecular mechanism of  me-
tastasis still remains obscure. Multiple cellular character-
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Abstract
Colorectal cancer is the third most common cancer 
worldwide. Metastasis is a major cause of colorectal 
cancer-related death. Mechanisms of metastasis remain 
largely obscure. MicroRNA is one of the most impor-
tant epigenetic regulators by targeting mRNAs post-
transcriptionally. Accumulated evidence has supported 
its significant role in the metastasis of colorectal cancer, 
including epithelial-mesenchymal transition and angio-
genesis. Dissecting microRNAome potentially identifies 
specific microRNAs as biomarkers of colorectal can-
cer metastasis. Better understanding of the complex 
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istics of  neoplastic cells including epithelial-mesenchymal 
transition (EMT), invasion and migration, and changes 
in the tumor microenvironment such as angiogenesis 
are believed to be important for the metastatic process. 
Genetic abnormalities accounting for metastasis have not 
been identified while accumulated evidence suggests that 
microRNAs may play a crucial role in the epigenetic regu-
lation of  the multi-step process of  metastasis. 

MicroRNAs are a family of  small non-coding 18-22nt 
RNAs, which function in the post-transcriptional regula-
tion of  gene expression, by targeting mRNA for cleavage 
or translational repression[3]. In the nucleus, the DNA cod-
ing sequences of  miRNA are firstly transcribed into pri-
miRNA by RNA polymerase Ⅱ. After transcription, the 
enzyme named Drosha cuts pri-miRNA into pre-microR-
NA, which is then transported into cytoplasm and further 
cleaved into mature microRNA by Dicer. Only one strand 
of  the mature microRNA will be incorporated into RNA-
induced silencing complex (RISC), where microRNA play 
its silencing functions by interacting its target mRNA[4]. 

Accumulated evidence has suggested that microR-
NAs directly participate in the tumorigenesis process of  
colorectal cancer, especially through the posttranscription-
al regulation. Some microRNAs play roles in colorectal 
tumorigenesis by regulating the functional pathways of  tu-
mor suppressor genes. For example, microRNAs includ-
ing miR-135a/b and miR-122a were able to inactivate the 
adenomatous polyposis coli (APC) tumor suppressor gene 
and the APC-mediated pathways, providing an alternative, 
epigenetic mechanism for the inactivation of  this tumor 
suppressor gene. In the APC-mutated mouse model, 
microRNAs including miR-31, miR-137 and miR-215 
were found to be differentially regulated in association 
with colorectal adenoma formation, suggesting that these 
microRNAs may be regulated by the APC pathway and 
are involved in the early stage of  colorectal cancer de-
velopment[5-7]. Similarly, microRNAs including miR-34, 
miR-145 and miR-107 are regulated by p53 to mediate the 
function of  p53 in cell survival, proliferation and angio-
genesis, respectively[8,9]. Therefore, it has been well estab-
lished that microRNA is involved in the initial stage of  
colorectal tumorigenesis through the APC pathway and in 
the advanced stage of  colorectal tumorigenesis through 
the p53 pathway. More recently, a large body of  evidence 
has also supported the role of  microRNAs in colorectal 
cancer metastasis. Here we will review the function of  
microRNAs in the regulation of  EMT and angiogenesis- 
two biological processes that are important for colorectal 
cancer metastasis.

DISSECT MICRORNAOME IN 
COLORECTAL CANCER AND 
METASTASIS
To discover aberrantly expressed microRNAs in colorec-
tal cancer, microarray analysis was commonly used for 
dissecting microRNAome[10]. A microRNA microarray 
analysis in a discovery cohort of  84 colorectal cancer pa-

tients comparing microRNA expression profiles between 
colorectal tumors and paired non-tumorous tissues iden-
tified 37 microRNAs differentially expressed in colorectal 
cancer. Five microRNAs (miR-20a, miR-21, miR-106a, 
miR-181b, and miR-203) that were most differentially 
expressed between tumors and non-tumorous tissues and 
whose expression levels were also associated with pa-
tient survivals were selected for further validation. In the 
validation cohort, it was found that miR-21 was prefer-
entially expressed in colorectal tumors at more advanced 
TNM stages. In both discovery and validation cohorts, 
higher miR-21 expression level was significantly associ-
ated with poorer survival[11]. Similarly, in another study, 
49 microRNAs were identified to be significantly differ-
entially expressed comparing between rectal cancer and 
adjacent non-tumorous mucosa. Among them, miR-135b 
was shown to be significantly correlated to disease-free 
and cancer-specific survival in the validation cohort[12]. 

Although these microRNAome studies included 
patients across different stages, there is still a lack of  
identification of  microRNAs associated specifically with 
metastatic colorectal cancer. Shen et al[13] compared the 
miRNA expression profiles between colorectal cancers 
with liver metastasis and those without metastasis and 
found 28 differentially expressed microRNAs. Among 
them, four microRNAs (miR-150*, miR-125b-2*, 
miR-1179 and miR-139-3p) are up-regulated in colorec-
tal cancer with metastasis. Although this study provided 
microRNAome data for colorectal cancer with metas-
tasis, the sample size was small, including only 3 paired 
samples; and the clinical survival data was not available. 

While the microRNAome specific for colorectal 
cancer metastasis is still highly desired, the research on 
microRNAome continues to strive ahead with microarray 
analysis on both tumoral and stromal tissues of  colorectal 
cancer and with microarray analysis on colorectal tumors 
at different locations, of  different subtypes, and with dif-
ferent mismatch repair status. Single nucleotide polymor-
phism (SNP) variations in microRNA coding sequences 
and 3’-UTR have been studied[14-18]. These new researches 
have shed lights on the future research direction of  mc-
iroRNA in metastatic colorectal cancer. 

MICRORNAS IN PATHWAYS OF 
COLORECTAL CANCER METASTASIS
Despite genetic mutation is still considered as one of  the 
key characteristics in the primary occurrence of  colorec-
tal cancer, the metastasis of  colorectal cancer appears to 
be closely associated with epigenetic regulation, such as 
DNA promoter methylation, histone modification and 
microRNAs[19,20]. microRNAs have been demonstrated to 
be involved in two major pathways of  colorectal cancer 
metastasis, EMT and angiogenesis.

MicroRNAs in epithelial-mesenchymal transition
EMT is the biologic process that the polarized epithelial 
cells transit to a mesenchymal cell phenotype. During 
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the course of  metastasis, neoplastic cells undergo EMT, 
suggesting a mechanistic role of  EMT in metastasis. 
In EMT, proteins such as Vimentin, β-Catenin, TCF8-
ZEB1, E-Cadherin, Snail and Slug, are known to be spe-
cifically up or down-regulated and have been established 
as the markers of  EMT[21]. Similarly, microRNAs associ-
ated with colorectal cancer, were also found to be specifi-
cally regulated in EMT (Figure 1). 

First, TGF-β/Wnt signaling pathway is one of  the 
prominent pathways in EMT. miR-21 and miR-31 were 
uncovered as the downstream effectors of  TGF-β in 
colon carcinoma cells[22]. miR-21 is significantly elevated 
in the colorectal cancer with metastasis and negatively 
regulates the tumor suppressor programmed cell death 
4 (Pdcd4) and TGF-β receptor 2, accompanied by the 
decrease of  the downstreaming β-catenin[23,24]. Second, 
β-catenin was inversely correlated with Qki6/7 and P130, 
which are down-regulated by miR-574-5p and miR-17, 
respectively in colorectal carcinoma cells[25,26]. Third, the 
miR-200 Family was recognized as a master regulator of  
the epithelial phenotype, which is decreased in colorectal 
cancer with metastasis. The miR-200 family repressed 
the EMT by targeting the ZEB1/2, which down-regulate 
E-cadherin and up-regulate Vimentin. Furthermore, in 
the upstream of  the miR-200 family, promoter methyla-
tion and ERβ can be the cause of  decrease in colorectal 
metastasis[25,27,28]. Fourth, miR-9 has been suggested to be 
another regulator for E-cadherin. Prospero Homeobox 
1 (PROX1) was shown to promote EMT by inhibit-

ing E-cadherin via miR-9 in colon carcinoma cells[29,30]. 
Last, but not the least, microRNAs like miR-499-5p and 
miR-212 also function in regulating EMT, by target-
ing Pdcd4 and manganese superoxide dismutase (Mn-
SOD)[31,32]. 

The mesenchymal to epithelial transition (MET) is a 
reverse biological process of  EMT and has recently been 
suggested to be important for the metastatic cancer cells, 
by regaining epithelial properties, to establish their colo-
nization in distant organs. MiR-147 was recently found 
to be able to induce MET in colon cancer cell lines by 
targeting the TGF-β signaling pathway[33]. Further explor-
ing the roles of  microRNAs in MET may provide a deep 
insight into how the MET is executed in the cancer me-
tastasis. 

Thus, many characteristic markers of  EMT such as 
Vimentin, β-Catenin, TCF8-ZEB1, E-Cadherin, Snail 
and Slug, are targeted by microRNAs. Moreover, many 
microRNAs were found to have their targets in different 
types of  cancer. For one example, miR-200, by targeting 
ZEB-1/2, is a tumor suppressor in both breast cancer and 
colorectal cancer. For another example, ectopic expres-
sion of  miR-17 plays a role in regulating cancer cell inva-
sion and migration of  other malignancy types including 
colorectal cancer, breast cancer, head and neck cancer by 
targeting the TGF-β signaling pathway[34]. Therefore, un-
derstanding the roles of  microRNAs in colorectal cancer 
metastasis may identify potential therapeutic targets for 
the treatment of  many different types of  malignancies.
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Figure 1  MicroRNAs regulation in epithelial–mesenchymal transition of colorectal cancer metastasis. EMT: Epithelial–mesenchymal transition; PROX1: Pros-
pero Homeobox 1.



MicroRNAs in angiogenesis
Angiogenesis is considered to be essential for the estab-
lishment of  blood supply for metastatic lesions in the 
distant organs. Many pro-angiogenic and anti-angiogenic 
factors are involved (Figure 2). Tumor angiogenesis is 
associated with intravasation and extravasation of  meta-
static cancer cells, suggesting that many crucial molecules 
in angiogenesis and their corresponding receptors partici-
pate in the metastatic process[35]. One of  the best studied 
molecular mechanisms involves the vascular endothelial 
growth factors (VEGF) and the VEGF receptors. In 
addition, intratumoral blood vessel is the main route of  
chemotherapy or targeted drug delivery; but the effective-
ness of  drug delivery is unsatisfactory due to the disor-
ganized neovascularization in tumors. Clinically, VEGF 
targeted therapy is used for treating metastatic colorectal 
cancer, supporting the role of  angiogenesis in colorectal 
cancer metastasis[36,37]. 

Hypoxia is one of  the dominant characteristics of  
tumor microenvironment; and hypoxia inducible factor 
(HIF)-1 is one of  the key regulators in hypoxia induced 
angiogenesis[38]. Hypoxic microenvironment drives tumor 
cells to undergo an angiogenic switch which leads to the 
production of  pro-angiogenesis proteins such as VEGF. 
The VEGF pathway-mediated neovascularization is also 
driven partly by additional hypoxia responsive signals 
including basic FGF (bFGF) and placental growth factor 
(PlGF). 

Epigenetic regulation via microRNAs may be one of  
the major regulatory mechanisms for the disorganization 
of  neovascularization in tumor[39]. MiR-107 was shown 
to function as a suppresser of  HIF-1 and VEGF expres-
sion[40]. In addition to miR-107, miR-145 was found to 
be a regulator of  HIF-1 in colon cancer, by targeting 
p70S6K1 post-transcriptionally[42]. 

Another well characterized regulator for tumor an-
giogenesis is thrombospondin-1 (TSP-1), which belongs 
to the thrombospondins family[43]. TSP-1 acts as a barrier 
to neovascularization in tumors. MiR-17-92 and miR-194 
were both found to repress TSP-1, thereby promot-
ing the angiogenesis in colon cancers[40,44]. Interestingly, 
MiR-17-92 is a polycistronic microRNA cluster. The pre-
cursor transcript derived from this cluster gene produces 
six mature microRNAs: miR-17, miR-18a, miR-19a, miR-
20a, miR-19b-1, and miR-92-1[45]. Overexpression of  the 
miR-17-92 cluster was observed in multiple tumor types 

including colon cancer. As a polycistronic cluster, it can 
coordinate multiple functions in tumorigenesis includ-
ing increasing angiogenesis, promoting proliferation and 
inhibiting differentiation[45,46]. The miR-17-92 microRNA 
cluster is known to be regulated by the Myc oncogene. 
The Myc-activated miR-17-92 can stimulate tumor an-
giogenesis by attenuating the TGF-β signaling pathway, 
which provides an alternative target for miR-17-92 in ad-
dition to TSP-1[47]. 

Both miR-17-92 and miR-194 are upregulated by the 
p53 tumor suppressor. miR-194 also negatively regulates 
the thrombospondin (THBS1) mRNA. On another hand, 
it is known that p53 induces the transcription of  THBS1, 
which would have further induced the expression of  
TSP-1, since enhanced expression of  THBS1 leads to the 
induction of  TSP-1. Interestingly, p53 does not induce 
the expression of  TSP-1. Thus, it is possible that TSP-1 
is suppressed by miR-194 and miR-17-92, which both are 
regulated by p53[40]. Such a complex regulatory network, 
by providing multiple feedback mechanisms, allows a 
more precise regulation in angiogenesis. 

MICRORNAS AS POTENTIAL 
DIAGNOSTIC MARKERS FOR 
METASTASIS IN COLORECTAL CANCER
MicroRNA is studied as a potential diagnostic marker, 
considering its commonly conserved existence and re-
markable stability[48]. Although plasma CEA has been 
used as a diagnostic marker for colorectal cancer for de-
cades, one study had shown that only 59% of  417 moni-
tored patients with recurrence had a preceding elevation 
of  CEA concentration[49]. Several recent studies thus have 
been conducted on the identification of  plasma circulat-
ing microRNAs, attempting to develop more sensitive 
and specific detection methods[50-53]. Especially, methods 
for detecting the circulating microRNAs are attracting 
because of  their noninvasive nature. Recently, a panel of  
8 plasma microRNAs (miR-532-3p, miR-331, miR-195, 
miR-17, miR-142-3p, miR-15b, miR-532, and miR-652) 
was found to be able to distinguish colonic polyps from 
healthy controls. In addition, this study pointed out that a 
panel of  3 plasma miRNAs (miR-431,miR-15b, and miR-
139-3p) distinguished Stage IV CRC from controls[54]. 

However, there is still a lack of  circulating microR-
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NAs as an ideal biomarker for recurrence and metastasis. 
Plasma miR-92 and miR-29 were significantly elevated 
in colorectal cancer patients, but demonstrated no sig-
nificant difference between different stages of  colorec-
tal cancer[50,52]. Nevertheless, in a more recent study by 
Wang et al[55] serum level of  the miR-29a was found to 
be significantly higher in colorectal cancer patients with 
metastasis comparing to those without metastasis, with 
a sensitivity of  75% and a specificity of  75%. Similarly, 
circulating miR-221 was demonstrated to be a significant 
prognostic factor associated with poor overall survival. 
Whether it can be used for early detection of  recurrence 
is not studied[53]. Another two more recent studies found 
several promising microRNAs for the detection of  recur-
rence. Kanaan et al[51] demonstrated that plasma miR-31, 
miR-135b, miR-1 and miR-133a have a 100% sensitivity 
and a 80% specificity in detecting colorectal cancer, and 
also found that miR-31 was significantly more upregu-
lated in stage Ⅲ and Ⅳ than stage Ⅰ and Ⅱ. Hofsli et al[56] 
reported that in their “training” study conducted with 
with serum samples from 30 patients with stage Ⅳ colon 
cancer and from 10 healthy controls, 375 miRNAs were 
found to be more abundant in the sera from colon can-
cer patients than those from healthy controls, including 
miR-103, miR-107, and miR-221. These miRNAs were 
also found in sera from patients with stage Ⅰ-Ⅱ colon 
cancer; however, their roles in stage Ⅳ colon cancer re-
main interesting to be explored. 

CONCLUSION
microRNAs play a substantial role in the epigenetic regu-
lation of  colorectal cancer metastasis. Differential ex-
pression of  microRNAs is reported in the metastasis of  
colorectal cancer comparing to non-metastatic colorectal 
cancer (Table 1). More importantly, these microRNAs 
appear to form a network to coordinate the regulation of  
the metastatic process. Studies investigating the associa-

tion of  microRNAs with the metastasis process are high-
ly desired. Plasma microRNA remains to be identified as 
a noninvasive biomarker for early diagnosis of  colorectal 
cancer metastasis. Enlightened by the function of  mi-
croRNAs in the EMT process and angiogenesis, mecha-
nisms of  colorectal cancer metastasis may be revealed by 
dissecting the regulatory network of  microRNAs.  
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