
 

 

Overview 
 
The Human Genome Project revealed approxi-
mately 25,000 protein encoding genes in 2004 
[1]. While biological functions are mediated 
mostly by these proteins, activating mecha-
nisms are often required for proper cellular 
function. Alongside physical and chemical modi-
fications, there are various regulatory barriers to 
gene transcription and translation. It is well es-
tablished that transcription factors play a major 
role in gene activation through interactions with 
the 5’-untranslated region (5’UTR) of messenger 
RNA (mRNA). Interestingly and more recently, 
the 3’-untranslated region (3’UTR) of mRNA has 
also been found to be important in translational 
control. Sequences known as microRNAs 
(miRNAs) have been uncovered as regulators of 
translational efficiency. MiRNAs often exert their 
effect by interacting with the 3’UTR of mRNAs. 
 
MicroRNAs are non-coding RNA sequences that 
are approximately 22 nucleotides whose major 
role appears to be in gene regulation. Initially 
viewed as cellular detritus, these sequences are 
now known to be evolutionarily conserved 
across species [2]. As of 2010, 721 miRNAs 
were found and validated in the human genome 

[3]. Computer models have predicted the num-
ber of miRNAs to be at least 1000, encompass-
ing 2.5% of the total number of genes [4]. These 
miRNAs were expected to regulate approxi-
mately one third of human genes [5]. This num-
ber may increase significantly with new tool to 
analyze the matching/targeting [6]. 
 
Despite advancements in the study of miRNA, 
little is known about the regulatory systems in 
play. When mapped, many miRNA genes were 
found to be located in genomic fragile sites and 
commonly in regions associated with cancer [7]. 
Large scale investigations using clinical samples 
further indicated that groups of miRNAs are 
differentially expressed in cancerous cells [8]. 
miRNA expression profiles are therefore poten-
tially useful as biomarkers for diagnostic pur-
poses. However, the ability of miRNAs to target 
multiple genes suggests both direct and far-
reaching effects in oncogenesis. Nevertheless, 
the common trend appears to be that up-
regulation of oncogenic miRNAs lowers expres-
sion of tumor suppressor genes, while down-
regulation of certain miRNAs increases onco-
gene translation. Better understanding miRNA 
functionality can therefore aid in developing 
novel strategies to halt or disrupt cancer forma-
tion. 
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miRNA biogenesis pathway 
 
Transcription 
 
According to genomic screening of over two hun-
dred miRNAs, more than half were transcription-
ally linked to protein-coding or non-coding RNAs 
(ncRNA) [9]. More specifically, 40% of analyzed 
miRNAs were located in the introns of protein-
coding RNA transcripts, while 10% of them were 
transcribed in the introns of ncRNA transcripts. 
In addition, 10% of miRNA overlap with exons of 
ncRNA, suggesting further complexity in the 
maturation of miRNAs.  
 
Besides intronic and exonic miRNA, some 
miRNAs were also found located between 
genes. Many of these intergenic miRNAs are 
clustered in the genome. Multiple miRNAs sepa-
rated by up to 10 kilobases are transcribed to-
gether in one transcript [10]. For the intergenic 
miRNAs, there has been reports of TATA box 
binding motifs upstream of miRNA genes [11]. 
Having their own transcription elements sug-
gests that miRNAs can be independently tran-
scribed as well, which requires the recruitment 
of transcription factors. Recent studies have 
reported the involvement of several transcrip-
tion factor, such as MYC and P53, in regulating 
expression of miRNAs [12].  
 
Upon p53 activation, several independent stud-
ies all identified miR-34a as being strongly up-
regulated by p53 in cultured cell lines and in 
primary mouse embryonic fibroblasts [13]. More 
interestingly, expression of two other members 
of the miR-34 family, miR-34b and miR-34c, are 
also induced by p53. These two family members 
are transcribed from chromosomes 11 and 1, 
respectively, different chromosomes than the 
one miR-34a is transcribed from. In addition, 
miR-34a and miR-34c have identical seed re-
gions and are thus predicted to target similar 
mRNAs. Further functional analysis demon-
strated that both miR-34b and miR34c work co-
operatively with p53 in suppressing cell prolif-
eration [14]. MiR-34a induces growth arrest 
through regulating pathways of the transcription 
factor E2F [15]. This transcription factor acti-
vates miRNA transcription in order to function 
synergistically. 
 
Processing in nucleus 
 
RNA polymerase II is the first enzyme that is 

thought to be responsible in transcribing pri-
mary miRNA (pri-miRNA) [16]. Some human 
miRNAs, which are surrounded by Alu repeat 
have been found to be transcribed by RNA tran-
scriptase III instead of II [17]. These transcripts 
containing pri-miRNA can be several kilobases 
long, and also have a 5’ 7-methylguanosine gap 
and a 3’ polyadenylated tail similar to conven-
tional messenger RNA (mRNA) [18]. 
 
Pri-miRNA transcripts must be cleaved and 
spliced during miRNA maturation in order to 
form mature miRNA. It has a hairpin stem of 
approximately 33 base-pairs, a terminal loop 
and two single-stranded flanking regions up-
stream and downstream of the hairpin. Pri-
miRNA is first processed into a precursor miRNA 
of about 70 nucleotides long. Figure 1 shows 
each step of the miRNA biogenesis.  
 
The cleavage of pri-miRNA proceeds concur-
rently with the transcription of the gene or 
ncRNA [19]. Inside the nucleus, primary miRNA 
is first cleaved by a miRNA microprocessor com-
posed of Drosha and DGCR8 (Pasha). Drosha is 
a RNase III endonuclease that performs the 
cleavage through its RNase III domain [20]. It 
cleaves 11 base-pairs away from the bottom of 
the hairpin stem where the 5’ and 3’ flanking 
regions separate [21]. In order for the micro-
processor to recognize pri-miRNA, conservation 
of the pri-miRNA stem structure is essential. 
Single Nucleotide Polymorphisms (SNP) in the 
stem have been reported to block proper proc-
essing by Drosha [22]. The flanking single-
stranded RNA below the stem loop is also man-
datory for Drosha cleavage, but the sequence of 
terminal loop is not important in most cases 
[23]. These conserved aspects allow processing 
of pri-miRNA to occur even during transcription 
of the entire transcript.  
 
While Drosha acts as the catalytic subunit of the 
microprocessor, DGCR8 recognizes the pri-
miRNA through its double-stranded RNA binding 
domain, and also stabilizes its interaction with 
Drosha through its conserved C-terminal do-
main [24]. DGCR8 functions as a molecular 
ruler that allows Drosha to cut at an accurate 
position. The precursor miRNA (pre-miRNA) that 
is cleaved by Drosha always contain 2 nucleo-
tide overhangs, characteristic of RNase III [25]. 
The 2 nucleotide overhang later becomes an 
important property for recognition by other pro-
teins in downstream processes.  
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The expression level of the microprocessor com-
plex and its activity is tightly maintained. The 
working Drosha-DGCR8 complex also cleaves 
stem loops present in the 5’UTR and the coding 
region of DGCR8 mRNA, resulting in its instabil-
ity [26]. This acts as a feedback mechanism to 
ensure no additional complex will be assem-
bled. The microprocessor complex can also be 
customized to enhance processing of a specific 
miRNA. A heterogenous nuclear ribonucleopro-
tein A1 (hnRNP A1) has been reported to partici-
pate as a subunit in the Drosha-DGCR8 com-
plex. This RNA-binding protein binds specifically 
to pri-miR-18a but not to any other miRNAs in 
the same cluster, and the knock-down of hnRNP 

A1 greatly reduces expression of pre-miR-18a 
[27]. In this case, hnRNP A1 acts as a trans-
acting factor by binding to the conserved loop of 
pri-miR-18a. This binding changes the confor-
mation of pri-miR-18a and favors its processing 
by Drosha-DGCR8 complex [28]. However, this 
mechanism is not applicable to all the miRNAs. 
MicroRNA comparison across species displays 
low conservation in the loop sequences. 
 
After nuclear processing, precursor miRNA is 
transported by Exportin-5 to the cytoplasm in a 
Ran guanosine triphosphate-dependent manner 
[29]. Exportin-5 recognizes precursor miRNA not 
by its sequence but by its characteristic hairpin 

Figure 1. MicroRNA Biogenesis. Genes of miRNA are first transcribed by RNA Polymerase along with coding genes or 
independently. Nascently transcribed primary miRNA is then cleaved by the microprocessor composed of Drosha and 
Pasha in the nucleus. Resulting precursor miRNA is then exported from nucleus by nuclear pore protein Exportin-5. In 
the cytoplasm, Dicer removes the loop from precursor miRNA. After helicase opens the miRNA duplex, guide strand of 
the mature miRNA is loaded with Argonaute (Ago2) within the RISC complex, where it guides RISC to silence target 
mRNAs. Target mRNAs are translated ineffectively due to mRNA degradation or translation inhibition. The comple-
mentary strand is either degraded or functions as a mature miRNA. 
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stem and 3’ protruding overhang [30]. These 
recognition requirements allow the transport of 
correctly processed precursor miRNAs only. 
High affinity binding of Exportin-5 to precursor 
miRNA protects it as soon as it is processed by 
Drosha [31]. 
 
Processing in cytoplasm 
 
Once inside the cytoplasm, pre-miRNA is further 
processed into a shorter double stranded RNA 
duplex, composing of a mature strand and a 
complementary strand. This processing is car-
ried out by another RNase III endonuclease, 
Dicer [32]. Dicer has a PAZ (Piwi-Argonaute-
Zwille) domain, which preferentially binds to the 
3’ overhang of single-stranded RNA [33]. The 
distance between its PAZ domain and two 
RNase III domains is 65 angstroms, which is 
about 25 nucleotides in length according to 
crystal structure analysis. Therefore, after exci-
sion of pre-miRNA terminal loop, double-
stranded RNA is about 22-25 nucleotide in 
length with 2 nucleotides overhanging on each 
3’ side [33,34]. Knocking down the expression 
of Dicer greatly reduces miRNA maturation [35], 
and deletion of Dicer in mice leads to lethality in 
early development [36]. This result demon-
strates the importance of miRNAs in maintain-
ing embryonic stem cell population, and has led 
to other studies on miRNA’s function in embry-
onic cells [37].  
 
Additional mechanisms that regulate Dicer proc-
essing have been reported in the literature. 
Dicer is shown to be negatively regulated by its 
product, let-7 miRNA, by targeting the coding 
region of Dicer mRNA [38]. Its targeting of Dicer 
mRNA leads to the negative feedback of Dicer 
expression and thus its activity. In one study, 
precursor miR-138-2 was observed abundantly 
in the cytoplasm of many cell types, but mature 
miR-138 was found to only exist in certain cell 
types. This observation points out the possibility 
that miRNA expression can be regulated post-
transcriptionally and that miRNA expression 
may be restricted to certain cell types [39]. Al-
though the specific mechanism has not yet 
been found, it is possible that a tissue-specific 
RNA binding protein is required to recruit Dicer 
in processing precursor miR-138-2. A ternary 
complex has been reported where TAR RNA 
Binding Protein (TRBP) and Protein Activator of 
PKR (PACT) assembles with Dicer. Dicer alone is 
sufficient for precursor miRNA processing. Like 

DGCR8 to Drosha, TRBP acts to stabilize Dicer 
[40]. Both TRBP and PACT were shown to en-
hance binding of RNA to Dicer and greatly facili-
tates the processing efficiency of Dicer [41]. By 
default, the helicase domain of Dicer inhibits its 
own cleaving activity [42]. TRBP interacts di-
rectly to the helicase domain of Dicer and 
changes it conformation to improve its process-
ing efficiency. In addition, TRBP also functions 
by recruiting the excised RNA duplex to its final 
stop, the Argonaute proteins [43]. 
 
Guide strand loading into RISC 
 
Following excision by Dicer, a short miRNA du-
plex is formed. Dicer and its cleavage-
associated proteins TRBP or PACT dissociate 
from the miRNA duplex. However, only one 
strand of the miRNA duplex will act as the guide 
strand, which guides the functional unit. The 
other strand of the duplex is referred to as the 
complementary strand and is degraded subse-
quently. The mechanism for this asymmetry in 
strand selection still remains unclear [44], but it 
is suspected that strand selection is determined 
by a ribonucleoprotein complex called the RNA-
induced Silencing Complex (RISC). RISC is com-
posed of Dicer, TRBP for RNA binding, and Argo-
naute2 (Ago2) for catalytic activity [45]. Ago2 
seems to pertain the ability to remove comple-
mentary strands by making an endonucleolytic 
cut at the passenger strand [46]. Degradation 
of the passenger strand facilitates the loading 
of the guide strand and activation of RISC. In 
vitro reconstitution experiments has shown that 
no chaperons or co-factors other than the basic 
machineries are required for RISC formation 
[47]. Dicer, TRBP, and Ago2 are the basic com-
ponents needed for miRNA processing and 
functioning. However, particular helicases may 
be involved in facilitating unwinding of specific 
miRNAs. For example, P68 RNA helicase has 
been shown to facilitate selection of let-7 by 
RISC, and knock-down of P68 RNA helicase has 
been shown to inhibit let-7 functioning [48]. 
 
Theoretically, either strand of the miRNA duplex 
can be the guide strand. A study has attempted 
to predict strand selection by comparing out-
comes of selection in validated precursor 
miRNA pairs with random RNA duplexes [49]. 
Random RNA duplexes do not form good base-
pairing stems. It was found that miRNA pairs 
generally exhibit lower free energy than random 
duplexes. Base-pairing that includes U nucleo-
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tides, such as A:U, U:A, G:U, are not as stable as 
C:G pairs, which allow its incorporation into 
RISC. The ease in unwinding of the RNA duplex 
might explain in part why many miRNAs that 
start with a U nucleotide are selected. 
 
Gene regulation by microRNAs 
 
miRNAs Function as Gene Modulators 
 
MicroRNAs are currently well recognized for 
their critical role in many biological processes 
[50]. MicroRNAs are single-stranded RNAs con-
sisting of 18 to 24 nucleotides. They are gener-
ated from endogenous transcripts each consist-
ing of a hairpin structure [43,51]. The accepted 
notion is that miRNAs function as a guide mole-
cule in post-transcriptional gene silencing by 
partially base pairing with the 3’UTR of target 
mRNAs, leading to translational repression 
[52,53]. By silencing various target mRNAs, 
miRs play important modulatory roles in diverse 
regulatory pathways, including tissue develop-
ment [54,55], cell proliferation [56,57], cell divi-
sion [58,59], cell differentiation [60], apoptosis 
[61], protein secretion [62], and viral infection 
[63]. The majority of miRNA loci are found in 
intronic regions of non-coding transcription 
units, whereas few of them are found in exonic 
regions [64]. Computational analysis demon-
strates that one miRNA has the ability to regu-
late the expression of many genes. Thus, 
miRNAs have been increasingly recognized as 
key regulators of gene expression, playing criti-
cal roles in many biological processes, such as 
aging, vascular diseases, angiogenesis, and 
tumorigenesis. However, the function of most 
miRNAs remains largely unknown. 
 
Repression by mRNA degradation 
 
Messenger RNA degradation can be initiated by 
either decapping or deadenylation [65], al-
though sequence-specific endoneucleolytic 
cleavage by polysomal ribonuclease 1 (PMR-1) 
can also occur [66]. In general, mRNA degrada-
tion usually begins with deadenylation from the 
3' end of the mRNA. Following deadenylation, 
decapping enzymes, such as DCP1 and DCP2, 
remove the 5' cap of mRNA, exposing itself for 
exonucleolytic degradation from 5’-to-3’ by the 
enzyme Xrn1p. Alternatively, deadenylated 
mRNAs can be degraded from the 3’-to-5’ direc-
tion by cytoplasmic exonucleases. 
 
In a study of miRNA-mediated translational re-

pression, some miRNA-targeted mRNAs were 
found to be destabilized [67]. In a study carried 
out in D. melanogaster, the Argonaute protein, 
Ago1, was found to interact with GW182, which 
is known as a marker for processing bodies 
where mRNAs are degraded or stored [68]. This 
interaction is also found in human cells [69]. 
GW182 was shown to function downstream of 
Argonaute proteins by silencing mRNA expres-
sion and promoting mRNA degradation. Another 
study also supports this finding based on similar 
experiments of depleting decapping enzymes or 
activators [70]. This then lead to the accumula-
tion of deadenylated mRNAs in addition to the 
suppression of miRNA-mediated gene silencing. 
However, these studies also show that transla-
tional repression and mRNA degradation can 
occur as a combination. The subunits that are 
recruited during target site recognition by 
miRNA-incorporated RISC may determine the 
degree of translational inhibition. 
 
Translational inhibition 
 
Mature miRNAs are eventually transferred to 
Argonaute proteins and guide RISC activity in 
RNA silencing. In order to regulate translation, 
miRNAs base-pair with their target sites in the 
3’UTR of mRNAs [71]. Translational repression 
has also been reported to occur even when tar-
get sites are located in 5’UTR or coding regions 
[72]. However, the mechanistic details of how 
microRNAs function in translational repression 
are still poorly understood. Results from differ-
ent studies are sometimes contradictory be-
cause they are conducted in different systems 
and species. 
 
MicroRNAs in tumorigenesis and angiogenesis 
 
Malignant transformation is a multi-step proc-
ess whereby normal cells acquire genetic and 
epigenetic alterations [73]. During this process, 
cells may acquire alterations that enhance 
growth and survival (i.e. oncogenic attributes) or 
ones that impair cancer progression (tumor sup-
pressor-like). As a result of these transformation 
processes, transformed cells may become 
growth-independent, apoptosis-resistant, tissue-
invasive and/or metastatic. Oncogenes and tu-
mor suppressor genes are particularly powerful 
in transforming cells because they often 
strongly affect proliferation, apoptosis, or even 
both. For example, p53 is a well-known tumor 
suppressor that monitors cell cycle and induces 
apoptosis, but is missing or mutated in 50% of 
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all human cancers [74]. 
 
Recent studies have indicated that expression 
of some miRNAs is closely correlated with can-
cer development and some miRNAs can func-
tion as oncogenes or tumor suppressors. Can-
cer cells develop different signatures of miRNA 
expression that distinguish them from normal 
cells. For example, a general decrease in miRNA 
expression was reported in cancers [75] per-
haps due to the involvement of some of them in 
modulating cell differentiation. Decrease in 
miRNA expression may contribute to the genera-
tion and maintenance of cancer cells and tumor 
stem cells. Furthermore, some of these miRNAs 
may function as tumor suppressors. The most 

well-characterized examples are miR-15a and 
miR-16, which are down-regulated in 68% of 
chronic lymphocytic leukemia [76]. Their sup-
pressor activities are further supported by the 
observation that they negatively regulate the 
expression of the anti-apoptotic factor BCL2 
[77]. Down-regulation of miR-15a and miR-16 
expression can increase levels of BCL2 con-
tributng to higher anti-apoptotic activities. An-
other well known tumor suppressor is the let-7 
family. Let-7 expression has been found to be 
lower in lung tumor tissue than in normal lung 
tissue [78]. Let-7 contains eight members and 
computational analysis suggests that most of 
the members target the expression of the RAS 
proto-oncogene. Negative regulation of RAS 
expression has been confirmed experimentally. 
Two miRNAs, miR-143 and miR-145, were 
found to be expressed at lower levels in colorec-
tal cancer than in normal tissues, and are pre-
dicted to target several mRNAs that encode 
several components of signal transduction path-
ways associated with cancer development and 
these components include Raf, Rho, GTPase 
activating protein, G-protein γ, NF-κB, and HGK 
[79]. The first demonstration that a miRNA 
could have oncogenic potential is miR-155, en-
coded by BIC [80]. It was later found that, trans-
genic mice carrying a miR-155 transgene devel-
oped preleukemic pre-B-cell proliferation [81]. 
Furthermore, some miRNAs can function coop-
eratively with oncogenes rather than acting di-
rectly as an oncogene. MiR-17-19b is a good 
example of this as its expression in transgenic 
mice expressing c-Myc was found to accelerate 
lymphomagenesis [64]. 
 
MicroRNAs in hepatocellular carcinoma (HCC) 
 

Many studies have revealed that the expression 
of miRNAs is deregulated in human HCC [82-
89]. Among the aberrantly expressed miRNAs, 
some are hepato-specific. For example, miR-
122a, which accounts for about 70% of the to-
tal population in adult liver, is down-regulated in 
HCC [90]. In fact, miR-122a acts as a key regu-
lator of cholesterol and fatty-acid metabolism. 
Down-regulation of miR-122a was detected in 
more than 70% of HCC [89,90]. During the de-
velopment of the mouse liver, the level of miR-
122a expression reaches its maximal level just 
before birth. The loss of miR-122a expression in 
HCC may represent a less differentiated state of 
liver cells, a common phenotype of tumorigene-
sis. This group in fact showed that down-
regulation of miR-122a expression may have a 
direct role in liver tumourigenesis through cyclin 
G1 activation [89,90]. In addition, some of the 
deregulated miRNAs found in HCC are not 
hepato-specific, and are deregulated in other 
neoplasm’s as well. For example, up-regulation 
of miR-221/222 was not only reported in HCC 
but was also found in the colon, pancreas, 
stomach, bladder carcinomas and glioblas-
tomas. Likewise, down-regulation of miR-199a, 
miR-200b and miR-214 was not only reported in 
HCC but also reported in ovarian cancer and 
lung cancer [82-84,88]. The oncogenic miRNA 
miR-373 was also found to be up-regulated in 
HCC as well as in testicular cancer and in breast 
cancer metastasis [91,92]. Interestingly, some 
miRNAs that are up-regulated in HCC including 
miR-21, miR-210, miR-213 and miR-181b, were 
also found to be up-regulated in hypoxic condi-
tions. 
 
The discovery that miRNAs play an important 
role in hepato-carcinogenesis has shone light on 
the possibility of exploiting them for molecular 
therapy. The approach of applying siRNA to mo-
lecular therapy has been reported to be an ad-
vantageous one as it does not appear to induce 
significant harmful side effects in treating liver 
injury [33,93]. The high hepatic uptake of siRNA 
also allows systemic administration. Recently, 
anti-miRNA oligonucleotides (AMOs) have been 
developed. Since miR-21 is up-regulated in 
HCC, transfection of anti-miR-21 into cancer 
cells was found to suppress cell growth associ-
ated with increased apoptosis [61,94]. In fact, 
the liver seems to be the organ that is most effi-
ciently targeted by intravenous injection of anti-
miRNA oligonucleotides. Since aberrantly ex-
pressed miRNAs in HCC may be associated with 
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bio-pathological and clinical features, applying 
microRNA tools into the development of new 
therapeutic targets will be an exciting endeavor. 
 
microRNAs and breast cancer 
 
The possibility of measuring miRNA expresson 
levels in tumors to classify cancers even those 
of ambiguous origin is a very promising one 
[64,75,78,95]. The aberrant expression of mi-
croRNA levels in human breast cancer tissue 
compared with in normal breast tissue has been 
suggested to have important implications [96]. 
The most significantly deregulated miRNAs in 
breast cancer tissue confirmed to date include 
miR-125b, miR-145, miR-10b, and miR-204 
[96]. These results were confirmed by microar-
ray and Northern blot analyses. The expression 
of these miRs correlated well with specific 
breast cancer biopathologic features, such as 
estrogen and progesterone receptor expression, 
tumor stage, vascular invasion, and proliferation 
index. In fact, direct evidence that miRNAs is 
involved in breast cancer development is appar-
ent from the studies of miR-21. While being 
overexpressed in breast carcinomas, miR-21 
promotes tumor cell growth by inhibiting the 

putative tumor suppressor gene tropomyosin-1 
[97]. Invasion and metastasis of breast cancer 
has also been found to be initiated by overex-
pression of miR-10b [98]. Furthermore, some 
miRNAs such as let-7, can regulate self renewal 
and tumorigenesis of breast cancer cells [99]. 
For the miRNAs that have been lost as human 
breast cancer develops into its metastatic 
stage, restoration of the miRNAs, miR-126 and 
miR-335, was shown to reduce tumor cell 
growth and inhibit metastasis [100]. 
 
miRNAs in cancer diagnosis 
 
Today, miRNAs are gaining increasing impor-
tance as gene expression regulators. Its ability 
to affect cellular activities by regulating gene 
expression makes it potentially powerful in regu-
lating malignant transformations. Analysis of a 
number of human tissue and cell lines shows 
that precursor miRNA processing is reduced in 
cancer cell lines [101]. Many of these precursor 
miRNAs are retained in the nucleus, and thus 
they are not processed into mature miRNAs. 
This result is consistent with the observation of 
global reduction in mature miRNA expression in 
cancerous tissues compared with its expression 
in normal tissues [75]. Loss of Dicer expression 

has also been reported to occur in some tumors 
[102]. Knockdown of major miRNA biogenesis 
machineries- Drosha, DCGR8, and Dicer, sub-
stantially decreases production of miRNAs and 
promotes a more transformed phenotype of 
cells [103].  
 
Expression of miRNAs is different in tumors 
compared with its expression in normal tissues. 
For example, miR-21, miR-125b, miR-145, and 
miR-155 expression are clearly deregulated in 
breast cancer as confirmed by microarray and 
northern blot [96]. Deregulation of miRNA ex-
pression may be a result of genetic alteration. It 
was found that 53% miRNAs genes were lo-
cated at fragile sites, where they are much more 
likely to be susceptible to amplification, dele-
tion, or breakpoint [7]. It suggests that miRNAs 
may have a crucial role in cancer development. 
Over-expression of oncogenic miRNAs can result 
in down-regulation of tumor suppressor genes, 
whereas under-expression of tumor suppressor-
like miRNAs can lead to up-regulation of onco-
genes. Therefore, studies linking the targets of 
these miRNAs with their functions will unveil the 
underlying role of miRNAs in cancer develop-
ment. 
 
miRNAs Function in Angiogenesis 
 
Angiogenesis is the sprouting of new blood ves-
sels from preexisting ones. It is a phenomenon 
associated with several human pathologies, 
including various potentially blinding ocular dis-
orders, rheumatoid arthritis, and cancer. The 
regulation of angiogenesis by miRs is not a new 
finding [104-107]. miR-221 and miR-222 are 
known to modulate the angiogenic properties of 
human umbilical vein endothelial cells 
[108,109]. In fact, a number of miRNAs have 
been found to be abundantly expressed in an-
giogenesis-associated endothelial cells, and 
some of them are even predicted to target an-
giogenic receptors. One example is the targeting 
of c-kit, a receptor tyrosine kinase that binds 
stem cell factor and mediates VEGF expression, 
by miR-221 and miR-222 [109]. Transfection of 
miR-221/222 represses c-kit expression with-
out changing mRNA level. It also inhibits endo-
thelial cell-facilitated tube formation. Endothe-
lial cells express VEGF receptors, and thus 
miRNAs could modulate angiogenesis by regu-
lating VEGF receptor activity, thereby affecting 
endothelial cell migration and invasion 
[108,110,111]. Other points to keep in mind 



 microRNA and tumorigenesis  

 
 
147                                                                           Int J Physiol Pathophysiol Pharmacol 2011;3(2):140-155 

are that ,miRNAs have been shown to regulate 
angiogenesis in vascular smooth cells [112], 
and that Dicer and Drosha, two enzymes that 
control processing of miRNAs, have also been 
shown to be important in angiogenesis [110]. 
 
The roles of miRNAs in tumor angiogenesis have 
been extensively studied. Initially, it was estab-
lished that the oncogene c-myc directly acti-
vates miRNA cluster miR-17-92 in human lym-
phocytes [113]. It was later found that miR-18 
and miR-19 are the cleaved products of the miR
-17-92 cluster, and thus expression of miR-18 
and miR-19 are up-regulated by c-myc [114]. 
Another member of this family, miR-93, also 
plays important roles in tumorigenesis and an-
giogenesis [115]. Studies also indicate that ex-
pression of miR-378 promoted tumorigenesis 
and angiogenesis [116], and inhibit cell differ-
entiation [117], since miR-378 can induces 
VEGF expression [118]. However, tumor growth 
is not always accompanied by promoted angio-
genesis. For example, expression of the 3’un-
translated region of CD44 can inhibit tumor 
growth but promote angiogenesis [119]. The 
3’UTR can modulate endogenous miRNA activi-
ties. Expression of versican 3’UTR induces or-
gan adhesion and inhibit tumor growth 
[120,121]. This appears to be due to up-
regulation of versican expression. It have been 
known that vesicant plays important role in me-
diating cell activities [122-128], tumorigenesis 
[129,130], and angiogenesis [131,132]. These 
results demonstrated that not only miRNAs can 
regulate mRNA expression, but also mRNAs can 
modulate miRNA functions. By identifying the 
signature miRNAs in angiogenesis, investigators 
may be able to identify previously unrecognized 

targets within a disease pathway or identify 
binding sites for disease-specific miRNAs. This 
approach could ultimately lead to identification 
of new disease targets and innovative therapeu-
tic approaches associated with angiogenesis. 
 
Some examples of microRNAs in tumorigenesis 
and angiogenesis 
 
miR-17~92 is the most extensively studied 
miRNA cluster. This cluster contains six pairs of 
mature miRNAs including miR-17-5p/miR-17-
3p, miR-18a/miR-18a*, miR-19a/miR-19a*, 
miR-20a/miR-20a*, miR-19b-1/miR-19b-1*, 
and miR-92a-1/miR-92a-1*. It is located in a 
non-protein-coding gene C13orf25 at 13q31 
[133], and it transcribes a polycystronic tran-

script. Two paralogs are present in Chromosome 
7 (7q22.1 producing cluster miR-106b~25 for 
three pairs of mature miRNAs) and Chromo-
some X (Xq26.2 producing cluster miR-
106a~363 for six pairs of mature miRNAs). The 
miR-17~92 cluster appears to play important 
roles in regulating diverse cell activities and 
even broader processes such as angiogenesis 
[134-136] and cancer development 
[133,137,138]. It has been found that miR-
17~92 can function as an oncogene in the de-
velopment of B-cell lymphoma [64], consistent 
with the finding that transcription of this cluster 
is trans-activated by the oncogene c-Myc 
[113,114]. Indeed, miR-17~92 and related 
miRNAs are overexpressed in different human 
cancers [139-141] because of their ability to 
repress expression of many tumor-associated 
proteins [142-144]. Comprehensive microarray 
analysis detected deletion of miR-17~92 in 16-
22% of ovarian cancers, breast cancers and 
melanomas [145]. Overexpression of miR-
17~92 has been found to promote cell prolifera-
tion and reduce apoptosis [141,143,146,147]. 
While inhibition of miR-17 and miR-20a induces 
apoptosis, inhibition of miR-18a and miR-19a 
has no effect, suggesting that different miRNAs 
in the miR-17~92 cluster have distinct func-
tions [148]. Indeed, overexpression of a single 
miRNA (miR-17) has been shown to inhibit 
breast cancer cell proliferation by targeting the 
oncogene AIB1 [149] and this finding is in con-
trast to the results obtained by over-expressing 
the entire miR-17~92 cluster.  
 
Nevertheless, the functions reported for the miR
-17~92 cluster and it paralogs are very differ-
ent. Comprehensive microarray analysis has 
revealed that miR-17~92 is deleted in some 
ovarian cancers, breast cancers and melano-
mas [145]. Overexpression of miR-17~92 pro-
motes cell proliferation and reduces apoptosis 
by regulating cell cycle progression 
[141,143,146,147]. Inhibition of miR-17 and 
miR-20a induces apoptosis, while inhibition of 
miR-18a and miR-19a in the same cluster has 
no apparent effect. These studies indicate func-
tional distinctions among miRNAs in the miR-
17~92 cluster [148]. Recent studies show that 
the miR-17~92 cluster plays an important role 
in tissue development. Loss-of-function of miR-
17~92 or its paralogs results in smaller em-
bryos and enhanced postnatal death due to 
hypoplastic lungs and ventricular septal defects, 
reminiscent of B cell development disruption 
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[150]. On the other hand, gain-of-function of the 
miR-17~92 cluster causes lymphoproliferative 
diseases and premature death [151]. Overex-
pression of miR-17 and miR-20a promotes 
monocytic proliferation and inhibits monocytic 
differentiation [152]. However, overexpression 
of miR-19a and miR-92a has no effect, further 
indicating distinctive functions among the 
miRNAs of the cluster. These diverse and oppo-
site functions reported for miR-17~92 and its 
paralogs may be due to the specific function of 
miRNAs in different tissues and cells. In addi-
tion, the miR-17~92 and its paralogs express 
15 miRNA precursors. The functions of each 
miRNA could be different in the cluster, but the 
precise function of each is unclear. 
 
The tumor suppressor-like properties of miR-
15a and miR-16-1 are well-studied. Chronic 
Lymphocytic Leukemia (CLL) is the most com-
mon type of leukemia and is characterized by a 
deletion at chromosome 13q14 [153]. Frequent 
deletions and loss of heterozygosity in chromo-
some 13q14 have suggested inactivation of 
tumor suppressor genes at this location [154]. 
Deletion analysis narrowed the possibilities 
down to a fragment containing three non-protein 
coding genes. One of them is named Leukemia-
associated Gene 2 (LEU2), which is flanked by 
Alu sequences and long interspersed element 
(LINE) [155]. Later miR-15a and miR-16-1 were 
found located in the first intron of LEU2, and 
reduction of both miRNAs was found in 68% of 
CLL cases. Further studies showed that anti-
apoptotic B Cell Lymphoma 2 (BCL2) is targeted 
by miR-15a and miR16-1 [77]. Deletion or inac-
tivity of miR-15a and miR-16-1 was found to 
relieve translational repression on BCL2. The 
finding that miR-15a and miR-16-1 plays a 
causal role in inducing CLL links miRNAs with 
cancer [76]. Measuring expression levels of 
miR15a and miR16-1 can be used to determine 
if patients have CLL. Mapping of miRNAs reveals 
that their genomic location is situated in fragile 
regions of the genome [7], and hence can sub-
stantially contribute to their deregulated expres-
sion in tumor tissues. Expression profiling of 
miRNA has been used extensively in defining 
the miRNA signature of different cancers [156].  
 
Let-7 has many closely related and highly con-
served family members [157]. It is lost in many 
human malignancies [7], and is the earliest miR 
found to regulate several oncogenes, including 
RAS, HMGA2, and MYC [78,158,159]. Muta-

tions in the RAS family of proto-oncogenes are 
found in 20% to 30% of all human tumors. In 
fact, activating the RAS gene results in cellular 
transformation [160]. The 3’UTR of human RAS 
genes contains multiple target sites for mem-
bers of the Let-7 family. Introducing let-7 into 
lung cancer cells reduces cell growth shown in a 
colony formation assay [161]. In a later study, 
over-expression of let-7 in several human lung 
cancer cell lines resulted in decreased levels of 
Ras, and the depletion of let-7 led to a marked 
increase in Ras protein expression. Thus, Let-7 
miRNAs can function as tumor suppressors by 
maintaining the expression level of oncogenic 
RAS proteins. Studies also showed that expres-
sion of Let-7 is greatly reduced in breast tumor-
initiating cells compared with non-breast tumor-
initiating cells [162]. Targeting of many different 
genes by Let-7 miRNAs gives rise to characteris-
tics of tumor-initiating cells. In addition, in-
creased expression of let-7 in self-renewing tu-
mor-initiating cells decreases their proliferation 
and metastatic capacity. 
 
Conclusion remark 
 
Our understanding of the roles of miRNAs in 
cancer is still incomplete and only a handful of 
tumor-associated miRNAs are shown to act as 
oncogenes or tumor suppressors. More studies 
are required to move from miRNA expression 
profiling to their biological activities in order to 
understand their involvement in the etiology of 
malignant transformation. 
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