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Chemotherapy has been widely used in treating cancer patients. Despite the tremendous progress in cancer treatment achieved
during the last decades, drug resistance still accounts for most of the tumor relapses in chemotherapy-treated patients. Emerging
evidence shows that microRNAs play an important role in regulating the drug sensitivity of tumor cells. However, the mechanism
of microRNA-mediated drug resistance is not fully understood. Current data suggest that microRNAs can be categorized as onco-
genic or tumor-suppressive based on their functions and targets. In tumor cells undergoing drug treatment, microRNAs can func-
tion either by decreasing expression of genes associated with multiple drug resistance or by promoting escape from apoptosis and
inducing tumor stem cell development. This review aims to provide an updated understanding of the role of microRNAs in regulat-
ing chemotherapy resistance and a discussion of potential therapeutic applications.
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Introduction

Chemotherapy, together with surgery and radiotherapy, has
been a main approach for cancer treatment. Most chemothera-
peutic agents function by interfering with DNA replication
and cell mitosis, inhibiting protein synthesis and inducing
cell damage. Chemotherapy is often effective in diminishing
rapid tumor cell growth as well as minimizing metastatic dis-
ease. In recent decades, tremendous efforts have been made
to improve the efficacy of anticancer agents. For malignan-
cies such as lymphoma, leukemia and small cell lung cancer,
chemotherapy has been used as first-line therapy. As an adju-
vant therapy, chemotherapy is widely used to prevent tumor
recurrence by eliminating residual lesions. When used alone
or combined with radiotherapy, neoadjuvant chemotherapy
can even reduce tumor size before surgery, curing otherwise
incurable patients. However, the development of drug resis-
tance often results in the failure of chemotherapy, especially
in advanced cancer patients. In general, there are two classes
of drug resistance: inherent (natural) resistance and acquired
resistance. Inherent resistance can be partially overcome by
incorporating multiple agents into chemotherapy regimens,
while acquired resistance to chemotherapeutic drugs accounts
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for greater than 90% of unsuccessful treatments in advanced
cancer patients"!. As a result of drug resistance, tumors often
relapse more aggressively and metastasize to distant organs,
leading to devastating outcomes. The mechanisms of che-
motherapeutic drug resistance still remain largely unknown
despite extensive investigation. The response of cancer cells
to treatment indicates that chemotherapy resistance could be
due to either genetic or epigenetic factors, including (1) over-
expression of drug resistance-related proteins, (2) altered drug
targets, (3) decreases in drug concentrations, and (4) escape
from cell cycle checkpoints. Emerging evidence indicates
that tumor angiogenesis and stem cell development are also
responsible for chemoresistance.

It is known that cancer consists of a group of genetically het-
erogenetic cells. Chemotherapeutic drug treatment transforms
predominant, fast-dividing cells into drug-resistant ones.
These cells are thought to be the cause of subsequent tumor
recurrence. During transformation, tumor cells undergo
dramatic changes at the genetic and epigenetic level. MicroR-
NAs (miRNAs) have evolved as a major force in regulating
gene expression and the phenotype of tumor cells because
of their diverse functions in cell proliferation®™, cell cycle
progression®7), survival® [10-12 " a1 differentia-
tion™ ', and morphogenesis
also regulated by non-coding RNAs. This was initially dem-
onstrated by us using the 3'UTR of versican, which induces

, invasion
151 The activities of miRNAs are
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organ adhesion by modulating miRNA function®'”. Further
studies indicated that a number of 3’'UTRs possess the abil-

[18-20]

ity to regulate miRNA function In addition, pseudo-

genes and long non-coding RNAs can modulate miRNA

function" 2,

This complicated network makes it difficult to
understand the intrinsic mechanisms. Hence, there is a press-
ing need to decipher the molecular mechanism of miRNA-reg-
ulated drug resistance and its therapeutic implications. In this
review, the role of microRNAs in anticancer drug resistance

will be explored in light of current knowledge.

MicroRNA as a key regulator in cancer

MicroRNAs are non-coding RNAs of 20-22 bases in length
that are broadly conserved across species. MiRNAs do not
encode any proteins but regulate gene expression post-
transcriptionally. Most miRNA loci are found in non-coding
intronic transcription regions, but some are located in exonic
regions™. MiRNA genes are transcribed by RNA polymerase
II (pol II) to primary miRNAs (pri-miRNAs), which are then
processed by the Drosha-DGCR8 complex to release hairpin
intermediate precursor miRNAs (pre-miRNAs). Pre-miRNA
hairpins bind to exportin-5 and are exported to the cytoplasm
where pre-miRNAs are cleaved by the RNase IlI-type enzyme
Dicer. Normally, two miRNA strands, named miRNA-3p
and miRNA-5p, are produced from opposite arms of one pre-
miRNA®
mature miRNA and the other strand (the passenger strand)

Previously it was thought that one strand is a

is degraded, but the current theory is that both arms can be

selected as a mature miRNA in a tissue-specific context®!,

Mature miRNAs are incorporated into the RNA-induced
silencing complex (RISC) to cleave target mRNA or repress
mRNA translation by binding to its 3’-untranslated region
(3’-UTR). However, some studies have shown that miRNAs
can activate mRNA translation by binding to the 5-UTR of
their targets™. More recently, some miRNAs have been
found to bind to decoy mRNAs in a RISC-independent way'*!
(Figure 1).

To date, research has demonstrated that miRNAs are linked
to approximately 300 human diseases, especially cancer™",
MiRNAs are broadly involved in cancer development, metas-
tasis, angiogenesis and drug resistance. Because miRNAs
are differentially expressed in human cancers, they can be
categorized as oncogenic or tumor-suppressive according to
their influence on cancer cell growth” . Oncogenic miRNAs
(oncomirs) induce cancer cell proliferation by down-regulat-
ing expression of tumor suppressor genes, whereas tumor
suppressor miRNAs (mirsupps) inhibit cancer progression by
targeting oncogenes post-transcriptionally (Figure 2). These
miRNAs can be distinguished based on chromosome distri-
bution, evolutionary rate and function. Oncomirs tend to be
amplified in human cancers, whereas mirsupps are frequently
cleaved™
tations. On one hand, it is important to note that miRNAs may

. However, this dichotomous approach has its limi-

act in a tissue-specific way such that a single miRNA type can
be either an oncomir or a mirsupp in different types of tumors.
For example, miRNA-17 was found to accelerate tumor devel-
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Figure 1. The mechanism of microRNA biogenesis and regulation of gene expression.
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Figure 2. The role of microRNA in cancer.

opment in B-cell lymphoma, while it can suppress breast can-
cer growth by down-regulating ATB1 expression® L. On the
other hand, these and similar studies were based on experi-
ments conducted in vitro where the body’s immunity response
and the tumor microenvironment are overlooked. Emerging
models have shown that some miRNAs sensitize tumors to
treatment while promoting tumor growth in vitro and that
these miRNAs could even be used as predictive markers for
clinical outcomeP®. As indicated above, we exploited miR-17’s
function in glioblastoma cells. We found that miR-17 targets
the oncogene MDM2 and the tumor suppressor gene PTEN
simultaneously, resulting in retardation of cell growth but pro-
longed cell survival™. Interestingly, the detected chemore-
sistance was partly a result of tumor stem cell generation®”.
MiR-17 also targets vimentin and GalNT7 and induces devel-
opment of hepatocellular carcinoma™. Clearly, the biological
effects of miRNAs in cancer are more complex than was once
recognized (Figure 2).

MicroRNAs regulate drug resistance-related proteins

The term multiple drug resistance (MDR) refers to the condi-
tion when resistance to one drug is followed by resistance to
multiple, often completely different, other drugs. Most known
MDR proteins belong to the ATP-binding cassette (ABC) fam-
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ily, which includes P-glycoprotein (P-gp/MDR-1/ABCB1/
CD243), MDR-associated protein (MRP1/ABCC1) and breast
cancer-resistant protein (BCRP/ABCG2). These proteins have
similar trans-membrane domains and protect tumor cells from
the influx of harmful drugs by pumping the drugs out. To
mimic the chemoresistant phenotype in vitro and study MDR
mechanisms, drug-resistant cancer cell lines have been devel-
oped. Despite the change in protein levels, microarray analy-
sis has disclosed transitions in miRNA expression. Some miR-
NAs, such as miR-19, miR-21, and miR-34a*** are elevated
several fold in chemoresistance cell lines and are thought to
play a role in cancer cell adaptation to chemotherapy. Mean-
while, reduced expression of some miRNAs is correlated with
up-regulation of MDR proteins. These miRNAs usually con-
trol the expression of MDR-related proteins; thus, chemoresis-
tance may result from down-regulation of these miRNAs. For
example, miR-298 directly targets MDR-1 in a dose-dependent
manner, resulting in decreased levels of P-gp. Moreover,
overexpression of miR-298 reverses chemoresistance in breast
cancer cells®. Tt is notable that miR-27a activates MDR-1
indirectly in ovarian cancer, whereas MDR-1 can be directly
targeted by miR-27a in leukemia® ¥, The fact that miRNA
has dual roles in regulating the same target is reinforced by
these findings, and more details will emerge in the future that
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explain how miRNAs respond to different signaling processes
in various tumors. The miRNAs that are reported to regulate
MDR-1 are listed (Table 1). Identification of their function
highlights a new approach for the development of gene ther-
apy.

Other ABC family members such as MRP1 and BCRP also
appear to be targets of miRNAs. MiR-326 was reported to
modulate expression of MRP1 in VP-16 resistant cell lines, and
induction of miR-326 reversed the resistance of VP-16 as well
as doxorubicin'®.
protein, which determines the pharmacokinetic properties of

BCRP is another drug resistance-related

drugs in breast cancer cell lines. MiR-328 was found to target
BCRP 3’-UTR and influence drug disposition accordingly in

61 Because the MDR mechanism

human breast cancer cells
accounts for only some aspects of drug resistance, more
experiments will be needed to explore the actual function of
miRNAs in different types of malignancies. Nevertheless, the
study of miRNA targeting drug resistance-related proteins
will undoubtedly shed light on the therapeutic value of miR-

NAs.

MicroRNAs alter drug targets

MicroRNAs not only act in a cell-specific manner but also
influence drug resistance in a drug-specific way. For example,
elevated expression of miR-34a is associated with docetaxel
resistance in breast cancer cell lines, while miR-34a conversely
sensitizes Ewing’s sarcoma cells to doxorubicin and vincris-
tinel* ¢

hope that successful cancer treatments are forthcoming. MiR-

. Recent development of targeted therapies provides

NAs have been found to interfere with specific molecular
targets blocked by medications. In non-small cell lung can-
cer cells, miR-126 efficiently binds to the 3’-UTR of vascular
endothelial growth factor A (VEGFA), which is the target of
the angiogenesis inhibitor bevacizumab. Furthermore, res-
toration of miR-126 enhances the sensitivity of tumor cells to
anticancer agents, which implies the possibility of combined

targeted therapy!®. Mutated epidermal growth factor recep-

Table 1. The miRNAs involved in the regulation of MDR-1.

tor (EGFR/HER1), a cell-surface receptor, is associated with a
number of cancers. Therefore, it serves as an important target
for anticancer drug therapy. Tyrosine-kinase inhibitors (eg,
gefitinib, erlotinib) and monoclonal antibodies (eg, cetuximab,
panitumumab) have been developed to inhibit EGFR signaling
and approved to treat patients harboring EGFR mutations. It
is notable that EGFR pathways crosstalk with some miRNAs
during carcinogenesis and drug treatment. For example,
EGFR mutations positively regulate miR-21, which in turn
increases expression of EGFR® ®!. Such a positive feedback
loop is critical in maintaining physical homeostasis, but could
also be the cause of drug resistance in EGFR inhibitor-treated
patients. Similarly, miR-145 inhibits cancer cell growth by tar-
geting EGFR, whereas EGFR suppresses miR-145 to promote
tumorigenesis in animal models® “. These findings reveal
one aspect of the buffering role of miRNA that is subject to
regulation by its own targets to maintain a balance between
positive and negative signaling.

In addition, miRNAs can inactivate drugs by up-regulating
downstream effectors of the same pathway. One cause of
therapeutic resistance is inactivation of tumor suppressor
PTEN, which allows over-activation of the PTEN/PI3K/AKT
pathway. Numerous miRNAs target PTEN and function
as oncomirs, including miR-17, miR-21, miR-144, and miR-
2147 ¥70  Another example of bypassing growth inhibition
is the recruitment of insulin-like growth factor-1 receptor
(IGF1), which was found in tumors that overexpressed miR-
17-92"1. Down-regulation of miRNAs targeting IGF1 leads to
tumorigenesis, and restoration of the miRNAs causes growth

2 Future studies should address

inhibition of the tumor cells
the predictive value of miRNA expression in personalized
medicine. Overcoming drug resistance by using miRNAs that
share the same targets as anticancer agents may also prove

promising[m.

MicroRNAs change drug concentrations
The development of chemoresistance is marked by the loss of

Tumor category miRNA Mechanism Reference
Breast cancer miR-21 Actively regulates MDR-1 and IAPs [48]
miR-137 Targets Y-box binding protein-1 (YB-1) and suppresses MDR [49]
miR-200c¢ Targets MDR-1 [50]
miR-298, miR-1253 Targets MDR-1 directly [45]
miR-451 Targets MDR-1 [51]
Glioblastoma miR-221 Targets MMP-9 and suppresses MDR [52]
Colon cancer miR-145 Targets MDR-1 directly [53]
Ovarian cancer Let-7 Regulates IMP-1 mediated stabilization of MDR-1 [54]
miR-27a Targets HIPK2 and increases MDR-1 [55]
miR-27a, miR-451 Activates MDR-1 indirectly [46]
miR-130a Targets PTEN and activates MDR [56]
Liver cancer miR-122 Targets MDR-1 and MRP [57]
Leukemia miR-27a, miR-331-5p Targets MDR-1 directly [47]
miR-138 Suppresses MDR-1 [58]
Prostate cancer miR-148a Targets MSK1 and suppresses MDR [59]
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the drug transport system in cells that results in a decline in
the drug concentration inside cells. Gap junction intercellular
communications (GJIC) are broadly involved in the transporta-
tion of small molecules and second messengers. Gap junction
constituents, such as transmembrane protein connexins (Cx),
are often lost in cancer cells. Restoration of GJIC suppresses
tumor progression and enhances drug sensitivity. The main
antitumor function of GJIC relies on the bystander effect (BE),
when cytotoxic molecules are transferred from target cells to
neighboring cells through GJIC, exposing more cells to chemo-
therapeutic agents”. MiR-1 and miR-206 have been shown
to target connexins, which may lead to impaired GJIC"> 7,
Another study showed that RNA-binding protein Dnd1 coun-
teracts the function of miR-1 and miR-206 by prohibiting them
from associating with their targets””. These results verify that
endogenous miRNAs are under the regulation of an intrinsic
network. Consequently, systematic down-regulation of miR-
NAs also drives the development of drug resistance. It was
reported that systemic RNA interference-defective-1 trans-
membrane family member 1 (SIDT1) facilitates intercellular
transfer of miR-21, which promotes resistance to gemcitabine
in human adenocarcinoma cells"”.

In addition to influencing the bystander effect, miRNAs
have an impact on cell receptors. The estrogen receptor (ER),
which serves as the target of endocrine therapeutic agents
such as tamoxifen and raloxifen, is regulated by let-7, miR-206,
and miR-221 in breast cancer”*"l, Interestingly, miR-206 and
miR-221 are believed to be responsible for tamoxifen insensi-
tivity, while induction of tamoxifen sensitivity by let-7 could
be due to a different binding region. Accumulating evidence
suggests that lalpha,25-dihydroxyvitamin D, [1,25(OH),D;]
inhibits growth of many types of cancerous cells such as breast
cancer and colon cancer. It was shown that miR-125b recog-
nizes the 3’-UTR of the vitamin D receptor and abolishes its
expression, resulting in a decrease in the anticancer effects of
1,25(0OH),D,*.

In addition to changing drug concentrations at the cellular
level, miRNAs influence the pharmacokinetics of drugs in the
whole body. For example, cytochrome P450 (CYP), a super-
family of drug-metabolizing enzymes, can be targeted by miR-
27b™. In breast cancer tissues, decreased miR-27b is accom-
panied by a high level of CYP1B1 protein responsible for
81 Accumulating evi-
dence suggests that miRNAs may exert profound physiologi-
cal effects on the regulation of the CYP family. For example,
CYP1A1 was reported to be targeted by miR-892a, and CYP2J2
is inhibited by let-7b*>*!. Recent data indicated that miRNAs
repress CYP in a dose-dependent manner. In transgenic mice,
knockdown of CYP3A by miRNA-based shRNA dramati-
cally reduces enzymatic activity!”
plays a crucial role in catalyzing drugs. We found that miR-17
impairs nonalcoholic hepatic steatosis in transgenic mice by
targeting PPAR-alpha, leading to damaged liver function [Liu
et al, Unpublished data].

docetaxel resistance in cancerous cells

. It is known that the liver

Acta Pharmacologica Sinica

MicroRNAs influence therapeutic-induced cell death
Various anticancer drugs function by inducing intrinsic and

extrinsic apoptosis in tumor cells®®,

The cellular response
to apoptotic signaling can determine the outcome of treat-
ment. There are two principal pathways leading to apoptosis:
the mitochondrial intrinsic pathway and the transmembrane
extrinsic pathway. The former pathway is mainly under
the control of the Bcl-2 family, which includes more than 30
apoptotic regulating molecules®™. A number of miRNAs
participate in cell apoptosis via interaction with Bcl-2 family
members. For example, miR-15/16, miR-21 and miR-125b
were all shown to regulate Bcl-2 protein, an anti-apoptotic
factor. It was discovered that miR-15/16 induces apoptosis
by targeting Bcl-2, whereas suppression of miR-15/16 pro-
motes up-regulation of Bcl-2 and resistance to tamoxifen in
breast tumors™!. Although miR-21 can bind to the 3-UTR
of Bcl-2 mRNA, it ultimately has an anti-apoptotic role in
most tumors”. The reason for this might be that miR-21 has
another target, the critical pro-apoptotic molecule Bax, in the
same pathway. Down-regulation of Bax by miR-21 inhibits
drug-induced apoptosis'®. These results highlight another
aspect of the buffering role of miRNAs, which interact with
the whole signaling pathway by simultaneously controlling
both upstream and downstream effectors. Another example
is miR-125b, which targets both anti-apoptotic Bcl-2 and pro-
apoptotic Bakl, conferring drug resistance and anti-resistance
properties in different cancers™ *, which is consistent with
our finding that miRNAs play different roles based on spatial
and temporal contexts™ (Figure 2).

At the onset of apoptosis, multimeric pro-apoptotic proteins
assemble into the apoptosome, which mediates the activation
of the caspase reaction. The formation of the apoptosome

is often inactivated in tumor cells®

. Apaf-1 is an adaptor
molecule that forms the backbone of the apoptosome. It was
recently revealed that miR-155 negatively regulates Apaf-1 in
lung cancer tissue and inhibits the sensitivity of cancer cells
to cisplatin®. Other factors may also be involved in apop-
tosis. Experiments in our lab showed that breast cancer cells
transfected with miR-199a-3p have significantly increased
sensitivity to docetaxel treatment, as indicated by a prominent
increase in sub-G; apoptotic cells. We then demonstrated
that this effect is due to the inhibition of caveolin-2 by miR-
199a-3pPl. Currently, there are over thirty miRNAs reported
to participate in the regulation of cell cycle progression by
modulating various pathways, such as RAS, AKT, E2F1, and
P53l This research identifies a new type of miRNA-mediated
drug resistance in cancer cells.

MicroRNAs regulate angiogenesis

We initially illustrated that endogenously expressed miRNAs
can play an important role in tumor angiogenesis. In glio-
blastoma cells, miR-378 contributes to cell survival in vitro
and tumor growth and vascularization in vivo by targeting
SuFu and Fus-1™!. Aggressive angiogenesis helps tumor cells
escape treatment and metastasize to distant organs. Recent
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studies have shown that a variety of miRNAs (eg, miR-126,
miR-130a, miR-210, and miR-296), termed angiomiRs, regu-

late tumor angio genesis[97].

For example, overexpression of
miR-93 in U87 cells increases tube formation in vitro and neo-
vascularization in vivo™. While many miRNAs function as
pro-angiogenic regulators, some miRNAs can suppress tumor
angiogenesis. In breast cancer, endogenous miR-126 inhibits
endothelial cell recruitment and angiogenesis that are essential
for metastasis by targeting insulin-like growth factor binding
protein 2 (IGFBP2). In the well-studied miR-17~92 cluster,
miR-92a was also identified as a negative regulator of angio-
genesis that acts by down-regulating integrin alpha 5",

A number of therapeutic approaches (bevacizumab,
sorafenib, sunitinib, etc) that block the vascular supply to
tumors have reached the clinic. However, only a fraction
of patients benefit from treatment because tumors develop
resistance to vascular endothelial growth factor (VEGF)
inhibitors"”. Computational analysis predicted that at least
96 miRNAs are directly involved in VEGF regulation",
These miRNAs were shown to be associated with the efficacy
of anti-VEGF treatment"”. Apart from binding the 3-UTR
of VEGF mRNA, many miRNAs can mediate VEGF signaling
pathway indirectly. It was demonstrated that aberrant regula-
tion of von Hippel-Lindau tumor suppressor(VHL) induces
hypoxia inducible factor-1(HIF-1) alpha activation, which
promotes autocrine VEGF secretion in leukemial. Over-acti-
vation of tumor-derived VEGF might be responsible for treat-
ment failure. In glioblastoma cells, miR-17 was responsible
for the activation of VEGF by activating the upstream factor
HIF-1 alpha. Interestingly, these effects become dramati-
cally significant when the tumor cells are starved or exposed
to chemotherapy™..
anti-angiogenesis therapy combined with chemotherapeutic

These findings favor the application of

agents. It is currently unclear how anti-VEGF therapy alone
influences tumor growth. Further investigation of the involve-
ment of miRNAs with tumor angiogenesis might provide
more clues for optimizing the selection of anti-angiogenesis
treatments.

MicroRNAs in the generation of tumor stem cells

Tumor stem cells (TSCs) have long been considered a cause
of cancer recurrence during the treatment of cancer. TSCs are
thought to be responsible for therapeutic resistance, tumor
metastasis and relapse. Since being discovered in acute myel-
oid leukemia cells in 2003, TSCs have been reported in most
tumor types'®. In recent years, the relationship between
miRNAs and TSCs has been confirmed with the identification
of several miRNAs that control key biological properties of
TSCs in breast cancer, prostate cancer and glioblastoma!"",
Song’s group was the first to examine the relationship between

miRNAs and breast cancer stem cells!'””!

. They analyzed the
expression of let-7 in breast tumor-initiating cells and found
that let-7 was dramatically reduced in TSCs. They then identi-
fied let-7 as a key regulator of tumor stem cell characteristics
through silencing of H-RAS and HMGA27, Though meth-

ods to identify stem cells in cancer are controversial, CD44 and

[107]

CD133 have been widely used as surface markers of TSCs
Interestingly, a recent study suggested that miR-34a inhib-
its TSCs formation in prostate cancer by directly repressing
CD44", indicating that miRNAs might take part in the regu-
lation of TSCs. In addition, some miRNAs possess the ability
to promote the generation of TSCs by down-regulating tumor
suppressors. In hepatocellular carcinoma, miR-130b is associ-
ated with TSC growth that leads to worse overall survival and
more frequent recurrence of cancer in patients. The increased
miR-130b occurs in parallel with the reduction of tumor pro-
tein 53-induced nuclear protein 1, a known miR-130b target.
Furthermore, cells transfected with miR-130b have a higher
resistance to chemotherapeutic agents'*..

Tumor stem cells are believed to be capable of self-renewal
and give rise to tumorigenesis. In glioblastoma cells, we found
that cells transfected with miR-378 contain a large group of
side population (SP) cells that have a high density of TSCs""".,
Overexpression of miR-378 enhances colony formation and
cell survival, which is due to the up-regulation of stem cell

marker Sox-2[110 111,

Interestingly, cells harboring higher per-
centages of TSCs grow more slowly under normal conditions,
but display significant survival advantages when stressed by
treatment with anticancer agents®. Therefore, it is likely that

miRNAs control the development of TSCs at multiple levels.

Conclusion and perspective

Are miRNAs friends or foes in cancer treatment? This ques-
tion might be too broad to answer concisely. As discussed
above, the effect of miRNAs in drug resistance might be posi-
tive or negative, or might even vary under different circum-
stances (Figure 3). Taking evolutionary conservation into con-
sideration, the nature of miRNAs in physiological conditions
could be more similar to buffering. Emerging data suggest
that miRNAs are important for balancing different signal-
ing processes and helping to maintain homeostasis""?. It has
been well established that cancer is a heterogeneous group of
diseases. Thus, personalized medicine has evolved as a future
direction in clinical oncology. Down-regulation of miRNA
networks has been shown to be the root of cancer develop-
ment. Therefore, therapeutic strategies should focus on rebal-
ancing miRNA networks. Meanwhile, miRNA profiling will
have promising diagnostic and prognostic value.
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