
Summary. MicroRNAs (miRNAs) are a class of
endogenous non-protein-coding small RNAs that are
evolutionarily conserved and widely distributed among
species. Their major function is to negatively regulate
target gene expression. A single miRNA can regulate
multiple target genes, indicating that miRNAs may
regulate multiple signaling pathways and participate in a
variety of physiological and pathological processes.
Currently, approximately 50% of identified human
miRNA-coding genes are located at tumor-related fragile
chromosome regions. Abnormal miRNA expression
and/or mutations have been found in almost all types of
malignancies. These abnormally expressed miRNAs
play roles similar to tumor suppressor genes or
oncogenes by regulating the expression and/or function
of tumor-related genes. Therefore, miRNAs, miRNA
target genes, and the genes regulating miRNAs form a
regulatory network with miRNAs in the hub. This
network plays a pivotal role in tumorigenesis and tumor
development.
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Molecular properties and functional characteristics
of miRNAs

Research history of miRNAs

Lee et al. (1993) and Wightman et al. (1993)
simultaneously discovered an approximately 22-
nucleotide, non-protein-coding small RNA in C. elegans
in 1993. It is now known as lin-4, and binds the 3’-

untranslated region (3’ UTR) of the lin-14 gene, inhibits
the translation of the lin-14 mRNA, and regulates the
transformation from the first larval stage to the second
larval stage in nematode development. At that time, lin-4
was considered unique to C. elegans, so this type of
small RNA did not attract much attention for 7 years
after the discovery of lin-4. In 2000, another non-coding
small RNA, let-7, was discovered to regulate nematode
development. This finding became the prelude of
miRNA research (Reinhart et al., 2000). Similar to lin-4,
let-7 is also an endogenous non-coding RNA with a
length of 22 nucleotides; it regulates the transformation
of nematode from late-stage larva to adult nematode,
similar to lin-4. This phenomenon drew considerable
attention. In October 2001, Lagos-Quintana et al. (2001)
reported in the journal Science the cloning of dozens of
small RNA genes that are similar to lin-4 from C.
elegans, D. melanogaster, and human in three
laboratories. These small RNAs are collectively called
miRNAs, information about which is included in the
miRBase (http://microrna.sanger.ac.uk/). Subsequently,
miRNAs were found to be present in many animal and
plant cells. At present, 14,197 miRNAs have been
registered at miRBase (http://www.mirbase.org),
including 1240 mature miRNAs encoded by 940 genes
in the human genome.
Properties of miRNA genes

The majority of human miRNA-coding genes are
located in the introns, non-coding exons, or 3’
untranslated regions (3’ UTRs) of protein-coding genes
(Rodriguez et al., 2004). A small number of miRNA
genes are located within transcripts in the genome
(Bartel, 2004). miRNA genes usually occur in clusters.
Multiple miRNA genes are transcribed into a common
precursor miRNA (pri-miRNA) that is processed into
multiple mature miRNAs. For example, 54 miRNA
genes form a gene cluster on chromosome 19. miRNA
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expression exhibits temporal and tissue-specific patterns.
For example, lin-4 is mainly expressed at the first and
second larval stages in C. elegans, whereas let-7 is
primarily expressed at the third and fourth larval stages
and the adult stage. In humans, miR-1 is only expressed
in myocardial cells, whereas miR-122 is only expressed
in hepatocytes. miRNAs are highly conserved during
evolution. Among all the identified miRNAs, nearly
12% are present throughout the entire evolutionary
process (Tabara et al., 1999). The broad distribution and
evolutionary conservation of miRNAs suggest their
indispensable regulatory functions in vital biological
processes.
Biogenesis of miRNAs

The biogenesis of miRNAs in vivo occurs as
follows. First, miRNA-coding genes are transcribed by
RNA polymerase II into pri-miRNAs that are spliced in
the nucleus by an RNase III, the enzyme Drosha, into
precursor miRNAs (pre-miRNAs) to a length of 60-70
nucleotides. The 5’ terminus of the pre-miRNA contains
a phosphate group, whereas its 3’ terminus forms a
hairpin structure with a two-nucleotide overhang (Lee et
al., 2002; Denli et al., 2004). The pre-miRNAs are
transported into the cytoplasm by the transporter protein
Ran-GTP, where they are cleaved by the enzyme Dicer
into small double-stranded RNAs at a length of 21-25
nucleotides. The double-stranded RNAs are then
transformed by helicase into single-stranded small RNA
molecules, also known as mature miRNAs. Mature
miRNAs contain a phosphate group at the 5’ terminus
and a hydroxyl group at the 3’ terminus. This feature can
distinguish mature miRNAs from most of the other
oligonucleotides and degradation fragments of
functional RNAs (Hutvagner et al., 2001). Mature
miRNAs bind the members of the Argonaute protein
family and form the RNA-induced silencing complex.
This complex binds the 3’ UTR of target mRNAs and
negatively regulates target gene expression.
Functional mechanism of miRNA function

miRNAs are a large class of gene expression
regulatory factors. They function through
complementary binding to target mRNAs and negatively
regulate gene expression at the post-transcriptional level.
miRNAs bind the 3’ UTR of target mRNAs through
base-pairing, resulting in the cleavage of target mRNAs
or translational suppression. The degree of
complementarity between miRNAs and their target
sequences determines the outcome of target mRNA
cleavage or translational suppression. When a miRNA
and its target mRNA are almost completely
complementary, the double-stranded RNAs that they
form trigger the RNA-mediated interference (RNAi)
pathway, leading to target mRNA degradation. This
miRNA-mediated gene silencing mechanism is
relatively common in plants (Llave et al., 2002; Palatnik

et al., 2003), whereas in most mammals miRNAs do not
cause target mRNA degradation. Rather, they bind the 3’
UTR of target mRNAs through incomplete base-pairing
and suppress the translation of the mRNAs (Pillai et al.,
2005). However, partial complementation between
miRNAs and their target genes also leads to mRNA
degradation, although it is still unclear whether
translational suppression occurs before mRNA
degradation (Hornstein et al., 2005). The regulation of
target genes by miRNAs is not one-to-one. A single
miRNA can act on multiple target genes at the same
time, and a gene can be simultaneously regulated by
multiple miRNA molecules, suggesting the presence of
multiple combination models in the gene regulation by
miRNAs (Hornstein et al., 2005). miRNAs participate in
a series of important biological processes, including
development, hematopoiesis, organogenesis, cell
proliferation, apoptosis, and death, by regulating target
gene expression; they are also closely related to the
pathogenesis of cancer, heart diseases, diabetes, AIDS,
and many other diseases.
miRNAs in tumorigenesis and tumor development

miRNAs and tumorigenesis

Tumors result from pathological changes caused by
dysregulation of cell proliferation and apoptosis.
Abnormal expression of oncogenes and tumor
suppressor genes has been widely accepted as the
molecular mechanism of tumorigenesis. However, this
traditional concept is being challenged by the discovery
of non-coding RNAs. Recent studies have shown that
miRNAs play important regulatory roles in
tumorigenesis. miRNAs are expressed in a variety of
tumors, exhibiting abnormal functions; they are involved
in tumorigenesis and tumor development by negatively
regulating protein-coding genes related to these
processes. On one hand, downregulation or null
expression of a tumor suppressor miRNA can lead to the
expression of the miRNA target genes that promote
tumorigenesis, causing excessive cell proliferation and
abnormal differentiation and resulting in tumorigenesis.
On the other hand, overexpression of oncogenic
miRNAs can lead to decreased expression of the target
genes with tumor suppressor functions, thereby
promoting tumorigenesis and tumor development. For
example, overexpression of miR-221 or miR-222
inhibits the expression of the Kit protein, resulting in the
dedifferentiation of thyrocytes and tumorigenesis (He et
al., 2005). Deficiency of miR-15a and miR-16-1
expression can lead to overexpression of Bcl-2, an
important anti-apoptotic factor, resulting in decreased
apoptosis, thereby promoting tumorigenesis and tumor
development. We have found that miR-150 is
significantly overexpressed in gastric cancer tissues and
promotes gastric cancer cell proliferation through EGR2
(Wu et al., 2010). Moreover, the expression of miR-34 is
decreased in gastric cancer. Restoring miR-34
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expression in the gastric cancer cells with a mutant p53
significantly inhibits the protein expression of Bcl-2,
Notch, and HMGA2, causing cell cycle arrest in G1
phase and cell growth inhibition. It also increases the
activity of caspase-3 to promote apoptosis and inhibits
the formation and growth of gastric cancer stem cell
spheroids (Ji et al., 2008). 

An interesting phenomenon found in recent studies
of tumor miRNA expression profiles is that the miRNAs
abnormally expressed in tumors usually exhibit reduced
expression levels compared to their expression levels in
normal tissues (Lu et al., 2005). This phenomenon may
reflect a higher proliferation rate and a less differentiated
state of tumor cells. Another explanation is that the cells
with low levels of miRNAs are selected for during
tumorigenesis due to their proliferative and survival
advantages. These two possibilities are not mutually
exclusive. In fact, both of them are supported by
experimental evidence. For instance, after differentiation
induction, HL60 cells show significantly increased
miRNA expression, consistent with the fact that the
differentiation state of the cells is maintained by the
enhancement of miRNA transcription. Moreover, studies
in lung cancer models have indicated that inhibiting
miRNA biogenesis by genetic approaches or RNAi can
promote tumorigenesis and tumor development (Kumar
et al., 2007). In addition, c-Myc can induce the universal
silencing of miRNA transcription (Chang et al., 2008),
providing a possible mechanism for miRNA
downregulation in malignant cells. These findings
suggest that the majority of miRNAs may function as
tumor suppressors in tumorigenesis.
miRNAs and tumor angiogenesis

miRNAs participate in tumorigenesis and tumor
development through multiple mechanisms, one of
which is regulating tumor angiogenesis. For example,
the expression of the c-Myc oncogene is increased in
most B cell lymphomas and some solid tumors. c-Myc is
an important transcription factor that can lead to
overexpression of the miR-17-92 family members. The
miR-17-92 family consists of seven miRNAs, miR-17-
5p, miR-17-3p, miR-18, miR-19a, miR-20, miR-19b-1,
and miR-92-1, whose coding genes are located within
the gene C13orf25. They are generated through the
splicing of a common transcript. Among these members,
miR-19a can bind the 3’ UTR of the endogenous
angiogenesis inhibitor thrombospondin 1 gene (tsp-1) to
inhibit tsp-1 expression and promote angiogenesis. miR-
18 can directly inhibit the expression of connective
tissue growth factor to affect tumor angiogenesis. In
addition, miR-17-5p, miR-18, and miR-20 can also
directly reduce the expression of the tumor suppressor
gene Rb2/p130 to regulate cell proliferation and
differentiation (Wang et al., 2008). Thus, the mir-17-92
family plays important roles in tumor angiogenesis.
miR-15b and miR-16 can regulate the expression of
vascular endothelial growth factor (VEGF) and play a

crucial regulatory role in angiogenesis. For example, the
cellular levels of miR-15b and miR-16 are
downregulated under hypoxic conditions, leading to
diminished inhibitory effects of miR-15b and miR-16 on
VEGF, thereby promoting tumor angiogenesis (Hua et
al., 2006).
miRNAs and tumor metastasis

miRNAs can not only promote the development of
primary tumors, but also affect tumor progression,
including tumor metastasis (Ma and Weinberg, 2008;
Dumont and Tlsty, 2009; Nicoloso et al., 2009; Zhang et
al., 2009; Baranwal and Alahari, 2010; Ding et al., 2010;
Khew-Goodall and Goodall, 2010; Li et al., 2010; Ma et
al., 2010; Sachdeva and Mo, 2010; Santarpia et al.,
2010; Schmittgen, 2010; Tian et al., 2010; Zhang et al.,
2010 ). Both mutation (Gardner and Vinther, 2008) and
misexpression (Santarpia et al., 2010; Zhang et al., 2010)
of miRNAs can affect their normal functions, leading to
abnormal expression of their target genes. Thus, tumor
metastasis may be affected when the target genes are
related to tumor cell migration, invasion, anoikis
resistance, and other metastatic phenotypes.

Among several known miRNAs promoting tumor
metastasis, miR-10b and miR-373 are particularly
prominent. miR-10b is a direct target gene of the
transcription factor Twist1 that promotes epithelial-
mesenchymal transition and tumor metastasis. The
expression of miR-10b is markedly upregulated in
human breast cancer cells of high metastatic potential;
the invasiveness of these cells decreases by 10-fold if the
activity of miR-10b is blocked by an antisense
oligonucleotide. Overexpression of miR-10b in breast
cancer cells with low metastatic potential leads to a
significant increase in the invasiveness of the tumor
cells. Six weeks after orthotopic inoculation of highly
miR-10b-expressing breast cancer cells into the breast of
immunodeficient young female mice, tumors were found
at the inoculation sites in all of the inoculated mice,
together with apparent interstitial and vascular
infiltration; distant metastasis appeared in all of these
mice 11 weeks after the inoculation. No invasion or
metastasis was observed when using low miR-
10b–expressing breast cancer cells. miR-10b promotes
the invasion and metastasis of breast cancer cells
through inhibiting its target gene HOXD10 to increase
the expression of RhoC (Ma et al., 2007). miR-335 can
induce cell morphological changes to reduce the
invasiveness and metastasis of breast cancer cells
through directly regulating its targets, the progenitor
cell-regulating transcription factor SOX4 and the
extracellular matrix component cadherin C (Tavazoie et
al., 2008). miR-29c can inhibit the metastasis of
nasopharyngeal carcinoma by regulating a variety of
extracellular matrix proteins, including inhibiting
collagen and laminin γ1 (Sengupta et al., 2008). miR-
373 was identified from in vitro screening for enhanced
tumor cell migration phenotypes (Huang et al., 2008),
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and its role in promoting metastasis has been confirmed
in vivo. It should be noted that miR-373 also exhibits the
characteristics of an oncogene during the tumorigenesis
of testicular germ cell tumors (Voorhoeve et al., 2006). It
has been suggested that its oncogenic characteristics of
promoting metastasis are a result of regulating different
target genes.

We have conducted a series of studies to explore the
relationship between miRNAs and gastric cancer
metastasis and identified a group of gastric cancer
metastasis-related miRNAs through screening. The
expression of miR-218 was significantly decreased in
gastric cancer cells with high metastatic potential, and
the extent of the decrease is closely related to gastric
cancer metastasis and the prognosis in gastric cancer
patients. These results were confirmed in cells and
clinical tissue samples. Based on bioinformatic analysis
of the correlation between miR-218 expression and its
function, we found that miR-218 inhibits the invasion
and metastasis of gastric cancer through regulating the
membrane receptor Robo1. In addition, we found that
miR-218 is encoded by two genes, miR-218-1 and miR-
218-2, located within introns of the genes Slit2 and Slit3,
respectively. Slit is the ligand of Robo1. In previous
studies, we have demonstrated that Robo1 is a target
gene of miR-218, whereas Slit, encoding the ligand of
Robo1, is the host gene of miR-218. Slit is co-
transcribed and co-expressed with miR-218, thereby
forming a Slit–miR-218–Robo1 negative-feedback loop.

In gastric cancer, downregulation of the host gene Slit3
leads to miR-218 expression deficiency, loss of
inhibition of Robo1 translation, and Robo1
overexpression. Overexpressed Robo1 interacts with its
other ligand, Slit2, to promote the invasion and
metastasis of gastric cancer cells (Tie et al., 2010).
miRNAs and cancer drug resistance 

In addition to the findings that miRNAs are
associated with tumor pathogenesis and development,
miRNAs are closely related to the drug resistance of
tumor cells (Lwin et al., 2010; Ma et al., 2010; Zheng et
al., 2010; Akao et al., 2011). miRNAs affect the
sensitivity of tumor cells to cytotoxic drugs (Xia et al.,
2008), biologically targeted drugs (Miller et al., 2008;
Weiss et al., 2008), endocrine drugs (Garofalo et al.,
2008; Zhao et al., 2008), and cytokine drugs (Kovalchuk
et al., 2008). For example, Kovalchuk et al. (2008) found
that the expression of miR-451 is significantly reduced
in the doxorubicin-resistant breast cancer cell line
MCF27/DOX and that restoring miR-451 expression by
transfection can increase the sensitivity of MCF27/DOX
cells to doxorubicin. Si et al. (2007) discovered that a
miR-21 inhibitor can significantly increase the
sensitivity of breast cancer cells to topotecan. The
studies by Venturini et al. (2007) showed that miR-17-
19b transfection can remarkably increase the imatinib-
induced apoptosis of the acute myeloid leukemia cells
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Table 1. Reported studies on miRNAs and tumor drug resistance.

Cancer type miRNA Target gene Reference

Breast cancer

miR-451 Mdr1/P-glycoprotein Kovalchuk et al., 2008
miR-221/222 p27 (Kip1) Miller et al., 2008
miR-200 family E-cadherin Tryndyak et al., 2009
miR-328 BCRP/ABCG2 Pan et al., 2009

Gastric cancer
miR-15a

Bcl-2 Xia et al., 2008
miR-16

Non–small cell lung cancer miR-221/222 Kit, p27(Kip1) Zhao et al., 2008

Ovarian cancer

miR-214 PTEN Yang et al., 2008
miR-130a M-CSF Sorrentino et al., 2008
miR-27a

Mdr1/p-glycoprotein Zhu et al., 2008
miR-451

Prostate cancer
Mi-34a Sirt1 Fujita et al., 2008
miR-148a MSK1 Fujita et al., 2010

Colon cancer
miR-519c ABCG2 To et al., 2008
MiR-34a Sirt1/E2F3 Akao et al., 2011

Cervix carcinoma
miR-27a

Mdr1/p-glycoprotein Zhu et al., 2008
miR-451

Esophageal Carcinoma miR-27a
Mdr1/P-glycoprotein

Zhang et al., 2009
Bcl-2

B-cell lymphomas miR-181a Bim Lwin et al., 2010



K562. We summarized the published studies on miRNAs
and tumor drug resistance in Table 1; miRNAs appear to
play important roles in tumor drug resistance by
regulating the expression of drug resistance proteins, and
targeted intervention of miRNAs may effectively reverse
tumor drug resistance.

The incidence rate of gastric cancer varies in
different races and geographical regions. Compared with
the US and European countries, the incidence is
significantly higher in China and some Asian countries
(such as Japan and South Korea); therefore, gastric
cancer drug resistance is rarely studied in the US and
European countries. By comparing the miRNA
expression profile of drug-resistant gastric cancer cells
with their parental cells, we were among the first in the
world to identify a group of differentially expressed
miRNAs in drug-resistant gastric cancer cells. Among
these differentially expressed miRNAs, the expression
levels of miR-15b and miR-16 were significantly
decreased in drug-resistant gastric cancer cells.
Transfection of miR-15b and miR-16 precursor
sequences restored their expression in drug-resistant
gastric cancer cells and significantly enhanced the
sensitivity of the transfected gastric cancer cells to the
antitumor drugs VCR, ADR, VP-16, and CDDP. Further
studies showed that the level of Bcl-2 is negatively
correlated with the levels of miR-15b and miR-16 in
gastric cancer, and that silencing Bcl-2 expression by
RNAi in drug-resistant gastric cancer cells alters the
drug resistance phenotype, similar to the changes
induced by the transfection of miR-15b and miR-16.
Further experiments using a fluorescent reporter gene
also confirmed that miR-15b and miR-16 negatively
regulate Bcl-2. Thus, these results suggest that miR-15b
and miR-16 regulate multidrug resistance in gastric
cancer cells through the Bcl-2 pathway (Xia et al.,
2008).
miRNAs in tumor diagnosis and treatment

miRNAs and tumor diagnosis

miRNAs can be used to identify benign and
malignant lesions and to determine the prognosis of
cancer patients. High-throughput miRNA detection
technologies have been emerging in recent years,
including miRNA chips, miRNA expression profiling
using magnetic bead–based flow cytometry, and miRNA
qPCR assays. These methods have been used to identify
a variety of tumor-specific miRNAs through parallel
comparison between cancer tissues and the adjacent
tissues. miRNAs are differentially expressed between
tumor cells and normal cells, as well as among the tumor
cells originating from different tissues. The discovery of
miRNA expression features can help not only
distinguish between benign and malignant lesions, but
also determine the degree of tumor malignancy and
prognosis, thereby providing the basis for personalized
therapy (Alvarez-Garcia and Miska, 2005; Calin et al.,

2005). For example, Calin et al. (2005) selected 13 out
of 190 miRNAs as a set of miRNA expression markers
for chronic lymphocytic leukemia; this miRNA set can
not only distinguish between malignant and normal B
lymphocytes, but also identify the chronic lymphocytic
leukemia cases with high expression of 70-kD zeta-
associated protein (ZAP70) or a mutated IgV (H) gene,
which are associated with high malignancy, strong
invasiveness, and poor prognosis. In non-small cell lung
cancer, miR-155 upregulation and let-7 downregulation
indicate poor prognosis. In colon cancer patients, high
expression of miR-21 indicates poor prognosis. In our
previous studies, we found that a characteristic spectrum
composed of seven miRNAs (miR-10b, miR-21, miR-
223, miR-338, let-7a, miR-30a-5p, miR-126) is
sufficient to predict the survival of gastric cancer
patients (Li et al., 2010). Because miRNAs are relatively
stable, it becomes more and more promising to use
miRNAs as new tumor markers.

miRNAs can distinguish different malignant
phenotypes of the same tumor

Different malignant phenotypes of tumors
originating from the same tissue can result in markedly
different therapeutic outcomes and prognosis. miRNAs
can distinguish not only normal cells from tumor cells,
but also the different malignant phenotypes of tumor
cells originating from the same tissue. For example,
Budhu et al. (2008) examined the miRNA expression
profiles in cancer tissues and the corresponding adjacent
tissues from 241 hepatic cancer cases using miRNA
microarray. These cancer specimens included both
invasive and non-invasive samples. Their results showed
that the levels of 20 miRNAs can accurately predict
hepatic cancer metastasis, which are closely related to
postoperative relapse and the survival of hepatic cancer
patients. Compared to their expression in drug-sensitive
gastric cancer cells, miR-15a and miR-16b were
downregulated in drug-resistant gastric cancer cells (Xia
et al., 2008), and miR-218 was downregulated in the
gastric cancer cells with high metastatic potential (Tie et
al., 2010).

miRNAs reflect the origin of tumor tissues
By examining the samples from 540 cases, including

363 cases of six types of malignancies with high
incidence rates and 177 normal controls, Volinia et al.
(2006) discovered that specific miRNA expression
profiles can not only distinguish normal cells from tumor
cells, but also reflect the origin of tumor tissues. Lu et al.
(2005) analyzed the miRNAs in 334 samples from 217
mammalian species and found that tumors originating
from the organs that develop from embryonic endoderm,
such as stomach, intestine, and liver, displayed similar
miRNA expression patterns, whereas the miRNA
expression patterns of leukemia were significantly
different from those of solid tumors, suggesting that
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characteristic miRNA expression profiles possess
diagnostic value in the identification of tumor tissue
origin and exhibit great potential in the diagnosis of
metastatic tumors with unknown primary tumor origin.
miRNA expression profiles can also accurately reflect
the progression and differentiation state of tumor tissues,
especially for the poorly differentiated malignant tumors.
Compared with the previously reported mRNA
expression profiles, miRNA expression profiles provide
a more accurate reflection of tumor status (Alvarez-
Garcia and Miska, 2005).

Circulating miRNAs, new tumor markers
The discovery of circulating miRNAs further

promoted investigations of miRNAs as biological
markers in tumor diagnosis and prognosis. Lawrie et al
(2008). first observed high expression of miR-21 in sera
from patients with diffuse large B cell lymphoma and the
close correlation of miR-21 expression with disease
recurrence and patient survival. Mitchell et al. (2008)
isolated RNAs of 18-24 nucleotides from the plasma of
healthy volunteers and constructed a small RNA library.
They found 91 known and 4 unknown miRNAs by
sequencing analysis. Subsequently, 25 patients with
metastatic prostate cancer and 25 healthy volunteers
were separated into different groups, whose sera were
examined. They found that the plasma miR-141 levels in
prostate cancer patients were significantly higher than
those in the normal control group. Thus, prostate cancer
patients can be effectively distinguished from healthy
individuals based on their miR-141 expression levels,
indicating that miR-141 can be used as a circulating
miRNA marker for the detection of prostate cancer.
Chen et al. (2008) analyzed the miRNA expression in
the sera from patients with lung cancer, colon cancer, or
diabetes using Solexa sequencing and quantitative PCR.
The results showed that these diseases all have their
characteristic serum miRNA expression patterns. For
example, 63 miRNAs were expressed in the sera of
patients with lung cancer, but not in the sera of healthy
individuals. Ten miRNAs were common to the sera of
lung cancer and colon cancer patients. Resnick et al.
(2009) examined the miRNA expression profile in
plasma from eight ovarian cancer patients and found 23
differentially expressed miRNAs, among which 10
molecules had been previously reported in solid ovarian
tumors. Verification in plasma from 19 ovarian cancer
patients by qRT-PCR showed that miR-21, miR-29a,
miR-92, miR-93, and miR-126 were remarkably
upregulated in these patients, whereas miR-155, miR-
127, and miR-99b were significantly downregulated.
Some of the patients with upregulated miR-21, miR-92,
and miR-93 did not show changes in CA-125. Due to the
small sample size, no statistical correlation was found
between plasma miRNA expression profiles and their
pathological and clinical stages. Nevertheless, that study
suggests that specific plasma miRNAs may serve as
molecule markers that are detectable earlier than the

traditional tumor markers used in tumor diagnosis and in
efficacy assessment. These studies demonstrated that
miRNAs are broadly present in the sera of healthy
individuals and of patients with different diseases,
including cancer. The types and quantities of miRNAs
present in serum and plasma vary with physiological and
pathological conditions. Specific miRNA expression
profiles in the sera of tumor patients provide a new
method for early diagnosis, classification, prognosis,
efficacy assessment, and relapse monitoring of tumors,
bringing new hope to noninvasive tumor diagnosis.
miRNAs and tumor treatment

With the continuing discovery of the roles of
miRNAs in tumorigenesis and tumor development,
people have started to explore the use of miRNAs in
tumor treatment. A single miRNA can simultaneously
regulate multiple protein-coding genes and a number of
signaling pathways associated with tumor growth and
proliferation, metastasis, drug resistance, and other
malignant phenotypes. Therefore, miRNAs exhibit
advantages over individual protein-coding genes for
treating tumors that involve alterations in multiple genes.
For example, miR-31 can simultaneously regulate five
proteins involved in tumor metastasis, RhoA, RDX,
MMP16, Fzd3, and ITGA5, in breast cancer cells. It
inhibits multiple steps in metastasis, including tumor cell
migration, invasion, anoikis resistance, and colony
formation in distant organs. Exogenous overexpression
of miR-31 can significantly suppress the metastasis of
breast cancer cells both in vitro and in vivo (Valastyan et
al., 2009, 2010; Valastyan and Weinberg, 2010). In head
and neck tumors, miR-204 can simultaneously regulate
more than 60 target proteins involved in multiple tumor-
associated signaling pathways (Lee et al., 2010),
suggesting that miR-204 is a promising target for the
treatment of head and neck tumors.

Tumor-associated miRNAs can be divided into two
categories: tumor-promoting miRNAs and tumor-
suppressing miRNAs. Tumor-promoting miRNAs are
highly expressed in tumors. A number of methods can be
used to downregulate or to suppress the expression of
tumor-promoting miRNAs, including antagomirs, anti-
miRNA oligonucleotides and miRNA sponges. Tumor-
suppressing miRNAs are not expressed or are expressed
at low levels in tumors. Thus, tumor treatment can be
exerted by introducing corresponding exogenous
miRNAs. The fact that a single miRNA can regulate
multiple target genes provides new approaches for gene
therapy based on RNAi. Because tumorigenesis and
tumor progression are often regulated by multiple genes,
an artificial miRNA can be designed to target multiple
genes that are highly expressed in tumors, thereby
simultaneously suppressing the expression of multiple
oncoproteins. This effect cannot be achieved by
traditional RNAi technology. Moreover, miRNA genes
are often distributed in clusters. For example, the pri-
miRNA of the miR-17-92 cluster contains seven
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independent mature miRNAs. Therefore, we can
simulate the structure of the miR-17-92 precursor,
design a structure for the expression of multiple
miRNAs from a single promoter, and induce the
interference of multiple oncogenes. However, further
experimental verification is required to test this
possibility.
Issues and prospects

Despite significant progress in the study of miRNAs
in the field of cancer research, miRNA research is still in
its infancy, with many important issues to be solved.
First, many tumor-promoting or tumor-suppressing
miRNAs still need further experimental confirmation.
For example, except for the observation that abnormal
expression of miR-155 in mice induces the pathogenesis
of B cell leukemia, no sufficient evidence exists that an
oncogenic miRNA alone can initiate malignant
transformation. Similarly, although many miRNAs are
silenced in tumor cells and likely possess tumor-
suppressing functions, no loss-of-function studies have
been conducted in mouse models for any miRNAs.
Second, despite the identification of miRNA target genes
at an accelerated pace, the regulatory network of
miRNAs is still poorly understood, especially for the
tumor-related miRNAs. We cannot expect to fully
understand a specific miRNA through one or several
target mRNAs, especially when it comes to the
biological functions of a miRNA cluster. miRNA
regulation is more likely the result of complex regulatory
networks involving multiple molecules and pathways.
The improvements in experimental methods and
approaches to predict miRNA target genes will facilitate
the comprehensive understanding of the underlying
mechanisms of miRNA functions and the related
signaling pathways. Third, currently, the vast majority of
studies have merely focused on the regulatory effects of
miRNAs on mRNAs. The expression of miRNAs and
their regulatory factors are still poorly understood. The
answers to these questions will contribute to the
understanding of the definitive roles of miRNAs in
biological processes and will promote the broad
application of miRNAs in tumor diagnosis and
treatment.
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