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Introduction

After along debate over several years, it is now becom-
ing clear that cancer stem cells (CSCs) do exist in hema-
topoietic and solid malignant tumors. CSCs are a sub-
population of cancer cells which possess high capacities
of self-renewal, multilineage differentiation, rapid prolif-
eration and tumor initiation. CSCs are more resistant to
chemotherapeutics and show a high potential for inva-
sion and metastasis. Moreover, the survival of CSCs after
the elimination of most cancer cells by chemotherapeu-
tics is the major cause of cancer recurrence. Therefore,
targeting CSCs in addition to conventional therapy may
be a novel strategy for better treatment of cancer. Recent-
ly, miRNAs have received increasing attention in cancer
research. miRNAs are aberrantly expressed in cancer
cells. Studies on miRNAs have demonstrated that they
could critically control the development, self-renewal and
differentiation of CSCs as well as regulate drug sensitivity
and CSC invasion and metastasis. Targeting CSC-related
miRNAs could be a promising approach to eliminate
CSCs and thus inhibit cancer progression.

CSC-Related miRNAs

It is important to note that the miRNA expression pat-
terns in CSCs from different types of cancers are distinct.
CSCs from various cancers may have some miRNAs in
common; however, they also express distinct miRNAs
dependent on context. In breast cancer, CSCs with CD44"
and CD247/° have aberrant expression of miRNAs and
much greater self-renewal activity, proliferation and tu-
mor initiation than other cancer cells. The high expres-
sion of miR-21, miR-181a and miR-181b has been ob-
served in breast CSCs; however, these cells express very
low levels of let-7, miR-34, miR-200, miR-29, miR-30a
and miR-93.

Similar to breast CSCs, prostate CSCs express a very
low level of miR-34, which targets AR and CD44 expres-
sion. Therefore, both breast and prostate CSCs have a
high expression of CD44. However, prostate CSCs ex-
press low levels of other miRNAs, different from those
expressed by breast CSCs. The expression of miR-320
and miR-708 is significantly downregulated in prostate
CSCs, unlike in breast CSCs. Molecular mechanistic
studies show that miR-320 and miR-708 could inhibit
tumor formation from CSCs by targeting p-catenin or
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AKT?2 [1]; this suggests the inhibitory effects of miR-320
and miR-708 on prostate CSCs.

In colorectal CSCs, miR-21, miR-155, miR-192, miR-
194 and miR-17-92 clusters are highly expressed. How-
ever, the expression levels of miR-93, miR-31, miR-221
and miR-451 are low, suggesting the suppressive effects
of these miRNAs on colorectal CSCs. To support this no-
tion, experimental study has shown that enforced ex-
pression of miR-451 suppresses colorectal CSC self-re-
newal, tumor formation and chemoresistance to irinote-
can [2].

Similar to colorectal and breast CSCs, the expression
of the miR-17-92 cluster is upregulated and the let-7 ex-
pression is decreased in lung CSCs. Pancreatic CSCs
have a high expression of miR-21 and a low expression
of miR-34, miR-200 and let-7, similar to the miRNA ex-
pression patterns of breast and prostate CSCs. In other
words, there are several common miRNAs expressed in
the same pattern in CSCs from different types of cancers.
These miRNAs could be important targets for the elimi-
nation of CSCs in general. However, the specific mi-
RNAs altered exclusively in CSCs from one type of can-
cer could also be critical for the control of specific phe-
notypes of CSCs. Therefore, by targeting these important
specific miRNAs, the complete elimination of CSCs is
perhaps feasible.

The Advantage of Personalized Cancer Therapy

It is well known that cancer cells possess heteroge-
neous features with diverse morphologies, differential
molecular markers, various clinical syndromes and dis-
tinct responses to cancer therapeutics. The genetic and
epigenetic alterations and the different molecules al-
tered in cancer cells contribute to the heterogeneity of
cancers. As discussed in the previous section, patterns of
miRNA expression vary in different CSCs. Even in the
same type of CSC, the expression profiles of miRNAs are
not identical. Because of the heterogeneity of cancers,
cancer therapy should be personalized to target specific
molecular markers to inhibit cancer for each patient ef-
fectively. By targeting the altered signaling pathways or
miRNAs, the tumor-causing genes, miRNAs and pro-
teins could be neutralized and the functional molecules
(including mRNA, miRNA and proteins) could be mod-
ulated.

To design and conduct a personalized cancer thera-
Py, it is necessary to obtain the profiles of molecular
markers including miRNAs from patient specimens. It
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is also important to obtain miRNA signatures of CSCs
from each patient in order to design clinical trials for
personalized cancer therapy. Clinical trials were recent-
ly performed to determine the benefits of personalized
cancer therapy [3, 4]. In a trial involving 1,444 patients
at the MD Anderson Cancer Center, personalized can-
cer therapy showed a higher overall response rate, a lon-
ger time-to-treatment failure and longer survival when
compared with prior systemic therapy [4]. These excit-
ing results suggest the beneficial effects and advantage
of personalized cancer therapy. However, many more
clinical trials are needed before the personalized therapy
could become the standard of care in cancer therapy.

Targeting Specific miRNAs for Personalized Cancer
Therapy

Several therapeutic strategies have been designed for
targeting specific miRNAs in CSCs. These include syn-
thesized oligonucleotide delivery, synthetic agent treat-
ment and natural compound administration to target
CSC-related miRNAs. Synthesized oligonucleotide deliv-
ery by lipid-based formulations or nanoparticles is more
specific for targeting individual miRNA than other strat-
egies. Based on the information from miRNA profiles of
CSC, anti-sense nucleotides could be used to inhibit over-
expressed CSC-specific miRNAs while sense nucleotides
could be delivered to introduce CSC-suppressive mi-
RNAs. Experimental studies have shown the successful
delivery of anti-sense oligonucleotides against miR-192,
miR-194 and miR-155, which are highly expressed in
CSCs, for silencing these miRNAs [5]. Sense oligonucle-
otides have been delivered to introduce miR-34a and
miR-145, which are downregulated in CSCs. The miR-
145 delivery reduces CSC markers, increases drug sensi-
tivity and inhibits tumor growth and metastasis. These
results demonstrate that targeting specific miRNAs with
synthetic oligonucleotide could be useful for personalized
cancer therapy.

Synthetic and natural agents could also regulate the
expression of miRNAs. However, such regulation may
not target just one specific miRNA. The first synthesized
agent for targeting CSCs is salinomycin which has a high
capacity for killing CSCs. In addition, novel platinum and
palladium complexes have been synthesized for targeting
CSCs. These agents could inhibit CSCs through miRNA-
mediated cellular signaling. Natural agents could also al-
ter the levels of miRNAs. We found that natural agents
such as isoflavone, 3,3’-diindolylmethane and CDF (cur-
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cumin analogue with greater bioavailability) could down-
regulate miR-21 expression and upregulate the expres-
sion of miR-34a, miR-146a, miR-200 and let-7, leading to
the inhibition of CSC function [6]. Therefore, these natu-
ral agents could be utilized for targeting miRNAs toward
personalized cancer therapy.
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