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Abstract

The theory of cancer stem cells (CSCs) has provided evidence on fundamental clinical
implications because of the involvement of CSCs in cell migration, invasion, metastasis, and
treatment resistance, which leads to the poor clinical outcome of cancer patients. Therefore,
targeting CSCs will provide a novel therapeutic strategy for the treatment and/or prevention of
tumors. However, the regulation of CSCs and its signaling pathways during tumorigenesis are not
well understood. MicroRNAs (miRNAs) have been proved to act as key regulators of the post-
transcriptional regulation of genes, which involve in a wide array of biological processes including
tumorigenesis. The altered expressions of miRNAs are associated with poor clinical outcome of
patients diagnosed with a variety of tumors. Therefore, emerging evidence strongly suggest that
miRMAs play critical roles in tumor development and progression. Emerging evidence also
suggest that miRNAs participate in the regulation of tumor cell growth, migration, invasion,
angiogenesis, drug resistance, and metastasis. Moreover, miRNAs such as let-7, miR-21, miR-22,
miR-34, miR-101, miR-146a, and miR-200 have been found to be associated with CSC phenotype
and function mediated through targeting oncogenic signaling pathways. In this article, we will
discuss the role of miRNAs in the regulation of CSC phenotype and function during tumor
development and progression. We will also discuss the potential role of naturally occurring agents
(nutraceuticals) as potent anti-tumor agents that are believed to function by targeting CSC-related
mMiRNAs.
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1. INTRODUCTION

Within a decade, cancer stem cells (CSCs) have attracted tremendous attentions due to its
potential role in tumor aggressive phenotypes such as treatment resistance, metastasis, and
tumor recurrence or relapse. Similar to normal stem cells, the CSCs have common properties
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such as long lifespan, angiogenic induction, apoptosis resistance, the capacity of self-
renewal and differentiation, orchestrated by very small sub-population of cells consistent
with the expression of stem cell genes [1]. These findings suggest a possible role of CSCs in
tumor development and that CSCs might be originating from normal adult stem cells, such
as mesenchymal stem cells, due to the alterations of intrinsic and extrinsic
microenvironments, leading to the development of tumors [2].

It has been recognized that the CSCs only constitute a very small percentage (0.05-1%) of
sub-populations of tumor cells within a tumor mass or within the tumor microenvironment,
and posses the ability to self-renew leading to heterogeneous tumor cell populations with a
complex group of differentiated tumor cells [1, 3—-6]. The theory of CSCs has basic clinical
implications especially because the CSCs have been found in the majority of malignant
tumor tissues, and the CSCs have been widely considered to be resistant to chemo-radiation
therapy relative to its differentiated progenies [3-5, 7]. This theory affords a good
explanation for the clinical observation that tumor regression alone may not be associated
with patient survival [7] because of tumor recurrence due to the existence and sustenance of
CSCs after therapy. It has been suggested that the CSCs are known to play critical roles in
treatment resistance, tumor metastasis and recurrence after conventional therapy, which is
mediated through deregulation of multiple mechanisms and networks, as reviewed by us
recently [6, 8, 9]. However, the molecular mechanism(s) of CSCs and its regulation in tumor
aggressiveness is not fully understood. Here, we will discuss the role of microRNAs
(miRNAS) in the regulation of CSC phenotype and function. We will also discuss the
potential role of naturally occurring agents (nutraceuticals) such as polyphenolic compounds
and vitamin D in targeting CSC phenotype and function with respect to tumor development
and progression.

2. CSCs AND TUMOR AGGRESSIVENESS

Over the past decade, a large number of clinical and experimental studies have demonstrated
that CSCs are exclusively involved in the chemotherapy resistance and metastasis, leading to
poor clinical outcome of patients with malignancies such as pancreatic tumor, prostate
tumor, liver tumor, breast tumor, and brain tumors [6, 10-12]. Moreover, the CSCs also
contribute to resistance to radio-therapy through preferential activation of the DNA damage
response, and an increase in DNA repair capacity [13]. It has been found that the
subpopulation of glioma cells expressing CD133, a marker for brain CSCs, is enriched after
radiation in gliomas [13, 14]. The CD133* glioma cells survived after ionizing radiation
showed remarkably increased proportions relative to large numbers of CD133™ tumor cells.
These findings suggest that the CD133* tumor cells represent glioma CSCs that confers
glioma radio-resistance. One animal study has revealed that CSCs in mouse mammary
tumors may contribute to cisplatin resistance [15]. Similarly, CSCs in human colorectal
cancers are also found to be responsible for resistance to chemotherapeutic drugs [16, 17].
Moreover, human breast cancer cells containing CSC-like cells have displayed high
metastatic capacity, and showed distinct molecular signature of CSCs [18], which suggest
that the CSCs of breast cancer are involved in the regulation of breast cancer metastasis.

It has also been shown that the CSCs are implicated in drug resistance and that the drug
resistant cells from a variety of tumors such as pancreatic, colon, breast, and brain tumors
are more tumorigenic and metastatic /n vitro and in vivo. The data show that human
pancreatic cancer tissues contain CD133" CSCs that are exclusively tumorigenic and highly
resistant to standard chemotherapy [6, 19]. Elimination of the CSC populations suppresses
the metastatic phenotype of pancreatic tumors without altering their tumorigenic potential.
These findings suggest that CSCs contribute to drug resistance and tumor metastasis. Other
experimental studies have confirmed that CSCs in tumor tissues are strongly associated with
drug resistance and metastatic phenotype. Patients with CSC cell surface marker positive
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tumor cells were found to correlate with histological grade and poor clinical outcome [20].
These findings suggest that CSCs or CSC-like cells (CSLCs) play important roles in tumor
aggressiveness.

3. THE ROLE OF miRNAs IN THE REGULATION OF CSC
CHARACTERISTICS

3.1. Let-7

MicroRNAs (miRNAS) are a large family of small non-protein-coding RNAs with around
18-24 nucleotides in length, which function as potent post-transcriptional regulators of
genes by binding to their specific binding sites in the 3’ untranslated region (3’-UTR) of
their target mRNAS, leading to either degradation of mMRNA or inhibition of protein
translation [21, 22]. Currently, more than two thousands of miRNAs have been identified in
human genome. The miRNAs are broadly recognized as regulators of the expression of, at
least, one-third human mRNAs, and consequently play critical roles in a wide array of
biological processes, such as cell differentiation, proliferation, cell death, metabolism and
energy homeostasis [23, 24]. A large number of evidence has suggested that miRNAs might
have an important role in tumorigenesis. Increased numbers of clinical studies have provided
the clear supportive evidence showing that the altered expressions of miRNAs are associated
with clinical prognosis of tumor, resistance to chemo-radiation therapy and tumor
recurrence. More importantly, miRNAs have been considered to be the regulators of CSC
phenotype and function mediated through the regulation of multiple signaling pathways, and
thus miRNAs appear to play important roles in tumor development and progression. In the
following sections, we will provide example of some well-characterized miRNAs that are
associated with CSCs and tumor aggressiveness.

A great number of experimental studies have suggested that let-7 family plays a key
regulatory role in tumor development and progression by targeting multiple signaling
pathways. The expression of let-7 has been shown to be negatively related to clinical
outcome. The expression of let-7 family members, for instance, let-7a, b, ¢, has been
identified as negative regulators of epithelial-to-mesenchymal transition (EMT) and the
function of CSCs, which is in part mediated through the regulation of phosphatase and
tensin homolog deleted on chromosome 10 (PTEN, a known tumor suppressor which
inactivates the PI3K/Akt/mTOR signaling pathway), and the regulation of CSC gene
signature marker Lin28B in pancreatic and prostate cancer cells [25-29]. The acquisition of
EMT is strongly associated with treatment resistance, metastasis, and tumor recurrence in
the clinical setting, has been considered as a process that is reminiscent of CSCs or CSLCs.
Moreover, the expression of let-7 family has been found to be remarkably low in CSCs or
CSLCs, compared to its parental cells associated with /n vitro and in vivo differentiated
progenies [30, 31]. In breast CSCs, forced over-expression of let-7a inhibited cell
proliferation, mammosphere formation, tumor formation, and metastasis in mouse xenograft
tumor, and also led to a reduction in the proportion of undifferentiated cells /n vitro [31].
Increased expression of let-7 resulted in decreased levels in the expression of Lin28, and
interestingly Lin28 has been identified to inhibit the expression of let-7 [25, 29, 32, 33]. It
has also been shown that let-7 targets proto-oncogene N-Myc (heuroblastoma derived V-
myc myelocytomatosis viral related oncogene) and inhibits the proliferative and clonogenic
growth of neuroblastoma cells [34]. Recently, we found that let-7 family inhibited the
expression of enhancer of zeste homolog 2 (EZH2), a major epigenetic component of
polycomb repressive complex 2 (PRC2) that functions in the embryonic and adult stem cells
to inhibit the expression of developmental genes that are preferentially activated during
differentiation [35]. Emerging evidence suggest that EZH2 is a potential regulator for
maintaining the phenotype and function of CSCs. Therefore, let-7 may have an important
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function in the regulation of CSCs characteristics by targeting multiple cell signaling
pathways. However, its exact molecular mechanism requires further investigation.

The miR-21 has been widely considered as an oncogenic miRNA which mediates its
function by targeting multiple signaling pathways. Clinical studies showed increased
expression of miR-21 in a wide range of tumors such as pancreatic cancer, prostate cancer,
breast cancer and brain cancers, and it is tightly associated with poor clinical outcome of
cancer patients [36, 37]. It has been reported that high expression of miR-21 results in
decreased expression of PTEN in cancers [38, 39]. It has also documented that the miR-21
exerts anti-apoptotic, proliferative, invasive and angiogenic properties in cancer cells [37,
40-42]. Moreover, the data have shown that the expression of miR-21 is increased in CSCs,
compared to non-CSC cancer cells [30, 43]. It has also been known that the expressions of
miR-21 and HIF-1a, a potential positive mediator of CSC phenotype and function, which is
consistent with the regulation of CSC signature genes, are increased in breast CSLCs [44].
Increased expression of miR-21 has also been reported in cancer cells such as breast cancer
cells under hypoxic conditions [45, 46]. Forced over-expression of miR-21 in breast cancer
cells led to an increase in the expression of HIF-1a and VEGF along with tumor
angiogenesis. Moreover, it has been shown that over-expression of miR-21 could promote
the survival of bone marrow mesenchymal stem cells under hypoxic condition. Down-
regulation of miR-21 increased apoptosis of mesenchymal stem cells [47]. Our unpublished
data shows that functional loss of miR-21 by its inhibitor leads to decreased formation of
pancreatospheres of human pancreatic cancer cells. These findings strongly suggest that
miR-21 plays a key role in the regulation of CSC characteristics mediated by regulation of
multiple signaling pathways.

Increasing evidence suggests that miR-22 appears to play an important role in tumorigenesis
in a cell-type specific manner. It has been shown that the expression of miR-22 is increased
in human senescent fibroblasts and epithelial cells, but decreased in a variety of cancer cells
such as colon cancer, liver cancer, ovarian cancer, and breast cancer cells [48-53]. The
decreased levels of miR-22 have been reported to be associated with poor clinical outcome
of liver cancer patients [51]. Increased numbers of experimental studies have demonstrated
that over-expression of miR-22 reduces cell growth, invasion, and metastasis in several
cancer cells by targeting PTEN, p21, and p53 [48-51], which suggest that miR-22 may act
as a tumor suppressor. However, one recent study showed that UV lights increased miR-22
expression and decreased PTEN expression, suggesting that the expression of PTEN might
be inversely correlated with miR-22 induction. UV-induced PTEN repression is attenuated
by the functional loss of miR-22 viaa miR-22 inhibitor [54]. Moreover, forced over-
expression of miR-22 significantly inactivates caspase signaling cascade, which leads to
increased cell survival upon UV radiation. The exact role of miR-22 in the regulation of
CSC characteristic is not fully understood, suggesting more investigations are required to
elucidate the role of miR-22 in tumor aggressiveness.

A number of clinical and experimental studies have provided a clear evidence to support the
potential role of miR-26a as a tumor suppressor molecule. Several reports have indicated
that miR-26a modulates the cancer epigenome by repressing the polycomb group protein,
EZH2, a potential regulator of CSC characteristic [55-60]. EZH2 has been identified to be
associated with tumor angiogenesis, the self-renewal capacity and the gene expression of
CSCs, and tumor metastasis and invasion [56, 61, 62]. Altered expression of miR-26a have
been found in a wide variety of cancers such as breast cancer, prostate cancer, gastric
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cancer, pancreatic cancer, and nasopharyngeal carcinoma [63, 64]. Re-expression of
miR-26a in cancer cells causes the down-regulation of EZH2, resulting in the inhibition of
tumor metastasis and invasion [55, 58, 60]. Therefore, targeting miR-26a provides a novel
therapeutic approach for cancer treatment. We have reported that re-expression of miR-26a
results in the down-regulation in the expression of EZH2, Oct4, Notch-1, and EpCAM in
pancreatic cancer cells [65], which strongly suggest that miR-26a appears to have an
important role in the regulation of CSC characteristic modulated by targeting CSC signature
genes.

The miR-34a is under-expressed in various tumors such as prostate cancer, gastric cancer,
oral squamous cell carcinoma, colon cancer and pancreatic cancer. We and other groups
have demonstrated that the methylation of miR-34a in its promoter region results in the loss
of miR-34a expression in various cancer cells [66, 67]. Lower levels of miR-34a have been
reportedly associated with poor clinical outcome of cancer patients [66, 67]. Emerging
evidence clearly suggest that miR-34a function as a potent suppressor of tumorigenesis by
inhibition of cell survival, proliferation, invasion, and metastasis mediated in part through
the activation of p53 and inactivation of Cyclin D1, E2F1/2, and CDKG® in cancer [68-72]. It
has also been found that miR-34a can inhibit LPS-induced inflammatory response in murine
macrophages [73]. In addition, several recent reports have demonstrated that miR-34a
decreases the expression of CSC genes such as CD44, CD133, and Notch-1, which is
consistent with the down-regulation of the CSC self-renewal capacity in various cancer cells
[22, 67, 74, 75]. It has also been demonstrated that re-expression of miR-34a,b,c could
reverse the EMT phenotype by down-regulation of EMT mesenchymal markers ZEB1,
Snail, and Slug [76]. Moreover, miR-34a and Snail are known to form a double-negative
feedback loop to regulate EMT phenotype and function [76]. Our unpublished data show
that re-expression of miR-34a decreased the formation of pancreatospheres, consistent with
the inhibition in the expression of CSC cell surface proteins CD44 and EpCAM in CSC-like
sphere-forming cells of pancreatic cancer cells. These data clearly suggest that miR-34a
plays a key role as a potential tumor suppressor in the down-regulation of CSC phenotype
and function.

The miR-101 has been reported to act as a tumor suppressor by targeting multiple signaling
pathways. The low expression of miR-101 has been found in a variety of cancers such as
lung, prostate, pancreatic, and liver tumors. The clinical data shows that the low levels of
miR-101 are associated with poor clinical outcome of patients diagnosed with different
types of cancers [63, 64]. A number of /n vitro and /n vivo studies have provided some clear
evidence showing that miR-101 plays a protective role in tumor aggressiveness mediated
through the inhibition of CSC characteristics via repression of EZH2, an epigenetic regulator
of cell survival, proliferation, and CSC phenotype and function, in various cancer cells [39,
77]. 1t is known that EZH2 has an important role in the development and maintenance of
CSC and EMT characteristics [78]. Functional loss of miR-101 expression by its inhibitor
results in the activation of EZH2 signaling network, consistent with increased capacity of
CSC self-renewal, leading to the tumor aggressive phenotype. We have recently
demonstrated that re-expression of miR-101 by transfection of its mMiRNA precursor results
in the inhibition of EZH2 expression consistent with the suppression of the CSC self-
renewal capacity in human pancreatic cancer cells and its CSC-like sphere cells [39], which
is consistent with the results reported by others [79-82]. These findings clearly suggest that
miR-101 may have a pivotal role in the regulation of CSC phenotype and function.
However, the precise role of miR-101 in CSC characteristics during tumor development and
progression requires further in-depth investigation.
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3.7. miR-146a

Low levels of expression of miR-146a have been found to be highly associated with poor
prognosis of various cancers such as prostate cancer and pancreatic cancer [64, 83]. A large
number of experimental studies have suggested that miR-146a may function as a potent
tumor suppressor molecule via regulation of multiple signaling pathways in a variety of
tumors such as pancreatic cancer and prostate cancer. The evidence shows that miR-146a
impairs NF-xB activity and suppresses the expression of NF-xB target genes such as IL-1(,
IL-6, IL-8, and TNF-a mediated by the regulation in the expression of IL-1 receptor
associated kinase 1 (IRAK1) and TNF receptor associated factor 6 (TRAF6) [84]. The
activation of NF-xB signaling has been reported to be involved in the enrichment of CSC
characteristic by the regulation of CSC genes such as Nanog, Sox2, and Lin28 [85].
Recently, we demonstrated that the expression of miR-146a is lost in pancreatic cancer cells
while re-expression of miR-146a causes decreased capacity of tumor cell invasion,
consistent with the inactivation of EGFR and NF-xB, leading to the down-regulation of NF-
»B targets [83]. However, one study showed that oral squamous cell carcinoma tissue
samples have high levels of miR-146a and increased expression of miR-146a enhanced the
oncogenicity of oral squamous cell carcinoma cells [86]. These results suggest that the role
of miR-146a in development and progression of tumors appears to be cell lineage specific,
suggesting that further investigations are required to elucidate the role of miR-146 in the
regulation of CSC characteristics.

3.8. miR-200

Numerous clinical and experimental studies have demonstrated that miR-200 family
members play very important roles in the development and progression of tumors by
targeting multiple cell signaling pathways. It has been shown that the expression of miR-200
family is decreased in a wide variety of tumors such as prostate, pancreatic, colon, gastric,
and breast cancers. The altered expressions of miR-200 family are highly associated with
poor clinical outcome of cancer patients [29, 40, 87]. We have reported that drug-resistant
human cancer cells have decreased expression of miR-200a,b,c, and displayed more
mesenchymal phenotype such as EMT characteristics. Re-expressions of miR-200a,b,c by
transfection technique in drug-resistant pancreatic cancer cells or PDGF-D-induced EMT
prostate cancer cells decreased the expression of ZEB1, ZEB2, Slug, and increased the
expression of E-cadherin, an epithelial marker, which was consistent with findings reported
by other investigators [28, 29, 66]. It has also been shown that miR-200 decreases the
expression of Bmil-1, Suz12, and Notch-1, known regulators of CSC and EMT phenotypes
and functions in various cancer cells, which is consistent with the inhibition of CSC
formation [88-90]. More importantly, the down-regulation of miR-200 family members
such as miR-200a, b, and ¢ has been observed in CSC-like (CD44+/CD24-) cells of breast
cancer [91]. These data clearly suggest that miR-200 family play a key role in the regulation
of CSCs via regulating multiple signaling pathways.

3.9. Other CSC-Associated miRNAs

Other miRNAs that have been reported to be associated with CSCs came from several
experimental studies. For instance, miR-16, miR-107, and miR-128 are expressed at a much
lower levels in CSCs or CSLCs of tumors, compared to non-CSC tumor cells or normal cells
of human tissues [1, 22, 91, 92]. However, molecular targets of CSC signature genes or
mediators by these miRNAS are not reported yet. It has also been reported that forced over-
expression of miR-30 and miR-181 decreased the capacity of CSC self-renewal, whereas
knock-down of these miRNAs by its inhibitors increased the CSC self-renewal capacity of
cancer cells [1, 22, 91, 92]. These limited studies suggest that further investigations are
required to elucidate the role of these miRNAs in the regulation of CSC characteristics.
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4. THE ROLE OF NATURALLY OCCURRING AGENTS (NUTRACEUTICALS)
IN THE REGULATION OF CSC-RELATED miRNAs

Over a decade, the naturally occurring agents and their structurally-derived compounds have
attracted remarkable attentions because of their potential role in the prevention and/or
treatment of human malignancies. Considering the non-toxic characteristics of these natural
agents, targeting CSC-related miRNAs by these agents could provide a novel, safe, and
effective approach for controlling tumor aggressiveness. In the following paragraphs, we are
discussing the potential role of several common natural agents collectively referred as
nutraceuticals in the regulation of CSC-related miRNAs, leading to the attenuation of CSC
characteristics, and eventually contributing to the suppression of tumor aggressiveness.

4.1. Curcumin

Curcumin, a diferuloylmethane, is a bioactive polyphenolic compound, which originates
from the plant Curcuma longa (Linn) grown in tropical Southeast Asia [93-95]. Curcumin is
the main component of the spice tumeric, which is responsible for the yellow pigmentation
of the curry. This bioactive dietary component has received considerable attention due to its
remarkable anti-inflammatory, anti-oxidative, immuno-modulating, anti-atherogenic, and
anti-carcinogenic activities, and it is widely used as a therapeutic agent in Asia [96]. It has
been reported that curcumin inhibits the growth of a variety of tumor cells. A large body of
experimental studies has shown that curcumin induces cell apoptosis, suppress cell
proliferation, cell migration and invasion, and tumor growth /n vitroand in vivo, consistent
with its deregulation of multiple cellular signaling pathways such as NF-xB, Wnt, Notch-1,
and hedgehog [97-102]. The role of curcumin in the regulation of CSC-related miRNAs has
been not fully investigated. One study showed that curcumin appears to decrease the
expression of miR-21 in colorectal cancer cells, along with its inhibition of tumor growth /in
vitroand /n vivo [103]. Curcumin also reportedly increased miR-22 in pancreatic cancer
cells [104]. Recently, we have developed a novel synthetic compound of curcumin, 3,4-
difluoro-benzo-curcumin, referred to as Difluorinated-Curcumin (CDF), which shows
greater bioavailability in multiple tissues such as pancreas and prostate compared to its
parental compound curcumin [98, 105]. It has been demonstrated that CDF inhibits cell
growth, NF-xB DNA-binding activity, COX-2, Akt, and the production of VEGF and PGE,
in pancreatic cancer cells [38, 39]. Moreover, CDF has shown to inhibit the tumor growth of
human pancreatic cancer in mouse xenograft models, consistent with inhibition of NF-xB,
VEGF, EZH2, COX2, and CSC characteristics [39]. More importantly, CDF appears to
increase the expression of let-7, miR-26a, miR-101 and miR-200, and decrease miR-21,
which is consistent with the inhibition of pancreatosphere formation and the expression of
CSC signature proteins in CSC-like sphere cells of pancreatic cancer and prostate cancer
[38, 39, 106-108]. Our unpublished data also shows that CDF could increase the expression
of miR-34a in pancreatic cancer cells and tissues of mouse xenografts. These data clearly
suggest the role of CDF as a potent anti-tumor agent, which in part could be due to
deregulation of CSC-related miRNAs.

4.2. Soy Isoflavone

Isoflavones belong to the flavanoid group of compounds, the largest class of polyphenolic
compounds and are primarily exists in the Leguminosae family of plants such as soybean,
lentil bean, and chickpea. However, soybean is the most common food that contains great
amounts of isoflavones. Genistein, daidzein, and glycitein are the three major components of
isoflavones found in soybeans and soy protein-rich products such tofu, soy milk, and soy
sauce. Genistein, also referred as phytoestrogen, and it is the most studied of these bioactive
compounds. A number of epidemiological and clinical studies have indicated that
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isoflavone-rich soy products could have protective effects against certain cancers such as
prostate cancer [109-112] in addition to other cancers.

A large number of /n vitro and in vivo studies from our group and others have shown that
isoflavones, particularly genistein and daidzein, exhibit anti-tumor effects by targeting
multiple signaling pathways such as NF-xB, Wnt, Notch-1, and Akt/mTOR in many types of
cancers [99-101, 113- 116]. Recently, we have demonstrated that genistein treatment
increases the expression of let-7b, c, d, e, miR-26a, miR-101, miR-146a, and miR-200, and
decreases the expression of miR-21, CSC cell surface markers CD44 and EpCAM, and the
formation of pancreatospheres, all of which are in direct agreement with its anti-tumor
activity against human pancreatic cancer cells [28, 88, 117]. These data suggest that
genistein has an anti-tumor activity, which is in part mediated by deregulation of CSC-
related miRNAs that is important during the development and progression of tumors.

4.3. Tea Polyphenols

Tea is the secondly most consumed beverage in the world, following to water. It has been
widely accepted that consumption of green tea, one of the most popular types of tea, has
been highly associated with better human health including the prevention of cancers and
heart disease. The epidemiological studies have shown that high dietary intake of green tea
among Asian men significantly decreases the incidence of certain cancers such as prostate
cancer, which suggests that green tea could be useful as a chemopreventive agent against the
development and progression of cancers [118]. For instance, one epidemiological report
from Japan's Public Health Center-based Prospective Study revealed that the high
consumption of green tea is clearly associated with reduced risk of advanced prostate cancer
[119]. Green tea and its bioactive constituents have been robustly investigated both /n vitro
and /n vivo. One sub-group of polyphenols, referred as catechins, is the most abundant of
the bioactive compounds in green tea. These catechins include epicatechin (EC),
epicatechin-3-gallate, epigallocatechin, and epigallocatechin-3-gallate (EGCG). However,
EGCG, accounting for more than 50% of active compounds in green tea, which has been
shown to be the most potent agent contributing to the suppression of tumorigenesis and the
inhibition of oxidative stress among these catechins [120]. Increased numbers of
experimental studies have demonstrated that EGCG has an anti-tumor activity /n vitroand in
vivo, potentially related to its down-regulation of NF-xB, hedgehog, and Wnt pathways in a
variety of cancers, such as lung, oral, colon, prostate, colon, pancreatic, gastric, ovarian, and
breast cancer [121- 128]. The regulatory effects of EGCG on CSC-related miRNAs have
been reported by several /n vitroand in vivo studies. It has been noted that EGCG treatment
inhibits the expression of androgen-induced miR-21 in prostate cancer cells [129]. Other
reports also indicate that EGCG increases the expression of let-7 and miR-34a in human
hepatocellular carcinoma cells and neuroblastoma cells [130, 131]. However, the decreased
expression of miR-200a is observed in EGCG-treated HepG2 cells by microarray analysis
[131]. These findings suggest that bioactive compounds from green tea appear to involve in
the regulation of CSC characteristics. However, our knowledge is still limited, and thus
further in-depth investigations are required to elucidate the role of bioactive compounds of
green tea in inhibiting tumor aggressiveness, which could indeed be in part due to
deregulation of CSC-related miRNAs.

4.4, Resveratrol

Resveratrol (trans-3,5,4'-trinydroxystilbene) is another type of dietary polyphenolic
compounds found in several plants such as red grapes, berries and peanuts [132], but it is
most abundant in the skin of grapes [96]. Resveratrol is also consumed in the form of grape-
derived red wine. It has been recognized that resveratrol has antioxidant and
antiinflammatory properties mediated through various molecular and biochemical pathways.

Curr Drug Targets. Author manuscript; available in PMC 2013 October 08.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Bao et al.

Page 9

Increased evidence from /n vitro and in vivo experimental studies have indicated that
resveratrol could suppress many types of cancers by regulation of cell proliferation,
apoptosis, angiogenesis and tumor metastasis mediated through deregulation of multiple
cellular signaling pathways such as Akt, Wnt, hedgehog, NF-»xB [132— 138]. There is only
limited report showing that resveratrol treatment could decrease the level of miR-21
expression in lung and colon cancer cells as documented by microarray analysis [139, 140].
However, one study reports that resveratrol decreases the expression of miR-146a in cancer
cells [141]. These findings suggest that the anti-tumor activity of resveratrol appears to be in
part mediated through the regulation in the expression of CSC-related miRNAS; however,
more studies are required to elucidate the role of resveratrol in the suppression of CSC
characteristics that may be mediated through the regulation of miRNAs during tumor
development and progression.

4.5. Indole-3-Carbinol and 3,3 -Diindolylmethane

3,3'-diindolylmethane (DIM) is one of the dimeric products of indole-3-carbinol (13C)
which is generated from naturally occurring glucosinolates found in a wide variety of plants
including members of the family “Cruciferae” such as broccoli, brussel sprouts, cauliflowers
and cabbages. Under the acidic environment of the stomach, 13 C is chemically unstable and
undergoes extensive and rapid reactions of self-condensation to generate several derivative
products. A major condensation product of 13 C in the stomach is DIM, which appears to be
the active compound. A number of epidemiological studies have suggested that human
exposure to indoles through consumption of cruciferous vegetables could decrease the risk
of a variety of cancers such as breast, cervical, and endometrial cancer [142]. It has been
documented that DIM reduces oxidative stress and stimulate the expression of anti-oxidant
response element-driven genes, suggesting the anti-oxidant function of indole compounds
[143, 144]. A large number of /n vitroand in vivo experimental studies have shown that
DIM inhibits tumorigenesis and cancer cell growth, and induces apoptosis in cancer cells.
These findings suggest that DIM could function as a potent anti-tumor agent for the
prevention and/or treatment of tumors, potentially associated with its inhibition of multiple
cellular signaling pathways such as NF-zB, Akt, and Wnt as documented by recent studies
from our laboratory and others [142—147]. The role of I3C and its bioactive compounds in
the regulation of CSC-related miRNAs has been not widely investigated. One experimental
study showed that 13C treatment decreases the expression of miR-21 and miR-146b in vinyl
carbamate-induced mouse lung tumor, along with the inhibition of tumor growth [148]. Our
recent experimental studies have shown that DIM treatment increases the expression of
let-7b, c, d, e and miR-146a, and decreases the expression of miR-21 and miR-22b, along
with the inhibition of cell growth and invasion of human pancreatic cancer cells [28].
However, one report shows increased expression of miR-21 by DIM [149], which is very
controversial and thus requires more in-depth investigations. Overall, the regulatory role of
DIM appears to be important in prostate cancer as recently documented by our reports [35,
67], and thus we believe that DIM mediates its anti-tumor activity by targeting CSC-related
miRNAs although further investigations are warranted.

4.6. Vitamin D

Vitamin D has long been considered as an essential nutrient for human health. There are two
major types of vitamin D, namely vitamin D, (ergocalciferol) and D3 (cholecalciferol) in the
diets. The active form of vitamin D in the body is 1a, 25-dihydroxyvitamin D (1, 25-
(OH),D), which can be derived from either vitamin D, or vitamin D3. Vitamin D, is
commonly present in fungi and mushrooms irradiated with UV lights, whereas vitamin D3 is
obtained from animal sources such as fish oils and liver. Vitamin D also can be synthesized
from 7 dehydrocholesterol substrate in the skin of the human body by long exposure to sun
lights. The evidence from epidemiologic and experimental studies have indicated that higher
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intakes of vitamin D from food and/or supplements leads to higher blood levels of vitamin
D, which are highly associated with reduced risks of certain cancers [150, 151]. It has been
reported that reduced levels of active vitamin D in the body resulted in a higher incidence
and mortality of prostate cancer [150, 151]. These findings clearly suggest that vitamin D
could be useful as a chemopreventive agent for cancers. A large number of /n vitroand in
vivo studies have indicated that vitamin D inhibits cell growth, invasion, and angiogenesis in
tumors through the regulation of multiple signaling pathways, such as Wnt, VEGF, and NF-
»B [152, 153]. Two recent experimental studies have shown that vitamin D treatment up-
regulates the expression of miR-22, and down-regulates the expression of miR-146a in
cancer cells as assessed by real time PCR assay [154, 155]. One human subject study
showed that 12 months of supplementation with high dose of vitamin D (40,000 1U/week) in
normal subjects led to increased levels of plasma miR-let-7f and miR-26a, and reduced
levels of plasma miR-22 [156]. However, the precise role of vitamin D on the CSC-related
miRNAs is not yet clear. Therefore, further investigations are required to elucidate the role
of vitamin D in the regulation of CSC characteristics and miRNAs in the development and
progression of human malignancies.

5. CONCLUSION

A large body of clinical and experimental studies have provided some credible evidence in
support of the role of a very small sub-populations of CSCs in tumors or within the tumor
microenvironment that are strongly associated with tumor aggressive phenotypes. The tumor
aggressiveness is associated with increased resistance to cell apoptosis, increased growth
rate, proliferation, migration, invasion, and metastasis, leading to treatment resistance and
tumor recurrence or relapse, which eventually contributes to reduced overall disease-free
survival rate and increased mortality of cancer patients. Extensive efforts have been focused
on investigating CSC characteristics in the fields of cancer research over the past decade;
however, the regulation of CSCs and its signal pathways during the development and
progression of tumors are not well understood. A large number of studies have suggested
that miRNAs plays pivotal roles in the post-transcriptional regulation of genes, and miRNAs
are involved in a wide array of biological processes including tumorigenesis. The altered
expressions of miRNAS are associated with poor clinical outcome of the patients diagnosed
with a variety of cancers. Emerging evidence suggest that miRNAs have important roles in
the regulation of tumor cell growth, migration, invasion, angiogenesis, drug resistance, and
metastasis. Moreover, miRNASs such as let-7, miR-21, miR-22, miR-34, miR-101,
miR-146a, and miR-200 have been found to be involved in the regulation of CSC
characteristics mediated by targeting oncogenic signaling pathways Fig. (1). Therefore,
targeting CSC signature genes along with relevant miRNAs will provide a novel and more
effective therapeutic approach for the eradication of CSCs within the tumor
microenvironment, which will lead to the inhibition of tumor aggressiveness. To that end,
naturally occurring agents such as dietary polyphenolic and flavonoid compounds and
vitamin D have been shown to have the inhibitory effects on cell growth, migration,
invasion, angiogenesis, and metastasis in variety of tumors which is in part to deregulation
of multiple signaling pathways and CSC-related miRNAs. Therefore targeting CSCs-related
miRNAs would likely lead to the inhibition of tumor growth /n7 vivo, suggesting the
potential role of naturally occurring agents as anti-tumor agents for the prevention and/or
treatment of human malignancies.
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Fig. (1).
The potential roles of selected miRNAs in the regulation of CSC characteristics.
(- :indicating an activation; : indicating an inhibition).
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