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Accumulating lines of evidence have revealed that microRNAs (miRNAs) play critical roles in many biological
processes, such as carcinogenesis, angiogenesis, programmed cell death, cell proliferation, invasion, migration,
and differentiation. They act either as tumor suppressors or oncogenes, and alteration in their expression
patterns has been linked to onset, progression and chemoresistance of various cancers. Moreover, miRNAs are
also crucial for the regulation of cancer stem cells (CSCs) self-renewal and proliferation as well as control of
Epithelial-to-Mesenchymal Transition (EMT) of cancer cells. Therefore, exploitation of miRNAs as targets for
cancer prevention and therapy could be a promising approach. Several experimental and epidemiologic studies
have shown that dietary intake of natural agents such as baicalin, ginsenoside, curcumin, resveratrol, genistein,
epigallocatechin-3-gallate (EGCG), indole-3-carbinol, 3,3’-diindolylmethane (DIM) including antioxidants
among others is inversely associated with the risk for cancer, demonstrating the inhibitory effects of natural
agents on carcinogenesis. Additionally, the anticancer agents from natural agents have been found to inhibit the
development and progression of cancer through the regulation of various cancer processes such as apoptosis, cell
cycle regulation, differentiation, inflammation, angiogenesis, and metastasis. Importantly, natural agents could
significantly impact the expression of tumor-suppressor and oncogenic miRNAs, regulate cellular signaling
networks, inhibit cancer cell growth and cancer stem cell self-renewal. This is important for the normalization of
altered cellular signaling mechanisms in cancer cells. This postulates a much broader use of natural agents in the
prevention and/or treatment of various cancers in combination with conventional chemotherapeutics. However,
more in vitro mechanistic experiments, in vivo animal studies, and clinical trials are warranted to realize the true
value of natural agents in the prevention and/or treatment of cancer. Herein, we provide an overview of natural
agents’ modulation of miRNA expression as well as highlight the significance of these observations as potential
new strategies in cancer therapies. This review will help us to understand how miRNAs are regulated by natural
agents and also help in the development of effective and secure natural agents for therapeutic purposes.
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Introduction

Cancer is a complex, multi-step disease characterized by
disruption of the homeostatic balance between cell
proliferation and cell death, and uncontrolled, uncoordinated
and purposeless clonal expansion leading to tumor formation.
Worldwide, it was estimated that 14.1 million new cancer
cases and 8.2 million cancer deaths occurred in 2012, with
32.6 million people reported to be living with cancer having
been diagnosed in the past five years Mot is projected that
the number of new cancer cases may increase to 19.3 million
by 2025 due to global population aging. Surgery, radiation,
and chemotherapy are among the modalities used in cancer
treatment, whose goal is to either cure the disease or prolong
and improve the patient’s quality of life. Although
chemotherapy has led to improvement in this aspect, drug
resistance and toxicities remains a significant challenge 2,
Thus, there is an urgent need to identify safer but equally
effective agents to be used in cancer treatments, which can be
found in natural agents.

For many decades, protein-coding genes were the primary
focus of cancer research, however, over the past two decades
there has been a major paradigm shift with the emerging role
of miRNAs and other epigenetic mechanisms as major
players (%1 Numerous studies have shown that miRNAs not
only are involved in the process of cell development and
differentiation, but also play a critical role in carcinogenesis
. To date, more than 2,400 miRNAs have been identified in
humans [ and it is estimated that more than 30% of human
genes may be regulated by miRNAs . Moreover,
approximately 50% of the known miRNAs are reported to be
located in cancer—associated genomic regions ®and miRNA
dysregulation has been detected in various cancer cells (o,
Therefore, aberrations in miRNA expression patterns are

thought to be involved in the progression of human cancers
[11]

Emerging data suggest that several classes of naturally
occurring, plant-derived compounds (natural agents) could
potentially regulate the expression of several mMiIRNAS
involved in cancer. ‘Natural agents’ as referred to here are
plant chemicals that have various applications including
anti-inflammatory, anti-oxidative, anti-proliferation,
anti-bacterial, anti-viral, and anticancer 2 These agents are
widely distributed in various fruits, vegetables, herbs,
beverages, and many other dietary supplements. Numerous
studies have demonstrated that the intake of fruit- and
vegetable-rich foods decreases the occurrence of cancer
315 5o far, more than 10,000 natural agents have been
identified ™, and a significant number show anticancer
potential with no or minimal toxicity to normal cells I Not
surprisingly therefore, more than 45% of FDA approved
anticancer drugs are derived from plants 8. Moreover, these

natural agents could be used as a single chemotherapeutic
agent or in association with standard anticancer drugs. They
can increase the efficacy of anticancer drugs synergistically,
while reducing the toxic side effects of the standard
chemotherapeutic drugs ™% %! Generally, they exert their
anticancer and other effects through modulation of multiple
molecular targets affecting various signaling pathways 624,
This is beneficial as malignant transformation and
progression are multistage processes caused by gene
alterations in more than one signaling pathway. This is one
of the most plausible explanations why monomodal therapy
typically fails in cancer treatments as the specific inhibitors
often target only a single gene in a signaling pathway 2.
Although natural agents including Traditional Chinese
Medicine (TCM) are known to regulate multiple signaling
pathways involved in carcinogenesis, the mechanism by
which they simultaneously interferes with these pathways
remains unclear. One probable explanation is that some
botanicals have the capacity to regulate miRNAs associated
with cancer 3. Herein, we provide a brief overview of
natural agents” modulation of miRNA expression and their
potential role in cancer treatment and prevention.

Brief overview of MicroRNAs (miRNAS)

MicroRNAs (miRNAs) are endogenous, short (18-26
nucleotides long), evolutionarily conserved, non-coding
RNAs that regulate gene  expression at the
post-transcriptional level and play an important role in the
regulation of several cellular, physiological, and
developmental processes 241 It is now known that thousands
of functional miRNAs exist which are widely expressed in
plants and animals and regulate the expression of more than
30% of proteins which are closely related to biological
processes, such as cell (T;rowth, proliferation, differentiation,

migration and apoptosis 2>,

The biogenesis of mMiRNAs is well documented (Figure 1)
and the involvement of miRNAs in regulation of
cancer-related events is well established % These small
non-coding RNAs are believed to be involved in every single
aspect of the development and progression of human cancers.
Pertinently, miRNAs are de-regulated in cancer cells with
reduced expression of tumor suppressor miRNAs and
increased expression of oncogenic miRNAs, relative to
normal tissue (Table 1). Consequently, miRNAs have been
shown to affect cardinal features of cancer such as sustaining
proliferative signaling, evading growth suppressors, resisting
cell death, enabling replicative immortality, inducing
angiogenesis, and activating invasion and metastasis %3
(Figure 2). Thus, alteration of miRNA expression and
function may contribute to the initiation, maintenance, and
progression of tumors as well as to invasiveness, metastasis,
and acquisition of drug resistance in cancer B34,
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Figure 1. Biogenesis of microRNAs and effect of natural agents on miRNA regulated
drug resistance, metastasis and recurrence of cancer. (a) MiRNAs are transcribed by
RNA polymerase Il into long pri-miRNA, which can be recognized and cleaved in the nucleus
by Drosha, resulting in a hairpin precursor form called pre-miRNA. Then, the pre-miRNA is
exported from the nucleus to the cytoplasm by Exportin 5 and RanGTP and is further
processed by Dicer, to produce a duplex molecule containing single-stranded mature miRNA
and a miRNA* fragment. The miRNA: miRNA* duplex is unwound by helicase and the
miRNA* fragment is degraded, whereas the mature miRNA molecule binds to an Argonaute
(Ago) protein and incorporates into the RNA-induced silencing complex (RISC). The
RISC-miRNA complex can then target mMRNAs bearing a perfectly complementary target site
for degradation or can repress the translation of an mRNA that shows imperfect
complementarity with the small RNA. (b) Dependent on various factors, miRNA can have
either an oncogenic role if the target mRNA is a tumor suppressor gene, or a tumor
suppressive role if the target molecule is an oncogene. Natural agents can impact expression
level of miRNAs and participate in gene expression regulation as well as impacting miRNA
regulated drug resistance, metastasis and recurrence of cancer. Primary miRNA, pri-miRNA;
precursor miRNA, pre-miRNA; Drosha, RNase lll endonuclease; DGCR8, Di George
syndrome critical region 8; Dicer, RNase Ill endonuclease; RISC, RNA-induced silencing
complex; EMT, epithelial-to-mesenchymal transition.

Since their discovery, miRNAs have provided us with are essential to embryonic stem cell (ESC) biology as well as
novel insights and ground-breaking impulses to enhance our CSC. By serving as buffers to balance between ESC and
understanding of molecular biology. In particular, due to CSC pluripotency, proliferation, and differentiation, miRNAS
their unique role in post-transcriptional regulation, mMiRNAs play important roles in the maintenance of ESCs and CSCs
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Table 1. miRNAs with Tumor Suppressor or Oncogenic Activities [22, 24, 58]

miRNA | Targeted molecules

Tumor suppressor miRNAs

let-7 RAS, PRDM1, HMGA2, c-Myc, E2F, cyclin D2, Bel-XL
miR-30b Bcl-2, KRAS, PI3KCD,

miR-15/miR-16 Bcl-2, Wt-1, CCND1

miR-34 E2F3, Notchl, CDK4, CDKS5, c-Met, BCL-2, SIRT1, HMGAZ2, p53, E2F3, Bcl-2
miR-17-5p AIB1, E2F1, p21, BIM

miR-29 MCL-1, TCL-1, DNMT3s, CCND2, Akt2
miR-124 CDKG®6, STAT3, CCND2

miR-127 Bcl-6

miR-143 Ras, ERK5

miR-145 Mucinl, ERG

miR-181 Colorectal cancer

miR-205 E2F1, LAMC1

miR-375 PDK1, 14-3-3f, AEG-1, IGF1-receptor

miR-31 Integrin alpha5, RhoA, MMP16, Radixin, WAVE3
miR-203 Caveolin 1, LASP1

miR-100 Mcl-2, mTOR, IGF1R, FKBP51

miR-125a-3p P53

miR-192 Caspase 7, VEGF-A, Bcl-2, Zeb2, PARP

miR-449 p21, p53, Bcl-2,

miR-200c FAP-1

Oncogenic mMiRNAs

miR-21 PTEN, TPM1, PDCD4, maspin, Bax, Bcl-2, Akt,
miR-155 ATIR, TP53INP1, FoxO3a

miR-17-92 Tspl, CTGF, E2F1, AIB1, TGFBR2, PTEN, RB2, NF-KB, Bim
miR-106a RBL1/2

miR-373 LATS2

miR-197 ACVR1, TSPAN3, FUS1

miR-221 KIT, p27(Kipl), p57, PTEN, Cx43

miR-222 KIT, p27(Kipl), p57, PTEN, Cx43

miR-372 LATS2

miR-301 Fox02, BBC3, PTEN, COL2A1

miR-31 Akt, ABCB9, RhoA, radixin, integrin-25

miR-92a FoxO1, Bim

miR-196a HOXAS5, ING5

miR-181a/b AC9, PRKCD

miR-141 YAP1

and their transition between self-renewal, proliferation and
differentiation. Naturally, miRNAs are often associated with
novel therapeutic ideas. Several examples exist, wherein they
have already been successfully implemented to break barriers
in treatment of various diseases %, However, studies have
also revealed that dysregulated miRNAs target oncogenes,
tumor suppressor genes, and transcription factors (Table 1)
and inhibition and/or overexpression of these miRNAs affect
cell migration, invasion, proliferation, and apoptosis (Figure
3). If the recent research reports on microRNAs is anything
to go by, then there is much potential for their clinical
applications in the context of regenerative medicine and
cancer treatment.

Interestingly, natural agents have been reported to
modulate the expression of individual miRNAs by a
relatively small increment ®® *1. However, these natural
agents have the ability to simultaneously regulate multiple
putative tumor suppressor and oncogenic miRNAs (Table 2).
Although it is yet to be determined whether the combined
modulation of miRNAS or targeting one key miRNA has a
superior therapeutic effect, emerging scientific evidence

suggests that coordinated regulation of multiple miRNAs
may result in synergistic tumor growth suppression (381,
Theoretically, co-regulation of multiple miRNAs could
minimize unwanted upregulation of oncogenes, while
maintaining upregulation of tumor suppressor genes. Thus,
use of agents that targets multiple miRNAs could be more
effective and safer strategy for cancer treatment and
prevention than targeting individual miRNAs.

Cancer stem cells (CSCs)

Enough scientific evidence exists to suggest that the
majority of cells in solid tumors are of non-tumorigenic
origin. Cancer stem cells (CSCs) have been reported in many
human tumors and are proposed to drive tumor initiation,
progression maintenance, invasiveness, metastasis, drug
resistance, and recurrence. CSCs share a variety of biological
properties with normal somatic stem cells such as
self-renewal, asymmetric cell division, differentiation,
chemoresistance and the expression of specific stem cell
genes %% The CSC theory, which is based on the concept
that cancer might arise from a rare population of cells with

Page 4 of 17



RNA & DISEASE 2016; 3: e861. doi: 10.14800/rd.861; © 2016 by Jacob Masika, et al.
http://www.smartscitech.com/index.php/rd

Activating invasion & metastasis
o Let7

’ + miR27b
. ::g:;?b + miR-520c
« miR-101 ° MiR-206

miR-126 * miR-155

Figure 2. Altered miRNA expression affects signaling pathways to enhance carcinogenesis.
Representative miRNA are depicted that have been shown to act as oncogenes or tumor suppressor
genes to affect the most common hallmarks of cancer. miRNA, microRNA.

stem cell properties, is generally accepted in the field of
cancer biology and research, and in particular with regard to
cancer drug discovery. Despite their potential clinical
importance, the regulation of CSCs at the molecular level is
not well-understood. Normal stem cells and CSCs act via
various common signaling pathways that regulate
self-renewal activity, including Wnt, Notch, and Sonic
Hedgehog, and dysregulation of these pathways is reported
to play an important role in tumor initiation and development
B A study by Jamieson and colleagues demonstrated that
aberrations in the Wnt/B-catenin pathway enhanced
self-renewal activity during leukemia stem cell propagation
2 On the other hand, a study by Korkaya and coworkers
reported that the Wnt/B-catenin pathway was involved in the
regulation of normal and malignant mammary
stem/progenitor cell populations 3!, Accumulating lines of
evidence have revealed that Notch pathway is activated in
breast, glioblastoma, and colon CSCs [** *! while alterations
in Hedgehog signaling have been reported in colon, breast,
and glioblastoma CSCs & *"1. It is now widely accepted that
altered stem cell self-renewal is essential for cancer
initiation, growth, and relapse and that CSCs play a critical
role in cancer cell biology. Therefore, identification of
specific CSCs markers may be important in the discovery
and development of novel oncology treatment options. So
far, the role of CSCs in cancer metastasis and drug resistance
is undisputable 8% CSCs are endowed with very tight
regulatory framework to ensure their sustenance and
overwhelming evidence support the role of epigenetics in
regulation of CSCs B, Irrespective of the resident CSC
theory, it is beyond doubt that the agents capable of targeting
CSCs stand a better chance as cancer therapeutic options

What’s more, CSCs are resistant to conventional treatments
and are therefore not only of academic interest, but may also
be an important consideration in clinical practice. Therefore,
a better understanding of the characteristics of CSCs and the
identification of therapeutic agents capable of targeting the
CSC population are critical issues.

Modulation of miRNAs by natural agents

A number of reports, including some from our laboratory,
have documented the modulation of miRNAs by natural
agents B%*°1. Since epigenetic alterations play important roles
in aberrant expression of several miRNAs in cancer cells,
natural agents are now being investigated for their ability to
reverse these changes that will ultimately lead to inhibition
of tumor growth, invasiveness and metastasis.

To date, many of the anticancer agents currently used in
cancer therapies have been developed from natural products
such as plants (vincristine, vinblastine, etoposide, paclitaxel,
camptothecin, topotecan, and irinotecan), marine organisms
(cytarabine), and microorganisms (dactinomycin, bleomycin,
and doxorubicin) ®7. MiRNAs are being considered as
attractive targets for cancer prevention and therapy due to
their oncogenic or tumor suppressor activities °°! (Table 1).
Various studies have suggested that the modulation of
miRNAs serves as one of the key mechanisms in the
anticancer activities of a variety of natural agents (Table 2).
Additionally, mechanistic studies have demonstrated that
they exert their antiproliferative and/or proapoptotic effects
to prevent the occurrence and/or spread of various cancers by
targeting numerous key elements in intracellular signaling
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Figure 3. Natural agents alter the expression of miRNAs. Regulation of miRNAs
by natural agents and effects of miRNA inhibition or overexpression on (a) cell

migration, invasion, proliferation, and (b) apoptosis. AKBA, 3
acetyl-11-keto-B-boswellic acid; DIM, 3,3’-diindolylmethane; EGCG,
epigallocatechin-3-gallate; 13C, Indole-3-Carbinol; miR, microRNA.
network involved in carcinogenesis .. Here we describe  cells to 5-fluorouracil (5FU)
some of the natural agents which are known to regulate epithelial-mesenchymal transition

suppression

miRNA expression in cancer.
Curcumin

Curcumin, the principle curcuminoid and a derivative of
the spice turmeric curcuma longa, is used as a naturally
occurring medicine to treat variety of inflammatory disorders
and human cancers 9. A study by Sun and colleagues
reported upregulation of 11 miRNAs and downregulation of
18 miRNAs in curcumin-treated pancreatic cancer cells s,
They reported that miR-22 was upregulated upon curcumin
treatment, and the predicted targets were ERa and
transcription factor Spl, while miR-196, an oncogenic
miRNA in gastric cancers, was significantly downregulated
after curcumin treatment . Curcumin has been shown to
downregulate putative oncogenic miRNAs, such as miR-21
(52831 "\while it upregulates key tumor-suppressor miRNAs,
including miR-200 family, let-7 family, miR-185b, and
miR-22 4 % 1 More recently, Toden and colleagues
reported that curcumin chemosensitizes colorectal cancer

upregulation of EMT-suppressive miRNAs in 5-fluorouracil
resistant (5FUR) cell lines. Furthermore, they reported that
the curcumin-mediated chemosensitization of 5FU-resistant
cells can be further controlled through modulation of
miR-200c expression B\, In another study they demonstrated
that curcumin and AKBA induced upregulation of miR-34a
and downregulation of miR-27a in colorectal cancer cells (361,

A study by Yang et al. has shown that curcumin
upregulated miR-15a and miR-16 in MCF-7 breast cancer
cells which caused an induction of apoptosis ). Curcumin
has also been shown to induce tumor suppressor miR-186
expression to promote apoptosis in lung cancer %81 Zhao et
al. reported that curcumin exerts its cytotoxic effects against
SKOV3 ovarian cancer cells largely through upregulation of
miR-9 1. Another tumor suppressor, miR181b, has been
demonstrated to be induced by curcumin, and it inhibits
breast cancer metastasis . High levels of miR-221
expression have been correlated with shorter survival in
pancreatic cancer patients, suggesting that miR-221 could be

Page 6 of 17



RNA & DISEASE 2016; 3: e861. doi: 10.14800/rd.861; © 2016 by Jacob Masika, et al.
http://www.smartscitech.com/index.php/rd

Table 2. Natural agents regulation of miRNAs in cancer. Modulation of miRNA expression by certain natural agents and
effect on cancer biology

Natural agent miRNA Function Reference

1. Resveratrol TmiR-141, miR-663, miR-34a, miR-744, miR-622 and | Invasiveness, EMT, and metastasis [88-94]
miR-200c
|miR-17, miR-21, miR-25, miR-92a-2, miR-103-1,
and miR-103-2

2. EGCG TmiR-16, miR-210, miR-7-1, miR-34a, and miR-99a Apoptosis, Proliferation, [95-100]
|miR-21, miR-98-5p, miR-92, miR-93, and miR-106b | drug resistance

3. Genistein TmiR-16, miR-574-3p, miR-1296 Apoptosis [76-87]
|miR-221, miR-222, miR-27a, miR-151, miR-1260b, Growth
miR-223

4. Curcumin tmiR-15a, miR-16, miR-34a, miR-186, miR-22, Apoptosis [36,37, 61-71]
miR-200 family, let-7 family, miR-185b, miR-181a
|miR-21, miR-221, miR-27a, miR-199a, miR-98, Metastasis
miR-195, miR-510, miR-374,

5. Quercetin 1 let-7 Growth [55, 101-104]
| miR-27a Apoptosis

6. CPT tmiR-155, miR-17-5p, and miR-18a Growth [108, 109]
| miR-125b Apoptosis

7.DIM tmiR-21, miR-200b, miR-200c, let-7b, let-7c, let-7d, Growth, EMT, drug resistance, [70,85,86,111,
let-7e, and miR-146a invasion, and metastasis 112]
|miR-200, miR-221, miR-92a

8.13C |miR-21, miR-31, miR-130a, miR-146b, and miR-377 | Proliferation [110,113,

114]

9. AKBA tlet-7 family, miR-200 family, miR-34a Apoptosis, [36, 72]

|miR-27a proliferation
Cell-cycle regulation

10. Baicalin TmiR-378, miR-199a-3p, miR-181b DNA repair [56, 73,75]
|miR-23a, miR-294 Apoptosis, Proliferation

11. Rh2 TmiRNA-128 Proliferation [115, 116]
|miR-21 Apoptosis, growth

12. Sulforaphane TmiR-200c, miR-140 EMT [119, 121]

13. ACA |miR-23a Proliferation, apoptosis [117,118]

14. Ellagitannins tlet-7e, miR-370, miR-373, miR-526b Proliferation, apoptosis [122, 123]
let -7(a-d) differentiation

Abbreviations: 13C: Indole-3-Carbinol; ACA: 1°S-1"-acetoxychavicol acetate; AKBA: 3 acetyl-11-keto-B-boswellic acid; CPT:
Camptothecin; DIM: 3,3"-Diindolylmethane; EGCG: Epigallocatechin-3-Gallate; EMT: Epithelial-to-Mesenchymal Transition;

miR: microRNA; Rh2: Ginsenoside Rh2.

an oncogenic miRNA . In another study, curcumin

treatment resulted in the upregulation of tumor suppressor
miR-203 in bladder cancer that led to apoptosis induction
and diminished proliferation, migration, and invasion 1,
Importantly, in a study by Zhang and colleagues regarding
curcumin and multi-drug resistance, reported that alterations
were detected in 342 miRNAs . Curcumin treatment led to
significant changes (> 2.5 fold) in various oncogenic and
tumor suppressor miRNAs. A key target was miR-186%*,
which promoted apoptosis in cancer cells. Taken together,
these studies provide evidence for the idea that diet-induced
miRNAs may play an important role in overcoming drug
resistance in cancers.

Boswellic acid

Boswellic acid (3 acetyl-11-keto-B-boswellic acid-AKBA)
upregulates the key putative tumor-suppressive miRNAs of
the let-7 and miR-200 family in colorectal cancer and the
expression of these miRNAs inversely corresponds with
tumor size and volume in a xenograft animal model 2.
AKBA suppresses tumor growth by inducing upregulation of
tumor-suppressive miR-34a and downregulation of miR-27a

in colorectal cancer cells B°. Curcumin and AKBA acts
synergistically to exert antitumorigenic effects in colorectal
cancer cells, in both in vitro and in vivo experimental
models. Combined bioinformatics and in silico analysis
identifies apoptosis, proliferation, and cell-cycle regulatory
signaling pathways as key modulators of AKBA-induced
anticancer effects. Therefore, regulation of miRNAs appears
to be a crucial antitumorigenic mechanism of AKBA and
warrants further systematic and comprehensive investigation.

Baicalin

Baicalin alters the expression pattern of miRNAs in
ultraviolet radiation B (UVB) treated mice compared to
controls . Three miRNAs (miR-378, miR-199a-3p and
miR-181b) are downregulated while one miR-23a is
upregulated in baicalin treated mice compared with UVB
irradiated mice. These miRNAs are predicted to be related to
DNA repair signaling pathway. Our recently published data
revealed that baicalin inhibited ESCs proliferation with
increase of cells in G1-phase and a decrease in S phase %
(Figure 4). Baicalin downregulates proto-oncogenes c-jun
and c-fos as well as down-regulation of miR-294 expression
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Figure 4. Effects of Baicalin on mESCs proliferation, expression of proto-oncogenes
and expression of members of miR-290 cluster. (a) Baicalin 50 pM inhibited the
proliferation of MESCs to 0.55 + 0.04 vs. control (p<0.01, n=14). (b) Baicalin administration
led to accumulation mESCs in Gland G2/M phases compared to controls (p<0.05, n=4). (c)
Baicalin 50 uM administration resulted in down-regulation of proto-oncogenes c-jun and c-fos
(p<0.05, n=5). (d) Baicalin 50 uM treatment led to down-regulation of miR-294 (p<0.05, n=4)
with no significant effect on the other members of miR-290 cluster (p>0.05, n=4).

(Reproduced and modified from [56]).

in mESCs while overexpression of miR-294 in mESCs
reverses the alterations in the mESC proliferation and the
expression of c-jun and c-fos induced by baicalin. Our results
are in good agreement with the observations in cancer cells
and vascular smooth muscle cells (VSMCs) " ™1 Since
recent reports have implicated miRNAs in the regulation of
proliferation, differentiation and apoptosis in cancer cells and
ESCs, it seems possible that miRNAs might also contribute
to the cellular mechanisms of decreased proliferation and
differentiation and increased apoptosis induced by baicalin in
cancer cells. Studies on miRNA modulation by baicalin in
cancer cells are limited and therefore more investigations are
needed to determine the miRNA regulatory effect of baicalin
in ESCs and cancer cells with a view of translating such
findings into clinical therapeutic applications.

Genistein

Genistein is an important polyphenol that has shown
significant anticancer effects through the regulation of
miRNAs.  Genistein  treatment enhances apoptosis
synergistically with miR-16 in human chronic lymphocytic
leukemia cells 7. In prostate cancer, genistein both
downregulates miR-221 and miR-222 and restores tumor
suppressor gene aplasia Ras homolog member I (ARHI)
expression, which ultimately results in anticancer effects 7,

In prostate cancer, genistein inhibits the migration and
invasion of PC3 and DU145 cells through downregulating
oncogenic miR-151 ™. Treatment of ovarian and pancreatic
cancer cells with genistein causes inhibition of cell growth
and migration through suppression of miR-27a "% 8%,
Furthermore, genistein upregulates the tumor suppressor
miR-574-3p in prostate cancer cells B and exerts its
antitumor effect in prostate cancer via downregulation of
miR-1260b  ®2.  Genistein treatment  downregulates
oncogenic miR-1260b and results in inhibition of
Whnt-signaling in renal cancer cells ¥,

Additionally, miR-223 expression is downregulated in
pancreatic cancer cells after genistein treatment that
correlated with cell growth inhibition and induction of
apoptosis ®3. Genistein also upregulates miR-146a in
pancreatic cancer cells, inhibiting their invasive potential by
downregulating EGFR, NFkB, IRAK-1, and MTA-2 B4, |n
another study, Li et al. reported a differential effect in
gemcitabine-resistant versus gemcitabine-sensitive pancreatic
cancer cells. They reported that miRNAs of miR-200 and
let-7 families were downregulated in gemcitabine-resistant
cells versus gemcitabine-sensitive cells, however, isoflavone
treatment increased both miR-200 and let-7 family miRNAs
by modulating EMT transcription factors, such as vimentin,
slug, and ZEB1 B In another study, prostate cancer cells
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treated with genistein and the researchers reported that
minichromosome maintenance 2 gene (MCM2) was
downregulated by miR-1296 and genistein induced the
expression of miR-1296 by up to five-fold, along with cell
cycle arrest in S-phase . Furthermore, genistein was also
investigated in other cancer models, such as human uveal
melanoma cells ©7; using both in vitro and in vivo models,
miR-27a was found to be downregulated with concomitant
upregulation of its target gene, ZBTB10.

Resveratrol

Resveratrol  (3,4°,5-trihydroxystilbene) is a natural
phytoalexin in several plants, such as grapes, berries, plums,
and peanuts. It has anticancer activities against various
cancers including breast cancer, lung cancer, glioma, prostate
cancer, colon cancer, and neuroblastoma & 8!, It reduces the
expression of numerous oncogenic MiIRNAs, namely,
miR-17, miR-21, miR-25, miR-92a-2, miR-103-1, and
miR-103-2, in human colon cancer cells ®°. In the same
study, tumor suppressor miR-663 levels are restored in
human colon cancer cells after treatment of resveratrol. In
another study, resveratrol treatment upregulates miR-141 and
results in a significant reduction of invasiveness, whereas
resveratrol-induced miR-200c expression causes reversal of
EMT through downregulation of Zebl and upregulation of
E-cadherin . The anticancer effect of resveratrol in
pancreatic cancer cells is proposed to due to inhibition of
oncogenic miR-21 2. Moreover, the synergistic antitumor
activity of resveratrol and miR-200c has been demonstrated
in human lung cancer cells 331 In colon cancer cells,
resveratrol inhibits the cell growth and induces apoptosis
through up-regulating miR-34a expression 4.

Epigallocatechin-3-gallate (EGCG)

Epigallocatechin-3-gallate (EGCG) is a polyphenol
flavonoid of natural green tea that possesses significant
antioxidant and anticancer properties . EGCG increases
the expressions of 13 miRNAs including miR-16 and
decreases the levels of 48 miRNAs in HepG2 human hepatic
cancer cells ®®. EGCG induces apoptosis in hepatocellular
carcinoma through enhanced expression of miR-16 [,
Increased expression of miR-16 results in inhibition of its
target antiapoptotic Bcl-2, followed by mitochondrial
dysfunction, cytochrome c release, and subsequent apoptosis.
EGCG also inhibits the expression of miR-21 followed by
repression of androgen receptor (AR) signaling and,
consequently, a reduction of prostate cancer cell growth 7).
In lung cancer, EGCG upregulates the expression of
miR-210, which leads to the inhibition of proliferation and
anchorage-independent growth B8l EGCG enhances the
efficacy of cisplatin through downregulation of miR-98-5p in

A549 non-small lung cancer cells 4. A combination of
N-(4-hydroxyphenyl) retinamide and EGCG decreases the
expression of oncogenic miRs (miR-92, miR-93, and
miR-106b) and enhances the expression of tumor suppressor
miRs (MiR-7-1, miR-34a, and miR-99a) which results in
growth inhibitory effects in human malignant neuroblastoma
cells "% All of these experiments have indicated that EGCG
has the potential to inhibit cancer growth via miRNAs
although much more studies are warranted.

Quercetin

Quercetin, a flavonoid found in onions, apples, tea, and
red wine, upregulates miR-142-3p in pancreatic ductal
adenocarcinoma cells ", Indeed, intake of a quercetin-rich
diet modulates the expression of 48 unique miRNAs "%,
These miRNAs have been reported to decrease tumor
metastasis and invasion (miR-146a/b, 503, and 194), inhibit
cell proliferation (miR-125a, 155, let-7 family, 302c, 195,
26a, 503, and 215), induce apoptosis (miR-125a, 605, 26b,
let-79, 34a, 491, and 16), and upregulate tumor suppressor
mMiRNAs (let-7 family, miR-125a, 183, 146a, 98, 19b, 106a,
and 381) %, Recently, Del Follo-Martinez et al. reported
that quercetin treatment induced apoptosis in colorectal
cancer cells when used along with resveratrol "% The
underlying mechanism of apoptosis induction was closely
related to the downregulation of oncogenic miR-27a %%, In
another study, quercetin, when used with catechins, enhanced
the expression of let-7 in pancreatic cancer cells followed by
K-ras inhibition and reduction of the advancement of
pancreatic cancer . Furthermore, the upregulation of
miR-146a, a negative regulator of NF-xkB activation, by
quercetin protects CCD-180Co colonic myofibroblast cells
against ROS 104,

Camptothecin (CPT)

Camptothecin, an alkaloid isolated from bark of
Camptotheca acuminata, is a potent chemotherapeutic agent
against a variety of tumors (%% CPT reduces the
expression of miR-125b significantly, which led to the
upregulation of Bakl and p53 and resulted in apoptosis of
human cervical cancer and myelogenous leukemia cells %7,
In a recent study, camptothecin inhibits HIF-1a by enhancing
the levels of miR-155, miR-17-5p, and miR-18a in Hela
cells %1,

Indole-3-Carbinol (13C) and Diindolylmethane (DIM)

Diindolylmethane is an active compound that is generated
in the stomach through the metabolic conversion of
Indole-3-carbinol (I3C), present in cruciferous vegetables
such as cabbage, broccoli, cauliflower, kale, radish, turnip,
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and brussels sprouts ™%, DIM regulates the expression of
numerous miRNAs involved in cancer development and
progression. It induces the expression of certain miRNAs,
such as miR-200 and let-7 families, that leads to the reversal
of EMT and enhanced chemosensitivity in
gemcitabine-resistant pancreatic cancer cells #*®1. DIM also
induces the expression of miR-146a, which reduces
pancreatic cancer cell invasion via inhibition of
metastasis-associated protein 2 (MTA-2), interleukin-1
receptor-associated kinase 1 (IRAK-1), and NFxB [84]. Jin
observed that DIM inhibited breast cancer cell growth by
enhancing the expression of miR-21 which led to the
degradation of its target Cdc25A M. Formulated
3,3-diindolylmethane (BR-DIM) is capable of
downregulating miR-221, resulting in growth inhibition of
pancreatic cancer cells and patients with high expression of
miR-221 are reported to have a relatively shorter survival
compared to those with lower expression!™. DIM can
downregulate miR-92a which is associated with receptor
activator of nuclear factor-xB ligand (RANKL) signalling,
EMT, and cancer progression to inhibit differentiation of
osteoclasts and osteoblasts in prostate cancer metastasis 2.
Remarkably, upregulation of miR-21, miR-31, miR-130a,
miR-146b, and miR-377 observed in vinyl
carbamate-induced lung cancer in mice is reversed by 13C
31 pTEN, PDCD4, and reversion-inducing-cysteine-rich
protein with Kazal motifs (RECK) are identified as potential
targets of miR-21 M. Recently, a study by Paik and
colleagues reported that 13C downregulated miR-21 in
Panc-1 pancreatic carcinoma cells. Overexpression of
miR-21 negated 13C-induced sensitivity towards gemcitabine
and reduced the expression of its target, PDCD4, which was
upregulated by 13C ™. Taken together, these encouraging
results show that DIM and I13C could be harnessed as
potential anticancer therapeutic agents.

Ginsenoside Rh2

Ginsenoside Rh2 is a biologically active phytochemical
extracted from Ginseng, a commonly used alternative drug
taken orally in traditional herbal medicines in China, Korea,
Japan and some Western countries ™. It is a triterpene
saponin, consisting of a steroid nucleus and a sugar moiety
I Ginsenoside Rh2 altered miRNA expression in human
glioma U251 cells, including up-regulating 14 and
down-regulating 12 miRNAs. Ginsenoside Rh2 also exerts
its anti-proliferative effect in human glioma cells in part by
up-regulation of mIiRNA-128 expression ™ while
down-regulating miR-21 which leads to glioma cell
apoptosis and cell growth inhibition, reduced invasiveness
and suppressed tumorigenicity ™®. Further studies are
needed to investigate the molecular mechanism of
Rh2-induced  down-regulation of miR-21 as an

anti-proliferative effect in cancer cells and to firmly establish
these study findings so as to expedite translation of such
findings into efficacious clinical applications.

1°S-1"-acetoxychavicol acetate (ACA)

Recently, Phuah and colleagues '™ reported that a total of
25 miRNAs were found to be significantly differentially
expressed following treatment with 1°S-1"-acetoxychavicol
acetate (ACA), a natural compound isolated from the wild
ginger, Alpinia conchigera, and/or cisplatin on Ca Ski and
HeLa cervical carcinoma cells. These included miR-138,
miR-210, and miR-744 with their predicted targets involved
in signaling pathways regulating apoptosis and cell cycle
progression 7. Another study reported that ACA
downregulated miR-23a in HN4 head and neck Squamous
cells and its inhibition suppressed cell proliferation and
induced apoptosis, with PTEN confirmed as its target !,

Sulforaphane

Sulforaphane, an isothiocyanate, is derived from
cruciferous vegetables such as broccoli and broccoli sprouts.
It upregulates 15 miRNAs (miR-372, miR-342-3p,
miR-486-5p, miR-9, miR-9, miR-145, miR-146a, miR-629,
miR-505, miR-758, miR-30a, miR-27b, miR-135b, miR-27b,
and miR-23b) while downregulating 3 miRNAs (miR-633,
miR-155, and miR-106a) in NCM460 and NCM356 normal
colon epithelial cells ™. In sulforaphane-treated T24
bladder cancer cells, miR-200c is upregulated, leading to
inhibition of EMT and metastasis. Downregulation and
overexpression of miR-200c reverses and enhanced ZEB1
repression and E-cadherin induction by sulforaphane,
respectively 2. MiR-140 is upregulated following
sulforaphane treatment in MCF10DCIS and MDA-MB-231
breast cancer cells. Both SOX9 and aldehyde dehydrogenase
1 (ALDH1) are also identified as targets of miR-140 and
miR-140 overexpression downregulated the protein levels in
both targets ?4. Recently, sulforaphane was reported to
complement with quercetin and catechins in elimination of
advanced pancreatic cancer by miR-let-7 induction and K-ras
inhibition . Further research is warranted to firmly
establish these research findings and explore the possibility
of the use of sulforaphane as a cancer therapeutic adjuvant
option.

Ellagitannins

Ellagitannins are polymeric polyphenols abundant in
strawberries, raspberries, almonds, walnuts, and various
other fruits and nuts. These are polyesters of ellagic acid and
a sugar moiety and upon hydrolysis release ellagic acid.
Ellagitannins have been reported to exhibit anti-oxidant,

Page 10 of 17



RNA & DISEASE 2016; 3: e861. doi: 10.14800/rd.861; © 2016 by Jacob Masika, et al.
http://www.smartscitech.com/index.php/rd

radical scavenging, antiviral, antimicrobial, anti-mutagenic,
anti-inflammatory, anti-tumor promoting and
immunomodulatory properties #?2. Ellagitannins modulate
transcription factors and signaling pathways which inhibit
cancer cells proliferation and induce their apoptosis. For
example, liver cancer cells exposed to ellagitannin BJA3121,
isolated from a plant Balanophora japonica exhibited cell
growth inhibition and alteration in the expression of several
miRNAs. Using a dose- and time-dependent strategy, 17
miRNAs were found to be upregulated and 8 miRNAs were
downregulated following treatment of HepG2 cells. These
included upregulation of miR-let-7e, miR-370, miR-373 and
miR-526b and downregulation of let-7a, let-7c, let-7d which
correlates with genes involved in cell differentiation and
proliferation ™. Prediction software and functional analyses
identified likely targets with roles in cell proliferation and
differentiation. However, the precise mechanisms await
further studies.

Role of nutritive natural agents in the regulation of
MiRNAS

Studies have shown that dietary components such as
folate, Vitamin D and retinoids could modulate miRNA
expression then exert inhibitory effects on cancer ™24,
Indeed, folic acid has been reported to down-regulate
miR-10a "% suggesting the regulatory role of dietary
factors on miRNA. Hepatocellular carcinoma in rats fed a
folate-deficient diet for 54 weeks was associated with
upregulation of several miRNAs, including miR-21, and
downregulation of liver-specific miR-122. Folate treatment
increased suppressor miR-122 levels, and was associated
with inhibition of tumorigenesis, suggesting a potential
chemoprevention paradigm affecting miRNAs "2, On the
contrary, vitamin E deficiency in rats decreased tumor
suppressor miRNAs in the liver. Vitamin E has also has been
reported to modulate lipid metabolism, inflammation, and
other cancer-associated pathways by reducing the expression
of miR-122 and miR-125b 1*#7]

Vitamin D has long been considered as an essential
nutrient for human health and evidence from epidemiologic
and experimental studies have indicated that higher 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 % 1. Vitamin D and its
metabolites, 1,25-dihydroxyvitamin Ds; (1, 25D3) and
25-hydroxyvitamin D3 (25(0OH)Ds), regulate miRNA profiles
in different cancers. In one study, human myeloid leukemia
cells treated with 1,25D; displayed downregulation of
miR-181a and miR-181b and enhanced expression of
p27Kipl and p21Cip1, as well as G1 cell cycle arrest M, It
has been reported that 25(OH)D; could modulate p53 and

PCNA levels, alter miR-182 expression, and contribute to a
protective role against cellular stress in breast epithelial cells
129 mportantly, cancer chemopreventive effects of vitamin
D and its metabolites are thought to be mediated via binding
with its receptor (VDR). MiR-125b is identified as having a
potential sequence match in the 3’-UTR region of human
VDR mRNA, suggesting a pathway for targeted therapy via
VDR downregulation in human cancers ™%, Nonetheless,
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 cancer.

Retinoic acid (RA) is an active metabolite of vitamin A, it
is involved in cellular differentiation by modulating miRNA
expression in various cells, including acute promyelocytic
leukemia ™" and neuroblastoma cell lines ™. In cells
derived from acute promyelocytic leukemia patients after
incubation with 100 nmol/L all-trans retiRA, eight miRNA
were upregulated (miR-15a, miR-15b, miR-16-1, let-7a-3,
let-7c, let-7d, miR-223, miR-342, and miR-107) and one was
downregulated (miR-181b) [131]. It is proved that RA
upregulates let-7a-3 by inducing NF-kB that binds to the
promoter of the let-7a-3 gene. Furthermore, all-trans-RA
downregulates K-Ras and Bcl2 and correlates with the
activation of known miRNA regulators of those proteins,
let-7a and miR-15a/miR-16-1, respectively ™. Taken
together, these results reveal that miRNAs could be useful as
biomarkers for cancer prevention, treatment, diagnosis and
prognosis and as such assessing nutritional status in dietary
intervention studies could be of great value.

A study by Davidson et al. evaluated the chemopreventive
effects of n-3-Polyunsaturated fatty acids (n-3 PUFAS) on
azoxymethane-induced colon cancer in rats "**!. Carcinogen
significantly downregulated of five known tumor suppressor
miRNAs, which were reversed upon exposure to n-3
PUFA™*! Based on transfection experiments in vitro, tumor
suppressor protein, PTEN was found to be targeted by
oncogenic miR-21 in human colon cancer cells. Additionally,
beta site amyloid precursor protein-cleaving enzyme
(BACE-1) was targeted by tumor suppressor miR-107 and
was downregulated in carcinogen-induced tumor tissues
compared with normal colonic mucosa ™. The
chemoprotective role of dietary n-3 PUFAs by modulating
miRNA was evidenced in this study. Similarly, short chain
fatty acids which inhibit HDAC activity, such as butyrate,
are also reported to alter miRNA patterns regulating
endodermal differentiation mechanisms, as studied in human
embryonic stem cells *341,

Other natural agents
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A study by Wang and colleagues reported that Ursolic
acid, a pentacyclic triterpene acid found in medicinal herbs
such as Oldenlandia diffusa and Radix actinidiae, induced
apoptosis in U251 glioblastoma cells by downregulating
miR-21 and inducing the expression of PDCD4, a target of
miR-21. Overexpression of miR-21 suppressed the Ursolic
acid-induced expression of PDCD4 ¥ Garcinol, a
polyisoprenylated benzophenone derivative obtained from
Garcinia indica extracts, reverses EMT in MDA-MB-231
and BT-549 breast cancer cells as well as in xenograft mouse

model through upregulation of let-7a, let-7e, let-7f,
miR-200b, and miR-200c. Additionally, inhibition of
miR-200a, miR-200b, and miR-200c attenuates the

garcinol-mediated inhibition of invasion B4 Matrine, an
alkaloid isolated from Sophora flavescens, downregulates
miR-21 to induce overexpression of PTEN and inactivate
Akt, leading to cell cycle arrest and apoptosis in MCF-7
breast cancer cells ***]. More recently, a study by Cufi’ et al.,
reported that a water-soluble formulation of the flavolignan
silibinin, the bioactive constituent of silymarin isolated from
the dried fruits of the milk thistle, Silybum marianum plant
37 was able to reverse the epithelial-to-mesenchymal
transition (EMT)-related high miR-21/low miR-200c
microRNA signature and repressed the mesenchymal
markers SNAIL, ZEB, and N-cadherin observed in
erlotinib-refractory non-small cell lung cancer (NSCLC)
tumors *8|sothiocyanates, such as phenethyl
isothiocyanate (PEITC) has been proposed to be a useful
chemopreventive agent that can inhibit carcinogenic process.
In one study, PEITC strongly counter-regulated the
expression of majority of miRNAs downregulated by
cigarette smoke which included; miR-125b, miR-26a,
miR-146-pre, let-7a, let-7¢c, miR-192, miR-222-pre, miR-99
and miR-123 designated for TGF-B expression, NF-kB
activation, Ras activation, cell proliferation, apoptosis and
angiogenesis ***. On the other hand, Selenium deficiency
increases cancer risk. A study by Sarveswaran and colleagues
has demonstrated that selenium activated p53 and increased
its targets in the miR-34 family ™. They reported that
specific members of miR-34 family, miR-34b and miR-34c,
but not miR-34a, increased significantly in prostate cancer
cells treated with sodium selenite (an inorganic form of
selenium). However, it is necessary to test these effects on a
case-by-case basis, including their metabolites because of the
toxicity concerns associated with inorganic and some organic
forms of selenium M43,

Conclusion and Future Perspective

Based on the studies mentioned in this review, it is clear
that natural agents modulate miRNAs leading to cancer
prevention. MiRNAs have been characterized as the
biomarkers for diagnosis and prognosis, markers of risk

stratification and targets for cancer therapeutics, thus
becoming attractive targets for cancer therapy and other
therapies. To that end, natural agents could target miRNAs,
which in turn could enhance the efficacy of conventional
cancer therapies. Thus, targeting miRNAs by natural agents
could open newer avenues in the treatment of cancer and in
the ESCs as research tools. Natural agents display an
inimitable ability in modification of cancer biology by
modulating the expression of mMiRNAs through a variety of
mechanisms, namely, epigenetic, transcriptional, and miRNA
processing. It is our perspectives that natural agents could
alter miRNA expression profiles, therefore inhibiting cancer
growth, inducing apoptosis, reversing EMT phenotype, and
increasing drug sensitivity. Consequently, regulation of
miRNAs by natural agents could be a novel strategy toward
designing combination approaches with conventional
therapies for the treatment and prevention of tumor
recurrence and may ultimately lead to successful treatment
outcome of patients diagnosed with cancers. Despite the
promising and good results of anticancer activities by natural
agents, there are some hurdles such as low bioavailability. To
this end, different approaches will be required to overcome
these caveats including chemical modification, synthetic
formulations, delivery by nanoparticles, amongst others.
Thus, it is hoped that these new strategies would prevent
tumor recurrence and resistance towards conventional
therapies, leading to improvement in the overall response and
survival of cancer patients.

Acknowledgments

Our research work referenced in this paper was supported
by the National Natural Science Foundation of China (No.
81100818)

Conflict of Interests

The authors declare that there is no conflict of interests
regarding the publication of this paper.

Authors' contributions

MJ conceived of the study and drafted the manuscript. ZY
contributed to the previous study and some parts of the
manuscript. HJ and LH participated in the study design and
coordination and helped to draft the manuscript. All authors
read and approved the final manuscript.

List of abbreviations

ACA: 1’S-1"-acetoxychavicol acetate; AKBA: 3
acetyl-11-keto-B-boswellic acid; CPT: Camptothecin; CSCs:
cancer stem cells; DGCR8: Di George syndrome critical
region gene 8; DIM: 3.3’-diindolylmethane; EGCG,

Page 12 of 17



RNA & DISEASE 2016; 3: e861. doi: 10.14800/rd.861; © 2016 by Jacob Masika, et al.
http://www.smartscitech.com/index.php/rd

epigallocatechin-3-gallate; EMT: Epithelial-to-Mesenchymal
Transition; I13C: Indole-3-Carbinol; miRNAsmicroRNAS;
RISC: RNA-induced silencing complex; TCM: Traditional
Chinese Medicine; mESCs: mouse embryonic stem cells.

References

10.

11.

12.

13.

14.

15.

16.

17.

18.

Ferlay J, Soerjomataram I, Ervik M, Dikshit R, Eser S, Mathers C,
et al. GLOBOCAN 2012 v1.0, cancer incidence and mortality
worldwide: IARC cancer base no. 11 [internet]. Int J Cancer 2013,
http://globocan.iarc.fr, Accessed on 29.05.2015.

Gottesman MM. Mechanisms of cancer drug resistance. Annu Rev
Med 2002; 53: 615-627.

Sato F, Tsuchiya S, Meltzer SJ, Shimizu K. MicroRNAs and
epigenetics. FEBS J 2011;278: 1598-1609.

Hatziapostolou M, lliopoulos D. Epigenetic aberrations during
oncogenesis. Cell Mol Life Sci 2011; 68: 1681-1702.

Kelly T, De Carvalho D, Jones P. Epigenetic modifications as
therapeutic targets. Nat Biotechnol 2010; 28: 1069-1078.

Srivastava SK, Arora S, Singh S, Bhardwaj A, Averett C, Singh
AP. MicroRNAs in pancreatic malignancy: Progress and promises.
Cancer Lett 2014; 347: 167-174.

Friedlander M, Lizano E, Houben A, Bezdan D, Bafiez-Coronel
M, Kudla G, et al. Evidence for the biogenesis of more than 1,000
novel human microRNAs. Genome Biol 2014; 15: R57.

Lewis B, Burge C, Bartel D. Conserved seed pairing, often
flanked by adenosines, indicates that thousands of human genes
are microRNA targets. Cell 2005; 120: 15-20.

Zhang L, Huang J, Yang N, Greshock J, Megraw MS,
Giannakakis A, et al. MicroRNAs exhibit high frequency genomic
alterations in human cancer. Proc Natl Acad Sci U S A 2006; 103:
9136-9141.

Cho WC. Oncomirs: The discovery and progress of microRNAS in
cancers. Mol Cancer 2007; 6: 60.

Calin GA, Croce CM. MicroRNA signatures in human cancers.
Nat Rev Cancer 2006; 6: 857-866.

Eddey S. Bailcal skullcap (skullcap). The Art of Healing, 2015, 1:
http:// theartofhealing.com.au/herbs-scullcap.html. Accessed on
30.05.2015.

Willett W. Diet and cancer: One view at the start of the
millennium. Cancer Epidemiol Biomarkers Prev 2001; 10: 3-8.

Reddy L, Odhav B, Bhoola KD. Natural products for cancer
prevention: A global perspective. Pharmacol Ther 2003; 99: 1-13.

Steinmetz KA, Potter JD. Vegetables, fruit, and cancer prevention:
A review. J Am Diet Assoc 1996; 96: 1027-1039.

Russo M, Spagnuolo C, Tedesco I, Russo GL. Phytochemicals in
cancer prevention and therapy: Truth or dare? Toxins (Basel)
2010; 2: 517-551.

Rao CV, Wang CX, Simi B, Lubet R, Kelloff G, Steele V, et al.
Enhancement of experimental colon cancer by genistein. Cancer
Res 1997, 57: 3717-3722.

Newman D, Cragg G. Natural products as sources of new drugs
over the last 25 years. J Nat Prod 2007; 70: 461-477.

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Siddique YH, Ara G, Beg T, Gupta J, Afzal M. Assessment of cell
viability, lipid peroxidation and quantification of DNA
fragmentation after the treatment of anticancerous drug mitomycin
C and curcumin in cultured human blood lymphocytes. Exp
Toxicol Pathol 2010; 62: 503-508.

Tan W, Lu J, Huang M, Li Y, Chen M, Wu G, et al. Anti-cancer
natural products isolated from Chinese medicinal herbs. Chin Med
2011; 6: 27.

Tyagi N, Rathore S, Ghosh P. Enhanced killing of human
epidermoid carcinoma (KB) cells by treatment with ricin
encapsulated into sterically stabilized liposomes in  combination
with monensin. Drug Deliv 2011; 18: 394-404.

Li Y, Kong D, Wang Z, Sarkar FH. Regulation of microRNAs by
natural agents: An emerging field in chemoprevention and
chemotherapy research. Pharm Res 2010; 27: 1027-1041.

Sethi S, Li Y, Sarkar F. Regulating miRNA by natural agents as a
new strategy for cancer treatment. Curr Drug Targets 2013; 14:
1167-1174.

Mendes N, Freitas A, Sagot M. Current tools for the identification
of miRNA genes and their targets. Nucleic Acids Res 2009; 37:
2419-2433.

Reinhart BJ, Slack FJ, Basson M, Pasquinelli AE, Bettinger JC,
Rougvie AE, et al. The 21-nucleotide let-7 RNA regulates
developmental timing in caenorhabditis elegans. Nature 2000;
403: 901-906.

Tsuchiya S, Okuno Y, Tsujimoto G. MicroRNA: Biogenetic and
functional mechanisms and involvements in cell differentiation
and cancer. J Pharmacol Sci 2006; 101: 267-270.

Chen Y, Stallings RL. Differential patterns of microRNA
expression in neuroblastoma are correlated with  prognosis,
differentiation, and apoptosis. Cancer Res 2007; 67: 976-983.

Ferdin J, Kunej T, Calin G. Non-coding RNAs: Identification of
cancer-associated micrornas by gene profiling. Technol Cancer
Res Treat 2010; 9: 123-138.

Hanahan D, Weinberg R. Hallmarks of cancer: The next
generation. Cell 2011, 144: 646-674.

Ruan K, Fang X, Ouyang G. MicroRNAs: Novel regulators in the
hallmarks of human cancer. Cancer Lett 2009; 285: 116-126.

Negrini M, Nicoloso M, Calin G. MicroRNAs and cancer: New
paradigms in molecular oncology. Curr Opin Cell Biol 2009; 21:
470-4479.

Lee S, Calin G. Non-coding rnas and cancer: New paradigms in
oncology. Discov Med 2011; 11: 245-254.

Di Leva G, Croce C. Roles of small RNAs in tumor formation.
Trends Mol Med 2010; 16: 257-267.

Gandellini P, Profumo V, Folini M, Zaffaroni N. MicroRNAs as
new therapeutic targets and tools in cancer. Expert Opin Ther
Targets 2011, 15: 265-279.

Nelson KM, Weiss GJ. MicroRNAs and cancer: Past, present, and
potential future. Mol Cancer Ther 2008; 7: 3655-3660.

Toden S, Okugawa Y, Buhrmann C, Nattamai D, Anguiano E,
Baldwin N, et al. Novel evidence for curcumin and Boswellic
acid-induced chemoprevention through regulation of miR-34a and
miR-27a in colorectal cancer. Cancer Prev Res 2015; 8: 431-443.

Toden S, Okugawa Y, Jascur T, Wodarz D, Komarova N,

Page 13 of 17



38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54,

RNA & DISEASE 2016; 3: e861. doi: 10.14800/rd.861; © 2016 by Jacob Masika, et al.
http://www.smartscitech.com/index.php/rd

Buhrmann C, et al. Curcumin mediates chemosensitization to
5-fluorouracil  through  miRNA-induced  suppression  of
Epithelial-to-Mesenchymal Transition in chemoresistant colorectal
cancer. Carcinogenesis 2015; 36: 355-367.

Frampton AE, Castellano L, Colombo T, Giovannetti E, Krell J,
Jacob J, et al. MicroRNAs cooperatively inhibit a network of
tumor suppressor genes to promote pancreatic tumor growth and
progression. Gastroenterology 2014; 146: 268-277 e18.

Lobo NA, Shimono Y, Qian D, Clarke MF. The biology of cancer
stem cells. Annu Rev Cell Dev Biol 2007; 23: 675-699.

Colmont CS, Harding KG, Piguet V, Patel GK. Human skin
cancer stem cells: A tale of mice and men. Exp Dermatol 2012;
21: 576-580.

Reya T, Morrison SJ, Clarke MF, Weissman IL. Stem cells,
cancer, and cancer stem cells. Nature 2001; 414: 105-111.

Jamieson C, Ailles L, Dylla S, Muijtjens M, Jones C, Zehnder J, et
al. Granulocyte-macrophage progenitors as candidate leukemic
stem cells in blast-crisis CML. N Engl J Med 2004; 351: 657-667.

Korkaya H, Paulson A, Charafe-Jauffret E, Ginestier C, Brown M,
Dutcher J, et al. Regulation of mammary stem/progenitor cells by
PTEN/Akt/beta-catenin signaling. PLoS Biol 2009; 7: e1000121.

Hoey T, Yen WC, Axelrod F, Basi J, Donigian L, Dylla S, et al.
D14 blockade inhibits tumor growth and reduces tumor-initiating
cell frequency. Cell Stem Cell 2009; 5: 168-177.

Taketo MM. Reflections on the spread of metastasis to cancer
prevention. Cancer Prev Res (Phila) 2011; 4: 324-338.

Varnat F, Duquet A, Malerba M, Zbinden M, Mas C, Gervaz P, et
al. Human colon cancer  epithelial  cells  harbor  active
HEDGEHOG-GLI signalling that is essential for tumour growth,
recurrence, metastasis and stem cell survival and expansion.
EMBO Mol Med 2009; 1: 338-351.

Takezaki T, Hide T, Takanaga H, Nakamura H, Kuratsu J, Kondo
T. Essential role of the hedgehog signaling pathway in human
glioma-initiating cells. Cancer Sci 2011; 102: 1306-1312.

Nandy S, Gangwani L, Nahleh Z, Subramani R, Arumugam A, De
La Rosa J, et al. Recurrence and metastasis of breast cancer is
influenced by ovarian hormone's effect on breast cancer stem
cells. Future Oncol 2015; 11: 983-995.

Eyler CE, Rich JN. Survival of the fittest: Cancer stem cells in
therapeutic resistance and angiogenesis. J Clin Oncol 2008; 26:
2839-2845.

Colak S, Medema J. Cancer stem cells--important players in tumor
therapy resistance. FEBS J 2014; 281: 4779-4791.

Van Vlerken LE, Hurt EM, Hollingsworth RE. The role of
epigenetic regulation in stem cell and cancer biology. J Mol Med
(Berl) 2012; 90: 791-801.

Ross SA, Davis CD. MicroRNA, nutrition, and cancer prevention.
Adv Nutr 2011; 2: 472-485.

Bao B, Ali S, Kong D, Sarkar S, Wang Z, Banerjee S, et al.
Anti-tumor activity of a novel compound-CDF is mediated by
regulatingmiR-21, miR-200, and PTEN in pancreatic cancer.
PLoS One 2011; 6: e17850.

Ahmad A, Sarkar SH, Bitar B, Ali S, Aboukameel A, Sethi S, et
al. Garcinol regulates EMT and WNT signaling pathways in vitro
and in vivo, leading to anticancer activity against breast cancer

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

cells. Mol Cancer Ther 2012; 11: 2193-2201.

Appari M, Babu K, Kaczorowski A, Gross W, Herr I.
Sulforaphane, quercetin and catechins complement each other in
elimination of advanced pancreatic cancer by miR-let-7 induction
and K-ras inhibition. Int J Oncol 2014; 45: 1391-1400.

Wang J, Masika J, Zhou J, Wang J, Zhu M, Luo H, et al.
Traditional Chinese Medicine baicalin suppresses mMESCs
proliferation through inhibition of miR-294 expression. Cell
Physiol Biochem 2015; 35: 1868-1876.

Ouyang L, Luo Y, Tian M, Zhang SY, Lu R, Wang JH, et al. Plant
natural products: From traditional compounds to new emerging
drugs in cancer therapy. Cell Prolif 2014; 47: 506-515.

Chen Y, Fu LL, Wen X, Liu B, Huang J, Wang JH, et al.
Oncogenic and tumor suppressive roles of microRNAs in
apoptosis and autophagy. Apoptosis 2014; 19: 1177-1189.

Aggarwal BB, Shishodia S. Molecular targets of dietary agents for
prevention and therapy of cancer. Biochem Pharmacol, 2006; 71:
1397-1421.

Buhrmann C, Mobasheri A, Matis U, Shakibaei M. Curcumin
mediated suppression of Nuclear Factor-kappaB promotes
chondrogenic differentiation of mesenchymal stem cells in a
high-density co-culture microenvironment. Arthritis Res Ther
2010; 12: R127.

Sun M, Estrov Z, Ji Y, Coombes KR, Harris DH, Kurzrock R.
Curcumin (diferuloylmethane) alters the expression profiles of
microRNAs in human pancreatic cancer cells. Mol Cancer Ther
2008; 7: 464-473.

Subramaniam D, Ponnurangam S, Ramamoorthy P, Standing D,
Battafarano R, Anant S, et al. Curcumin induces cell death in
esophageal cancer cells through modulating notch signaling. PLoS
One 2012; 7: €30590.

Yang C, Yue J, Sims M, Pfeffer L. The curcumin analog Ef24
targets NF-kB and miRNA-21, and has potent anticancer activity
in vitro and in vivo. PLoS One 2013; 8: €71130.

Ali S, Ahmad A, Banerjee S, Padhye S, Dominiak K, Schaffert J,
et al. Gemcitabine sensitivity can be induced in pancreatic cancer
cells through modulation of miR-200 and miR-21 expression by
curcumin or its analogue CDF. Cancer Res 2010; 70: 3606-3617.

Kronski E, Fiori M, Barbieri O, Astigiano S, Mirisola V, Killian P,
et al. MiR181b is induced by the chemopreventive polyphenol
curcumin and inhibits breast cancer metastasis via
down-regulation of the inflammatory cytokines CXCL-1 and -2.
Mol Oncol 2014; 8: 581-595.

Sreenivasan S, Thirumalai K, Danda R, Krishnakumar S. Effect of
curcumin on mirna expression in human y79 retinoblastoma cells.
Curr Eye Res 2012; 37: 421-428.

Yang J, Cao Y, Sun J, Zhang Y. Curcumin reduces the expression
of Bcl-2 by up-regulating miR-15a and miR-16 in MCF-7 cells.
Med Oncol 2010; 27: 1114-1118.

Zhang J, Du Y, Wu C, Ren X, Ti X, Shi J, et al. Curcumin
promotes apoptosis in human lung adenocarcinoma cells through
miR-186* signaling pathway. Oncol Rep 2010; 24: 1217-1223.

Zhao SF, Zhang X, Zhang XJ, Shi XQ, Yu ZJ, Kan QC. Induction
of microRNA-9 mediates cytotoxicity of curcumin against
SKOV3 ovarian cancer cells. Asian Pac J Cancer Prev 2014; 15:
3363-3368.

Page 14 of 17



70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

RNA & DISEASE 2016; 3: e861. doi: 10.14800/rd.861; © 2016 by Jacob Masika, et al.
http://www.smartscitech.com/index.php/rd

Sarkar S, Dubaybo H, Ali S, Goncalves P, Kollepara S, Sethi S, et
al. Down-regulation of miR-221 inhibits proliferation of
pancreatic cancer cells through up-regulation of PTEN, p27(kip1),
p57(kip2), and puma. Am J Cancer Res 2013; 3: 465-477.

Saini S, Arora S, Majid S, Shahryari V, Chen Y, Deng G, et al.
Curcumin modulates microRNA-203-mediated regulation of the
SRC-Akt axis in bladder cancer. Cancer Prev Res (Phila) 2011; 4:
1698-1709.

Takahashi M, Sung B, Shen Y, Hur K, Link A, Boland CR, et al.
Boswellic acid exerts antitumor effects in colorectal cancer cells
by modulating expression of the let-7 and miR-200 microRNA
family. Carcinogenesis 2012; 33: 2441-2449.

Xu Y, Zhou B, Wu D, Yin Z, Luo D. Baicalin modulates
microRNA expression in UVB irradiated mouse skin. J Biomed
Res 2012; 26: 125-134.

Chao JI, Su WC, Liu HF. Baicalein induces cancer cell death and
proliferation retardation by the inhibition of CDC2 kinase and
survivin associated with opposite role of p38 Mitogen-activated
protein kinase and Akt. Mol Cancer Ther 2007; 6: 3039-3048.

Dong L, Wen J, Miao S, Jia Z, Hu H, Sun R, et al. Baicalin
inhibits PDGF-BB-stimulated vascular smooth muscle cell
proliferation through suppressing PDGFRB-ERK signaling and
increase in p27 accumulation and prevents injury-induced
neointimal hyperplasia. Cell Res 2010; 20: 1252-1262.

Salerno E, Scaglione BJ, Coffman FD, Brown BD, Baccarini A,
Fernandes H, et al. Correcting miR-15a/16 genetic defect in New
Zealand black mouse model of CLL enhances drug sensitivity.
Mol Cancer Ther 2009; 8: 2684-2692.

Chen Y, Zaman MS, Deng G, Majid S, Saini S, Liu J, et al.
MicroRNAs 221/222 and genistein-mediated regulation of ARHI
tumor suppressor gene in prostate cancer. Cancer Prev Res (Phila)
2011; 4: 76-86.

Chiyomaru T, Yamamura S, Zaman M, Majid S, Deng G,
Shahryari V, et al. Genistein suppresses prostate cancer growth
through inhibition of oncogenic microRNA-151. PLoS One 2012;
7:e43812.

Xu L, Xiang J, Shen J, Zou X, Zhai S, Yin Y, et al. Oncogenic
microRNA-27a is a target for genistein in ovarian cancer cells.
Anticancer Agents Med Chem 2013; 13: 1126-1132.

Xia J, Cheng L, Mei C, Ma J, Shi Y, Zeng F, et al. Genistein
inhibits cell growth and invasion through regulation of miR-27a in
pancreatic cancer cells. Curr Pharm Des 2014; 20: 5348-5353.

Chiyomaru T, Yamamura S, Fukuhara S, Hidaka H, Majid S, Saini
S, et al. Genistein up-regulates tumor  suppressor
microRNA-574-3p in prostate cancer. PLoS One 2013, 8: €58929.

Hirata H, Ueno K, Nakajima K, Tabatabai ZL, Hinoda Y, Ishii N,
et al. Genistein downregulates onco-miR-1260b and inhibits
WNT-signalling in renal cancer cells. Br J Cancer 2013; 108:
2070-2078.

Ma J, Cheng L, Liu H, Zhang J, Shi Y, Zeng F, et al. Genistein
down-regulates miR-223 expression in pancreatic cancer cells.
Curr Drug Targets 2013; 14: 1150-1156.

Li Y, Vandenboom TG, 2nd, Wang Z, Kong D, Ali S, Philip PA,
et al. MiR-146a suppresses invasion of pancreatic cancer cells.
Cancer Res 2010; 70: 1486-1495.

Li Y, Vandenboom TG, 2nd, Kong D, Wang Z, Ali S, Philip PA,

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

et al. Up-regulation of mir-200 and let-7 by natural agents leads to
the reversal of Epithelial-to-Mesenchymal transition in
gemcitabine-resistant pancreatic cancer cells. Cancer Res 2009;
69: 6704-6712.

Majid S, Dar AA, Saini S, Chen Y, Shahryari V, Liu J, et al.
Regulation of minichromosome maintenance gene family by
microRNA-1296 and genistein in prostate cancer. Cancer Res
2010; 70: 2809-2818.

Sun Q, Cong R, Yan H, Gu H, Zeng Y, Liu N, et al. Genistein
inhibits growth of human uveal melanoma cells and affects
microRNA-27a and target gene expression. Oncol Rep2009; 22:
563-567.

Bishayee A, Politis T, Darvesh AS. Resveratrol in the
chemoprevention and treatment of hepatocellular carcinoma.
Cancer Treat Rev 2010; 36: 43-53.

Athar M, Back JH, Tang X, Kim KH, Kopelovich L, Bickers DR,
et al. Resveratrol: A review of preclinical studies for human
cancer prevention. Toxicol Appl Pharmacol 2007;224: 274-283.

Tili E, Michaille JJ, Alder H, Volinia S, Delmas D, Latruffe N, et
al. Resveratrol modulates the levels of microRNAs targeting genes
encoding tumor-suppressors and effectors of TGF-beta signaling
pathway in sw480 cells. Biochem Pharmacol 2010; 80:
2057-2065.

Hagiwara K, Kosaka N, Yoshioka Y, Takahashi RU, Takeshita F,
Ochiya T. Stilbene derivatives promote AGO2-dependent
tumour-suppressive microRNA activity. Sci Rep 2012; 2: 314.

Liu P, Liang H, Xia Q, Li P, Kong H, Lei P, et al. Resveratrol
induces apoptosis of pancreatic cancers cells by inhibiting miR-21
regulation of Bcl-2 expression. Clin Transl Oncol 2013; 15:
741-746.

Bai T, Dong DS, Pei L. Synergistic antitumor activity of
resveratrol and miR-200c in human lung cancer. Oncol Rep 2014;
31: 2293-2297.

Kumazaki M, Noguchi S, Yasui Y, lwasaki J, Shinohara H,
Yamada N, et al. Anti-cancer effects of naturally occurring
compounds through modulation of signal transduction and miRNA
expression in human colon cancer cells. J Nutr Biochem 2013; 24:
1849-1858.

Katiyar SK, Afaq F, Perez A, Mukhtar H. Green tea polyphenol
(-)-epigallocatechin-3-gallate treatment of human skin inhibits
ultraviolet radiation-induced oxidative stress. Carcinogenesis
2001; 22: 287-294.

Tsang WP, Kwok TT. Epigallocatechin gallate up-regulation of
mir-16 and induction of apoptosis in human cancer cells. J Nutr
Biochem 2010; 21: 140-146.

Siddiqui 1A, Asim M, Hafeez BB, Adhami VM, Tarapore RS,
Mukhtar H. Green tea polyphenol EGCG blunts androgen receptor
function in prostate cancer. FASEB J 2011; 25: 1198-1207.

Wang H, Bian S, Yang C. Green tea polyphenol egcg suppresses
lung cancer cell growth through upregulating miR-210 expression
caused by stabilizing HIF-1a. Carcinogenesis 2011; 32:
1881-1889.

. Zhou DH, Wang X, Feng Q. EGCG enhances the efficacy of

cisplatin by downregulating HSA-miR-98-5p in NSCLC a549
cells. Nutr Cancer 2014; 66: 636-644.

100. Chakrabarti M, Ai W, Banik NL, Ray SK. Overexpression of

Page 15 of 17



101.

102.

103.

104.

105.

106.

107.

108.

100.

110.

111.

112.

113.

114.

115.

RNA & DISEASE 2016; 3: e861. doi: 10.14800/rd.861; © 2016 by Jacob Masika, et al.
http://www.smartscitech.com/index.php/rd

miR-7-1 increases efficacy of green tea polyphenols for induction
of apoptosis in human malignant neuroblastoma SH-SY5Y and
SK-N-DZ cells. Neurochem Res 2013; 38: 420-432.

Mackenzie TN, Mujumdar N, Banerjee S, Sangwan V, Sarver A,
Vickers S, et al. Triptolide induces the expression of miR-142-3p:
A negative regulator of heat shock protein 70 and pancreatic
cancer cell proliferation. Mol Cancer Ther 2013; 12: 1266-1275.

Lam TK, Shao S, Zhao Y, Marincola F, Pesatori A, Bertazzi PA,
et al. Influence of quercetin-rich food intake on microRNA
expression in lung cancer tissues. Cancer Epidemiol Biomarkers
Prev 2012; 21: 2176-2184.

Del Follo-Martinez A, Banerjee N, Li X, Safe S, Mertens-Talcott
S. Resveratrol and quercetin in combination have anticancer
activity in colon cancer cells and repress oncogenic
microRNA-27a. Nutr Cancer 2013; 65: 494-504.

Noratto G, Kim Y, Talcott S, Mertens-Talcott S. Flavonol-rich
fractions of yaupon holly leaves (ilex vomitoria, aquifoliaceae)
induce microRNA-146a and have anti-inflammatory and
chemopreventive effects in intestinal myofibroblast CCD-18CO
cells. Fitoterapia 2011; 82: 557-569.

Moertel CG, Schutt AJ, Reitemeier RJ, Hahn RG. Phase Il study
of camptothecin (NSC- 100880) in the treatment of advanced
gastrointestinal cancer. Cancer Chemother Rep 1972; 56: 95-101.

Ulukan H, Swaan P. Camptothecins: A review of their
chemotherapeutic potential. Drugs, 2002; 62: 2039-2057.

Zeng CW, Zhang XJ, Lin KY, Ye H, Feng SY, Zhang H, et al.
Camptothecin  induces apoptosis in  cancer cells via
microRNA-125b-mediated  mitochondrial ~ pathways. Mol

Pharmacol 2012; 81: 578-586.

Sriram D, Yogeeswari P, Thirumurugan R, Bal T. Camptothecin
and its analogues: A review on their chemotherapeutic potential. .
Nat Prod Res 2005; 19: 393-412.

Bertozzi D, Marinello J, Manzo SG, Fornari F, Gramantieri L,
Capranico G. The natural inhibitor of DNA topoisomerase |,
camptothecin, modulates HIF-lalpha activity by changing miR
expression patterns in human cancer cells. Mol Cancer Ther 2014;
13: 239-248.

Minich DM, Bland JS. A review of the clinical efficacy and safety
of cruciferous vegetable phytochemicals. Nutr Rev 2007; 65:
259-267.

Jin Y. 3,3"-diindolylmethane inhibits breast cancer cell growth via
miR-21-mediated CDC25a degradation. Mol Cell Biochem 2011,
358: 345-354.

Li Y, Kong D, Ahmad A, Bao B, Sarkar FH. Targeting bone
remodeling by isoflavone and 3,3'-diindolylmethane in the context
of prostate cancer bone metastasis. PLoS One2012;7: e33011.

Melkamu T, Zhang X, Tan J, Zeng Y, Kassie F. Alteration of
microRNA expression in vinyl carbamate-induced mouse lung
tumors and modulation by the chemopreventive agent
indole-3-carbinol. Carcinogenesis 2010; 31: 252-258.

Paik WH, Kim HR, Park JK, Song BJ, Lee SH, Hwang JH.
Chemosensitivity induced by down-regulation of microRNA-21 in
gemcitabine-resistant pancreatic cancer cells by indole-3-carbinol.
Anticancer Res 2013; 33: 1473-1481.

Shibata S. Chemistry and cancer preventing activities of ginseng
saponins and some related triterpenoid compounds. J Korean Med

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

Sci 2001; 16 S28-37.

Wu N, Wu GC, Hu R, Li M, Feng H. Ginsenoside rh2 inhibits
glioma cell proliferation by targeting microrna-128. Acta
Pharmacol Sin 2011; 32: 345-353.

Phuah NH, In LL, Azmi MN, Ibrahim H, Awang K, Nagoor NH.
Alterations of microRNA expression patterns in human cervical
carcinoma cells (CA SKI) toward 1'sl'-acetoxychavicol acetate
and cisplatin. Reprod Sci 2013; 20: 567-578.

Wang H, Shen L, Li X, Sun M. Micrornas contribute to the
anticancer effect of 1'-acetoxychavicol acetate in human head and
neck squamous cell carcinoma cell line HN4. Biosci Biotechnol
Biochem 2013; 77: 2348-2355.

Slaby O, Sachlova M, Brezkova V, Hezova R, Kovarikova A,
Bischofova S, et al. Identification of microRNAs regulated by
isothiocyanates and association of polymorphisms inside their
target sites with risk of sporadic colorectal cancer. Nutr ~ Cancer
2013; 65: 247-254.

Shan Y, Zhang L, Bao Y, Li B, He C, Gao M, et al.
Epithelial-mesenchymal transition, a novel target of sulforaphane
via COX-2/MMP2, 9/Snail, ZEB1 and miR-200c/ZEB1 pathways
in human bladder cancer cells. J Nutr Biochem 2013; 24:
1062-1069.

Li Q, Yao Y, Eades G, Liu Z, Zhang Y, Zhou Q. Downregulation
of miR-140 promotes cancer stem cell formation in basal-like
early stage breast cancer. Oncogene 2014; 33: 2589-2600.

Heber D. Multitargeted therapy of cancer by Ellagitannins. Cancer
Lett, 2008, 269: 262-8.

Wen X, Wu S, Li Z, Liu Z, Zhang J, Wang G, et al. Ellagitannin
(BJA3121), an anti-proliferative natural polyphenol compound,
can regulate the expression of miRNAs in HepG2 cancer cells.
Phytother Res 2009; 23: 778-784.

Davis CD, Ross SA. Evidence for dietary regulation of microRNA
expression in cancer cells. Nutr Rev 2008; 66: 477-482.

125. Wang L, Zhang Z, Li Q, Yang R, Pei X, Xu Y, et al.
Ethanol exposure induces differential microRNA and target gene
expression and teratogenic effects which can be suppressed by
folic acid supplementation. Hum Reprod 2009; 24: 562-579.

Kutay H, Bai S, Datta J, Motiwala T, Pogribny I, Frankel W, et al.
Downregulation of miR-122 in the rodent and human
hepatocellular carcinomas. J Cell Biochem 2006; 99: 671-678.

Gaedicke S, Zhang X, Schmelzer C, Lou Y, Doering F, Frank J, et
al. Vitamin E dependent microRNA regulation in rat liver. FEBS
Lett 2008; 582: 3542-3546.

Wang X, Gocek E, Liu CG, Studzinski GP. MicroRNAs181
regulate the expression of p27kipl in human myeloid leukemia
cells induced to differentiate by 1,25-dihydroxyvitamin D3. Cell
Cycle 2009; 8: 736-741.

Peng X, Vaishnav A, Murillo G, Alimirah F, Torres KE, Mehta
RG. Protection against cellular stress by 25-hydroxyvitamin D3 in
breast epithelial cells. J Cell Biochem 2010; 110: 1324-1333.

Mohri T, Nakajima M, Takagi S, Komagata S, Yokoi T.
MicroRNA regulates human vitamin D receptor. Int J Cancer
2009; 125: 1328-1333.

Garzon R, Pichiorri F, Palumbo T, Visentini M, Ageilan R,
Cimmino A, et al. MicroRNA gene expression during retinoic

Page 16 of 17



132.

133.

134.

135.

136.

137.

RNA & DISEASE 2016; 3: e861. doi: 10.14800/rd.861; © 2016 by Jacob Masika, et al.
http://www.smartscitech.com/index.php/rd

acid-induced differentiation of human acute promyelocytic
leukemia. Oncogene 2007; 26: 4148-4157.

Foley N, Bray I, Watters K, Das S, Bryan K, Bernas T, et al.
MicroRNAs 10a and 10b are potent inducers of neuroblastoma
cell differentiation through targeting of nuclear receptor
corepressor 2. Cell Death Differ 2011; 18: 1089-1098.

Davidson LA, Wang N, Shah MS, Lupton JR, lvanov I, Chapkin
RS. n-3 polyunsaturated fatty acids modulate carcinogen-directed
non-coding microRNA signatures in rat colon. Carcinogenesis
2009; 30: 2077-2084.

Tzur G, Levy A, Meiri E, Barad O, Spector Y, Bentwich Z, et al.
MicroRNA expression patterns and function in endodermal
differentiation of human embryonic stem cells. PLoS One 2008; 3:
e3726.

Wang J, Li Y, Wang X, Jiang C. Ursolic acid inhibits proliferation
and induces apoptosis in human glioblastoma cell lines U251 by
suppressing TGF-betal/miR-21/PDCD4 pathway. Basic Clin
Pharmacol Toxicol 2012; 111: 106-112.

Li LQ, Li XL, Wang L, Du WJ, Guo R, Liang HH, et al. Matrine
inhibits breast cancer growth via mir-21/pten/akt pathway in
mcf-7 cells. Cell Physiol Biochem 2012; 30: 631-641.

Agarwal R, Agarwal C, Ichikawa H, Singh RP, Aggarwal BB.
Anticancer potential of silymarin: From bench to bed side.

Anticancer Res 2006; 26: 4457-4498.

138. Cufi S, Bonavia R, Vazquez-Martin A, Oliveras-Ferraros C,
Corominas-Faja B, Cuyas E, et al. Silibinin suppresses
EMT-driven erlotinib resistance by reversing the high miR-21/low
miR-200c signature in vivo. Sci Rep 2013; 3: 2459.

139. Izzotti A, Calin GA, Steele VE, Cartiglia C, Longobardi M, Croce
CM, et al. Chemoprevention of cigarette smoke-induced
alterations of microRNA expression in rat lungs. Cancer Prev Res
(Phila 2010; 3: 62-72.

140. Sarveswaran S, Liroff J, Zhou Z, Nikitin AY, Ghosh J. Selenite
triggers rapid transcriptional activation of p53, and p53-mediated
apoptosis in prostate cancer cells: Implication for the treatment of
early-stage prostate cancer. Int J Oncol 2010; 36: 1419-1428.

141. Nian H, Bisson WH, Dashwood WM, Pinto JT, Dashwood RH.
Alpha-keto acid metabolites of organoselenium compounds inhibit
histone deacetylase activity in human colon cancer cells.
Carcinogenesis 2009; 30: 1416-1423.

142. Lee J, Nian H, Cooper A, Sinha R, Dai J, Bisson W, et al.
Alpha-keto  acid  metabolites of naturally  occurring
organoselenium compounds as inhibitors of histone deacetylase in
human prostate cancer cells. Cancer Prev Res (Phila) 2009; 2:
683-693.

143. Dashwood RH. Early detection and prevention of colorectal
cancer (review). Oncol Rep 1999; 6: 277-281.

Page 17 of 17



	Jacob Masika 1, 2, 3, Yanan Zhao 1, 2, Jürgen Hescheler 4, Huamin Liang 1, 2

