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Abstract

Human health is significantly affected by dietary patten, nutritional habits, quality of food, and lifestyle. The diets enriched with bioactive food components like
polyphenols, vitamins, minerals, polyunsaturated fatty acids, butyrate, and other dietary fibers are generally associated with a lesser incidence of chronic diseases
such as cancer, cardiovascular disorders, and obesity. Apart from being antioxidants, some of these bioactive dietary components have the potential to regulate several
cellular signaling pathways, modulate gene expression, affect transcription factors, and alter the microRNAs profile. MicroRNA (miRNA) is a non-coding-RNA that
regulates the expression of its target gene(s) through its catalytic/regulatory functions. The miRNA is generally synthesized endogenously but it can also be obtained
through dietary components that can change the expression of other genes. miRNA targets the specific mRNA, modulates expression of the gene(s) via binding to its
complementary regions; thus, down-regulates the expression of the genes. Dietary food components impact cellular differentiation processes, proliferatory pathways,
and pathophysiological conditions; thus, have the potential to affect the activity of genes associated with chronic diseases including cancer, cardiovascular diseases,
and obesity by modulating the associated signaling pathways. This review discusses the role of dietary food components like polyphenols (quercetin, resveratrol,
curcumin, o -mangosteen, and epigallocatechin gallate), vitamins (A, D, and folic acid), Omega-3 polyunsaturated fatty acids, butyrate, and minerals (selenium, zinc)
in modulating miRNA expression and their potential in causing chronic diseases.

Introduction

Understanding the response of the human body to dietary
components and other environmental factors unravels the roles of the
environment on gene expression, and presents the opportunities to
modulate metabolism, health, and diseases based on nutrition. Foods
are known to provide a conditioning environment to shape the activity
of the genome and physiology of the body [1]. A better understanding
of the influence of nutrients on gene expression might help to manage a
healthy life. The role of the environment in modulating gene expression
comes through epigenetic changes, and if epigenetics is contemplated
as a harmonizing process, many of the phenotypic variations can be
easily explained [2]. Epigenetic variations (total of all the changes in
genetic material without altering the underlying nucleotide sequence)
including modifications in chromatin architecture, histone protein,
DNA methylation, and non-coding RNA biogenesis affect gene
expression [3]. Non-coding RNAs play a very important role in
epigenetic modifications and gene regulation. More importantly, some
of the epigenetic changes may be inherited to the next generation that
might result in phenotypic variations [4]. It is becoming apparent
that changes in the epigenome of living organisms play a crucial
role in tolerance to environmental stresses, nutrient availability, and
evolution processes [5]. Research on nutriepigenomics justifies the
direct association between dietary nutrients and epigenetic variations.
Epigenetic changes are gaining exceptional importance because of the
ability of bioactive food components to affect the epigenetic status of
gene/genome [6]. Bioactive food components can alter the epigenetic
pattern via their availability. Nutrients like folic acid, vitamin-B,,,
methionine, and choline affect the epigenetic modifications through
one-carbon metabolism [7]. Certain bioactive food components
affect S-adenosylmethionine (AdoMet) or S-adenosylhomocysteine
(AdoHcy) level in the tissue which alter methylation of DNA/histone
proteins [8].
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Decades ago, it was postulated that mRNA is a messenger and
key player in the central dogma of molecular biology, as it connects
a gene to a functional protein. However, subsequent studies led to the
discovery of certain other unique RNAs that play a vital role in gene
expression and regulation, but do not code for a protein; hence, termed
non-coding RNAs (ncRNAs). One of the most common examples of
ncRNAs is microRNAs (miRNAs). MicroRNAs are short (generally 22
nucleotides) in length, and the majority of them are involved in the
down-regulation of gene expression at the post-transcriptional level
[9,10]. In the majority of the cases, miRNA silences the gene expression
via interacting with mRNA based on the complementarity between
the bases of miRNA and mRNA, generally target at the 3’ UTR region.
This constitutes another way for gene regulation in living organisms
including plants and mammals. Such a method of regulation of gene
expression helps to fine-tune the expression of genes under varying
environmental conditions. Within a decade, hundreds of miRNAs have
been discovered in both plant and animal systems which possess highly
conserved sequences and play important roles in the cell, tissue, and
organ development, physiology as well as phenotype of the individual.
Thus, miRNAs play important roles in regulating the expression of genes
that in turn affect a variety of metabolic processes in an individual [11].
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Studies on miRNA demonstrate the potential of bioactive dietary
components like polyphenols, vitamin A and D, folic acid, butyrate,
polyunsaturated fatty acids (PUFA), and minerals in modulating
the expression of miRNA, thus, regulating gene expression and the
phenotype [12-16]. Some of the polyphenols such as quercetin,
curcumin, resveratrol, and catechins regulate the expression of many
miRNAs. Thus, such bioactive food components in our diet play an
important role in miRNA expression and influence metabolism and
physiology. However, the role of miRNA as a metabolic regulator is yet
to be established, and it is still considered to be an emerging area of
research/discussion. Comparative studies on examination of the effect
of Western and Mediterranean diets on miRNAs expression indicate
an association between the diets and diseases through modulation in
miRNA expression (Figure 1). Recent studies indicate the modulation
of miRNA expression in several diseases like cancer, cardiovascular
issues, inflammation, and obesity [10,17-19]. Thus, miRNAs can serve
as potential biomarkers as well as therapeutic strategies for diseases.
The present review discusses the available information on the role
of bioactive dietary components in regulating miRNA expression.
Biogenesis of miRNAs and their role in cellular metabolism, followed
by the crosstalk between miRNA and the dietary components
(polyphenols, vitamins, minerals, and fatty acids). Finally, their role
in the modulation of gene expression is discussed with the help of
in vitro and in vivo research studies. The importance of miRNAs in

diseases like cancer, inflammation, cardiovascular problems, and
obesity is also discussed in the subsequent sections. We speculate that
a better understanding and unraveling of the action of various dietary
components on miRNA expression would help to prevent/treat various
diseases.

Origin, biogenesis, and role of miRNA in modulating gene
expression

Since the discovery in Caenorhabditis elegans, miRNA has been
considered as a regulator of biological pathways occurring in diverse
organisms [20]. Synthesis of miRNA starts in the nucleus, where RNA
polymerase II transcribes it. The generated transcript is nearly 70
nucleotides long and known as pri-miRNA. The pri-miRNA takes a
stem-loop or hairpin structure after folding, and it is transported out
from the nucleus with the help of Exportin 5 in a Ran-GTP dependent
manner to the cytoplasm. In the cytoplasm, Dicer RNase and TRBP
(TAR-RNA binding proteins) cleave the pre-miRNA and form a double-
stranded RNA. One of the strands of the double-stranded RNA serves as
mature miRNA and recruited with argonaute (AGO) proteins to form
an RNA-induced silencing complex (RISC). The complementary strand
(passenger strand) is degraded. The miRNA binds to target mRNA at 3’
UTR through imperfect complementarity which leads to translational
repression and/or mRNA degradation (Figure 2) [9,21,22].
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Figure 1. Role of the dietary components in modulating the miRNAs in cancer prevention (EGCG, Epigallocatechin gallate; DHA, Docosahexanoic acid). Upward arrows represent up-

regulation of miRNAs while downward arrow indicates down-regulation of miRNAs
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Figure 2. Biogenesis of miRNAs and their role in modulating gene expression

Role of miRNA in cellular metabolism

A tightly regulated metabolic network plays important role
in metabolic homeostasis in higher organisms through sensing
physiological and environmental stimuli [11]. Metabolic homeostasis is
maintained by nutrition/energy intake and controlling the expression
of genes to regulate metabolic activities. Certain exothermic and
endothermic processes in the body are regulated to allow proper
growth and development via the synthesis of different macromolecules
like nucleic acids, lipids, proteins, and carbohydrates. Such regulation
helps to prevent pathological conditions such as obesity, heart failure,
type 2 diabetes, and cancer [10]. The ncRNAs like miRNA play a very
important role in regulating the metabolic pathways which are required
for energy homeostasis. Studies suggest a direct linkage between
miRNAs and metabolic stimuli [23]. Expression profiling of miRNA

has become an interesting way to investigate the response of the body to
a high-fat diet. Expression profile of 641 circulating miRNAs in plasma
of mice revealed elevated expression of certain miRNAs in response
to the dietary fat intake, which suggests an effective role of miRNA in
systemic lipid metabolism [24]. Another study suggests that miRNA
plays important role in maintaining cholesterol levels as well as signaling
processes. The regulatory group of miRNAs like miR-19b, miR-33, miR-
378, and miR-10b play important role in the signaling process. Certain
compounds like quercetin, allyl-isothiocyanate, apigenin, curcumin,

and resveratrol were found to suppress the inflammatory response by
targeting miR-155 [25].

One of the most important metabolic pathways, i.e. glucose
metabolism, is influenced by miRNA regulation. miRNAs have been
found to play a significant role in insulin secretion by targeting the
production of proteins engaged in the insulin signaling pathway [26].
miR-375 is known to be the first miRNA implicated in insulin signaling.
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Myotrophin and phosphoinositide-dependent kinase-1, responsible for
the secretion of insulin, are targeted by miR-375 [27,28]. Homeostasis
of glucose depends on the balance between glucagon and insulin
secretions, which are secreted from different (a and B) cells in the
pancreas, and their expression is controlled through miR-375 activity.
miR-103 and miR-107 are known to regulate the expression of a key
insulin receptor caveolin 1 (CAV1). Other miRNAs, like let-7, also play
a significant role in glucose metabolism in mice [29,30]. The number
of miRNAs that regulate numerous components of insulin signaling
and glucose metabolism is continuously expanding in different body
tissues. miR-195 was reported to play a significant role in suppressing
the expression of the insulin receptor, which results in impaired insulin
signaling and synthesis of glycogen in cell culture [31]. Similarly, miR-
143, miR-378, and miR-802 have been reported to be involved in the
regulation of glucose metabolism as well as insulin sensitivity [32,33].

Effects of dietary components on modulation of miRNA

The importance of dietary food components in nutrition and
health [34], as well as their role in modulation of miRNAs, is becoming
evident [35]. Various bioactive food components influence the
biogenesis of miRNAs, it is quite factual to presume that some
of the dietary components modulate susceptibility, growth, and
progression of diseases. In this section, we discuss the impact of
dietary polyphenols, vitamins, fatty acids, and minerals in crosstalk

with miRNAs to play important role in metabolism, health, and
chronic diseases (Figure 3).

Quercetin

Quercetin is a naturally occurring flavonoid present in many foods
like onions, red wine, green tea, and apples. The protective effects of
quercetin are generally pleiotropic and multi-faceted on human health
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even from the epigenetic point of view. When female mice were fed
with the diets rich in quercetin in an experiment, it significantly
increased the expression of miR-125b (known to be a negative regulator
of the inflammation-related pathways) and miR-122 (involved in lipid
homeostasis) ]36]. Studies on different cancer cells suggest enhanced
expression of let-7¢, let-7a, miR-142-3p, and miR-200b-3p in pancreatic
ductal adenocarcinoma [37-39]. Expressions of miR-16, (potential
down-regulator of Claudin-2), miR-145 (targeting/inhibiting the genes
involved in apoptosis), and miR-217 (activates sensitivity to cisplatin
and interferes with KRAS pathway) are altered by quercetin in lung
adenocarcinoma, osteosarcoma, and ovarian cancer cells, respectively
[40-42]. Quercetin was also reported to increase miR-146a expression
in human breast cancer cells [43]. Thus, a lot of research requires to be
carried out on evaluating the therapeutic application of polyphenols to
modulate miRNAs against cancer.

Catechin

Catechinsand their functional derivativesarebelieved to have health-
promoting effects by modulating miRNA biogenesis. Several isomers of
polyphenol like catechin, gallocatechin, gallocatechin gallate (GCG),
catechin gallate (CG), epicatechin gallate (ECG), epigallocatechin, and
epigallocatechin gallate (EGCG) are found. However, EGCG is the most
active and frequently present polyphenol found in green tea. Moreover,
EGCG is the only polyphenol that is present in abundance in plasma
in the free form [44]. Studies also suggested that EGCG is a potential
repressor of biogenesis of five different miRNAs (miR-30b, miR-
453, miR-520-e, miR-629, and miR-608). These miRNAs contribute

to various pathways like glycolysis, gluconeogenesis, metabolism
of glutathione, oxidative phosphorylation, signaling of insulin, and
pathways associated with inflammation [45]. EGCG was reported to
regulate differential expression of 36 human miRNAs (19 up-regulation
while 17 down-regulated) in human osteoarthritic cartilage-derived
chondrocytes which are activated by IL-1a. EGCG was also reported
to up-regulate miR-140-3p and miR221 biogenesis in melanoma and
hepatoma cell lines, respectively; thus, suppress osteopontin in induced-
liver fibrosis [46,47]. In humans, dermal papilla cells of scalp hair
become highly sensitive in migraine with down-regulated expression of
miR-590-5p, which could be restored through dietary supplementation
of EGCG [48].

Curcumin

Curcumin is a polyphenol compound found in abundance in
Curcuma longa L. (turmeric). It is an important dietary compound
having anti-carcinogenic, anti-microbial, anti-oxidant, anti-
inflammatory, and chemo-preventive properties. Curcumin has been
reported to enhance apoptotic signaling processes by activating the p53
gene and reducing TNF-a level; thus, it induces apoptosis and inhibits
cell proliferation. The apoptotic effect of curcumin is mediated through
modulation of miR-16, miR15a, and miR21 [49,50]. Study shows that
when oesophageal cancerous cells are exposed to curcumin, they
depict the enhanced expression of tumor suppressor let-7a, which in
turn affects the caspase-3, Bcl-2, and Bax levels [51]. When pancreatic
cells are exposed to curcumin, they show decreased expression of 18
different miRNAs and enhanced expression of 11 other miRNAs. The
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Figure 3. Modulation of various miRNAs in response to dietary nutritional inputs in metabolism
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increased expression of miR-22 resulted in the inhibition of estrogen
receptor 1 and the SP1 transcription factor [52]. When lung cancer
cells were treated with curcumin, an up-regulated expression of
miRNAs was observed. miR-9, miR-205, miR-200a/b, miR-15a/16-1,
and miR-203 also showed up-regulated expression in ovarian, prostate,
hepatocellular, leukemia, and bladder cancer cells, respectively, when
treated with curcumin. The breast cancer cells treated with curcumin
showed up-regulated expression of miR-181b [53]. Modulation in
miR-181b expression is linked with decreased expression of pro-
inflammatory cytokines, CXCL-1, and CXCL-2, causing a suppressive
effect on invasion and metastasis of the cells. Besides, curcumin also
modulates the miRNAs involved in other processes associated with
different chronic diseases. In a study on 3T3-L1 cells, miR-17-5p was
found to up-regulate adipogenic differentiation. More importantly,
treating the cells with curcumin caused the down-regulated expression
of miR-17-5p, and increased stimulus of the target in the cell line
[54]. Recently, thyroid cancer cells treated with curcumin, showed
up-regulated expression of miR-21 and miR-200c, while let-7c, miR-
26a, miR-215, miR-192-5p, and miR-125b were reported to be down-
regulated [55].

Resveratrol

Resveratrol is found abundantly in wine, berries, and grape skins. It
is known to promote health benefits by its antiviral, chemo-preventive,
anti-oxidant, and anti-inflammatory properties [56]. A study on SW480
human colon cancer cells led to the finding that the expression of a set of
46 different miRNAs was modulated by resveratrol [57]. At the cellular
level, resveratrol prevents cancerous cell growth by up-regulating miR-
34a expression, which down-regulates E2F3 and its downstream target
Sirtl [58]. Numerous reports have confirmed the role of resveratrol-
mediated alteration in miRNAs expression in the prevention of various
chronic diseases like cancer. Resveratrol significantly decreases the level
of miR-17, miR-21, miR-25, miR-92a-2, miR-103-1, and miR-103-2 in
studies on human colon cancer [59]. In melanoma and prostate cancer,
resveratrol was reported to decrease the level of miR-221 [60,61],
whereas, in lung tumors, resveratrol up-regulated miR-200c [62]. It
was also found to suppress miR-542-3p and activate miR-122-5p in
estrogen-responsive cells [63]. Resveratrol acts through miRNAs not
only in diseased cells like cancer but also in white adipose cell lines.

Mangostin

A polyphenolic xanthone-derived bioactive compound known as
a-Mangostin is found in the pericarp of Garcinia mangostana. Studies
suggest that xanthones play important roles as anti-oxidative, anti-
proliferatory, anti-inflammatory agents, and also work against cancer
because of being potent chemopreventive agents [64,65]. However,
a significant cytotoxic effect of a-mangostin on DLD-1 cells, due to
its association with the up-regulation of miR-143 which negatively
affects Erk5 translation, was reported [66]. Another study suggests that
expression of miR-133B significantly decreased in DLD-1 cells when
exposed to a-mangostin, hence its target gene (death receptor5, DR5),
showed up-regulated expression [67].

Prospects of vitamin supplementation on altered expression
of miRNA

A growing number of studies depict that vitamins are involved
in the prevention of several diseases. Retinoic acid (bioactive form
of vitamin A) plays a vital role in immunological processes, cellular
differentiation, and vision. Vitamins also act as tumor suppressors in
breast, bladder, prostate, lung, and liver cancers [15,68]. A study on
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embryonic stem cells of a mouse treated with retinoic acid showed
significant up- and down-regulation of 31 and 175 different mi-RNAs,
respectively. Among the down-regulated miRNAs, miR-220b and miR-
200c could remarkably elevate the expression of certain pluripotent
genes like Oct4 and Nanog associated with the developmental process
[69]. When leukemia cells were treated with retinoic acid, it resulted
in a marked increase in the expression of miR-342, miR-223, miR-107,
let-7d, let-7c, let-7a-3, miR-16-1, miR-15b, and miR-15a. On the other
hand, decreased expression of miR-181b, miR-193, miR-93, miR-25,
and miR-17 was also reported [70,71]. When breast cancer cell, MCE-7,
was treated with retinoic acid, it inhibited its cellular proliferation by
altering miR-21 expression [72].

Studies also suggest that the active form of vitamin D, di-hydroxy
vitamin D, has the potential to regulate miRNAs expression. The di-
hydroxy vitamin D binds to its receptors (vitamin D receptors, VDRs)
which facilitate the maturation of several miRNAs by modulating
the genes involved in their biogenesis, stability, and developmental
processes [16,73]. In association with its metabolites, vitamin D can
exert chemoprotective effects by altering the expression of various
miRNAs [74,75]. When human myeloid leukemia cells were treated with
vitamin D3, it was observed that expression of miR-181-b and miR-181a
was decreased. Vitamin D also possesses the ability to up-regulate the
expression of miR-32, which suppresses apoptosis induced by factors
like Bim [76]. Vitamin D also decreases inflammation by targeting
miR-155 which is negatively correlated with VDRs [77]. Calcitriol and
paricalcitol (activators of VDRs) were reported to have the potential to
inhibit the expression of miR-29b and miR-30c in nephrectomized rats.
These miRNAs are responsible for the termination of cardiac fibrosis by
targeting COL1A1, CTGE and MMP-2 expression [78].

Folic acid, present in ample amount in fruits, vegetables, and
various grains, plays important role in the synthesis and repair of DNA,
as well as in the DNA methylation process. A study on rats suggests
that when male fisher rats were fed with a diet deficient in folic acid,
hepatocellular carcinoma was developed after 54 weeks even in the
absence of any kind of carcinogen [12]. Development of the cancer was
linked with the up-regulation of miRNAs like let-7a, miR-21, miR- 23,
miR-130, miR-190, and miR-17-92. Besides, down-regulation of miR-
122 was reported behind the tumor development in the liver compared
to that in the counterpart fed with a sufficient amount of folate in their
diet. More importantly, after 36 weeks of folate supplementation, the
level of miR-122 was replenished/up-regulated, and liver tumorigenesis
was suppressed. Thus, the studies suggest that folic acid can be used for
therapeutic chemo-preventive interventions [79].

Fatty acids and miRNA biogenesis

Polyunsaturated fatty acids like Omega-3 PUFAs are found in fish
oil, seed oil, soybean, and walnut. Clinical studies show that they play
protective roles against cancers like colorectal cancer. Higher intake of
diets rich in these fatty acids has the potential to inhibit the growth of
colon cancer [80,81], breast cancer [13],and glioblastoma [81] by altering
various signaling pathways and expression of genes. Growing evidence
suggests that a diet enriched with omega-3 fatty acid is associated with
alteration of let-7 miRNAs that play important role in the regulation
of proteins like caspase, Bcl-2, and MAPK [82]. The chemo-preventive
nature of omega-3 fatty acid from fish oil might be due to its role in
alterations of miRNAs present in the intestine. To understand the effect
of omega-3 fatty acid on the altered profile of miRNAs in the colon of
rat administered with a carcinogen azoxymethane, Davidson et al. [83]
fed the rats with diets enriched in omega-3 fatty acid. They observed
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the least alteration in the profile of let-7d, miR-15b, miR-107, miR-
191, miR-324-5p. Crim et al. [84] reported that the chemo-preventive
effect of omega-3 fatty acid is far more pronounced when pectin (more
fermentable fiber) is added to the diet instead of cellulose (poorly
fermentable fiber). They concluded that a diet rich in fish oil and pectin
increases the expression of miR-19b, miR-26b, and miR-203 by down-
regulating the receptors such as IGF1, IGF2, and the transcription factor
4 [85]. Thus, the diet consisting of polyunsaturated fatty acid plays a key
role in the prevention of cancers. Vinciguerra et al. [86] reported that
certain unsaturated fatty acids decrease PTEN expression in liver cells
and exposure to oleic acid results in the increased expression of miR-21.
Furthermore, DHA causes down-regulation of miR-21 which is related
to enhanced PTEN protein levels and lowest expression of CSF-1. Thus,
the anti-oncogenic and chemoprotective functions of polyunsaturated
fatty acids are mediated through modulation in miRNA biogenesis.

The fermentation of dietary fibers in the intestine produces short-
chain fatty acid butyrate, which is chemoprotective [87]. Butyrate
has the potential to inhibit cellular proliferation and to activate
programmed cell death of colon cancer cells through miR-106b [88,89].
Expression of miR-106b-25, miR-18b, miR-106a, and miR-17-92 was
reported to be significantly up-regulated in HCT 116 colon cancer cells
when they were exposed to butyrate [90]. Thus, the antiproliferative
and proapoptotic activities of butyrate are associated with alteration in
the miRNAs profile.

Influence of dietary minerals on miRNA expression

Some of the minerals have the potential to affect miRNA biogenesis
and thus are associated with several chronic diseases like cancer,
cardiovascular diseases (CVDs), and diabetes [91,92]. Selenium is one
such mineral, responsible for a wide range of functions and essential
for proper physiological processes in humans [93]. A study conducted
by Xing et al. [94] reported that Selenium deficiency is responsible for
the down-regulated expression of 12 different miRNAs in the Caco-2
intestinal cell line. miR-185, miR-429, miR-203, and miR-625 were the
most commonly affected miRNAs. The miR-374, miR-16, miR-199a-
5p, miR-195, and miR-30e, responsible for signal transduction, cellular
differentiation, and responders of stress, were observed to be 5-fold
up-regulated under selenium-deficiency in rats compared to that in
the control group (supplemented with selenium). Besides, 3 different
miRNAs (miR-3571, miR-675, and miR-450a) were detected to be
down-regulated [94].

Apart from selenium, zinc is also considered to be the elements
required for the appropriate expression profile of miRNAs. It is required
for the structural stability of numerous proteins since it acts as a cofactor
for nearly 350 different enzymes [95]. In vivo study on rats showed that
zinc-deficient caused up-regulated expression of inflammation-related
genes and altered miRNAs profile in skin, pancreas, liver, and lung.
The expression of two miRNAs (miR-21 and miR-31) associated with
inflammation was dysregulated under zinc-deficiency compared to that
in the zinc supplemented group [14]. During zinc deficiency in human
miR-204 and miR-296-5p were reported to be down-regulated, and the
effects were reversed after zinc supplementation. These miRNAs have
been reported to suppress the expression of numerous oncogenes [96].

Role of miRNAs in the occurrence of diseases

The potential of dietary components in the modulation of miRNAs
associate them with pathogenic conditions. Many of the miRNAs
act as potential tumor suppressors [97,98]. The role of the miRNAs
in regulating a broad range of cellular, molecular, and physiological
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processes in the cell that control growth, apoptosis, invasion,
angiogenesis, and metastasis have been well-described earlier [99,100].
Evidence indicates that up- or down-regulation of these miRNAs is
associated directly/indirectly with tumorigenesis and the development
of different types of cancers. Thus, the miRNAs might be considered
in finding out therapeutic interventions against severe chronic diseases
like cancer [100-102].

Role of miRNAs in cancer

A large number of studies have evaluated the impact of bioactive
dietary components on the regulation of miRNAs expression in different
types of cancer cell lines. Some of the studies reported the importance
of dietary patterns and calorie restrictions on the modulation of
miRNAs expression and function [103]. Continuous intake of the
Western diet, which targets the EGFR signals, and inhibit miR-143 and
miR-145, leads to the increased incidence of colonic tumorigenesis and
marked elevation of miRNA targets like K-Ras and MYC [103]. The
role of dietary folic acid in the expression of miRNA in different model
systems, its correlation with the occurrence of cancer, and prevention
has also been studied [104]. More importantly, the addition of folic acid
to reverse folate-deficiency reverses the altered profiles of miRNAs. This
proves the important role of folic acid in the modulation of miRNAs
and signifies that folate can be used as a potential nutrient in cancer
prevention.

Gaedicke et al. [105] observed the importance of vitamin E in the
regulation of miRNAs expression. The dietary deficiency of vitamin E
for 6 months resulted in reduced expression of miR-122A and miR-
125b in the hepatic cells in rats. The study suggests that supplementing
diets with the right amounts of vitamin E may have cancer-preventive
property by modulating the miRNA expression [105]. miR-21
dysregulation has been linked with the induction and progression of
different cancers, and it is modulated by curcumin [106]. Curcumin
down-regulates miR-2 expression and exerts its chemo-preventive
effects in different kinds of cancers. Reports indicate that miR-21
is one of the key players in cancer-linked pathways including cell-
proliferation, metastasis, drug resistance, and apoptosis [107-109].
Therefore, understanding the mechanisms involved in the modulation
of miRNAs in response to dietary components might provide new
insights in designing newer therapeutic interventions to fight against
cancers (Figure 3).

Role of miRNA in cardiovascular diseases

Many research trials demonstrate that during CVDs several
miRNAs are differentially expressed. The alteration in miRNA
expression was reported in blood plasma and cardiac tissues. Research
suggests that two miRNAs are involved in various CVDs [110-113]. In
cardiac hypertrophy, miR-1 and miR-133 were observed to be down-
regulated which leads to cardiac injury [114]. miR-1 is responsible for
the growth of cardiac myocytes, and regulate hypertrophy by inhibiting
the signaling process [115].

Various other miRNAs that are associated with cardiac hypertrophy
are included in Figure 4. miR-1 and miR-133 are associated with the
pathology of cardiac arrhythmia where these miRNAs are up-regulated.
The mouse suffering from cardiac fibrosis showed a marked increase in
the expression of miR-21, and down-regulation of miR-21 could reverse
cardiac fibrosis and improved the functioning of the heart to normal
[116]. The patients suffering from coronary heart diseases showed a
marked elevation in 3 different miRNAs (miR-1, miR-21, and miR-
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208). On the other hand, down-regulation of 6 different miRNAs (miR-
133, miR-126, miR-17, miR-155, and miR-195) was also reported in the
patients (Figure 4).

Role of miRNAs in obesity

Studies suggest that epigenetic mechanisms play important role
in obesity-related problems, and miRNA can be an important player
as it can affect metabolic reprogramming [117]. The miRNAs that
cause dysregulation of metabolic tissues in individuals with obesity
play important role in the process of fat metabolism, secretion of
insulin, differentiation, and synthesis of adipocytes, etc. [118,119].
Diets containing fruits and vegetables decrease the risk of obesity as
they contain bioactive components that affect epigenetic mechanisms
like DNA methylation, histone modifications, and siRNA/miRNA
biogenesis. Obesity is a condition associated with chronic inflammatory
processes that contribute to the pathogenesis of several other diseases
[120]. A study indicates that miR-206, miR31-5p, and miR-2355-5p are
differentially regulated in obese children compared to that in children
with normal weight [121]. Besides, miRNAs are also involved in weight-
loss. Ortega et al. [122] reported post-surgery weight-loss due to the
down-regulated expression of miR140-5p, miR-122, and miR193a-5p.
Furthermore, miRNA-223 and miRNA-143 are responsible for changes
in cellular metabolism during obesity in human beings [123]. Milagro
et al. [124] reported that the level of miRNAs (e.g. miR-935 and miR-

376b) in the blood is altered during diet-induced weight loss. Figure 5
summarizes the miRNAs involved in obesity and the targeted pathways.

Conclusions

Even though the current understanding of miRNAs biogenesis and
their potential role in the regulation of gene expression, as affected by
dietary food components, is advancing day-by-day, the mystery of the
mechanism of action of miRNA continue to emerge. The presence of
the bioactive food components in the diet is one of the major factors
that affect the pathogenesis of diseases like cancer, CVDs, and obesity.
Thus, diet plays a key role in regulating gene expression via alterations
in miRNAs biogenesis. Prevention and cure of various chronic
diseases via miRNA modulations through dietary food components
is an emerging/interesting area of science. Studies suggest that specific
bioactive food components like vitamins, polyphenols, minerals, and
PUFAs have preventive effects on diseases like cancer and CVDs (Figure
6). However, the exact mechanism of action is still not fully understood.

The global population is increasing rapidly, and it is expected to
cross 9 billion by the year 2050. Moreover, the changing dietary habits
might result in an increasing demand for fresh foods to feed the
burgeoning population with healthy diets [125]. Providing healthy
foods for the ever-growing global population is not the only challenge,
but producing them in a safe and sustainable manner is another

: !

Figure 4. Dysregulation of miRNAs during different cardiovascular diseases (CVDs). miRNAs listed inside the arrow shows changes in expression during CVDs. Upward arrow indicates

up-regulation of miRNAs, while downward arrow indicates down-regulation of mi-RNAs
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important challenge. The on-going pest management strategies rely
heavily on chemical pesticides, which not only cause adverse effects on
the beneficial organisms but also affects human health as the pesticide
remains in thus produced foods as residues [126]. Therefore, the need
of the day is to use safe and sustainable pest management strategies like
biopesticides to produce healthy foods and keep the environment safe
[127]. miRNAs not only play important role in pathogenesis in animals,
but they have equally important roles to play in causing diseases in
plants [128]. Nevertheless, advances in emerging technologies like
epigenomics and genome editing might help to produce healthy foods
as well as modulating miRNA biogenesis or its target gene(s) [129,130].
However, it would be equally important to take care of the biosafety
issues of laboratory research [131], as well as those of the genetically
modified organisms [132] to protect the environment.

The views expressed here are those of the authors only, and these
may not necessarily be the views of the institution/organization the
authors are associated with.
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