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MLCK myosin light chain kinase

MT1 melatonin receptor type 1

mTOR chanistic target of rapamycin

yc Avian Myelocytomatosis Viral Oncogene Homolog

non-alcoholic fatty liver disease
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NASH ! non-alcoholic steato hepatitis

Pdk1 ruvate dehydrogenase lipoamide kinase isozyme 1

PI3K

osphatidylinositol-4,5-bisphosphate 3-kinase

dkoxisome proliferator-activated receptor- alpha

peroxisome proliferator-activated receptor- gamma

Pref-1 -adipocyte factor 1
PTEN sphatase and tensin homolog
RISC nucleoprotein miRNA induced silencing complex

onucleic Acids

TENC1

sin-like C1 domain containing phosphatase

TGF-B transforming growth factor beta

TNF-a tumour necrosis factor alpha

UCP-1 uncoupling protein 1

VEGF vascular endothelial growth factor
Zebland 2 c finger E-Box binding homeobox 1 and 2
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ABSTRACT

Environr#ndgenetic factors play an important role in the development of obesity, and diet is
one of the Ohtributing factors to this disease. High fat intake is associated with body weight
gain, leadingiiegeid€sity and other metabolic diseases. MicroRNAs (miRNAs) are a group of small,
non-codingaRdlAssihat are important regulators of gene expression at post transcriptional level.
Studies ha{€ shown that high fat intake, independent of body weight status, can significantly impact
both negah positively the expression of miRNAs and thus the biological function of tissues
such as adifgose, skeletal and cardiac muscle, liver, neuronal and endothelial. This review will
summarise cts of high calorie diet in the form of high fat intake on miRNA expression in
various tissges imal models and of high fat fed offspring. We will also briefly review the impact
of differenmmids on MiRNA expression. Given changes in miRNA expression have been
associated with the development of many diseases including obesity, understanding their biological

role could have important clinical implications and offer tangible therapeutic targets for the
prevention, management and/or treatment of obesity and other lifestyle related disorders.

High fat in;:e can impact a variety of tissues independent of body weight status. Small, non-coding

RNAs calle As play an important role in the diet-induced changes in tissue function.

Identifyingmm that are impacted by diet and understanding their biological role could have
important clinical implications and offer tangible therapeutic targets for the prevention,

|
management and/or treatment of obesity and other diet related disorders.
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INTRODUCTION

Lifestyl“ly changed over the last few decades in both developed and developing
countries. Theme@asumption of energy dense foods (rich in fat and sugar) has increased owing to its
@ nd easy availability. On the other hand, daily physical activity has decreased with
the advance echnology, as most professions are now less labour intensive. Over time, this

higher pal

change T |FESE®&an shift an individual’s overall energy balance to positive, resulting in weight gain
due to ext accumulation in adipose tissue. Adipose tissue can secrete various peptide
hormones, adipgkines and non-peptide bioactive molecules that can impact appetite and overall
energy hoieostas)8 [1]. During times of overfeeding, the size of adipocytes typically increases due to

the storage a triglycerides. However as adiposity continues to increase, the normal lipolytic
and secret jons of the adipose tissue become hampered, leading to macrophage

accumulati neg€ased inflammation [1, 2] and possible insulin resistance [3]. Furthermore, altered
lipolytic actiwi ithin the adipose tissue can result in greater release of free fatty acids into the
blood and lead to gctopic accumulation of fats in the liver and muscle [4]. Excessive accumulation of
triglycerid er can lead to non-alcoholic fatty liver disease (NAFLD), which is associated with
hepatic ins tance, altered glucose, fatty acid and lipoprotein metabolism, and production of
inflammat ines [5]. In the skeletal muscle, studies have reported close association between
intramuscul jiglyceride accumulation and insulin resistance [6]. Other comorbidities associated

with exces§ive w ht gain and obesity include: various types of cancers [7], neuronal damage [8],
endothelial'@ys tion [9], cardiac hypertrophy [10], and erectile dysfunction [11]. These

manife gh calorie intake and fat accumulation involve a large panoply of cellular
signalling, w ikself is driven by various epigenetic modifications. Epigenetics is the heritable
changei xpression without changes in the DNA sequence. Epigenetic changes include DNA
methyl . e modification, chromatin remodelling and most recently discovered, miRNA

expression regulation [12-14].

MiRNAs (I\/hnucleic Acids or miRNAs or miR) are a group of small, non-coding RNAs which
ession at the post transcriptional level, by modifying mRNA availability and thus,

regulate ce , differentiation, development and apoptosis [15, 16]. These small RNA

molecules haVe'a
[27], a?ﬂ[ﬂ] and play an important role in the functioning of the liver, pancreas and
brain [ detail regarding the biogenesis and function of miRNAs, which is beyond the
scope of t*’ revie', please refer to the following papers [20, 21]. Recent studies have suggested
that diet alOne can alter the expression of miRNAs [22], resulting in changes to normal cellular

so been reported to regulate proliferation and differentiation of skeletal muscle

function and posstle tissue dysfunction [23]. High fat diets in particular can alter the expression of
miRNAs in it weight gain and obesity, but also development of obesity-related comorbidities

in a variety of ti s including: adipose, liver, skeletal muscle, intestine, nervous, heart,
endoth afd corporal tissue. Despite the many diet-induced changes in miRNAs expression

being reported, the majority of these studies have compared the miRNA levels of an obese model to
~
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a non-obese model and thus identification of early miRNA changes as a result of the diet, typically
high fat, rather than the obesity phenotype per se is often difficult to determine.

The obj review paper is to summarise the short- and long-term changes in miRNA
expression wult of high fat diet and diet-induced obese phenotype and how these subsequent
changes may contr_ibute to the development of not only obesity, but also other lifestyle-related
diseases. Importantly, this review will discuss how high fat diet alone can significantly impact the
expressidnIGAAIRINIAS in various tissues, independent of body weight changes. The impact of

maternal digt on offspring miRNA expression and intake of different dietary lipids will also be briefly

discussed. It be noted that this review will focus specifically on miRNA changes in tissue,
rather thaicirculafion, with a number of extensive reviews already published in this area [4, 24]. It is
evident that the origin of circulating miRNAs is often debatable with the expression profile of
circuIatingLniRl\lAs_simiIar or different from those in pathological tissues [25] and between tissue
and circulation. Aichough a number of miRNAs that play important roles in the pathophysiology of
obesity and associated comorbidities have been identified in both tissue and circulation, very few
studies have repoEed changes in systemic miRNAs following high fat diet. Therefore, a list of
miRNAs identified in both tissue and circulation and their expression changes following high fat diet
have been Leported (See Table 1). Additionally, their link to human pathological conditions have also

been noted to demonstrate their clinical relevance and potential as a therapeutic target.

HIGH FNT-INDUCED CHANGES IN miRNA EXPRESSION IN
VARI UES

A summary o A changes in adipose, liver, skeletal muscle, intestine, nervous, heart,

endoth rporal tissue following high fat diet and/or obesity development are depicted in
Figure 1. Livers from maternal high fat fed offspring were also included to demonstrate the impact
that diet arg obesity can have on the intrauterine environment during pregnancy. In order to

minimise o aneous factors, this review will only focus on animal models of high fat feeding

to induce oh and thus exclude diets that used other macronutrients to increase weight such as
simple sug etically modified animal models and human models (See Table 2 for a summary
of papers incl¥@ed in this review).

AdiposeNissue
Adipose tissue is ag endocrine organ and regulator of whole-body energy homeostasis through the
storageH of triglycerides [26, 27]. In response to over-feeding, excess energy stores
partition i yte. Adipose tissue grows by two mechanisms: hyperplasia (cell number
increase) and h rophy (cell size increase) [15]. Expansion of adipocytes, specifically large
hypertrophic adipggytes, is limited by multiple factors, including hypoxia and differential matrix
mechanmggnificant function of the differentially expressed miRNA targets is cell
differentiatio&nd its regulation, which is a reflection of their role in both hypertrophy (enlargement

of the existing adipocytes) and hyperplasia (adipogenesis or adipocyte differentiation) during obesity

This article is protected by copyright. All rights reserved.
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[29]. If left untreated, continue expansion of adipocytes can result in adipose tissue dysfunction,
metabolic syndrome and comorbidities such as insulin resistance, diabetes and cardiovascular
diseases [18, 27]. This section (and other sections throughout this review) will focus specifically on
the in vnHails and outcomes, and use support from in vitro findings if applicable. Using the
criteria of hi eeding, 5 studies were identified in the literature to date. Two of those studies

gific miRNA (miR-21 and miR-143, respectively) [27, 30], while the others

investigate
examined global changes in miRNA expression [29, 31, 32].

H I
MiR-143 v\/s oriﬁinally thought to play a key role in cardiac morphogenesis and tumour suppression
[33]. However, recent research suggests that it may also be important in the development of obesity

[30]. Takan@be andicolleagues examined the expression of miR-143 in mesenteric adipose tissue of

mice fed eit igh fat diet (45% of total calories from fat) or standard chow for 8 weeks [30].
Results sh nificant 3.3 fold increase in miR-143 expression following the consumption of
high fat di ed to standard chow fed mice [30]. In addition, the expression of miR-143 was

positively ﬁ with body weight, mesenteric fat weight, plasma leptin concentration levels,
peroxisome prolifékator-activated receptor-y (PPAR-y) expression and adipocyte fatty acid-binding
protein (a -y is a nuclear receptor which controls adipocyte differentiation and hypertrophy,
while aP2 regulates systemic glucose and lipid metabolism and is highly expressed in obesity [34].
Both are inMdifferentiation markers of adipocytes [35, 36]. The positive correlation could

peof regulatory relationship due to the high fat intake or could be a secondary

9

indicate so
p the increased weight. MiR-143 has been linked to the regulation of adipocyte

consequenge ¢

differentiatie argeting extracellular signal-regulated kinase 5 (ERK5) [37], however, no

correla miR-143 expression levels and ERK5 protein expression was found [30].
Notwithstan e study by Takanabe et al. [30] indicates that miR-143 is somehow involved in
the deve of obesity, possibly via the regulation of adipocyte differentiation through PPAR-y
and its target, ERKS5, or other unidentified downstream targets.

Similar to miR-143, MiR-21 has also been targeted for investigation due to its involvement in
adipogenic!ifferentiation in human adipose tissue derived mesenchymal stem cells via the
modulation of endogenous TGF-B signalling pathway [38]. In 2012, Kim and colleagues [27]
investigate @ pression levels of miR-21 in epididymal adipose tissue of high fat diet-induced
obese miceflnterdstingly, a bi-phasic change in miRNA expression was observed during the 10 week
high fat die i

early as wegk 1, followed by an increase at week 10 [27]. Adipocyte numbers were also increased,

rvention (60% of total calories from fat), with a decrease in miR-21 shown as

with si ges observed at 3 weeks in the high fat fed group and 7 weeks in the standard
chow feHough the changes in the standard chow fed mice were most likely due to age
dependent““s [39]. The expression of pre-adipocyte factor 1 (Pref-1), a pre-adipocyte marker,
also reached its highest level at 3 weeks during high fat feeding before declining thereafter, whereas
the expression ofEtty acid binding protein 4 (Fabp4), a mature adipocyte marker, continued to
increaseﬁr t_he 3 weeks, which corresponded to the increase in size, volume and number of

adipocytes in the epididymal fat. In standard chow fed mice, changes in miR-21 expression were in
contrast tom fat fed group with an increase reported at week 5 followed by a decrease at

This article is protected by copyright. All rights reserved.
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week 10. Although the changes in standard chow fed mice demonstrated the normal changes with
growth development, the down regulation of miR-21 in the early phase of high fat feeding suggests
that the miR-21-induced increase of adipogenic differentiation may not contribute to the early
stages of oEesity [2_7]. In fact, miR-21 may actually be controlling the proliferation of adipocyte
precursors, as evidsnt by the early increases in Pref-1. Taken together, the results suggest that miR-
21’s role (via down-regulation) is to induce proliferation of adipocyte precursors in the early stages
of obesily development and increase the number of adipocytes (via adipogenic differentiation) in
the later stages [27].

A pioneerihnvestigating the global expression of miRNA was recently published in the
Journal of Di@bet@ [29]. The researchers used miRNA microarrays to profile over 370 miRNAs during
adipogene@adipocytes in both cell and animal models. In the animal model, global miRNA

expression was mined in epididymal fat pads of ¢57BL/6J mice following 12 weeks high fat
feeding (Sml calories from fat). Results showed that ten miRNAs were differentially
expressed, ht miRNAs (miR-422b, miR-148, miR-107, miR-103, miR-30c, miR-30a-5p, miR-

146b, and increasing their expression and 2 miRNAs (miR-221 and miR-222) decreasing
their exprem]. The study also used a leptin deficient B6.V- Lepob/J(ob/ob) obese mice to
compare findi d determine if the leptin hormone played any role in subsequent changes in
adipose tisgluie miRNA expression profiles. The expression profiles of ob/ob and diet-induced obese
mice were similar, suggesting a lack of hormonal involvement in the miRNA changes. Several
miRNAs, inglucﬂng_miR—103 and miR-143, exhibited inverse patterns of regulation, with up-regulation
in pre-adipc&ytﬂell culture model) and down-regulation in mature adipocytes (animal model).
The authors suggested that the contrasting changes in miRNAs, specifically the down-regulation in
later stages&ld be due the chronic local inflammation environment and enhanced TNF-a levels
often observﬁadipose tissue of an obese phenotype [29]. Indeed, similar changes in miRNA
expression were observed after TNF-a treatment of differentiated adipocytes in the same study [29].
The findings from the Xie et al.[29] study have important implications in the understanding of
adipose tissue biology during the development of obesity, with miR-143 (again) and miR-103
identified as key regulators. Furthermore, the dysfunction of miRNAs in adipocytes of an obese

phenotype, is likely associated with the chronic inflammatory environment, rather than hormonal.

MiR-103 h@en reported to be up-regulated in steers following 14 weeks of high fat diet

(5.85% of to fat) [32]. In addition, the study demonstrated an increase in Let-7 and miR-27b,
both of whith have contrasting roles, with Let-7 demonstrating a pro-adipogenic effect by regulating

high-m AT-hook 2 (HMGA2), and miR-27b demonstrating a anti-adipogenic effect by
regulatiMQ, 40, 41]. The researchers also showed miR-17-92 cluster (miR-19a and miR-
19b) to be ki pressed in adipose tissue. MiR-17-92 cluster is involved in enhanced adipocyte
differentiation anditriglyceride accumulation through inhibition of Rb2/p130, a regulator of cell cycle
and tumou ssor [42]. An interesting finding was the location specific increases in miRNAs,
with increa ession of miR-196a observed in visceral adipose tissue, whereas increased
express iR-2454 was observed in subcutaneous adipose tissue. This suggests that changes in
miRNA can di ithin the same tissue at different locations [43, 44]. In addition to the

This article is protected by copyright. All rights reserved.
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aforementioned miRNAs, five other miRNAs involved in lipid metabolism and/or adipogenesis were
also found to be differentially expressed, and of those, miR-101 and miR-2368%*, were shown to
target PPAR-y, a key regulator of energy homeostasis in white adipose tissue [45].

It has beenwed that 3 months or less of a high fat diet may not be long enough to induce the
same chang_es ofte_n seen in adipocytes from ob/ob mice [30], a model suggested to be a true
representation of an obese individual. With this in mind, Chartoumpekis et al., [31] examined the
long teri iMP@emer high fat feeding on global expression of miRNAs. C57BL/6J mice were fed a high

epididyma s examined pre- and post-dietary intervention. Researchers reported an up-
regulation @f miR-221, miR-222, miR-21, miR-343-3p, miR-142-3p, miR-142-5p, miR-146a, miR-146b,
miR-674, m nd down-regulation of the miR-200 family, miR-204, miR-30a*, miR-193, miR-
378, miR-3@@, 22, miR-133p, miR-1, miR-30a, miR-192, and miR-203 [31]. Changes in some of
these miRw accordance with the previous reports [29, 46]. Although the target gene
analysis of iRNAs was not performed, the use of bioinformatics tools and literature were
used to predict thélchanges in target genes and thus subsequent function. MiR-142-5p and miR-
142-3p are o target bone morphogenetic protein 4 (Bmp-4), fibroblast growth factor 10
(Fgf10) an kinase B (Akt1/PKB), all of which are involved in the regulation of adipogenesis
[47, 48]. V\m] and miR-146-a are reported to target CCAAT-enhancer-binding proteins

(C/EBPB) and apolipoprotein E (ApoE) and thus regulate adipocyte differentiation [49, 50]. MiR-146a
has also beén

ated in the inflammatory response and target of interferon-y [51]. miR-222

targets hypoXia cible factor 1-alpha (Hif-1a) and tumour necrosis factor alpha (TNF-a), which

regulat i ntiation and may also be linked to inflammatory processes [23, 46, 52, 53]. MiR-
200b and miR-203 and 192 are predicted to target zinc finger E-box binding homeobox 1
and 2 (Ze eb2), which have been implicated in adipogenesis and obesity [54]. MiR-1, a
skeletal ific miRNA, is reported to target uncoupling protein 1 (UCP-1), which uncouples

oxidative phosphorylation from ATP production and induces dissipation of energy as heat [55].
Changes infhiR-1 could be important for metabolic adaptation following high fat diet feeding [55,
56]. MiR-Z%cated in cell differentiation, and miR-133b have a common target, Runx2, which
stimulates g8teog@nesis and represses adipogenesis [57] indicating that down-regulation of miR-204
and 133b @ in non-inhibition of Runx2 and stimulation of adipogenesis. No plausible targets
miR-30a*, miR-30e*, miR-193, miR-378, miR-122, miR-130a, miR-142, miR-21,
iR-146b, miR-342-3p, miR-203, and miR-192.

were mentio
miR-146a,

A findin% * h siﬁn" icant implications for analytical validation techniques was observed by Romao et
al. [32] w emonstrated a decreased miR-16 expression within adipose tissue following a high fat

diet. This i ular importance given this miRNA is widely used as an endogenous control
miRNA for it@tive RT-PCR analysis. MiR-16 has pro-apoptotic function and given it is influenced

58], future studies should reconsider using miR-16 as an endogenous control for

studies. Data from the aforementioned studies provide evidence that miRNAs within
responsive to high fat feeding, and these changes are linked to adipose cell
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development, obesity predisposition and possible adipose tissue dysfunction with obesity.
Specifically, miR-143 and miR-21 have been reported by numerous studies to be up-regulated and

are suggested to minifest their effects by targeting PPARy/ERK5 and TGF, respectively.

Additio s in the expression of miR-142-5p and miR-221/222 have also been reported
multiple tim miR-142-5p targeting Bmp4 and Fgf10 and miR-221/222 associated with arterial
smooth m ogenesis [59]. Finally, miR-103 and miR-146b appear to be important in adipose

tissue physiology and dysregulation, however, further studies are needed to validate their reported

effects.

Liver Tisgue
The liver p@rformsNarious biochemical functions important for systemic homeostasis and is

considered olic workhorse [60]. High calorie and fat diets significantly impact the liver with
excessive fALS i form of triglycerides accumulating in hepatocytes which can lead to a reversible
pathologic ifion called non-alcoholic fatty liver disease (NAFLD) [61, 62]. Growing evidence

suggests a iation between conditions or risk factors of metabolic syndrome (i.e. obesity,
insulin resistance alhd hyperlipidaemia) and NAFLD [61, 63]. However, the molecular mechanisms
behind the pment and progression of NAFLD remains elusive. Notwithstanding, it has been

shown tha -induced hepatic dysfunction is accompanied by alterations in miRNA expression
[64]. To da ies have been published investigating the effects of high fat diet on liver
physiology, ment of hepatic steatosis and associated changes in miRNA expression [61, 63,
65-67]. Thmse studies investigated a specific miRNA: miR-122 [65], miR-467b [61] and miR-
21 [63], whifé t her studies performed global changes in miRNA expression [66, 67].

MiR-46 important regulator of lipid metabolism by affecting hepatic levels of lipoprotein
lipase (LPL) R-467b is bound to LPL mRNA in the 3’ untranslated region. Down-regulation of
miR-46 reported in high fat diet-induced obese C57BL/6 mice accompanied by non-

inhibition of LPL and hepatic steatosis [61]. Suppression of MiR-467b is also linked to a decrease in
phosphatit!linositol-4,5-bisphosphate 3-kinase (PI3K) and its downstream target Akt, potentially
leading to i sistance in hepatocytes. Insulin resistance normally precedes accumulation of fat
in hepatic cglB8] and hence contributes to the development of hepatic steatosis. In another study
by the sa 63], 8 weeks of high fat feeding (60% of total calories from fat) induced a down-
regulation o R-21 in the liver [63]. Target gene analysis revealed fatty acid binding protein 7
(FABP7me targets of miR-21 in the liver [69, 70]. High fat diet-induced down-regulation of
miR-21 lation of FABP7 increases fatty acid uptake in the liver which, when excessive,
can uItima‘Ix Iea'to hepatic steatosis. Taken together, these studies indicate that miR-467b and

miR-21 are"Important regulators of lipid metabolism and contributors to the development of hepatic

steatosis via diffef@ant pathways in the liver.

To further understand the impact of high fat diet on miRNA expression and also identify any novel

d colleagues [67] used miRNA microarray and quantitative RT-PCR to investigate
in murine liver tissue following high fat (energy percentage from fat not reported)

feeding for 6 weekS. More than 50 hepatic miRNAs were dysregulated in the diet-induced obese
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mice model. Some of the changes were already known to be involved in obesity and other diseases.
For example, miR-451 was reported to down-regulated; a miRNA already known to be associated
with non-alcoholic steato-hepatitis (NASH) [67]. Others of note included the down-regulation of miR-
16, miRHZ miR-143 and miR-148a and up-regulation of miR-351 and miR-669 [67]. The
miR-103, miR-143 and miR-148a are consistent with previous findings in

adl obese mice [29]. Target gene analysis of these miRNA’s show that estrogen-
related receptor alpha (Essra), Indian hedgehog (lhh), corticotropin releasing hormone receptor 1
(Crhri1) a‘reErtfc targets of miR-16, miR-103/107 and miR-669, respectively, with miR-107 and
miR-669 mghifestime their effects by inhibiting translation of fatty acid synthase (FASN) and V-Myc

avian myelggytofatosis viral oncogene homolog (MYC), respectively, rather than mRNA degradation
[67]. MiR-187 partdally inhibits the expression of FASN, a central player in de novo synthesis of fatty

acids [71]. Interestingly, the miRNAs shown to be differentially regulated following high fat feeding
(miR-16, d miR-103) have also been shown to be differentially regulated in osteoarthritis
patients, p support to the hypothesis that miRNA dysregulation may mediate the
relationshi n obesity and osteoarthritis [72].

MiR-122 is miRNA of interest due to its involvement in lipid metabolism, high abundance in

liver and a with serum cholesterol level in both murine and primate models [37, 73].
However, m observations have been documented with miR-122, with one study reporting a
down-regulation [65], while another study reported an up-regulation following high fat diet [66]. The
differencesico due to the animal models utilised and duration and composition of the diet

e hers. Cirera et al., [65] examined the effects of a 11 week high fat diet (2%

% fat) in Gottingen mini pigs, whereas Karere et al., examined the effects of a 7

given by th

week high iet (40% from calories), high cholesterol (1.7mg/kcal) in baboons (Papio hamadryas)
[66]. Interesi , In the same study [66], differential expression of miRNAs were demonstrated
separated by their LDL-C serum levels (low and high LDL-C responders), which
may indicate that expression of some miRNAs may be dependent on the threshold levels of serum
choIestero!; he primary target of miR-122 is cationic amino acid transporter 1 (CAT1). However,

despite a d n miR-122 expression in one study [66], there was no significant change in CAT1

gene expregs ich is in contrast to previous in vitro findings demonstrating an inverse

relationshi gen miR-122 and CAT1 expression [74]. Similar to miR-143 in adipose tissue, the
aforementioned observations provide another example of miRNA changes in vitro not being
replicated iy an in vivo model [30], and demonstrates the complexity of miRNA regulation between

tissues, hods of analysis and interventions.

Finally, tHetown-regulation of MiR-155 and miR-146-a following high fat feeding has been
associated anced accumulation of oxidized LDL cholesterol in monocytes, a key event in
developm erosclerosis [75, 76]. The genes targeted by these miRNAs include: low density

lipoprotein rec (LDLR), very low density lipoprotein receptor (VLDLR), lipase A precursor (LIPA),

phosph tensin homolog (PTEN), tensin-like C1 domain containing phosphatase (TENC1),

and activi tor, type IB isoform c precursor (ACVR1B) [66]. These gene targets play important
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roles in receptor-mediated endocytosis of LDL-C, VLDL triglyceride metabolism, hydrolysis of
cholesterol esters and triglycerides in lysosomes and possible tumour suppression, and thus have
been identified as potential therapeutic targets for prevention and treatment of atherosclerosis [75,
76]. H

Although er specific miRNAs appear to be diverse and unpredictable following high fat
diets, it is €vid adthese miRNAs are intimately involved in the regulation of liver physiology and
pathopysiGIGEYMWith the exception of miR-122, which has been reported in two different studies
[65, 66], ndther miRNAs have been repeatedly identified in the aforementioned studies. On

another note, miR-target prediction techniques have revealed that certain miRNAs have the same
gene targegs, and thus complementary expression of miRNAs may help fine tune the expression of

target genes¥ xample, miR-27a and miR-26a which were up-regulated and down-regulated,
respectivel following a high fat diet target low density lipoprotein receptor adapter protein
1 (LDLRAP ic¥interacts with LDL cholesterol receptors.

Skeleta@ Tissue

The devel f type 2 diabetes is linked to the accumulation of fat within skeletal muscle,
inducing insuli istance [77]. During the past 10 years, numerous miRNAs have been identified for
their involgment in skeletal muscle proliferation, differentiation and apoptosis [17]. There is

accumulating evidence that miRNAs are also associated with the development of diabetic

complicati However, how muscle specific miRNAs respond to high fat feeding and their link
to diet-ind lin resistance has not been fully elucidated, with only a few studies examining
this lin ino clobal miRNA analysis, 30 miRNAs in gastrocnemius muscle were found to be
differenti ressed following 12 weeks of high fat diet (58% of total calories from fat) compared
to the :ﬁw diet in C57BL/6 mice [77]. MiR-1, miR-133a, miR-133b and miR-206, known as
the my down-regulated [79-85], whereas miR-144 and miR-106b were up-regulated.

Gene annotation and signalling enrichment analysis of predicted targets of the differentially

expressed @iRNAs revealed that high fat-induced insulin resistance involves a complex genetic
cellular rechh as those involved in cellular metabolic processes, cell death, and regulation of

transcriptio oreover, subsequent signalling mapping revealed 19 significant pathways

related to sistance. These included signal transduction pathways related to cell

proliferation ogen-activated protein kinases (MAPK), Wnt, neurotrophic, hedgehog, vascular
endothmfactor (VEGF), and transforming growth factor beta (TGF-B)], metabolism (lysine
degradaii in sulphate biosynthesis and glycan degradation), protein degradation (ubiquitin
mediated gkoteolySis) and oncogenic (colorectal) pathways. Some of these pathways such as MAPK
have aIrMmplicated in skeletal muscle insulin resistance [86] and key proteins within the
MAPK pathway s as p38 and pJUK have been previously found to be up-regulated in high fat diet-
induced di i ce [77].

study, Frias et al. [87] used a similar model of dietary-induced obesity and also
-regulation of miR-1 expression, but in contrast to Chen et al., [77], demonstrated

an up-regulation 6¥miR-133a, and no change in miR-206 [87]. The discrepancy in observed changes
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could be due to the different muscle group and fibre type analysed with the Chen et al., [77] study
using the gastrocnemius which is predominantly type IIB and IIDB fibres, whereas the soleus muscle

used by Frias et al. [87] study is predominantly IIB fibres [88]. Notwithstanding, the down-regulation
of miR-T§ wand miR-133 levels has been reported in white adipocytes in high fat diet-induced

(rereg

glycemia in high tat diet-induced diabetic mice [87] and thus could be a potential target for

obese mod and in the vastus lateralis of type 2 diabetic patients [80]. Of particular

importancé utically could be miR-1, with its change in expression negatively correlated with

H . . .
treatment @f skeletal muscle insulin resistance.

Intestinedisgue

Obesity is gonsidergd a risk factor for various types of cancers and high fat diets are associated with
colorectum [7, 89]. A recent pilot study [7] used an inducible mouse model of colon
carcinogemtermine whether feeding a high fat diet (45% of total calories from fat) for 20
weeks wo ce tumorigenesis. Researchers identified eight miRNAs that were up-regulated in
the colon iR-425-p, miR-100a, miR-194-1-a, miR-378-3p/422b-a, miR-718p, miR-196a, miR-
669-a, and miR-1581 MiR-155 and miR-196a have been previously associated with ulcerative colitis
[90] and ¢ astasis [91]. The pro-oncogenic influence of miR-196a is thought to act via
activation signaling pathway [91]. Although the Akt levels were not determined in the
OIivo-Marm [7] study, others have shown increased Akt phosphorylation and subsequent
cell proliferatign following high fat feeding [92]. Moreover, Akt and mammalian target of rapamycin

(mTOR) wHich @

surface rece@tovai@re suggested to be modulated by disturbances in dietary energy balance (i.e. high

ownstream pathways of insulin-like growth factor-1 (IGF-1) and other cell-

fat diet the link between obesity and cancer [93, 94]. Olivo-Marston et al., [7] also
identified 1 s that were down-regulated including miR-150-a, miR-351-a, miR-16-2-a, miR-
694-p, | , MiR-682a, miR-133a*-5p-a, miR-34c-p, miR-138-a, miR-133a-1-3p-a. MiR-150a in
particul confirmed in previous in vitro studies to suppress tumour growth by increasing

apoptosis and decreasing proliferation [95]. Other members of tumour suppressing miRNAs, namely
miR-34c, I§7 and miR-16 have also been down-regulated following high fat diet [96]. These findings
indicate that'u high fat fed conditions, miRNAs such as miR-196, miR-155 and miR-150 appear to
be import@progression of cancer by enhancing cell proliferation and reducing apoptosis

An emerging of research is the relationship between consumption of high fat diet, gut dysbiosis
and intestifidl carcinogenesis [97, 98]. There is growing evidence that diet can affect the composition
of intesti i iota resulting in dysbiosis, which may lead to cancer development. Shulz and
colleagues F7| fir' demonstrated enhanced tumour progression in the small intestine of genetically
susceptible, K-ras(G12Dint) mice, independent of obesity following high fat diet (diet composition
not reported) andgecondly, the disease from the high fat fed mice with intestinal tumours could be
transferre | samples to healthy adult K-ras (G12Dint) mice in the absence of high fat
feeding [97]Mtingly, treatment with antibiotics completely blocked the high fat diet-induced
tumour progression, with the authors suggesting that distinct shifts in the microbiota may play a
pivotal role in ag&avating the disease [97]. These results and others [99, 100], highlight the
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importance of a healthy microbiota and relationship between dysbiosis and carcinogenesis. This is
an important area of future research in diet-induced obesity and risk factors for gastrointestinal
cancers.

Nervous Jgsgue
Hi et-induced hyperlipidemia can cause serious digestive problems, including

dysmofillit romes such as altered gastric emptying and constipation [101].
Hyperlipi an also damage neurons of the central nervous system by activating
apoptotic @s and disrupting normal cell proliferation [102]. Identifying miRNAs and
- A
subsequent function may help understand the mechanisms of high fat diet-induced enteric
neuronal cell damage and the pathophysiology of high fat diet-induced gastrointestinal
dysmotility in humans [103]. The role of miRNAs in high fat diet-induced damage to the
—
enteric nervous system has been investigated in one study to date [8]. Following 11 weeks of
N
high fat fj (60% of total calories from fat), obese mice demonstrated apoptosis of
enteric neuronal cells, increased mitochondrial dysfunction and endoplasmic reticulum stress.
—
These diet-induced changes coincided with increased expression of miR-375 in enteric
gangli‘sed levels of the target mRNAs including a family of regulatory proteins
conserveds’n eukaryotes (14-3-3(), pyruvate dehydrogenase lipoamide kinase isozyme 1
(Pdkl), an otrophin [8]. However, contrasting results have been observed when
compared tically modified obese mice [8]. This is not surprising given other studies
have also gemonstrated conflicting changes in mRNA expression between diet-induced and
genetically-induced obese models; albeit in different tissues [102]. A finding of possible
P

therapeuti@tion was also demonstrated in the same study [8], with systemic injections

of a mir375 inhibitor preventing high fat diet-induced delays in intestinal transit and
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morphologic changes [8]. Although these pre-clinical findings are acute, it does suggest a
potential target for clinical gastrointestinal dysmotility.

Endoth mylissue
The endothelium, which forms the inner cellular lining of blood vessels and

- —
lymphatics, is a highly metabolically active organ that is involved in many pathological
conditions, including cardiovascular diseases (such as atherosclerosis, and hypertension) and
diabetes [10#*There are recent reviews summarising the role of miRNAs on the onset and
developm: rdiovascular diseases (CVD) [105], however few studies have investigated
the impac@ fat diet on miRNAs relating to CVD. High fat diets have been reported to
be associat: ith CVD which is implicated in atherosclerosis [9]. Recently, miRNAs have
been assﬁ with the development of atherosclerosis by influencing endothelial
permeabilmapoptosis [106]. Using a mouse model that advances the progression of
athero i oE knock out mice (apoE_/ ) were fed a high fat diet (2% cholesterol and
5% lard oil period of 16 weeks [105]. High fat feeding caused a down-regulation of
miR-1 within the endothelium, subsequent enhancement of myosin light chain kinase
(MLCK) Sexpression and reduced extracellular signal regulated kinase (ERK)
phosphoLCK is essential for endothelial cell function with its phosphorylation
affecting enddOthelial permeability [106]. ERK/MAPK is an important signal transduction
pathw is_linked to many inflammatory disorders [107]. The results by Wang et al.,
[106] swt miR-1 contributes to endothelial permeability by changes in MLCK
expressionEU( phosphorylation. Findings from the same group demonstrated an up-
regulation er miRNA following high fat diet; miR-29b [108]. MiR-29b has shown to

alter the ity of arterial walls and thus, similar to miR-1, influence endothelial
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permeability [108]. In addition, changes in miR-29b expression is linked to apoptosis, with an

increase or decrease in miR-29b expression leading to an increase or reduction in apoptosis,

respectivel ]. These effects could be driven by melatonin receptor type 1 (MT1) [100],
an import e that improves endothelial function [109], however, further studies are

needed to gnﬁrm this. MT1 mediates some physiological effects of melatonin. Finally, miR-
155 is involved in the prevention of atherosclerotic lesion development and progression, and

is typically up-regulated in both arteries and mononuclear cells in apoE™” mice [110]. MiR-

155 has been shown to be up-regulated in the aorta of apoE " mice fed on a high-fat diet for

3—10 months [111, 112]. A major mechanism underlying the anti-atherogenic effects of miR-
1551s likely to be the inhibition of inflammation via the MAPK pathway [110]. Taken
together, (Eimited studies in this area, miR-1, miR-29b and MiR-155 appears to play
importantm the development of atherosclerosis following high fat feeding, and could

offer pessi peutic targets for treatment and/or prevention of such a disease.

Cardi

Long term high fat diet feeding induces cardiac remodelling and dysfunction which can lead to
obesity-induced heart failure [10, 113]; whether miRNAs play a role is these changes have not been
fully elucid ently it has been reported that cardiac myocytes from high fat (45% of total

calories fro ed C57BL/6 mice exhibited increased expression of miR-451 compared to

O G
expression @ binding protein 4 (GATAA4), a protein involved in cardiac hypertrophy and

of miR-451 [115]. Calcium binding protein 39 (Cab-39) has also been identified
as a direct et of miR-451 in the heart by in vitro and knock out mice studies [114]. Cab-39is a
scaffold pratein of liver kinase B1 (LKB1), and an upstream kinase of 5' AMP-activated protein kinase
(AMPK)Mhanced AMPK phosphorylation has been demonstrated in miR-451 knock out

models [11$been suggested that suppression of Cab-39 through miR-451 up-regulation may

standard c

ice [114]. Increased expression of miR-451 was accompanied by elevated

possible g

be partially r ible for the high fat diet-induced cardiac hypertrophy [114]. Targeting miR-451

and reducing the sdppression of LKB1/AMPK pathway could be a promising strategy for treating

diac hypertrophy. Finally, miR-22 has also been recently shown to be up-regulated in
hy following ten weeks of high fat (60% of total calories from fat) feeding in
“However, given no details were reported on the mRNA targets and signalling
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pathways that we affected by the increased miR-22 expression, it is difficult to comment on the
significance of such a finding.

C57BI/6 mice ~Foffowing 22 weeks of high fat feeding (60% of total calories from fat), corporal
tissue eXhiB@EMAereased expression of miR-720, miR-1937a, miR-1937¢, miR-205, miR-151-5p and
decreased Wn of miR-550, miR-425, miR-134, miR-153, and miR-26b. Identification of target
mMRNA and ggnegfor these differentially expressed miRNAs were not investigated in this study [11].
However, the targét genes of these miRNAs have been shown in previous literature [11, 117]. For

example, mi negatively regulates natriuretic peptide, which is a potent vasodilator and has
been suggefte lay a role in smooth muscle tone in corpus cavernosum [11]. It is evident that
research in is still in its infancy and that further studies are needed to validate such findings
and investi role of other miRNAs in the physiology and pathophysiology of erectile tissue.
Matern fat diet and its impact on offspring

Maternal nd obesity status of the mother predisposes the offspring to a number of

pathologicahconditions including metabolic syndrome, adipose tissue dysfunction, appetite
dysregulation, cardiovascular disease and altered glucose/insulin homeostasis [118]. The

invoIvememNAs in eliciting such changes has been reported in mouse liver [119, 120]. In a

study by Z . [120], dams were fed a high fat diet (22.6% of total calories from fat), for 4
weeks i eption, during pregnancy and during the lactation period. Results showed that
livers from al high fat fed offspring displayed alterations in approximately 5.7% of miRNAs
measured otal) compared to livers from maternal standard chow fed offspring [120].
MiRNA ere the reduced expression of Let-7c which regulates developmental timing

and miR-122 which regulates fat metabolism. The change in let-7c could be due to the up-regulation
of PPARaq, @ PPARa have previously been reported to induce hepatocellular proliferation by
inhibiting hl, 122]. The study by Zhang and colleagues [120] suggest that offspring dams fed
high fat disBIay co—grdinated changes in key metabolic genes and miRNAs that regulate early fetal
growth and fat metabolism [120]. Similarly, Benatti and colleagues [120] demonstrated reduced
expression Mzz as well as carnitine palmitoyl-transferase lalpha (CPT1a) in the offspring livers
of high fat Wms. In addition, MiR-370 was increased whereas Acyl-CoA Dehydrogenase, Very
Long Chain (l@&BMI ) protein, which catalyzes the first step of the mitochondrial fatty acid beta-
oxidation pathwayfwas reduced thus supporting the altered expression in key genes regulating fat
metabolism observed by the Zhang et al. [120] study. Liver inflammation was evident as well in the
Benatti study [119)) which could be attributed to the negative changes in uterine environment and
hepatic m nzymes from the high fat fed dams. Other miRNA changes of significance in the
tudy, were the down-regulation of 5 miRNAs (miR-709, let-7, miR-122, miR-194,
have methyl-CpG binding protein 2 as their predicted target gene and the up-

iRNAs (miR-503*, miR-773-3p, miR-369-3p, miR-197 and miR-667) that have

Benatti et al.
miR-26
regulation o
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histone 4 as their predicted target gene target [119]. It has been suggested that 23 miRNAs
expressed during early stages of life play an active role regulating metabolism and foetal growth
[119]. Although no fignificant phenotypic changes were observed in the offspring of high-fat diet fed

dams, a Important genes and miRNA expression indicate that cellular changes are still
occurring 3y have significant implications later in life. This is an important area of
preventative al research and requires investigation to understand the short- and long-term

impact on the offspring.
H I

NUTRI CONSIDERATIONS - IMPACT OF DIFFERENT DIETARY
LIPIDS

The impact_of gffeient dietary lipids at the miRNA level is poorly defined. While it is clear that
dietary Iipids'play_a key role in human health and disease, the type and the amount of ingested fat
can significantly affect the outcome. For example, n-3 long chain PUFAs have been suggested to
promote or mainta_in cardiovascular health [123, 124], mainly due to their anti-lipidemic [125, 126],
anti-inflammatory [127, 128], anti-platelet [129, 130], and anti-arrhythmic effects [130-132]. Other
dietary Iipigs are more controversial. The impact of different dietary bioactive compounds on the
expression of miRNAs have primarily focused on the chemopreventive effects of some dietary
compounds through the modulation of cancer-related miRNAs [133, 134]. However, recent studies
have shown that Manipulation of dietary fat content such as varying levels of conjugated linoleic acid
in the diet &1 ct the expression of miRNAs, but also phenotypic changes such as adipose tissue
levels [Bi 136]. In addition, different forms of PUFAs can also differentially impact the expression
of miRNA'’s, with arecent study demonstrating a diet rich in omega-3 rather than omega-6 reduced
inflammation in vivo by regulating the transcription of three miRNAs (rno-miR-19b-3p, -146b-5p and
-183-5p),71d thus suppression of a set of inflammation-related genes [137]. Of therapeutic
importance is the ability of nutrient supplements to reduce the adverse consequences of a high-fat
diet and aIs&coincidentIy modulating miRNA expression in tissues [136, 138]. Although the
nutritional impact on the expression of metabolically relevant miRNAs needs to be further
addressed,_thtge eﬁamples suggest that dietary manipulation may play an important role in the
regulation of metabolically-relevant miRNAs that have been linked with obesity and its associated
comorbidities [139]. Predicting an individual’s nutritional status by assessing their miRNA profile may
help decide_which diet(s) will elicit the most beneficial effects. Lastly, complicating the impact of diet
on miRNA expression is the identification of food-derived miRNAs (XenomiRs), which may potentially
affect host gene expression [140]. Witwer and colleagues [141] proposed the existence of miRNAs
that could be absorbed with the diet and would contribute directly or indirectly to the apparent
expression of circulating miRNAs, although there is still no convincing evidence on the putative
effect of food-derived miRNAs [142].
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CLINICAL IMPLICATIONS AND THERAPEUTIC APPLICATIONS

Identification of therapeutic miRNAs requires well planned experimental designs, development of
antagonHleotides used to silence miRNAs), knock out animal models and the use of
imformatics tools. More than 100 miRNAs have been shown to be differentially

cutting edgg
expressed y of tissues following high fat feeding. Approximately 22 of those miRNAs were
reported i < one tissue type (See Table 3 for a list of common miRNAs reported) indicating
the potH\tMse miRNAs as diagnostic and prognostic tools. However, only a handful of
mMiRNAs m by high fat diet in tissue have also been observed in circulation. Regardless, a
number of tigsuepspecific miRNAs discussed in this review have been identified as plausible
therapeuti@targetsito date. Specifically, miR-375 and miR-451 have been suggested as potential
targets for tr g gastrointestinal dysmotility and cardiac hypertrophy, respectively. Additionally,
miR-1, mi -155 and miR-146 were identified as therapeutic targets for treatment and
prevention théfosclerosis. Although not discussed in this review given the impact of high fat diet
on its expr*s not been directly studied, pharmacological inhibition of miR-208, a heart
specific miRNA, resulted in less weight gain, improved systemic insulin sensitivity and glucose
tolerance in mice consuming a high-fat diet compared to control, thus demonstrating therapeutic
potential fclr metabolic disorders [143]. Finally, in addition to pharmacological interventions, it is
also evident that gigtary and/or lifestyle modifications can combat the negative effects high fat diet-

induced obesityliagfact, a study published in 2015 demonstrated a reversal of obesity-related
@ g miRNA’s expression following metabolic alterations associated with weight

low fat dieting [139]. These results highlight the idea that dietary modification

changes in{€ird
reduction fo
couldr alistic therapeutic strategy to treat obesity and other obesity-associated

comorbidities.

SUMMARY

MiRNAs ha&identified to play important roles in both healthy and diseased conditions. With
the increas umption of calorie dense foods (high fat and sugar), many individuals are
becoming med to various health issues, specifically obesity. During adipogenesis, miRNAs
can accelerate or inhibit adipocyte differentiation and hence regulate fat cell development. In
addition, m_iRNAs may regulate adipogenic lineage commitment in multipotent stem cells and hence
govern fat cell numbers. Few miRNA targets have been experimentally validated in adipocytes, but
miR-143, miR-21 and miR-103 seem to be identified as important regulators of fat cell development
during high fat-induced obesity. Although adipose tissue has been the major focus of high fat diet
and miRNA , especially in context of obesity development; it is clear that many other tissues
are also im

A finding st, though not discussed in detail in the review, was the differential expression of
A strands (miRNA*). MiRNA synthesis involves synthesis of the RNA duplex,

separation of strands, incorporation of one strand (called guide strand- miRNA) into RISC

This article is protected by copyright. All rights reserved.

20



assembly and degradation of the other strand (passenger strand denoted by star (miRNA*)). The
guide strand is the mature form of miRNA and is mainly the prime focus of miRNA related research.
However, it has been reported in number of studies that these passenger miRNAs* exhibit
differen“on irrespective of the mature miRNA [144]. For example, miR-30a*, miR-30e*

gorted in adipose tissue, miR-222* in liver, miR-133a* in intestine and miR-503* in

g flom high-fat fed mothers. These findings indicate the passenger miRNAs are also
involved in various cellular functions, and thus represent a future area of research focus.
H I

Finally, theAmajority of existing studies examining the impact of high fat feeding on miRNA
expression Eve used the C57BLJ6 mouse models, usually feeding for a period of about 3 months to
induce obesity. An’nal models, especially rodents, have marked similarity to human physiology.
When subje high fat diet, these animal models have been reported to gain weight and exhibit
other meta’ﬂnsequences in a pattern which closely, if not exactly, mimics humans [145]. While
obesity is the primary outcome, other comorbidities can often arise such as insulin resistance,
hepatic ste, ise . Under high fat conditions, it is expected that a number of core miRNAs that are
fundamental to th@regulation of genes involved in adipose metabolism, but also obesity
development; e expressed. However, it is clear that differences in miRNA number and
regulation between animal species or disease models, but also the same animal species
consumingﬁt diets. For example, two separate studies reported contrasting expression of
miR-133a (an important miRNA for skeletal muscle development) in the same animal model
(C57BL/6) €bn g slightly different high fat diets (59% kcal fat, 15% kcal protein, and 26% kcal
carbohydrate [ ersus 58% kcal fat, 25% kcal protein, and 17% kcal carbohydrate [77]). Moreover,
using di imnal models of disease (diet-induced diabetic mice (C57BL/6) [77] versus
streptozotoCmigduced type 2 diabetic rats [83]) also produced contrasting observations in miRNA
expressio observations indicate that each species responds to the environment uniquely
and/or raction between genetic regulation and dietary influence is complex. Moreover,
since the disease state can be induced by various methods which may require different mechanisms,
this could !ggest that different therapeutic strategies are required.

Conclus @ d future directions

Despite advances in understanding the molecular basis of obesity, a number of gaps in the literature
still exist. &tly, it is evident that the majority of studies that have demonstrated regulation of
protein IevEIs by m_iRNAs have been performed in cellular and animal models, and thus, the extent of
post-transcriptional regulation by miRNAs in humans is unknown. Further, prediction models
suggest 45000 putative miRNA binding sites may exist in human protein coding genes [146].
However, many of the putative miRNA binding sites remain to be experimentally validated.

0 gain & etter understanding of the role high fat diet plays in the development of obesity

isorders, more time course studies are needed that monitor the acute changes over
vention period. The majority of studies report changes in miRNA expression at the

end of the feeding%eriod when the animal has developed obese phenotype. Thus it is unclear as to
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whether the changes in miRNA expression are due to the dietary intake alone or obese phenotype.
Furthermore, determining if and how miRNA changes are causal in the development of obesity as a
result of hiih fat diEt is the main challenge of diet -induced obesity-related miRNA research. Thus,

greater studies that allow the observations of acute miRNA changes as a result of diet

are clearly p@@d@&g Lastly, studies to investigate the diet effects on the same animal models are
necessary he expression of miRNAs is directly regulated by the diet.

In conclusicin, following high fat feeding, researchers have identified key miRNAs that are involved in
the early and later stages of obesity development and other obesity associated comorbidities.
Moreover, ti_ssueﬂ)ther than adipose seem to be affected and possibly dysregulated by the
increased cilorie/f_at intake. Given the numerous tissues impacted by dietary-induced stress, further
identification and characterisation of miRNAs in circulation and tissues will be essential for
establishing pIa_sma_miRNA profiles that distinguish healthy, obese and diseased states, but more
importantly,'help_facilitate the generation of therapeutic targets. Finally, from a clinical viewpoint,
plasma miRNA profiles could be used to track the efficacy of miRNA based systemic therapeutics for

—

obesity and disease management as a result of poor diet.
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Figure lmEffleemefhigh fat diet on microRNA expression in different tissues.
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Table 1. List of tissue and circulatory specific miRNA changes following high fat diet.
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Table 2. List of papers and summary findings included in the review

itle of the study Animal Diet Duration miRNA Up- miRNA Target gene/ Predicted func
of feeding regulated mRNA
(weeks) Down- (Predicted)
regulated
ADIPOSE TISSUE
Jp-regulated expression of High-fat Diet | 8-9 MiR-143 PPARY, aP2, Adipocyte
nicroRNA-143 in association (60%) ERK5 differentiation
vith obesity in adipose 6)
issue of mice fed high-fat
liet [30]
MlicroRNAs induced during High-fat Diet | 12 MiR-422b, 221,222 Adipogenesis
ydipogenesis that accelerate (55%) 148, 107,
at cell development are 103, 30c,
lown-regulated in obesity 30a-5p, 146b
29] and 143
VlicroRNA 21 regulates the High-fat Diet | 10 MiR-21 Adipocyte
roliferation of human (60%) proliferation anc
dipose tissue-derived ) differentiation
nesenchymal stem cells and
nigh-fat diet-induced obesity
alters microRNA 21
xpression in white adipose
issues [27]
Differential expression of High-fat Diet | 20 221, 222, MiR-200, 204, BMP-4, Fgf10, Adipogenesis,
nicroRNAs in adipose tiss (60%) 343-3p, 142- | 30a*, 193,378, | Aktl, interferon | inflammation
ifter long-term high-fat diet- 3p, 142-5p, 30e*, 122, v, Hif-1a, TNFa, | response, adipoc
nduced obesity in mice [31] 21, 335-5p, 133p, 1, 304, zebl, zeb2, differentiation,
1464, 146b, 192, 203 UCP-1, Runxx2 epithelial to
674, 379, mesenchymal
transition,
osteogenesis

e
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\Itered microRNA Bovine High-fat Diet | 14 193, 19b, SOCS3, SGK1, Lipid metabolisn
xpression in bovine (5.85%) 92a, 92b, ADRB1, ABHDS, connective tissu
;ubcutaneous and visceral 101, 103, TEF, SLC12A2, differentiation a
ydipose tissues from cattle 106, 142-5p, I':EEEZClB KITLG function
inder different diet [32] 296 GSK3B, APP,
BDNF, CLOCK,
PTGS2, ACSL6,
CAV2, REST,
= ABHD4
IVER
=xpression profiles of 2% 11 MiR-122 Cholesterol level
NiRNA-122 and its target Cholesterol obesity
“AT1 in minipigs (Sus scrofa) +22.7% Fat
ed a high-cholesterol diet
65]
Viurine hepatic miRNAs High-fat Diet | 6 MiR-351, MiR-16, 103, Essra, lhh, Fatty acid synthe
xpression and regulation of 669 107, 451, 29a Crhrl, FASN and | obesity,
zene expression in diet- 6) MYC osteoarthritis
nduced obese mice [67]
igh-fat diet-induced down- Lard 20% 8 MiR-467b LPL Hepatic steatosi:
egulation of microRNA-
167b increased lipoprotein )
ipase in hepatic steatosis
61]
ycopene inhibits hepatic High-fat Diet | 8 MiR-21 FABP7 Hepatic steatosis
teatosis via microRNA-21- (49.29)
nduced down-regulation o )
atty acid-binding protein 7
n mice fed a high-fat diet
63]
Differential microRNA S High-fat Diet | 7 MiR-122, MiR-221, 222, LDLR, VLDLR, Atherosclerosis,
esponse to a high- (40%) + 27a 155, 1464, 26b LIPA, PTEN, cardiovascular
holesterol, high-fat diet in cholesterol TENC1, ACVRIB disesaes
ivers of low and high LDL-C
yaboons [66] (1.7
mg/kcal)
SKELETAL MUSCLE
\Itered microRNA High-fat Diet | 12 MiR-106, MiR-1, 1333, MAPK, Wnt, Cell proliferation
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esults from high-fat diet- 6)
nduced insulin resistance in
nice [77]
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and TGF-B
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oncogenic pathw
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VlyomiRs as Markers of
nsulin Resistance and
Decreased Myogenesis in
keletal Muscle of Diet-
nduced Obese Mice [87]

NTESTINE

-ffects of calorie restrictio
ind diet-induced obesity on
nurine colon carcinogenesis,
rrowth and inflammatory
actors, and microRNA
xpression [7]
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a, 378-3p,
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2a, 669-3,
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Let-7f-1-a, 16,
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p-a, 1383, 133a-
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Cell proliferation
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nice by down-regulating
VIT1 expression [108]

2%
Cholesterol
+ 5% lard oil

knock-out
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114]

VIATERNAL ON OFFSPRING

Viaternal high-fat diet during High-fat Diet | 4 weeks MiR-503%, MiR-122, 709, Methyl-CpG Hepatic fatty aci
yregnancy and lactation (22.6% fat before 770-3p, 369- | Let-7s,194, 26a | binding protein | metabolism and
lters hepatic expression of (W/W)) conception | 3p, 197, 667 2, Histone 4 foetal growth
nsulin like growth factor-2 , during

ind key microRNAs in the - pregnancy

ydult offspring [120] & lactation

Viaternal high-fat diet High-fat Diet | 2 weeks MiR-370 MiR-122 CPTla and Fatty acid B-oxid
onsumption modulates (24% fat before ACADVL

1epatic lipid metabolism and (W/w)) conception

nicroRNA-122 (miR-122) , during

ind microRNA-370 (miR- pregnancy

370) expression in offspring & lactation

119]

_ORPORAL TISSUE

\lterations in microRNA High-fat Diet | 22 MiR-720, MIiR-550, 425, Vasodilation, hyj
=xpression in a Murine (60%) 19374, 134, 153, 26b induced apoptos
Viodel of Diet-Induced 6) 1937c, 205,

/asculogenic Erectile 151-5p

Dysfunction [11]

=

Table 3. Lish'non miRNAs included in the review.
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MiRNA | Tissues

1 Adipose, Muscle, Intestine

16 Liver, Intestine

21 Adipose, Liver

26 Liver, Corporal, offspring liver
29 Liver, endothelium

103 Adipose, liver
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106 Adipose, Muscle

107 Adipose, liver

122 Adipose, liver, offspring liver
133 Adipose, Muscle, Intestine
143 Adipose, muscle

146 Adipose, liver

155 Liver, Intestine

194 Intestine, offspring liver
221 Adipose, liver

222 Adipose, liver

351 Liver, Intestine

378 Adipose, Intestine

425 Intestine, Corporal

451 Liver, Heart

669 Liver, Intestine

Let7 Intestine, offspring liver
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