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Non-coding RNAs (ncRNAs) have gained growing interest because of their potential role in IR modulation.
NcRNAs are variable-length transcripts which are not translated into proteins but are involved in gene expression
regulation. Thanks to their stability and easy detection in biological fluids, ncRNAs have been investigated as
promising diagnostic and therapeutic markers in metabolic diseases, such as type 2 diabetes mellitus (T2D),

obesity and non-alcoholic fatty liver disease (NAFLD).

insulin resistance non-coding RNAs obesity diabetes fatty liver disease

| 1. Introduction

NcRNAs represent approximately 98% [ of the transcriptional production of the human genome and are generally
not translated into proteins &. NcRNAs include long non-coding RNAs (IcnRNAs), microRNAs (miRNAs), piwi-
interacting RNAs (piRNAs), ribosomal RNAs (rRNAs), small nuclear RNAs (snRNAs), small nucleolar RNAs
(snoRNAs) and transfer RNAs (tRNAs) Bl According to transcript length, ncRNAs can be classified into two
categories: small ncRNAs up to 200 ribonucleotides in length (best represented by microRNAs, but including also
snRNAs, snoRNAs and piRNAs) and long ncRNAs over 200 nucleotides 4. Based on their biological function,
ncRNAs can be classified into infrastructural and regulatory types. Infrastructural ncRNAs include ribosomal RNAs
(rRNAs), small nuclear RNAs (snRNAs) and transfer RNAs (tRNAs) while regulatory ncRNAs are mainly
represented by circular RNAs (circRNAs), long non coding RNAs (IncRNAs), microRNAs (miRNAs) and piwi-
interacting RNAs (piRNAs) 2. Although they do not encode proteins, ncRNAs are functionally active and contribute
to the regulation of protein-coding gene expression & through different mechanisms including modification of
chromatin structure, repressing/activating transcription and post-transcriptional regulation BlZl. These RNA
molecules seem to regulate key developmental processes and homeostasis, metabolism, cell differentiation and
growth BB A growing body of evidence indicates that altered expression of ncRNAs patterns (e.g., due to
mutations or dysregulation) is related to the development and evolution of several diseases, including metabolic
ones WEILA  Major metabolic diseases such as obesity, diabetes mellitus and NAFLD, along with metabolic
syndrome (MetS) and dyslipidemia, have reached epidemic proportions worldwide in the past few decades 111112
(131 with deleterious consequences, including increased morbidity and mortality 24; hence, the necessity for a

better understanding of their underlying pathophysiology.

Obesity is a multifactorial chronic disease, characterized by an imbalance between energy intake and energy
expenditure with subsequent excessive fat accumulation. Obesity is caused by multiple factors interaction, such as

food intake, physical inactivity, genetic and epigenetic predisposition, environmental factors and nutritional
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components 1512681 This condition, related to white adipose tissue dysfunction, represents an important risk factor
for many diseases, including cancer, cardiovascular disorders, diabetes and MetS 17 T2D is also a complex multi-
factorial disease, caused by a progressive loss of adequate insulin secretion by B-cell, resulting in hyperglycemia.
T2D commonly develops on the background of insulin resistance (IR) and involves genetic, epigenetic, and
environmental factors 28, Most patients with T2D are overweight/obese, mainly with abdominal fat deposition,
responsible of some degree of IR 8. NAFLD is characterized by lipid accumulation in >5% of hepatocytes (as
determined by liver histology), in the absence of other causes, such as autoimmunity, drug and alcohol abuse or
viral hepatitis 19201 NAFLD is the most common liver disease in western countries 21, Prevalence of NAFLD is
rising in parallel to a worldwide increase in diabetes and MetS [22128] and it is estimated to occur in up to 45% of
the general population—but is even doubled in individuals with MetS 13, The strong association of NAFLD with
obesity and T2D is mainly attributable to IR, leading to visceral adiposity and lipid accumulation in the liver 29,
NAFLD is a clinically relevant and progressive disease, usually beginning as benign steatosis, but if not treated it
can progress to nonalcoholic steatohepatitis (NASH—fatty liver with inflammation), fibrosis, and up to cirrhosis and
hepatocellular carcinoma (HCC) in 10-25% of cases [12l21], |t is increasingly evident that NAFLD is a multisystem
disease, affecting several extra-hepatic organs and involving different regulatory pathways. As a matter of fact,
NAFLD increases T2D risk, cardiovascular diseases and chronic kidney disease [24. Its pathogenesis implicates
complex interactions between genetic predisposition and environmental risk factors including obesity, IR,
dyslipidemia, diabetes and MetS 23128, progression from steatosis to NASH is driven by different mechanisms,
including lipotoxicity, oxidative stress and immune system activation. Even though extensively studied, the
molecular mechanisms involved in steatosis development, as well as the pathways leading to progressive

hepatocellular damage following lipid accumulation, are still poorly understood [231281[27],

As already reported, one of the key underlying features of obesity, T2D and NAFLD is represented by IR, a
pathological condition defined as the failure to coordinate glucose-lowering processes, i.e., suppression of
gluconeogenesis, lipolysis, glycogen synthesis and cellular glucose uptake in response to insulin. The above-
mentioned processes are the result of an impaired insulin signaling at the cellular level, in target tissues 28, It is
now well established that liver, as well as white adipose tissue (WAT) and skeletal muscle, plays a central role in
maintaining this balance 22, Pathological IR develops through complex interactions between genotype and lifestyle
(e.g., lack of exercise and over-nutrition) B9, However, much remains to be learned on the mechanisms that cause
IR and the processes by which IR “promotes” diseases. Multiple molecular pathways contribute to the
pathogenesis of metabolic disorders and their chronic complications. In particular, as mentioned above, they
represent the result of a complex interaction among genetics, epigenetics, environmental and/or lifestyle factors
(131 Recently, the potential role of epigenetics in metabolic disease onset has been suggested B132, NcRNAs
have been suggested as major regulators of gene expression through epigenetic modifications in many processes,
including inactivation of X chromatin 28 regulation of key metabolic genes function, cell cycle and cell
differentiation control B4, Over the last few years there has been a growing interest in studying ncRNAs, including
microRNAs, IncRNAs and circular RNAs, which can act as regulators for epigenetic mechanisms B335 More
importantly, there is evidence of ncRNAs dysregulation in the regulatory pathways of lipid metabolism, in particular

adipogenesis, adipocyte metabolism and hepatic lipid metabolism B8, Moreover, ncRNAs seem to play an
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essential role in the IR modulation (particularly within the hepatic tissue) B4, as well as in the regulation of glucose
homeostasis and of B-cell function &8l Finally, several INcRNAs and microRNAs have been reported to be
dysregulated in IR B4, For these reasons, ncRNAs are regarded as promising novel biomarkers and therapeutic

targets, owing to their regulatory functions 7.

| 2. Non-Coding RNAs Biogenesis and Function
2.1. Long Non-Coding RNAs

LncRNAs are defined as a group of heterogeneous ncRNAs, with sizes greater than 200 nucleotides in length, that
cannot be translated into proteins B2, LncRNAs actively contribute to the regulation of gene expression in multiple
ways, so investigation on their biogenesis is important not only to differentiate them from other types of RNAs, but
also to thoroughly understand their function in physiological and pathological conditions. The transcription of
IncRNAs is often performed by RNA polymerase Il from intergenic (lincRNAs), exonic or the distal protein-coding
regions of the genome. The resulting pre-mature IncRNAs are 3'-polyadenylated and capped on the 5-end with
methyl-guanosine 9. Subsequently, they can undergo alternative splicing in different manners: first, IncRNAs can
interact with specific splicing factors; second, INcRNAs are able to form RNA-RNA duplexes with pre-mRNA
molecules, and third, IncRNAs con influence chromatin remodeling, thus completing the splicing of target genes [41]
(Figure 1). LncRNAs are classified based on their structure, function and localization. According to the most
common classification, based on their position within the genome, INCRNAs are categorized in different subclasses:
intergenic, located among two different genes that codify for proteins; intronic, located fully in intronic regions of
protein-coding genes; bidirectional, located within 1 kb of the promoter region of protein-coding genes; sense,
transcribed from the same strand and the same direction as the surrounding the codify genes; and antisense,
transcribed from the opposite strand of surrounding protein-coding genes “2l431 As for their mode of action,
IncRNAs can affect gene regulation in three different ways: as competitors, by binding to DNA-binding proteins [441;
as recruiters, by recruiting epigenetic complexes, for example, during DNA methylation 43 and finally, as
precursors of small RNAs, especially microRNAs 48, Based on their subcellular localization IncRNAs are classified
into different groups: INcRNAs that accumulate and act in cis, once they are transcribed; those that can accumulate
in cis once they are transcribed, but act in trans affecting genes located in a different location of the same
chromosome or in another chromosomes; IncRNAs that localize in the nucleus in trans and act in trans, and
INcRNAs released to the cytoplasm to carry out their roles. For instance, cytoplasmic IncRNAs can inhibit protein
post-translational modifications, resulting into aberrant signal transduction 4748 Depending on their cellular
function, INcRNAs can be divided into several categories: signal, decoy, guide and scaffold. Signal IncRNAs are
localized in specific subcellular regions and respond to different stimuli at specific time points “2. On the other
hand, decoy IncRNAs regulate an effector by binding regulatory factors such as transcription factors and RNA-
binding proteins BY. Guide IncRNAs are implicated in directing the localization of ribonucleoprotein complexes to
specific targets, thus regulating gene expression 4. Finally, scaffold IncRNAs, are involved in structural roles, with
reported effects on chromatin complexes and as histone modifiers B, Although many IncRNAs have been
identified and their biogenesis and functions have been examined, the understanding of their biological roles is still

under investigation.
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Figure 1. Representative figure of long non-coding RNAs (IncRNAs) (1), microRNAs (miRNAs) (2) and circular
RNAs (circRNA) (3) biogenesis. (1) At the chromatin state, H3K27ac and H3K4me3 are enriched at INcRNA
promoter; transcription of INncRNA is initiated from different promoters in antisense direction, enriched for H3K56ac
and Pol 1I/II/1V. The resulting pre-mature IncRNA is subjected to a 3'-polyadenylated and the 5'-end capping with
methyl-guanosine. Then, all introns are spliced, resulting in a final mature IncRNA. (2) MiRNAs are firstly
transcribed by RNA polymerase Il into the nucleus, producing primary miRNAs (pri-miRNAs), a stem loop shaped
RNA sequence. Pri-miRNA, once processed, is recognized and cleaved by the multi-protein complex
Microprocessor within the nucleus. This complex is composed by two double-stranded molecules: RNase Il
enzyme DROSHA and RNA-binding protein DGCR8. DROSHA cuts, by its RNase Il domains, in two different
points of the double strand RNA (dsRNA) towards the base of the stem-loop generating a ~70 nucleotide hairpin—
shaped precursor miRNAs (pre-miRNAs), showing an overhang at the 3' end of 2 nucleotide left by the
asymmetrical cut made by DROSHA recognized by Exportin-5 which carries the pre-miRNA into the cytoplasm.
Here, the pre-miRNA is further processed by DICER/TRBP complex, which generates imperfect duplexes of 22
nucleotides containing a guide strand and a passenger strand. The guide strand (represented in red) together with
Argonaute proteins forms RNA-induced silencing complex (RISC) and generates the mature miRNA, while the
passenger strand is finally degraded. (3) CircRNAs are generated by an alternative splicing mechanism of pre-

MRNA, termed back-splicing. In this process, the 3'-end of an exon binds to the 5'-end of its own or to an upstream

https://encyclopedia.pub/entry/13105 4/19



Non-Coding RNAs Biogenesis and Function | Encyclopedia.pub

exon through a 3',5'- phosphodiester bond, forming a closed structure with a back-splicing junction site. Two
models of circRNAs biogenesis have been described: the lariat model and the direct back-splicing model, further
subdivided into RBP-mediated circularization and Intron pairing-driven circularization, regulating adjacent splice
sites 32, Lariat-driven circularization occurs through the interaction between the 3' hydroxyl of the upstream exon
with the 5' phosphate of the downstream exon generating a covalent binding, producing a lariat containing both
exons and introns. From both RBP-mediated circularization and intron pairing-driven circularization four main
subtypes of circRNAs have been identified: exonic-circRNAs (ecircRNAs), mainly derived from single or multiple

exons and exonic-intronic circRNAs (EIciRNAS), which consist of both introns and exons.
2.2. MicroRNAs

MiRNAs are a class of small ncRNAs of a size range of 18-22 nt in length. MiRNAs are able to bind the 3’
untranslated region (3'UTR) of target mRNA, leading to its degeneration or suppressing its translation. Thus, this
family of ncRNAs is implicated in gene expression regulation and in different biological processes. MiRNAs
biogenesis, maturation, function and secretion are regulated by highly complex molecular mechanisms not yet fully
elucidated 231, RNA polymerase |l transcribes a large part of miRNAs from their genes, generating primary miRNAs
(pri-miRNAS). Pri-miRNAs are stem loop shaped RNA sequences, capped and polyadenylated and may also be
spliced. Once processed, pri-miRNAs are recognized and cleaved, within the nucleus, by the multi-protein complex
microprocessor 24153l Microprocessor complex is composed by two main molecules, the double-stranded RNase
Il enzyme DROSHA and the double-stranded RNA-binding protein DGCR8. DROSHA cleaves, by its RNase Il
domains, at two different points of the double strand RNA (dsRNA) towards the base of the stem-loop, generating a
~70 nucleotide hairpin-shaped precursor miRNA (pre-miRNA). This latter has an overhang at the 3' end of 2
nucleotides left by the asymmetrical cut made by DROSHA. After generation, exportin-5 (XPO5)/RanGTP complex
export pre-miRNAs to the cytoplasm B8E] where they are additionally processed by DICER. The function of this
RNase Ill enzyme is to generate duplexes in a size range of 22 nucleotides comprising a guide and a passenger
strand. The guide strand, preferentially the most thermodynamically stable, is loaded into the argonaute family
protein (AGO1-4 in humans) in an ATP-dependent manner, while the passenger strands are cleaved by AGO2 and
degraded by cellular machinery 5839 (Figure 1). On the other hand, there is evidence of non-canonical miRNA
biogenesis pathways, namely DROSHA/DGCRS8-independent and DICER-independent pathways. In the former,
mMiRNAs are directly exported to the cytoplasm via exportin-1, without Drosha cleavage. In the latter, miRNAs are
processed by Drosha from endogenous short hairpin RNA transcripts (8961l |n both canonical and non-canonical
biogenesis pathways, RNA-induced silencing complex (miRISC), consisting of the guide strand and AGO protein, is
created (62, RISC complex is able to identify the complementary sequences within the 3'UTR region of the target
mRNA, leading to mRNA instability or repressing their translation 31641, MiRNA target recognition occurs through
highly conserved heptametrical region located at position 2—8 at the 5’ end of the mRNA, called seed sequence.
After recognition, different regulatory mechanisms can occur: mRNA deadenylation, mRNA target cleavage or
translational repression (62!,

Of note, miRNAs have been identified in different biological fluids, including plasma, serum B8 saliva 68 breast

milk €2 urine and seminal fluid /9. Usually, extracellular miRNAs can be enclosed in extracellular vesicles, e.g.,
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apoptotic bodies, microvesicles and exosomes, or associated with proteins—especially AGO2 U234 Gjven
their stability in several biological fluids, this class of small ncRNAs have been suggested as potential circulating

biomarkers of different metabolic diseases, including diabetes [2Z6I77],

Due to its biogenesis and structure, a single miRNA is able to bind to several mMRNAs which share a 3' UTR
complementarity to the seed sequence; on the other hand, a single mMRNA can be targeted and regulated by
several miRNAs. Thanks to their regulatory function, miRNAs are involved in a variety of biological, physiological
and pathological cellular processes, such as immune response, proliferation, and metabolism. Therefore, they
have been linked to the pathogenesis of several diseases, including diabetes [Z8I[ZABAE1l Seyeral studies reported
alterations in miRNA expression in several processes involved in the development of type 1 (T1D) and type 2

(T2D) diabetes, including autoimmunity, insulin resistance, insulin secretion and B-cell differentiation (21,
2.3. Circular RNAs

CircRNAs are defined as covalently closed RNAs lacking of 3' polyadenylation 2l highly conserved among
species, firstly identified in yeast and in viruses 483l yntil a few years ago, circRNAs were considered as useless
RNAs, representing by-products of spliceosome-mediated splicing errors (mis-splicing with scrambled exon orders)
or intermediates escaped from intron lariat debranching 2. Usually, pre-mRNA is transcribed by RNA polymerase
II (Pol Il) and is composed by introns and exons, followed by a 7-methylguanosine cap and poly-adenosine tail,
respectively added to its 5'- and 3'-ends. Then, through canonical splicing on 5-GU and 3'-AG at introns splicing
sites, with the assistance of spliceosomes, a pre-mRNA becomes mature and ready to be translated. CircRNAs
origin by an alternative splicing mechanism, termed back-splicing. In this process, the 3'-end of an exon binds to
the 5'-end of its own or to an upstream exon through a 3',5'- phosphodiester bond, creating a closed structure with
a back-splicing junction site [B8IE7I88] Based on the order of splicing events as well as on process intermediates,
two models of circRNAs biogenesis were proposed 2 and validated 29: the lariat model and the direct back-
splicing model 8 (Figure 1). Recently, a seminal study extensively described the back-splicing-mediated circRNA
biogenesis 211,

Unlike the previously described back-splicing model, lariat-driven circularization occurs following pre-mRNA
splicing, when the 3' hydroxyl of the upstream exon covalently binds the 5' phosphate of the downstream exon,
producing a lariat composed by both exons and introns. The 2' hydroxyl of the 5' intron interacts with the 5’
phosphate of the 3'-intron; then, the interaction between the 3’ hydroxyl of the 3" exon and the 5' phosphate of the
5" exon generates an exonic circular RNA (ecircRNA). In general, four main subtypes of circRNAs have been
identified: exonic circRNAs (ecircRNAs), mainly derived from single or multiple exons, representing the best
identified circular RNA species; circular intronic RNAs (CiRNAs) only containing introns; exonic-intronic circRNAs
(EICiRNAS), which consist of both introns and exons; and tRNA intronic circRNAs (tricRNAs), formed by splicing of
pre-tRNA intron B2 As a complex and heterogeneous mechanism, circRNAs biogenesis is tightly regulated at
different levels. Among these regulators Intronic Complementary Sequences (ICSs) and RNA Binding Proteins
(RBPs), which are respectively cis-elements and trans-factors, should be mentioned 23!, From a functional point of

view, circRNAs play several roles. For instance, it has been demonstrated that nuclear circRNAs act as

https://encyclopedia.pub/entry/13105 6/19



Non-Coding RNAs Biogenesis and Function | Encyclopedia.pub

transcriptional regulators at several steps. As an example, some EICIRNAs have been demonstrated to regulate
transcription at initiation step 24 while some circRNAs regulate transcription elongation step 2396l Alongside
transcriptional regulation, cytoplasmic circular RNAs are involved in post-transcriptional regulation, mainly acting as
miRNAs sponges. Among circRNAs acting as miRNAs sponges, CiRS-7 is one of the best characterized. Derived
from CDR1 (Cerebellar degeneration-related 1) transcript, ciRS-7 shows several binding sites for and regulates
miR-7, a miRNA preferentially expressed in endocrine pancreas and, in particular, in B cells RJ98] As a matter of
fact, ciRS-7 inhibition leads to the downregulation of miR-7 target genes, including insulin. Indeed, miR-7
overexpression in MIN6 murine 3 cell line and in isolated pancreatic islets, induces the upregulation of insulin

levels, leading to improved insulin secretion 22,

| 3. Potential Clinical Application of Non-Coding RNASs

The lack of shared and reliable tools to assess IR limits the possibility of an early diagnosis and identification of
high-risk individuals, before developing metabolic alterations. Therefore, a number of subjects remain undiagnosed
71 In recent years ncRNAs has been increasingly studied in metabolic disorders 131001 As discussed above,
aberrant expression of several ncRNAs and their involvement in IR and metabolic diseases has been proved in
several studies. Therefore, their clinical application is highly envisaged. Indeed, ncRNAs are extremely attractive
candidates as diagnostic and predictive biomarkers, given their resistance to degradation, stability, and easy
detection in biological fluids [, Further data are undoubtedly needed to strengthen available observations and
evaluate the effective applicability in clinical settings. Additionally, given the complexity of IR pathogenesis, an

approach based on a combination of multiple biomarkers should be preferred to ensure higher diagnostic accuracy
Bl

Among ncRNAs, miRNAs are the most extensively studied as disease biomarkers. It has been repeatedly reported
that metabolically impaired and normal weight subjects display distinct profiles of circulating miRNAs. MiIiRNA
expression profiling has been often performed in order to find new biomarkers for metabolic diseases. However,
use of different profiling platforms and different operative procedures, as well as differences in study population and
tissues analyzed, led to inconsistent results and nonreproducible data 29 Therefore, standardized samples
collection protocols and consistent analytical procedures are strongly needed 192 Several miRNAs signatures
have been proposed as diagnostic tools for obesity, diabetes and their metabolic complications. For instance,
Ortega et al. provided evidence of a specific circulating miRNA signature in morbidly obese men, strongly linked to
adiposity markers, which changed along with significant surgery-induced weight loss 1931 |nterestingly, some
mMiRNAs already identified in studies among adults were also confirmed to be dysregulated in more than one report
of obese children and adolescents, with or without metabolic impairment 194, The first evidence of a potential use
of miRNAs in the diagnosis and follow-up of T2D was provided by Zampetaki and colleagues, who reported altered
expression of several miRNAs in T2D patients compared with controls, and showed that the altered expression
was detectable years before disease onset, thus representing an interesting tool for disease prediction, especially
in high-risk populations (193, |n a recent meta-analysis, Zhu and Leung identified 40 significantly and consistently

dysregulated miRNAs, out of more than 300 differentially expressed miRNA reported in 38 studies comparing
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humans and/or animals with and without diabetes, and suggested a set of ten miRNAs as disease biomarker for
T2D—including circulating (miR-103, miR-107, miR-132, miR-144, miR-142-3p, miR-29a, miR-34a and miR-375)
and tissue (miR-199a-3p and miR-223) biomarkers 291 Similarly, Seyahn and colleagues showed that subjects
with prediabetes were best distinguished from healthy controls by assessing circulating miR-146a, miR-126, miR-
30d, and miR-148a, while T2D subjects were best distinguished by measuring miR-30d and miR-34a levels [108] A
potential practical application may be recognized to some circulating miRNA, which are correlated with HbAlc
(miR-499, miR-103, miR-28, miR-29a, miR-9, miR-30a-5p, miR-150), or are associated with hyperglycemia and IR
(miR-802) and diabetic vascular complications (miR-9, miR-370, miR-143, miR-145), thus may be used to predict
T2D onset [2UIE7II07]108]  The miRNA signature has also been extensively studied in NAFLD, as circulating
endogenous mMiRNAs could represent attractive non-invasive biomarkers to accurately diagnose and monitor
NAFLD and liver fibrosis 199, Different miRNA panels for NAFLD diagnosis have been proposed 23110111 gnq,
once validated, they could hopefully replace liver biopsy, which is still the mainstay of diagnosis and monitoring of
NAFLD, though limited by its invasiveness, expensiveness and risk of complications 10112 Almost all the
diagnostic panels proposed for NAFLD include miR-122, as the most widely studied liver-specific miRNA, with 75%
sensitivity and specificity above 80% [2LI[113]1114]  gpecific miRNAs signature might also be used as risk estimation
of better or worse prognosis, and to predict efficacy in therapeutic interventions. Indeed, it has been shown that

weight loss interventions, particularly bariatric surgery, and antidiabetic drugs could modify miRNA expression
profiles [221107](103]

Assessment of INcRNAs as biomarkers for pre-diabetes and T2D is ongoing. For example, growth arrest specific 5
(GAS5) has been suggested as a prognostic biomarker, as reduced GAS5 levels increase the risk of developing
diabetes. Similarly, ENST00000550337.1 levels may be able to differentiate between pre-diabetes and T2D, and
circulating H19 levels seem to discriminate patients with better glycemic control from those with poorly controlled
diabetes B A number of INcRNAs have also been involved in liver disease and have been associated with

NAFLD development and progression 211,

Current knowledge on the role of circRNAs in IR-related diseases is relatively limited. However, preliminary data on
the contribution of circRNAs in pathophysiology of diabetes and its related cardiovascular complication, have
encouraged to explore circRNA profiles, both in tissue and blood, as valid biomarker for the diagnosis and
prognosis of diabetes 199 For instance, several authors demonstrated the potential use of circ-0054633 as low-
cost, specific and sensitive diagnostic biomarker for prediabetes and T2D, as circulating levels of this circRNAs
gradually increased from normoglycemia to pre-diabetes up to T2D 181171 Other circRNAs have been suggested
as predictive biomarker of micro- and macrovascular complications in diabetic patients. As for NAFLD, recent
findings suggest that aberrant signaling of circRNA 0046367 and circRNA_0046366/miR-34a/PPAR may be
involved in steatosis and could represent a therapeutic target in NAFLD therapy 2. Other studies identify other
circRNAs associated with hepatic steatosis, such as circScdl—significantly lower in NAFLD—and the

circRNA_021412/miR-1972/LPIN1 signaling pathway, involved in liver metabolism and, potentially, in steatosis 13
[21][118]
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Apart from their potential application as diagnostic biomarkers, ncRNAs have also been investigated as therapeutic
targets 1191 |ndeed, the relevance of ncRNAs as transcription factors makes them suitable as therapeutic agents,

exploiting their gene silencing potential (221,

Actually, miRNA agonists and antagonists could represent interesting therapeutic tools, to restore altered miRNA
expression in specific tissues %7 |In case of downregulation of miRNA, a therapeutic strategy would be
represented by transfection of synthetic miRNA mimetics (miRNA mimics) or plasmid/viral vectors, to achieve a
pharmacological activation of miRNA function, whereas in case of miRNAs overexpression, the therapeutic
strategy would be to transfect specific synthetic antisense miRNA/oligonucleotides (anti-miRs or antagomiRs),
inducing a decrease in miRNA levels by inhibiting intracellular endogenous miRNAs 297, CircRNAs can be used
also as miRNAs inhibitors, through the elimination of multiple miRNAs. Furthermore, altered expression of INCRNAs
can be silenced or restored for therapeutic purposes 197 For example, IncRNA levels can be inhibited through
short interfering RNAs (siRNAs), specifically binding to complementary sequences and inhibiting expression of
IncRNA targets, or antisense oligonucleotides (ASO), blocking INcRNA activity. Both siRNAs and ASO can be also
used to disrupt secondary structure of IncRNAs 1131 | astly, combining miRNA or IncRNA-targeting therapeutics
may represent a more effective option to boost therapeutic efficacy, as multiple molecular pathways underlie the
development of metabolic syndrome 129,

The translation of preclinical results into clinical trials, demonstrating feasibility and safety of ncRNA-based
therapies, is still underway. Indeed, some encouraging preclinical data regarding miRNA-based therapy are derived
from animal models of IR. NcRNA-based therapy in metabolic diseases raised great expectations. In the context of
diabetes therapy, for example, some authors suggested to use ncRNAs with a key role in -cell function to prevent
B-cell failure and apoptosis 13I[1001118] |ndeed, ciRS-7 overexpression seems to improve insulin secretion 131100
[118]  Other authors also suggest ncRNA-based therapy to prevent diabetic microvascular complications, for
instance by addressing angiogenesis and endothelial proliferation. Indeed, MEG3 upregulation seems to lessen
retinal angiogenesis [298IL18] while circ_0005015 silencing attenuates endothelial proliferation in human retina 19
(13IL18] |n murine models, the inhibition of miR-143/145 significantly reduces the progression of atherosclerotic
plaque (298 Another promising therapeutic strategy might be represented by the inhibition of fibrosis, both by
antagonizing ncRNAs with profibrotic effect (e.g., miR351 129 miR141, circ000203 19 or through overexpression
of antifibrotic ncRNAs (e.g., miR29 129) The manipulation of ncRNA expression has been also suggested in
NAFLD 231, Just to give some examples, miR-122 inhibition reduces plasma cholesterol levels and might represent
a therapeutic approach in early stages of NAFDL, whereas miR-34a inhibition prevents lipid accumulation in liver
and might be used in NASH patients given its role in regulating oxidative stress and inflammation and its inhibition
seemed to prevent lipid accumulation 2123l Fyrther, the inhibition of miR-499 has been related to improvement in

NAFLD B7. Finally, miR21 inhibition has proven beneficial in obesity and metabolic syndrome 121,

Although no specific ncRNA-based therapy to treat MetS is currently available 1971211 pharmaceutical companies
have become interested in the field and some interesting molecules are in the pipeline. For example, antagoMir-
103/107 is being evaluated for T2D with NAFLD in a phase I/lIA clinical trial (NCT 02826525) 1291,
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However, clinical translation into diagnostics is delayed by several limitations. First of all, available correlational and
merely descriptive data alone are not sufficient proof of a causal relationship 21199 Another limit is represented by
discrepancies between studies, potentially leading to incorrect conclusions. As a matter of fact, the need for studies
with larger sample sizes and greater homogeneity has been emphasized, to lessen the high variability in the
profiles of ncRNAs described, in order to draw firm conclusions 1091041 | oy concentrations might also hinder an
accurate quantification of circulating ncRNAs—especially miRNAs—despite the availability of sensitive detection
methods 2. Moreover, a large number of data on ncRNAs expression profiles in metabolic diseases are derived
from animal studies, but whether data can be applicable in humans has not yet been conclusively proven. The
main challenges to be addressed before the development of ncRNAs-based therapy include effective delivery in
recipient tissues, and the considerable risk of side effects and off-target effects, as a single miRNA might have

multiple targets within a specific tissue and affect other miRNAs’ expression [107]1120][121]
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