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INTRODUCTION

The Journal has recently published several papers
on microRNAs (miRNAs) across a variety of diseases
and indicating several important aspects regarding their
function in different cell types and inflammatory and
immune processes. Here we provide a short
introduction to miRNA biology which helps place these
studies in the wider context of miRNA biology. We
also provide a summary of each of the papers to
highlight their strengths and the directions of future
research.

MiRNAs are non-coding RNAs of 18-22
nucleotides in length that function to inhibit mRNA
translation and/or increase mRNA degradation in most
cells in the body. MiRNAs regulate multiple biologic
processes involved in inflammation, immunity, and
cancer including signal transduction, cell proliferation
and  differentiation, and  programmed  cell
death/survival. The number of miRNAs increases with
progression through the phylogenetic tree ranging from
437 miRNAs in Caenorhabditis elegans (C. elegans) to
2-30,00 in man with the number in mice being
intermediate at 1,500 miRNAs."” The expression of
miRNAs may be cell- or tissue-specific or common
across many cell types. For example, miR-122
represents 70% of the total miRNA content of the liver
is highly expressed whilst miR-124 accounts for
approximately 50% of the brain miRNAs. The
expression of miRNAs in specific cell types alters with
the disease.'”
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There is a multistep processing pathway for
miRNAs starting from nuclear primary miRNAs (pri-
miRNAs) which are processed by either the
endoribonuclease DROSHA-containing complex or by
the splicing machinery to produce 70 nucleotide pre-
miRNAs. These pre-miRNAs are exported to the
cytoplasm where they are further processed by the
endoribonuclease DICER-containing complex resulting
in the production of double-stranded miRNA duplexes.
These duplexes interact with the RNA-induced
silencing complex (RISC) that enables the miRNA
guide strand to interact with its target mRNA. Some
miRNAs will have a designation -5p or 3p depending
on whether the first miRNA of the pre-miRNA is closer
to the 5° end of the hairpin structure (5p) or the 3’ end
Gp)."~

Recent evidence has highlighted the potential
importance of miRNAs in mediating cell-cell and
tissue-tissue communication. For example, miRNAs
can be transported between cells either within
extracellular vesicles (EVs) or by interactions with
proteins. A large number of mRNAs and miRNAs are
found within EVs which can donate their cargoes to
recipient cells. There is much debate about the
classification and definitions of EVs but in general,
exosomes are small EVs (<200 nm) generated by the
fusion of the plasma membrane with multivesicular
bodies and subsequent exocytosis. In contrast, larger
EVs (>200 nm), known as microvesicles, are resulted
from outward budding and fission of the plasma
membrane. Active loading of EVs likely occurs as the
EV miRNA profile generally differs from that of the
parent cell.'” These actively loaded miRNA-containing
EVs can be transported around the body to be taken up
by different target cells and/or tissues to produce
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functional responses. In some cases, however, miRNAs
are found in the blood associated with protein
complexes e.g. with high (HDL) and low-density
(LDL) lipoproteins, and are taken up by cells via
specific scavenger receptors. MicroRNAs are protected
from ribonucleases and are therefore stable and may be
detected even after storage for many years. Thus, the
presence of miRNAs in blood or EVs may serve as
biomarkers of disease or cancer activity and or cellular
drug response.”

MicroRNAs in Disease: Commentary

Asthma is a heterogeneous chronic inflammatory
disease of the airways associated with distinct clinical
phenotypes and pathophysiological mechanisms. A
recent review in the Journal has summarised the role of
epigenetics in the pathogenesis of asthma highlighting
the importance of miRNAs such as miR-146a, miR-221
in regulating airway smooth muscle (ASM) cell
function and how an expression changes with disease
severity.4 In addition, miR-140-3p, miR-708, and miR-
142-3p are implicated in ASM cell hyperplasia and
hypertrophy.” The review also indicated miRNAs
involved in Th2 responses and IgE production. The
dysregulation of some of these miRNAs such as up-
regulation of miR-21, miR-223, miR-146a, miR-146b,
miR-155, and downregulation of the let-7 family is also
observed in asthma-related diseases such as atopic
dermatitis and allergic rhinitis suggesting a key role in
the Atopic March from childhood to adulthood.’ This
review also indicated how miRNA expression is
markedly affected by environmental factors including
pollution, allergens, and diet as well as prenatal
events.*

The importance of large studies in disease-
associated cells was indicated in a small study of 7
moderate asthmatics and 8§ healthy controls investigated
the relative expression of 9 miRNAs (miR-21, miR-
106a, miR-126, miR-146a, miR-150, miR-155, miR-
181a, miR-221, and miR-223) previously identified as
being dysregulated in asthmatic airway epithelial cells
and peripheral blood CD4+ and CD8+ cells.® This
study found no significant differences in the expression
of these 9 miRNAs in peripheral blood CD8+ T cells
from asthmatic patients compared with healthy
controls. However, treatment of cells with an inhaled
corticosteroid (fluticasone furoate) and/or a long-acting
[B,-agonist (Vilanterol) induced that fluticasone alone
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enhanced miR-221 expression and together with
vilanterol suppressed miR-223 expression.6

The expression of miR-23a-3p and miR-181b-5p
have been implicated in the immune, inflammatory
and apoptotic processes associated with the
neurodevelopmental disorder autism.” A small study of
37 autistic patients and 40 healthy controls examined
the expression of these miRNAs and IL-6 in peripheral
blood mononuclear cells (PBMCs) using RT-qPCR.
PBMC expression of IL-6 mRNA was significantly
different between health and disease whilst that of miR-
181-5p and miR-23 did not reach significance.” This
may reflect differences between where patients were
located (Tehran or Amol) or other environmental
factors. In contrast, the expression of miR-1, miR-133,
miR-208a, miR-206, miR-17, miR-29, miR-223, miR-
326, and miR-155 were significantly increased in
PBMCs from 45 patients with coronary artery disorder
slow coronary flow (SCF) compared to 45 age-and sex-
matched healthy controls. This was linked to enhanced
serum expression of IL-1B, IL-8, and TNF-a proteins.®
These data indicate the need for larger studies and the
need to ideally conduct studies in purified cell
populations that are associated as much as possible
with the disease pathology.® Further studies are
required to confirm the mechanisms that link
circulating miRNA levels in patients with heart failure
and SCF.

Tuberculosis (TB) is a major health risk globally
and defining how mycobacteria overcome host
immunity is critical in controlling the infection.” The
expression of 3 miRNAs implicated in infection and the
regulation of metabolic pathways important for
intracellular TB survival (miR-1224, -484, and -425)
was significantly up-regulated following culture of
PBMC-derived macrophages (MDM) with Bacillus
Calmette-Guérin (BCG).” The effect of BCG on miR-
1224 expression at 72hrs was 10-15-fold greater than
with the other 2 miRNAs highlighting the possible key
role of this miRNA in re-patterning the host
metabolism in response to mycobacterium infection.

Cell-specific expression of miRNAs is important
and can modulate cell phenotypes. Thus, miR-21
transfection of naive human CD4+ T cells increased the
expression of forkhead box P3 (Foxp3), transforming
growth factor-beta (TGF-B), and interleukin-10 (IL-10),
and this was associated with their transformation into
induced regulatory T-cells (iTregs).'"” The miR-21
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transformed iTregs were highly similar to cytokine-
differentiated iTreg.'

Several papers in the Journal have examined the
role of miRNAs in the etiology of the autoimmune
disease multiple sclerosis (MS)."! For example, genetic
studies identified a single nucleotide polymorphism in
miR-23a (rs3745453), but not in miR-155 (rs767649)
or miR-196a2 (rs11614913), was associated with a 2.3-
fold increased risk of MS in 80 MS compared with 80
healthy subjects from Isfahan.'' miR-326 induces T
helper (Th) 17 differentiation and maturation and
therefore has been implicated in the
immunopathogenesis of MS. The impact of interferon
(IFN)-B therapy on the expression of miR-29b-3p and
miR-326 in Thl and Th17 cells, previously identified
as being critical in the differentiation of these cell
types, isolated from responder and non-responder
populations of MS patients (n=40) has also been
investigated.'> However, in vivo analysis demonstrated
no difference in expression of these two miRNAs
between MS and healthy subjects or in response to
treatment in Th1 and Th17 cells purified from PBMCs.
These data matched the effect of disease and therapy on
TH1 and Thl7 cell numbers and of plasma IFN-y
and IL-17A in MS patients across drug
responsiveness. “However, there was a statistically
significant difference in the levels of miR-326 in
exosomes released from anti-CD3/CD28-stimulated
conventional Treg cells purified from the blood of 10
relapsing-remitting (RR) MS patients and controls."® In
contrast, the exosomal expression of miR-146a, miR-
29a, and miR-155did not differ."’ The differences in the
results of these papers regarding miR-326 expression
may relate to the site of cell isolation (PBMCs), the
potential pathogenic role of exosomal miR-326, or the
fact that other miRNAs are also important in Thl7
expression and activation."

Chronic allograft dysfunction (CAD) is due to
interstitial fibrosis and tubular atrophy (IFTA) leading
to renal transplant failure.'> The expression of miR-
142-5p and miR-142-3p was significantly up-regulated
in biopsies of CAD patients with IFTA (n=16)
compared to subjects with normal allografts (n=17). In
contrast, the expression of miR-211 was significantly
down-regulated in renal allograft biopsies.'® Similar
results were observed for miR-142-3p and miR-211,
but not miR-142-5p, in PBMCs. The paper indicates
that PBMC miRNA levels reflect disease tissue only in
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some cases but where they do they may have potential
as non-invasive biomarkers of disease.

Changes in miRNA expression may persist for
many years after initial lung insult and reflect key
pathogenic pathways.'® For example, the expression of
miR-21-5p, a regulator of TGF-B signaling and
SMAD?7 expression, was significantly down-regulated
2.7-fold in the lung tissue of subjects exposed to
mustard gas.'® The expression of miR-21-5p correlated
inversely with that of SMAD?7 in patients exposed to
mustard gas and suggest a potential opportunity for
therapeutic intervention.

Advanced bioinformatic analysis of mRNA and
miRNA expression levels in the skin may be used to
identify gene module hubs involved in the autoimmune
disease vitiligo that is a common cause of
depigmentation of skin and hair."” Weighted gene co-
expression network analysis (WGCNA) of previously
published data identified a module (turquoise)
associated with vitiligo and pathways involved in
important disease processes including G protein-
coupled receptor signaling pathway, lymphocyte
chemotaxis, chemokine activity, neutrophil migration,
and granulocyte chemotaxis. The miRNA prediction
tool (miRWalk) identified several miRNAs that
regulated the top up-regulated genes within the
turquoise module including miR-939-3p, miR-612 and
miR-939."

Analysis of the WGCNA turquoise module also
produced a drug-target network that identified
therapeutic  drugs.'”  Another recent study has
demonstrated how miRNAs may not only be markers
of drug responses but may also act as novel drug
interventions particularly in oncology.'® Prostate cancer
(PC), the second leading cause of cancer death in
males, has been characterized by enhanced expression
of miR-93 and low expression of miR-34a.'® Treatment
of human lymph node carcinoma of the prostate
(LNCaP) cells with a miR-34a mimic or/and a miR-93
inhibitor significantly reduced the expression of the
androgen receptor (AR) and prostate-specific antigen
(PSA) which both are important in the initiation and
progression of PC. Additionally, co-treatment of cells
with the green tea extract epigallocatechin-3-gallate
(EGCG) further reduced AR and PSA levels.'® Future
studies need to examine the impact of these therapies
on primary PC cells to set the scene for a Phase II
clinical study.
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In summary, the recognition of the importance of
miRNAs in human disease and treatment has been
recognized by researchers in Iran and by the Journal.
Increasing awareness of the need to have large studies;
utilizing samples as closely linked to the diseased tissue
as possible will make additional studies more disease-
relevant. Analysis of miRNAs will form an
increasingly important part of our understanding of
human disease pathogenesis.
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