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Abstract

The abundance of circulating miRNAs which are small non-coding RNAs involved in posttranscrip-
tional regulation of gene expression in body fluids of patients with cancers, cardiovascular diseases, neuro-
logical diseases, autoimmune and infectious diseases hold great promise to identify stable and specific bi-
omarkers, which may be useful for early diagnosis as well as to predict the clinical outcome and treatment
response. Because of an aberrant miRNA expression, emerging theme for a wide variety of diseases, high-
lighting the fundamental role played by miRNAs in both physiological and pathological states. Recent stud-
ies have reported significant levels of miRNAs in serum and other body fluids, raising the possibility that
circulating miRNAs could serve as useful clinical biomarker. We review the disease and cancer-specific
profiles of circulating microRNAs. We also discuss possible functions of circulating microRNAs and their

potential as non-invasive biomarkers.
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Introduction

Research of microRNA (miRNA) in cancer, car-
diovascular and neurological diseases is an
emerging field with potential novel applica-
tions in diagnostics and therapy.ll These non-
coding RNA with 18-25 nucleotides function in
RNA silencing and post-transcriptional regula-
tion of gene expression. More than 19,000 en-
tries of miRNAs exists in the database from 168
species and 1,612 of them belongs to homo sa-
piens. [2]

Biogenesis and origin of miRNA

miRNA regulates gene expression by
promoting mRNA degradation or by attenuat-
ing protein translation. It is estimated by
computational prediction that more than 60%
of mammalian mRNAs are targeted by at least
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one miRNA.3] Significant number of miRNAs
have been observed in extracellular fluids.[*]
These secreted miRNAs are found to be stable
against ribonucleases, as they may be packed
in lipid vesicles or form complexes with RNA-
binding proteins.571 There presence in saliva,
urine and plasma supports its role in signaling
via the microvesicles and exosomes.89 Alt-
hough most miRNA sequences are found across
species, some expressions are tissue specific
and can be easily measured by PCR. All these
characteristics makes it a good biomarker.

miRNA in cancers

miRNA is identified as an important
biomarker in cancer diagnosis and treatment.
101 Many studies have strengthened the im-
portance of miRNA as a cancer diagnostic tool.
Wu and colleagues found that miR-21 and 29
were significantly upregulated in breast can-
cers.111 Barroso-del and colleagues found that
seven miRNAs namely miR-10b, 21, 125b, 145,
155, 191, and miR-382 had different patterns
in the serum of patients with breast cancers
compared to the controls. Three of these serum
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miRNAs could be valuable biomarkers as re-
vealed by ROC curve analysis.

Even though serum miRNA-122a lev-
els correlates as a marker for hepatocellular
cancer, it is not superior to alfa-feto protein
as a diagnostic tool.[*2] In lung cancers includ-
ing stage-I disease the plasma levels of miR-
155, 197 and miR-182 severe significantly
elevated compared to controls.[13] Sixty three
miRNAs that were absent in the controls
were found in the sera of non-small cell lung
cancer patients (NSCLC).[*41 Kannan and col-
leagues found that 380 miRNAs were dysreg-
ulated in the tissues of colorectal cancer
(CRCQ).

The two most upregulated miRNAs
31and 135b and most downregulated miR-
NAs 1land 133a could identify CRC with
100% sensitivity and 80% specificity.[15] In
CRC stages IIl and IV miR-31 was more up-
regulated compared to stages [ and IL
Whereas in the plasma group miR-21 differ-
entiated CRC patients from controls with
90% sensitivity and specificity.['¢] miR-133
and 155a have been shown to be the best
combination biomarkers in identifying oral
squamous cell carcinoma.['”] [n gastric can-
cer, the serum levels of upregulated miRNAs
miR-21 and 106 b are higher before surgical
resection and reduces significantly after re-
section.[18] Serum miR-21, 146a and 148a are
closely associated with gastric cancer pN
stage and could be biomarker candidates to
predict lymph node metastasis.l1?] Plasma
levels of miR-21, 210, 155 and miR-196a can
differentiate pancreatic adenocarcinoma.[20]

In adult leukemia there is a decrease
in miR-92a levels in the plasma. A specific
profile is also observed in CLL and can help
differentiate  from multiple myeloma and
hairy-cell leukemia. The miR marker for CLL
correlates well with ZAP-70 status used as a
prognostic marker and is also useful to strat-
ify CLL.[21] miRNAs 425-5p and 93-5p are
found abundantly in plasma following radio-
therapy of HNSCC and may represent as nov-
el biomarkers for therapy monitoring. Appli-
cation of circulating miRNAs in cancer.
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Circulating microRNA in cardiovascular dis-
eases

Since the discovery of circulating bi-
omarkers, a vast literature exists on its role in
relation to cardiovascular disease such as myo-
cardial infarction, heart failure atherosclerosis
and hypertension.[22] In early studies four car-
diac miRNAs namely miR-208a, miR-499, miR-
1, and miR-133 are found to be consistently
elevated in plasma of AMI patients within
hours after the onset of infarction.l231 miR-
1,miR-133a, and more particularly miR-208a
may even be more sensitive than the classic
biomarker cTnl.[24] Reduced levels of miR-126,
miR-15a, miR-29b, and miR-223 and elevated
levels of miR-28-3p were reported in this
study. Levels of cTN-I and NT-pro-BNP were
positively correlated with miR-21 and nega-
tively correlated with miR-126. Integrating
specific pattern of miRNA levels with NT-pro-
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BNP and/or cardiac troponin may improve
the diagnosis of cardiovascular diseases.[25]
Compared to the other microRNAs, miR-208a
biomarkers can be used for early detection of
AMI and MiR-1 and miR-133 may also serve
to diagnose AML.[26] miR-1 and miR-133a lev-
els may be correlated with muscle creatine
kinase levels and cTnl levels in plasma and
are affected by pathology of other organs, as
these miRNAs levels have also been found to
increase in lung cancer and colorectal cancer.
The combined assessment of the 2 myo-miRs
miR-208a and miR-499 may provide an at-
tractive signature to diagnose both acute and
very recent cardiac injury miR-208, whereas
miR-499 due to its role in the inflammatory
process can trace myocardial injury.l271 In
one of the most accepted studies, the lower
levels of miR-126 were also found in athero-
sclerotic CAD and in patients with type 2 dia-
betes mellitus and may reflect the condition
of vascular endothelial cells in HF patients.
miR-126, miR-92a and miR-17 are deter-
mined as the most promising miRNA bi-

omarkers in diagnosis of patients with CAD.
[28]

Circulating miRNAs as biomarkers in neu-
rodegenerative disorders

Studies show the association between
circulating biomarkers packed in carriers and
suspended in the fluid, and neuro degenera-
tive diseases.[2?] Study on the PBMCs identi-
fied significantly under-expressed miRNAs
and showed miR-103 and miR-107 suppress
Cofilin translation with the increased level of
active Cofilin protein, which leads in the Cofil-
in rods formation.[30!

Another study using qRT-PCR, sug-
gested that miR-1, miR-22-5p and miR-29 ex-
pression levels in total peripheral blood allow
to distinguish non-treated PD from healthy
subjects, and that miR-16-2-3p, miR-26a-2-3p
and miR30a differentiate treated from un-
treated patients.311 Among all the known
miRNAs, some regulate the neuron develop-
ment process, such as neurogenesis, synaptic
formation, and stem cell differentiation such
as miR-9, miR-124a, miR-124b, miR-135, and
miR-219. Circulating miR-223 is the marker

for acute ischemic stroke.[32]1 miR-132 and
miR-212 are involved in several abnormali-
ties like synaptic plasticity and connectivity
in Schizophrenia and in neuronal cultures,
the mature miR-132 stability is affected by
NMDA inhibition.

Circulating microRNA in skin and autoim-
mune disease

As the diseases affecting the skin and
immune system are closely related the circu-
lating biomarkers are found to work well in
their diagnosis and prognosis.[331 Serum miR
-21 levels were significantly up-regulated,
correlating with serum IgG levels in derma-
tomyositis. Serum levels of miR-223 and
miR-7 were down-regulated , while serum
miR-142-3p and miR-92 was not changed in
dermatomyositis patients.[341 Psoriatic pa-
tients have positive association with cardio-
vascular diseases, so that the expression of
cell-free circulating microRNA-33 and mi-
croRNA-126 in plasma from psoriatic pa-
tients and the relationship with clinical pa-
rameters have been identified. Similarly,
Pivarcsi and colleagues recently reported up
- or downregulation of miR-128a, let-7d,
miR-142-3p and miR-181a in sera from
psoriasis patients compared with normal
subjects.[35]

In another study Serum miR-150 lev-
els were found to be decreased in Systemic
Sclerosis (SSc) patients.3¢1  Patients with
lower serum miR-150 levels had more severe
clinical manifestations. Patients with lower
serum miR-196a levels had a significantly
higher ratio of diffuse cutaneous scleroderma
(dSSc) limited cutaneous sclerodermal lesion,
a higher modified Rodnan total skin thickness
score, and a higher prevalence of pitting scars
than those with higher miR-196a levels.[37]
Patients with SSc showed miR-142-3p levels
which were significantly higher than those in
patients with systemic lupus erythematosus,
dermatomyositis and scleroderma.381 Serum
level of miR-142-3p correlated with the se-
verity of SSc fibrosis and may be useful diag-
nostic markers for the presence of SSc and
differentiation of SSc from scleroderma spec-
trum disorder.[39 40]
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Table 1. Circulating micro-RNA association with clusters of diseases

Disease

miRNA type

Cardiovascular disease

Acute myocardial infarction

Coronary arterial disease

Type Il diabetes

Neurodegenerative disorders

Parkinson's disease

Alzheimer's disease

Huntington's disease

Stroke

Skin and
autoimmune-disease

Psoriasis

Systemic Sclerosis

SSE

miR-1, miR-208b, miR-499, miR-30a,
miR-126, miR-195

miR-17/92cluster, miR-155, miR-145, miR-135a, miR-145

miR-9, miR-29a, miR-30d, miR34a, miR-124a, miR146a, and
miR-375

miR-1, miR-22-5p, miR-16-2-3p, miR-26a-2-3p and miR30a,
miR-10b, miR-21, miR-125b, miR-141, miR-200a, miR-
200b, and miR-200c

as miR-9, miR-124a, miR-124b, miR-135, and miR-219 miR
-223

hsa-let-7f, miR-126, -1259, -142-3p, -15b, -186, -519¢ and -
768-5p

hsa-let-7e, miR-1184, -1246, -1261, -1275, -1285, -1290, -
181a, -25% -513a-5p, -550, -602, -665, -891a, -933,-939

miR-223 , miR-7
miR-128a, let-7d, miR-142-3p , miR-181a, miR-142-3p

miR-16, miR-223, miR-451, miR-21

Table 2. Circulating micro-RNA association with clusters of infectious diseases

Virusal and bacterial infections

miRNA type

Esptein Barr virus

Chronic hepatitis C

Tuberculosis

Bacille Calmette Guérin

miR-BART17-5p, miR-122,

miR-34a, miR-16 and miR-21, miR-146a, miR-125b

hsa-miR-378, hsa-miR-483-5p, hsa-miR-22, hsa-miR-29c, hsa-miR
-101 and hsa-miR-320b

mmu-miR-31, mmu-miR-150, and mmu-miR-146a, miR-155 and
miR-155
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Circulating microRNA and viral and bacteri-
al infections

Viral and bacterial infections have been
associated with cf-microRNA and there is sig-
nificant development of many biomarkers for
their early detection. Presence of circulating
miR-BART17-5p and EBV DNA in a larger se-
ries of nasopharyngeal carcinoma (NPC) plas-
ma samples have been shown.[#142] Serum miR-
122 may serve as a surrogate of hepatic miR-
122, and a higher pretreatment serum miR-
122 level can help predict virologic responses
to pegylated IFN plus ribavirin therapy. Serum
levels of miR-34a and miR-122 may represent
novel, noninvasive biomarkers of diagnosis
and histological disease severity in patients
with chronic hepatitis C infection (CHC).[43]
Serum levels of miR-122 were elevated in
cHCV patients and correlated with increased
ALT and AST levels and serum miR-155 levels.
(441 Three microRNAs with higher expression in
active tuberculosis patients have been posi-
tively evaluated for use as a biomarker namely
miR-155, in stimulated PBMCs.[45] and miR-
29a in pooled serum.[*¢] (Table 2). In addition
to expression analysis, microRNA single nucle-
otide polymorphism (SNP) analysis has re-
vealed a correlation between SNPs in miR-
146a (rs2910164) and miR-499 (rs3746444)
and increased pulmonary tuberculosis suscep-
tibility in certain populations.

Conclusion

Extensive research on miRNA bi-
omarkers in exosomes are providing potential
information on diagnosis, management and
prognosis of diseases. Many challenges exists
in studying miRNAs and more sensitive meth-
ods to detect them are being developed.
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