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approximately 22 nucleotides that are implicated in regulating gene expression at the
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post-transcriptional regulatory levels. Inflammatory disorders especially autoimmune
diseases (ADs) occur from an abnormal immune response of body against cells of their
own specific tissues or multiple organ systems leading to chronic and sustain
inflammatory responses and thus contribute to cell damage. Some recent studies have
reported that several miRNAs may be expressed differentially in ADs and other
inflammatory diseases which can have a critical role in immune response modulation
and autoimmunity. This review is focused on the role of miRNAs in the pathogenesis
and progression of several autoimmune diseases.
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Introduction
MicroRNAs (miRNAs) are short non-coding

RNAase III domains and one double-strand

regulatory RNAs molecules with about 22

RNA-binding domain. Drosha forms a large

nucleotides that are implicated in regulating

complex of 650 kDa in Homo sapiens called

gene expression at the post-transcriptional

microprocessor [5]. The second pathway of

levels [1]. miRNAs are found in living

miRNA biogenesis called Mirtron manner is

organisms such as plants, animals and some

regulatory RNAs which gets processed and

viruses which act through the suppression of

forms pre-microRNAs via splicing procedures

target genes and RNA silencing in post-

without RNAse III Drosha- mediated cleavage

transcriptional regulation of gene expression

[5, 9, 10]. The initiated precursor molecules

[2]. It has been said that miRNAs are

are translocated to the cytoplasm through

conserved

phylogenetic

Exportin 5-mediated mechanisms with an

taxons, from worms to humans [3] and the

additional step conducted by the RNase III

number of miRNAs is 1000 in human genome

Dicer on originated precursor molecules [11].

which regulate over 30% of the total human

RNase III Dicer works in association with

genes [4].

transactivating

It was twenty years ago that, for the first time,

protein (TRBP) and forms a double-strand

researchers reported there are elements of

RNA with 22 nucleotides extended, miRNA/

human genome that have no functional role

miRNA* including the mature miRNA as a

but enjoy a gene regulatory function [5]. The

guide and the complementary traveler strand,

first miRNAs was detected in 1993 while an

miRNA* [12]. More miRNAs are originated

oligonucleotide small RNA was produced by

from independent miRNA genes or introns of

the lin-4 locus in the nematode Caenorhabditis

genes that code proteins. In fact dicer enzyme

elegans that encoded and translated a protein

trims the pre- miRNA and removes the hairpin

which modulated protein lin-14 in the

loop, leaving a double stranded miRNA

developmental timing manner [6]. Therefore,

duplex molecule. Meanwhile, one of the

this locus has been shown as a critical part of

miRNA double complex strands joins a

the non-coding DNA that plays an important

multiprotein complex, forms miRNA-protein

role in regulating gene complex in the most

complex,

cell processes in different species [7]. miRNAs

silencing complex (RISC) and conducts RISC

are transcripted by RNA polymerase II as a

to the 3’ untranslated regions (UTRs) of target

long primary transcript considered by hairpin

mRNAs. The supplementary strand that is

structures (pri-miRNAs) and processed in

identified as a passenger strand is generally

nucleus by RNAase III Drosha and produced

discarded. In plant cells, the miRNA is

70-100 nucleotide pre-miRNAs [8]. RNAase

typically totally complementary to its target

III Drosha is 160 kDa enzymatic protein

mRNA molecule [13, 14]. The miRNA will

conserved in different species containing two

bind with mRNA, leading to deactivation of

evolutionally

in
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the mRNA and thus its break down. In animal

Discussion

cells, the miRNA nucleotides usually do not

Rheumatoid Arthritis

pair up with the mRNA nucleotide as well and

Rheumatoid arthritis is a chronic autoimmune

their base pairing often follows a pattern

defect

though. The miRNA-protein complex presents

inflammatory responses of synovial tissue

blocks translation and speeds up deadenylation

hence leading to bone and cartilage damage

that breaks down the poly-A tail thus

[20]. Numerous studies have reported that

triggering mRNA to be degraded faster and

miR-146a and miR-155 are over-expressed in

translated less which causes suppression of

peripheral blood mononuclear cells (PBMCs)

target protein expression [15]. Several studies

[21], synovial fibroblasts and fluids [22],

reported that miRNAs is complicated in

CD4+ T-cells derived from PBMCs, as well as

various physiological procedures and controls

Th-17 cells in RA patients [23, 24]. While

cellular processes including differentiation,

defective apoptosis of fibroblast in synovial

proliferation and cell death [16]. Recent

fluid is serious in pathogenesis of RA, the

studies have shown that miRNAs plays an

effect of miRNAs on programmed cell death

important role in autoimmune diseases (ADs)

regulation is rarely identified. Some recent

such as rheumatoid arthritis (RA), systemic

studies have identified that miR-34a and miR-

lupus erythematous (SLE), type 1 diabetes

34 are involved in modulation of apoptotic

mellitus (T1DM), multiple sclerosis (MS),

pathways.

Sjogren's syndrome (SS), inflammatory bowel

apoptosis in FasL-stimulated RA synovial

disease (IBD), psoriasis (PS), primary biliary

fibroblasts; however, the up-regulation of

cirrhosis (PBC), idiopathic thrombocytopenia

miR-34a protects cells from FasL-mediated

purpura (ITP) and other immune diseases

apoptosis [25]. miRNA that is complicated in

[17,18].

cell proliferation regulates cyclin-dependent

Autoimmune diseases are chronic disease

kinase 2 (CDK2) and monocyte protein-1

conditions created from the deficiency of

(MCP). Over-expression of miR-346 in RA-

immunological

tolerance to auto-antigens

synoviocytes has also been reported [26].

following a pathological status that is imposed

Also, miR-346 can indirectly modulate IL-18

on the target organs or numerous organ

secretion. miR-203 is over-expressed in RA-

systems. The prevalence rate of autoimmune

synovial fibroblasts, therefore up-regulation of

diseases is higher than 3% more than 80% of

miR-203 causes secretion of MMP-1 and IL-6

whom are women [19]. Recently it has been

through the NF-κB pathway in synovial

reported that the expression of several miRNA

fibroblasts. Thus it is said that miR-203 is a

has been changed in ADs [18]. We review the

pro-inflammatory factor in RA [27].

role of miRNAs in the pathogenesus and

Another study has indicated that miR-146a,

progression of several autoimmune disease.

miR-132 and miR-16 are up-regulated but

primarily

Immature

introduced

miR-34a*

by

the

triggers

miR-363, miR-498 and Let-7a are down-
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regulated in RA patients PBMCs [21,23]. The

involved

over-expression of miR-155 in PBMCs and

expression complexes. For examples, it has

fibroblast-like synoviocytes has a protective

been identified that tissue-specific miR-25 is

effect against the inflammation so that it

implicated

reduces IKBHE expression [28]. Moreover, it

homeostasis

is reported that plasma concentration of miR-

prognostic biomarker in the new onset of T1D

24 and miR-125a-5p is a possible diagnostic

in children [35].

marker in patients with RA [29]. Additional

Multiple sclerosis

marker is miR-140 that is proposed to down-

Multiple sclerosis is a chronic autoimmune

regulate in chondrocytes. miRNA-140 is

disease that involves the central nervous

involved in controlling pathways that regulate

system and causes autoimmune demyelination

cartilage

of nerve fibers and neurodegeneration and

development

and

response

to

in

apoptosis

in

and

glucose

that

is

β-cell

gene

metabolism
documented

and
as

a

Interleukin (IL)-1 [30]. Also another study

characteristically

indicated that miR-323-3p that is located on

neurological disorders and motor and sensory

chromosome 14 is over-expressed in synovial

disabilities [36]. Some new studies using new

fibroblast and can be a biomarker for

techniques such as miRNA arrays have

inflammatory

confirmed the association of miRNAs in

responses

and

immune

leads

to

progressive

modulations [31].

people with MS [37-40]. miRNAs play a

Type 1 Diabetes Mellitus

critical role in T helper (Th)-17 contradiction

Diabetes type 1 is caused by insulin deficiency

and pathogenesis of MS. The clinical and

due to T cell mediated destruction of β-cells

experimental studies have shown that miR-326

which produces insulin from human pancreas

which is Th-17 cell-specific miRNA, is over-

islets. Recent studies reported that several

expressed in MS patients and animal models

miRNA are related to T1DM. miR-375 has an

with

important role in glucose homeostasis, α- and

encephalomyelitis (EAE). Therefore, disease

β-cell return and adaptive β-cell growth in

intensity of MS is correlated to miR-326

reply to insulin request after insulin resistance,

expression. In experimental model of EAE

therefore, miR-375 knockout mice is glucose

which is a similar animal model of MS, down-

intolerant and pancreatic β-cell mass decreases

regulation of miR-326 by specific siRNA

due to reduced proliferation [32,33]. Thus, it

reduces the number of Th-17 cells leading to

has been proposed that miR-375 can have an

mild EAE while the over-expression of miR-

indirect effect on diabetes type 1. Recently

326 increases the quantity of Th-17 cells that

circulating miRNAs is recognized to cause

contribute to acute EAE. It has been reported

unrestricted beta cell destruction in children

that miR-326 via pointing Ets-1 can stimulate

with diabetes type 1 [34]. It has also been

Th-17 differentiation [37]. miR-18b, miR-599

reported that 12 miRNAs is over-expressed in

and miR-493 are over-expressed in patients

T1DM condition, therefore some of them are

with relapsing-remitting multiple sclerosis
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(RRMS) compared with a control group [38].

analysis has demonstrated down-regulation of

Microarray studies have shown 10 miRNAs to

miR-17-92 cluster category of patients with SS

be meaningfully unregulated in whole blood

compared with the controls [45]. Another

samples of RRMS patients [41]. Also 3 types

study has reported up-regulation of miR-146 in

of miRNAs are up-regulated in active plaques

the SS patients. It has been said that miR-146

of MS patients that seem to target the 3' un-

leads to increased phagocytic process and

translated regions of CD47 gene [39]. Serum-

reduces pro-inflammatory cytokine production

miRNA expression analysis from PRMS,

[46]. Hence miR-146 can serve as a prognostic

SPMS and PPMS indicates that miR-21 and

and diagnostic marker in the beginning and

miR-106b are over-expressed in patients with

during the progression of SS [35].

MS. In addition, miR-17-92 profile was

Systemic lupus Erythematous

reported to get down-expressed in the B-cells

Systemic lupus erythematous is a chronic and

in MS patients [42]. Furthermore, analysis of

prolonged autoimmune disease the causes of

23 miRNAs from RRMS patients shows that

which are unknown and has various clinical

expression of these miRNA is different in CD4

signs [47]. microRNA expression profiling

and

cells

using microarrays from peripheral blood

compared with the control group [43]. Totally,

mononuclear cells of patients with SLE has

the expression of miRNAs in mononuclear

shown 16 miRNAs to be over-expressed in

cells of RRMS patients (from 365 miRNAs

SLE patients [48]. Data have also reported that

that were investigated in microarray analysis)

miR-146a is down-regulated in SLE patients.

revealed

to

It has been established that miR-146a is a

autoimmunity, was over-expressed in the CD4

+

negative regulator of natural immunity which

T regulatory cells of RRMS patients [40].

directly

Sjogren's syndrome

transactivation of type 1 interferon and targets

Sjogren's syndrome is an autoimmune disease

interferon regulatory factor 5 (IRF-5) and

defined

inflammation which

STAT in JAK/STAT signaling pathway. IRFs

implicates the exocrine glands [44]. People

are a family of transcription factors that result

with SS have a chronic progressive period and

in the transcriptional activation of specific

in

genes and regulate expression of pro- and anti-

CD25-positive

that

T

miR-17-5p,

by chronic

most

regulatory

cases

immunosuppressive

they

do

drugs.

related

not

need

Microarray

represses

inflammatory

genes

the

[49].

downstream

miR-146a

analysis has shown that miRNA expression

expression is necessary for regulation of

profiles in the salivary glands are different

natural

between SS patients and healthy people. Also,

therefore, the promoter variant of miR-146a

expression patterns of miRNAs are changed in

has indicated lower binding capacity to Ets-1

SS patients with low and high- grade of

[50]. Ets-1 is necessary for the development of

inflammation. Furthermore, cluster profile of

natural T regulatory cells and regulation of

miR-17-92 which is exported from microarray

Foxp3, therefore, Ets-1 transcription factor
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immunity
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normal

conditions;
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modulates the development and function of

significantly down-regulated in CD and UC

natural regulatory T cells [51]. Some previous

patients. In another study it has been reported

studies have reported that regulatory T cells

that levels of several miRNAs including miR-

organize a population of CD4+ T cells that

93, miR- 140, miR- 30e, miR- 20a and let-7b

restrict and control immune responses. Foxo3

can be identified in CD patients [59]. Gene

is a transcription factor that is involved in the

expression microarrays from platelet-derived

development and function of T regulatory

miRNAs indicates the expression levels of

cells. It has also been reported that mice Ets-

miRNAs in UC patients to be different

1() T regulatory cells increase T-cell mediated

compared with those in the control group,

splenomegaly and systemic autoimmunity

hence, several miRNAs such as mir-188-5p,

[51]. miR-21 is complicated I SLE, so it

miR-422a, miR-378, miR-500, miR-769-5p

modulates T-cell response via the regulation of

and miR-874 are deregulated in UC patients

apoptosis [52]. Also, miR-146-a and miR-155

[60]. Also, miR-150 is significantly over-

are down-expressed in serum of patients with

expressed in colonic mocosa of patients with

SLE [53]. Another study reports that miR-21

UC [61]. Together, these data suggest that

and miR-148a are involved in reducing DNA

miRNAs may be applied as prognostic and

methylation in SLE patients [54]. It is assumed

diagnostic markers for IBD detection as well

that miRNA-126 is implicated in SLE

as the factors that are implicated in the

induction by targeting DNA methylation [55].

pathogenesis of IBD. Furthermore, the cross-

Similarly, miR-15 is up-regulated in plasma

interaction between miRNAs and intracellular

and spleen cells in SLE animal models,

target genes has been demonstrated. For

therefore, down-regulation of miR-15 can be

example, miR-150 targets Myb and miR-143

useful for therapeutic interventions [56].

act as a negative regulator in modulation of K-

Inflammatory Bowel Disease

RAS, API-5 and MEK-2, and miR-145
an

regulated IRS-1 [62, 63]. Also, another study

inflammatory disease that affects the small

reports that miR-7 targets CD98 which

intestine and colon [57]. Two major types of

disrupts the normal growth and differentiation

chronic inflammatory bowel diseases are

of enterocytes [63]. miR-196 is up-regulated in

Crohn's disease (CD) and ulcerative colitis

intestinal epithelial cells of CD patients. It has

(UC) which are no key standards for diagnosis

been said that miR-196 disrupts the protective

of

and

effect of a GTPase M which plays a protective

immunological concepts of these disease are

role in various conditions, therefore, it is

not clear [58]. Some recent studies have

revealed that there is a negative association

demonstrated that miRNA profiles in CD and

between

UC patients are different from those of the

inflammatory disorders [64]. Altogether, these

control groups, thus some miRNAs are over-

reports

expressed

considered as a predictive and prognostic

Inflammatory

CD

and

bowel

UC

while

Disease

and

other

is

etiological

miRNAs

are
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biomarkers and diagnostic tools in ADs.

big, and intra-lobular ducts of the liver.

Psoriasis

Furthermore, these ducts are injured and bile is

Psoriasis

is

a

typical,

chronic,

formed in the liver which is called cholestasis

sustained

which with time damages the liver leading to

inflammatory immune-mediated skin disease

scar formation and hepatic cirrhosis. Some

which is marked by red, scaly squares, papules

recent studies have reported that PBC may

and plaques which frequently itch [65]. The

affect up 1 in 4000 people, and female to male

causes of psoriasis are not fully understood but

ratio is at least 9:1. The appearance of specific

it is likely that PS is a genetic and

anti-mitochondrial antibodies (AMA) and

immunological defect [66]. It is said that

auto-reactive cytotoxic T lymphocytes shows

miRNAs are involved in pathogenesis of PS,

PBC to be an auto-immune disorder [96,70].

therefore, miRNAs may modulate several

Some recent studies have, moreover, shown

intracellular protein expressions and regulate

that the levels of miR-299-5p, miR-328 and

cellular functions. It is reported that miR-203

miR-371 are over-expressed whereas levels of

are over-expressed significantly in the skin of

miR-26a, miR-122a and miR-99 are down-

PS patients compared with that of the control

expressed at the end stage of PBC patients.

groups which inhibits suppressor of cytokine

Therefore it is proposed that specific miRNAs

signaling 3(SOCS3). This is a protein that is

can be regarded as powerful tools for

encoded

SOCS3

prognostic and diagnostic measures [71].

transcripts a member of the STAT-induced

Idiopathic Thrombocytopenic Purpura

STAT inhibitor (SSI) and is considered as a

Idiopathic thrombocytopenic purpura, known

negative regulator of cytokine signaling

as primary immune thrombocytopenia or

pathway. SOCS3 expression is triggered by

autoimmune thrombocytopenic purpura, is

various cytokines such as IL6, IL10 and

characterized

Interferon gamma. The protein that is encoded

(thrombocytopenia) with normal bone marrow

by SOCS3 is bound to JAK2 kinase and

and the nonappearance of extra causes of

inhibits it. It has been demonstrated that miR-

thrombocytopenia. ITP patients suffer from a

203, through inhibition of SOCS3, leads to the

typical purpuric rash and an increased

continued and sustained activation of STAT3

propensity to hemorrhage [72]. Also patients

and immune cell mobilization [67]. Besides,

generate

the level of miR-146 increases in PS patients

glycoproteins within platelet cell membranes

who are associated with regulation of innate

and are affected by destruction of peripheral

immune responses [68].

blood

Primary Biliary Cirrhosis

significantly up-regulated and some miRNAs

Primary Biliary Cirrhosis is an autoimmune

are down-regulated in peripheral blood cells

disease that involves liver and is identified by

from ITP patients [48]. However, studies are
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by

low

autoantibodies

platelets.

Several

platelet

against

count

specific

miRNAs

are

chronic and progressive destruction of small,
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insufficient and further studies should be

identified that miRNAs expression can be

carried out in ITP.

induced in a time-course manner. For example,

MicroRNA and innate immune system

miR-146 and miR-155 are early-response

miRNA and Toll-like receptors (TLR)

miRNAs because they are up-regulated in a

regulate each other

short time after LPS treatment while miR-21 is

Recent findings demonstrate the relationship

expressed in a late-response manner since it is

between miRNAs and the TLR-signaling

highly expressed in macrophage in a longer

pathways. It is reported that TLR-signaling

time after representation to LPS [74, 80, 82].

pathways are regulated by certain miRNAs. It

It has also been reported that miRNA

is said that miRNAs regulate TLR-signaling

expressions apportion to NF-κB and MAPK

pathways by targeting TLRs, signaling down-

pathways that are induced by TLRs activation.

stream proteins, regulatory molecules and

For the first time, it is clear that miR-146a

transcription factors, and cytokines that are

expression is correlated to NF-κB pathway in

induced by TLRs stimulus [73].

THP-1

Several other studies have demonstrated that

administration [74]. Other studies have shown

molecules

TLR-signaling

that TLR-induced NF-κB-dependent pathway

pathways can control miRNAs expression. On

increases the expression of miRNAs. PAMPs

the other hand, miRNAs expression is

or TLRs stimulation can trigger NF-κB

regulated by the TLR-signaling pathways.

pathway and induce expression of many

Recent studies have also shown that miRNAs

miRNAs including miR-146a, miR-155, miR-

expression has been changed following TLRs-

132, miR-223, miR-147, miR-9, miR-27b,

signaling stimulation with specific ligand. For

miR-21, miR-16, miR-23b, miR-30b, miR-

example,

(LPS)

301a, miR-125b and let-7e [64, 70, 74, 83-86].

administration, a specific agonist for TLR4,

For examples, LPS through the TLR4-MyD88-

up-regulates expression of miR-146a, miR-

NF-κB-dependent pathway directly induces

155, and miR-132 in human mononuclear cells

the expression of miR-9 in human monocytes

[74]. Other subsequent studies have shown

and notrophils [58]. Also, LPS and viral latent

that the expression of miR-223, miR-147,

protein of Epstein - Barr virus can stimulate

miR-9, miR-27b and let-7e is provoked after

miR-155 expression in the NF-κB-dependent

TLRs stimulation by pathogen-associated

manner [87, 88]. miR-146a expression is

molecular patterns (PAMPs) and IL-1β [75-

induced in response to pro-inflammatory

77]. Although the expression of particular

cytokines such as IL-1β, tumor necrosis factor-

miRNAs is related to the stimulation TLRs

(TNF-) α and LPS via NF-κB-dependent

with specific ligands, some of miRNAs such

pathway [74, 86, 89]. On the opposite site,

as miR-155, 146 and 21 are competent to

miR-29b, let-7i, miR-98, miR-107, miR27a

affect some molecules complicated in the

and miR-532-5p are down-regulated after

TLR-signaling pathways [78-81]. It is also

TLR4-MyD88-NF-κB-dependent

complicated

in

lipopolysaccharide

International Journal of Medical Laboratory 2014;1(1):61-75.

monocytes

following

LPS

pathway
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induction [90-93]. On the other hand, miR-21,

regulators of gene expression, therefore these

miR146b, miR-155 and miR-146-b-5p are up-

receptors may be regulated by microRNAs. To

regulated via Fos and Jun, and miR-99b is

date, several types of miRNAs have been

down-regulated in response to several stimuli

reported that regulate TLRs expression. For

which indicate that MAPK pathway is

example, let-7e and let-7i regulate TLR4

complicated in miRNA expression [94-97]. In

expression. Therefore, up-regulation of let-7i

addition to NF-κB and MAPK pathways that

causes down-regulation of TLR4 in mice

are involved in regulating miRNA expression,

peritoneal macrophage. Knock-down of let-7e

other cellular pathways are also responsible for

by anti-sense miRNA results in up-regulation

modulating miRNA expression. For example,

of TLR4 [62]. Another study has indicated that

cyclic AMP response element-binding protein

the myeloid-specific miR-223 can modulate

and transcriptional coactivator p300 are

TLR3 and TLR4 expression in granulocytes

involved in miR-132 expression [98, 99].

[83]. Also another study has reported that

Activation of Janus kinase 1 (JAK1) and

miR-146a can regulate TLR4 and lead to

signal transducer and activator of transcription

increase of oxidized low-density lipoprotein

1

miR-143/145

accumulation and inflammatory reaction in

cluster in different cell types [99]. TLR-

macrophage [103]. miR-511 acts as an

responsive miRNAs are not only involved in

assumed positive regulator of TLR4 under cell

regulating the innate immune responses and

cycle arrest situations [104]. miR-26a may

host protection, but are also too implicated in

negatively control TLR3 signaling pathway as

the pathogenesis of several infectious diseases.

endosomal pattern recognition receptor, by

Furthermore, because miRNA and TLRs

pointing TLR3 expression in rat macrophages,

expression patterns are different in various

and improve arthritis in rat models [105]. In

immune cells, the different distribution of

another study, it has been indicated that miR-

TLRs in different cells could have altered

105 and miR-146-a negatively regulate TLR2

miRNA expressions [73].

expression

Some previous studies have demonstrated that

increases expression of TLR2 in fibroblast-like

TLR-signaling pathways are necessary to

synoviocytes of rheumatoid arthritis patients.

remove PAMPs. Conversely, excess and over-

On the other hand, miR-19a/b can reduce

expression of TLRs and downstream signaling

TLR2 protein expression and significantly

pathways may disarrange immune homeostasis

prevent the actions of the TLR2-induced

and lead to several pathogenic conditions such

cytokines and kinases [108]. Also miR-43

as

inhibits the expression of TLR2 that suppress

(STAT1)

down-regulate

autoimmune

chronic

disorders

and

[106,

invasion

107].

and

Also

inflammatory or cancer [100-102]. So, the

the

defined regulation of TLR-cell signaling

colorectal adenocarcinoma cells [109]. These

pathways is necessary in various conditions

results

indicate

migration

miR-19a/b

that

miRNAs

of

human

have

an

[6–12]. Since miRNAs act as a class of main
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important role in successive expression of

associated with the pathogenesis of many

TLRs.

inflammatory and autoimmune diseases. On
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the other hands, a close relationship exists

Conclusion

between TLRs and microRNAs so that the

MiRNAs constitute a large family of non-

disregulation of their expression can play a

coding

critical

RNAs

with

approximately

22

nucleotides that are as endogenous key post-

role

in

pathogenesis

of

many

autoimmune and inflammatory diseases.

transcriptional regulators in organisms. Since
miRNAs are associated with a variety of

Conflict of Interest
The authors declare no conflicts of interest.

signaling pathways including programmed cell
death, autophagy and inflammatory processes,
hence, miRNA are probably involved in the

Acknowledgement
No funding or sponsorship was received for this study.
The authors need to appreciate the staff of the Yazd
Cardiovascular Research Center in Yazd, Iran.

regulation of these pathways. Furthermore,
impairment

of

miRNA

expression

is

References
[1].

Bartel DP. MicroRNAs: genomics,
biogenesis, mechanism, and function. Cell
2004;116(2):281-297.
[2]. Ambros V. The functions of animal
microRNAs.
Nature.
2004
Sep
16;431(7006):350-355.
[3]. Farh KK, Grimson A, Jan C, Lewis BP,
Johnston WK, Lim LP, et al. The
widespread
impact
of
mammalian
MicroRNAs on mRNA repression and
evolution. Science (New York, NY). 2005
Dec 16;310(5755):1817-1821.
[4]. Perera RJ, Ray A. MicroRNAs in the search
for
understanding
human diseases.
BioDrugs: clinical immunotherapeutics,
biopharmaceuticals and gene therapy.
2007;21(2):97-104.
[5]. Iorio MV, Croce CM. MicroRNA
dysregulation in cancer: diagnostics,
monitoring
and
therapeutics.
A
comprehensive review. EMBO molecular
medicine. 2012 Mar;4(3):143-59. PubMed
PMID: 22351564.
[6]. Lee RC, Feinbaum RL, Ambros V. The C.
elegans heterochronic gene lin-4 encodes
small
RNAs
with
antisense
complementarity to lin-14. Cell. 1993 Dec
3;75(5):843-54.
[7]. Lagos-Quintana M, Rauhut R, Lendeckel
W, Tuschl T. Identification of novel genes
coding for small expressed RNAs. Science
(New
York,
NY).
2001
Oct
26;294(5543):853-858.

International Journal of Medical Laboratory 2014;1(1):61-75.

[8]. Lee Y, Kim M, Han J, Yeom KH, Lee S,
Baek SH, et al. MicroRNA genes are
transcribed by RNA polymerase II. The
EMBO journal. 2004 Oct 13;23(20):405160. PubMed PMID: 15372072.
[9]. Berezikov E, Chung WJ, Willis J, Cuppen
E, Lai EC. Mammalian Mirtron genes.
Molecular cell. 2007 Oct 26;28(2):328-36.
PubMed PMID: 17964270. Pubmed
Central PMCID: PMC2763384. Epub
2007/10/30. eng.
[10]. Okamura K, Hagen JW, Duan H, Tyler
DM, Lai EC. The Mirtron pathway
generates
microRNA-class regulatory
RNAs in Drosophila. Cell. 2007 Jul
13;130(1):89-100.
[11]. Yi R, Qin Y, Macara IG, Cullen BR.
Exportin-5 mediates the nuclear export of
pre-microRNAs and short hairpin RNAs.
Genes & development. 2003 Dec
15;17(24):3011-3016.
[12]. Bhayani MK, Calin GA, Lai SY.
Functional relevance of miRNA sequences
in human disease. Mutation research. 2012
Mar 1;731(1-2):14-19.
[13]. Lee Y, Ahn C, Han J, Choi H, Kim J, Yim
J, et al. The nuclear RNase III Drosha
initiates microRNA processing. Nature.
2003;425(6956):415-419.
[14]. Kim VN. MicroRNA biogenesis:
coordinated cropping and dicing. Nature
reviews
Molecular
cell
biology.
2005;6(5):376-385.

70

Physiological and pathological roles for microRNAs

Downloaded from ijml.ssu.ac.ir at 22:13 IRDT on Saturday June 23rd 2018

[15]. Eulalio A, Huntzinger E, Izaurralde E.
Getting to the root of miRNA-mediated
gene silencing. Cell. 2008 Jan 11;132(1):914.
[16]. Ambros V. MicroRNA pathways in flies
and worms: growth, death, fat, stress, and
timing. Cell. 2003 Jun 13;113(6):673-676.
[17]. Zhou X, Jeker LT, Fife BT, Zhu S,
Anderson MS, McManus MT, et al.
Selective miRNA disruption in T reg cells
leads to uncontrolled autoimmunity. The
Journal of experimental medicine. 2008
Sep 1;205(9):1983-1991.
[18]. Pauley KM, Cha S, Chan EK. MicroRNA
in autoimmunity and autoimmune diseases.
Journal of autoimmunity. 2009 MayJun;32(3-4):189-194.
[19]. Cooper GS, Stroehla BC. The
epidemiology of autoimmune diseases.
Autoimmunity
reviews.
2003
May;2(3):119-25.
PubMed
PMID:
12848952. Epub 2003/07/10. eng.
[20]. Klareskog L, Catrina AI, Paget S.
Rheumatoid arthritis. Lancet. 2009 Feb
21;373(9664):659-72.
[21]. Pauley KM, Satoh M, Chan AL, Bubb
MR, Reeves WH, Chan EK. Upregulated
miR-146a expression in peripheral blood
mononuclear cells from rheumatoid
arthritis patients. Arthritis research &
therapy. 2008;10(4):R101.
[22]. Stanczyk J, Pedrioli DM, Brentano F,
Sanchez-Pernaute O, Kolling C, Gay RE, et
al. Altered expression of MicroRNA in
synovial fibroblasts and synovial tissue in
rheumatoid
arthritis.
Arthritis
and
rheumatism. 2008 Apr;58(4):1001-1009.
[23]. Li J, Wan Y, Guo Q, Zou L, Zhang J,
Fang Y, et al. Altered microRNA
expression
profile
with
miR-146a
upregulation in CD4+ T cells from patients
with rheumatoid arthritis. Arthritis research
& therapy. 2010;12(3):R81.
[24]. Niimoto T, Nakasa T, Ishikawa M,
Okuhara A, Izumi B, Deie M, et al.
MicroRNA-146a expresses in interleukin17 producing T cells in rheumatoid arthritis
patients. BMC musculoskeletal disorders.
2010;11:209.
[25]. Niederer F, Trenkmann M, Ospelt C,
Karouzakis E, Neidhart M, Stanczyk J, et
al. Down-regulation of microRNA-34a* in
rheumatoid arthritis synovial fibroblasts
promotes apoptosis resistance. Arthritis and
rheumatism. 2012 Jun;64(6):1771-1779.
[26]. Alsaleh G, Suffert G, Semaan N, Juncker
T, Frenzel L, Gottenberg JE, et al. Bruton's
tyrosine kinase is involved in miR-346related regulation of IL-18 release by
lipopolysaccharide-activated
rheumatoid
fibroblast-like synoviocytes. Journal of

71

immunology (Baltimore, Md: 1950). 2009
Apr 15;182(8):5088-5097.
[27]. Stanczyk J, Ospelt C, Karouzakis E, Filer
A, Raza K, Kolling C, et al. Altered
expression
of
microRNA-203
in
rheumatoid arthritis synovial fibroblasts
and its role in fibroblast activation.
Arthritis
and
rheumatism.
2011
Feb;63(2):373-381.
[28]. Long L, Yu P, Liu Y, Wang S, Li R, Shi J,
et
al.
Upregulated
microRNA-155
expression
in
peripheral
blood
mononuclear cells and fibroblast-like
synoviocytes in rheumatoid arthritis.
Clinical & developmental immunology.
2013;2013:296139.
[29]. Murata K, Furu M, Yoshitomi H, Ishikawa
M, Shibuya H, Hashimoto M, et al.
Comprehensive
microRNA
analysis
identifies miR-24 and miR-125a-5p as
plasma biomarkers for rheumatoid arthritis.
PloS one. 2013;8(7):e69118.
[30]. Miyaki S, Nakasa T, Otsuki S, Grogan SP,
Higashiyama R, Inoue A, et al. MicroRNA140 is expressed in differentiated human
articular chondrocytes and modulates
interleukin-1 responses. Arthritis and
rheumatism. 2009 Sep;60(9):2723-2730.
[31]. Xu T, Huang C, Chen Z, Li J. MicroRNA323-3p: a new biomarker and potential
therapeutic target for rheumatoid arthritis.
Rheumatology
international.
2014
May;34(5):721-722.
[32]. Poy MN, Hausser J, Trajkovski M, Braun
M, Collins S, Rorsman P, et al. miR-375
maintains normal pancreatic alpha- and
beta-cell mass. Proceedings of the National
Academy of Sciences of the United States
of America. 2009 Apr 7;106(14):58135818.
[33]. Shaw JE, Sicree RA, Zimmet PZ. Global
estimates of the prevalence of diabetes for
2010 and 2030. Diabetes research and
clinical practice. 2010 Jan;87(1):4-14.
[34]. Nielsen LB, Wang C, Sorensen K, BangBerthelsen CH, Hansen L, Andersen ML,
et al. Circulating levels of microRNA from
children with newly diagnosed type 1
diabetes and healthy controls: evidence that
miR-25 associates to residual beta-cell
function and glycaemic control during
disease progression. Experimental diabetes
research. 2012;2012:896362.
[35]. Qu Z, Li W, Fu B. MicroRNAs in
Autoimmune Diseases. BioMed Research
International. 2014.
[36]. Compston A, Coles A. Multiple sclerosis.
Lancet. 2008 Oct 25;372(9648):1502-1517.
[37]. Du C, Liu C, Kang J, Zhao G, Ye Z,
Huang S, et al. MicroRNA miR-326
regulates TH-17 differentiation and is

International Journal of Medical Laboratory 2014;1(1):61-75.

Downloaded from ijml.ssu.ac.ir at 22:13 IRDT on Saturday June 23rd 2018

A. Dehghani Firoozabadi et al.

associated with the pathogenesis of
multiple sclerosis. Nature immunology.
2009 Dec;10(12):1252-1259.
[38]. Otaegui D, Baranzini SE, Armananzas R,
Calvo B, Munoz-Culla M, Khankhanian P,
et al. Differential micro RNA expression in
PBMC from multiple sclerosis patients.
PloS one. 2009;4(7):e6309.
[39]. Junker A, Krumbholz M, Eisele S, Mohan
H, Augstein F, Bittner R, et al. MicroRNA
profiling of multiple sclerosis lesions
identifies modulators of the regulatory
protein CD47. Brain: a journal of
neurology. 2009 Dec;132(Pt 12):33423352.
[40]. Lindberg RL, Hoffmann F, Mehling M,
Kuhle J, Kappos L. Altered expression of
miR-17-5p in CD4+ lymphocytes of
relapsing-remitting
multiple
sclerosis
patients. European journal of immunology.
2010 Mar;40(3):888-898.
[41]. Keller A, Leidinger P, Lange J, Borries A,
Schroers H, Scheffler M, et al. Multiple
sclerosis: microRNA expression profiles
accurately differentiate patients with
relapsing-remitting disease from healthy
controls. PloS one. 2009;4(10):e7440.
[42]. Sievers C, Meira M, Hoffmann F,
Fontoura P, Kappos L, Lindberg RL.
Altered microRNA expression in B
lymphocytes in multiple sclerosis: towards
a better understanding of treatment effects.
Clinical immunology (Orlando, Fla). 2012
Jul;144(1):70-79.
[43]. De Santis G, Ferracin M, Biondani A,
Caniatti L, Rosaria Tola M, Castellazzi M,
et al. Altered miRNA expression in T
regulatory cells in course of multiple
sclerosis. Journal of neuroimmunology.
2010 Sep 14;226(1-2):165-171.
[44]. Nikolov NP, Illei GG. Pathogenesis of
Sjogren's syndrome. Current opinion in
rheumatology. 2009 Sep;21(5):465-470.
[45]. Alevizos I, Bajracharya S, Alexander S,
Turner R, Illei G. MicroRNA profiling of
minor salivary glands identifies disease and
inflammation biomarkers in Sjogren’s
syndrome
patients.
Arthritis
and
rheumatism. 2009;60:S733-S4.
[46]. Pauley KM, Stewart CM, Gauna AE,
Dupre LC, Kuklani R, Chan AL, et al.
Altered miR-146a expression in Sjogren's
syndrome and its functional role in innate
immunity.
European
journal
of
immunology. 2011 Jul;41(7):2029-2039.
[47]. D'Cruz DP, Khamashta MA, Hughes GR.
Systemic lupus erythematosus. Lancet.
2007 Feb 17;369(9561):587-596.
[48]. Dai Y, Huang YS, Tang M, Lv TY, Hu
CX, Tan YH, et al. Microarray analysis of
microRNA expression in peripheral blood

International Journal of Medical Laboratory 2014;1(1):61-75.

cells of systemic lupus erythematosus
patients. Lupus. 2007;16(12):939-946.
[49]. Tang Y, Luo X, Cui H, Ni X, Yuan M,
Guo Y, et al. MicroRNA-146A contributes
to abnormal activation of the type I
interferon pathway in human lupus by
targeting the key signaling proteins.
Arthritis
and
rheumatism.
2009
Apr;60(4):1065-1075.
[50]. Luo X, Yang W, Ye DQ, Cui H, Zhang Y,
Hirankarn N, et al. A functional variant in
microRNA-146a promoter modulates its
expression and confers disease risk for
systemic lupus erythematosus. PLoS
genetics. 2011 Jun;7(6):e1002128.
[51]. Mouly E, Chemin K, Nguyen HV, Chopin
M, Mesnard L, Leite-de-Moraes M, et al.
The Ets-1 transcription factor controls the
development and function of natural
regulatory T cells. The Journal of
experimental
medicine.
2010
Sep
27;207(10):2113-2125.
[52]. Stagakis E, Bertsias G, Verginis P, Nakou
M, Hatziapostolou M, Kritikos H, et al.
Identification
of
novel
microRNA
signatures linked to human lupus disease
activity and pathogenesis: miR-21 regulates
aberrant T cell responses through
regulation of PDCD4 expression. Annals of
the
rheumatic
diseases.
2011
Aug;70(8):1496-1506.
[53]. Wang G, Tam LS, Li EK, Kwan BC,
Chow KM, Luk CC, et al. Serum and
urinary cell-free miR-146a and miR-155 in
patients
with
systemic
lupus
erythematosus.
The
Journal
of
rheumatology. 2010 Dec;37(12):25162522.
[54]. Pan W, Zhu S, Yuan M, Cui H, Wang L,
Luo X, et al. MicroRNA-21 and
microRNA-148a contribute to DNA
hypomethylation in lupus CD4+ T cells by
directly and indirectly targeting DNA
methyltransferase
1.
Journal
of
immunology (Baltimore, Md: 1950). 2010
Jun 15;184(12):6773-6781.
[55]. Zhao S, Wang Y, Liang Y, Zhao M, Long
H, Ding S, et al. MicroRNA-126 regulates
DNA methylation in CD4+ T cells and
contributes
to
systemic
lupus
erythematosus
by
targeting
DNA
methyltransferase
1.
Arthritis
and
rheumatism. 2011 May;63(5):1376-1386.
[56]. Yuan Y, Kasar S, Underbayev C,
Vollenweider D, Salerno E, Kotenko SV, et
al. Role of microRNA-15a in autoantibody
production in interferon-augmented murine
model of lupus. Molecular immunology.
2012 Sep;52(2):61-70.

72

Physiological and pathological roles for microRNAs

Downloaded from ijml.ssu.ac.ir at 22:13 IRDT on Saturday June 23rd 2018

[57]. Hanauer SB. Inflammatory bowel disease.
The New England journal of medicine.
1996 Mar 28;334(13):841-548.
[58]. Sands BE. From symptom to diagnosis:
clinical distinctions among various forms
of
intestinal
inflammation.
Gastroenterology. 2004 May;126(6):15181532.
[59]. Zahm AM, Thayu M, Hand NJ, Horner A,
Leonard MB, Friedman JR. Circulating
microRNA is a biomarker of pediatric
Crohn disease. Journal of pediatric
gastroenterology and nutrition. 2011
Jul;53(1):26-33.
[60]. Duttagupta R, DiRienzo S, Jiang R,
Bowers J, Gollub J, Kao J, et al. Genomewide maps of circulating miRNA
biomarkers for ulcerative colitis. PloS one.
2012;7(2):e31241.
[61]. Bian Z, Li L, Cui J, Zhang H, Liu Y,
Zhang CY, et al. Role of miR-150-targeting
c-Myb in colonic epithelial disruption
during dextran sulphate sodium-induced
murine experimental colitis and human
ulcerative colitis. The Journal of pathology.
2011 Dec;225(4):544-553.
[62]. Pekow JR, Dougherty U, Mustafi R, Zhu
H, Kocherginsky M, Rubin DT, et al. miR143 and miR-145 are downregulated in
ulcerative colitis: putative regulators of
inflammation
and
protooncogenes.
Inflammatory bowel diseases. 2012
Jan;18(1):94-100.
[63]. Nguyen HT, Dalmasso G, Yan Y, Laroui
H, Dahan S, Mayer L, et al. MicroRNA-7
modulates CD98 expression during
intestinal epithelial cell differentiation. The
Journal of biological chemistry. 2010 Jan
8;285(2):1479-1489.
[64]. Brest P, Lapaquette P, Souidi M,
Lebrigand K, Cesaro A, Vouret-Craviari V,
et al. A synonymous variant in IRGM alters
a binding site for miR-196 and causes
deregulation
of
IRGM-dependent
xenophagy in Crohn's disease. Nature
genetics. 2011 Mar;43(3):242-245.
[65]. Menter A, Gottlieb A, Feldman SR, Van
Voorhees AS, Leonardi CL, Gordon KB, et
al. Guidelines of care for the management
of psoriasis and psoriatic arthritis: Section
1. Overview of psoriasis and guidelines of
care for the treatment of psoriasis with
biologics. Journal of the American
Academy
of
Dermatology.
2008
May;58(5):826-850.
[66]. Griffiths CE, Barker JN. Pathogenesis and
clinical features of psoriasis. Lancet. 2007
Jul 21;370(9583):263-271.
[67]. Sonkoly E, Wei T, Janson PC, Saaf A,
Lundeberg L, Tengvall-Linder M, et al.
MicroRNAs: novel regulators involved in

73

the pathogenesis of psoriasis? PloS one.
2007;2(7):e610.
[68]. Sonkoly E, Stahle M, Pivarcsi A.
MicroRNAs: novel regulators in skin
inflammation. Clinical and experimental
dermatology. 2008 May;33(3):312-315.
[69]. Selmi C, Bowlus CL, Gershwin ME,
Coppel RL. Primary biliary cirrhosis.
Lancet. 2011 May 7;377(9777):1600-1609.
[70]. Hirschfield GM, Gershwin ME. The
immunobiology and pathophysiology of
primary biliary cirrhosis. Annual review of
pathology. 2013 Jan 24;8:303-330.
[71]. Padgett KA, Lan RY, Leung PC, Lleo A,
Dawson K, Pfeiff J, et al. Primary biliary
cirrhosis is associated with altered hepatic
microRNA
expression.
Journal
of
autoimmunity. 2009 May-Jun;32(3-4):246253.
[72]. Cines DB, McMillan R. Management of
adult idiopathic thrombocytopenic purpura.
Annual review of medicine. 2005;56:425442.
[73]. He X, Jing Z, Cheng G. MicroRNAs: new
regulators of Toll-like receptor signalling
pathways.
Biomed
Res
Int.
2014;2014:945169.
[74]. Taganov KD, Boldin MP, Chang KJ,
Baltimore
D.
NF-kappaB-dependent
induction of microRNA miR-146, an
inhibitor targeted to signaling proteins of
innate immune responses. Proceedings of
the National Academy of Sciences of the
United States of America. 2006 Aug
15;103(33):12481-12486.
[75]. Moschos SA, Williams AE, Perry MM,
Birrell MA, Belvisi MG, Lindsay MA.
Expression profiling in vivo demonstrates
rapid changes in lung microRNA levels
following
lipopolysaccharide-induced
inflammation but not in the antiinflammatory action of glucocorticoids.
BMC genomics. 2007;8(1):240.
[76]. Liu G, Friggeri A, Yang Y, Park YJ,
Tsuruta Y, Abraham E. miR-147, a
microRNA that is induced upon Toll-like
receptor stimulation, regulates murine
macrophage
inflammatory
responses.
Proceedings of the National Academy of
Sciences of the United States of America.
2009 Sep 15;106(37):15819-15824.
[77]. Jennewein C, von Knethen A, Schmid T,
Brune B. MicroRNA-27b contributes to
lipopolysaccharide-mediated peroxisome
proliferator-activated receptor gamma
(PPARgamma) mRNA destabilization. The
Journal of biological chemistry. 2010 Apr
16;285(16):11846-11853.
[78]. Li Y, Shi X. MicroRNAs in the regulation
of TLR and RIG-I pathways. Cellular &

International Journal of Medical Laboratory 2014;1(1):61-75.

Downloaded from ijml.ssu.ac.ir at 22:13 IRDT on Saturday June 23rd 2018

A. Dehghani Firoozabadi et al.

molecular immunology. 2013 Jan;10(1):6571.
[79]. O'Neill LA, Sheedy FJ, McCoy CE.
MicroRNAs: the fine-tuners of Toll-like
receptor signalling. Nature reviews
Immunology. 2011 Mar;11(3):163-175.
[80]. Jurkin J, Schichl YM, Koeffel R, Bauer T,
Richter S, Konradi S, et al. miR-146a is
differentially expressed by myeloid
dendritic cell subsets and desensitizes cells
to TLR2-dependent activation. Journal of
immunology (Baltimore,Md: 1950). 2010
May 1;184(9):4955-4965.
[81]. Boldin MP, Taganov KD, Rao DS, Yang
L, Zhao JL, Kalwani M, et al. miR-146a is
a significant brake on autoimmunity,
myeloproliferation, and cancer in mice.
The Journal of experimental medicine.
2011 Jun 6;208(6):1189-1201.
[82]. Sheedy FJ, Palsson-McDermott E,
Hennessy EJ, Martin C, O'Leary JJ, Ruan
Q, et al. Negative regulation of TLR4 via
targeting of the proinflammatory tumor
suppressor PDCD4 by the microRNA miR21.
Nature
immunology.
2010
Feb;11(2):141-147.
[83]. Johnnidis JB, Harris MH, Wheeler RT,
Stehling-Sun S, Lam MH, Kirak O, et al.
Regulation of progenitor cell proliferation
and granulocyte function by microRNA223. Nature. 2008 Feb 28;451(7182):11251129.
[84]. Shaked I, Meerson A, Wolf Y, Avni R,
Greenberg D, Gilboa-Geffen A, et al.
MicroRNA-132 potentiates cholinergic
anti-inflammatory signaling by targeting
acetylcholinesterase. Immunity. 2009 Dec
18;31(6):965-973.
[85]. Cameron JE, Yin Q, Fewell C, Lacey M,
McBride J, Wang X, et al. Epstein-Barr
virus latent membrane protein 1 induces
cellular MicroRNA miR-146a, a modulator
of lymphocyte signaling pathways. Journal
of virology. 2008 Feb;82(4):1946-1958.
[86]. Cheng Y, Kuang W, Hao Y, Zhang D, Lei
M, Du L, et al. Downregulation of miR27a* and miR-532-5p and upregulation of
miR-146a and miR-155 in LPS-induced
RAW264.7
macrophage
cells.
Inflammation. 2012 Aug;35(4):1308-1313.
[87]. O'Connell RM, Taganov KD, Boldin MP,
Cheng G, Baltimore D. MicroRNA-155 is
induced
during
the
macrophage
inflammatory response. Proceedings of the
National Academy of Sciences of the
United States of America. 2007 Jan
30;104(5):1604-1609.
[88]. Gatto G, Rossi A, Rossi D, Kroening S,
Bonatti S, Mallardo M. Epstein-Barr virus
latent membrane protein 1 trans-activates
miR-155 transcription through the NF-

International Journal of Medical Laboratory 2014;1(1):61-75.

kappaB pathway. Nucleic acids research.
2008 Nov;36(20):6608-6619.
[89]. Perry MM, Moschos SA, Williams AE,
Shepherd NJ, Larner-Svensson HM,
Lindsay MA. Rapid changes in microRNA146a expression negatively regulate the IL1β-induced inflammatory response in
human lung alveolar epithelial cells. The
Journal of Immunology. 2008;180(8):56895698.
[90]. O'Hara SP, Splinter PL, Gajdos GB,
Trussoni CE, Fernandez-Zapico ME, Chen
XM,
et
al.
NFkappaB
p50CCAAT/enhancer-binding protein beta
(C/EBPbeta)-mediated
transcriptional
repression of microRNA let-7i following
microbial infection. The Journal of
biological
chemistry.
2010
Jan
1;285(1):216-225.
[91]. Chen XM, Splinter PL, O'Hara SP,
LaRusso NF. A cellular micro-RNA, let-7i,
regulates Toll-like receptor 4 expression
and contributes to cholangiocyte immune
responses against Cryptosporidium parvum
infection. The Journal of biological
chemistry. 2007 Sep 28;282(39):2892928938.
[92]. Wang H, Garzon R, Sun H, Ladner KJ,
Singh R, Dahlman J, et al. NF-kappaBYY1- miR-29 regulatory circuitry in
skeletal
myogenesis
and
rhabdomyosarcoma. Cancer cell. 2008 Nov
4;14(5):369-381.
[93]. Foley NH, O'Neill LA. miR-107: a tolllike
receptor-regulated
miRNA
dysregulated in obesity and type II
diabetes. Journal of leukocyte biology.
2012 Sep;92(3):521-527.
[94]. Yin Q, Wang X, McBride J, Fewell C,
Flemington E. B-cell receptor activation
induces BIC/ miR-155 expression through
a conserved AP-1 element. The Journal of
biological
chemistry.
2008
Feb
1;283(5):2654-2662.
[95]. Fujita S, Ito T, Mizutani T, Minoguchi S,
Yamamichi N, Sakurai K, et al. miR-21
Gene expression triggered by AP-1 is
sustained through a double-negative
feedback mechanism. Journal of molecular
biology. 2008 May 2;378(3):492-504.
[96]. Kutty RK, Nagineni CN, Samuel W,
Vijayasarathy C, Jaworski C, Duncan T, et
al. Differential regulation of microRNA146a and microRNA-146b-5p in human
retinal pigment epithelial cells by
interleukin-1β, tumor necrosis factor-α, and
interferon-γ.
Molecular
vision.
2013;19:737.
[97]. Shao M, Rossi S, Chelladurai B, Shimizu
M, Ntukogu O, Ivan M, et al. PDGF
induced microRNA alterations in cancer

74

Physiological and pathological roles for microRNAs

Downloaded from ijml.ssu.ac.ir at 22:13 IRDT on Saturday June 23rd 2018

cells. Nucleic acids research. 2011
May;39(10):4035-4047.
[98]. Lagos D, Pollara G, Henderson S, Gratrix
F, Fabani M, Milne RS, et al. miR-132
regulates antiviral innate immunity through
suppression of the p300 transcriptional coactivator. Nature cell biology. 2010
May;12(5):513-519.
[99]. Lin L, Hou J, Ma F, Wang P, Liu X, Li N,
et al. Type I IFN inhibits innate IL-10
production in macrophages through histone
deacetylase
11
by
downregulating
microRNA-145. Journal of immunology
(Baltimore, Md: 1950). 2013 Oct
1;191(7):3896-3904.
[100]. He X, Jia H, Jing Z, Liu D. Recognition
of pathogen-associated nucleic acids by
endosomal nucleic acid-sensing toll-like
receptors. Acta biochimica et biophysica
Sinica. 2013 Apr;45(4):241-258.
[101]. O'Neill LA. When signaling pathways
collide: positive and negative regulation of
toll-like receptor signal transduction.
Immunity. 2008 Jul 18;29(1):12-20.
[102]. Kondo T, Kawai T, Akira S. Dissecting
negative regulation of Toll-like receptor
signaling. Trends in immunology. 2012
Sep;33(9):449-458.
[103]. Yang K, He YS, Wang XQ, Lu L, Chen
QJ, Liu J, et al. miR-146a inhibits oxidized
low-density
lipoprotein-induced
lipid
accumulation and inflammatory response
via targeting toll-like receptor 4. FEBS
letters. 2011 Mar 23;585(6):854-860.
[104]. Tserel L, Runnel T, Kisand K, Pihlap M,
Bakhoff L, Kolde R, et al. MicroRNA
expression profiles of human blood
monocyte-derived dendritic cells and
macrophages reveal miR-511 as putative
positive regulator of Toll-like receptor 4.
The Journal of biological chemistry. 2011
Jul 29;286(30):26487-26495.
[105]. Jiang C, Zhu W, Xu J, Wang B, Hou W,
Zhang R, et al. MicroRNA-26a negatively
regulates toll-like receptor 3 expression of
rat macrophages and ameliorates pristane
induced arthritis in rats. Arthritis research
& therapy. 2014;16(1):R9.

75

[106]. Quinn EM, Wang JH, O'Callaghan G,
Redmond
HP.
MicroRNA-146a
is
upregulated by and negatively regulates
TLR2
signaling.
PloS
one.
2013;8(4):e62232.
[107]. Benakanakere MR, Li Q, Eskan MA,
Singh AV, Zhao J, Galicia JC, et al.
Modulation of TLR2 protein expression by
miR-105 in human oral keratinocytes. The
Journal of biological chemistry. 2009 Aug
21;284(34):23107-23115.
[108]. Philippe L, Alsaleh G, Suffert G, Meyer
A, Georgel P, Sibilia J, et al. TLR2
expression is regulated by microRNA miR19
in
rheumatoid
fibroblast-like
synoviocytes. Journal of immunology
(Baltimore, Md: 1950). 2012 Jan
1;188(1):454-461.
[109]. Guo H, Chen Y, Hu X, Qian G, Ge S,
Zhang J. The regulation of Toll-like
receptor 2 by miR-143 suppresses the
invasion and migration of a subset of
human
colorectal
carcinoma
cells.
Molecular cancer. 2013;12:77.

International Journal of Medical Laboratory 2014;1(1):61-75.

