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ABSTRACT
Article history Multiple sclerosis (MS) is the most common autoimmune inflammatory
Received 6 May 2018 demyelinating disease that affects the brain and spinal cord. Dysregulation
Accepted 9 Oct 2018 or mutation of miRNA genes have been linked to the pathogenesis of MS.
Available online 27 Nov 2018 The miRNAs are short, 20-22 nucleotide long, single-stranded regulatory
Key words and non-protein coding RNAs that modulate the expression of multiple
Inflammation target genes. Among miRNAs, miR-223 has been reported to play a
Marker critical role in MS. This review concentrates on the emerging role of miR-
MicroRNA 223 in inflammatory responses and specifically discusses how alterations

miR-223

; . in MiR-223 expression are associated with the development of MS. This
Multiple sclerosis

review also suggests that miR-223 can be used as a biomarker for
diagnosis of MS and discovering novel therapeutics for MS treatment.
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Introduction

Multiple sclerosis (MS), a chronic disorder of
the brain and spinal cord, is the most common
autoimmune inflammatory demyelinating
disease primarily affecting young adults,
which leads to irreversible disability [1, 2].
Similar to all complex traits, the development
and clinical phenotypes of MS are affected by
an interplay between environmental risk
factors including infection, smoking, sunlight
exposure and vitamin D deficiency with
genetic susceptibility of polygenic nature [3-
5]. The clinical course of MS is heterogeneous
and is characterized by relapsing-remitting MS
(RRMS), portrayed as a primary episode of
neurological dysfunction followed by a
remission period and then repeating bouts of
relapse and remission, affecting twice as many
women as men. Secondary progressive MS
(SPMS) and primary progressive MS (PPMS)
are other common clinical courses of this
disease [6-8]. RRMS can progress to SPMS in
75% of patients within two decades.
MicroRNAs

The microRNAs (miRNAs) are short, single-
stranded 20-22 nucleotide-long regulatory and
non-protein coding RNA modulating the
expression of multiple target genes. The
miRNA function has been detected in different
biological processes, including differentiation,
cell proliferation, development and apoptosis
in several cell types such as myeloid cells in
the immune system and neuronal cells in the
central nervous system [9-14]. They play

important roles by regulating the expression of

genes in transcription and post-transcription
levels [15].

The capped, poly adenylated and double-
stranded RNA structure of primary transcripts,
which contains one or a number of miRNAs, is
transcribed by RNA polymerase Il. It is then
cleaved at the base of stem-loop, processed
into precursor MiRNA (pre-miRNA) with
hairpin structure60-100 nucleotides in lengths
by a microprocessor complex containing at
least Drosha (RNAase Ill endonuclease) and
DGCR8 [16, 17]. The complex is then
exported to the cytoplasm through exportin-5
and Ran-GTP co-factor and further processed
into a mature miR/miR* duplex form by
DICER1, RNase Ill endonuclease with TAR-
binding protein and Argonaut (Ago2 in
human). The mature miR/miR* duplex is
separated by helicases, and the mature strand
is then recruited to the RNA-induced silencing
complex [18-21].

miRNAs may be able to regulate the
expression of more than one target of mRNA
and each mRNA can be modulated by more
than one miRNA. These noncoding RNAs
bind to their target miRNAS via seed sequence,
which is a recognition sequence near the
5’terminus, further contributing to the
specificity and activity of binding targets
according to experimental evidence [22, 23].
Seed sequence with 6 to 8 nucleotides in
miRNA molecules are highly conserved
and even a slight change in the sequence may
alter the miR target. Binding miRNAs to
3’UTRs of target miRNA can trigger mRNA
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destabilization, resulting in a repression of
protein translation or mRNA degradation and
thus leading to a reduction in protein level [24-
27]. It is also shown that the location of the
central loop in miIRNA:mRNA duplexes might
affect the efficiency of gene regulation
mediated by miRNAs [28]. In the past few
years, improper miRNA expression and
function were reported to be related to MS
[29-36]. Recent studies have shown the
presence of fixed miRNASs in biological fluids
and also in cerebrospinal fluid [37, 38].

The miRNAs are able to modulate the
expression of approximately 60% of genes
[39] including other miRNA genes, thus
producing a complicated system similar to
the cytokine network, which plays an
essential role in immune response regulation.
Even a little change in miRNA action may
lead to a remarkable change in gene
expression resulting in pathological changes in
the immune system. Today, mutation or
dysregulation of miRNAs has been linked to
autoimmune diseases, including MS [40-43].
Alterations in gene expression of MiRNAs
have been indicated in blood components,
cerebrospinal fluid and brain lesions of MS
patients [44, 45].

It was demonstrated that miRNAs are crucial
for the maintenance of immune tolerance, as
indicated by a deletion of Dicer-mediated
miRNA in regulatory T-cells (T-reg cells) in
mice. These mice develop a fatal autoimmune
disease, similar to the autoimmune syndrome
in animals which is caused by complete
deficiency of T-reg cells [46, 47].

The origin of these circulating miRNAs is still
unknown. However, the simplicity of their
detection and the minimally invasive approach
for obtaining them, make circulating miRNAs
ideal prognostic biomarkers for monitoring the
disease course and it's response to treatment.
The miR-223 has an important function in the
development and homeostasis of the immune
system. Recently, the involvement of miR-223
has been shown for different types of cancers,
inflammatory diseases, autoimmune diseases
and other pathological processes [48]. The
present article reviews our today’s grasp
of the physiopathology of miR-223 and
concentrates on this miRNA's dysregulation
and its role in MS.

miR-223 function

The sequence of miR-223 has been
surprisingly conserved during evolution,
suggesting that miR-223 has a pivotal role
in physiological processes [49]. The location
of the miR-223 encoding gene is at q12 locus
in X chromosome [50]. The miR-223 was
discovered in silico and bioinformatically
identified [51]. It was thereafter reported to
have an important role in the hematopoietic
system [52, 53]. Its gene resembles a myeloid
gene and several transcription factors are
recruited to regulate the expression of
miR-223, such as CCAAT-enhancer-binding
proteins (C/EBP)-o and -B, nuclear factor I-A
(NFI-A) and transcription factor PU.1, which
are all myeloid transcription factors [54].
NFIA and C/EBPo are two transcription
factors that compete for binding to miR-223
promoter, NFI-A maintains miR-223 at low

levels whereas C/EBPa upregulates miR-223
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expression. A negative-feedback loop controls
the competition by C/EBPa as well as
granulocytic differentiation via suppression of
NFI-A translation by miR-223 [55, 56]. The
semi-miRNA derived from miR-223 (smiR-
223) nonetheless regulates the ability ofmiR-
223 to suppress translation or degradation of
target transcripts and hence modulates gene
expression indirectly [57]. The miR-223 is
involved in hematopoiesis by modulating the
differentiation of hemato-poietic lineages in
hematopoietic bone marrow and has an effect on
hematopoietic stem cells as well as on asmyeloid,
erythroid and lymphoid cells in different
levels of their development [53], regulating
granulocytic differentiation, maturation, and
function during granulopoiesis [58].

In myeloid cells of the bone marrow,
the expression of miR-223 is found to be
induced during lineage differentiation of
myeloid progenitor cells. These myeloid cells
differentiate into monocyte/ macrophage and
granulocyte cells and once granulocyte-
monocyte progenitors start to differentiate
into monocytes, the expression of miR-223 is
suppressed. In contrast, miR-223 is found to
be overexpressed whereas the granulocyte-
monocyte progenitors enter the granulocyte
differentiation phase [53]. The miR-223 also
has a key role in monocyte/macrophage
differentiation by targeting and repressing
the IkB kinase subunit alpha (IKK-a), a
component of nuclear factor-kappa B (NF-kB)
signaling way. Reduced miR-223 expression
results in increasing expression of IKK-a,
which induces the expression of p52 followed

by suppression of NF-kB pathways during

macrophage differentiation [59, 60]. miR-223-
rich micro vesicles induce the differentiation of
recipient monocytes, promote the production of
hematopoietic cells in the bone marrow and
subsequently induce the release of more micro
vesicles [61]. Some studies have indicated
that miR-223 expression is downregulated
during monocytic, erythroid, and mast cell
differentiation as well as duringcell maturation
[56, 58], which happens during erythrocyte
proliferation and differentiation at progenitor
and precursor levels [58].

The miR-223 also plays an essential role in
osteoclast formation and regulation of bone
remodeling [62]. More specifically, miR-223
expression represses osteoclast formation by
suppressing the differentiation of osteoclast
precursors [63].

miR-223 is an inflammatory miRNA
miR-223 has been explained as a regulator of
granulopoiesis. There is increasing number
of hypermature granulocyte precursors that
areparticularly sensitive to activating stimuli
in mice with miR-223 deficiency [53].
Therefore, it canbe shown that miR-223
negatively regulates granulopoiesis by
targeting the transcription factor Mef-2c. It
is demonstrated that miR-223 is crucial in
macrophage differentiation [60].

The miR-223 modulates the NF-kB pathway
by targeting transcripts of the kinase IKKa into
macrophage differentiation during certain pro-
inflammatory stimuli, so the downregulation
of this miRNA might prevent macrophage
hyperactivation [60, 64].

Targeting Pknoxl by miR-223 shows its

important role in obesity associated adipose
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tissue inflammation by regulating macrophage
polarization [65].

It was also shown that miR-223 affects
the production of IL-18 via NF-kB signaling
pathway [26, 15, 22]. Recently, a research
demonstrated that the production of IL-1pB
is under the influence of miR-223 by
targeting classic inflammasome NLRP3
during lipopolysaccharide stimuli [66].
These results support that miR-223 is an
essential modulator in macrophage during
variant inflammatory responses [64].

The miR-223 is also upregulated in
CD4*CD25"T-reg cells in comparison to naive
T-cells [67]. Up-regulation of miR-223 has
been shown in the blood from MS patients
compared to healthy controls [43] as well as in
CD4*CD25"" hona fide T-reg cells of MS
patients [44] versus healthy donors, and also
in active MS lesions in the brain compared to
the healthy brain [36, 68].

Dysregulation of miR-223 in MS

Using a miRNA microarray and Geniom Real
Time Analyzer platform, Andreas Keller et al,
analyzed the expression profiles of 866
miRNAs in blood cells of 20 RRMS patients
and 19 healthy controls. They reported that
miR-223 was significantly up-regulated in
patients with RRMS as compared to healthy
controls [43].

Quantitative real-time polymerase chain
reaction analysis revealed up-regulation of 20
miRNAs (including miR-223) in the active
white matter lesions of brain from patients
with MS compared with the normal white
matter of brain [36].

Further studies assessed the miRNA
genome-wide expression profile by microarray
analysis on CD4*CD25"9" T-cells from 12
patients with relapsing-remitting MS and 14
healthy controls. De Santis discovered that
17 miRNAs (including miR-223) were
significantly up-regulated in T-regs from
peripheral blood of MS patients [44].

The results from alaboratory study examining
84 miRNAs in a serum from a cohort of
MS samples versus healthy controls showed
significantly reduced expression levels of
miR-223 in the sera of PPMS samples
compared with controls [29].

Another study explored the expression
profile of 1145 miRNAs using miRNA from
peripheral blood mononuclear cells (PBMCs)
of 19 MS patients and 14 controls. The study
indicated that theexpression level of 45
miRNAs, including miR-223, miR-524-3p and
miR-550*, increased in PBMCs from MS
patients compared to controls [34].

Fanglio et al. investigated the expression
of three free-circulating miRNAs in serum
from MS patients compared to controls.
Statistically, the level of miR-223 was
remarkably decreased in MS patients. Down-
regulation of these miRNA can result in
overexpression of target genes that play a role
in pathogenesis of MS [41].

In another study by Fanglio et al. the
expression level of three miRNAs including
miR-223, miR-23a and miR-15b has been
explored in PBMCs and sera from MS
patients. In this study, they found altered
expression levels of miR-223 and miR-23a in

PBMCs of MS patients compared to controls,
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suggesting a possible contribution of these two
miRNAs in pathogenic mechanisms of MS.
They reported significant up-regulation of
miR-223 and miR-23a levels in RRMS [69].
miR-223 is one of the most up-regulated
miRNAs in multiple sclerosis patients. Ifergan
et al. demonstrated that miR-223 knockout
mice have significantly reduced active
experimental autoimmune encephalomyelitis,
which is determined by reduced level of
myeloid dendritic cells and Th17 cells in the
central nervous system. Myeloid cells play a
crucial role in the induction and maintained
inflammation in neuro-inflammatory disorders
such as multiple sclerosis [70].

In another study, miR-223 is reported as a
novel miRNA that controls the experimental
autoimmune encephalomyelitis (EAE). miR-
223 expression was up-regulated in spinal
cords and lymphoid organs of mice. It has
been shown that miR-223-/- mice have delay
in EAE onset, decline in spinal cord lesion and
reduction in neurological symptoms. It has

also been found that miR-223 deficiency

References

[1]. Ponzio M, Brichetto G, Zaratin P, Battaglia MA.
Workers with disability: The case of multiple
sclerosis. Neurologic Sci. 2015; 36(10): 1835-
841.

[2]. Racosta JM, Kimpinski K, Morrow SA,
Kremenchutzky M. Autonomic dysfunction in
multiple sclerosis. Autonomic Neurosci. 2015;
193(1): 1-6.

[3]. Oksenberg JR. Decoding multiple sclerosis:
an update on genomics and future directions.
Exp Rev Neurotherapeut. 2013; (13): 11-19.

[4]. Burrell AM, Handel AE, Ramagopalan SV,
Ebers GC, Morahan JM. Epigenetic mechanisms
in multiple sclerosis and the major histo-
compatibility complex (MHC). Discovery Med.
2011; 11(58): 187-96.

decreases Thl and Th17 infiltration into spinal
cord [71].

Conclusion

According to current literature, it is now
increasingly evidenced that miR-223 is
involved in the pathogenesis of MS. As stated
above, miR-223 is highly dysregulated in MS
patients as well as EAE mouse models. It
might have the potential to generate a further
understanding of the mechanisms underlying
MS. The miR-223 has been reported to be
upregulated in T-reg cells, plasma, blood cells,
PBMCs and brain white matter tissue from MS
patients and EAE mice. Such reports provide
evidence that miR-223 may be a suitable
choice for further studies as a novel
therapeutic goal. It can also be used as a
biomarker for diagnosis and monitor disease
status in MS and a prognostic marker of

treatment responsiveness.

Conflict of Interest
The authors declare no conflict of interest.

Acknowledgments
There is no acknowledgment to declare.

[5]. Miller AE. Multiple sclerosis: where will we be
in 2020? Mount Sinai J Med. 2011; 78(2): 268-
79.

[6]. Kamm CP, Uitdehaag BM, Polman CH.
Multiple sclerosis: current knowledge and future
outlook. Europ Neurol. 2014; 72(3-4): 132-41.

[7]. Wingerchuk DM, Lucchinetti CF, Noseworthy
JH. Multiple sclerosis: current pathophysiological
concepts. Lab Investig. 2001; 81(3): 263-81.

[8]. Confavreux C, Vukusic S. Natural history of
multiple sclerosis: a unifying concept. Brain
2006; 129(3): 606-616.

[9]. Corcoran DL, Pandit KV, Gordon B,
Bhattacharjee A, Kaminski N, Benos PV. Features
of mammalian microRNA promoters emerge from

International Journal of Medical Laboratory 2018;5(4): 237-245. 242


http://dx.doi.org/10.18502/ijml.v5i4.152 
https://ijml.ssu.ac.ir/article-1-240-en.html

[ Downloaded from ijml.ssu.ac.ir on 2026-04-09 |

[ DOI: 10.18502/ijml.v5i4.152 ]

MIR-223 IN PATHOGENESIS OF MULTIPLE SCLEROSIS

polymerase Il chromatin immunoprecipitation data.
PLoS One 2009; 4(4): €5279.

[10]. Ambros V. The functions of animal microRNAs.
Nature 2004; 431(7006): 350-355.

[11].Bi Y, Liu G, Yang R. MicroRNAs: novel
regulators during the immune response. J Cell
Physiol. 2009; 218(3):467-72.

[12]. Gangaraju VK, Lin H. MicroRNAs: key
regulators of stem cells, Nature Reviews
Molecular Cell Biol. 2009; 10(2) :116-125.

[13]. Wiirdinger T, Tannous BA, Saydam O, Skog J,
Grau S, Soutschek J, et al. miR-296 regulates
growth factor receptor overexpression in
angiogenic endothelial cells. Cancer cell 2008;
14(5): 382-393.

[14]. Krichevsky AM, Gabriely G. miR-21: a small
multi-faceted RNA. J Cell Mol Med. 2009; 13(1):
39-53.

[15]. Chen K, Rajewsky N. The evolution of gene
regulation by transcription factors and microRNAs.
Nature Rev Gen. 2007; 8(2): 93-103.

[16]. Tay Y, ZzZhang J, Thomson AM, Lim B,
Rigoutsos I. MicroRNAs to Nanog, Oct4 and
Sox2 coding regions modulate embryonic stem
cell differentiation. Nature 2008; 455(7216):
1124-128.

[17]. Lytle JR, Yario TA, Steitz JA. Target miRNA
are repressed as efficiently by microRNA-binding
sites in the 5" UTR as in the 3' UTR. Proceed
Nation Acad Sci USA 2007; 104(23):9667-672.

[18]. Ling H, Fabbri M, Calin GA. MicroRNAs and
other non-coding RNAs as targets for anticancer
drug development. Nat Rev Drug Discov.
2013;12(11): 847-65.

[19]. Melo CA, Melo SA. Biogenesis and physiology
of microRNAs, non-coding RNAs and cancer.
New York: Springer; 2014. pp. 5-24.

[20]. Yi R, Qin Y, Macara IG, Cullen BR. Exportin-
5 mediates the nuclear export of pre-microRNAs
and short hairpin RNAs. Genes Dev. 2003;
17(24): 3011-3016.

[21]. Lund E, Glttinger S, Calado A, Dahlberg JE,
Kutay U. Nuclear export of microRNA
precursors. Science 2004; 303(5654): 95-98.

[22]. Box Consensus G, Uggaagac AS. Micro RNAs
are complementary to 3" UTR sequence motifs
that mediate negative post-transcriptional
regulation. Nat Gen. 2002; 30: 363.

[23]. Bartel DP. MicroRNASs: genomics, biogenesis,
mechanism, and function. Cell 2004; 116(2): 281-
97.

[24]. Lewis BP, Burge CB, Bartel DP. Conserved
seed pairing, often flanked by adenosines,
indicates that thousands of human genes are
microRNA targets. Cell 2005; 120(1): 15-20.

[25]. Yates LA, Norbury CJ, Gilbert RJ. The long
and short of microRNA. Cell 2013; 153(3): 516-
19.

[26]. Bartel DP. MicroRNAs: target recognition and
regulatory functions. Cell 2009; 136(2): 215-33.

[27]. Fabian MR, Sonenberg N, Filipowicz W.
Regulation of mRNA translation and stability by
microRNAs. Ann Rev Biochem. 2010; 79: 351-
79.

[28]. Ye W, Lv Q, Wong CKA, Hu S, Fu C, Hua Z,
et al. The effect of central loops in mMiIRNA: MRE
duplexes on the efficiency of miRNA-mediated
gene regulation. PLoS One 2008; 3(3): e1719.

[29]. Fenoglio C, Ridolfi E, Galimberti D, Scarpini
E. MicroRNAs as active players in the
pathogenesis of multiple sclerosis. Int J Mol Sci.
2012; 13(10): 13227-239.

[30]. Du C, Liu C, Kang J, Zhao G, Ye Z, Huang S,
et al. MicroRNA miR-326 regulates TH-17
differentiation and is associated with the
pathogenesis of multiple sclerosis, Nat Immunol.
2009; 10(12): 1252-259.

[31]. Xiao C, Srinivasan L, Calado DP, Patterson
HC, Zhang B, Wang J, et al. Lymphoproliferative
disease and autoimmunity in mice with increased
miR-17-92 expression in lymphocytes. Nat
Immunol. 2008; 9(4): 405-414.

[32]. Guerau de Arellano M, Smith KM, Godlewski
J, Liu'Y, Winger R, Lawler SE, et al. Micro-RNA
dysregulation in multiple sclerosis favours pro-
inflammatory  T-cell-mediated autoimmunity.
Brain 2011; 134(12): 3578-589.

[33]. Otaegui D, Baranzini SE, Armafianzas R,
Calvo B, Mufoz-Culla M, Khankhanian P, et al.
Differential micro RNA expression in PBMC
from multiple sclerosis patients. PLoS One 2009;
4(7): e6309.

[34]. Martinelli Boneschi F, Fenoglio C, Brambilla
P, Sorosina M, Giacalone G, Esposito F, et al.
MicroRNA and mRNA expression profile
screening in multiple sclerosis patients to unravel
novel pathogenic steps and identify potential
biomarkers. Neurosci Lett. 2012; 508(1): 4-8.

[35]. Cox MB, Cairns MJ, Gandhi KS, Carroll AP,
Moscovis S, Stewart GJ, et al. MicroRNAs miR-
17 and miR-20a inhibit T cell activation genes
and are under-expressed in MS whole blood,
PLoS One 2010; 5(8): e12132.

[36]. 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 2009;
132(12): 3342-352.

[37]. Mitchell PS, Parkin RK, Kroh EM, Fritz BR,
Wyman SK, Pogosova-Agadjanyan EL, et al.
Circulating microRNAs as stable blood-based
markers for cancer detection. Proceed Nation
Acad Sci. 2008; 105(30): 10513-10518.

[38]. Haghikia A, Haghikia A, Hellwig K,
Baraniskin A, Holzmann A, Décard BF, et al.
Regulated microRNAs in the CSF of patients
with multiple sclerosis A case-control study.
Neurol. 2012; 79(22): 2166-170.

[39]. Diao L, Marcais A, Norton S, Chen KC.
MixMir: microRNA motif discovery from gene

243 International Journal of Medical Laboratory 2018;5(4):237-245.


http://dx.doi.org/10.18502/ijml.v5i4.152 
https://ijml.ssu.ac.ir/article-1-240-en.html

[ Downloaded from ijml.ssu.ac.ir on 2026-04-09 |

[ DOI: 10.18502/ijml.v5i4.152 ]

S. Gharibi et al.

expression data using mixed linear models. Nucl
Acid Res. 201442(17): e135.

[40]. Ajit SK. Circulating microRNAs as bio-
markers, therapeutic targets, and signaling
molecules. Sensors 2012; 12(3): 3359-369.

[41]. Fenoglio C, Ridolfi E, Cantoni C, De Riz M,
Bonsi R, Serpente M, et al. Decreased circulating
miRNA levels in patients with primary
progressive multiple sclerosis. MS J. 2013;
19(14): 1938-942.

[42]. Zampetaki A, Willeit P, Drozdov |, Kiechl S,
Mayr M. Profiling of circulating microRNAS:
from single biomarkers to re-wired networks.
Cardiovasc Res. 2012; 93(4): 555-62.

[43]. 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.

[44]. De Santis G, Ferracin M, Biondani A, Caniatti
L, Tola MR, Castellazzi M, et al. Altered miRNA
expression in T regulatory cells in course of
multiple sclerosis. J Neuroimmunol. 2010;
226(1): 165-71.

[45]. Redis RS, Calin S, Yang Y, You MJ, Calin
GA. Cell-to-cell miRNA transfer: from body
homeostasis to therapy. Pharmacol Therapeut.
2012; 136(2): 169-74.

[46]. 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. J Experiment Med. 2008;
205(9): 1983-991.

[47]. Liston A, Lu LF, O'Carroll D, Tarakhovsky A,
Rudensky AY. Dicer-dependent microRNA
pathway safeguards regulatory T cell function. J
Experiment Med. 2008; 205(9):1993-2004.

[48]. Haneklaus M, Gerlic M, O'Neill L, Masters S.
miR-223: infection, inflammation and cancer. J
Intern Med. 2013; 274(3): 215-26.

[49]. Taibi F, Meuth VV Metzinger LE, Massy ZA,
Metzinger L. miR-223: an inflammatory oncomiR
enters the cardiovascular field. Biochim Biophys
Acta. 2014; 1842(7): 1001-10009.

[50]. Rodriguez  AE, Hernandez JA, Benito
R, Gutiérrez NC, Garcia JL, Hernandez
Sanchez M, et al. Molecular characterization of
chronic lymphocytic leukemia patients with a
high number of losses in 13g14. PLoS One
2012; 7(11): e48485.

[51]. Camargo FD, Johnnidis JJ, Harris MH,
Stehling Sun S, Wheeler RT, Lam M, et al.
Regulation of progenitor cell proliferation and
granulocyte function by microRNA-223. Blood
2007; 110(11): 507-507.

[52].Chen CZ, Li L, Lodish HF, Bartel DP,
MicroRNAs modulate hematopoietic lineage
differentiation. Science 2004; 303(5654): 83-6.

[53]. Johnnidis JB, Harris MH, Wheeler RT,
Stehling Sun S, Lam MH, Kirak O, et al.
Regulation of progenitor cell proliferation and
granulocyte function by microRNA-223. Nature
2008; 451(7182):1125-1129.

[54]. Fukao T, Fukuda Y, Kiga K, Sharif J, Hino K,
Enomoto Y, et al. An evolutionarily conserved
mechanism for microRNA-223  expression
revealed by microRNA gene profiling. Cell 2007;
129(3): 617-631.

[55]. Li X, Zhang Y, Zhang H, Liu X, Gong T,
Li M, et al. miRNA-223 promotes gastric
cancer invasion and metastasis by targeting
tumor suppressor EPB41L3. Mol Cancer Res.
2011; 9(7):824-33.

[56]. Fazi F, Rosa A, Fatica A, Gelmetti V,
Marchis ML De, et al. A minicircuitry
comprised of microRNA-223 and transcription
factors NFI-A and C/EBPa regulates human
granulopoiesis. Cell 2005; 123(5): 819-31.

[57]. Plante I, Plé H, Landry P, Gunaratne PH,
Provost P. Modulation of microRNA activity by
semi-microRNAs. Front Genet. 2012; 3(1): 99.

[58]. Felli N, Pedini F, Romania P, Biffoni M,
Morsilli O, Castelli G, et al. MicroRNA 223-
dependent expression of LMO2 regulates normal
erythropoiesis. Haematologica 2009; 94(4): 479-
86.

[59]. Wang Jf, Yu M, Yu G, Bian Jj, Deng Xm, Wan
Xj, et al. Serum miR-146a and miR-223 as
potential new biomarkers for sepsis. Biochem
Biophysic Res Communic. 2010; 394(1): 184-88.

[60]. Li T, Morgan MJ, Choksi S, Zhang Y,
Kim YS, Liu Zg. MicroRNAs modulate the
noncanonical transcription factor NF-[kappa] B
pathway by regulating expression of the kinase
IKK [alpha] during macrophage differentiation.
Nature Immunol. 2010; 11(9): 799-805.

[61]. Ismail N, Wang Y, Dakhlallah D, Moldovan
L, Agarwal K, Batte K, et al. Macrophage
microvesicles induce macrophage differentiation
and miR-223 transfer. Blood 2013; 121(6): 984-
95.

[62]. Kapinas K, Delany AM. MicroRNA biogenesis
and regulation of bone remodeling. Arthritis Res
Ther. 2011; 13(3): 220.

[63]. Sugatani T, Hruska K. MicroRNA-223 is a key
factor in osteoclast differentiation. J Cell
Biochem. 2007; 101(4): 996-99.

[64]. Yang F, Lou G, Zhou X, Zheng M, He J, Chen
Z. MicroRNA-223 Acts as an important regulator
to kupffer cells activation at the early stage of con
a-induced acute liver failure via AIM2 signaling
pathway. Cell Physiol Biochem. 2014; 34(6):
2137-152.

[65]. Zhuang G, Meng C, Guo X, Cheruku PS, Shi
L, Xu H, et al. A novel regulator of macrophage
activation: miR-223 in obesity associated
adipose tissue inflammation. Circulation 2012;
125(23): 2892-903.

International Journal of Medical Laboratory 2018;5(4): 237-245. 244


https://www.ncbi.nlm.nih.gov/pubmed/?term=miR-223%3A+an+inflammatory+oncomiR+enters+the+cardiovascular+field.
https://www.ncbi.nlm.nih.gov/pubmed/?term=miR-223%3A+an+inflammatory+oncomiR+enters+the+cardiovascular+field.
http://dx.doi.org/10.18502/ijml.v5i4.152 
https://ijml.ssu.ac.ir/article-1-240-en.html

[ Downloaded from ijml.ssu.ac.ir on 2026-04-09 |

[ DOI: 10.18502/ijml.v5i4.152 ]

MIR-223 IN PATHOGENESIS OF MULTIPLE SCLEROSIS

[66]. Bauernfeind F, Rieger A, Schildberg FA,
Knolle PA, Schmid-Burgk JL, Hornung V.
NLRP3 inflammasome activity is negatively
controlled by miR-223. J Immunol. 2012;
189(8): 4175-181.

[67]. Cobb BS, Hertweck A, Smith J, O'Connor E,
Graf D, Cook T, et al. A role for Dicer in immune
regulation. J Experiment Med. 2006; 203(11):
2519-527.

[68]. Junker A. Pathophysiology of translational
regulation by microRNAs in multiple sclerosis,
FEBS Let. 2011; 585(23): 3738-746.

[69]. Fenoglio C, Cantoni C, De Riz M, Ridolfi E,
Cortini F, Serpente M. Expression and genetic
analysis of miRNAs involved in CD4* cell
activation in patients with multiple sclerosis.
Neurosci let. 2011; 504(1): 9-12.

[70]. Ifergan I, Chen S, Zhang B, Miller SD. Cutting
edge: MicroRNA-223 Regulates myeloid
dendritic cell-driven Th17 Responses in
experimental autoimmune encephalomyelitis. J
Immunol. 2016; 196(4): 1455-459.

[71]. Satoorian T, Li B, Tang X, Xiao J, Xing W,
Shi W, et al. MicroRNA223 promotes pathogenic
Tcell development and autoimmune inflammation
in central nerve system in mice. Immunol. 2016;
148(4): 326-38.

245 International Journal of Medical Laboratory 2018;5(4):237-245.


http://dx.doi.org/10.18502/ijml.v5i4.152 
https://ijml.ssu.ac.ir/article-1-240-en.html
http://www.tcpdf.org

