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PE3IOME

Hao 60% om eécuuku zeHu, KOUmMo Kooupam npomeunu, ca pezynupanu nocpedocmsom miRNA, kamo eona
miRNA uma cpeono 200 muwenu. Hapywenama pezynayus Ha cneyuduunu muxpo-PHK 600u 0o pasnuuru
3abonaeaHus npu xopama: MemabONUMHU HAPYUEHUS, CoPOe4HO-CBO08U, HePHOOPOOHU 3a00NA6AHUS,
HeBpoOezeHepamueHu 3a001A6AHUS, UMYHOMEOUUPAHU 3a00NA6AHUS, UMYHHA OUCHYHKUUS, BKIIOUUMENHO U
nos6ama Ha Heonasmu.

Llen Ha Hacmoswama cmamus e 0a ce Hanpasu npeened Ha excnpecusma Ha muxkpo-PHK-155 u
HeliHama pezynamopHa Pons 6 npouecurme HA 6v3NANEHUEINO 6 UEHMPATHAMA HEPEHA CUcmeMmd, 6 x00a
HA HAKOU UHPEKUUOZHU 3a00NIA6AHUS, NPU OeceHepamusHu yepedl HA ONOPHO-CMABHUS anapam u HAKOU
UMyHOMeOUUparu 6onecmu.

Marepuan u merogu: 3a nepuoda 2002 - tonu 2020 e. 8 docmoenHume 6a3u danuu (Scopus, ScienceDirect,
Web of Science, Access Medicine, PubMed) ca usnonszeéanu cnedHume Knouo8u 0ymu Ha AHeIULICKU e3UK: MUKDPO-
PHK-155, 6uomapkepu, 6v3nanexue, ueHmMpanHa HepeHa cucrmema, 3a00/16aAHUT HA ONOPHO-CIMABHUS anapam,
umyHomeouuparu bonecmu, wosewiku Hyxneunosu xucenunu (JJHK u muxpoPHK).

Pesynraru: MiR-155 e ocHosen nposw3nanumener meouamop na ITHC, uuamo excnpecus ce unoyuupa 6
maxpogazu u 6 mukpoznus 6 omeosop Ha NF-B-3asucum TNF cuenanen nom. Muwernume Ha miR-155 exnousam
npomueoss3nanumentu pezynamopu kamo Suppressor of cytokine signaling 1 (SOCSI), Src homology-2-domain-
containing inositol 5-phosphatase 1 (SHIP1), C/EBP u IL13R 1. Cnedosamentio miR-155 donpunacs 3a uHOyKyus
Ha Hesposv3naneHuemo. B pamkume Ha muxpoenusma, miR-155 npedussuxea 6v3naenue no 6MmopuseH nom.

3akmrouenne: Jscnedsane excnpecusma Ha masu mukpo-PHKa paskpuea Hoséu ew3moxHocmu 3a
npusosxeHuemo i kamo Ouomapkep Ha 6v3naseHUemo, cpedcmeo 3a MOHUMOPUpaHe edexmusHOCMma Ha
mMepanesmuUHUs NPouec U 6epossmHoO 6 0voeuse ue NOCIYHU KAmMo MUUeHa 3a Cv30a6aHe HA Co8peMeHHA
UHOUBUOYATIHA NPOMUB08BINATIUMENTHA MEPANUS NPU PeOULA 3a00NT6AHUS.

Knrouosu gymm: muxpo-PHK-155, 6w3nanenue, excnpecuss, UHMekyuo3Hu 3a0071516AHUS
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ABSTRACT

Introduction: Over 60% of all the genes that code proteins are regulated by miRNA. One miRNA has an
average of 200 targets. Disturbed regulation of specific micro-RNAs leads to the development of different diseases in
humans: metabolic, cardiovascular, liver, neurodegenerative, immune-mediated diseases, immune dysfunctions,
as well as appearance of neoplasms.

Aim: The aim of the following article is to conduct a review of micro-RNA expression and its regulatory role
over inflammatory processes in central nervous system, in the course of some infectious diseases, in degenerative
injuries of the musculoskeletal system and in some immune-mediated diseases.

Materials and Methods: For the period 2002 - July 2020 in the accessible science databases (Scopus,
ScienceDirect, Web of Science, Access Medicine, PubMed) the following keywords in English were used: micro-
RNA-155, biomarkers, inflammation, central nervous system, musculoskeletal diseases, immune-mediated
diseases, human nucleic acids (DNA and microRNA).

Results: MiR-155 is the main pro-inflammatory mediator in CNS whose expression is induced in macrophages
and microglia in response to NF-B dependent TNF signaling pathway. Targets of miR-155 include pro-
inflammatory regulators such as suppressor of cytokine signaling 1 (SOCSI), Src homology-2-domain-containing
inositol 5-phosphatase 1 (SHIP1), C/EBP- and IL13R 1. Therefore, miR-155 contributes to induction of neural
inflammation. MiR-155 causes inflammation of microglia by a secondary route.

Conclusion: Studying the expression of the specified micro-RNA reveals new opportunities for its use as a
biomarker for inflammation, means for monitoring the effectiveness of the therapeutic process and maybe in the
near future - will serve as a target for the development of contemporary individual anti-inflammatory therapy for

a number of diseases.

Keywords: miRNA-155, inflammation, expression, infectious diseases

BBbBEJEHMNE

MiRNAs ca enporenHu Hexkopupamu-PHKu
(ncRNAS), konTO Ca ¢ IB/DKIMHA OKO/IO 22 HYKJ/IEOTH-
ma. bruorenesara Ha mMuxpo-PHKwute mMmuaBa mpes
HSKOJIKO CTBIIKM Ha IOCTTPAaHCKPUIILIVIOHHY MOAIU-
¢dukanuu B AxpoTo u unuromrasMara. [Iepso, PHK
nonumepasa Il Tpanckpubupa reaure Ha miR, xaro
remepupa mwbpBuuyHa MiRNA (pri-miRNA). Cnen
ToBa, pri-miRNA ce pasiuensa ypes ensuma RNase
IIT Drosha na npekypcop Ha miRNA (pre-miRNA)
u nByBepIKHUA-RNA-cBbp3Bai nporenn DGCRS
(18). TTocpenctBom ekcnopTun 5 pre-miRNA mpe-
MIHaBa IIpe3 HOpUTe Ha ANPOTO B IMTOIIA3MAaTa.
Tam nmromnasmeHara eHpoHyKaea3a Dicer s pas-
nenBa, ob6pasyBaiiky 21-24 HYKIeOTHU/a, JyIUIeKC-
Ha Mukpo-PHK. Crnen ToBa efHa OT HMIIKNTE ce
cebp3Ba B PHK xoMmiexc, mHgynmpany sarnymaba-
He (RISC). Tosu KoMIUTEKC CHABP)KA IPOTEUHU OT
aproHaBT (Argonaute, AGO) (11,19,54). Cnex ToBa
3psinara Mmukpo-PHK ot xommekca RISC cBbp3Ba
3" HerpaHcnupamus peruoH (3'UTR) Ha MaTpuaHa-
ta PHK, k05110 ce siBABa HelHa 1e1 (MUIEHA), KaTO
0 TO3M Ha4MH O/IOKMpa TpaHC/manuATa it. Marpuy-
Hute PHKu, xouto ca mumenn va mukpoPHK, nr-
pasT Ba)kKHA POJA B OMONOTMYHNTE IIPOLECH KaTo
nponudepanns, audepeHIanns, KIeTb4Ha MUT-

INTRODUCTION

MiRNAs are endogenous non-coding RNAs
(ncRNAs), which are around 22 nucleotides long.
Biogenesis of micro-RNAs goes through a number
of steps of post-transcriptional modifications in the
cell nucleus and cytoplasm. First, RNA polymerase
IT transcribes the genes of miR by generating pri-
mary miRNA (pri-miRNA). Then, pri-miRNA is
split by the enzyme RNase III Drosha to a precur-
sor of miRNA (pre-miRNA) and a two-chain-RNA-
binding protein DGCRS (18). By means of exportin
5, pre-miRNA passes through the pores of the nucle-
us into the cell cytoplasm. There, cytoplasmic endo-
nuclease Dicer splits pre-miRNA, which leads to the
formation of 21-24 nucleotides, duplex micro-RNA.
After that, one of the strands connects to form an
RNA-complex, inducing silencing (RISC). That com-
plex contains Argonaute proteins (Argonaute, AGO)
(11,19,54). After that, mature micro-RNA from the
RISC complex bonds 3 prime untranslated region
(3'UTR) of the matrix RNA, which is its target. By
doing so, the translation process is blocked. Matrix
RNAs, which are targets for microRNAs, play an im-
portant role in the biological processes such as pro-
liferation, differentiation, cell migration and apopto-
sis (2,31). Less than 0.02% of the total cell RNA con-

63



Different Faces of Inflammation, Considered Upon the Expression of Micro-RNA-155

parus u arorirosa (2,31). TTo-manko ot 0,02% ot 06-
moro cbabpkanue Ha PHKu B xnetkure ca cbera-
BeHu or miRNAs, HO Te ca Hail-moOpe OMMCAHMST
i OT Hait-MankuTe ncRNA (4,20,48).

W3uucneHo e, ue Hajt 60% OT BCUYKY F'€HU, KOUTO
KOIMpAT NPOTENHY, Ca PEryIMpaHy MOCPeCTBOM
miRNA (4,13), xaro eqaa miRNA uma cpegno 200
muienu (2,26,34).

Hapymenara perymanus Ha creuuuyHyu Mu-
kpo-PHK Bopu o pasnnyum 3abonsBaHus Ipy X0-
para: MeTabO/MNTHY HapyLIeHV, ChbPfieYHO-CbIOBY,
4epHOpOOHM 3ab0NsABaHMs, HEBpOJiereHepaTyB-
HY 3a00/IABaHN S, IMYHOMeIMVPaHU 3a00/IsIBaH,
VIMYHHa IMCQYHKIVSA, BKIIOYUTETHO U IOsIBaTa Ha
neonnasmu (7,27,30,52,53,70).

MiR-155 ce excripecupa I71aBHO B TUMYCa U CTIe3-
KaTa, KaTo Ce OTKpMBa MMHMMAa/HA eKCIIpecus B
APYTU TBKaHM TPV HOPMATHU PU3NOIOTUIHN YCIIO-
Bus. Tpanckpunnuara Ha miR-155 moxe ma ce pe-
TyIMpa OT aKTMBaTOpHUsA nporenH-1 (AP-1) xom-
1IeKC (46) ¥ TPAaHCKPUIILIMOHHYSA KOMIUIEKC Ha sJ-
penus paxrop-kB (NF-kB) (67). [Ipunienunre renn,
KOUTO ce perympar oT miR-155, ca npubnusurento
140 rena, KOUTO KOAMpPAT MMYHOPEI'YIaTOPHU IIPO-
TEUHY, TYMOPHO-CYIIPECOPHM NPOTeNHN ¥ MHIa-
MaropHu nporennn (72).

MiR-155 e xogupana ot rena MIRHGI55, nbp-
BOHAYaJTHO MIeHTUNIMPAH KaTo reH Ha B-keTby-
HUA VHTerpanyoHeH kibcrep (B-cell Integration
Cluster, BIC). BIC rensr ce cbcToM OT 3 €k30Ha B 21
xpomosoma (Hsa 21) (32,64).

MiR-155 pearupa Ha MHOXXECTBO Bb3IIa/JINTEN-
HY CTUMY/HU, KaTO TYMOpP HeKkposuc ¢akrop anda
(TNF-a), uarepneskus (IL) -1b, nnrepdeponu, na-
TOTeH-acoLMMpany MonekynHu Mopenu (pathogen-
associated molecular patterns, PAMP) u yBpena-aco-
nuupanu MonekynHu Mmopenu (damage-associated
molecular patterns, DAMP) (46), amapmunu (Harp.
IL-1a) (35), n xunokcus (9), kakto u Toll-like perern-
topuu (TLR) nmuranay B MoHOLMTY / MaKpogaruai-
Hu Ketku (43) u B B xierku (67).

3penute gopmu Ha miR-155 (miR-155-5p wnn
miR-155-3p) ca BaXHU 3a VMMYHHNUTE peaKIVM U
perypaHeTo UM MUHABa IIpe3 paslMyHM eTalll.
MiR-155-5p e mpeobnagaBamyAT (PyHKIMOHAIEH
Bup miR-155, KoATO ce excripecupa B I1a3MOLIUTO-
ununre feaaputan knetku (PDCs). IIpu HopManHu
ycnosust PDCs ekcripecupaT MHOTO HUCKM €HJIOTeH-
HY HMBa Ha miR-155-3p. [Ipu crumynanusa xHa Toll-
like penenrropuus nmurang TLR7, HuBata Ha excrpe-
cust miR-155-3p 6'pp30 ce moBuIIaBaT, fOKaTO MiR-
155-5p ce mHAyLMpa HA HO-K'bCeH eTal (66,78).

Tesu pBe 3penn gopmu Ha miR-155 nmar anra-
TOHUCTUYHO JIe/iICTBMe II0 OTHOLIEHME peryampa-
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tent is miRNAs, but they are the best described type
of the smallest ncRNA (4,20,48).

It is calculated that over 60% of all the genes that
code proteins are regulated by miRNA (4,13). One
miRNA has an average of 200 targets (2,26,34).

Disturbed regulation of specific micro-RNAs
leads to the development of different diseases in hu-
mans: metabolic, cardiovascular, liver, neurode-
generative, immune-mediated diseases, immune
dysfunctions, as well as appearance of neoplasms
(7,27,30,52,53,70).

MiR-155 is expressed mainly in the thymus and
the spleen. Minimal expression is discovered in other
tissues under normal physiological conditions. MiR-
155 transcription can be regulated by the activating
protein-1 (AP-1) complex (46) and the transcription
complex of the nucleus factor-kB (NF-kB) (67). The
target genes, which are regulated by miR-155, are ap-
proximately 140. They code immune-regulating pro-
teins, tumor-suppressor proteins and pro-inflamma-
tory proteins (72).

MiR-155 is coded by the gene MIRHGI155, initial-
ly identified as a gene of the B-cell integration cluster
(B-cell Integration Cluster, BIC). BIC gene is formed
by 3 exons in the 21* chromosome (Hsa 21) (32; 64).

MiR-155 reacts to a number of inflammatory
stimuli, such as tumor necrosis factor-a (TNF-a), in-
terleukin (IL) -1b, interferons, pathogen-associated
molecular patterns (PAMP) and damage-associated
molecular patterns (DAMP) (46), alarmins (e.g. IL-
1a) (35), and hypoxia (9), as well as toll-like receptor
(TLR) ligands in monocyte / macrophage cells (43)
and in B-cells (67).

Mature forms of miR-155 (miR-155-5p or miR-
155-3p) are important for immune reactions and their
regulation goes through different stages. MiR-155-5p
is the predominant functional type of miR-155, ex-
pressed in plasmacytoid dendritic cells (PDCs). Un-
der normal conditions PDCs express very low en-
dogenous levels of miR-155-3p. Upon stimulation of
toll-like receptor ligand TLR?7, levels of expression of
miR-155-3p rise fast, whereas miR-155-5p is induced
at a later stage (66,78).

These two mature forms of miR-155 possess an-
tagonistic action regarding the synthesis of interfer-
on a /B (IFN- a / ). While miR-155-3p heads to-
wards the messenger RNAs (mRNA) of interleu-
kin-1 receptor associated kinase 3 (IRAK3), which
leads to an increase of IFN- a / f, miR-155-5p low-
ers the levels of IFN- a / B by aiming at mRNA of
TAB2 (TGF-b-activated kinase 1 / MAP3K7-bind-
ing protein 2) and breaks it down (66,78). That is why
both mature forms of miR-155 are necessary — so
the gene coordination in the plasmacytoid dendrit-
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He Ipou3BOACTBOTO Ha MHTepdepon a/B (IFN-a/B).
Hokaro miR-155-3p ce HacouBa K'bM MH(OPMALIMOH-
nara n"PHK (mRNA) na untepneBkus-1 peuentop
aconumpanara kuHasa 3 (IRAK3), koeto Bomu 110
nosyumraBade Ha IFN-a/B, To miR-155-5p moHmka-
Ba HuBara Ha IFN-a/P, karo ce npuuensa B uPHK
(mRNA) na TAB2 (TGF-b-aktuBupana kmunasa 1
/ MAP3K7-cBbp3Ball IpoTeNH 2) U A pasrpakja
(66,78). Eto 3ammo u gBete 3penu popmu Ha miR-155
ce HeOOXOAMMY, 32 1a ce KOOPAMHYIPA perynanusTa
Ha TeHNTe B IUIa3MOLMTOMIHNUTE NeHAPUTHY KJIeT-
K11. CbIIIO KaKTO B IEH/IPUTHNTE KJIETKY B aCTPOLIU-
TU IIpU 4OBeK, miR-155-3p npennsBuKBa Mo-BUCOKa
excripecys Ha nuTokyHy 1 TLR nmurangy, B cpaBHe-
Hue ¢ miR-155-5p. BeposTHo puHara HacTpolika Ha
eKcIpecusATa Ha 3psAnaTa miR-155 e Ba>kHa 3a pery-
NVpaHe Ha eKCIIpecysTa Ha CbOTBETHUTE TeHM, KOU-
TO Ce AIBABAT MIIIeHN 3a Ta3yu Mukpo-PHK.

Hackopo 6e noxasaHno, ue miRNA-155 perynmpa
BpopeHute uMmyHHu orrosopu u Toll-like perjenitop-
uus (TLR) curnanen ot (77).

Ot gpyra crpaHa, ekcripecusara Ha miR-155 ce
KOHTPOJIMPA OT MHOXKECTBO CUTHA/THM II'bTHIIA. Pe-
TyJIATOPHUTE LIUTOKWHM, BKIIOUUTETHO TpaHCHoOp-
mupamuAT pacrexxeH ¢akrop B-(TGF-p), morar na
VHIyIMpaT WIX MHXUOMpAT eKcipecusaTa Ha miR-
155 (33,51,69). [IpoTuBoBB3nanuTeTHUAT Interferon
regulatory factor-3 (IRF3) nporenn nonmxasa Hu-
Bara Ha miR-155-5p u miR-155-3p B acTpouurnTe
(66). IL-10 HamansBa ekcripecusTa Ha miR-155 upes
MHXMOVpaHe Ha TPaHCKpUIIMOHHMA (akTop Ets2.

IIo BpeMe Ha Bb3IanIUTEIHN OTTOBOPU OcTa NE-
kB-miR-155 ce koopauunpa c ocra NF-kB-miR-146a
U TaKa ce peryuupa MHTEH3VBHOCTTA U PO bIIKNI-
TEJTHOCTTA Ha Bb3NajieHyeTo. Mumm Mofenu ¢ me-
¢unuT Ha miR-146a pasBuBaT BB3MATUTE/THY Peak-
LM, aBTOMMYHHM ITponiecy U pak. Kietkure ¢ me-
¢unut Ha miR-146a IposABABAT MOBMIIEHA EKCIIpe-
cus Ha miR-155, a TeXHUAT npopb3NanuTeeH ¢de-
HOTUII MOXe Jja 6'bjle aTeHIOMPaH OT M34YepIIBAaHETO
Ha MiR-155 (41). NF-kB-curnamHusT mbt mo Bpeme
Ha Bb3IaJIeHNIe Ce CAMOOTPaHIYaBa OT CbBMECTHOTO
nericrBue Ha miR-146a u miR-155, kouTo KOHTpONIN-
par aktuBHOcTTa Ha NF-kB upe3 pByeraneH mexa-
Hu3bpM. [IBpBO, MiR-155 6BP30 MOBUIIIABA €KCITPe-
CHUATa CU B paMKUTe Ha I'bpBUTe 12 Yaca OT Bb3Ia-
nmurenHus orrosop upe3 NF-kB. Briocnencrsue, Ha-
coyBaiiky KbM Src homology-2-domain-containing
inositol 5-phosphatasel (SHIP1), miR-155 aktuBupa
curnanosoMuusa komiekc Ha IkB kinase (IKK) o
Ha4MH, 3aBucum ot PI3K/Akt, xaro ¢popmupa nomno-
JKUTeTHa oOpaTHa Bpb3Ka, HEOOXOAMMA 32 YCU/IBa-
He Ha curHaia (41).

ic cells can be regulated. Just like in dendritic cells,
in human astrocytes, miR-155-3p causes higher cy-
tokines and TLR ligands expression, in comparison
to miR-155-5p. Probably, the fine tuning of mature
miR-155 expression is important for respective gene
expression regulation, which is a target for the speci-
tied micro-RNA.

Recently, it has been proven, that miRNA-155
regulates the innate immune responses and the TLR
signaling pathway (77).

On the other hand, miR-155 expression is con-
trolled by a number of signaling pathways. Regula-
tory cytokines, including transforming growth fac-
tor-p (TGF-p), can induce or inhibit the expression
of miR-155 (33,51,69). Anti-inflammatory interfer-
on regulatory factor-3 (IRF3) protein reduces the lev-
els of miR-155-5p and miR-155-3p in astrocytes (66).
IL-10 lowers miR-155 expression by inhibiting tran-
scription factor Ets2.

During inflammatory responses, NF-kB-miR-155
axis coordinates with NF-kB-miR-146a axis, and by
doing so, intensity and duration of the inflammation
are regulated. Mouse models with miR-146a deficit
develop inflammatory reactions, autoimmune pro-
cesses and cancer. Cells with a deficit of miR-146a
show increased expression of miR-155 and their
pro-inflammatory phenotype can be attenuated
with miR-155 depletion (41). NF-kB-signaling path-
way during inflammation self-limits thanks to the
combined action of miR-146a and miR-155, which
control NF-kB activity through a two-stage mecha-
nism. First, miR-155 rapidly increases its expression
in the first 12 hours from the inflammatory response
through NF-kB. Then, heading towards Src homol-
ogy-2-domain-containing inositol 5-phosphatase 1
(SHIP1), miR-155 activates signaling complex of IkB
kinase (IKK) in a way, dependent on PI3K / Akt, by
forming a positive feedback, necessary for signal am-
plification (41).

As a second step, miR-146a increases its expres-
sion through NF-kB and shows negative feedback, by
heading towards interleukin-1 receptor-associated
kinase 1 (IRAK1) and TNF receptor-associated fac-
tor-6 (TRAF-6). As a result, NF-kB activity dimin-
ishes in the later stages of inflammation. The com-
bined action of positive (NF-kB-miR-155) and nega-
tive (NF-kB-miR-146a) regulatory effects provide op-
timal activity of NF-kB during inflammatory stim-
uli, which alleviates the inflammation. In this way
miR-155 and miR-146 can cross-regulate inflamma-
tory reactions (41).

The aim of the following article is to conduct a
review of micro-RNA expression and its regulatory
role over inflammatory processes in central nervous
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Kato BTOpa cTBmKa, miR-146a noBumaBa exc-
npecusTa cu ype3 NF-kB n obpasysa orpuiaren-
Ha oOpaTHa Bp'b3Ka, KaTo ce HACO4YBa K'bM VIHTEPJIeB-
KMH-1 penenrop-aconuupanara knHasa 1 (IRAKI)
u TNF receptor associated factor-6 (TRAF-6), xaro
B KpaliHa cMeTKa oTc/abBa aktuBHocTTa Ha NF-kB
B KbCcHUTe a3y Ha Bb3MajeHnero. Kombuumnpaso-
To pmeiicrBue Ha nonokutenuute (NF-kB-miR-155)
u orpunarenuure (NF-kB-miR-146a) perynaropan
BB3[IEJICTBUA OCUTYPSIBAT ONTMMATHA AKTUBHOCT
Ha NF-kB mo Bpeme Ha Bb3NaNuTeNHU CTUMYIH,
KOETO JIOBEeXJIa IO OTCIabBaHe Ha BB3IAJICHVETO.
ITo To3u HaumH, miR-155 1 miR-146 morar kpbcTo-
CAHO JIa pery/1upar Bb3Na/NTeNTHNTe peakuyn (41).

ITem Ha HacTOAIATa CTATUA € [Ia Ce HAIIPaBM IIpe-
I71efl Ha eKcrpecuATa Ha Mukpo-PHK - 155 u Heiina-
Ta pery/laTopHa pojiA B POLiecUTe Ha Bb3Ma/leHue-
TO B IIeHTpa/IHaTa HepBHA CUCTEMa, B XOfia Ha HAKOU
MHQEKINO3HN 3a00/IABaHNA, NIPU JieTeHePaTVBHU
yBpeAN Ha OINOPHO-CTAaBHUS allapar ¥ HAKOU MMY-
HOMeJIUMPaHU O0NIeCTI.

MATEPUAI 1 METOIN

3a mepmopa 2002 - ronmm 2020 T. B OCTBIIHU-
Te 6asum panHm (Scopus, ScienceDirect, Web of
Science, Access Medicine, PubMed) ca nsmnonssaun
CIefHNTE K/IIOYOBU AyMM HA aHIIMIICKU €3VK: MU-
kpo-PHK-155, 61omapkepu, Bb3IaneHue, eHTpa-
Ha HEpPBHA CHUCTeMa, 3a00/IIBaHMsI HA OTTIOPHO-CTAB-
HISL aIapaTt, MMYHOMeAUMPaHN 60/IeCTH, YOBEIIKA
Hyk1enHoBu Kucenuanu (JHK n muxpoPHK).

PE3VIITATU 1 OBCBKX]JAHE

3a uscmeBaHusA 1epuoy, ca OTKpUTH 9659 1my6-
JIMKAIMN, OT KouTo 3228 ca 0630pHI/I cTaTtuim, a 2921
ca NMyOnMKaLuy C pe3ylTaTy OT IPOBENEHU W3-
crnegBaHuA. IIbpBuTe My6nMKaLuy, ONMCBAIIN MY-
kpo-PHK - 155, ce moassasat npe3 2002 r., Korato
W. Tam onncsa nsonupaneto Ha Mukpo-PHKara ot
nebenoupeBHa murasuia (64).

MiR-155 e 0cHOBEH IPOBB3NANTUTENIEH MEJUATOP
Ha IIHC, unaTo ekcripecus ce MHAyLMpa B MaKpO-
¢daru u B Mukpornus B orroBop Ha NF-B-3aBucum
TNF curnanen msr (3,10,73). Mumennre Ha miR-
155 BK/IIOYBAT IPOTMBOBB3IAJIUTENIHN PEryaaTo-
pu, kato Suppressor of cytokine signaling 1 (SOCS1)
(10,73), Src homology-2-domain-containing inositol
5-phosphatase 1 (SHIP1) (47), C/EBP (74) n IL13R 1
(42). CnepoBarenno miR-155 mompuHacs 3a MHAYK-
Ly Ha HeBpOBb3INajeHuero. B paMkurte Ha Mu-
Kkpornuara miR-155 npegusBukBa Bb3IajeHne IO
BTOPMYEH II'DT.
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system, in the course of some infectious diseases, in
degenerative injuries of the musculoskeletal system
and in some immune-mediated diseases.

MATERIALS AND METHODS

For the period 2002 - July 2020 in the accessible
science databases (Scopus, ScienceDirect, Web of Sci-
ence, Access Medicine, PubMed) the following key-
words in English were used: micro-RNA-155, bio-
markers, inflammation, central nervous system,
musculoskeletal diseases, immune-mediated diseas-
es, human nucleic acids (DNA and microRNA).

RESULTS AND DISCUSSION

For the study period 9 659 publications were
found from which 3 228 were review articles, 2 921
were publications with results from conducted piec-
es of research. The first publications describing mi-
cro-RNA-155 appear in 2002 when W. Tam reports
the isolation of micro-RNA from colon mucosa (64).

MiR-155 is the main pro-inflammatory mediator
in CNS whose expression is induced in macrophages
and microglia in response to NF-B dependent TNF
signaling pathway (3,10, 73). Targets of miR-155 in-
clude pro-inflammatory regulators such as suppres-
sor of cytokine signaling 1 (SOCS1) (10,73), Src ho-
mology-2-domain-containing inositol 5-phospha-
tase 1 (SHIPI) (47), C/EBP- (74), and IL13R 1 (42).
Therefore, miR-155 contributes to the induction of
neural inflammation. MiR-155 causes inflammation
of microglia by a secondary route.

MiR-146a is a negative regulator of inflammation,
which expresses itself in neurons, microglia and as-
trocytes, being induced by a TLR signaling pathway
by NF-B (14,38). MiR-146a acts as a negative feedback
regulator of a NF-B signaling pathway (38,62,76).

MiR-155 and Its Expression in Neurodegenera-
tive Diseases

Multiple sclerosis (MS) is a chronic autoimmune
CNS disease, which most frequently affects young
adults (between 20 and 40 years of age), mainly wom-
en, manifesting itself as a neurodegenerative illness
caused by demyelination (71). In patients’ MS lesions,
an overexpression of some microRNAs such as miR-
155, miR-146a, miR-21 and miR-326 is established
(28). It has been found that genetic variants of miR-
146a are connected with susceptibility to MS and dis-
ease relapse (49,79). Microglia activation with pro-in-
flammatory signals is thought to be a distinctive sign
for tissue changes in MS (23). On the other hand,
miR-155 exerts its pro-inflammatory effects in mi-
croglia, though this activation may be diminished by
the anti-inflammatory activity of miR-124 (50).
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MiR-146a e oTpuaTesneH perynaTop Ha Bb3Ia-
JIEHUETO, KOWTO ce eKCIIpecupa B HeBPOHM, MUKPOT-
VA M acTpOLUTH, Kato ce mHAyunpa or TLR cur-
Hamen mbT mocpeactsom NE-B (14,38). MiR-146a
IefiCTBa KaTo peryaaTop Ha OTpuULaTe/IHa obparHa
Bpb3ka Ha NF-B curnanen ot (38,62,76).

MiR-155 u excnpecusma ii npu Heépodezenepa-
mueHu 3a60n86aHUS

MmuosxectBenara ckiaepos3a (MC) e XpOHUIHO
aBTOMMYHHO 3abonsaBaHe Ha ITHC, xoeTo Haii-uec-
TO 3acAra MIaay xopa (Mexay 20-40 rogyun), mpe-
IVIMHO YKeHM, KaTo Ce IIPOsIBSABa KaTo HeBpOfiereHe-
paTtuBHO 3a00/sABaHe, IPUINHEHO OT JEeMUETNHMU-
sanus (71). B nesunre na manyentn ¢ MC ce ycra-
HOBsIBa CBpbXeKcIpecus Ha Hsakoum MUKpo-PHKu
kaTo: miR-155, miR-146a, miR-21 u miR-326 (28).
YcraHOBEHO €, 4e TeHeTHYHM BapuaHT! Ha miR-146a
ca cBBp3aHu ¢ nojgarmuBoctT KbM MC u penarnc Ha
6onecrra (49,79). AKTUBMpPAHETO HA MUKPOITIMATA
Ype3 MPOBB3MAIUTETHN CUTHAIN Ce CYMTA 33 OT/IN-
untenen 6ener Ha mpomenute mpu MC (23). Ot emHa
cTpana miR-155 ocbljecTBsABa cBOUTE NPOBbH3IMA-
MUTeMHN e(eKTH B MUKpPOITIMATA, OT JApyra cTpa-
Ha, TOBa aKTUBMPaHe MOXe Ia 6bfje CHIUKEHO Ype3
NIPOTMBOBB3NAIUTETHOTO Bb3fielicTBME Ha miR-124
(50).

Bonecrra Ha Amuxaiimep (BA) e Hait-yectara
MpUYMHA 32 [eMEHIIS B CBETOBEH MaIiab 1 e Xpo-
HUYHO TPOTPeCUPAI0 HEBPOIereHepaTUBHO 3a00-
JsIBaHe, KOETO e pe3y/ITaT OT 3arybara Ha CMHAICH,
BOJIeI Y 1O HEBPOHHA cMBPT (36). Mukpo-PHKwnre
y4acTBaT B MHOTO acIleKT! Ha IporpecusAra Ha 6o-
necTTa Ha AJIxaiMep, BKIIOYUTETHO B TVPEKTHO-
TO perynupaHe Ha ekcrpecusta Ha APP (amyloid
precursor protein) (17) 1 Ha TUOUAHKUS MeTabOMN-
3bM (22). [Ipn BA, xakTo miR-155, Taka 1 miR-146a
MMaT IOBUIIEHA eKCIpechs, KOeTO JIOPUHACA 3a
perynmpaHe Ha aTOIOTMYHNUTE Bb3IIATNTE/THI CUT-
HaJIHY IIBTUINA B X0/a Ha 3abonasanero (1,24).

Bonecrra Ha ITapkuncon (BII) e gpyro HeBpo-
merenepatusHoO 3ab6onsBane Ha ITHC, koeto mpuyn-
HsBa [IABHO ABUTATENTHNU IeeKTU oAy CMBPTTA
Ha JIOIIaMIHEPrMYHUTe HEBPOHU B substantia nigra
pars compacta, BbIIpeKH 4Ye pu Pa3BUTHETO Ha 60-
JIeCTTa MOTAT Jja Bb3HMKHAT U JPYTU HEBPOIOTMY-
Hu cumnTomi (37). MiR-155 uma mmoBuiiieHa eKCIpe-
cus npu bIl u nrpae neHTpanHa pons BbB Bb3MaNIN-
TEJTHNS OTTOBOP Ha MUKPOITINATA KBM O-CUHYKJIe-
nHa (68).

MiR-155 u excnpecusma ii npu uH@exyuosHu
3abonssanus

Xepnec cummiexc Bupycsr (HSV) obuxHOBe-
HO IIpefiM3BUKBa MHQEKIN Ha elUTETHUTE KJIeT-
KJ ¥ OCTaBa B JIaTeHTHa (OpMa B CETUBHUTE HEB-

Alzheimer‘s disease (AD) is the most frequent
cause for dementia in the world and is a chronic pro-
gressive neurodegenerative disease that develops due
to the loss of synapses and neuronal cell death (36).
Micro-RNAs play a vital role in many aspects of Alz-
heimer’s disease progression, as well as in the direct
regulation of APP (amyloid precursor protein) ex-
pression (17) and lipid metabolism (22). In AD cases,
miR-155 and miR-146a possess increased expression,
which contributes to the regulation of pathologic in-
flammatory signaling pathways in the disease course
(1,24).

Parkinson’s disease (PD) is another neurode-
generative CNS disease, which causes mainly motor
defects due to loss of dopaminergic neurons in sub-
stantia nigra pars compacta, although in the course
of the disease other neurologic symptoms may occur
as well (37). MiR-155 has an increased expression in
PD cases and plays a central role in the inflammatory
microglia response towards a-synuclein (68).

MiR-155 and Its Expression in Infectious
Diseases

The herpes simplex virus (HSV) usually caus-
es epithelial cells infection and remains in a latent
form in sensory neurons (55). Periodic reactivation
of HSV may lead to recurrences of infection, which
are normally asymptomatic (12). In rare cases HSV
causes HSV encephalitis (HSVE), which is the most
frequent reason for sporadic encephalitis in humans
and has extremely high mortality rates (around 70%)
if not treated (8). In HSV encephalitis cases scientists
have also proven an induction of miR-155 expression
(65 40). In mouse models, with absence of miR-155,
severe inflammation is observed, because absence
of miR-155 increases virus replication and mortali-
ty rates (5).

Studies in infants, conducted by different teams
of scientists (24,29), have found out overexpression of
miR-155 in the respiratory tract during naturally oc-
curring infections, caused by rhinovirus (RV) or re-
spiratory-syncytial virus (RSV). Still, there are some
ambiguities and conflicting data regarding the role
of miR-155 in virus respiratory infections.

MiR-155 and Its Expression in Bone Degenera-
tive Diseases

Osteoarthritis (OA) is a disease, characterized
by biochemical and morphologic changes as a result
of the disturbed balance between anabolic and cata-
bolic processes in cartilage tissues. Changes that af-
fect cartilage, bone and synovial tissues are induced
by a number of factors: factors of the environment,
traumatic, biomechanic, metabolic and genetic caus-
es (57). Some studies describe OA cases in which low-
grade inflammation is observed. It plays an import-
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ponu (55). IlepnognuHoTo peaktuBupane Ha HSV
MO>Ke Jja JoBefle 1O PeLANBY Ha MHEKIVATA, KOU-
TO 0OMKHOBeHO ca OescummntoMuu (12). B pemku
cnydan HSV npuunnasa HSV ennedanut (HSVE),
KOJITO e Hajl-uecTaTa NpUYMHA 3a CIIOpafydeH eH-
nedannT Ipy YoBeKa ¥ MMa U3K/IIOYUTETHO BUCO-
Ka CMBPTHOCT (0komo 70%), mpy JuUIIca Ha jede-
Hye (8). [Ipu HSV enuedanut cpio ce Habmonasa
MHJyLMpaHe eKcrpecusaTa Ha miR-155 (6,40). IIpn
MUILY MOJE/N, C OTChCTBME Ha miR-155, ce Hab110-
IaBa TeXXKO Bb3IajieHe, Thil KaTo auIcara Ha miR-
155 moBuIaBa BUpYyCHATa peIUIMKALMSA M CMBPT-
Hocrra (5).

IlpoyuBanmus npum KbpMmadera, IIPOBEJEHU OT
pasmuyHM  ekumm ydyeHm (24,29), ycraHOBABAT
CBpBXeKCIpecys Ha miR-155 B guxaTenHnTe IBTHU-
Ija [0 BpeMe Ha eCTeCTBEHO BBb3HMKBAIM MH(pEK-
Ly, Ipy4YyHeHy ot puHoBupyc (RV) nnm pecnmpa-
TopHO-cuHIMTHaneH Bupyc (RSV). Bee ome obaue
MIMa HKOY HeACHOTY M IIPOTMBOPEYNBY IAaHHU OT-
HOCHO posisiTa Ha miR-155 1o BpeMe Ha BUPYCHUTe
pecnypaTopHM MHQEKIUN.

MiR-155 u excnpecusma ii npu Kocmuooezete-
pamuenu 3a6onaéanus

Ocreoaprpurst (OA) e 3a60/11BaHe, XapaKTepu-
3Mpamo ce ¢ OMOXMMMWYHY ¥ MOPQOIOTNYHY IIPO-
MEHU, KaTo pe3y/lTaT OT HapylleH OalaHC MeXAy
aHaOOTHNTe M KaTaOOTHNTE IPOLeCY B XPYILIs/IHA-
Ta TbKaH. [IpoMeHNuTe, KOUTO BB3JENCTBAT HA XPY-
IISITHATA, KOCTHA U CMHOBMA/IHA THKaH, Ca MUHAYIU-
PaHM OT MHOXeCTBO (pakTopu: aKTOpY Ha OKOJTHA-
Ta Cpefia, TPaBMaTU4HM, OMOMEXaHNYHY, MeTabo-
MUTHY U reHeTndHN (57). Haxou npoy4yBanms onvc-
Bat, e mpy OA ce Hab/m0aBa HUCKOCTEIIEHHO Bb3-
IajIeHVie, KOeTO UI'Pae OCHOBHA PO B AaTO(PU3NO-
nornyHuTe npoMenn (56,59). Ilpu OA ce HabmoaBa
noBuuleHa ekcupecysa Ha miRNA-155. Ts e ctumy-
JIMpaHa OT IpOBb3NaNuTeNHN MefuaTopu Karo IL-1
n TNF-a (58), KouTO HOIPUHACAT 3a MOAbP>KaHe
Ha BB3MA/JINTETHUTE IIpoLiecy B 00/1acTTa Ha 3acer-
HaTUTe CTAaBU.

MiR-155 u excnpecusma ii npu umyHomeouupa-
Hu 3a601A6aHUS

B nocneguuTe rOAVHNM MHOTOOPOJIHM IIPOyYBa-
HUA paskpuxa 3HadeHyuero Ha Mukpo-PHK-ute 3a
AVMAaTHOCTMKA Y1 MOHUTOPMpPAHe Ha JIe4eHNETO IIpU
PasIMYHM VMMYHOMeJVMPAHM 3a00/IsABaHNUA Karo
IICOPMA3NC, aTONMYHA eK3eMa, PeBMaTOU/IeH apTPUT
(PA), actma u cucremen nmynyc eputemaropec (CJIE)
(15,16,45,60,45). ITpu manyenTn ¢ PA ce ycraHOBsIBa
NOoBUIIEHA eKclipecus Ha miR-155 B cuHOBUanHuTe
¢ubpobmacTy, B CpaBHEHME C eKCIIpecusATa Ha Ta3n
mukpo-PHK npu naunentu ¢ ocreoaprput. Habmio-
JlaBa ce IoBULIeHa eKcripecus Ha miR-155 B cuHOBU-
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ant role in pathophysiologic changes (56,59). Osteo-
arthritis comes with increased expression of miR-
NA-155 that is stimulated by pro-inflammatory me-
diators such as IL-1 and TNF-a (58). They contribute
to the support of the inflammatory processes in the
vicinity of the affected joints.

MiR-155 and Its Expression in Inmune-Mediat-
ed Diseases

In recent years, numerous studies have revealed
the importance of micro-RNAs for the diagnostics
and monitoring of different immune-mediated dis-
eases such as psoriasis, atopic eczema, rheumatoid
arthritis (RA), asthma and systemic lupus erythe-
matosus (SLE) (15,16,45,60) In patients with RA, in-
creased expression of miR-155 in synovial fibroblasts
is determined compared to the expression of the
specified micro-RNA in patients with osteoarthritis.
Increased expression of miR-155 is observed in the
synovial fluid, tissues of the joint apparatus and local
immune cells (61).

A number of studies show that miR-155 expres-
sion is increased in patients with chronic inflamma-
tory bowel diseases (IBD), as well as in ulcerative coli-
tis (UC) and in Crohn’s disease (CD) cases (21,63,75).

In patients with active UC, miR-155s expression is
increased in comparison to its expression in healthy
individuals, which is a result of the direct diminish-
ing of the Forkhead box O3 (FOXO3a) gene expres-
sion. This in turn may activate the NF-«B signaling
pathway and may increase various pro-inflammato-
ry cytokines (44).

CONCLUSION

Micro-RNA-155 exerts its effects on a wide spec-
trum of inflammatory mediators, and in the mean-
time possesses abnormal expression in different
activated immune cells. Investigation of this mi-
cro-RNA’s expression may offer a new look at in-
flammatory disease’s development under the control
of innate and adaptive immune response. Expression
of miR-155 is universally presented in all human tis-
sues and systems, in which inflammatory processes
develop regardless of how the inflammation was in-
duced - due to external factors, infectious agents or
immune activation. Studying the expression of the
specified micro-RNA reveals new opportunities for
its use as a biomarker for inflammation, means for
monitoring the effectiveness of the therapeutic pro-
cess and maybe in the near future — will serve as a
target for the development of contemporary indi-
vidual anti-inflammatory therapy for a number of
diseases.
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a/THaTa TeYHOCT, ThKAHWTE Ha CTABHIS allpIIaT 1 JI0-
Ka/IHUTe UMYHHM K/IeTKu (61).

Penuiia uscnenBanust pa3KpuBarT, 4e eKCIIpecusi-
Ta Ha MiR-155 ce yBe/mmyaBa Ipy MauyeHTN ¢ Xpo-
HUYHY BB3MaJUTENHN 3a007ABaHMS Ha dYepBara
(IBD), xaxTo nipu si3Ben komurt (SIK), raka u mpu 60-
nect va Kpon (BK) (21,63,75).

[Ipu manmenTu c aktuseH AK, miR-155 e c nosu-
IIeHa eKCIIpecHsi B CpaBHEHNE ChC 3[PABU MH/IUBHU-
iV, KOETO € pe3y/ITaT OT AVPEKTHO HaMa/sBaHe Ha
excripecusTa Ha Forkhead box O3 (FOXO3a) rena, a
TOBa OT CBOsI CTpaHa MOoXKe fja akTuBypa NF-kB cur-
HaJIeH I'bT ¥ JIa TOBUIIN PeMLIa TPOBbIMATUTETHN
LUTOKUHYA (44).

3AKJIIOYEHUE

Mukpo-PHK-155 BB3feiicTBa Ha IIMPOK CIEK-
TBpP OT Bb3NaTUTENHN MEIMATOPH, B CHIIOTO BpeMe
uMa abHOPMHA eKCIIpeCHsi B Pas3/IMYHU aKTUBUPA-
HI UMYHHU KJIETKY, M3C/I€IBAHETO Ha eKCIIpecHATa
Ha Tasyu Mukpo-PHKa moxxe ma mpepioxmn HOB IO-
I71efl BBPXY PasBUTVETO HA Bb3MaTNTETHUTE POIie-
CJ TIOZi KOHTPOJIA Ha BPOZIEHN A U IPUTAOOUTISA UMY-
HuteT. Excnipecuara Ha miR-155 e yHmBepcamHO
IIpefiCTaBeHa BbB BCMYKM THKaHM M CYCTEMU Ha 4O-
BEIIK/ A OPTaHM3bM, B KOUTO C€ Pa3BUBaT Bb3Ma/lN-
TEJTHM MPOLECH, HE3ABUCUMO Jlali Bb3IIaJIeHUETO
€ MHAYLVPAHO OT BBHIIHY (HAKTOPYU KaTO MHPEK-
LVO3HV IPUYVHNUTENN VM € pe3ynTaT Ha MMYHHa
aKTuBanyuA. VIscnenBane ekcrpecusATa Ha Tasy MU-
kpo-PHKa paskpyuBa HOBU BB3MOXKXHOCTM 3a IIpHU-
JIO>KEHVeTO 71 KaTo OMoMapKep Ha BB3INAJIEHNETO,
CPeZICTBO 32 MOHMTOPUpPaHe epeKTMBHOCTTA HA Te-
pameBTUYHMS IIPOLEC M BEpOATHO B Obiele Ie
MOC/TY>KM KaTO MUIIEHa 33 Ch3JjlaBaHe Ha ChbBPEMEH-
Ha VMHJVBHJyaaHa IPOTYBOBB3IIAINTETHA TEPATINA
IpY pefuia 3a00/1sABaHNUA.
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