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= Abstract =

Rheumatoid Arthritis and microRNA

Jong Dae Ji', Tae-Hwan Kim®

Rheumatology, College of Medicine, Korea University',
The Hanyang University Hospital for Rheumatic Diseases’, Seoul, Korea

MicroRNAs (miRNAs) are small, single-stranded, non-coding RNA molecules of 20~22 nu-
cleotides, which are involved in many biologic functions such as development, cell proliferation,
differentiation, and apoptosis. In addition to these biologic functions, recent reports have demon-
strated that miRNAs play important roles in the development of the immune system and the
regulation of immune responses. Dysregulation of miRNAs might be involved in the pathogenesis
of autoimmune diseases such as rheumatoid arthritis (RA). Recent studies have shown that
miR-146a, miR-155, and miR-203 are overexpressed in RA and that miR-124a is under ex-
pressed in RA. miR-146 downregulates the expression of IL-1 receptor associated kinase 1 and
TNF receptor-associated factor 6 involved in IL-1 8 signaling, and miR-155 suppresses the
expression of matrix metalloproteinases 1 and 3, suggesting that these miRNAs act as negative
feedback regulators of inflammation and tissue damage in RA. In this report, we review the
current knowledge about miRNAs and summarize the involvement of miRNAs in RA.
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microRNA (miRNA)= 20-22 nucleotide single-stranded
non-coding RNAZ messenger RNA (mRNA)2| 3’un-
translated region (3°'UTR)ell Z3tsle] L mRNAS]
A Qr % &l = (translation) S A A|sFALT mRNA ZAH|1S
spelete] G4 A dATeA AA W
B2 Uehi (1), mRNAE AEAE, B3 24
Soll Folelm miRNA W o|4fo] ojg] %
oju} Ay, BAma 22 A"t At
Hell Fa3k A3 o] FHA Fkdolt £17]

8 59| QJgRolel A% W AT o] FolAm
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A4 37 o} E3]FR oA miR-146a%t miR-125a2] wH&l
olge] HE HIEI (4) T ¥ FFL&, jutEls
BdAd, b A3kE, A4, A% Sl A3
=9 Artae Ao AE miRNA 48 o]47 o
of wh& E% F4AH(target gene)o] WLH 4l 7|5 o
ol HuE gt Fulel2 AgtollA miRNA Hd
ol el that A= 20074dell Dai 5ol o3 FF2
skAbe] d ol challtoll A Alell Blsl 7 miRNAs
(miR-196a, miR-17-5p, miR-409-3p, miR-141, miR-383,
miR-112, miR-184)7} Z4&% 93 9 miRNAs (miR-
189, miR-61, miR-78, miR-21, miR-142-3p, miR-342,
miR- 299-3p, miR-198, and miR-298)7} Z7}=| %) S-0]
FE2~ 31719 P Mol A miR-146a2] HF

I o] 2+ miR-146a W& o] Ao

23 o3-S 3} type I Interferon
= vHo] AAE R, Fulel 23t
&8l 37 FolAE miRNAS WE o]
dzkg o] HuEg) (5-7).

ol HE AFEolA HE % miRNAY]
s Ag AR Fule] 23 ol 4]
2] miRNA®| 9&7 miRNAE ©] &3 Fulel=aA
A8 AMER A g X5 22 Nt 3t A

(R

ox
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miRNAS| MM 3 X27J|H

1993130l miRNAZYE *S° Z [in-47} Caenorhab-
ditis elegans (C. elegans)ollA] WAEY =Wl lin-d=
lin-148] 3°'UTRell X H o g z-&3lo] [in-149]
g S AAsle] C.oelegans®] A TAC
ofgtcty I Fa d7tollA = 200010l C. elegans
oAl WA= let-79] homologZ7} miRNAZE *5 Wi
Aok 8,9). miRNAZHE Eol+ 200178 A&H
Al A Wl wasts 213F Gl FH=
Auot gAser dude
47 mRNAS] A% H5S JASAY mRNA
o] k84 (stability)ys JAIste] AEH 752 o
E}= 20~22 nucleotide non-coding RNAT-S 5%
3kt

microRNA2] A2 GubAel A7 wdd 4
Al genome . ZFE] RNA polymerase II (Pol ID)oll
]38l A A(transcription)= o] < oA A FF
2 €] =(nucleotides) 2 A %! primary microRNA tran-
script (pri-miRNA)7} ®WHE0{ %] 31 DiGeorge syndrome
Critical Region gene 8 (DGCRS)7} pri-miRNAE- 214
3} ribonuclease II E .42l Droshaol] 2J3] < 70
nucleotide®] precursor microRNA (pre-miRNA)Z Xl
& exportin-5 (Exp5)ell o3l A|E£AZ rA =
A|Z Ao A Dicerg} st ¥ t}E ribonuclease III &
4ol 2J3ll 2F 21 nucleotide®] microRNA duplex”7} %+
Eo]*%t}. miRNA duplex™= miRNA-induced silencing
complex (miRISC)oll Z¥3t ¥ 3% mRNA®| 3'UTR
o] Zgsted 1 7|55 YVERHE nucleotide strand
(miR or guide strand)®} = 7]5o] & L# A UA

k2 nucleotide strand (miR* or passenger strand)Z

FAA b EA

vk (™ 1) (2,10,11). =2 guide strand”} miRISC
of Agsle] 7les Yetlaz =37 e FH=Ee
Wk passenger strand+ 7|5 dFA Eslal vy E
ol =27 ellAe WdsA gke AR d4#A %
o HE AFollAE 9 strand EF7F A ol A
s 3 22 Yol 4= guide strand®} passenger
strand & o]t strand7} U ol WAEE vhe %3
9 Fiell wel AR el dHzct (12). w3 JE

O
9] # 4# A Drosha, DicerS ©]-£3F miRNA YA I}
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Nucleus Cytoplasm
DGCRS
Pol Il Drosha Exportin 5
=t Pri-miRNA == Pri-miRNA Pri-miRNA
Dicer
miRNA gene miRNA duplex
Guide strand (miR) Passenger strand
(miR*)
Fig. 1. The biogenesis of
miRNAs.
A 2lo| = -2 intronol|A] Droshaol] 2|3t &l A Lee 52 C. elegansE ©|&3F od7toll4 miRNA7}
< AAA %3 24 Diceroll ol EaEo] miRISC 54 whAhAlolA waso] wg =Adctn B
off Agsles ANZE miRNA A o] 2T Bx wagx Azke] Al U] miRNALHG] gk A
=t (13). EollA % 2QI7F hematopoietic lineageoll 4] £3} kAol
Z}7Fe] miRNAY miRNA©] 9+ seed region (B2  wil 5A 2 miRNAQ] Wdo] eldo] H x|yl

seed nucleotide sequence)oZ U#F 5’ end9] 7-8
nucleotide®} AR A el 17|48 7}2 3E# mRNA
9] 3UTRel A= core sequnce®} HH-E3}o] I mRNA
o] 715& AAZTt (14). miRNAel o3k §42 7]
59 g4 7174 dubd oz F2 mRNAY EE
23 AU mRNAZRE F44E s A=
Aog d#A ot HE dAFddAE ==
miRNA7} 4 mRNA®| §ALZE AH5& HX g
H3% dr} (15). miRNAZ} A9 5° end?] seed
region® AFE 2l mRNA 3°UTRE 17|21l HF2
3lo] mRNAS] ZHES oAzt EA o) 7] Zs}lo]
747kl miRNA®] ZFAFAAE A5 4 Sk <
FAEL o] 724 miRNAY EAL o]&3sle] TH
FAAE dFT + de AE ZEI g Fbio-

4o o

N,

=

HEQLH o B LwAE

informatic algorithm)—%
= TargetScan (http://www.targetscan.org/), MicroCosm
Targets (http://www.ebi.ac.uk/enright-srv/microcosm/htdocs/
targets/v5/), PicTar (http://pictar.mdc-berlin.de/), miRanda

(http://www.microrna.org/microrna/home.do) 5| St} (16).

t} (8,17). A wbtolu) A|Ee] E3lo| uie} AY
Al W miRNAS] Wo] EAAH oz vepd & o
gt AlZo] FFut =Fdl wgl 54 miRNA7} 28
glo| E;EM (18,19) ©] 72 miRNAS EA & o]
S B4 zFov A7|E EHOE sl X&E

W ] Aol Ego] & Aolrh
microRNA2} S|

B =7 frutel =343 miRNAS] Al ol
d AR Aoz weld s1Ee) Fulesddds
miRNAC gt c}50] ATEolA FEHow
o] 48 Kol miR-1467 miR1S5S FAozZ 71 9

o

-

AANA ] 7]5oll i3l Lot Al ghet.
1. miR-146
Q17k Mol Aszle] wrAIl miRNA HH o] 43} e]
AFAJoll A= 2007l Sonkoly Soll o3l A
& Has gl

o] Aol A miR- 146a7]— AX 3R
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I Fol| 2] 1] 3] Fol nlsl] HA3] F7}E o
o] ¥FslA miRNAZF Q17be] wied Azke] ubalol
3 oJ3e tto] AHAY (4). mik-146a9F
oo QAL o7k chlF AEFES] THP-I
AZE o] 44 AFolA ol 2 ezl TLR4
ligand®! lipopolysaccharide (LPS)Z THP-1 A|E£E #}
=3t 73 miR-146a, miR-155, miR-132 52| ursd
Z717} Rax i} (20). TE3F o] ¢dFollA4] miR-146a
o B4 $A4Z TLRS AZ W A3AE 7ol
Z83t J%E 3= 9% ki F(adapter protein)Ql
IL-1 receptor associated kinase 1 (IRAK1)Z} TNF re-
ceptor-associated factor 6 (TRAF6)7} ¥+& %3 TLR
Zb=rell )3k miR-146a2] =71 o & whiAe] why
< dAlsle] TLRO AZHZS AAll= &4 =9
9l 7]A (negative feedback mechanism)2 2 2F-g-3ho]
AA= Ak Azt HAE AT A ZE(ung alveolar epi-
thelial cell)ol|A % IL-18¢l 23] miR-146a7} %
3 5% miR-146a0l 93l IL-18¢ < IL-8%
RANTS 59 4% =4E9 wdo] dAdE HS
t} (21). Taganov 52 9A-ollA TLR2, TLR4, TLRS
9} 22 AE EW TLRAFS O 9344 miR-146a]
wale] X% 3 TLR3, TLR7, TLROZ 722 AE
W TLRell 2J3ll4= miRNA-146a2] W3] FE=A
¢kol miR-146a= Aol o3l %
Aollut ofslar nlolE] Lol ik
F& XA ¢gke Aeg AL

2_
AR T
[e <]
2
=]

12 oy ¥ lo

cular stomatitis virus (VSV)E 7+
A|ZE(mouse peritoneal macrophage)oll 4] miR-146a2]
wéo] F7lE|3 THP-1 Al ZollA 8k fAs1A] TRAFS,
IRAK1, IRAK2¢]] #r-8-3}o] VSVell 2]&t type I inter-
feron IFN)9] A3A& o A%o] <e{33L Epstein-Barr
virus-encoded latent membrane protein 1 (LMPI1)ol] 2]
3k miR-146a2] W G571 <A miR-146a7} vlo]
=0l O3k W wk3-o] =A% oy HolF
Ak (22,23). B3 HFE AFollA TLR Aol ¢
gt miR-146a2] F%7} =4 -8(endotoxin toler-
ance)?] 7]A o] 4 miR-146a7} TLRE AAA| W
Z&ol Fog z=Azde] AAEHAG (24). ob=
2 ZASE TA|ZE 8|3l regulatory T cell (Treg)oll
Al miR-146a7} EAZ o g wld=Eo] H % o] miR-
146a7} A% W] Pk ofyul Ag Wl zAd

FulEl A&

49337} microRNA —

Pl 7hsAol AAEHAC (25). In vito AT
fak o P g 52 3] AT E
3k Aol A = miR-1469] WSl 7r4-¢f FF
A glgo] €24 miR-146a7F
wo] Agtel whAol] Fad A%E IS & T YA
k(7). B3 o] AFolAE 7|ES A <ElF miR-
146a2] %73 4 A2l TRAF6, IRAK1 w1t oluz}
IFN A5H ol F238 A& 3l IFN regulatory
factor 5 (IRF-5)¢} STAT1SE miR-146a2] 7% FA=}
ol wrslzie.

2. miR-155

miR-155% miR-146a2} §AVsFA] TLR Aol 93]

o] ZrbEm DA RAAE, FALAE, T4
Z, BAE 5 WA ofe] ATelA thebdt 4%

o] oz 9} (26). TLR2, TLR3, TLR4,
TLR9oﬂ ojgt 25 ¢|dl= IFNA/7 U TNFa 9} 2
2 AZA AolEFIelel AL miR-1552] "]
|E=}t (27-29). miR-155% LPS/TNFS] AE W Al
AL Aol FTolsl= Fas-associated death domain
protein (FADD), I« B kinase & (IKK ¢), receptor (TNFR
superfamily)-interacting serine-threonine kinase 1 (Ripkl)
o] =Adll Hofzts 3 LPS A=l 23 TNFa
9] AAS F7HAZIEE (29). miR-1555 A7+ =
T2 9A-&AZE(human monocyte-derived dendritic cells)
olA LPS Aol olall =™ TLR/IL-1 A2
Zgell Fodsl= TAB29| W3S AAlste] LPSoll
3 L1484 thE 954 Aol &Ik
S o4 HHel Aol Fo¥ AYS Yol ul
A (27), AAQAAQ] PU.lo| ZH-gs}e] DC-specific
intercellular adhesion molecule-3 grabbing non-integrin
(DCSIGN)S] 23S alsto] WAl et 44
AT AR 524 AT (30). E miR-155

T} FA AZ 5o AR

#55

= SHFHAA

Fodsls AFTEWut olygt YZFox zZLslo]
W] Whg-g =A3ke) CD4+ TAHIENA c-Mafe] W
dE dAste] The AEEY E3E Z&A7n

(1), Treg AlEoA = miR-1557} interleukin-2 (IL-2)
TEA AsAL IS JAsl= suppressor of cy-
tokine signaling 1 (SOCS1)< HA|s}o] Treg A|E2]
A fAloll Fofgke} (25,32). B AlEolA miR-155
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= PU.IE EFHo & 3o high-affinity IgG, |2
AAE F-53F3L activation-induced cytidine deaminase
(AID)% FHoF slo] BAESL affinity maturation

Aoll Fofst= 5 BAIZES £3 4 Jsel=
%—"a— H) A e}k (33,34).

3. O 2| miRNA

Moschos 52 aerosolised LPSE F4g 2| ol
Al miRNAS] S PAsd=d o5 AFolA=
aerosolised LPSel] 2]&l] miR-21, miR-25, miR-27b, miR-
100, miR-140, miR-142-3p, miR-181c, miR-187, miR-
194, miR-214, miR-223, miR-2247} Z7}l€& H It
(35). 719 AF AElA F7F=EYY miR-1462}
miR-155v= Z7FE A ghskedl o] 22 Aol 71E
9l AFAIEo] BIIA] AEE o] &3 in vitro A
F7Z3}eld] 4k Moschos 52 A= in vivo A=
ol o3l oe] AlEFo] EAsh= =F o4 miRNAY]
WS Aol 2 olfulm AAEE Ak

A Z v]Fo] in vitro A=l 2]gF miRNA

9 FFE AR Holrt Y& Aolw whehA] AT
ZAzte] Aol Folrt 2% Zleo g AZFc)
miR-146, miR-1552]°|= TLR A}l 2J3l miR-132
9] wtelo] Z7}%| 3 TNFe 2] 3°UTRel ZHg-3lo] TNF
a9 S Al miR-125b7F LPSol| o3 ad
o] ZA=o]l HuEYrt (20,29). miR-18laE im-
mature TH|Z A= Wdo] Frix]o] s TAIE7}L
el wEl wE FAEE Heolm of AE W

phosphatase 55 82 & T cell receptor (TCR)S| Al
IAGIHZE =Asle] ol gk T AlES R

Aol dgE Fot (36).

miRNAQ} F[OIE|AZIENA

Frobel =] ghate] ZF ol AlEollA]l ARl
oji} E3A ] %PZMI H| 3l microRNA®] ®Fglo] X}
ol7b glrol T HH Aol Hiarxo] frupelx
B4l wWaloll mRNAZF Foj3lS 7HsAo] A4
HAHE 1) (37-44). /A htoll vlaf Frutel
23R ] FebA ol ol A miR-1559F miR-146a2]
wao] Z7}E]901, TNFe, IL-153, LPS, poly (-C),

k314 A 174

Al33% 2010 —

bacterial lipoprotein (bLP) 52| 35 &4 2]l miR-
1559] "telo] S Ex| 3 IL-18, LPSol| 9]¢ miR-146a
9] wdo] FE5" miR-1557} matrix metalloproteinase
3 (MMP-3)$} MMP12] & oJAlste] A edelA
zA 3ty A 7|HeE Aes & IS Bk
(44). T3k Nakasa 5 miR-146a7} Fule]23d <]
fre] opzAol gt AAEL TAIE, BAIZ
A el FAlEe Humeiglor Fulelsnas
byl oAl ol 1 IL-18% TNFa & 7o] A2l 4
% miR-14629] W&o| FEgS Felslgict (42). Pauley
e A4l ua Fulelswded dxe] By
oﬂxi miR-146a, miR-155, miR-132, miR-16 52| 4
o] Z7l9& E3s 3 miR-146a2} miR-162] 1t
Z7t7F Azke] 5 ARBATE USE K
InlCI'ORNAg l:ﬂ—’é‘:] ;(4 C7]. _[31_11}.]:,]/\3',]—1403‘9] §')—£/H
S JehlE AZE ALE ¢ IS A 43).
o] ATFollA] F7kE miRNAS] W =z Fof H
o F= A EollA viebgkow] Fules
BAoIA miR-146a7} 2718 Aol wlel £4 §4
ZHQl IRAK1Z}F TRAF69] W32 A1zt Xo|7 §l
o] Fule]gAed 2hAlol|l A miR-146a0l] ©]¥+ IRAKI
3 TRAF6 & zAel o]4e] & 74 AAl
sttt gk Folelade] Zebd frobAlZell LPs
2 el miR3469] Walo] F7hu] HE5 miR-
3462 Bruton’s tyrosine kinase (Btk)] ®1&-g A}
o] Lpsell 93t IL-189] 2| S A& HJv} (37).
ZoAe] Uk GolA|Eol uldl] Fule] AzHA
A] miR-124a9] W&do] ZHAEE HYP I miR-124aS
FpdFA 7 ek fobA Eoll 4 cyclin-dependent kin-
ase 2 (CDK-2)¢} monocyte chemoattractant protein 1
MCP-1)¢] =l o] A|glo] =AUt @4l).
ol FulelABA oA miR-124a WH Zriol 2
3k MCP-19] 717 Wa2o] MidFe o535 %4
P 7MEAHS AARL sk ZEbA GolA Ee
A%t obyet Fulel a3kl e] TAZAE 574
<2l miRNAS] W3 HolEul Fulci®] Aol
Aol wE  Fuleladde] 3kAbe] W

CD4+ %I;i_?oﬂxi miR-2239] Wdo] Z7lEE HY

f

ot r_& & o

\

ow 22 AFolA T AE FEA Aol 3l miR-
239] W2 FEEA okskth (38). E thE Ao
Ae Ao wxge] CD4+ YZ ol HlF Ful
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Table 1. miRNAs related with rheumatoid arthritis

2347933} microRNA —

miRNA Target genes Sample type Control Stimulation
Stanczyk J  miR-146a, miR-155 MMP-3, MMP-1 RASF Osteoarthritis TNF«, IL-1 75,
2008 (35) up-regulated LPS, poly(I-C),
bacterial lipoprotein

Nakasa T miR146a up-regulated Not determined RA synovial Osteoarthritis ~ TNFa + IL-14
2008 (36) tissue, RASF
Pauley KM  miR-146a, miR-155, TRAF6, IRAK1 PBMC Healthy and Not used
2008 (37) miR-132, miR-16 disease control

up-regulated
Alsaleh G 15 miRNAs up-regulated Btk (indirectly) RASF Not used LPS
2009 (38) including miR-346

3 miRNAs down-regulated
Nakamachi 5 miRNAs up-regulated CDK-2, MCP-1 RASF Osteoarthritis ~ Not used
Y 2009 including miR-146a, miR-223,
39) miR-142-3p, miR-142-5p,

miR-133a miR-124a

only down-regulated
Fulci V miR-223 up-regulated Not determined PB naive CD4+ Healthy control Not induced by
2010 (40) T cells TCR stimulation
LiJ miR-146a up-regulated FAF1 RA synovial fluid Healthy control TNF &
2010 (41) miR-363, miR-498 and PB CD4+

down-regulated T cells
Murata K miR-132 down-regulated Not determined RA synovial fluid Plasma of Not used
2010 (44) healthy control

miR-16, miR-146a, Not determined RA synovial fluid Osteoarthritis ~ Not used

miR-155, miR-223
up-regulated

synovial fluid

RASF: rheumatoid arthiritis synovial fibroblast, PBMC: peripheral blood mononuclear cell, TCR: T cell receptor, FAF1:
Fas associated factor 1

elagde] ghake] gl CD4+ HZFollA miR-
46a7} Z7HE1%0 3 miR-363, miR-4989] Wrele 7ha
9o TNFeoll 98 miR-146a2] o]

3 miR-146al] 2]} Fas associated factor 1 (FAFI)-/]
o] ofAl|w|o] o} EZ EA] A (apoptosis)7t ] Al H o]
WEE A (39). 3 FubelaRAde] 3Rpe] 2ol
W miRNAS] 28E A4 a7 vlast AT
T Frubel =34 Aol A miR-1329] o]
Zads Holx =34 229 A wlaaA
= FteladAde] 2xe] #HolA miR-16, miR-
46a, miR-155, miR-2232] ¥¥o] Zrlx|9lon Ful
ElA34dq 31Ae] &4 W] miR-16, miR-146a, miR-
55, miR-2232] W Az o} A3l HA 2] <= (Tender
joint count)= & B]#H FAlol] 93 FA U] miR-16

Lo

W Y & = 28-joint Disease Activity Score (DAS28)
3} odnle FAlll dgol HE et (40).

2 =

Fulel 23837 miRNAol 3k AFEelA F
ule] 23 Foll EAZ Q] miRNAL] & o] £

3L o]& miRNA©] 93] =A== FHAEe] Fub
Elazbdede] Wl #A7E 9lom miRNAS el
I FubelagAded e AT Aol e B
o] miRNAE ©]-83F XI5t biomarker®] 7HHte]L} miRNA
E FH 2R 3y AEZE frteladds] X8 Uy
Ak AAsAS AR aEy 7]Ee] tERe
A7t Fulelawdy] dxte] FubdfolAE gl
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o, weba] frolelsaasl ghake] gk kel 4
AEo|A miRNAS Wl b4} ojde Hhelda
VA ¥ 29L of 7 u

ol 9ol miRNAS] 9¥-g el B
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