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Expression of Osteoclastogenesis-related Genes
in Rheumatoid Arthritis Synovial Macrophages

Jong Dae Jil, Tae-Hwan Kimz, Bitnara Leez, Sung Jae Choil,

Young Ho Lee', Gwan Gyu Song'

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

Objective. To examine the mechanism for the inhibited dif-
ferentiation of osteoclasts in rheumatoid arthritis synovial
CD14+ osteoclast precursors, the different expressions of
the osteoclastogenesis-related genes in rheumatoid arthritis
(RA) synovial fluid CDI14+ osteoclast precursors were
compared with those of normal peripheral blood (PB)
CD14+ osteoclast precursors.

Methods. The expression of osteoclastogenesis-related genes
were examined using a gene expression oligonucleotide
microarray. To validate the results of the microarray anal-
ysis, the mRNA expressions of osteoclastogenesis-related
genes were measured by real-time PCR.

Results. Comparative analysis of the mRNA profiles showed
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significantly different expression of osteoclastogenesis- re-
lated genes, such as MafB, Id3 and LILRB4, in the RA
synovial CD14+ osteoclast precursors, compared to that of
normal PB CD14+ osteoclast precursors.

Conclusion. The expression of the osteoclastogenesis-re-
lated genes in RA synovial CD14+ osteoclast precursors is
different from that of the normal PB CD14+ osteoclast
precursors. These results suggest that the different ex-
pression of osteoclastogenesis-related genes might be in-
volved in the altered osteoclastogenesis in RA synovial os-
teoclast precursors.

Key Words. Rheumatoid arthritis, Synovial osteoclast pre-
cursors, Osteoclastogenesis
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A A Ago] A vebdet. Fulel A~k gt e
AFA AN T EA0 A sbEAlE 23 = F
G2} of] gk A 71 A (feedback and homeostatic mecha-
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ositol-5-phosphatase (SHIP), Src homology 2 domain-contain-
ing tyrosine phosphatase (SHP-1), inhibitors of differ-
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Carlsbad, CA, USA)& o] &3lo] D25 Aol P
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A AAe] HEgs 1299 Fubel 2wAS el
oz ie] L2ld CD14 FA AE)E FE a First
Strand cDNA, Synthesis kit (Fermentas)E ©]-83}o] cDNA
£ "HE3 iQTM SYBR-GreenSupermix$®} iCycler iQTM
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Figure 1. Healthy volunteer PB and RA synovial CD14+ cells
were cultured with M-CSF (20 ng/mL) for 2 days, and then with
RANKL (40 ng/mL) and M-CSF (20 ng/mL) for an additional
6, 9 or 12 days. The cells were stained for TRAP expression.
TRAP-positive multinucleated (>3 nuclei/cell) cells were counted
as osteoclasts. *p<0.05 versus RA 6 days.

3 & Aol 271l B AR FAAF SdEAE B
3H2 FX3e ZAeZ d#A 9+ monocyte chemo-
attractant protein-1 (MCP-1/CCL2), IL-32¢} A AIsFE mac-
rophage migration inhibitory factor (MIF)7} S+w}E] 2374
gALe] &l g AFAEAA 938 FUHE BYThE
D. FZFAx2 &3} P2 84 9 membrane factor Fol| &=

colony stimulating factor 1 receptor (CSF-1R), LILRB4, mac-

B

rophage scavenger receptor 1 (MSR1), triggering receptor ex-
pressed on myeloid cells 2 (TREM2) 5-°] <] s}A] S7}=]
o] PTG 2). FHEAE £} I AE W IAE Fell
+ B-cell CLL/lymphoma 2 (Bcl-2), MafB 5-¢| 7150 )
3L SHIP7} EAE]o] IQTHEE 3). o] & T JZAE £
9= JAlske #Hgol = A A= MIF, LILRB4, MafB,
SHIPLAL whehA] Frule]l = q] hate] oy sh5 A+
Ao Z35 dAE 7oz 2gasle 7ol
£ FAA= $71¥ MIF, LILRB4, MafBSith. T8t 5413
o2E foeA EATp=006) FEAE B3t A
she Aoz il 1d3% S7hE ] Slo] fFutel=uAdd
oflA 2] stEAE E3F AAel FHoslle 7HeA de
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Table 1. Differentially expressed mRNAs in the RA synovial
CD14+ cells compared to that of the normal PB CD14+ cells
(Cytokines and chemokines involved in osteoclastogenesis)

Gene name Osteoclast differentiation N p-value
change

BMP2 Stimulation ND ND
CCL2 (MCP-1)* Stimulation 8.5 0.02
CCL3 (MIP-1a) Stimulation 1.89 04
CCL4 (MIP-14) Stimulation ND ND
CX3CL1 Stimulation ND ND
CXCL10 Stimulation 2.98 0.29
CXCL11 Inhibition ND ND
CXCL12 Stimulation 2.98 0.29
GM-CSF Inhibition/Stimulation ND ND
IFN @ Inhibition ND ND
IFN 3 Inhibition ND ND
IFNg Inhibition ND ND
IL-10 Inhibition —1.13 0.68
IL-12A Inhibition ND ND
IL-12B Inhibition ND ND
IL-17A Stimulation ND ND
IL-18 Inhibition —1.13 0.74
IL-18 Inhibition/Stimulation 1.07 1
1L-27 Inhibition —1.09 0.82
IL-32* Stimulation 3.04 0.05
IL-4 Inhibition ND ND
IL-6 Stimulation ND ND
MIF* Inhibition 2.34 0.04
TGF B Inhibition/Stimulation ND ND
TNF @ Stimulation 143 0.63
TNFSF11A (RANKL) Stimulation ND ND

*p<0.05 versus Healthy volunteer PB, ND not detected
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Microarray 73 Aol A-&-5 AW HAAE E3Hsle] 5] 7
7 AdAre] w129 e] Fule|a3Aed 3kate
3ol o F HE] Bg|5 CD14 %A AEZEZFE] Q] total RNA
o] -g-8}od microarrayoll A {23k Xbol & HW K42}
55 real-time PCR7ZAAMH 2 2 #2le]-9lt}. Real-time PCR
A A S MafBS}F LILRB4E 23] Fube] 234
oA Z7FE A (3 H 2) MIFS] 9+ EAIHLE 79
A= 25k ot (p=0.08) FulEl=A A F7hE 7
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Table 2. Differentially expressed mRNAs in the RA synovial
CD14+ cells compared to that of the normal PB CDI14+ cells
(Receptors and membrane factors involved in osteoclastogenesis)
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Table 3. Differentially expressed mRNAs in the RA synovial
CD14+ cells compared to that of the normal PB CD14+ cells
(Intracellular molecules involved in osteoclastogenesis))

Gene name Osteoclast differentiation ol p-value Gene name Osteoclast differentiation N p-value
change change
ATP6v0d2 Positive ND ND Bcl-2* Positive 2.83 0.01
CSF1R* Positive 1.77 0.01 Btk Positive —1.37 0.36
FCERIG (FcR7) Positive —1.03 0.99 C/EBP (8 Negative 1.39 0.38
ITGAM (CD11b) Positive 1.28 0.22 CaMKIV Positive ND ND
ITGB3 (CD61) Positive ND ND c-Fos Positive —1.86 0.06
LILRB1 Negative 1.33 0.11 c-Jun Positive 1.29 0.54
LILRB3 Negative 1.14 0.67 DYRKIA Negative ND ND
LILRB4* Negative 2.87 0 FOSL1 (Fra-1) Positive ND ND
MSR1 (SR-A)* Positive 4.84 0 Gab2 Positive —1.29 0.24
OSCAR Positive —1.21 0.71 Id1 Negative ND ND
Plexin-Al Positive 2.16 0.13 Id2 Negative 1.34 0.56
TM7SF4 (DC STAMP) Positive ND ND 1d3 Negative 2.59 0.06
TNFR11A (RANK) Positive ND ND IKBKB (IKK- 8) Positive ND ND
TREM2* Positive 1.59 0.04 MafB* Negative 2.63 0.01
TYROBP (DAPI12) Positive —1.29 0.54 MITF Positive 1.38 0.29
*p<0.05 versus Healthy volunteer PB, ND not detected NFATcl Positive —Lot L

P Y ? NFKB1 (NF « B p50) Positive 1.38 0.15
NFKB2 (NF « B p52) Positive —1.02 0.99

ni F MAP3K14 (NIK) Positive —1.19 0.21

£ = .
PIAS3 Negative —1.08 0.39
Frutel 23A S 3Rt A d5A S AR Vs PLC72 Positive ~113  0.09
o]A gl Aof|E o= 23 Lo Fule|AHA PU.1 Positive 1.02 0.97
* 1 —_

A%t 2 T AR AZN AR T EFF L E S e (smp Nesuive N,
e F2 &3 stEAIEe 9zl Jofdrl E Aol SOCs1 Positive 176 0.14
A o ?‘Z}%% Eule] A3Ad o] ol Y 5F AFAE SOCS3 Positive 1.07 0.74
STAT1 Negative 1.49 0.49

oA SHEAE B3k VA FAAE 0 e Wl Pasitive L0s o8
o] Fuleg] A og W 4ol A Agele ShEAE 23 = MAP3K7 (TAK1) Positive 1.18 036
A 71AS AT A} skt Fulel s 3ape] Tec Positive 1.08 0.22
TRAF6 Positive 1.06 0.54

N W] CD14%A Iz AFAE] 44 wEe] vas
A3l HzTos A4 dxEH Hel CD14 US4 Ih=
AFAEE ALs el ol Fulel a4 ] gxle] g
H U] CD14 A Itz AFAE7} F2 DN Yo o
AR EE] 71 RAT (19) Fobel 23] $hAte] T
dN CD14 A Iz AFAERE o|n] dA ] AF
Aol =2E Q7] wlitell el =EE A Fe AAFol9
Tl ] g AFAEE 2T 2 39dch & oA
o A& 71EE] =wollA B AFAtEe] wEstdd vhet
Zol(MEZE Ak8) Ao HxaP N ghu A Ee ]
3 FulelasAe] ghate] gl sbg AFA ZoNA =
AE 531 5ol A4 A=A 29l skt wgt
FZAE B3 F FAR] W oS BE] fl6l
A 383k microarray FAboll Al ShEAIE E3F oAl o3}

£ MIF, LILRB4, MafB 5-°| fFule]lA#A ] shatol A
oJslA F7Hd FrostA = 2 A
ok T o JJrJ—Hli E3F A FHAQ 139 HE e F

P

it

ol—*‘r 156_74]761 o7=

*p<0.05 versus Healthy volunteer PB, ND not detected

7he & X9k} Microarray A5 gelstr] Sl AA<r
£ 59 #AE real-time PCR Aol A& Fupe] 234 o
ol 4] MafB, LILRB4%} 1d37} -”—,]*}7-]] urg o] Z7hEo] 9)
28 Hoa EAFEE {oslAE LAn MIFE
R S .
of o W) ALl PAH AL 2t ojAle] S

2 A5Pe 7hed e Akl

Kim 52 RANKLol| 9|3 MafB2] uF&lo] 7H4%] 31 MafB
£ F =5l de b= AFAZe i AFl o2y st
FAE L3 AAB] A S Hol MafB7h FEAE &
s} oA EAE AL Basa 1 7|H g w4

E Z3}ol F93 I35 ¥} c-Fosoll A3l NFATcl
o] FA3E At AAEATE (8).
CCAAT/enhancer- binding protein beta (C/EBP 5)<] long
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0.0 performing quantitative real-time PCR in Healthy volunteer PB and
' Normal PB (n=5) I RA (n=11) ' RA synovial CD14+ cells. *p<0.05 versus Healthy volunteer PB.
transactivating (LAP*, LAP) isoformoll £]3]] MafB2] W& o] Eu MIF= 2433 TAIZEY A A Eoll 4] wkEo] A
S7kE Ol SEAE E3t A S HYegla FEAE = 24 E RANKL o f=5 F 9] SFAE 3t
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forms®] W&lo] glojx5 Kol C/EBP A7t MafBE 53l Al SHEAIE F3E S o] EE o] MIFZL shE Al
SZAE B35 JAITS Eastiel (20). E3F RANKL E3tol] A EAE Agdo] AAE A 22). 2 ¢
o] 2t s}FAE B3} FE7} All-trans- retinoic acid LAANERE 59 235 55 B2 FAA AF A
(ATRA)CY 93l A== 2 7| Ao 2 MafBe] Wl = 2 A4 Fe wlasted MIF §42F A3 FANA=
Aol AAE At 2. o]42] AT AIEE v]Fo] MafB 2AA gl o3l sohEFol TR k3 MIF
7t FEAE E3F Aol Fo3 TS & Fo g A7ty 24 A F9 g2F A B F9 vlazsle] A
w2 dFellA] 3R Frulel kAl e] o) shx A €°ﬂ o3k shE A E F7b7h EE A oot A Xﬂ%ﬂ]
Fof|A 9] MafBe| WE 77t FAFAIE £33 JAE = 3% fEolA MIF7F stEAlE B35 HX17
395 7He A& AlAREEe shAle) BERE Mori S ITIM- o] AAF AL} (23). ©1%& Jacquin 59 AT (22)¢H= JBH
harboring inhibitory receptor?! LILRB®] isoformE©°] 3= e 2342 MIF7F -2 = FJFAIEY 35 o
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