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N

brol olal wie] whul W o] wkEA oz WASY] Wie] Ve

Hatolth, Fo] WS =719=7] A E (mesenchymal stem cell, MSC)7} %
H

M Z (osteoblast) & =3} >, A= 2 3} (endochondrial
ossification), =M ZF3}(intramembranous ossification)® ©]o] %] H A
E71do] Aol AL, dutxow H3ly] A<ev], A3 37 e=3f

Ho g dojt & F& FHAITH10). MSCx= ZZA| x| oy} &5,
AVAE, AF2 B3y E B3ls M zo|th(11-13). W ZZH o] Eo]F

T
A AARJIAZE Qg t A A F7] wtol, 2IZAES] E8fel] g

rr

TAA =T AGE o2 ool HlE] Ads] HEAAJT. =AM 2T}
23y Hob g elAbRE &4 (alkaline  phosphatase,  ALP),

osteopont in(OPN)7} &/d3tdth(14). I AFEe] A &= X]HH{S}'E
21 runt- related transcription factor 2(Runx2)& F&HA|EZ &
sl Frolelei(15), ol Aol AE® mh-2ol A W] Ao e "ﬁ“ﬂﬂ
He= e gelsinh(16,17).
1S AEeA wgdetsE Ald U(in vitro) 2 AA Ul(in
2 A AZ= sk NSCol A
] = A97F dHH(1R).

FAAFAE Al HEmA o Ay 2E Wt SdAAE
(osteoprogenitor cell)& RIZF X AXE W & QIvh(19). ZAH
T A ATA Al BTG B S AFTE Felet Al Ekon
<ol w FAd mA= 7S wexl vk |l

SKG st TAES  AE U Asdge  F 4
zeta—associated protein of 70 kD(Zap-70) &AW olE LAY T4
3 [e)
°

o|t}. Curdlans Fo3Fe] Thl7 AMXE T4

o
fu
<)
X
(o]
[o

o R o

Z W Hd 9 (peripheral arthritis), =525 (enthesitis) 2 A=A &
3+S Fukelth(21). Curdlan® 2 B-glucang wh$-2o] F939S
W] interleukin 17A, interleukin 22 1¥] 3l interleukin 23¢] Zx 44

=

A3t HF AATE Lorh(22,23). H AFelA = SKG vk QIzt



A5 S4e 7 A vebdtar el 9lew ., in vivo
E’_Ei,_li tel Al ARE-E a1 QlTh(24,25) .
= A7l oA, AddTE S AHHF, Frkeaud
?i(rheumatoid arthritis), =¥ 4% (ostarthritis) % &3 (gout)e] &
(synovial fluid)olA ©¥iA] 45 AT, 1 A3, A2 2549
goloa] EolHo=z A x4 #H HAA d¥A 43 (CFHR5, complement
component C9, mannose-binding protein C, complement C4-A)<S =3}
th(9). 1 % CFHR5= Western blotS &3l Ao vizorn, ZAAH54
o] T8¢k vfolemtA] FHo|t}
2 Ao A= CFHRGE 72



2. Ag % Y

2.1. 7 A& 2 Alg +3:

of A= At FAPE Ay TSGR A ATaA oA
(2021-10-046, 2020-01-055, 2014-05-001, 2014-05-002)¢] =<1S ®ko
W, gkxte] FoE A2 Fol et s A HFA(26), FrrE
A @), THAA(28), TTHEA(29) tFAELS 2 1984 modified
New York <classification criteria, 1987 American College of
Rheumatology classification criterias 9+53ich, e =y 2=
2@ R7I7F Qo] st dAE gl o= #EHd A (arthrocentesis)E A8
sto] st HAF T dodo] e d® A Aleion, ztzhel A
oje]e] Qlewm Fdo] HHH AL At AMFE Lol
2,500 rpmo.Z 10%-3F 2 4% 1 oA 5 vial,
AAE 1 vial S Aot
o

shelct. BebaAEe Adshs A Buese

AA |
(fibroblast-like synoviocytes)i 228l -196 Toll BBEct. #A
9 9 wFAk 94 ALY A (facet joint)olA FEE F3 F

2 A
2242 AAsdGon, FAPALL Beste] -19 Tol waaigich,

e

2.2. AAHUYZSAH(enzyme-linked immunosorbent assay,
ELISA):

gol  (CFHR5S] ¥%+= <27+ CFHRS ELISA  kit(NBP2-75250; NOVUS,
Centennial, CO, USA)E o]&3sl] F43FSlct. CFHRS &HA|7F =3 & o]
= 96 welloll <= Al2F(0 - 10 ng/mL) 2 A|SE 100 pL® ¥ a1 37 Col



A 90FRE WESAIRATE. Aok B A RS AAG F,
antibody) 100 pLE @il 37 TCollA 60E7F WA H
3t 8 M(conjugate) 100 pL= 21 37 TolA 30&3F b
] & 7]A A (substrate reagent) 90 pL= ¥ HS '}?_‘rﬂoﬂ 37 CollA
15%7F RESAIFH Y. 2 (stop solution) 50 pLE H7FsF &, victor 3
1420 multilabel counter(Perkin Elmer, Waltham, MA, USA)E A}-&3}¢]
450 nMel A FF=E SASSY. Fods gler] A8 Ad2 3d W
Tkl &9 (FIRGS vXv R Z=3Addd o Aste AAtsl

B A =
J3 mEErazde A5 (RY)E 0.9950] 91T}

2+ & A (detection

l?*
4. 39 A% %, 4

2:
olo
>

i)
JL
o
ot
)

2.3. EHAE #2 9 ujg:

gutzA S 2 g - type II collagenase(Gibco, Waltham, MA,
USA) 0.5 mg/mL7}F X3td  F&A  Dulbecco's minimum Eagle’ s
medium(DMEM) (Welgene, Gyeongsan-si, Korea) ®vjX|ol] 37 CT= 2A]7F =<t
HiFetaivt. weld AEE A=Y fl&) Bari=e o3 $-, 3,000 rpm®
2 b5 sk dAEY  sild. A= phosphate-buffered
saline(PBS) (Welgene)oll A& % 3,000 rpme. & 5% FoF JAE 5=
AE F oA g, SHHEE 5% €05, 37 T A wjgstsion,
A 2= 10% fetal bovine serum(FBS) (Welgene) , 1%
penici11in—streptomycin(Hyclone, Logan, UT, USA)= #7}sto] AFE-5}3
U "HEFS AL e S dEky] flel 4 - 73] Al 2HAE
=1 4%@%‘4(30).

SATAE 22 H g

AAHFAI} WEAIL 94 e Bx HFME 10 - 20 m? A7
1=}
T

2 FFAEE AAS] fall PBS AlH S 53] 3 5, A

_5_



o 7F9IE ARESte] mo] 22 AXA N IS5 s AAGAY. A
WA 2+  10% FBS(JR  Scientific, Woodland, CA, USA), 1%
penicillin-streptomycin®] ¥3%F%¥ DMEMS AF&3Fiow, 5% C0,, 37 C
AN w5 23] wiAE WAL, Wik 3 I3 FAS
Ak, W zZto g RE Hyw ZTHAFAEE 2 - 33 Adujste] Al&-s)
ATH19).

2.5. XA EF v

A TR ZZAXEF MC3T3-E1l cellse American Type Culture
Collection(ATCC, Manassas, VA, USA)ellA FdskSich. A== 10%
FBS, 1% penicillin-streptomycin®] 33 ¥ a-minimum essential medium
(without ascorbic acid; Welgene)= AF&3}1 o™ | 5% C0,, 37 C =719
A sttt 2EAXE B3lE 7287 98] 50 pg/mL ascorbic acid
¢} 10 mmol/L B-glycerophosphate(Sigma, St. Louis, MO, USA)E uj=x| ]
A7kstlen, 3dvtt}; wiAlE A SATHEL).

2.6. Western blot #4:

AL (20 < 10" Cells), MC3T3-El cells(10 X 10* Cells)S 6 well

:
MFEA FHAZ F B2 Astart. AEE PBSE AN F A

< 3z
g, AR g s AAA, R Es AAAE Y d
S 9o 158 EoF Uk AAT. 4T, 12,000 rpnlE 155 Fol AR
]

gk % bicinchoninic acid(BCA) protein assay kit(Thermo Fisher
Scientific, Rockford, IL, USA)E Ah&sto] wuld Fs=& SAs S0t
g AS 30 pgl® AZEFY] sodium dodecyl sulfate-polyacrylamide
gel  electrophoresis® 7|93+ Aol nitrocellulose

&
3
membrane (Amersham, Chicago, IL, USA)Co & whwlzS o] %A Zt}h, 5% skim

_6_



milk®e} 0.05% tween—20©] 3% TBS-T(20 mM Tris pH 7.5, 137 mM NaCl,
0.05% Triton X-100)Z A}&3}] membranes 1A]7F ©]%F blocking3t 3,
LAFAE 4 CTolA A WESAI7]aL o] A& A = A2oA 1AZF &3¢k w1t
SAZ . dAakgAE B-actin(1:5000; Sigma), interleukin 1 B(IL-1
B)(1:1000; Millipore, Billerica, MA, USA), interleukin
6(IL-6)(1:1000; Abcam, Cambridge, UK), cytochrome c¢ oxidase subunit
2(COX2)(1:1000; Santa cruz, Dalls, TX, USA), OPN(1:1000; Abcam),
RUNX2(1:1000; Abcam)< AFE3}t}. o]x}&A= peroxidase affiniPure
donkey anti-mouse igG(H + L), peroxidase—conjugated affiniPure donkey
anti-rabbit igG(H + L)(Jackson Immunoresearch, Baltimore, MD, USA)<-
AFE-3F3 Y. Blotting® membranes Immobilon Western(Millipore) o = %+
FAZ %, olmx] ¥4 AH](Fusion Solo 6S; Vilber Lourmat,
Marne-La-Vallée, France)® 574 wide] Wa& st o4
87l Hlal dd2 3 WRow 3sqltt.

A 2 AR ZHATAHAEE 96 well #lFHAl 1 x 10
Cells® 53t 1671t gt FHAIZT. NC3T3-El cells HEZE 24
well ®lFgAlol 2 X 10" Cellse@ W3kl 16A17F FoF F-2AZ T,
ZEAE F35 FEst7] 8l gl 50 ug/mL ascorbic acid¢} 10
mmol/L B-glycerophosphate(Sigma)ES H7}s} 3L, CFHRS | = ghehul 2
(R&D, Minneapolis, MN, USA)S 0 - 1000 ng/mL H == 0 - 10¥ A3}
A, AMx B3 AHAE+E= ALP colorimetric assay kit(Biovision,
Milpitas, CA, USA)E o]&3st] &A% B7E ATk, Al XA A Fo
et XY= AA S4FA(assay buffer) o= &3|AA AFE3FSITE. Victor
3 1420 multilabel counter(Perkin Elmer)E& AF-&3Fe] 405 nMe 3%

44 SAsAH. dE @S BA57] flal BCA assayE & oA



AAHEFE 9 Az FAFHAEE 96 well wldHAel 1 x 10
Cells®2 53t 1671t gt FHAIZTh. NC3T3-El cells HEZE 24
well Al 2 X 10" Cells/500 plL=Z EF3ke] 16A12F Bk F-2HA|
ATk, & A33E Frst7] Y8 A Ao 50 pg/mL ascorbic acid®}t
10 mmol/L B-glycerophosphateE % 7}8l a1, CFHRS A= dS 0 -
1000 ng/ml == 14 - 28¢ A8t x=ddow uA AEE
alizarin-red 92 2k(Vitrovivo, Rockville, MD, USA)ol 15%-%F 23}
o G4 " MEE SHTE 33 AFH T 3 dArdor AEei.

ABAE Felalr] sle AEe 3 wMBow FAsAh

2.8.2. von Kossa @441:

o
2
o
12
11
r 2
>
=
o
=
@
=
=
g
&
@
OFO
12
(o]
fu
—
o
e
)
r]I
olo
>
{f »
)
o 11 =
Ju PN
R T}

A
f

o
==

2.8.3. Hydroxyapatite(HA) $34}:

BAAFA W AN FAFTAEY] Hy 2 Ry okE g =Hd
S 2.8.1.9 719 ulet ol Sy, AF 2
(PA-1503; Lonza, Basel, Switzerland)ol whg} HA |AS s}t A+

e
2,
BN
e
N
lo,
R

&



AEE PBSZ AHE 5, oldaa A
. 1A E AXEE osteoimage A
A=Asker. 8% &dv 7 (Nikon, Minato, Toyko, Japan)< At
sto] QME AEE AESIT. AdAES Fdsr] 98] Ade 39 Rk

dz op o L
ofj
&
(o
Hﬂ

2 58 A 2 ALE93s9 SAHYU TACUC-H-2018-019A) S
wkorom A & HAYH, AYdsEde] 9 ol8X e uwEl AA|EHS]
t}. Balb/c ®i7Ee SKG w92+ Sakaguchi 5=(Kyotows}, Kyoto,

Japan) 2 -8 Algwetomn e vhe-s RElES ffs) AREE A

(32). A3 EELS specific pathogen free(SPF) AlAdoA 125714 7]1¢
Ao ARSIt S 35 AFE SKG A vk~ 10wk [
(PBS, n =5), A¥F(CFHRS A Zgewd  n = 5)]2 43 % curdlan
(3 mg/keg) S 0, 25Ad] 27F U FAb8EI . 55F7F PBS 2 CFHRS A} =gt
NH(0.5 mg/kg)s T 234 5 W FASIAAL, 1§ vk A
ZI17hA] 57 AW Ao WstE A (Figure 1). 55 &< 7k
2o w7 g mRAE SA-s .

2.10. 9 95ty B}

npQ-2~ 0] ¢z wkko] o] A W (ectopic bone)o A AFE S
93] micro—computed tomography(CT) Z#9& 3}tt. AFg3 An|+=
SKYSCAN 1272 ex-vivo micro-CT(Bruker, Billerica, MA, USA)o]™, CT =
7 webn el S 60kV =, 166 uA, Al 0.25 mm ZE AHE, 3] @A 0.6

, 9.00 pm pixel resolution® A3}, olv|x] FA& 93, @d
517 (DataViewer), 21 (CTAn), 32kl 3P A3 (CTAnCIVol)& AH&-3HS

_9_



=

2.11. AP s+d HGr}:

= Z=
ZAFsE7] 918 Hematoxylin & Eosin(H&E)H o2 A&}, o]

AR B AT g9 A=E gQlsty] 98] Safranin-0 942 AT
TE P 212 10% X2y gofd Wi AN 2 w3k A
t}. 5.5% Ethylenediaminetetraacetic acid(EDTA)(VWR Chemicals, Radnor,
PA, USA)&s ¥ d5F9 =t &3 5 g xEv] A7]aL oF 3.5
AR we das 9 s ARd. a0 5, HéEe
Safranin-0(Sigma) & HAste] &efol= FES wEQaL, #38h dAu|d o

= FEssY.
2.12. BAA Ad:

7t A% Axte] 3k =AHE Microsoft Office Excel 2016(Microsoft,
Raymond, WA, USA)S A&3le] Aty Z-HAE AXbet. fode

) Zo el Student’ s t-test® B EFF oW | pgko] 0.05 mvkd 7
T frojstrha Saskglo).

_10_



3.4 4

10.2A41, HA e HlEo] 75.0%%0 0. =dEd ALY H vol= 71.8
+ 6.64], o1/de] mj&o] 80.8%3th. ELISA ¥4 o= AFwa tixad
CFHRS & Felsialet. A9 Az, CFRS= A0l 2.8 +

, 4

ng/mL, FHAAA 0.67 £ 1.4 ng/nL= LAFA L
o wlal fFelaAl(p < 0.001) A YebtH(Figure 2).
3.2. EHARTNA EF = F:
CFHRS7}F FrtEl =3d 4 9 Z3dAdA A& FEA7I=A gels]
#38 western blot= AASFATE. CFHRS A=t a 1000 ng/ml &%=
4, 24, BN APste] 95 ' Alo]E7RRIQI IL-6, IL-1B ¢ 9% v
S5 WilEkE COX2 @]l wdS RISt FrbEl~ide] EvhA|
oM, IL-6 @ AL CFHRS 2], 48A17bollA F2lakAl(p < 0.01) 2
S7hehe Aoz yeigth, IL-18 9@ dS (FIRS A2l 3} oz
of ZpolE Holx| gkgkth. COX-2 ©¥ @ CFHRS A&+, 4, 24, 434
ol A @& o] 123 A(p < 0.05 ©l8t) F7attH(Figure 30). FHHEA
L-6 W2 CFHRS A2, 48A1ZFell A o3k Al(p < 0.01) &ado
Z7Veldnt. IL-18 vl dS (FHRS A ety thxt Alolo] =}o]
2] ekgkth. COX-2 ©h A& CFHRS A @<k, 24, 48A1%bolA +ol8HAI(p <
0.01) W&o] Z=7}sFslth(Figure 3B).

2
X

_11_



3.3. ZXIANEFIA F PFA &9l

MC3T3-E1 cells AXEelA CFHRG7F & #3t8 dov]=4 Flstr] 4,
CFHRS Az 0 - 1000 ng/mLE 1 - 1043F Hglgk $ ALP A&
A48k, A9 Axp, 23} 19olA+= CFHR5 1000 ng/mLol A ALPS] 24
7 fFoetA(p < 0.05) F7bshslvh. w3k 3delA= CFHR5 500, 1000
ng/mLol A ALPS] A7t F28kA(p < 0.05 ©]8}) F7Fsksich. 3 7Y
o] & CFHR5 100, 500 22 1000 ng/mLol Al ALPS] A =7} f-2ol kA (p
< 0.01 o]3h) F7Fetder. #3F 104 CFHRS 100, 500 L] 3L 1000
ng/mLoll Al ALPS] A Z=7F §-98 A (p < 0.01 °]3}) =715}, CFHRGE
o 1000 ng/mL= A=, E3t GRS dA S5F AP 4T S
7Vehi= As g8ttt (Figure 4).
S TR 2 A7 2HeR, B3 uhAQl RUNX29F OPNe] #Hd HEE
S| HSTE. RUNX2¢] 4w 23} 1, 3 28 109, CFHRS 1000
ng/mL(p < 0.05 o]sh)oll A 7FF FolatA F71etivh. 0PN & ee= #
st 1, 79, CFHR5 1000 ng/mLel Al 7Hd o8t Al(p < 0.001) F7FatSitt.
w3} 1090l += OPNO| alo] A yetA] ket (Figure 5).

MC3T3-E1 cells AlXEelA CFHRS7}F & A3|3ts doy|=x #elstr] ¢

|

ro M

s}
o}

3], CFHRS AZxged 0 - 1000 ng/mLE 14, 21, 28Uz A2]3 T ARS
2 A9 tt. CFHRGE 1000 ng/mL= A 2]dt == ARSS} Z49] Ao

BorAlaL, w7 @4F Fio] Srbsiih. 28l 7 w2 = MslsE

H A (Figure 6).

o

3.4. IAFTAHEANA = A &9l

244

A 2 AAUET ZHTFAEAA CFHRS AlZ=FeE= 0 - 1000
A2

dQeon, F Bi2 #Fslr] s AP 2A4S
]



o]#] ¢r¢krh. CFHRS 100 ng/mLE 219714 XA ALP Ao F<laAl(p
< 0.05) F7Fetglon, AR AFE e F3E YEAE &uth
(Figure 7). A HFH ZAFMEANA= &3 14¥ =z thY] CFHRS
Aol ol Al(p < 0.05) ¥ #3t= e tH(Figure 8).
AAAFR D AT SATAEANA CFHRS A2 0 - 1000
ng/mLE 7+ 14 - 219 T 14 - 28U AHElElen, & H3stE @
st7] 913 ARS, von Kossa, HA @41 3}t ARS &4 A3}, Gz
TATAEAME 289, 1000 ng/mLoll A (Figure 9), 225+ ZA A
oA e 219, 1000 ng/mLelAl 7HE ZA3HAl AAMEH AT Figure 10). von
Kossa A3, Addzs ZAFAXEAA = 28¢, 1000 ng/mLel A (Figure
1), AT TATAEANE 219, 1000 ng/mLell A 7HE siAl <
Ak (Figure 12). HA staining 23, Btz %XHLHIEOM-E 28
2l 1000 ng/mLol A (Figure 13), A A 3o =4
ng/mLoll A 71 ZFekAl A E AT (Figure 14). 74
=T A E A CFIRGO o3 = AM3lst =g vluidls u, FHH59
A A3strh wol XA Ae st

Fl
2
X
i
A}
}—‘
—
S
o
(e

3.5. AAHF3E 5 TERAA (CFHRGS &7 39:

3.5.1. SKG wp9-2=9] WA 9 E5A Ws) gl

Curdlan®.® AW FAEZ =9 SKG vF$-2ol Al CFHRS A28

T 2314 553 BT sglon, wf Fuitk AEAe} gRAE S
ATt HEAE B Ay, ) Z2FPBS) A H i (CFHRS) ol A f-2] 8k
Zpol & HolA ekkth(Figure 15A,B). w5 A& vk 23, tjxv3 2
oA Folgk zo]lE HolA| dth(Figure 15C). CFHRS+ SKG wh-9-2=

o 9% Byl JFE NHA e AL HelAA.

oE
L
=
i)
filo

J

&.

52

3.5.2. SKG w}9-2o A micro-CT &<:

_13_



SKG w}-9-2=9] FZ oA o] iAd wio] AAS #HES7] 93] micro—CT
#JS sy, o AT, gz v Ao A oA Wb 8284 (p
<0.01) Z7F3t 2& st th(Figure 16A,B). AWEe] weo Fox 4
ol A o8k Al(p < 0.05) A JEbStH(Figure 16C). ol &4 w A
FAe AWM= we] Rylzp Aditold o A Yehd ez Hol,

y
:

H

CFHR5E SKG who-2-9] w] @ Ao oS 7124 o= AL 3olatelt),
3.5.3. SKG w}%- 2 @] & A 1A

2o A %
SKG wh§-2=oll A &t (synovitis), =429 (enthesitis), o]&’d w7}
Z]O

AL PJE=A] Z2 st D237 el H&ESF Safarin 0 GAMES 42393}

oA Safarin 0 GMo] Z7lE A0 FE Kol o] i
e Rl ern, dutdy RS AR A] gk
5% Tl SKG vl-$-2=olA CFHR57|F o]aA] wie]l AAS

| “
U= A5 gelssitH(Figure 17).
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: PBS (i.p. injection)

W : CFHRS5 (i.p. injection)

<

: Curdlan (i.p. injection)

WV : Sacrifice (Histological analysis)

male SKG 8 weeks i
(Weeks)

Figure 1. Timeline of CFHR5 administration to SKG mice. SKG mice were treated with CFHR5 (0.5 mg/kg)(n =
5) or PBS (n = 5) i.p. twice a week over the 5 weeks. Mice were sacrificed after 10 weeks.
CFHR5: complement factor H-related protein 5; 1.p.: intraperitoneal injection; PBS:

phosphate-buffered saline.
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Figure 2. CFHRS ELISA measured in SF of AS and OA. The ELISA was done
to compare CFHR5 in AS (n = 24) and OA (n = 26). The
expression of CFHR5 was higher in AS than in OA (#*xp <
0.001) AS: ankylosing spondylitis; OA: osteoarthritis; SF:

synovial fluid.
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Figure 3A. CFHRS wupregulates the expression of inflammatory
proteins in FLS (continued). RA FLS were treated with
CFHR5 (1000 ng/mL) for the indicated time and IL-6,
[L-1B and COXZ2 levels were measured by western
blotting. (A-1) 1IL-6, IL-18 and COX2/B-Actin

(loading control) ratios were compared between the
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control and CFHR5 groups. In RA FLS, the expression of
CFHRS increased at 48 hours for IL-6 and at 4, 24 and
48 hours for COX2. (A-2) The experiment was repeated
three times. Error bars represent mean = SD. *p < 0.05,
#x%p < 0.01, #*+xp < 0.001 compared with the control groups.
FLS: fibroblast-like synoviocytes; RA: rheumatoid

arthritis.
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Figure 3B. CFHRS wupregulates the expression of inflammatory
proteins in FLS. OA FLS were treated with CFHRS (1000
ng/mL) for the indicated time and IL-6, IL-18 and
COX2 levels were measured by western blotting. (B-1)

[L-6, IL-1B and COX2/B-Actin (loading control)
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ratios were compared between the control and CFHR5
groups. In OA FLS, the expression of CFHR5 increased
at 6 and 48 hours for IL-6 and at 24 and 48 hours for
C0X2. (B-2) The experiment was repeated three times.
Error bars represent mean = SD. #*p < 0.05, *xp < 0.01

compared with the control groups.
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Figure 4. CFHR5 upregulates the expression of ALP in MC3T3-El cells.
ALP activity in MC3T3-E1 cells following treatment with
different concentrations (0 — 1000 ng/mL) of CFHR5 for the
indicated time. ALP activity increased the most at CFHR5
1000 ng/mL for 10 days indicating bone differentiation
increased. The experiment was repeated three times. Error
bars represent mean *+ SD. #*p < 0.05, *xp < 0.01, ***p < 0.001
compared with the control groups. ALP: alkaline

phosphatase.
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Figure 5.
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The expression of CFHR5 differentiation markers in MC3T3-E1 cells. MC3T3-E1 cells were
treated with CFHR5 (0 - 1000 ng/mL) for the indicated time, RUNX2 and OPN levels were
measured by western blotting. (A) The activity of RUNX2 was increased at 1000 ng/mL of CFHR5
at 1, 3, and 10 days of differentiation. (B) OPN activity was increased at 1000 ng/mL of

CFHR5 at 1 and 7 days of differentiation. (C) The experiment was repeated three times. Error
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bars represent mean £ SD. #*p < 0.05, #*p < 0.01, =***p < 0.001 compared with the control groups.

OPN: Osteopontin; RUNX2: runt—-related transcription factor 2.
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CFHRS (ng/ml)

Control 100 500 1000

Figure 6.

CFHRS upregulates the expression of ARS in MC3T3-El cells.
MC3T3-E1 cells were treated with CFHR5 (0 - 1000 ng/mL) for
the indicated time and ARS activity was measured. ARS
activity increased the most at CFHR5 1000 ng/mL, bone
mineralization increased. The experiment was repeated three

times. Scale bar, 200 pM. ARS: alizarin red stalning.
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Figure
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CFHR5 upregulates the expression of ALP in Ct
osteoprogenitor cells. ALP activity in Ct
osteoprogenitor cells following treatment with
different concentrations (0 - 1000 ng/mL) of CFHR5 for
the indicated time. ALP activity increased the most at
CFHR5 100 ng/mL for 21 days, indicating bone
differentiation increased. Error bars represent mean
+ SD. #*p < 0.05 compared with the control groups. Ct:

control.
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CFHR5 upregulates the expression of ALP in AS
osteoprogenitor cells. ALP activity in AS
osteoprogenitor cells following treatment with
different concentrations (0, 1000 ng/mL) of CFHR5 for
the indicated time. ALP activity was significantly
increased compared to the control group at CFHF5 1000
ng/mL for 21 days. The experiment was repeated three
times. Error bars represent mean *£ SD. *p < 0.05

compared with the control groups.
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CFHR5 upregulates the expression of ARS in Ct
osteoprogenitor cells. ARS in Ct osteoprogenitor cells
were treated with CFHR5 (0 - 1000 ng/mL) for the
indicated time and ARS activity was measured. ARS
activity increased the most at CFHR5 1000 ng/mL for 28
days, 1indicating bone mineralization increased. The

experiment was repeated three times. Scale bar, 200 pM.
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Figure

10.

1000 (CFHRS ng/mL)

CFHR5 upregulates the expression of ARS in AS
osteoprogenitor cells. ARS in AS osteoprogenitor cells
were treated with CFHR5 (0, 1000 ng/mL) for the
indicated time and ARS activity was measured. ARS
activity was increased at CFHR5 1000 ng/mL, indicating
bone mineralization increased. The experiment was

repeated three times. Scale bar, 200 pM.
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Figure 11.

CFHR5 wupregulates the expression of von Kossa in Ct
osteoprogenitor cells. von Kossa staining in Ct
osteoprogenitor cells were treated with CFHR5 (0 - 1000
ng/mL) for the indicated time and von Kossa activity
was measured. von Kossa activity was increased at CFHR5
1000 ng/mL for 28 days, indicating bone mineralization
increased. The experiment was repeated three times.
Scale bar, 200 pM.
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Figure 12.

0 1000 (CFHRS ng/mL)

CFHR5 wupregulates the expression of von Kossa in AS
osteoprogenitor cells. von Kossa staining 1in AS
osteoprogenitor cells were treated with CFHR5 (0 - 1000
ng/mL) for the indicated time and von Kossa activity
was measured. von Kossa activity was increased at CFHR5
1000 ng/mL for 28 days, indicating bone mineralization
increased. The experiment was repeated three times.

Scale bar, 200 uM.
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Figure 13.
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CFHR5 upregulates the expression of HA staining in Ct

osteoprogenitor cells. HA staining in Ct osteoprogenitor
cells treated with CFHR5 (0 - 1000 ng/mL) for the
indicated time and HA activity was measured. HA activity
was increased at CFHR5 1000 ng/mL for 28 days, indicating
bone mineralization increased. The experiment was
repeated three times. Scale bar, 200 upM. HA:
hydroxyapatite.
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Figure 14.

0 1000  (CFHRS ng/mL)

CFHR5 upregulates the expression of HA staining in AS
osteoprogenitor cells. HA staining in AS osteoprogenitor
cells were treated with CFHR5 (0 - 1000 ng/mL) for the
indicated time and HA activity was measured. HA activity
was increased at CFHR5 1000 ng/mL for 28 days,
indicating bone mineralization increased. The experiment

was repeated three times. Scale bar, 200 pM. HA:

hydroxyapatite. Scale bar, 200 pM.
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PBS

CFHRS

Figure 15A. Paw thickness and weight changes in CFHR5-treated SKG mice (continued). CFHR5 was injected

twice a week through the 5 weeks, 1.p.. 1.p.: intraperitoneally; wk: week.
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Figure 15B,C. Paw thickness and weight changes
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in CFHR5-treated SKG mice. There was no significant

difference between the control group (PBS) and the experimental group (CFHR5).
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A Curdlan+PBS  Curdlan+CFHR5

Figure 16A. Ectopic bone and low density bone were increased in
CFHR5-treated SKG mice. SKG mice were subjected to
micro—CT scans of both paws. The part stained orange 1is

the ectopic bone (continued).
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Figure 16B. Ectopic bone and low density bone were increased in
CFHR5-treated SKG mice. The paw thickness of the ectopic
bone increased in the CFHRS group, compared with the

control group. #***p < 0.001 compared with the control

group (continued).
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Figure 16C.

C Low density bone
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Ectopic bone and low density bone were increased in
CFHR5-treated SKG mice. The volume of low density bone

increased in the CFHRS group, compared with the control

group. *p < 0.05 compared with the control group.
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Curdlan+PBS Curdlan+CFHR5
Right

H&E

Safranin O

Figure 17. The results of histopathological analysis of tissue from CFHR5-treated SKG mice. The ectopic
bone is red (red arrow) on Safranin-O stained tissue. E: enthesitis; Eb: ectopic bone; H&E:

Hematoxylin & Eosin; S: synovitis.
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oM x7] A g A87F ofHrhe Aol 7|&xskvh. HLA-B27 #3 A=
FAAFEE Adet=d T3 Fd ARl AR, BRI 10% A% A
ol yEhdth HLA-B270 disll Fdeolete thi-ite ddste=, o 74
ket HAAG HMAYSS EEHsth(33). &3] ol &H= I Axd HE
T2 745 (erythrocyte  sedimentation  rate, ESR), wHSAIchaz
(C-reactive protein, CRP)2 w/47] HbgS dolE w FH3sa ot
(34). ESR> Aubaol o A= Hf2d(fibrinogen)o]l HE9] <
YRS x2dste] A 271 Srteke AS FASE gheltt. Hd 9
A7), B, 7, HeerEd g 829 volo S s 5 3
A deEhes ARAoR Yehdta W)= o YUrR(35). o H|al CRP
© 9% Wheo] mEa, Afd mE Aot flue AHE 7HHa 9
(36). ¥<5 WkHgol <3 3]

I SAstE PAAEELS IL-18, IL-6, INF-a 5
o] AT Aol ETIS A, FHlekA ot (RPe 4% Alx 2
1] H & (phosphat idycholine) ol ZA3tete] oF WAAE A2etA o
i, HAAE @432t (37). BAAIE AW e, ArbH o
2 7.

fal
dgk 5 A AgelAM SRt el 9}4(38) dA AT 24

I dfo A HAA T El C37F EdstEtie AEo] v Halk o
UTH39-45). FHL A7l w=m, FAHFH 9 ‘jr"h"‘L in vivo X gl A
BAAS JdgFHol WAL dr}. Proteoglycan FE w20l A

C-terminal of extracellular fibrinogen-binding  protein  of

Staphylococcus aureus(Efb-C)& AF&3te] HAAE AAAZS o, 742
2z AN T/ d3lEtts ARyt Auk4e). BAA 2d BAd
5

229l Collagen Ab-induced arthritis(CAIA)oA] ZHFAd Aol WHHo|

Eld o= 2ot Quh47).
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Factor H(FDe} = A4 Ao digh Ao w=2w, FHE F A7}
= w3, 9%, H33E AaATIH, me] gk JFs 713 H
o ATH(48,49). AAHFAY AxE HAAHg  CFHR5=  factor H
related(FHR) @A o] A4 Y F 3ltold, (3¢ Agsle] FAS FE=v)
(7). FHR wruiae ma zdolx}ol factor HYF T-%2H 082 GAEA
BeEed 7 B 71dE AdE g AA] Gd(50). A HFE B2 &
TSl kx| Fellof A CFHRS & %=&
stA = #EEHIAG. oldd AN EUE,
A 9 Aol mAE FFE FAsnA 5

In vitroolAl CFHRS7} TS ASAI7I=A &Ryl $3 &9AxE
Z&sdrk. dHAEed CFHRGE A& fS o, IL-6 B C0X29] &elo] =

7FglaL, o] CFIRS7E 7] 95 wheol #ojditii= 3 & AlALE),

BAHFA] Mg 2 5L A5 v A 2e wrb 3 %54 vhEo
AWA Az HFAE 25 HF AR o] Aths Zolti(1). 99 #e
EA4S Mg 2 B3 in vitro 22E 1F3] S8, 2FAEE AF
sttt ZFAEFC MCIT3-EL cells A¥E &+ d4 3H F A¥EY =
2, w3}, A3t Fo ZobAlaEet frAbeE tiAbA Belds ZHAAL 9
AFAEE FAHFG e AFwaRE T, gsla 23X
o] 545 & Yehlls I Alxelth(19)

TAE 8k vde A el Afo]EFRRI B fadate] W] of 3

BN
i
il
o K

. RUNX2+= collagen type I, osteocalcin(OCN), OPNZ} Z&
AE 23} A fAAs Aen, 2L FMPeRA T BaE &
= A 271 A MEL 7| Hol ZolHEE F2AA
N 2 de 2AATGD. B4 SN Az e x99
ZEAE B FAA] RUNX2, OPNS western blot &2 #2431 t). A
¥ wohe] 2/ EANAR LelA Y APE AE v 435 x4
NA AXA e TER LAy, AX

(52). In vitro 22 A RUNX2, OPN 28|31 ALP &A%< WS =A3
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5. & ¢F

< WA A4 dsow WY do] EEEekANE, H
717do] 2-ge Aow AZbstar Itk CFHRS:= HA| thA| A=A =
o = complement factor He} & o] lom (39 Agsle] A
wota dEA Aok, o] AFY HEE in vitro ¥ in vivool A CFHRS
7 AAHFAY] T APAE H A5l HX
(MC3T3-E1 cells) L2]ar 22 +9
At Ao CFHRSE A s o, IL-6 %

A7 dxTe] AT EAA AP
A& HH CFHR5 xm%l oA ALP 2A4=7F S7bsklth. =43
sto] S 9l ARS, von Kossa, HA A4S =83} a1, CFHRS * 2] ol
AoAl 7 el g ETE SRsEl T 28k mE]l RUNKZ, OPNe| 2
< western blot o2 1S wff, CFHRS A |atol Al Edo] F7lak3ltt.
In vivo RHZ&= ZAP-70 E<¢Wo] mell SK¢ w§-25 ARSI
micro-CT ¥ =AWt 2 (H&E, Safranin 0 €2) A3}, CFHRS * &
ol A oA w7 FAAE A Flith.
Aol M = CFHRG7F A2 M FdollA o] we] JA4S ASAIIH
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The role of CFHRS5 on bone remodeling and inflammation

in ankylosing spondylitis
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(Abstract)

Ankylosing spondylitis (AS) is a chronic inflammatory rheumatic
disease 1in which the spine becomes inflamed. The exact etiology 1is
unknown. In prior studies, it was confirmed that complement factor
H-related 5 (CFHR5), a protein of the complement system, was
upregulated in the synovial fluid of AS. This study aimed to
investigate the effect of CFHR5 on bone remodeling and inflammation
in AS in vitro and in vivo.

Osteoblast differentiation and mineralization were observed when
CFHR5 (0 - 1000 ng/ml) was added to an osteoblast cell line (MC3T3-El
cells) and AS, control (Ct) osteoprogenitor cells. In SKG mice, an
AS-induced animal model, the experiment was conducted with a control
group (n = 5) and a CFHR5 group (n = 5) and CFHR5 (0.5 mg/kg) was

administered twice for 5 weeks. To confirm bone formation and
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inflammation, micro—CT and histopathological analysis (H&E, Safranin

0) were performed on the paws of mice.

As a result, it was confirmed that alkaline phosphatase (ALP)

expression 1n MC3T3-E1 cells, AS and Ct osteoprogenitor cells was

highly expressed in the CFHR5-treated group, causing bone

differentiation. Alizarin red (ARS) was also highly expressed in the

CFHR5 treatment group and i1t was confirmed that it causes bone

calcification. Expressions of runt-related transcription factor 2

(RUNX2) and osteopontin (OPN) were confirmed in MC3T3-E1 cells. After

CFHRS5 treatment, RUNX2 showed the strongest expression at 7 days and

OPN at 3 days and there was no significant difference by

concentration. In the SKG animal model, there was no significant

difference 1n inflammatory activity between the control and

CFHR5-treated groups. Micro-CT and histological analysis of the

ankles of mice confirmed that bone formation significantly increased

in the CFHR5-treated group.

In this study, it was confirmed that CFHR5 causes bone remodeling
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in vitro and in vivo models of AS. The above results will be
important clues to confirm the immunological mechanism between AS and

complement system proteins, suggesting that CFHRS5 can be a biomarker

protein for AS.
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